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平成26年1月～平成26年12月 招待講演・特別講演 

宮城県 仙台市 
１２月１９日 

東京都 ２３区 
５月２９日 

長野県 長野市 
５月１２日 

香川県 高松市

８月１６日 兵庫県 淡路市 
６月２１日 

大阪府 大阪市 
２月１５日-１６日 

神奈川県 横浜市 
５月９日‐１１日 

京都府 京都市 
１１月２２日 

福岡県 福岡市 
９月２１日 
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近畿大学 消化器内科学教室医局員 
 （平成 28年 2月現在） 

 
主任教授 工藤正俊 S53 肝臓・消化器・肝癌の診断と治療 
教授（内視鏡部） 樫田博史 S58 下部消化管 
准教授 汐見幹夫 S55 上部・胆膵内視鏡（関空クリニック所長・教授兼務） 
 西田直生志  S60 肝臓病学・肝癌の分子生物学 
 北野雅之 H2 消化管全般・胆膵疾患 
講師 松井繁長 H3 食道静脈瘤止血・上部消化管 
 (医局長)  
医学部講師 上嶋一臣 H7 慢性肝炎・肝癌の治療 
 (病棟医長) 
 櫻井俊治 H7 上部消化管・分子生物学 
 (外来医長) 

 依田 広   H8          肝疾患・消化器一般 
 南 康範 H9 肝疾患・消化器一般 
  萩原 智  H10   肝疾患・消化器一般 
 矢田典久 H11 肝疾患・消化器一般 
  朝隈 豊 H14   上部消化管・消化器一般 
        田北雅弘 H15        肝疾患・消化器一般 
医学部助教  米田賴晃 H13 消化器一般 

岡崎能久 H13 消化器一般 
永井知行   H16         消化器一般 

  今井 元 H17  胆膵疾患・消化器一般 
山雄健太郎   H18         胆膵疾患・消化器一般 
山田光成     H18         消化器一般 

 有住忠晃 H19  肝疾患・消化器一般 
 鎌田 研 H19  胆膵疾患・消化器一般 
 峯 宏昌 H19 消化器一般 
 宮田 剛 H19  胆膵疾患・消化器一般 
 三長孝輔   H19  胆膵疾患・消化器一般 
               松田友彦   H19  胆膵疾患・消化器一般 

足立哲平 H20 肝疾患・消化器一般 
 大本俊介 H20 消化器一般 
 門阪薫平 H20 胆膵疾患・消化器一般 
               田中梨絵   H22     消化器一般 
               千品寛和     H22         消化器一般 
               河野匡志   H22     消化器一般 
  南 知宏     H23         消化器一般 
               岡元寿樹     H23         消化器一般 
 岩西美奈   H25     消化器一般 
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非常勤  仲谷達也  H3  仲谷クリニック 
  中岡良介  H8  山本病院 消化器内科部門 
  福田信宏  H10  朝日大学附属村上記念病院 消化器内科 
  市川 勉  H13  内海町いちかわ診療所 
  黒木恵美  H12  PL病院 消化器内科 
 柴田千栄 H15  肝疾患・消化器一般 
  上田泰輔 H15 上田内科 内科 

井上達夫 H11 井上医院 内科 
坂本洋城 H12 葛城病院 内科・消化器内科 
北井 聡 H14 北井整形外科 
大﨑往夫               大阪赤十字病院 消化器内科 
渡邉智裕         京都大学大学院医学研究科 消化器内科学 
徳永行彦         京都逓信病院 外科 
中野智景                 兵庫医科大学病院 超音波センター 
滝原浩守                岸和田徳洲会病院 消化器内科 
松浦貴嶺         消化器一般 
木下真樹子               南和歌山医療センター 消化器 
 

 
大学院 3年     千品寛和     H22         消化器一般 

南 知宏     H23         消化器一般 
大学院 2年     河野匡志    H22    消化器一般 

山雄健太郎   H18         胆膵疾患・消化器一般 
大学院 1年 米田賴晃 H13      消化器一般 

山田光成     H18         消化器一般 
三長孝輔   H19  胆膵疾患・消化器一般 
岡元寿樹     H23         消化器一般 

  
実験助手 鏡 郁子 
        久々彩香 
臨床研究補助  弓削公子 
        濱田恵里 
教授秘書 田中真紀 

村橋亜季 
本廣佳香 
和田千尋 

日本肝癌研究会 田村利恵  
前原なつみ 
上妻智子 

医局秘書 胡桃由佳 
朝隈 智 
浦田亜樹 

分院勤務 
堺病院  辻 直子  S60   近畿大学堺病院 准教授・科長 

  川崎正憲  H15   近畿大学堺病院 診療講師 

  高場雄久     近畿大学堺病院 医学部助教 

               松本 望               近畿大学堺病院 医学部助教 

               尾崎信人                近畿大学堺病院 医学部助教 

 
奈良病院 川崎俊彦  S58   近畿大学奈良病院消化器内科 教授・部長 

茂山朋広 H17   近畿大学奈良病院消化器内科 診療助教 

  奥田英之 H19 近畿大学奈良病院消化器内科 診療助教 

木下大輔 H20 近畿大学奈良病院消化器内科 診療助教 

  秦 康倫 H21 近畿大学奈良病院消化器内科 診療助教 

高山政樹 H19  近畿大学奈良病院消化器内科 医学部助教 

 
他病院勤務   山本健二  岡本クリニック 

  林 道友   医療法人恵和会 林内科クリニック 院長 

  中里 勝   上ヶ原病院 

南野達夫 S55 なんの医院 

水野成人 S61  神戸薬科大学 医療薬学研究室 

近畿大学奈良病院消化器内分泌内科 非常勤医師 

         鍋島紀滋 S61 三菱京都病院消化器内科 

  由谷逸朗 S62  富田林病院 

  川端一史 H1  川端内科クリニック 

  米田 円 H1  米田内科胃腸科 

  渡邉和彦 H3  結核予防会大阪府支部相談診療所 

  森村正嗣 H3  森村医院 

               仲谷達也 H3 仲谷クリニック 

福永豊和 H4  北野病院 消化器内科  

  遠田弘一 H7 慈温堂遠田医院 院長 

  遠田由紀 

  亀山千晴 H7  しあわせクリニック 

               小牧孝充 H7 富田林病院消化器内科 

               鄭 浩柄 H8 神戸市医療センター中央市民病院 

中岡良介 H8    山本病院内科 

末冨洋一郎 H8     末冨内科クリニック 
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 福田信宏 H10 朝日大学歯学部附属村上記念病院 消化器内科 

 小川 力 H11 高松赤十字病院 消化器内科 

 坂口康浩  H11   坂口クリニック 

               梅原 泰 H11  辻 腎太郎クリニック 

加藤玲明 H11 かとう内科眼科クリニック 

  宮本容子 H12  

梅原康湖  H12   JR大阪鉄道病院 非常勤医師 

    永島美樹  H12   桃坂クリニック 

        乾 可苗   H12      乾医院 

               市川 勉 H13  内海町いちかわ診療所 

冨田崇文 H14 冨田病院 

  齊藤佳寿  H14  

高橋俊介  H14   堺市立総合医療センター 

西尾 健 H14 阪南市民病院 内科 非常勤医師 

 坂本康明  H15 （医）坂本クリニック 

 早石宗右   H18         医療法人早石会 早石病院 

山本典雄  H19  大阪市立大学医学部附属病院 呼吸器内科 

 

 
 
 

医局員の略歴 
および近況 
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BAR 

 

難波に学生時代から、２、３年に１回くらい訪れている老舗 BARがあります。 

移転後の現在は寂れたビルの地下にあるカウンター席とテーブル席１つの、いわゆるオー

センティックバーです。バーテンダーであるマスターの某医大に通われていたご子息と近大

の同級生がバンド仲間であった縁で通うようになってもう 40年ほどになります。マスター

はハーレーダビットソンを乗り回し、毎年筆書きの達筆な年賀状をくださる洒落た紳士です。

さすがにご高齢なのでもうハーレーは卒業されていると思いますが・・・ 

学生時代、お酒の吞み方や作法のイロハ、いろいろなカクテルを「超学割」で教えていた

だきました。中でも７種類、７色のお酒で作る「レインボー」というカクテルは比重の違う

お酒が混ざらないように細心の注意を払いながら、時間をかけて集中して注がないと成功し

ないそうです。最近はお忙しいのか、多少の振戦？のためか作られることはなく、まさに幻

のカクテルです。 

良いバーテンダーには酒に関する豊富な知識とそれらを調合する技術の他に、他人に対す

る優しさ、心配りと hospitalityが求められます。tenderには看護人や世話する人という意

味があることからもおわかりのように、客の話を聴いたり、その日の体調に合わせたレシピ

のカクテルを作ったりすることが重要です。これは、多くの薬剤の中から患者さんの話をよ

く聞いて、その時々に応じた処方をする我々医師にも通じるところがあると思います。 

もちろん飲み過ぎが良くないことは多くの患者さんが教えてくれていますが、上手にたし

なめばお酒は人生を豊かにし、疲れや悲しみを癒やしてくれます。今、「マッサン」でウヰ

スキーがブームになっていますが、ハイボールもソーダの注ぎ方、混ぜ方などでまったく違

ったものになるはずです。一度、BARの重厚な扉を開けてみられたらいかがでしょうか。 

 

汐見 幹夫 
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「飛躍の午年」 
南 康範 
 
 古くから「午年は飛躍の年」と言われますが、私にとっても正に飛躍の年で

した。 
 具体的には、年間の発表回数が 19 回（自身過去最高）、5 本の論文作成（共
著も含む）に携わる、外科指導医の資格取得、等です。特に飛躍の象徴的事柄

だったのが、5月に台湾で開催された ACTA 2014（The 1st Asia Conference on 
Tumor Ablation）で大満足なスピーチができたことです。それまで国際学会で
の oral presentationの経験はありましたが、正直に言ってたどたどしい発表ば
かりでした。しかし、今回は初めての海外招待講演であることから、しっかり

スライドを作り込んだうえで予行演習を十分にして臨みました。 
 この国際研究会は 2 日間開催で、私の発表は初日早朝のセッション
「Pre-conference Training Course」の 2番目で「How to do US-guided RFA?」
のテーマを与えられました。しかし、専門家が集まる研究会であまりにも初心

者向けのようなテーマであることから、最初はスライドをどのように作るか悩

みました。 
 私の発表はいわゆる前座のセッションですし、「RFA初心者向けに一般論を述
べる」という形でも「あり」だったでしょう。しかし、大げさかも知れません

が「日本代表」である近畿大学からの発表として、何かの形でプレゼンスを示

さなくてはならない！と考えました。そこで、一般論を語るのではなく、聴衆

が感心を持つように「具体性」を発表に盛り込むことにしました。ご存じの通

りBモード描出困難な状況下でRFA治療することには技術的困難さを伴うので
すが、講演前半ではそれら困難な状況を具体的に取り上げ、「どのような解決法

があるか？」と聴衆に問いかけることで臨場感を演出することにしました。ま

た、私のことを知らない海外のドクターが多いでしょうし、舐められないよう

に「我々（もしくは、筆頭著者である私）は治療実績をしっかり論文化してき

た」ことをアピールするようにスライドを作りました。さらに、英語が流暢で

はない私なので、発表においては「1スライド、1メッセージ」の構成にして私
の伝えたいことを明確化するよう心懸けました。 
 講演後半は「RFA vs. Surgical resection」と少し刺激的なテーマを取り上げ
ました。2本の RCT論文を取り上げて、生存率について「有意差なし」と「外
科切除が良い」とそれぞれで異なる結論を紹介した後に、「Once Again! Which is 
better treatment for early stage HCC, RFA or surgical resection?」のスライド

櫻井 俊治 
 

1995年 3月 京都大学 医学部 卒業     

1995年 5月 神戸市立中央市民病院 医師   

1997年 4月 天理よろづ病院 医師      

2004年 3月 京都大学大学院 博士課程修了            

2004年 9月 京都大学 医学部 助手 

2008年 4月 カリフォルニア大学サンディエゴ校 客員研究員 

2010年 4月 近畿大学 医学部 講師 

現在に至る 

 

診療内容：消化管早期癌、炎症性腸疾患の診断と治療 
研究内容：炎症から発癌の分子機序の解明と新規治療・診断法の開発 
 
近大に赴任して 5 年がたち、内視鏡治療と炎症性腸疾患の診断と治療におい
てすこしずつではありますが、近大消化器内科の知名度を高まっているのでは

ないかと感じています。当院での早期消化管癌や潰瘍性大腸炎・クローン病の

患者さんの数は増加傾向にあります。その評価の一端として、消化管グループ

では初めてとなる治験を任されることとなりました。潰瘍性大腸炎を対象にし

た経口分子標的薬 AJM300（インテグリン阻害剤）の第 III相試験が 2015年 5
月から始まります。今後より多くの治験に参加できるよう、肝臓、胆膵だけで

なく消化管領域での近大の知名度はさらに高めるよう頑張らなければいけない

と思います。 
学術的には、炎症性腸疾患と大腸発癌についての論文を２つ、学術雑誌Cancer 

Researchと Inflammatory Bowel Diseasesに寄稿させていただきました。後者
は足立先生の学位論文になりました。慢性炎症によるストレスが治療抵抗性を

惹起し、更なる慢性炎症と大腸発癌を引き起こす、という内容です。内視鏡を

用いて腸管のうけるストレスを定量化することによって、治療抵抗性や発癌リ

スクの予測が可能になると思われます。今後新しい治療薬の開発につながる可

能性も示唆されました。この成果につきましては、2015年 5月にワシントン開
かれます DDW2015 米国消化器病週間のプレナリーセッションでの発表の機会
をいただくこととなりました。工藤正俊教授、樫田博史教授および皆様のご指

導・ご協力のもと臨床と研究においてますます精進していきたいと思います。

ご指導、ご鞭撻のほどよろしくお願いいたします。 
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櫻井 俊治 
 

1995年 3月 京都大学 医学部 卒業     

1995年 5月 神戸市立中央市民病院 医師   

1997年 4月 天理よろづ病院 医師      

2004年 3月 京都大学大学院 博士課程修了            

2004年 9月 京都大学 医学部 助手 

2008年 4月 カリフォルニア大学サンディエゴ校 客員研究員 

2010年 4月 近畿大学 医学部 講師 

現在に至る 

 

診療内容：消化管早期癌、炎症性腸疾患の診断と治療 
研究内容：炎症から発癌の分子機序の解明と新規治療・診断法の開発 
 
近大に赴任して 5 年がたち、内視鏡治療と炎症性腸疾患の診断と治療におい
てすこしずつではありますが、近大消化器内科の知名度を高まっているのでは

ないかと感じています。当院での早期消化管癌や潰瘍性大腸炎・クローン病の

患者さんの数は増加傾向にあります。その評価の一端として、消化管グループ

では初めてとなる治験を任されることとなりました。潰瘍性大腸炎を対象にし

た経口分子標的薬 AJM300（インテグリン阻害剤）の第 III相試験が 2015年 5
月から始まります。今後より多くの治験に参加できるよう、肝臓、胆膵だけで

なく消化管領域での近大の知名度はさらに高めるよう頑張らなければいけない

と思います。 
学術的には、炎症性腸疾患と大腸発癌についての論文を２つ、学術雑誌Cancer 

Researchと Inflammatory Bowel Diseasesに寄稿させていただきました。後者
は足立先生の学位論文になりました。慢性炎症によるストレスが治療抵抗性を

惹起し、更なる慢性炎症と大腸発癌を引き起こす、という内容です。内視鏡を

用いて腸管のうけるストレスを定量化することによって、治療抵抗性や発癌リ

スクの予測が可能になると思われます。今後新しい治療薬の開発につながる可

能性も示唆されました。この成果につきましては、2015年 5月にワシントン開
かれます DDW2015 米国消化器病週間のプレナリーセッションでの発表の機会
をいただくこととなりました。工藤正俊教授、樫田博史教授および皆様のご指

導・ご協力のもと臨床と研究においてますます精進していきたいと思います。

ご指導、ご鞭撻のほどよろしくお願いいたします。 

「飛躍の午年」 
南 康範 
 
 古くから「午年は飛躍の年」と言われますが、私にとっても正に飛躍の年で

した。 
 具体的には、年間の発表回数が 19 回（自身過去最高）、5 本の論文作成（共
著も含む）に携わる、外科指導医の資格取得、等です。特に飛躍の象徴的事柄

だったのが、5月に台湾で開催された ACTA 2014（The 1st Asia Conference on 
Tumor Ablation）で大満足なスピーチができたことです。それまで国際学会で
の oral presentationの経験はありましたが、正直に言ってたどたどしい発表ば
かりでした。しかし、今回は初めての海外招待講演であることから、しっかり

スライドを作り込んだうえで予行演習を十分にして臨みました。 
 この国際研究会は 2 日間開催で、私の発表は初日早朝のセッション
「Pre-conference Training Course」の 2番目で「How to do US-guided RFA?」
のテーマを与えられました。しかし、専門家が集まる研究会であまりにも初心

者向けのようなテーマであることから、最初はスライドをどのように作るか悩

みました。 
 私の発表はいわゆる前座のセッションですし、「RFA初心者向けに一般論を述
べる」という形でも「あり」だったでしょう。しかし、大げさかも知れません

が「日本代表」である近畿大学からの発表として、何かの形でプレゼンスを示

さなくてはならない！と考えました。そこで、一般論を語るのではなく、聴衆

が感心を持つように「具体性」を発表に盛り込むことにしました。ご存じの通

りBモード描出困難な状況下でRFA治療することには技術的困難さを伴うので
すが、講演前半ではそれら困難な状況を具体的に取り上げ、「どのような解決法

があるか？」と聴衆に問いかけることで臨場感を演出することにしました。ま

た、私のことを知らない海外のドクターが多いでしょうし、舐められないよう

に「我々（もしくは、筆頭著者である私）は治療実績をしっかり論文化してき

た」ことをアピールするようにスライドを作りました。さらに、英語が流暢で

はない私なので、発表においては「1スライド、1メッセージ」の構成にして私
の伝えたいことを明確化するよう心懸けました。 
 講演後半は「RFA vs. Surgical resection」と少し刺激的なテーマを取り上げ
ました。2本の RCT論文を取り上げて、生存率について「有意差なし」と「外
科切除が良い」とそれぞれで異なる結論を紹介した後に、「Once Again! Which is 
better treatment for early stage HCC, RFA or surgical resection?」のスライド
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を見せました。その時、聴衆の注目を一手に集めていることを自覚しつつ、少

し間を置いてから「Still controversial」を表示すると一気に会場内で笑いがあ
ふれて「してやったり」でした。 
 講演が終わって壇上から降りると韓国ドクター数名から「お前のことは論文

を読んで知っている」と言われて、論文を書いてきた苦労が本当に報われた思

いでした。また、会長の Shi-Ming Lin先生から繰り返し「Nice presentation!」
と声を掛けて下さり本当に自信になりました。 
 今年は福岡で ACTA 2015が開催予定で、会長の田中正俊先生から「発表たの
むな！」と依頼されています。「日本代表」との意気込みを持ちつつ、さらに良

い発表ができるように頑張ります。 
 
略歴： 
平成 9年 3月 近畿大学医学部卒業 
平成 9年 4月 近畿大学医学部旧第 1外科入局 
平成 10年 7月 八尾徳洲会病院外科 
平成 11年 4月 近畿大学医学部大学院（外科学）入学 
平成 12年 7月 旧第 1外科から消化器内科へ出向 
平成 15年 3月 近畿大学医学部大学院（外科学）卒業 
平成 15年 4月 近畿大学医学部消化器内科助手 
平成 18年 5月 近畿大学医学部消化器内科講師 
平成 20年 12月〜平成 21年 3月 University California, San Diego (UCSD)
の Department of Radiologyに Visiting fellowとして短期留学 
平成 21年 4月 近畿大学医学部堺病院 
平成 23年 4月 近畿大学医学部消化器内科 
 
資格：外科専門医・指導医、肝臓専門医、消化器病専門医、 
 消化器内視鏡専門医、超音波専門医・指導医 
 
評議員： 日本消化器病学会 近畿支部評議員 
 日本肝臓学会 西部肝評議員 
 
Editorial Board / 論文査読委員：  
 World Journal of Radiology, an Editorial Board Member (2009~) 
 日本超音波医学会 論文査読委員（2013~） 
 Liver Cancer, an Editorial Board Member (2015~) 
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米田 頼晃(こめだ よりあき)  奈良県出身 

 

略歴 

平成１３年３月 北里大学医学部医学科 卒業 

平成１３年４月 奈良医大第３内科(消化器・内分泌代謝・心療内科) 入局  

奈良医大附属病院・関連病院(ベルランド総合病院) 研修 

平成１９年４月 佐久総合病院胃腸科 専修医(ESD研修) 

平成２０年４月 若草第一病院消化器内科  

平成２３年１月  イギリス セントマークス病院内視鏡科 留学 

平成２４年３月  オランダ エラスムス大学医療センター消化器内科 留学 

平成２４年９月 若草第一病院消化器内科 復職 

平成２６年４月 近畿大学消化器内科入局 助教 

現在に至る 

 

専門領域・研究領域 

早期消化管癌の内視鏡診断と治療 炎症性腸疾患の診断と治療 

 

2014年の反省と 2015年の抱負 

 

欧州留学から帰国後、近畿大学の内視鏡ライブセミナーに参加して精度の高い内

視鏡手技に感銘をうけ 2014年 4月に入局させて頂きました。 

 

2014年の学術活動としては近畿支部例会のシンポジウム発表２題、内視鏡ライブ

セミナーの大腸 ESDの介助、ギリシャでの内視鏡ハンズオンセミナーに講師とし

て参加しました。また大阪胃研究会の読影委員にご推薦を頂きました。 

 

2015年の抱負は念願の？大学院に 10年遅く入学させて頂きましたので、早く卒

業できるように頑張りたいと思います。（合格できてよかったです） 

 

工藤正俊教授、樫田博史教授、松井繁長先生のご指導のもと臨床・研究に邁進し

ていきたいと思います。ご指導のほどよろしくお願い致します。 
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近畿大学医学部奈良病院 消化器・内分泌内科 2014年年報（1～12月） 

 

１．スタッフ 

 教授 川崎俊彦（昭和 58 年卒） 

 講師 岸谷 譲（昭和 62 年卒） 

 助教 B 永田嘉明（平成 16 年卒）（5月退職） 

 助教 A 永井知行（平成 16 年卒）（6月より赴任） 

  診療助教 奥田英之（平成 19 年卒） 

  診療助教 木下大輔（平成 20 年卒） 

  診療助教 秦 康倫（平成 21 年卒） 

 助教 B 貫戸幸星（平成 21 年卒）（9月より赴任） 

 

 非常勤医師 水野成人 

 非常勤医師 茂山朊広 

 

２．臨床業績 

 1日平均外来患者  83.8人 

 1日平均在院患者  23.2人 

 平均在院日数  7.9日 

 

 上部内視鏡検査  3005件（含 ESD 58件（食道 4件,胃 54件）） 

 下部内視鏡検査  1693件（含 EMR 340件+ESD5件） 

 ERCP  124件 

 超音波内視鏡  22件（含 EUS-FNA 9件） 

 腹部超音波 2131件 

 腹部血管造影 83件 

 ラジオ波治療 37件 

 

 

３．論文業績 

（１）「７０歳以上の高齢者 C型肝炎における瀉血療法とインターフェロンベー

ス治療の比較検討：肝発癌と生存成績，多施設共同」 

（京都医療センター消化器科）勝島慎二、（関西電力病院消化器内科）中

村武史、（市立奈良病院消化器肝臓病センター）角田圭雄、田中斉祐（宇

治徳洲会病院消化器科）小畑達郎、（天理よろづ相談所病院消化器内科）

鍋島紀滋、岡野明浩、（星ヶ丘厚生年金病院消化器病センター）山東剛裕、
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近畿大学医学部奈良病院 消化器・内分泌内科 2014年年報（1～12月） 

 

１．スタッフ 

 教授 川崎俊彦（昭和 58 年卒） 

 講師 岸谷 譲（昭和 62 年卒） 

 助教 B 永田嘉明（平成 16 年卒）（5月退職） 

 助教 A 永井知行（平成 16 年卒）（6月より赴任） 

  診療助教 奥田英之（平成 19 年卒） 

  診療助教 木下大輔（平成 20 年卒） 

  診療助教 秦 康倫（平成 21 年卒） 

 助教 B 貫戸幸星（平成 21 年卒）（9月より赴任） 

 

 非常勤医師 水野成人 

 非常勤医師 茂山朊広 

 

２．臨床業績 

 1日平均外来患者  83.8人 

 1日平均在院患者  23.2人 

 平均在院日数  7.9日 

 

 上部内視鏡検査  3005件（含 ESD 58件（食道 4件,胃 54件）） 

 下部内視鏡検査  1693件（含 EMR 340件+ESD5件） 

 ERCP  124件 

 超音波内視鏡  22件（含 EUS-FNA 9件） 

 腹部超音波 2131件 

 腹部血管造影 83件 

 ラジオ波治療 37件 

 

 

３．論文業績 

（１）「７０歳以上の高齢者 C型肝炎における瀉血療法とインターフェロンベー

ス治療の比較検討：肝発癌と生存成績，多施設共同」 

（京都医療センター消化器科）勝島慎二、（関西電力病院消化器内科）中

村武史、（市立奈良病院消化器肝臓病センター）角田圭雄、田中斉祐（宇

治徳洲会病院消化器科）小畑達郎、（天理よろづ相談所病院消化器内科）

鍋島紀滋、岡野明浩、（星ヶ丘厚生年金病院消化器病センター）山東剛裕、
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（近畿大学医学部奈良病院消化器・内分泌内科）川崎俊彦、（奈良社会保

険病院消化器内科）藤村和代、（松下記念病院消化器科）長尾泰孝、（公

立山城病院消化器科）新井正弘、（京都きづ川病院消化器内科）辻和宏 

肝臓 ５５（６）：３３５−３４８，２０１４ 

（２）「食道 PTP異物と診断したら，軟性内視鏡下での摘出が最良？」 

（近畿大学医学部奈良病院耳鼻咽喉科）家根旦有（同 消化器・内分泌

内科）奥田英之，宮部欽生 

JOHNS ３０（９）：１３０９−１３１１，２０１４ 

（３）「Effect of alogliptin, a DPP-4 inhibitor, on markers of lipid in type 

2 diabetic patients.」 

Kishitani Y, Okuda H, Kinoshita D, Hata K, Kawasaki T. 

Int J Diabetes Clin Res 1:017, 2014 

 

４．学会業績 

（１）第 87回日本内分泌学会学術総会 

「Marine-Lenhart 症候群の１例」 

（近畿大学医学部奈良病院消化器・内分泌内科）岸谷 讓，奥田英之，

秦 康倫，木下大輔，永田嘉昭，川崎俊彦（同 耳鼻咽喉科）金澤成典，

家根旦有（同 臨床検査部）太田善夫（近畿大学医学部堺病院内分泌・

代謝・糖尿病内科）大野恭裕 

（２）第 92回日本消化器内視鏡学会近畿支部例会 

「術前診断が可能であった胆管原発悪性リンパ腫の 1例」 

（近畿大学医学部奈良病院消化器・内分泌内科）秦 康倫，木下大輔，

奥田英之，永田嘉昭，岸谷 讓，川崎俊彦（同 外科）原 譲次，辻江

正徳，井上雅智（同 臨床検査部）若狭朊子，太田善夫（近畿大学医学

部附属病院消化器内科）工藤正俊 

（３）第 97回日本消化器病学会近畿支部例会 

「EUS-FNAで診断可能であった，腎癌膵転移の 1例」 

（近畿大学医学部奈良病院消化器・内分泌内科）濱田隆介，木下大輔，

秦 康倫，奥田英之，永井知行，岸谷 讓，川崎俊彦（同 臨床検査部）

若狭朊子，太田善夫（同 附属病院消化器内科）工藤正俊 

（４）第 93回日本消化器内視鏡学会近畿支部例会 

「ステロイドが奏効した Cronkhite-Canada症候群の 1例」 

（近畿大学医学部奈良病院消化器・内分泌内科）長原 大，奥田英之，

秦 康倫，木下大輔，永井知行，岸谷 讓，川崎俊彦（同 臨床検査部）

若狭朊子，太田善夫（近畿大学医学部附属病院消化器内科）工藤正俊 

 

５．学会業績（研究会） 

（１）肝臓病医療講演会 

「最近の肝疾患診療の話題」 

（近畿大学医学部奈良病院消化器・内分泌内科）川崎俊彦 

（２）第 13回北和肝疾患病診連携勉強会 

「C型慢性肝炎に対する 3剤併用療法の当院における現況」 

（近畿大学医学部奈良病院消化器・内分泌内科）川崎俊彦，秦 康倫，

木下大輔，奥田英之，永井知行，岸谷 讓， 
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（近畿大学医学部奈良病院消化器・内分泌内科）川崎俊彦、（奈良社会保

険病院消化器内科）藤村和代、（松下記念病院消化器科）長尾泰孝、（公

立山城病院消化器科）新井正弘、（京都きづ川病院消化器内科）辻和宏 

肝臓 ５５（６）：３３５−３４８，２０１４ 

（２）「食道 PTP異物と診断したら，軟性内視鏡下での摘出が最良？」 

（近畿大学医学部奈良病院耳鼻咽喉科）家根旦有（同 消化器・内分泌

内科）奥田英之，宮部欽生 

JOHNS ３０（９）：１３０９−１３１１，２０１４ 

（３）「Effect of alogliptin, a DPP-4 inhibitor, on markers of lipid in type 

2 diabetic patients.」 

Kishitani Y, Okuda H, Kinoshita D, Hata K, Kawasaki T. 

Int J Diabetes Clin Res 1:017, 2014 

 

４．学会業績 

（１）第 87回日本内分泌学会学術総会 

「Marine-Lenhart 症候群の１例」 

（近畿大学医学部奈良病院消化器・内分泌内科）岸谷 讓，奥田英之，

秦 康倫，木下大輔，永田嘉昭，川崎俊彦（同 耳鼻咽喉科）金澤成典，

家根旦有（同 臨床検査部）太田善夫（近畿大学医学部堺病院内分泌・

代謝・糖尿病内科）大野恭裕 

（２）第 92回日本消化器内視鏡学会近畿支部例会 

「術前診断が可能であった胆管原発悪性リンパ腫の 1例」 

（近畿大学医学部奈良病院消化器・内分泌内科）秦 康倫，木下大輔，

奥田英之，永田嘉昭，岸谷 讓，川崎俊彦（同 外科）原 譲次，辻江

正徳，井上雅智（同 臨床検査部）若狭朊子，太田善夫（近畿大学医学

部附属病院消化器内科）工藤正俊 

（３）第 97回日本消化器病学会近畿支部例会 

「EUS-FNAで診断可能であった，腎癌膵転移の 1例」 

（近畿大学医学部奈良病院消化器・内分泌内科）濱田隆介，木下大輔，

秦 康倫，奥田英之，永井知行，岸谷 讓，川崎俊彦（同 臨床検査部）

若狭朊子，太田善夫（同 附属病院消化器内科）工藤正俊 

（４）第 93回日本消化器内視鏡学会近畿支部例会 

「ステロイドが奏効した Cronkhite-Canada症候群の 1例」 

（近畿大学医学部奈良病院消化器・内分泌内科）長原 大，奥田英之，

秦 康倫，木下大輔，永井知行，岸谷 讓，川崎俊彦（同 臨床検査部）

若狭朊子，太田善夫（近畿大学医学部附属病院消化器内科）工藤正俊 

 

５．学会業績（研究会） 

（１）肝臓病医療講演会 

「最近の肝疾患診療の話題」 

（近畿大学医学部奈良病院消化器・内分泌内科）川崎俊彦 

（２）第 13回北和肝疾患病診連携勉強会 

「C型慢性肝炎に対する 3剤併用療法の当院における現況」 

（近畿大学医学部奈良病院消化器・内分泌内科）川崎俊彦，秦 康倫，

木下大輔，奥田英之，永井知行，岸谷 讓， 
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川崎俊彦 

略歴 

昭和 58年 京都大学医学部医学科専門課程卒業 

昭和 58年 京都大学医学部附属病院（研修医） 

昭和 59年 大阪府済生会野江病院（内科医員） 

昭和 61年 京都大学医学部附属病院（第一内科医員） 

平成２年 京都桂病院（内科医員） 

平成５年 Diagnostic Radiology, Yale University School of Medicine, 

(Visiting Scientist) 

平成６年 神戸中央市民病院（内科副医長） 

平成６年 西神戸医療センター（内科副医長） 

平成９年 西神戸医療センター（内科医長）に昇進 

平成 12年 近畿大学医学部附属病院（講師） 

平成 16年 大阪北逓信病院第１内科（部長） 

平成 22年 近畿大学医学部奈良病院消化器・内分泌内科（准教授） 

平成 25年 近畿大学医学部奈良病院消化器・内分泌内科（教授） 

 

2014年の反省と 2015年の抱負。 

 2014年は当初より，2人欠員状態で開始し，5月末に永田医師が開業の為に退

職し，その代わりに永井先生が近大本学から赴任してくれました。この為，1年

を通して 2 人欠員状態で終始しました。一方，内分泌・代謝部門は長らく岸谷

先生が一人でやって来たのが，9月から近大本学から貫戸先生が半年間の約束で

赴任してこられ，その後も半年から 1 年交代で誰かが赴任されるということで

すので，岸谷先生の負担もかなり軽減したと思います。消化器部門も，そうい

う形の 1 年交代でも良いので，もう一人の赴任をお願いしたいと切実に思いま

す。 

 このため，学会活動は、昨年に続き地方会 4 題，研究会 2 題とほぼ休眠状態

だったのは，臨床優先のため仕方がなかったと思います。 

 2015 年は４月から，以前准教授奈良病院で働いていて，長らく非常勤として

お手伝いして頂いた，水野先生が内視鏡部の教授として赴任することが決定し

ており，暫く続いた内視鏡部の衰退傾向に終止符が打てるのではないかと期待

しています。 
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Impact of Histologically Confirmed Lymph Node Metastases
on Patient Survival After Surgical Resection for

Hepatocellular Carcinoma
Report of a Japanese Nationwide Survey

Kiyoshi Hasegawa, MD,∗ Masatoshi Makuuchi, MD,† Norihiro Kokudo, MD, PhD,∗ Namiki Izumi, MD,‡
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Cancer Study Group of Japan

Objective: To clarify the clinical significance of resection of lymph node
metastases in patients’ hepatocellular carcinoma (HCC).
Background: Although the presence of lymph node metastasis form HCC
has been considered as a systemic disease, prognosis after resection of them
remains unknown.
Methods: From the database of a Japanese nationwide survey, 14,872 patients
of HCC treated by surgical resection between 2000 and 2005 were enrolled. We
modified the current Japanese staging system for HCC, by further dividing
stage IVA into stage IVAnon-n1 and stage n1, according to the absence or
presence of pathologically proven lymph node metastasis. Thus, the patients
classified into 6 disease stages, that is, I (n = 1494), II (n = 8056), III (n =
4243), IVAnon-n1 (n = 701), n1 (n = 112), and IVB (n = 266), and their
long-term outcomes were compared.
Results: The median follow-up period was 20.6 months. The 3-year overall
survival rates of the patients with stage IVAnon-n1, stage n1, and stage IVB
were 51.6%, 38.9% and 27.2%, respectively. A multivariate analysis showed
that stage IVAnon-n1 would have a similar impact on the survival as stage
n1 (hazard ratio: 0.88, 95% confidence interval: 0.59–1.33, P = 0.555), and
that stage n1 still represented one class less advanced than stage IVB (hazard
ratio: 0.52, 95% confidence interval: 0.34–0.80, P = 0.003).
Conclusions: The prognosis of patients with histologically node-positive
HCC was similar to that of patients with locally advanced HCC (stage IVA),
which supports the validity of the current Japanese staging system and also
partially validates the system proposed by the UICC/AJCC.
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A lthough hepatocellular carcinoma (HCC) with lymph node
metastasis has been considered as a systemic disease with a

dismal prognosis, the actual impact of the node status on the patient
outcome has never been thoroughly investigated. According to both
the current Japanese (Table 1)1 and UICC/AJCC staging systems
(Table 2),2,3 N1 (lymph node metastasis macroscopically suspected)
with any T factor is classified as stage IVA, which represents the sec-
ond worst stage of the disease. However, there have been few concrete
data supporting the validity of these staging systems.

In patients with HCC, detection of enlarged lymph nodes
around the liver is not rare, because accompanying liver inflamma-
tion (viral hepatitis, alcoholic hepatitis, steatohepatitis, etc) frequently
induces reactive lymph node swelling.4,5 It is often difficult to distin-
guish between benign reactive lymph node swelling and metastatic
lymph node enlargement preoperatively, despite the recent remark-
able advances in imaging technologies.5,6 In addition, sampling of
the hepatic hilar lymph nodes is avoided during surgery for HCC,
because it has been known to increase the risk of postoperative refrac-
tory ascites.7,8 Thus, the actual impact of resection of histologically
proven lymph node metastases remains unknown.

Since 1965, the Liver Cancer Study Group of Japan has been
conducting biannual nationwide surveys of patients with HCC; how-
ever, no data concerning HCC patients with histologically proven
lymph node metastases have been accumulated. Therefore, we added
several items related to the histological lymph node status to the ques-
tionnaire of the registry system in 2000. Because sufficient clinical
data have been obtained over the 6 years since 2000, we conducted
this retrospective study, based on prospectively gathered data, in the
latest Japanese survey.

PATIENTS AND METHODS
With the cooperation of 795 institutions in Japan, patients with

primary liver cancer are registered every 2 years and followed up
prospectively in a nationwide survey conducted by the Liver Cancer
Study Group of Japan. HCC is diagnosed on the basis of imaging
studies, clinical data, and/or histopathological studies at each institu-
tion. Among the 57,444 patients with HCC who were newly registered
with the survey between 2000 and 2005, a total of 14,872 patients
who underwent surgical resection for HCC and for whom complete
information concerning the disease stage, liver function, and progno-
sis was available were entered into this study. Then, the patients were

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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TABLE 1. The Japanese Staging System
for HCC

Stages T Factor N Factor M Factor

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0
Stage IVA T4 N0 M0
Stage IVA Any T N1 M0
Stage IVB Any T Any N M1

TABLE 2. The UICC/AJCC Staging
System for HCC

Stages T Factor N Factor M Factor

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage IIIA T3a N0 M0
Stage IIIB T3b N0 M0
Stage IIIC T4 N0 M0
Stage IVA Any T N1 M0
Stage IVB Any T Any N M1

prospectively followed up at each institution. Although no defini-
tive follow-up protocol was set, most liver surgeons observed the
protocol shown in “Clinical Practice Guidelines for Hepatocellular
Carcinoma,”9 which recommends ultrasonography and serum tumor
marker measurements every 3 or 4 months, and enhanced computed
tomography or magnetic resonance imaging every 6 or 12 months.
Although this study protocol was not submitted to the institutional
review board of each institution participating in the nationwide sur-
vey, collection of the data and registering patients with HCC were
conducted with the approval of each institution.

According to the fifth version of the General Rules for the
Clinical and Pathological Study of Primary Liver Cancer, patients
with histologically confirmed lymph node metastasis (labeled n1)
in the absence of distant metastasis are classified as having stage
IVA disease (Table 1)1; however, for this study, we further classified
patients with stage IVA disease into stage IVAnon-n1 and stage n1
groups, to clarify the clinical significance of n1 (Table 3). Thus, on
the basis of the disease stage, the study population (14,872 patients)
was classified into 6 groups: stage I (n = 1,494), stage II (n = 8,056),
stage III (n = 4,243), stage IVAnon-n1 (n = 701), stage n1 (n =
112), and stage IVB (n = 266). In this study, all patients classified
as having stage n1 disease were treated by hepatic resection for HCC
simultaneously.

Table 4 summarizes the baseline characteristics of the 6 groups.
To clarify the differences among stages III, IVAnon-n1, n1, and IVB,
pairwise P values are shown in Table 5. Table 6 shows the number
and percentage of cases with n1 for each T factor, which indicates
that even patients with T1 and T2 tumors, who would be classified
as having stage I and stage II disease, respectively, in the absence of
lymph node metastasis, could include several n1 cases.

The overall survival curves were plotted by the Kaplan-Meier
method and compared by the log-rank test. In this study, recurrence-
related data were not analyzed, because surgery performed in patients
with stage n1 and stage IVB disease cannot be regarded as curative.
The differences in the impact of each stage on the survival were esti-
mated using a Cox proportional-hazards model including the follow-
ing 10 covariates: age, gender, type of background hepatitis, platelet
count (< or ≥10 × 104 per μL), serum albumin level, serum total
bilirubin level, indocyanine green retention rate at 15 minute (< or
≥20%), serum alpha-fetoprotein level (< or ≥20 ng/mL), serum des-

TABLE 3. The Classification Used in This
Study

Stages T Factor N Factor M Factor

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0
Stage IVAnon-nl T4 N0 M0
Stage nl Any T n1 M0
Stage IVB Any T Any N M1

n1; patologocally proven lymph node metastasis

γ -carboxy prothrombin level (< or ≥40 AU/mL), and pathological
differentiation grade of the tumor. The 10 covariates were chosen
among the available factors in our database, because we regarded
them as clinically important on the basis of previously published re-
ports. The results of the multivariate analysis are expressed as hazard
ratios calculated between consecutive stages with 95% confidence
intervals. P values of less than 0.05 were considered to indicate sta-
tistical significance.

RESULTS
The median follow-up period after treatment was 20.6 months,

and the 25th and 75th percentiles were 8.7 and 38.1 months,
respectively. The overall 3-/5-year survival rates of the patients with
stage I, II, III, IVAnon-n1, n1, and IVB disease were 90.4%/77.8%,
80.8%/66.6%, 66.6%/49.5%, 51.6%/37.0%, 38.9%/29.5%, and
27.2%/22.0%, respectively (Fig. 1).

The multivariate analysis (Table 7) showed that the hazard
ratio for survival of patients with stage IVAnon-n1 relative to patients
with stage n1 disease was 0.88 (95% confidence interval: 0.59–1.33,
P = 0.555), although that of patients with stage n1 disease relative
to those with stage IVB disease was statistically significantly higher
(0.52, 95% confidence interval: 0.34–0.80, P = 0.003). Except for the
situations mentioned earlier, the hazard ratio for survival of patients
with each disease stage relative to that of patients with one level
higher disease stage was significantly low in all combinations, which
indicated that the clinical impact of the stage factor on death increased
in the order of the disease stage.

DISCUSSION
The results of this study indicate that the prognosis after re-

section of lymph node metastasis in patients with HCC, irrespective
of the T factor in the TNM classification, would be equivalent to that
of stage IVAnon-n1, and inferior to that of the prognosis associated
with stages I to III. Our analysis also suggests that extrahepatic spread
other than to the lymph nodes is associated with a significantly poorer
prognosis than metastasis to the lymph nodes alone.

According to autopsy studies of HCC, the estimated inci-
dence of lymph node metastasis in HCC patients, overall, is 30.3%,10

whereas that in patients undergoing surgery is only 1% to 2%.7,10,11

Although, until date, there have been few data on the clinical impact
of lymph node metastasis in patients with HCC, on the basis of the
results of small retrospective studies and clinical experience, it has
been suspected that lymph node metastasis may be one of the worst
prognostic factors in these patients. Uenishi et al7 reported that of
504 patients, all 6 with lymph node metastasis died within 14 months
of surgery. According to Sun et al12 and Kobayashi et al,13 the 3-year
overall survival rates were 31% and 25.9%, respectively, in 49 and 21
HCC patients with lymph node metastasis. In this study, the 3-year
survival rate of patients with lymph node metastasis of 38.9% was
consistent with the 2 reports mentioned earlier.

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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TABLE 4. Baseline Characteristics

I II III IVAnon-n1 n1 IVB
Variables n = 1494 n = 8056 n = 4243 n = 701 n = 112 n = 266

Age, Median (interquartile range), yrs 66 (12) 67 (12) 67 (13) 65 (14) 66 (13.5) 62 (17)
Gender, No. (%)

Male 1078 (72.2) 6143 (76.3) 3415 (80.5) 572 (81.6) 88 (78.6) 206 (77.4)
Female 416 (27.8) 1913 (23.7) 828 (19.5) 129 (19.5) 24 (21.4) 60 (22.6)

Hepatitis virus infection, No. (%)
HBsAg(+)/HCV-Ab(−) 248 (16.6) 1320 (16.4) 776 (18.3) 165 (23.5) 19 (20.0) 72 (27.1)
HBsAg(−)/HCV-Ab(+) 969 (64.9) 4459 (55.4) 2314 (54.5) 346 (49.4) 56 (50.0) 96 (36.1)
HBsAg(+)/HCV-Ab(+) 29 (1.9) 143 (1.8) 71(1.7) 18 (2.6) 2(1.8) 6 (2.3)
HBsAg(−)/HCV-Ab(−) 189 (12.7) 1808 (22.4) 903 (21.3) 146 (20.8) 33 (32.4) 76 (28.6)
Unknown 59 (3.9) 326 (4.0) 179 (4.2) 26 (3.7) 2(1.8) 16 (6.0)
Serum albumin, g/dL∗ 3.9 (0.6) 3.9 (0.6) 3.9 (0.6) 3.9 (0.7) 3.8 (0.6) 3.8 (0.7)
Serum total bilirubin, mg/dL∗ 0.8 (0.4) 0.7 (0.4) 0.8 (0.4) 0.7 (0.4) 0.8 (0.4) 0.7(0.3)

Platelet count, No. (%)
≥10 × 10 per μL 961 (64.3) 5971 (74.1) 3208 (75.6) 564 (80.5) 91 (81.2) 226 (85.0)
< 10 × 104 per μL 468 (31.3) 1814 (22.5) 890 (21.0) 118 (16.8) 16 (14.3) 29 (10.9)
Unknown, 65 (4.4) 271 (3.4) 145 (3.4) 19 (2.7) 5 (4.5) 11 (4.1)

ICG R15, No. (%)
≥20% 467 (31.2) 2111 (26.2) 1128 (26.6) 157 (22.4) 26 (23.2) 56 (21.1)
<20% L 896 (60.0) 5190 (64.4) 2716 (64.0) 479 (68.3) 76 (67.9) 174 (65.4)
Unknown 131 (8.8) 755 (9.4) 399 (9.4) 65 (9.3) 10 (8.9) 36 (13.5)

Alpha-fetoprotein, No. (%)
≥20 ng/mL 623 (41.7) 3645 (45.2) 2414 (56.9) 468 (66.7) 63 (56.2) 186 (69.9)
<20 ng/mL 795 (53.2) 4034 (50.1) 1619 (38.2) 203 (29.0) 42 (37.5) 66 (24.8)
Unknown 76 (5.1) 377 (4.7) 210 (4.9) 30 (4.3) 7(6.3) 14 (5.3)

Des-y-carboxy prothrombin, No. (%)
≥40 AU/mL 401 (26.8) 3645 (45.2) 2414 (56.9) 468 (66.8) 63 (56.3) 186 (69.9)
<40 AU/mL 795 (53.2) 4034 (50.1) 1619 (38.2) 203 (28.9) 42 (37.5) 66 (24.8)
Unknown 298 (20.0) 357 (4.7) 210 (4.9) 30 (4.3) 7 (6.2) 14 (5.3)

Tumor differentiation grade, No. (%)
Well 483 (32.3) 1668 (20.7) 612 (14.4) 53 (7.6) 2(1.8) 18 (6.8)
Moderate 731 (48.9) 4748 (58.9) 2537 (59.8) 416 (59.3) 54 (48.2) 134 (50.4)
Poor 101 (6.8) 668 (8.3) 529 (12.5) 139 (19.8) 34 (30.4) 62 (23.3)
Unknown 179 (12.0) 972(12.1) 565 (13.3) 93 (13.3) 22 (19.6) 52 (19.5)

HBsAg indicates hepatitis B virus antigen; HCV-Ab, hepatitis C virus antibody;
ICG R15, indocyanine green retention rate at 15 minutes.

TABLE 5. Pairwise P Value Among Stages III, IVA non-n1, n1, and IVB

Variable III vs IVAnon-n1 IVAnon-n1 vs n1 n1 vs IVB

Age∗ 0.009 0.457 0.002
Gender† 0.490 0.447 0.810
Virus infection† 0.002 0.154 0.073
Serum albumin∗ 0.169 0.062 0.916
Serum bilirubin∗ 0.612 0.586 0.318
Platelet count† 0.009 0.547 0.346
ICG R15† 0.016 0.861 0.824
Alpha-fetoprotein† 0.000 0.046 0.010
Des-gamma-carboxy prothrombin† 0.000 0.002 0.000
Tumor differentiation grade‡ 0.006 0.016 0.323

∗t test.
†χ2 test.
‡Mantel trend test.

TABLE 6. Association Between T and n Factors

T1 T2 T3 T4
n = 1426 n = 7663 n = 4110 n = 709

n0, No. (%) 971 (68.1) 5275 (68.8) 2759 (67.1) 468 (66.0)
Unknown, No. (%) 450 (31.6) 2353 (30.7) 1295 (31.5) 219 (30.9)
n1, No. (%) 5 (0.3) 35 (0.5) 56 (1.4) 22 (3.1)
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FIGURE 1. Overall survival curves after surgery for hepatocel-
lular carcinoma in patients with stage I, II, III, IVAnon-n1, n1,
and IVB disease are demonstrated.

TABLE 7. Hazard Ratios

Hazard Ratio

95%
Confidence

Interval P

Stage I (vs II) 0.61 0.49–0.76 <0.001
Stage II (vs III) 0.56 0.51–0.62 <0.001
Stage III (vs IVAnon-n1) 0.69 0.58–0.81 <0.001
Stage IVAnon-n1 (vs n1) 0.88 0.59–1.33 0.555
Stage n1 (vs IVB) 0.52 0.34–0.80 0.003

Our data indicate that extrahepatic spread other than to lymph
nodes is associated with an even poorer prognosis than spread to the
lymph nodes alone. In both the Japanese and UICC/AJCC staging
systems,1–3 cases of M1 (meaning extrahepatic spread) are classified
into the worst disease stage (IVB), irrespective of the T and N factors.
The results of this study clearly supported the validity of separating
lymph node metastasis from extrahepatic spread in the 2 currently
used staging systems.

On the contrary, there was no significant difference in the
prognosis between stage IVAnon-n1 and stage n1 in this study, which
suggested that the outcome of patients with T4 (denoting multiple
tumors, maximum tumor diameter >2 cm, and presence of vascular
invasion) classified according to the Japanese system would be equiv-
alent to those of patients with lymph node metastasis, irrespective of
the T factor. On this point, the results of this study did not support
the UICC/AJCC system, in which T4 cases without N1 or M1 are
classified as stage IIIC, a disease stage lower than stage IVA.

One of the most important points of this study is that lymph
node metastasis was microscopically confirmed in the resected speci-
mens in all cases. This overcame the major problem of some previous
studies in which pathological information was lacking,11,13 as it is
quite difficult to macroscopically distinguish true metastasis from re-
active lymph node swelling. Because our study had the largest number
of cases (>100) to date, with pathological confirmation, we expect

that our results would be useful for estimating the true impact of
lymph node metastasis on the prognosis.

On the contrary, the above advantage could be weighed down
by several biases, which should be taken into consideration while
interpreting our data. For example, there could have been a bias toward
cases with good liver function in the study population, because liver
resection could be performed in the patients. The impact of lymph
node metastasis may be different in patients with moderate or poor
liver function, which needs further study.

Caution should also be exercised while interpreting our data
from the aspect that there were no clear criteria for dissection of lymph
nodes during the operation in our series. Because of the difficulty in
macroscopically distinguishing between benign and malignant lymph
nodes, several cases with microscopic lymph node metastasis might
have been misclassified into stages I, II, III, and IVAnon-n1 in this
study. Some cases from the study populations, in which lymph node
metastasis was found by intraoperative pathological examination on
frozen sections and hepatic resection was abandoned, might have
been dropped from the analysis. These limitations make it difficult to
arrive at a definitive conclusion. To strictly evaluate the significance
of the presence of lymph node metastasis in HCC patients, routine
sampling of lymph nodes would, theoretically, be a suitable strategy.
However, this would be unacceptable from the ethical standpoint, be-
cause routine sampling would place the patients at risk for refractory
ascites and liver failure after surgery. Positron emission tomography
using 18F-fluorodeoxy glucose, which was developed recently, is also
not very sensitive for differentiating between metastatic and inflam-
matory swelling of the lymph nodes, although it has been found to be
useful to detect systemic metastases from cancer.

The clinical significance of resection of lymph node metastases
in patients with HCC remains under debate.12,14,15 It would also be
difficult to arrive at a solution to this problem on the basis of the
current data, because there was no uniform strategy to cope with
swollen lymph nodes in this study. Another prospective investigation
is therefore warranted.

In this study, the follow-up period and number of study were
probably insufficient, because the interval between the change of the
registry form and the collection of data was 6 years. However, at least,
we are able to show the outcomes of surgical resection of HCC in more
than 100 cases of pathologically confirmed lymph node metastases.
Although further investigation would be useful, however, our results
may also hold importance in the current situation.

CONCLUSIONS
In conclusion, the results of this study support the current

staging system used in Japan, in which patients with lymph node
metastasis, irrespective of the T stage, are classified as having stage
IVA disease, a stage lower than M1 (extrahepatic spread). Our results
provide only partial validation of the UICC/AJCC staging system.
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Introduction
!

Intraductal papillary mucinous neoplasms
(IPMN) of the pancreas develop from epithelial
cells in the main pancreatic duct (MPD) or branch
duct [1–4]. Histologically, these lesions can be
classified into benign IPMNs (hyperplasia, adeno-
ma, and borderline neoplasm) or malignant
IPMNs (noninvasive, minimally invasive, and in-
vasive carcinomas) [5–7]. Although the natural
history of IPMNs is still poorly understood, all of
these lesions are considered to be premalignant
because even benign lesions such as hyperplasias
or adenomas can progress to invasive carcinomas.
Thus, even benign IPMNsmay have to be surgical-
ly resected to prevent malignant transformation
[8]. However, the risk associated with the surgical

procedures should be balanced against the risk of
malignant transformation [7]. Thus, to facilitate
decision making it is necessary to understand
the natural history of IPMNs and to identify the
IPMN features that are associated with a high po-
tential for malignancy.
The features of IPMNs usually differ from those of
ordinary pancreatic ductal adenocarcinomas
(PDAC) [9–11]. However, several reports have
shown that relative to the incidence of PDACs in
the general population, PDACs occur at higher
rates in patients with IPMNs; they are also fre-
quently discovered at an unresectable stage [12–
16]. There are two types of IPMN-related PDACs,
namely, those that infiltrate the IPMN (designated
here as IPMN-derived PDAC) and those that are

Kamata Ken et al. Early detection of IPMN-concomitant pancreatic carcinomas by EUS… Endoscopy 2014; 46: 22–29

Background and study aims: Pancreatic ductal
adenocarcinomas (PDAC) sometimes arise in pa-
tients with intraductal papillary mucinous neo-
plasms (IPMNs). This study examined the inci-
dence of PDACs concomitant to or derived from
branch duct IPMNs. The usefulness of endoscopic
ultrasonography (EUS) relative to other imaging
methods for detecting these tumors was also as-
sessed.
Patients and methods: This retrospective study
used data from clinical records and imaging stud-
ies that were collected prospectively. During
2001–2009, 167 consecutive patients with
IPMNs underwent EUS, ultrasonography, compu-
ted tomography (CT), and magnetic resonance
imaging (MRI). The 102 patients whose branch
duct IPMNs lacked mural nodules/symptoms and
thus did not qualify for resection were followed
up by semiannual EUS and annual ultrasonogra-
phy, CT, and MRI. The sensitivity and specificity
with which the four modalities detected IPMN-
derived and -concomitant PDACs at the first ex-
amination and throughout the study period were
evaluated. The rate of PDAC development during

follow-up was analyzed by the Kaplan–Meier
method.
Results: A total of 17 IPMN-derived and 11 IPMN-
concomitant PDACs were diagnosed at the first
examination. Lesions that did not qualify for re-
section or chemotherapy were followed up for a
median of 42 months. Seven IPMN-concomitant
PDACs and no IPMN-derived PDACs were detect-
ed during follow-up. The 3- and 5-year rates of
IPMN-concomitant PDAC development were
4.0% and 8.8%, respectively. At the first examina-
tion, EUS was superior to other imaging modal-
ities in terms of IPMN-derived and -concomitant
PDAC detection. Throughout the study period, in-
cluding follow-up, EUS was significantly better at
detecting IPMN-concomitant PDACs than the
other modalities.
Conclusions: IPMN-concomitant PDACs are quite
often found at diagnosis and during follow-up.
EUS examination of the whole pancreas plays an
important role in the management of IPMNs as it
allows the early detection of these small invasive
carcinomas.

D
ow

nl
oa

de
d 

by
: I

P-
Pr

ox
y 

Ki
nk

i_
U

ni
ve

rs
ity

, K
in

ki
 U

ni
ve

rs
ity

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.

— 85 —



histologically distinct from the IPMN (designated here as IPMN-
concomitant PDAC).
In recent times, it has become possible to diagnose IPMNs with a
variety of imaging tools. Endoscopic ultrasonography (EUS) is su-
perior to the other available imaging methods in terms of spatial
resolution [17–20]. The present study had two main aims. The
first was to investigate the natural course of branch duct IPMNs
by using four imagingmodalities: EUS, ultrasonography, comput-
ed tomography (CT), and magnetic resonance imaging (MRI). In
particular, the frequencies of cystic lesion changes and IPMN-de-
rived and -concomitant PDAC development during follow-up
were determined. The second aimwas to compare the diagnostic
accuracy of the four imaging modalities in terms of the detection
of IPMN-derived and -concomitant PDACs.

Patients and methods
!

Study design
This study was approved by the Institutional Review Board of
Kinki University School of Medicine. It was a retrospective study
that used a database created after the clinical record and imaging
examination data were collected prospectively. The surgical indi-
cations and follow-up method were unified during the study
period. Outcomes were reviewed retrospectively.

Patients
Between April 2001 and March 2009, 167 consecutive patients
who were suspected to have an IPMN had their first examina-
tions with EUS, ultrasonography, CT, and magnetic resonance
cholangiopancreatography (MRCP/MRI) at the Kinki University
Hospital. All four imaging methods were performed within 1
month.

Diagnosis of IPMNs
With all of the imaging modalities, IPMN was defined as a dila-
tion of the MPD or its branches. To exclude simple cysts, a lesion
was suspected to be an IPMN if it was more than 5mm in diame-
ter. IPMNwas classified from imaging studies as either main duct
or branch duct IPMN according to the new Fukuoka criteria [21].
Thus, if the MPDwas ≥6mm, the lesionwas defined as main duct
IPMN. However, if the branch duct was dilated and communica-
ted with the pancreatic duct without MPD dilation, the lesion
was defined as branch duct IPMN. The lesions were also exam-
ined for the presence of mural nodules.

Distinction between IPMN-derived and -concomitant
PDACs
IPMN-derived PDACs were distinguished from IPMN-concomi-
tant PDACs on the basis of radiological images and macroscopic
or microscopic findings of the resected specimens. A pathologist

examined these specimens carefully for the presence of non-neo-
plastic ducts between the IPMN and PDAC: if intervening normal
ducts were observed, the PDAC was defined as an IPMN-concom-
itant PDAC. If a histological transition between the IPMN and
PDAC was observed, the PDAC was defined as an IPMN-derived
PDAC [22].

Indications for surgery and follow-up strategy
All main duct IPMNs and the branch duct IPMNs with nodules or
symptoms were surgically resected. The remaining branch duct
IPMNs, which lacked nodules/symptoms, were not surgically re-
sected; instead, the patients underwent periodic follow-up with
EUS, ultrasonography, CT, andMRI as outpatients (●" Fig.1). Thus,
EUS was performed semiannually and the ultrasonography, CT,
and MRI examinations were performed annually between the
two EUS examinations: the MRI was performed 2–4 months
after the first EUS examination, and both ultrasonography and
CT were performed 2–4 months after the next semiannual EUS
examination, after which the cycle was repeated. If one of the
four modalities showed during follow-up that the cystic lesion
had changed (dilation of cystic lesion ≥10mm) or a nodule had
appeared, the other three modalities were performed within the
followingmonth so that the detection abilities of the four modal-
ities could be compared.

Imaging techniques
All imaging techniques, both at the first examination and during
follow-up, were performed in a blinded manner: the endosono-
graphers, the ultrasonographer, and the radiologists were all
unaware of the results of the other imaging investigations.

EUS
The electronic convex echoendscope (GF-UC240P-AL5; Olympus,
Tokyo, Japan) was employed for EUS.All EUS observations of the
pancreas were performed by the same two endosonographers
(M.K. and H.S.), who were qualified by the Japan Gastroenterolo-
gical Endoscopic Society and were experienced in EUS, having
performed more than 3000 EUS examinations each.

US
A GE LOGIQ9 or 700 MR EXPERT Series unit (General Electric
Medical Systems, Milwaukee, Wisconsin, USA) with a 2–4-MHz
curved-array wide-band transducer was used for abdominal ul-
trasound. All ultrasound observations of the pancreas were per-
formed by the same ultrasonographer (K.M.), who had 20 years
of experience in gastrointestinal ultrasonography.

CT
Intravenous contrast-enhanced CT imaging was performed by
using two-phase CT (Toshiba X-vigor; Toshiba Medical System,
Tokyo, Japan) or a 64-channel multidetector CT scanner (Light

12 month0

EUS MRI EUS EUSUS and CT

US+CT+MRI US+CT+MRIEUS+US+CT EUS+MRIUS+CT+MRI

A nodule or change of the cystic lesion in the pancreas is detected

3 6 9 Fig.1 The diagnostic and follow-up strategy with
endosonography (EUS), ultrasonography (US), com-
puted tomography (CT), and magnetic resonance
imaging (MRI).
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Speed VCT Vision: GE Healthcare, Milwaukee, Wisconsin, USA)
with a 5.0mm image thickness. In the former modality, 100mL
of Iopamiron (iopamidol; Nihon Schering, Osaka, Japan) with an
iodine concentration of 370mg/mL was injected. Dynamic acqui-
sition in the early arterial phase (30 seconds) and portal phase
(60 seconds) was performed. In the latter modality, after the un-
enhanced images were acquired, 510mg iodine per kg of iodinat-
ed contrast material was administered intravenously at a rate of
3–4mL/s. Scanning was performed during the pancreatic par-
enchymal phase (at 40 seconds) with the liver phase being ob-
tained at 70 seconds. The images were evaluated by two radiolo-
gists (T.H. and M.K.), who had 15 and 20 years of experience in
gastrointestinal radiology, respectively. The two readers first
read the data independently. If either of them suspected that
therewas a solid tumor as well as the cystic lesions, the two read-
ers re-assessed the images together until an agreement was ob-
tained.

MRI
MRI studies were performed by using a 3.0T system (Achieva:
Philips Medical Systems, Best, The Netherlands) or either of two
1.5Tsystems (Signa Excite HDxt, GE Healthcare; and Gyroscan In-
tera Nova, Philips Medical Systems). Axial and coronal breath-
hold single-shot fast spin-echo (SSFSE) or half-Fourier acquisition
SSFSE T2-weighted, 2D thick-slab SSFSE MRCP, 3D MRCP, T1-
weighted dual-echo, b800 diffusion-weighted images, and T2-
weighted image acquired with fat-suppressed turbo spin-echo
sequence were obtained. The MRI and MRCP images were ana-
lyzed independently by the same radiologists (T.H. and M.K.)
who performed the CT studies. As with the CT analyses, the two
readers first read the data independently. If either of them sus-
pected that there was a solid tumor as well as the cystic lesions,
the two readers re-assessed the images together until an agree-
ment was obtained.

Gold standard of PDAC diagnosis
The gold standard for the diagnosis of PDAC was histopathology
of surgically resected specimens and/or EUS-guided fine-needle
aspiration (FNA) specimens plus follow-up with the four modal-
ities every 3 months for at least 12 months (●" Fig.1). In the cases
where a PDAC was not suspected on the basis of the imaging
studies, the final diagnoses were confirmed by follow-up
(●" Fig.1).

Variables
The following outcomes were calculated: (i) the frequencies of
main duct IPMN, branch duct IPMN with or without mural no-
dules/symptoms, and IPMN-derived and IPMN-concomitant
PDACs at the first examination; (ii) frequencies of changes in the
followed up (unresected) IPMNs and the new development of
IPMN-derived and IPMN-concomitant PDACs during follow-up;
(iii) the relative sensitivity and specificity with which each ima-
ging modality detected PDAC at the first examination (to calcu-
late these values, PDACs detected during follow-up were defined
to be occult lesions that had not been detected at the first exam-
ination); and (iv) the relative sensitivity and specificity with
which each imaging modality detected PDAC throughout the
study period (to calculate these values, the latest examination
during the study period was used). For (iv), the modality that de-
tected the PDAC at the first examination or during follow-up was
compared with the other three modalities that were performed
within 1 month of the PDAC detection.

Statistical analysis
All analyses were performed using the statistical software SAS
9.1.3 (SAS Institute Inc., Cary, North Carolina, USA). The patients
with IPMN-concomitant PDACs that were detected at the first ex-
amination were compared with the patients with new IPMN-
concomitant PDACs in terms of their clinicopathological data by
using Student’s t test and Fisher’s exact test. The McNemar test
was applied to evaluate the differences between EUS, ultrasono-
graphy, CT, and MRI in terms of detecting PDACs. Differences
were considered to be significant when P was <0.05.The devel-
opment of IPMN-concomitant PDACs was analyzed by the Ka-
plan–Meier method.

Results
!

Clinical characteristics of patients
●" Table1 shows the clinical characteristics of the 167 patients
with IPMNs. The mean age was 69 years and the ratio of males
to females was approximately 2:1.The IPMNs occurred twice as
frequently in the pancreas head as in the body or tail. The flow
chart (●" Fig.2) shows that 11 of the 167 patients (7%) were
found incidentally to have IPMN-concomitant PDACs. This diag-
nosis was confirmed by EUS–FNA, after which seven of these pa-
tients underwent surgery. The remaining four patients with
PDAC received chemotherapy because their PDAC lesions were
at an inoperable stage. With regard to the remaining cohort of
156 patients without IPMN-concomitant PDACs, the 42 patients
who had a main duct IPMN (n=19) or a branch duct IPMN with
mural nodules (n=19) or symptoms (n=4) underwent surgical
resection. The histological diagnoses of all resected IPMN spe-
cimens (both main and branch duct IPMNs) were hyperplasia
(n=1), adenoma (n=24), noninvasive carcinoma (n=6), minimal-
ly invasive carcinoma (n=7), and invasive carcinoma (n=4). Sev-
en of the 23 (30%) resected branch duct IPMNs and 10 of the 19
(53%) main duct IPMNs were carcinomas.
Of the remaining 114 patients who did not undergo surgical re-
section or chemotherapy, 102 were followed up for 12 months or
longer. The other 12 patients who did not undergo periodic fol-
low-up were excluded from this study. There was no further loss
to follow-up.A total of 59 patients were continuously followed-
up until the last date of the study (31 March 2010). The other 43
patients were censored after a follow-up of 12 months or longer

Table 1 Clinical characteristic of the 167 patients with intraductal papillary
mucinous neoplasms.

Characteristic Total Follow-up group*

Number of patients 167 102

Age, mean (range), years 69 (33–88) 71 (33–86)

Sex, M:F, n 110 : 57 61 : 41

Type of IPMN

Main duct 19 0

Branch duct 148 102

Site of IPMN

Head 114 64

Body/tail 53 38

IPMN, intraductal papillary mucinous neoplasm.
* In total, 114 of the 167 IPMN lesions were branch duct IPMNs without mural nodules
or symptoms. None of these cases underwent resection and were to be followed-up
by the four imaging modalities for at least 12 months. In 12 cases, this follow-up did
not occur and these cases were excluded from the remaining analyses, leaving 102
cases that were followed up according to the study protocol.
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because follow-up was no longer possible due to the occurrence
of other serious diseases, namely, gastric cancers (n=4), colon
cancers (n=2), and benign diseases (n=37). The median duration
of follow-upwas 42months (range 12–122).●" Table1 summari-
zes the characteristics of the 102 patients in the follow-up group.
Their mean age was 71 years and the male:female ratio was 3:2.
Similar to the whole cohort, their IPMNs occurred twice as fre-
quently in the pancreas head as in the body or tail.

Outcomes of imaging examinations during follow-up
period
In 3 of the 102 followed-up patients, the diameter of the dilated
branch ducts increased during follow-up (●" Fig.2). In all cases,
all four imaging modalities detected this change. All three pa-
tients underwent surgical resection, but the histological diagno-
ses of the surgical specimens revealed that they had intraductal
papillary mucinous adenomas (IPMAs). Mural nodules did not
develop in any of the followed-up branch duct IPMNs. Thus, new
IPMN-derived carcinomas did not arise from the branch duct
IPMNs themselves during follow-up.However, seven (7%) IPMN-
concomitant PDACs were detected in the follow-up period be-
tween 12 and 74 months after the initial diagnosis of IPMN
(●" Figs.3, 4). Thus, the 3- and 5-year rates of IPMN-concomitant
PDAC development were 4.0% (95%CI 0.1–7.9) and 8.8% (95%CI
1.2–16.4), respectively. All lesions were detected at an operable
stage, but one patient rejected surgical resection because of his
advanced age and underwent chemotherapy instead.

Outcomes of surgical resection and histopathological
examinations
Over the course of the study, surgery was performed in 58 pa-
tients because the IPMN was accompanied by a concomitant
PDAC (n=13), the IPMN was a main duct IPMN or a branch duct
IPMN with mural nodules/symptoms (i. e. the IPMN met the
IPMN surgical resection indications, n=42), or the cystic lesion

became enlarged during the follow-up period (n=3). Pathological
analysis of the resected lesions revealed that all had been correct-
ly diagnosed as IPMNs by the preoperative studies.
In the 17 IPMN-derived PDACs detected at the first examination,
all of which were resected immediately, histology revealed clear
interconnections between the PDAC and the IPMN. Of the 18
IPMN-concomitant PDACs that were detected at the first exami-
nation or during follow-up, 13 were resected and histology re-
vealed that all of these IPMNs were clearly divided from the
PDAC by normal pancreatic duct.

Characteristics of patients with IPMN-concomitant
PDACs
●" Table2 summarizes the clinicopathological features of the 11
patients with IPMN-concomitant PDACs that were detected at
the first examination and the seven patients with IPMN-concom-
itant PDACs that were detected during follow-up. Whereas two-
thirds of the IPMNs of all of these cases were located in the pan-
creatic head, the PDACs showed the opposite orientation, with

Suspected of having IPMNs 
n = 167

Accompanied with IPMN-concomitant PDACs 
n = 11 (7%)

Surgical resection 
n = 7

Surgical resection 
n = 6

Chemotherapy 
n = 1

Surgical resection due 
to enlargement of 

dilated branch duct
n = 3

No treatment
n = 92

Histological diagnosis 
IPMA+PDAC n = 7

Conservative follow up 
n = 102

Histological diagnosis 
IPMA+PDAC n = 6

Histological diagnosis 
IPMA n = 3

Non follow up 
n = 12

Histological diagnosis
 Hyperplasia n = 7
 Adenoma n = 24
 Carcinoma n = 17

Chemotherapy 
n = 4

Surgical resection 
n = 42

Not accompanied with IPMN-concomitant PDACs 
n = 156

Accompanied with IPMN-concomitant PDACs 
n = 7 (7%)

Not accompanied with IPMN-concomitant PDACs 
n = 95

Fig.2 Flow chart summarizing the passage of the
167 patients with intraductal papillary mucinous
neoplasm (IPMN) during the study period. IPMA,
intraductal papillary mucinous adenomas; PDAC,
pancreatic ductal adenocarcinoma.
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Fig.3 Rate of intraductal papillary mucinous neoplasm (IPMN)-concomi-
tant pancreatic ductal adenocarcinomas (PDAC) development during the
follow-up of branch duct IPMNs, as analyzed by the Kaplan–Meier method.
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two-thirds or more detected in the body or tail. This tendency
was particularly pronounced in the seven PDACs discovered dur-
ing follow-up: six were located in the body or tail. All concomi-
tant IPMNs were branch duct IPMNs without mural nodules. The
concomitant PDACs that were detected at the first examination
had a mean (±SD) size of 24±10.6mm. By contrast, the concomi-
tant PDACs of the follow-up group were smaller (16±7.5mm),
although this difference did not achieve statistical significance
(P=0.085). In the seven patients whose PDACswere detected dur-
ing follow-up, the longest diameter of the dilated branch duct
and the width of the pancreatic duct at the first examination
were 13±3mm and 4±1mm, respectively. These duct dimen-
sions did not increase during follow-up.

Sensitivity and specificity of imaging modalities to
detect IPMN-derived and -concomitant PDACs
●" Table3 summarizes the sensitivity and specificity with which
the four modalities diagnosed IPMN-derived and -concomitant
PDACs at the first examination and throughout the study period.
For the calculations regarding the first examination, the seven
IPMN-concomitant PDACs that were discovered during follow-
upwere considered to be occult lesions that had not been detect-
ed by any of the imaging modalities at the first examination. At

the first examinations, EUS seemed to be superior to the other
imaging modalities in detecting both IPMN-derived and -con-
comitant PDACs, although only the difference between EUS and
ultrasonography achieved statistical significance. During follow-
up, six of seven new PDACs were first detected by EUS despite the
fact that ultrasonography, CT, and MRI had been performed be-
tween 2 and 10 months earlier (●" Fig.4). The other three modal-
ities were then performed within 1 month of the PDAC-detecting
EUS. For IPMN-concomitant PDAC that was detected during fol-
low-up, EUS, ultrasonography, CT, and MRI detected 100% (7/
7), 0% (0/7), 43% (3/7), and 43% (3/7), respectively. Thus, EUS
was still superior to ultrasonography, CT, and MRI in detecting
these PDACs. When calculating sensitivity and specificity of the
four modalities to detect IPMN-concomitant PDACs at the latest
examination throughout the study period including follow-up,
EUSwas significantly better than the other three imaging modal-
ities (●" Table3).

Table 2 Clinicopathological fea-
tures of the 18 patients with intra-
ductal papillary mucinous neo-
plasms-concomitant pancreatic
ductal adenocarcinoma that were
either detected by the first exami-
nations or during follow-up.

Characteristic Total

(n=18)

First examination

(n=11)

During follow-up

(n=7)

P value*

Age, mean (range), years 68 (59–88) 69 (60–80) 67 (59–72) 0.477

MPD size, mean (range), mm 3 (2–5) 3 (2–5) 4 (2–5) 0.218

Branch duct size, mean (range), mm 14 (8–28) 15 (8–28) 13 (10–18) 0.285

Mural nodule size, mean (range), mm 1 (0 –11) 1 (0–11) 0 0.422

PDAC size, mean (range), mm 19 (7–50) 24 (15–50) 16 (7–30) 0.085

Location of IPMN 0.572

Head 12 7 5

Body/tail 6 4 2

Location of PDAC 0.324

Head 5 4 1

Body/tail 13 7 6

IPMN, intraductal papillary mucinous neoplasm; MPD, main pancreatic duct; PDAC, pancreatic ductal adenocarcinoma.
* Comparison of the group with concomitant PDACs at the first examination to the group with concomitant PDACs discovered during follow-up.

Table 3 Sensitivity and specificity with which endosonography, ultrasonography, computed tomography, and magnetic resonance imaging detected intra-
ductal papillary mucinous neoplasm-derived and -concomitant pancreatic ductal adenocarcinoma.

Modality IPMN-derived PDACs (n=17) IPMN-concomitant PDACs (n=18)

At the first examination At the first examination Throughout the study period

Sensitivity, %

[95%CI]

Specificity, %

[95%CI]

P value*

vs. EUS

Sensitivity, %

[95%CI]

Specificity, %

[95%CI]

P value*

vs. EUS

Sensitivity

[95%CI]

Specificity

[95%CI]

P value*

vs. EUS

EUS 100
[0.83–1.00]

85
[0.83–0.85]

– 61
[0.48–0.61]

100
[0.98–1.00]

– 100
[0.90–1.00]

100
[0.99–1.00]

–

Ultra-
sound

47
[0.31–0.55]

99
[0.97–1.00]

0.089 39
[0.24–0.47]

99
[0.97–1.00]

0.041 39
[0.25–0.43]

99
[0.97–1.00]

0.001

CT 53
[0.35–0.66]

97
[0.95–0.99]

0.110 39
[0.26–0.39]

100
[0.98–1.00]

0.134 56
[0.42–0.56]

100
[0.98–1.00]

0.013

MRI 53
[0.35–0.71]

92
[0.90–0.94]

0.814 33
[0.21–0.33]

100
[0.98–1.00]

0.074 50
[0.37–0.50]

100
[0.98–1.00]

0.008

CI, confidence interval; CT, computed tomography; EUS, endosonography; IPMN, intraductal papillary mucinous neoplasm; MRI, magnetic resonance imaging; PDAC, pancreatic
ductal adenocarcinoma.
During follow-up, IPMN-derived PDACs were not detected, but IPMN-concomitant PDACs were detected in seven patients. When comparing the imaging methods at the first
examination, the seven PDACs that were detected during follow-up were considered to be occult lesions that had not been detected by any of the imaging modalities. When
comparing the imaging methods throughout the study period, the latest examination during study period was used.
* McNemar test
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Discussion
!

When IPMN lesions are examined by imaging, it is necessary to
check for mural nodules and to determine whether the lesion
communicates with the MPD. EUS has better spatial resolution
than ultrasonography and CT and can therefore more clearly vi-
sualize the internal structure of cystic tumors of the pancreas
[20]. For this reason, EUS is often used to follow-up IPMNs in or-
der to assess whether changes in the cystic lesions have occurred.
In the present study, EUSwas also useful for detecting IPMN-con-
comitant PDACs both at the first examination and during follow-
up.
IPMN is a cystic tumor that has a marked potential to progress to
a malignant state. Several studies indicate that 60%–100% of re-
sected main duct IPMNs are malignant [4, 23–26]. Therefore, in
patients with good life expectancy, main duct IPMNs should be
resected. By contrast, branch duct IPMNs are associated with a
lower risk of malignancy [4, 23–26]. However, the 2012 interna-
tional consensus guidelines recommend that branch duct IPMNs
that have a higher likelihood of malignancy should be surgically
resected. Predictors of malignancy in these IPMNs are the pres-
ence of large branch ducts (>30, 35, 40 or 50mm) and a particul-
ar height of mural nodules (>5 or 10mm) [25, 27–30]. However,
the natural history of branch duct IPMNs is poorly understood. In
the present study, all branch duct IPMNs with mural nodules
and/or symptoms were resected regardless of the dilated branch
duct and mural nodule size, whereas the patients with branch
duct IPMNs without mural nodules or symptoms were followed
up by EUS (and other imaging modalities) to check the IPMN
growth and to judge whether the patients with these IPMNs
should undergo surgery. Although mural nodules never arose
during follow-up, the cystic lesions in three (3%) patients grew
in size during follow-up and were resected. Histology revealed
that all three were IPMAs. Thus, IPMN-derived carcinomas were
not detected during follow-up in the present study. These obser-
vations are consistent with an increasing body of evidence that
suggests that most branch duct IPMNs can be followed up
[4, 26–31]. For example, when Salvia et al. prospectively evaluat-
ed the effectiveness of follow-up for a median of 32 months in 89
asymptomatic patients with branch duct IPMNs (<3.5cm) with-
out mural nodules, only five (5.6%) exhibited an increase in le-
sion size and were resected [26]. Histological examination of
those resected specimens revealed that none were malignant.
Another prospective study found that in 69 of 82 patients
(84.1%) with branch duct IPMNs without mural nodules, the le-
sions did not change during a median follow-up period of 61
months [31]. These reports suggest that branch duct IPMNswith-
out mural nodules rarely progress to cancer over short periods of
follow-up.Nevertheless, more follow-up data are needed to im-
prove our understanding of the natural history of branch duct
IPMNs without mural nodules.
In the present study, 11 IPMN-concomitant PDACs (7% of all
IPMNs) were incidentally detected by several imaging methods
at the first examination for IPMNs. Several studies have also
shown that IPMNs are frequently accompanied by carcinomas
that are distinct from IPMNs, both at the first medical examina-
tion and during IPMN follow-up [12,15,16]. Uehara et al. [15] re-
ported that the 5-year rate of ductal carcinoma development in
60 patients with branch duct IPMNs was 6.9%, and Tada et al.
[16] reported that 5% of patients with IPMN developed PDAC dur-
ing a 3.8-year follow-up.Similarly, Yamaguchi et al. [22] showed
that 4.1% of patients diagnosed with IPMN also had an IPMN-de-

rived or -concomitant PDAC. The 5-year rate of IPMN-concomi-
tant PDAC in the present study was 8.8%, which is higher than
the rates of the latter studies, although it should be noted that
the studies differed in terms of median follow-up period and co-
hort size. The higher rate in the present study may relate to the
strict periodic follow-up with several modalities and the fact
that EUS was used. These factors may have been responsible for
the detection of the other seven PDACs during follow-up, which
increased the 5-year rate.
The use of EUS together with the periodic follow-up probably
also allowed the detection of these seven PDACs at an early stage.
These PDACs may be indolent and thus would not have manifes-
ted as clinical cases had they been left in place. Uehara et al. re-
ported that the IPMN-concomitant PDACs that were detected
during follow-up, largely by transabdominal ultrasonography,
were found in an advanced state, even though the patients were
examined at 6-month intervals [15]. By contrast, in the present
study, all of the PDACs that were detected during follow-up could
still be resected. During follow-up, six of the seven IPMN-con-
comitant PDACs were first detected by EUS despite the fact that
ultrasonography, CT, and MRI had been performed between 2
and 10 months earlier.
The utility of EUS for the follow-up of IPMNs is also indicated by
the fact that, when comparing the four modalities after one mod-
ality detected a PDAC, EUS detected all of these seven PDACs,
whereas CT and MRI only detected 43% of these lesions and ul-
trasonography could not detect any. Accordingly, EUS detected
PDACs significantly better than the other modalities throughout
the study period including follow-up.Thus, EUS appears to be
more useful than ultrasonography, CT, and MRI for the early de-
tection of PDACs. However, it should be noted that there was
some methodological bias because EUS was performed semian-
nually whereas the other modalities were only performed once
per year. This may have increased the sensitivity of EUS. How-
ever, although it would have been preferable to follow the pa-
tients up with all four modalities during the same visit, this was
not done because it would have placed an undue burden on the
patients.
To our knowledge, this study is the first to employ EUS for the fol-
low-up of branch duct IPMNs. This observation suggests that, in
cases of partial surgical resection, the in situ gland should be sub-
jected to close surveillance. This approachwould also aid the ear-
ly detection of PDACs. Moreover, considering the malignant po-
tential of the in situ gland, total pancreatectomy may be indicat-
ed in some cases of IPMN. However, in these cases, the complica-
tions associated with total pancreatectomy, such as diabetes and
indigestion, should be balanced against the risk of malignant
transformation. Moreover, Yamaguchi et al. have reported that
IPMN-concomitant PDACs are significantly smaller, less invasive,
and less extensive than ordinary PDACs [22]. These factors should
be considered when deciding the extent of resection particularly
in elderly patients. The relatively high frequency of IPMN-asso-
ciated PDACs also indicates that it is important to carefully survey
the entire pancreas in patients with an IPMN rather than focusing
only on the cysts, as this allows concomitant carcinoma to be de-
tected. Moreover, unresected IPMNs should be subjected to peri-
odic follow-upwith EUS to ensure that IPMN-concomitant PDACs
are detected early, although the optimal interval between follow-
up examinations of branch type IPMNs is not yet clear.
A recent report from Japan that analyzed radiological images and
macroscopic or microscopic findings showed clearly for the first
time that some PDACs exist concomitantly with IPMNs rather
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than deriving from them [22]. By contrast, several reports on
IPMNs in Western countries [26, 32–34] did not report cases of
such concomitant PDACs. This discrepancy may reflect the fact
that such IPMN-concomitant PDACs were not sought in the latter
studies. Alternatively, or in addition, it may also reflect differen-
ces between races in terms of PDAC pathogenesis.
In conclusion, when diagnosing and treating IPMNs, it is neces-
sary to search for concomitant carcinomas, as the present study
showed that 7% of these lesions were accompanied by carcino-
mas elsewhere in the pancreas. EUS is expected to play the pro-
minent role in detecting these carcinomas at IPMN diagnosis.
Moreover, in a substantial proportion of cases with branch duct

IPMNs without mural nodules, concomitant carcinomas will ap-
pear during follow-up: the present study showed 3- and 5-year
rates of IPMN-concomitant PDAC development of 4.0% and 8.8%,
respectively. Performing EUS at regular follow-up visits will help
to detect these new carcinomas early. Moreover, it may be neces-
sary to consider resecting branch duct IPMNs without mural no-
dules although this option should be balanced against surgical
complications.
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ORIGINAL ARTICLE

Nationwide Study of 4741 Patients With Non-B Non-C
Hepatocellular Carcinoma With Special Reference to

the Therapeutic Impact
Tohru Utsunomiya, MD, PhD,∗ Mitsuo Shimada, MD, PhD,∗ Masatoshi Kudo, MD, PhD,†

Takafumi Ichida, MD, PhD,‡ Osamu Matsui, MD, PhD,§ Namiki Izumi, MD, PhD,¶ Yutaka Matsuyama, MD, PhD,�
Michiie Sakamoto, MD, PhD,∗∗ Osamu Nakashima, MD, PhD,†† Yonson Ku, MD, PhD,‡‡

Norihiro Kokudo, MD, PhD,§§ and Masatoshi Makuuchi, MD, PhD¶¶; Liver Cancer Study Group of Japan

Objective: To examine the prognostic factors and outcomes after several types
of treatments in patients with hepatocellular carcinoma (HCC) negative for
hepatitis B surface antigen and hepatitis C antibody, so-called “non-B non-C
HCC” using the data of a nationwide survey.
Background: The proportion of non-B non-C HCC is rapidly increasing in
Japan.
Methods: A total of 4741 patients with non-B non-C HCC, who underwent
hepatic resection (HR, n = 2872), radiofrequency ablation (RFA, n = 432),
and transcatheter arterial chemoembolization (TACE, n = 1437) as the initial
treatment, were enrolled in this study. The exclusion criteria included ex-
trahepatic metastases and/or Child-Pugh C. Significant prognostic variables
determined by a univariate analysis were subjected to a multivariate analysis
using a Cox proportional hazard regression model.
Results: The degree of liver damage in the HR group was significantly lower
than that in the RFA and TACE groups. The HR and TACE groups had
significantly more advanced HCC than the RFA group. The 5-year survival
rates after HR, RFA, and TACE were 66%, 49%, and 32%, respectively.
Stratifying the survival rates, according to the TNM stage and the Japan
Integrated Staging (JIS) score, showed the HR group to have a significantly
better prognosis than the RFA group in the stage II and in the JIS scores “1”
and “2.” The multivariate analysis showed 12 independent prognostic factors.
HR offers significant prognostic advantages over TACE and RFA.
Conclusions: The findings of this large prospective cohort study indicated
that HR may be recommended, especially in patients with TNM stage II and
JIS scores “1” and “2” of non-B non-C HCC.

From the ∗Department of Surgery, The University of Tokushima, Japan;
†Department of Gastroenterology and Hepatology, Kinki University School of
Medicine, Japan; ‡Department of Hepatology and Gastroenterology, Juntendo
Shizuoka Hospital, Japan; §Department of Radiology, Kanazawa University
Graduate School of Medical Science, Japan; ¶Department of Gastroenterology
and Hepatology, Musashino Red Cross Hospital, Japan; �Department of Bio-
statistics, School of Public Health, University of Tokyo, Japan; ∗∗Department of
Pathology, Keio University School of Medicine, Japan; ††Department of Clin-
ical Laboratory Medicine, Kurume University Hospital, Japan; ‡‡Department
of Surgery, Kobe University Graduate School of Medicine, Japan; §§Depart-
ment of Hepatobiliary and Pancreatic Surgery, University of Tokyo Graduate
School of Medicine, Japan; and ¶¶Department of Surgery, Japanese Red Cross
Medical Center, Japan.

Disclosure: This work was supported in part by Grants-in-Aid for Scientific Re-
search (C) (24592003) and Grant-in-Aid for Challenging Exploratory Research
(22659233), Japan Society for the Promotion of Science. The authors who have
taken part in this study declared that they do not have anything to disclose re-
garding funding or conflict of interest with respect to this manuscript.

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of
this article on the journal’s Web site (www.annalsofsurgery.com).

Reprint: Tohru Utsunomiya, MD, PhD, Department of Surgery, The University
of Tokushima, 3-18-15 Kuramoto, Tokushima 770-8503, JAPAN. E-mail:
utsunomiya@clin.med.tokushima-u.ac.jp.

Copyright C� 2013 by Lippincott Williams & Wilkins
ISSN: 0003-4932/13/00000-0001
DOI: 10.1097/SLA.0b013e31829291e9

Keywords: hepatectomy, nationwide survey, non-B non-C, prognostic
factor, radiofrequency ablation, transarterial chemoembolization

(Ann Surg 2013;00: 1–10)

H epatocellular carcinoma (HCC) is the third leading cause
of cancer-related deaths and fifth most common cancer

worldwide.1,2 Moreover, the incidence and mortality rate have been
increasing in the United States and other countries.3,4 The prominent
etiological factors associated with HCC include chronic infection of
hepatitis B virus (HBV) and hepatitis C virus (HCV), and chronic al-
cohol consumption. Although HCV-related HCC is responsible for the
greatest proportion of HCC patients in Japan,5,6 many hepatologists
note that the proportion of HCC negative for hepatitis B surface anti-
gen (HBsAg) and hepatitis C antibody (HCVAb), so-called “non-B
non-C HCC,” is rapidly increasing.7,8 Indeed, a nationwide follow-up
survey by the Liver Cancer Study Group of Japan (LCSGJ) found the
proportions of HBV- and HCV-related HCC to have decreased over
the previous decade, possibly thanks to the promotion of antiviral
therapy, whereas the number of other HCC patients (mostly non-B
non-C HCC) have more than doubled during the same period from
6.8% to 17.3%.9 The exact background or molecular mechanisms for
such a sharp increase in the incidence of non-B non-C HCC remain
unclear at this point; however, nonalcoholic steatohepatitis (NASH)
and metabolic syndrome are suggested to be important risk factors.10

Nonetheless, it is crucial to elucidate clinicopathological character-
istics including the prognostic factors of such patients with non-B
non-C HCC at this moment.

Several studies, most of which enrolled around 100 patients
or less, have investigated the clinical features of non-B non-C HCC
to date.11–16 However, the impact of the treatment, such as surgical
treatment, local ablative therapy, and hepatic arterial embolization,
for these patients has not been thoroughly examined. On the contrary,
many studies have compared the outcomes after several therapeutic
modalities for patients with HCC, and the results have been contro-
versial because of the different therapeutic designs and small sample
sizes.17–21 All these findings prompted a study, clarifying the prog-
nostic factors and the therapeutic impact of several types of treatment
for the patients with non-B non-C HCC based on the data of the
nationwide follow-up survey by the LCSGJ.

METHODS
A total of 62,321 patients with primary liver cancer

were prospectively registered biannually from January 2000 to
December 2005 by the LCSGJ using a registration/questionnaire sheet
with more than 180 questions. They included 57,450 patients who
were clinically diagnosed with HCC using multiple imaging modal-
ities, clinical data, such as tumor markers, and/or histopathological
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studies at each institution. Radiofrequency ablation (RFA) began to
be more widely used in Japan in 2000. In addition, the data of the
Child-Pugh class were requested on the form from the 16th survey.
Therefore, the current study used the data from 2000 (16th survey) to
2005 (the latest 18th survey). In this study, 3447 patients for whom
the data of hepatitis viral infection status of HBsAg and HCVAb
were not available were excluded (Fig. 1), and 9307 of the remaining
54,003 patients with HCC (17.2%) were negative for both HBsAg
and HCVAb (defined as “non-B non-C HCC”).

The main purpose of this study was to compare the out-
comes after hepatic resection (HR), RFA, and transcatheter arterial
chemoembolization (TACE) in the non-B non-C HCC patients. The
treatment algorithm for HCC proposed by Japanese guideline22 indi-
cates these 3 types of therapeutic modalities for patients without extra-
hepatic metastasis in the degree of liver damage A or B. The treatment
algorithm22 is based on 3 factors: “degree of liver damage” defined by
the LCSGJ,23 “number of tumors,” and “tumor diameter.” However,
Child-Pugh class was adopted instead of the degree of liver damage
because the former is globally used to evaluate liver function. Accord-
ingly, the patients with extrahepatic metastasis (n = 944) and those in
Child-Pugh C (n = 1028) were excluded. The study also excluded the
2192 patients who underwent the treatment other than the 3 types of
therapeutic modalities described earlier. In addition, patients lacking
outcome data were excluded (n = 402). Finally, 4741 non-B non-C
HCC patients were selected in the current cohort study (Fig. 1) and
classified according to the primary treatment into the HR group (n =
2,872), the RFA group (n = 432), and the TACE group (n = 1,437).
In fact, the majority of Japanese patients with HCC are treated with
1 of the 3 types of treatment modalities, including surgical treatment,
local ablative therapy, and hepatic arterial embolization. The ques-
tionnaire sheet of LCSGJ subclassified “Surgical treatment” into HR,
liver transplantation, and others. “Local ablative therapy” includes
RFA, ethanol injection therapy, microwave coagulation therapy, and
others. “Hepatic arterial embolization” is subdivided into TACE (an-
ticancer agents and lipiodol followed by gelatin sponge particles; this
method was defined as “TACE” in this study), anticancer agents and
lipiodol alone, anticancer agents and gelatin sponge particles alone,
and others. The current investigation strictly selected HR, RFA, and

FIGURE 1. Flow chart of the patients with non-B non-C hepa-
tocellular carcinoma (HCC) analyzed in this study.

TACE as the most frequently adopted and well-standardized thera-
peutic strategy from each type of treatment modality in Japan. Indeed,
the 18th survey of LCSGJ found that approximately 97% of “Surgical
treatment” was HR, 72% of “Local ablative therapy” was RFA, and
76% of “Hepatic arterial embolization” was TACE.

The patients were prospectively followed up at each institution.
Most of the patients have been traditionally observed according to the
protocol, similar to the Japanese guidelines,22 in which ultrasonog-
raphy and measurement of the tumor markers every 3 or 4 months
and enhanced computed tomography or magnetic resonance imaging
every 6 or 12 months is recommended. The final prognosis of these
registered patients was followed until confirmation of death at every
survey.

The clinical characteristics among the 3 treatment groups were
summarized in Table 1. All of the 19 variables were significantly dif-
ferent among the groups. Particularly, for the patients in the HR group,
the positive percent of habitual alcohol consumption, defined as
86 g or more of ethanol per day over a 10-year period, was sig-
nificantly lower than that in the RFA and TACE groups. The results
of liver function tests, such as indocyanine green retention rate at
15 minutes (ICGR15) and prothrombin activity in this group, were
significantly better than those in the RFA and TACE groups. These
findings were well coordinated with the status of Child-Pugh class
among the 3 groups. On the contrary, the HR and TACE groups had
significantly more advanced HCC based on the most of tumor factors,
such as the tumor size, tumor markers, and portal venous invasion,
than the RFA group. However, the number of tumors in the HR group
was the smallest, whereas that in the TACE group was largest. Liver-
related deaths, such as those due to liver failure, in the RFA group
were more frequently observed, whereas HCC-related deaths were
more common in the HR and TACE groups (Table 1).

Statistical Analysis
The clinical characteristics among the 3 treatment groups were

compared by either the chi-square test or the Kraskul-Wallis test. The
survival rate after each treatment was calculated by the Kaplan–Meier
method and then was compared by the log-rank test. The Bonferroni
correction was applied for the multiple comparisons. Nineteen clini-
cal variables, including type of treatment were evaluated by univariate
analysis using a log-rank test to determine the prognostic factors in
the patients with non-B non-C HCC. The survival rates after each
treatment were stratified according to the TNM staging system de-
fined by the LCSGJ (Table 2 and Table 3)23 and the Japan Integrated
Staging (JIS) score (Table 4).24 Because the patients in Child-Pugh
C were excluded in this study, JIS score “2” indicated either Child-
Pugh class A/stage III or Child-Pugh class B/stage II, JIS score “3”
indicated either Child-Pugh class A/stage IVA or Child-Pugh class
B/stage III, and JIS core “4” indicated Child-Pugh class B/stage IVA.

Continuous variables were divided into 2 groups according to
the median value. Significant variables with a P value less than 0.05 by
the univariate analysis were subjected to multivariate analysis using a
Cox proportional hazard regression model with backward elimination
method.25 All significance tests were 2-tailed, and a P value less than
0.05 was considered statistically significant. All statistical analyses
were performed with the Statistical Analysis System (SAS) version
9.1.3 (SAS Inc, Cary, NC).

RESULTS
The follow-up periods after the treatment of HR, RFA, and

TACE were 1.9 ± 1.6 years, 2.3 ± 1.4 years, and 1.5 ± 1.4 years,
respectively. The 1-, 3-, and 5-year survival rates of the 4741 patients
with non-B non-C HCC were 89%, 70%, and 55%, respectively.
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TABLE 1. Clinical Characteristics in the Non-B Non-C HCC Patients Who Underwent
3 Types of Therapeutic Strategies

Variables HR (n = 2872) RFA (n = 432) TACE (n = 1437) P

Age (yr) 67 (50, 79) 68 (53, 81) 69 (53, 83) <0.001
Gender <0.001

Male 2332 (81%) 315 (73%) 1124 (78%)
Female 540 (19%) 117 (27%) 313 (22%)

Alcohol <0.001
None 1,652 (58%) 209 (48%) 689 (48%)
Positive∗ 874 (30%) 178 (41%) 619 (43%)
Unknown 346 (12%) 45 (10%) 129 (9%)
Serum albumin (g/dL) 4.0 (3.2, 4.7) 3.8 (2.9, 4.6) 3.7 (2.8, 4.5) <0.001
Serum total bilirubin (mg/dL) 0.8 (0.4, 1.5) 1.1 (0.4, 2.4) 1.1 (0.4, 2.3) <0.001
ICG R15 (%) 15 (4, 32) 26 (8, 52) 25 (5, 56) <0.001

Prothrombin activity (%) 89 (65, 114) 80 (54, 104) 82 (55, 106) < 0.001
Esophageal varices <0.001

None 2231 (78%) 195 (45%) 740 (52%)
Positive 276 (10%) 152 (35%) 489 (34%)
Unknown 365 (13%) 85 (20%) 208 (15%)

Degree of liver damage† <0.001
A 2368 (83%) 224 (52%) 808 (56%)
B 409 (14%) 132 (31%) 399 (28%)
C 10 (0.3%) 14 (3%) 39 (3%)
Unknown 85 (3%) 62 (14%) 191 (13%)

Child-Pugh class <0.001
A 2679 (93%) 316 (73%) 1068 (74%)
B 193 (7%) 116 (27%) 369 (26%)

Alpha-fetoprotein (ng/mL) 3491 (15, 16368) 215 (15, 927) 3177 (15, 13605) <0.001
PIVKA-II (AU/mL)‡ 2198 (40, 10000) 501 (40, 10000) 1905 (40, 10000) <0.001
Tumor number <0.001

1 2193 (76%) 293 (68%) 679 (47%)
2 323 (11%) 85 (20%) 256 (18%)
>3 126 (4%) 28 (7%) 126 (9%)

Tumor size (mm) 5.8 (1.8, 14) 3.0 (1.1, 6) 5.0 (1.4, 13) <0.001
Gross classification§ <0.001

Type 1 2362 (82%) 407 (94%) 1181 (82%)
Type 2 199 (7%) 9 (2%) 160 (11%)
Type 3 21 (0.7%) 2 (0.5%) 39 (3%)
Unknown 290 (10%) 14 (3%) 57 (4%)

Portal venous invasion <0.001
Negative 2336 (81%) 403 (93%) 1218 (85%)
Positive 342 (12%) 8 (2%) 179 (10%)
Unknown 194 (7%) 21 (5%) 76 (5%)

TNM stage† <0.001
I 251 (9%) 119 (28%) 160 (11%)
II 1489 (52%) 189 (44%) 550 (38%)
III 707 (25%) 75 (17%) 517 (36%)
IVA 321 (11%) 4 (1%) 74 (5%)
Unknown 85 (3%) 45 (10%) 136 (10%)

JIS score <0.001
0 233 (8%) 87 (20%) 116 (8%)
1 1423 (50%) 173 (40%) 466 (32%)
2 732 (26%) 103 (24%) 514 (36%)
3 374 (13%) 23 (5%) 184 (13%)
4 25 (1%) 1 (0.2%) 21 (2%)
Unknown 85 (3%) 45 (10%) 136 (10%)

Cause of death <0.001
HCC-related 302 (63%) 41 (38%) 271 (62%)
Liver-related 69 (14%) 31 (29%) 94 (22%)
Treatment-related 15 (3%) 2 (2%) 1 (0.2%)
Others 96 (20%) 34 (32%) 68 (16%)
Median follow-up period (yr) 1.9 (0.1, 5.1) 2.3 (0.1, 4.7) 1.5 (0.1, 4.3) <0.001

Data are shown as the median (5 percentile, 95 percentile) unless specified.
∗Eighty-six gram of alcohol daily for more than 10 years.
†By the Liver Cancer Study Group of Japan.
‡Questionnaire sheet requested the actual value when it was between 40 and 10,000 AU/mL.
§Type 1, simple nodular type; Type 2, simple nodular type with extranodular growth; Type 3, confluent multinodular type.
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TABLE 2. TNM Stage by the Liver Cancer Study Group of
Japan

T Category N Category M Category

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0
Stage IVA T4 N0 M0

T1, T2, T3, T4 N1 M0
Stage IVB T1, T2, T3, T4 N0, N1 M1

The grade for each category is determined individually, and the staging of the
disease is determined according to the aforementioned chart.

M1 indicates presence of distant metastasis; N1: presence of lymph node
metastasis.

TABLE 3. T Category of the TNM Stage by the Liver
Cancer Study Group of Japan

T1 T2 T3 T4

No. tumor: multiple − + − − + + − +
Tumor diameter: >2 cm − − + − + − + +
Vascular and/or bile duct invasion − − − + − + + +

The T category is determined on the basis of the “number,” “size,” and “vas-
cular and/or bile duct invasion” by the tumor. All multiple tumors, including
multicentric tumors and intrahepatic metastatic tumors, are counted.

TABLE 4. Definition and Criteria for the JIS Score

0 1 2 3

Child-Pugh class A B C
TNM stage∗ I II III IV

JIS score = Child-Pugh class + TNM stage.
∗By the Liver Cancer Study Group of Japan.

Prognostic Factors and Survival Rates
Nineteen clinical variables were screened as prognostic factors

using a univariate analysis (Table 5). Gender and habitual alcohol in-
take were not selected as prognostic factors, whereas the remaining
17 variables, including age, serum albumin, serum total bilirubin,
ICGR15, prothrombin activity, esophageal varices, degree of liver
damage, Child-Pugh class, alpha-fetoprotein, protein induced by Vi-
tamin K absence-II (PIVKA-II), tumor number, tumor size, gross
classification, portal venous invasion, TNM stage, JIS score, and type
of treatment, were significant prognostic factors. With the Child-Pugh
class, 5-year survival rates of grades A and B were 58% and 31%,
respectively, with statistical significance (P < 0.001; Fig. 2A). The
TNM staging system by the LCSGJ23 revealed that 5-year survival
rates in stages I, II, III, and IVA were 66%, 64%, 46%, and 19%,
respectively. A good separation, except stage I vs II, was observed
(Fig. 2B). The 5-year survival rates based on a JIS score of 0, 1, 2, 3,
and 4 were 70%, 67%, 44%, 23%, and 0%, respectively. There was
a good separation, except JIS score “0” vs “1” (Fig. 2C). The 5-year
survival rates after HR, RFA, and TACE were 66%, 49%, and 32%,
respectively (Fig. 2D). There was no significant difference between
the HR group and the RFA group (P = 0.101).

However, when the survival rates were stratified according to
the TNM staging system (Fig. 3), the HR group showed a significantly
better prognosis than the TACE group in all 4 stages (stage I to IVA).
The RFA group had a significantly better prognosis than the TACE

group only in the stage II and III. A comparison between the HR group
and the RFA group showed that the HR group had a significantly better
prognosis than the RFA group in stage II (Fig. 3B). However, there
were no statistically significant differences between the 2 groups in
stages I, III, and IVA. The survival rates in the stage II patients were
further stratified according to each T category (Table 3) on the basis
of the “number of tumors: multiple,” “tumor diameter > 2 cm,” and
“vascular and/or bile duct invasion” by the tumor (Fig. 4). The HR
group had a significantly better prognosis than the RFA group in all
3 T categories. The effectiveness of RFA was almost identical to that
of TACE in the stage II patients with multiple tumors (Fig. 4A) and
only HR could provide long-term survival in the stage II patients with
vascular and/or bile duct invasion (Fig. 4C).

Similarly, stratifying survival rates according to the JIS score
(Fig. 5) showed that the HR group had a significantly better prognosis
than the TACE group in all the 4 scores (JIS score “0” to “3”).
The RFA group had a significantly better prognosis than the TACE
group only in the JIS score “1” and “3.” A comparison between
the HR group and the RFA group revealed that the former had a
significantly better prognosis than the later in the JIS scores “1” and
“2” (Figs. 5B, C). In contrast, the RFA group had an even better
prognosis than the HR group in the JIS score “3” (Fig. 5D). The
survival rates in the JIS scores “1,” “2,” and “3” were further stratified
according to each criterion (Table 4) on the basis of the “Child-
Pugh class” and “TNM stage” (Supplemental Figs 1–3, available
at http://links.lww.com/SLA/A388, http://links.lww.com/SLA/A389,
and http://links.lww.com/SLA/A390).

Analysis of the Factors Independently Affecting the
Survival of Patients

The multivariate initial model provided 11 variables as inde-
pendent prognostic factors: age, serum albumin, ICGR15, esophageal
varices, Child-Pugh class, alpha-fetoprotein, PIVKA-II, tumor size,
gross classification, TNM stage, and type of treatment (Supplemental
Table 1, available at http://links.lww.com/SLA/A387). Consequently,
the multivariate final model showed 12 variables as independent prog-
nostic factors: the 11 variables described earlier and portal venous
invasion (Table 6). The stage IVA and gross classification type 3
(confluent multinodular type) had the highest hazard ratio of 3.83
and 2.86, respectively. In particular, the univariate analysis showed
no significant difference between the HR group and the RFA group
(Table 5), but the multivariate analysis revealed a statistically signifi-
cant difference (hazard ratio: 1.54, P = 0.014) between the 2 groups.

DISCUSSION
In general, it is theoretically difficult to clarify the prognostic

factors and therapeutic outcomes after treatments for patients with
HCC due to the diversities of tumor stage, degree of chronic liver
damage, and therapeutic design, as well as variable etiologic factors
of HCC. The present study focused on a relatively small proportion
of patients with non-B non-C HCC in Japan, which were further
restricted to the patients without extrahepatic metastasis in the Child-
Pugh A or B, and which principally met the indications for HR, RFA,
and TACE based on the treatment guideline.22 It was obvious that
such strict selection of patients requires huge number of patients to
be analyzed. Therefore, the present study used the data of a nationwide
follow-up survey by the LCSGJ.

The study first compared the clinical backgrounds among the
patients who underwent HR, RFA, or TACE as the initial therapy
(Table 1). The degree of liver damage in the HR group was sig-
nificantly lower than those in the RFA and TACE groups. On the
contrary, the HR and TACE groups had significantly more advanced
HCC than the RFA group. These findings seem to be consistent with
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TABLE 5. Prognostic Factors Determined by the Univariate Analysis in the Patients with
Non-B Non-C Hepatocellular Carcinoma

Survivals (%)

Variables No. Patient 1-yr 3-yr 5-yr P

All 4741 89 70 55
Age (yr)

<69 2289 88 72 58 Reference
≥69 2438 90 69 50 0.046

Gender
Male 3771 88 71 56 Reference
Female 970 91 66 51 0.312

Alcohol
None 2550 89 69 56 Reference
Positive∗ 1671 89 72 52 0.907

Serum albumin (g/dL)
<3.9 2004 85 61 42 Reference
≥3.9 2645 92 76 63 <0.001

Serum total bilirubin (mg/dL)
<0.8 2004 90 74 61 Reference
≥0.8 2645 88 67 48 <0.001

ICGR15 (%)
<14 1809 90 75 75 Reference
≥14 1896 89 68 68 <0.001

Prothrombin activity (%)
<87 2177 88 66 48 Reference
≥87 2239 89 73 61 <0.001

Esophageal varices
None 3166 90 74 60 Reference
Positive 917 85 58 32 <0.001

Degree of liver damage†
A 3400 90 90 60 Reference
B 940 85 85 39 <0.001
C 63 68 68 − <0.001

Child-Pugh class
A 4063 90 73 58 Reference
B 678 81 51 31 <0.001

Alpha-fetoprotein (ng/mL)
<15 2638 95 80 63 Reference
≥15 1915 81 57 43 <0.001

PIVKA-II (AU/mL)
<148 2069 94 79 66 Reference
≥148 2074 84 62 45 <0.001

Tumor number
1 3165 91 76 62 Reference
>2 1461 84 56 38 <0.001

Tumor size (mm)
<40 2128 94 77 58 Reference
≥40 2455 85 65 53 <0.001

Gross classification‡
Type 1 3950 91 73 57 Reference
Type 2 368 70 41 32 <0.001
Type 3 62 55 32 0 <0.001

Portal venous invasion
Negative 3957 91 73 57 Reference
Positive 493 67 41 24 <0.001

TNM stage†
I 530 96 83 66 Reference
II 2228 93 78 64 0.121
III 1299 87 62 46 <0.001
IVA 399 64 35 19 <0.001

JIS score
0 436 97 85 70 Reference
1 2062 94 81 67 0.208
2 1349 87 62 44 <0.001
3 581 71 41 23 <0.001
4 47 49 9 0 <0.001

Type of treatment
HR 2872 91 77 66 Reference
RFA 432 93 73 49 0.101
TACE 1437 83 55 32 <0.001

∗Eighty-six gram of alcohol daily for more than 10 yrs.
†By the Liver Cancer Study Group of Japan.
‡Type 1, simple nodular type; Type 2, simple nodular type with extranodular growth; Type 3, confluent multinodular type.
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FIGURE 2. Comparisons of the survival rates
among liver function, tumor stage, and type
of treatment. Survival rates stratified by Child-
Pugh A and B (A), staging system according
to the Liver Cancer Study Group of Japan (B),
JIS score (C), and type of treatment (D). HR vs
RFA, P = 0.30; HR vs TACE, P < 0.001; RFA vs
TACE, P < 0.001. All comparisons were made
the log-rank test with Bonferroni correction.24

FIGURE 3. Comparisons of the survival
rates among the type of treatment. Survival
rates were stratified by stage I (A), stage II
(B), stage III (C), and stage IVA (D). All com-
parisons were made by the log-rank test
with Bonferroni correction.

those in other studies that included the patients with HCC of varied
etiologies of liver disease. However, none of the previous studies have
compared the prognostic factors and therapeutic outcomes after the
3 types of treatment modalities with taking such differences in the
clinical backgrounds into consideration, possibly due to the limited
number of patients.

The study then analyzed the prognostic factors and found that
17 variables, including types of treatment, were significant prognostic
factors. Gender and alcohol abuse were not selected as prognostic
factors. Although the synergic action of alcohol and HCV infection
on hepatocarcinogenesis has been suggested,26 alcohol consumption
alone may not always affect the progression of HCC. The 5-year
survival rate in the TACE group (32%) was significantly poorer,

whereas there was no significant difference between the RFA group
(49%) and the HR group (66%) in the univariate analysis. The 5-year
survival rate after TACE in this series (32%) was almost identical to
that (34%) based on the data of same nationwide survey (LCSGJ)
during the same periods (January 2000–December 2005) but not
restricted to the patients with non-B non-C HCC.27 Hasegawa et al18

also used the data of the nationwide survey by LCSGJ and compared
the prognosis after surgical resection, RFA, and percutaneous ethanol
injection. Their evaluation of more than 7000 HCC patients revealed
that the time-to-recurrence rate of surgical resection was significantly
better than that of RFA or percutaneous ethanol injection. However,
the median follow-up period was only 10.4 months, and they did not
provide the 5-year survival rate in their study.
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FIGURE 4. Comparisons of the survival
rates based on the type of treatment.
The survival rates in the stage II were fur-
ther stratified by number of tumor (A),
tumor size (B), and vascular and/or bile
duct invasion (C). All comparisons were
made by the log-rank test with Bonfer-
roni correction.

FIGURE 5. Comparisons of the survival rates
among the type of treatment. Survival rates
were stratified by JIS score “0” (A), JIS score
“1” (B), JIS score “2” (C), and JIS score “3”
(D). All comparisons were made by log-rank
test with Bonferroni correction. 24

The patients in the TACE group had poorer liver functional
reserve and more advanced stage of HCC, thus it would be quite
natural that overall survival rate in this group had a poorer progno-
sis. Because the degree of chronic liver damage and the tumor stage
were markedly different among the HR, RFA, and TACE groups, the
patients were stratified according to the TNM stage. The study also
stratified the patients on the basis of the JIS score.24 Particularly, the
HR group had a significantly better prognosis than the TACE group
in all 4 stages and the 4 JIS scores even after the stratifications. On
the contrary, the prognosis for the patients in the RFA group did not
differ significantly in comparison with those in the TACE group in
stages I and IVA and JIS scores “0 and 2.” The comparison between

the HR group and the RFA group showed the HR group to have a
significantly better prognosis than the RFA group only in stage II
and in JIS scores “1” and “2.” These findings suggest that the HR
may not offer prognostic advantages over RFA in the early or far
advanced stage of non-B non-C HCC patients. Because the stage
II patients included the 3 different types of T categories (Table 3),
the survival rates were further stratified on the basis of the T cate-
gories (Fig. 4). The HR group had a significantly better prognosis
than the RFA group, especially for the patients with multiple tu-
mors and with vascular and/or bile duct invasion. Long-term survival
could be expected only after HR in the stage II patients with vascular
and/or bile duct invasion (Fig. 4C). Similarly, the survival rates in the
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TABLE 6. Independent Prognostic Factors Determined by the Cox Proportional Hazard
Regression Analysis With the Backward Elimination Method (Multivariate Final Model)

Variables No. Patient Hazard Ratio (95% CI) P

Age (yr)
<69 1125 Reference —
≥69 1174 1.37 (1.13, 1.66) 0.001

Serum albumin (g/dL)
<3.9 939 Reference —
≥3.9 1360 0.81 (0.66, 0.99) 0.047

ICGR15 (%)
<14 1129 Reference —
≥14 1170 1.29 (1.04, 1.59) 0.021

Esophageal varices
None 1844 Reference —
Positive 455 1.71 (1.34, 2.17) <0.001

Child-Pugh class
A 2032 Reference —
B 267 1.46 (1.10, 1.92) 0.008

Alpha-fetoprotein (ng/mL)
<15 1354 Reference —
≥15 945 1.46 (1.20, 1.79) <0.001

PIVKA-II (AU/mL)
<148 1149 Reference —
≥148 1150 1.60 (1.28, 1.99) <0.001

Tumor size (mm)
<40 1015 Reference —
≥40 1284 1.36 (1.07, 1.74) 0.013

Gross classification∗
Type 1 2105 Reference —
Type 2 171 1.59 (1.18, 2.12) 0.002
Type 3 23 2.86 (1.48, 5.51) 0.002

Portal venous invasion
Negative 2068 Reference —
Positive 231 1.41 (1.04, 1.91) 0.025

TNM stage†
I 257 Reference —
II 1168 1.51 (0.97, 2.33) 0.062
III 677 1.96 (1.25, 3.05) 0.003
IVA 197 3.83 (2.27, 6.47) <0.001

Type of treatment
HR 1644 Reference —
RFA 167 1.54 (1.09, 2.19) 0.014
TACE 488 1.56 (1.23, 1.97) < 0.001

∗Type 1, simple nodular type; Type 2, simple nodular type with extranodular growth; Type 3, confluent multinodular type.
†By the Liver Cancer Study Group of Japan.

patients with JIS scores of “1” and “2” were further stratified (Sup-
plemental Figs. 1, 2, available at http://links.lww.com/SLA/A388 and
http://links.lww.com/SLA/A389). The effect of HR was observed
only in the patients with Child-Pugh class A. Interestingly, the pa-
tients in the RFA group (n = 23) in the JIS score “3” subgroup had a
significantly better prognosis than the HR group (n = 374). However,
after further stratification (Supplemental Fig. 3, available at http://
links.lww.com/SLA/A390), there was no statistically significant dif-
ference between the 2 groups, possibly because of the small number
of patients. A possible therapeutic advantage of RFA in the JIS score
“3” patients remains to be confirmed.

Surgical hepatectomy provides better survival and lower recur-
rence rates than RFA for patients with HCC conforming to the Milan
criteria in a randomized clinical trial.19 The authors considered that
segment-based anatomic hepatectomy with at least 1 cm of the rim of
nontumor parenchyma eradicates both the primary tumor and intra-
hepatic micrometastasis. There are 2 types of HCC recurrence; one is
“early recurrence” due to intrahepatic metastasis and the other is “late

recurrence” due to multicentric hepatocarcinogenesis.28 Recurrence
in non-B non-C HCC are mainly dependent on the advanced tumor
factors, such as lager tumor size and portal venous invasion, and thus
local control of microscopic intrahepatic metastases is required.29 The
importance of an adequate surgical margin for the non-B non-C HCC
has also been reported.14 Therefore, HR, if a segment-based anatomic
hepatectomy is deemed to be possible, should be recommended es-
pecially for the patients with stage II or the JIS scores “1” and “2”
of non-B non-C HCC. Anatomic hepatectomy with adequate surgical
margin may decrease the risk of “early recurrence” of non-B non-
C HCC due to intrahepatic metastasis. However, the prediction and
prevention of “late recurrence” of non-B non-C HCC due to de novo
hepatocarcinogenesis may be difficult, because the background liver
diseases can be multifactorial and non-B non-C HCC may develop
without displaying any features of severe underlying fibrosis.29–32

In fact, 13,572 patients underwent HR among the 54,003 total
patients for whom the data regarding the hepatitis viral infection sta-
tus were available (Fig. 1). The incidence of liver cirrhosis based on
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the histological examination of resected specimens was 1130 of 2495
patients (45%) with HBV-related HCC, 3666 of 7783 patients (47%)
with HCV-related HCC, and 788 of 3040 patients (26%) with non-B
non-C HCC, indicating that there was a markedly lower incidence
of cirrhosis in the non-B non-C HCC patients. Information regard-
ing the possible etiologies of non-B non-C HCC, such as NASH,
diabetes mellitus, autoimmune hepatitis, primary biliary cirrhosis,
aflatoxin-B1-contaminated food consumption, and hemochromatosis
was not available because of lack of inclusion in the questionnaire
sheet of this survey. However, according to the reports describing the
recent trend of clinical features in Japanese patients with HCC,10,33

it is conceivable that a nonnegligible proportion of patients in this
study met the criteria for the metabolic syndrome. Potential car-
cinogenic mediators related to NASH in metabolic syndrome are
insulin, lipid peroxidation, free radical oxidative stress, and proin-
flammatory cytokines.34–36 Because HCC associated with metabolic
syndrome can often develop without significant liver fibrosis,31,32

metabolic syndrome per se may have a direct oncogenic effect,
and it may follow a specific molecular pathway of tumorigene-
sis different from the usual multistep process: fibrosis-cirrhosis-
HCC.31 In this context, specific strategies for screening “late recur-
rence” may be required for patients with HCC related to metabolic
syndrome, even when underlying chronic liver damage is only
minimal.

The molecular mechanisms underlying the individual predis-
position to non-B non-C HCC may be different, and a better under-
standing of these mechanisms will lead to improvements in the pre-
vention and early diagnosis of “late recurrence.”9 Because the number
of patients with each etiology is limited, a prospective accumulation
of non-B non-C HCC patients including information regarding the
possible etiologies is essential, and a nationwide multi-institutional
study would be desirable.

Finally, 12 independent prognostic factors, including the type
of treatment, were identified by using the Cox proportional hazard
regression analysis. There was a significant prognostic advantage of
HR not only to TACE but also to RFA. Many studies have com-
pared the outcomes after several therapeutic modalities for patients
with HCC,17–21 most of which compared HR versus RFA, whereas
a few studies compared HR versus TACE or RFA versus TACE.
This is the first study to compare the prognostic factors and out-
comes after 3 types of therapeutic modalities at once. All these
findings regarding the non-B non-C HCC patients in Japan may
be applicable to the HCC patients in the United States and West-
ern countries where the prominent etiological factors are NASH
and metabolic syndrome rather than chronic infection of hepatitis
viruses.

Limitations of this study include that the data of TNM
staging system of the American Joint Committee on Cancer
(AJCC)/International Union Against Cancer (UICC) were not avail-
able to directly apply the current data to the HCC patients in other
countries. However, both the TNM stage by the LCSGJ and the
AJCC/UICC were developed on the basis of a survival analysis of
patients who underwent HR. Therefore, the applicability of these sur-
gical staging systems to other therapies, such as RFA and TACE, has
been a matter of controversy.37 Comparisons of clinicopathological
features and prognostic factors between the non-B non-C HCC and
HCC caused by other etiological factors, such as HBV- and HCV-
related HCC, are beyond the scope of this study. Because the current
study was not prospectively randomized, the treatment polices were
not regulated and the effectiveness of each treatment might not be
comparable among the different institutions. In addition, although
this study used a multivariate analysis to assess the impact of di-
verse background on outcomes, there are limits to such a statistical
approach.

CONCLUSIONS
This large prospective study based on data derived from a

nationwide follow-up survey suggested that HR offers prognostic
advantage over RFA and TACE although such advantage may depend
upon the degrees of chronic liver damage and the tumor stage.
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Abstract
Patients with unresectable hepatocellular carcinoma (HCC) usually receive
transarterial chemoembolization (TACE) or systemic therapies with interme-
diate and advanced-stage disease. However, intermediate-stage HCC patients
often have unsatisfactory clinical outcomes with repeated TACE and there is
considerable uncertainty surrounding the criteria for repeating or stopping
TACE treatment. In July 2012, an Expert Panel Opinion on Interventions in
Hepatocellular Carcinoma (EPOIHCC) was re-convened in Shanghai in an
attempt to provide a consensus on the practice of TACE, particularly in
regard to evaluating TACE ‘failure’. To that end, current clinical practice
throughout Asia was reviewed in detail including safety and efficacy data on
TACE alone as well as in combination with targeted systemic therapies for
intermediate HCC. This review summarizes the evidence discussed at the
meeting and provides expert recommendations regarding the use of TACE
for unresectable intermediate-stage HCC. A key consensus of the Expert
Panel was that the current definitions of TACE failure are not useful in differ-
entiating between situations where TACE is no longer effective in controlling
disease locally vs. systemically. By redefining these concepts, it may be possi-
ble to provide a clearer indication of when TACE should be repeated and
more importantly, when TACE should be discontinued.

The preferred curative treatments for hepatocellular
carcinoma (HCC) include liver transplantation, surgical
resection or local ablation. These treatments offer the
best survival advantages but in practice, most patients
either present when the tumour is in an advanced stage
or the degree of underlying liver disease precludes these

options. Subsequently, treatment algorithms recom-
mend treatment stratification based on the stage of dis-
ease. For intermediate-stage patients (1) with
unresectable, large/multifocal HCC, most guidelines
recommend TACE as a first-line treatment (2–6)
whereas for patients with advanced-stage HCC (1)
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systemic therapies are the treatment of choice (2). In
addition to TACE, there are numerous loco-regional
therapies available for unresectable HCC treatment.
Potentially curative treatments include percutaneous
ethanol injection (PEI) and radiofrequency ablation
(RFA), whereas other non-curative treatments include
radioembolization and drug-eluting microspheres.
Although some of these therapies have been shown to
provide benefits in controlled clinical studies, survival
benefits have not been proven. These have been
reviewed in detail elsewhere and will not be discussed
here (7, 8). The only non-curative treatments that
improve survival are TACE and sorafenib (9–11).

The widely accepted classification for staging and treat-
ment proposed by the Barcelona Clinic Liver Cancer
(BCLC) considers TACE to be the standard of care for
intermediate-stage HCC (1). Although this and other
guidelines provide clear definitions of when TACE is con-
traindicated, there is considerable uncertainty around
when TACE should be repeated given the variable nature
of clinical responses. An additional complication is that
compliance for performing TACE according to specific
criteria in the various guidelines under well-controlled
conditions such as a clinical trial is quite different from
that occurring in standard clinical practice.

Expert panel meeting

In July, 2012, the Expert Panel Opinion on Interven-
tions in Hepatocellular Carcinoma (EPOIHCC) meeting
was convened in Shanghai bringing together 17 experts
from Asia-Pacific. The panel was intended to provide a
multidisciplinary approach to optimizing HCC manage-
ment incorporating input from specialists in gastroen-
terology, hepatology, surgery, transplant surgery,
interventional and diagnostic radiology, medical oncol-
ogy, radiation oncology and nuclear medicine. The
objectives for the meeting were to review current clinical
practice with TACE in Asia with respect to clarifying
uncertainties around patient selection, scheduling of
TACE, evaluation of response, the definition of TACE
failure and the evidence for TACE combination therapy
from current clinical trials. This is intended to assist cli-
nicians determine the most appropriate treatment strat-
egy in cases where TACE is no longer effective, for
whatever reason. To assist with these discussions and to
provide a snapshot of current clinical practice in Asia, a
premeeting survey was completed by 15 of the expert
panel members (Table 1).

Conventional vs. DEB-TACE

Conventional TACE is the primary treatment used most
frequently for unresectable HCC and involves emboliza-
tion of the hepatic artery with the aim of inducing
necrosis in large vascularized HCC (7). A chemotherapy
agent (most commonly doxorubicin) is mixed into an
emulsion with lipiodol and selectively infused via the

transarterial route into the tumour, usually in combina-
tion with an embolizing agent (most commonly a
gelatin sponge or polyvinyl particles). This combination
of vessel obstruction and chemotherapeutic agent results
in increased exposure of the tumour to the chemothera-
peutic agent (12). Using this approach, the lipiodol is
selectively retained within the tumour and is thought to
magnify the exposure of the neoplastic cells to chemo-
therapy with additional benefits conferred by obstruc-
tion of the feeding arteries. However, tumour response
to TACE can be variable and it is considered a non-cura-
tive treatment as complete tumour necrosis is difficult
to achieve, even with repeated TACE treatments (2, 13).
In addition to the highly heterogeneous nature of inter-
mediate HCC, there is also no standard regimen regard-
ing patient selection, treatment schedule or re-treatment
strategy, type of chemotherapy or embolizing agent. Effi-
cacy of TACE is most likely related to drug exposure but
may also depend on the degree of ischaemia induced.
Subsequently, technical proficiency is key in achieving
optimal responses to TACE and for preventing compli-
cations. Despite this, even with technically perfect TACE
procedures, responses are not 100% indicating the para-
mount importance of tumour-related factors. These
include vascularization type, features of the disease and
tumour aggressiveness. Superselective TACE may pro-
vide benefits in minimizing damage to non-tumourous
areas using a microcatheter to selectively (or superselec-
tively) catheterize the hepatic segmental or subsegmental
arteries nourishing the tumour (14).

The recently developed TACE with drug-eluting
beads (DEB) offers the possibility of more targeted che-
motherapeutic delivery with potentially less side effects.
The bead’s high affinity for the drug results in a gradual
release of doxorubicin into the tumour, allowing a
longer intratumoural exposure and less systemic expo-
sure of the drug, reducing toxicity (7). A number of
recent studies have demonstrated higher tumour con-
centrations and lower systemic concentrations of doxo-
rubicin compared with intra-arterial doxorubicin used
in conventional TACE [reviewed in (7)]. Precision-V, a
randomized controlled trial comparing DEB-TACE with
conventional TACE recently reported similar tumour
response rates but slightly better objective response rates
and disease control rates in the DEB-TACE arm,
although these were not statistically significant (15).
Treatment-related serious adverse events were similar
for both groups, but the secondary safety outcomes
(incidence and severity of adverse events, liver function
parameters and cardiac function) were significantly bet-
ter in the DEB-TACE group (15). Similarly, a recent ret-
rospective comparison of conventional and DEB-TACE
demonstrated significantly better objective response
rates (81.6% vs 49.4%) and time to progression (11.7 vs
7.6 months) for the DEB-TACE group (16). There was
no statistically significant difference in liver toxicity
between groups. Despite these promising results, DEB-
TACE uptake in Asia is relatively low compared with
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the USA or Europe. Our survey of the EPOIHCC
revealed that only 5 of 16 (31%) panellists routinely use
DEB-TACE in clinical practice in Asia. This is increased
slightly from a 2011 survey of the same Expert Panel
where 25% routinely used DEB-TACE.

TACE in Asia

The usage of TACE varies considerably throughout the
world as demonstrated by the ongoing GIDEON study.
Compared with the USA (44%), Europe (49%) and

Table 1. EPOIHCC premeeting survey questions and summary of responses

Question No. of responses

Q1. Do you rely on specific guidelines to advise the use of TACE in HCC?
Yes 12
No 3

Local/Hospital guidelines 7
AASLD HCC Practice Guidelines 4
NCCN Guidelines 2
APASL Guidelines 4
EASL Guidelines 1
JSH Guidelines 2
KLCSG-NCC Guidelines 3
Other
Q2. Which TACE regimen do you use routinely in clinical practice?
DC Beads 5
cTACE-Doxorubicin 13
cTACE-Cisplatin 5
cTACE-Mitomycin 3
Other

Q3. In your experience, what is the optimal number of TACE procedures required in the
treatment of intermediate HCC patients? Please specify average in your practice.

Q4. How do measure patient response to TACE in clinical practice?
Response Evaluation Criteria in Solid Tumours (RECIST) 5
Modified RECIST (mRECIST) 11
WHO 0
EASL 1
Other (specify)

Q5. What is the greatest challenge faced in the application of TACE in intermediate HCC patients?
Liver Function 12
Vascular Access 7
Tumour Size 5
Tumour Number 5
Evidence 0
Other (specify) 0

Q6. In your opinion, would improved patient outcomes with TACE, mean less procedures and preserve liver function?
Yes 13
No 2

Q7. For the case of poor response or refractory TACE, would you consider these options?
Yt-90 8
RFA 3
External beam radiotherapy 5
Other (specify) 5

Q8. Which patients are unsuitable for TACE, what treatment options would you consider in these cases?
Technical issues 13
Tumour size 12
Liver function 12
In your opinion, there is insufficient evidence to support alternatives 2

Q9. In your opinion, which intermediate-stage HCC patients would potentially benefit from molecular-targeted therapy?
Patients with tumour >10 cm 6
Patients with vascular invasion 10
Patients who have undergone ≥2 TACE procedures, without satisfactory response 11
Other (specify 4

Q10. In your opinion, is there sufficient evidence to support the use of sorafenib and TACE in combination therapy?
I do use it in clinical practice currently 3
I do use it but only in special patient populations 10
I do not use it in clinical practice 4
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systemic therapies are the treatment of choice (2). In
addition to TACE, there are numerous loco-regional
therapies available for unresectable HCC treatment.
Potentially curative treatments include percutaneous
ethanol injection (PEI) and radiofrequency ablation
(RFA), whereas other non-curative treatments include
radioembolization and drug-eluting microspheres.
Although some of these therapies have been shown to
provide benefits in controlled clinical studies, survival
benefits have not been proven. These have been
reviewed in detail elsewhere and will not be discussed
here (7, 8). The only non-curative treatments that
improve survival are TACE and sorafenib (9–11).

The widely accepted classification for staging and treat-
ment proposed by the Barcelona Clinic Liver Cancer
(BCLC) considers TACE to be the standard of care for
intermediate-stage HCC (1). Although this and other
guidelines provide clear definitions of when TACE is con-
traindicated, there is considerable uncertainty around
when TACE should be repeated given the variable nature
of clinical responses. An additional complication is that
compliance for performing TACE according to specific
criteria in the various guidelines under well-controlled
conditions such as a clinical trial is quite different from
that occurring in standard clinical practice.

Expert panel meeting

In July, 2012, the Expert Panel Opinion on Interven-
tions in Hepatocellular Carcinoma (EPOIHCC) meeting
was convened in Shanghai bringing together 17 experts
from Asia-Pacific. The panel was intended to provide a
multidisciplinary approach to optimizing HCC manage-
ment incorporating input from specialists in gastroen-
terology, hepatology, surgery, transplant surgery,
interventional and diagnostic radiology, medical oncol-
ogy, radiation oncology and nuclear medicine. The
objectives for the meeting were to review current clinical
practice with TACE in Asia with respect to clarifying
uncertainties around patient selection, scheduling of
TACE, evaluation of response, the definition of TACE
failure and the evidence for TACE combination therapy
from current clinical trials. This is intended to assist cli-
nicians determine the most appropriate treatment strat-
egy in cases where TACE is no longer effective, for
whatever reason. To assist with these discussions and to
provide a snapshot of current clinical practice in Asia, a
premeeting survey was completed by 15 of the expert
panel members (Table 1).

Conventional vs. DEB-TACE

Conventional TACE is the primary treatment used most
frequently for unresectable HCC and involves emboliza-
tion of the hepatic artery with the aim of inducing
necrosis in large vascularized HCC (7). A chemotherapy
agent (most commonly doxorubicin) is mixed into an
emulsion with lipiodol and selectively infused via the

transarterial route into the tumour, usually in combina-
tion with an embolizing agent (most commonly a
gelatin sponge or polyvinyl particles). This combination
of vessel obstruction and chemotherapeutic agent results
in increased exposure of the tumour to the chemothera-
peutic agent (12). Using this approach, the lipiodol is
selectively retained within the tumour and is thought to
magnify the exposure of the neoplastic cells to chemo-
therapy with additional benefits conferred by obstruc-
tion of the feeding arteries. However, tumour response
to TACE can be variable and it is considered a non-cura-
tive treatment as complete tumour necrosis is difficult
to achieve, even with repeated TACE treatments (2, 13).
In addition to the highly heterogeneous nature of inter-
mediate HCC, there is also no standard regimen regard-
ing patient selection, treatment schedule or re-treatment
strategy, type of chemotherapy or embolizing agent. Effi-
cacy of TACE is most likely related to drug exposure but
may also depend on the degree of ischaemia induced.
Subsequently, technical proficiency is key in achieving
optimal responses to TACE and for preventing compli-
cations. Despite this, even with technically perfect TACE
procedures, responses are not 100% indicating the para-
mount importance of tumour-related factors. These
include vascularization type, features of the disease and
tumour aggressiveness. Superselective TACE may pro-
vide benefits in minimizing damage to non-tumourous
areas using a microcatheter to selectively (or superselec-
tively) catheterize the hepatic segmental or subsegmental
arteries nourishing the tumour (14).

The recently developed TACE with drug-eluting
beads (DEB) offers the possibility of more targeted che-
motherapeutic delivery with potentially less side effects.
The bead’s high affinity for the drug results in a gradual
release of doxorubicin into the tumour, allowing a
longer intratumoural exposure and less systemic expo-
sure of the drug, reducing toxicity (7). A number of
recent studies have demonstrated higher tumour con-
centrations and lower systemic concentrations of doxo-
rubicin compared with intra-arterial doxorubicin used
in conventional TACE [reviewed in (7)]. Precision-V, a
randomized controlled trial comparing DEB-TACE with
conventional TACE recently reported similar tumour
response rates but slightly better objective response rates
and disease control rates in the DEB-TACE arm,
although these were not statistically significant (15).
Treatment-related serious adverse events were similar
for both groups, but the secondary safety outcomes
(incidence and severity of adverse events, liver function
parameters and cardiac function) were significantly bet-
ter in the DEB-TACE group (15). Similarly, a recent ret-
rospective comparison of conventional and DEB-TACE
demonstrated significantly better objective response
rates (81.6% vs 49.4%) and time to progression (11.7 vs
7.6 months) for the DEB-TACE group (16). There was
no statistically significant difference in liver toxicity
between groups. Despite these promising results, DEB-
TACE uptake in Asia is relatively low compared with
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the USA or Europe. Our survey of the EPOIHCC
revealed that only 5 of 16 (31%) panellists routinely use
DEB-TACE in clinical practice in Asia. This is increased
slightly from a 2011 survey of the same Expert Panel
where 25% routinely used DEB-TACE.

TACE in Asia

The usage of TACE varies considerably throughout the
world as demonstrated by the ongoing GIDEON study.
Compared with the USA (44%), Europe (49%) and

Table 1. EPOIHCC premeeting survey questions and summary of responses

Question No. of responses

Q1. Do you rely on specific guidelines to advise the use of TACE in HCC?
Yes 12
No 3

Local/Hospital guidelines 7
AASLD HCC Practice Guidelines 4
NCCN Guidelines 2
APASL Guidelines 4
EASL Guidelines 1
JSH Guidelines 2
KLCSG-NCC Guidelines 3
Other
Q2. Which TACE regimen do you use routinely in clinical practice?
DC Beads 5
cTACE-Doxorubicin 13
cTACE-Cisplatin 5
cTACE-Mitomycin 3
Other

Q3. In your experience, what is the optimal number of TACE procedures required in the
treatment of intermediate HCC patients? Please specify average in your practice.

Q4. How do measure patient response to TACE in clinical practice?
Response Evaluation Criteria in Solid Tumours (RECIST) 5
Modified RECIST (mRECIST) 11
WHO 0
EASL 1
Other (specify)

Q5. What is the greatest challenge faced in the application of TACE in intermediate HCC patients?
Liver Function 12
Vascular Access 7
Tumour Size 5
Tumour Number 5
Evidence 0
Other (specify) 0

Q6. In your opinion, would improved patient outcomes with TACE, mean less procedures and preserve liver function?
Yes 13
No 2

Q7. For the case of poor response or refractory TACE, would you consider these options?
Yt-90 8
RFA 3
External beam radiotherapy 5
Other (specify) 5

Q8. Which patients are unsuitable for TACE, what treatment options would you consider in these cases?
Technical issues 13
Tumour size 12
Liver function 12
In your opinion, there is insufficient evidence to support alternatives 2

Q9. In your opinion, which intermediate-stage HCC patients would potentially benefit from molecular-targeted therapy?
Patients with tumour >10 cm 6
Patients with vascular invasion 10
Patients who have undergone ≥2 TACE procedures, without satisfactory response 11
Other (specify 4

Q10. In your opinion, is there sufficient evidence to support the use of sorafenib and TACE in combination therapy?
I do use it in clinical practice currently 3
I do use it but only in special patient populations 10
I do not use it in clinical practice 4
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Latin America (29%), rates of prior use of TACE in
HCC patients are considerably higher in Asia-Pacific
(69%) with a reported 84% of Japanese patients receiv-
ing TACE prior to the analysed period (17). The num-
ber of patients receiving at least 3 TACE treatments
prior to this study was also higher in Asia-Pacific and
Japan than in other regions. Observations of HCC
management patterns from the global BRIDGE study
reported that TACE is the most frequently used first
recorded treatment in Asia and North America (18).
There is now good evidence that TACE prolongs sur-
vival compared with best supportive care (19, 20); how-
ever, conventional TACE has a wide range of survival
rates between clinical series reflecting variations in
patient selection and differences in chemoembolization
techniques (21–24). Only a limited number of studies
report 5-year survival rates for conventional TACE, but
these are consistently poorer in Western patients (1–
13%) (24, 25) than in Asian patients (24%) (21). A
recent systematic review noted a trend since 2000 of
studies reporting better survival rates compared with
those before 2000, mainly because of better selection of
patients (21). Some of the highest survival rates
observed are in studies from Japan, which have reported
rates of 26% in 2006 (26) and 34% in 2012 (14) primar-
ily through improved patient selection. A recent report
on the 5-year overall survival of HCC patients treated
with DEB-TACE reported overall survival at 3 and 5
years of 62 and 22.5% respectively (27).

Objectively evaluating treatment response

To objectively evaluate the response to loco-regional
therapy, the Response Evaluation Criteria in Solid
Tumors (RECIST) (28, 29) and the European Associa-
tion for the Study of the Liver Criteria (EASL) (30) have
been developed. These have gained widespread use
internationally despite inherent limitations. RECIST
may evaluate unidimensional tumour measurements
and does not capture the efficacy of loco-regional thera-
pies in inducing tumour necrosis (31). Although EASL
criteria do evaluate response by measuring the extent of
tumour necrosis, there is a lack of data supporting cor-
relations with improving survival (7). In 2010, a modifi-
cation in RECIST (mRECIST) with criteria similar to
RECIST was proposed, which includes an assessment of
the disappearance or decrease in the intratumoural arte-
rial enhancement in the target lesion (32). Although
many clinicians around the world have moved towards
mRECIST, the assessment of intratumoural arterial
enhancement is relatively subjective and requires valida-
tion and correlation with survival. Our survey of the
EPOIHCC revealed that 5 of 15 (33%) panellists use RE-
CIST in clinical practice in Asia, whereas 13 of 15 (86%)
use mRECIST. Only one respondent indicated that they
use EASL criteria. In our 2011 survey, equal numbers of
respondents used RECIST and mRECIST. Given the
limitations in both criteria, the panel believes that

RECIST is still essential for objective assessment. In the
months following the EPOIHCC meeting in Shanghai,
several publications have considered this controversy in
detail. Sato et al. directly compared response rates fol-
lowing TACE reported using RECIST and mRECIST in
addition to evaluating their variability (33). The CR rate
and the response rate obtained using mRECIST (56.9%
and 79.7%) were higher than those obtained using RE-
CIST version 1.1 (9.2% and 43.1%) while mRECIST
exhibited almost perfect agreement in inter- and intra-
observer reproducibility. RECIST version 1.1 exhibited
substantial agreement in reproducibility. The authors
suggest that mRECIST may be more suitable for tumour
response criteria in clinical trials of TACE for HCC as it
exhibits higher inter- and intra-observer reproducibility.
Although not compared directly to mRECIST, Muenzel
et al. demonstrated low intra- and inter-observer vari-
abilities for measurements of single target lesions using
RECIST, but the high variability in change in Δ sum LD
reveals the potential for misclassification of the overall
response according to the RECIST guidelines (34). The
authors suggest that reproducibility of RECIST report-
ing can be improved for the case assessment by a single
reader and mean results of multiple readers. Shim et al.
reported good intercriterion agreement between mRE-
CIST and EASL guidelines while a poor correlation was
observed between RECIST and mRECIST (35). This
study also suggested that mRECIST could more reliably
help predict long-term survival in HCC patients treated
with TACE than other size-based imaging guidelines.
Similarly, a comparison of RECIST1.1, mRECIST, EASL
and WHO guidelines suggests that mRECIST provides
the highest correlation with survival in HCC patients
treated with DEB-TACE while RECIST1.1 is the least
useful in predicting survival in these patients (36). An
additional study comparing RECIST with mRECIST
specifically in patients who received Sorafenib for
advanced HCC reported that the majority of patients
who had SD according to RECIST had a different prog-
nosis according to mRECIST (37). The authors go on to
suggest that for patients with HCC, mRECIST should be
used for the standard assessment of treatment efficacy,
particularly in patients who are receiving antiangiogenic
drugs.

Taking these recent studies into consideration, we
acknowledge that mRECIST is widely used in other
parts of the world; however, uptake rates are lower in
Asia, necessitating an evidence-based assessment of RE-
CIST vs mRECIST prior to widespread incorporation
into local practice. Although these recent studies will
assist with partial validation of mRECIST as a viable,
and potentially, superior response criteria, further pro-
spective evaluation is still necessary. For this reason, we
recommend that mRECIST be used in combination
with RECIST, wherever possible.

Consensus #1. The panel believes that RECIST is still
valuable for objective assessment. We acknowledge that
mRECIST is widely used and recent studies are
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beginning to address its validation. However, given the
continued usage of RECIST in Asia, mRECIST should
be used in combination with RECIST wherever possible.
Before mRECIST can be widely incorporated for gener-
alized use, EPOIHCC recommends that mRECIST
should be more intensively and prospectively studied.

Standardizing TACE protocols

The inherent variability associated with TACE outcomes
is primarily related to the heterogenous patient popula-
tion undergoing treatment; however, variations in the
time intervals between treatments and the number of
cycles of TACE performed are also likely to be impor-
tant prognostic factors. Even in the absence of conclu-
sive, predictive biomarkers, it is becoming clearer that
the best candidates for TACE are largely asymptomatic
patients with preserved liver function without vascular
invasion or extrahepatic tumour spread. (38) There are
a number of HCC treatment algorithms, which have
been proposed as the most widely accepted being the
BCLC staging system (1). Recent comparisons of the
BCLC and Japanese Society of Hepatology (JSH) guide-
lines (39) have concluded that they are essentially quite
similar in terms of inclusion criteria for TACE and in
their absolute contraindications to TACE (40, 41). The
EPOIHCC generally supports the use of these criteria.
However, we believe that the limitation of TACE to
strictly BCLC B patients should be further evaluated.
TACE has demonstrated efficacy in patients prior to
transplantation (BCLC A), particularly if the waiting
time is likely to be more than 6 months (42, 43).

Response to TACE may also be used as a predictor of
tumour biology in patients awaiting transplantation
(44). TACE also appears to be a safe and effective option
in patients clinically excluded from transplantation and
who are unfit for surgery or percutaneous ablation (45).
At the other end of the TACE spectrum, BCLC C
patients with acceptable PS or only partial PVT may also
benefit from selective or DEB-TACE treatment. While
PVT has been widely accepted as a relative contraindica-
tion for TACE, studies have demonstrated little negative
impact on hepatic function in cases of PVT and TACE
can be safely performed if hepatopedal collateral flow is
present (46, 47). In these patients, a superselective
approach as well as an adjustment of the chemothera-
peutic dosage may minimize liver damage (48). An
important recognition is that although the BCLC rec-
ommendations are clear, not everybody follows them.
In Asia and most of North America, patients with BCLC
A-C would probably be considered for TACE. This does
not mean that TACE has been recognized as the treat-
ment of choice for those patients, but rather for patients
with BCLC A who do not meet the Milan selection crite-
ria for transplantation, and who are unsuitable for
resection or local ablation owing to tumour location,
TACE remains the only treatment strategy (45).
Similarly, patients with ECOG 1 who would be BCLC C

could benefit from TACE provided appropriate mea-
sures are taken to minimize liver damage.

Consensus #2. Suitable patients for TACE are those
that are BCLC A, B or C, ECOG PS <2, Child-Pugh <C.
For cases with vascular invasion or metastasis, combina-
tion therapy with sorafenib may be tried in practice, but
solid evidence from controlled prospective studies is still
required to evaluate this approach.

Although most guidelines indicate that the presence
of extrahepatic metastases is an absolute contraindica-
tion for TACE, in clinical practice, there may be specific
situations where patients have extrahepatic progression,
but the bulk of disease is within the liver. This will be
case specific but if the clinician concludes that the
patient is most likely to die from liver disease, in these
patients, there may still be a role for TACE, making
extrahepatic metastases a relative contraindication only.

Consensus #3. Absolute contraindications for TACE
include Child C and poor ECOG status while relative
contraindications include extrahepatic disease depend-
ing on how extensive.

Multiple TACE cycles can be performed either at
regular intervals or based on tumour response (on
demand), when there is evidence of insufficient tumour
response, tumour recurrence or disease progression.
Although it is generally accepted that chemoemboliza-
tion achieves maximal tumour response when repeated
multiple times (49) it is not yet clear whether this results
in better survival. In addition, it is also unknown if on
demand TACE is preferable to fixed interval TACE. On
one hand, TACE repeated at a fixed time, until the
planned number of courses has been reached, should
provide the greatest opportunity for persistent tumour
necrosis. However, repeated chemotherapy insults may
cause progressive liver atrophy and vascular damage
(50, 51). Alternatively, TACE performed on demand, on
the basis of tumour response and patient tolerance, is
likely to reduce the degree of liver damage and compli-
cations and it allows a proper patient selection at each
cycle of TACE (51) but may potentially result in under-
treating the tumour. A recent study assessed the clinical
impact of TACE repeated on demand on HCC outcome
(52). The number of patients submitted to a second and
third TACE declined substantially from those initially
enrolled; however, similar CR and recurrence rates were
observed after the first, second and third TACE proce-
dures. This not only demonstrates the efficacy of
repeated on demand TACE procedures but also high-
lights the declining patient population suitable for
repeated TACE. A comparative trial performed conven-
tional TACE in 80 patients from 1986 to 1993 using a
fixed schedule of at least three times at 2-month inter-
vals. On demand TACE was performed in a second
group of 80 patients from 1993 to 1996, where TACE
was used selectively and repeated only when necessary
on the basis of follow-up CT or MR imaging (51). Com-
plications of TACE occurred in 19 patients from group
1 and six patients from group 2 (P < 0.001) potentially
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Latin America (29%), rates of prior use of TACE in
HCC patients are considerably higher in Asia-Pacific
(69%) with a reported 84% of Japanese patients receiv-
ing TACE prior to the analysed period (17). The num-
ber of patients receiving at least 3 TACE treatments
prior to this study was also higher in Asia-Pacific and
Japan than in other regions. Observations of HCC
management patterns from the global BRIDGE study
reported that TACE is the most frequently used first
recorded treatment in Asia and North America (18).
There is now good evidence that TACE prolongs sur-
vival compared with best supportive care (19, 20); how-
ever, conventional TACE has a wide range of survival
rates between clinical series reflecting variations in
patient selection and differences in chemoembolization
techniques (21–24). Only a limited number of studies
report 5-year survival rates for conventional TACE, but
these are consistently poorer in Western patients (1–
13%) (24, 25) than in Asian patients (24%) (21). A
recent systematic review noted a trend since 2000 of
studies reporting better survival rates compared with
those before 2000, mainly because of better selection of
patients (21). Some of the highest survival rates
observed are in studies from Japan, which have reported
rates of 26% in 2006 (26) and 34% in 2012 (14) primar-
ily through improved patient selection. A recent report
on the 5-year overall survival of HCC patients treated
with DEB-TACE reported overall survival at 3 and 5
years of 62 and 22.5% respectively (27).

Objectively evaluating treatment response

To objectively evaluate the response to loco-regional
therapy, the Response Evaluation Criteria in Solid
Tumors (RECIST) (28, 29) and the European Associa-
tion for the Study of the Liver Criteria (EASL) (30) have
been developed. These have gained widespread use
internationally despite inherent limitations. RECIST
may evaluate unidimensional tumour measurements
and does not capture the efficacy of loco-regional thera-
pies in inducing tumour necrosis (31). Although EASL
criteria do evaluate response by measuring the extent of
tumour necrosis, there is a lack of data supporting cor-
relations with improving survival (7). In 2010, a modifi-
cation in RECIST (mRECIST) with criteria similar to
RECIST was proposed, which includes an assessment of
the disappearance or decrease in the intratumoural arte-
rial enhancement in the target lesion (32). Although
many clinicians around the world have moved towards
mRECIST, the assessment of intratumoural arterial
enhancement is relatively subjective and requires valida-
tion and correlation with survival. Our survey of the
EPOIHCC revealed that 5 of 15 (33%) panellists use RE-
CIST in clinical practice in Asia, whereas 13 of 15 (86%)
use mRECIST. Only one respondent indicated that they
use EASL criteria. In our 2011 survey, equal numbers of
respondents used RECIST and mRECIST. Given the
limitations in both criteria, the panel believes that

RECIST is still essential for objective assessment. In the
months following the EPOIHCC meeting in Shanghai,
several publications have considered this controversy in
detail. Sato et al. directly compared response rates fol-
lowing TACE reported using RECIST and mRECIST in
addition to evaluating their variability (33). The CR rate
and the response rate obtained using mRECIST (56.9%
and 79.7%) were higher than those obtained using RE-
CIST version 1.1 (9.2% and 43.1%) while mRECIST
exhibited almost perfect agreement in inter- and intra-
observer reproducibility. RECIST version 1.1 exhibited
substantial agreement in reproducibility. The authors
suggest that mRECIST may be more suitable for tumour
response criteria in clinical trials of TACE for HCC as it
exhibits higher inter- and intra-observer reproducibility.
Although not compared directly to mRECIST, Muenzel
et al. demonstrated low intra- and inter-observer vari-
abilities for measurements of single target lesions using
RECIST, but the high variability in change in Δ sum LD
reveals the potential for misclassification of the overall
response according to the RECIST guidelines (34). The
authors suggest that reproducibility of RECIST report-
ing can be improved for the case assessment by a single
reader and mean results of multiple readers. Shim et al.
reported good intercriterion agreement between mRE-
CIST and EASL guidelines while a poor correlation was
observed between RECIST and mRECIST (35). This
study also suggested that mRECIST could more reliably
help predict long-term survival in HCC patients treated
with TACE than other size-based imaging guidelines.
Similarly, a comparison of RECIST1.1, mRECIST, EASL
and WHO guidelines suggests that mRECIST provides
the highest correlation with survival in HCC patients
treated with DEB-TACE while RECIST1.1 is the least
useful in predicting survival in these patients (36). An
additional study comparing RECIST with mRECIST
specifically in patients who received Sorafenib for
advanced HCC reported that the majority of patients
who had SD according to RECIST had a different prog-
nosis according to mRECIST (37). The authors go on to
suggest that for patients with HCC, mRECIST should be
used for the standard assessment of treatment efficacy,
particularly in patients who are receiving antiangiogenic
drugs.

Taking these recent studies into consideration, we
acknowledge that mRECIST is widely used in other
parts of the world; however, uptake rates are lower in
Asia, necessitating an evidence-based assessment of RE-
CIST vs mRECIST prior to widespread incorporation
into local practice. Although these recent studies will
assist with partial validation of mRECIST as a viable,
and potentially, superior response criteria, further pro-
spective evaluation is still necessary. For this reason, we
recommend that mRECIST be used in combination
with RECIST, wherever possible.

Consensus #1. The panel believes that RECIST is still
valuable for objective assessment. We acknowledge that
mRECIST is widely used and recent studies are
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beginning to address its validation. However, given the
continued usage of RECIST in Asia, mRECIST should
be used in combination with RECIST wherever possible.
Before mRECIST can be widely incorporated for gener-
alized use, EPOIHCC recommends that mRECIST
should be more intensively and prospectively studied.

Standardizing TACE protocols

The inherent variability associated with TACE outcomes
is primarily related to the heterogenous patient popula-
tion undergoing treatment; however, variations in the
time intervals between treatments and the number of
cycles of TACE performed are also likely to be impor-
tant prognostic factors. Even in the absence of conclu-
sive, predictive biomarkers, it is becoming clearer that
the best candidates for TACE are largely asymptomatic
patients with preserved liver function without vascular
invasion or extrahepatic tumour spread. (38) There are
a number of HCC treatment algorithms, which have
been proposed as the most widely accepted being the
BCLC staging system (1). Recent comparisons of the
BCLC and Japanese Society of Hepatology (JSH) guide-
lines (39) have concluded that they are essentially quite
similar in terms of inclusion criteria for TACE and in
their absolute contraindications to TACE (40, 41). The
EPOIHCC generally supports the use of these criteria.
However, we believe that the limitation of TACE to
strictly BCLC B patients should be further evaluated.
TACE has demonstrated efficacy in patients prior to
transplantation (BCLC A), particularly if the waiting
time is likely to be more than 6 months (42, 43).

Response to TACE may also be used as a predictor of
tumour biology in patients awaiting transplantation
(44). TACE also appears to be a safe and effective option
in patients clinically excluded from transplantation and
who are unfit for surgery or percutaneous ablation (45).
At the other end of the TACE spectrum, BCLC C
patients with acceptable PS or only partial PVT may also
benefit from selective or DEB-TACE treatment. While
PVT has been widely accepted as a relative contraindica-
tion for TACE, studies have demonstrated little negative
impact on hepatic function in cases of PVT and TACE
can be safely performed if hepatopedal collateral flow is
present (46, 47). In these patients, a superselective
approach as well as an adjustment of the chemothera-
peutic dosage may minimize liver damage (48). An
important recognition is that although the BCLC rec-
ommendations are clear, not everybody follows them.
In Asia and most of North America, patients with BCLC
A-C would probably be considered for TACE. This does
not mean that TACE has been recognized as the treat-
ment of choice for those patients, but rather for patients
with BCLC A who do not meet the Milan selection crite-
ria for transplantation, and who are unsuitable for
resection or local ablation owing to tumour location,
TACE remains the only treatment strategy (45).
Similarly, patients with ECOG 1 who would be BCLC C

could benefit from TACE provided appropriate mea-
sures are taken to minimize liver damage.

Consensus #2. Suitable patients for TACE are those
that are BCLC A, B or C, ECOG PS <2, Child-Pugh <C.
For cases with vascular invasion or metastasis, combina-
tion therapy with sorafenib may be tried in practice, but
solid evidence from controlled prospective studies is still
required to evaluate this approach.

Although most guidelines indicate that the presence
of extrahepatic metastases is an absolute contraindica-
tion for TACE, in clinical practice, there may be specific
situations where patients have extrahepatic progression,
but the bulk of disease is within the liver. This will be
case specific but if the clinician concludes that the
patient is most likely to die from liver disease, in these
patients, there may still be a role for TACE, making
extrahepatic metastases a relative contraindication only.

Consensus #3. Absolute contraindications for TACE
include Child C and poor ECOG status while relative
contraindications include extrahepatic disease depend-
ing on how extensive.

Multiple TACE cycles can be performed either at
regular intervals or based on tumour response (on
demand), when there is evidence of insufficient tumour
response, tumour recurrence or disease progression.
Although it is generally accepted that chemoemboliza-
tion achieves maximal tumour response when repeated
multiple times (49) it is not yet clear whether this results
in better survival. In addition, it is also unknown if on
demand TACE is preferable to fixed interval TACE. On
one hand, TACE repeated at a fixed time, until the
planned number of courses has been reached, should
provide the greatest opportunity for persistent tumour
necrosis. However, repeated chemotherapy insults may
cause progressive liver atrophy and vascular damage
(50, 51). Alternatively, TACE performed on demand, on
the basis of tumour response and patient tolerance, is
likely to reduce the degree of liver damage and compli-
cations and it allows a proper patient selection at each
cycle of TACE (51) but may potentially result in under-
treating the tumour. A recent study assessed the clinical
impact of TACE repeated on demand on HCC outcome
(52). The number of patients submitted to a second and
third TACE declined substantially from those initially
enrolled; however, similar CR and recurrence rates were
observed after the first, second and third TACE proce-
dures. This not only demonstrates the efficacy of
repeated on demand TACE procedures but also high-
lights the declining patient population suitable for
repeated TACE. A comparative trial performed conven-
tional TACE in 80 patients from 1986 to 1993 using a
fixed schedule of at least three times at 2-month inter-
vals. On demand TACE was performed in a second
group of 80 patients from 1993 to 1996, where TACE
was used selectively and repeated only when necessary
on the basis of follow-up CT or MR imaging (51). Com-
plications of TACE occurred in 19 patients from group
1 and six patients from group 2 (P < 0.001) potentially
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reflecting the greater number of TACE cycles
performed. Similarly, the mean time between the first
and the third TACE cycle was significantly different
between group 1 (4 months) and group 2 (14 months)
(P < 0.001). Of note, the 1-year, 2-year and 3-year sur-
vival rates were significantly different between the two
groups of patients graded as Okuda stage 1: 58, 28, 11%
for fixed schedule TACE and 89, 68, 39%, respectively,
for on demand TACE (P < 0.001). This observation
clearly demonstrates the efficacy and tolerability of
TACE increase when it is used selectively and repeated
on demand (51). A recent systematic review noted that
in 63% of studies assessed (reported by 54 studies),
TACE was repeated at fixed time intervals until the
planned number of courses was reached or death
occurred, while on demand TACE was only performed
in 27% of studies when there was evidence of unsatisfac-
tory response or recurrence of the tumour (21). Unfor-
tunately, this analysis made no attempt to compare
patient outcomes in these two populations.

Consensus #4. TACE should be performed on
demand. The decision to repeat TACE should be based
not only on tumour response or progression but also on
patients’ clinical conditions and tolerance, which should
be assessed before each new cycle of TACE.

Redefining TACE failure

Key areas of uncertainty not sufficiently addressed by
existing guidelines include the criteria for repeating
TACE and recommendations about the number of
TACE cycles to be repeated before switching to another
or no treatment. This latter point relates to the criteria
used to determine when to stop TACE treatments, either
because TACE is now contraindicated, or because TACE
is no longer effective in controlling the disease, referred
to generally as TACE failure. The JSH defines TACE
failure as the development of an intrahepatic lesion, the
appearance of vascular invasion, the appearance of
extrahepatic spread or a continuous elevation of tumour
markers even though right after TACE (41). In clinical
practice, less formal definitions include the treatment of
all visible disease in liver without response, being unable
to prevent tumour growth and significant toxicities. We
believe that an important distinction to make regarding
the efficacy of TACE is whether disease progression is
characterized by intra or extrahepatic spread. If there is
any progression at all, it is clear that TACE is not effec-
tive in controlling the disease, but this does not neces-
sarily indicate TACE failure. Technically, the TACE
procedure may have been successful, in terms of lipiodol
deposition and local tumour necrosis, etc., but patients
may still go on to develop metastases. Describing this
scenario simply as TACE failure is misleading and scien-
tifically inaccurate. As TACE is a loco-regional therapy,
TACE failure should refer to the specific control of the
tumour that was planned for treatment. The appearance
of subsequent disease is progression of disease and this

may, or may not, be caused by TACE failure. This view
has recently been proposed by others citing ‘progression
itself does not seem necessarily to imply the failure of
TACE’ (53). Untreatable progression, in terms of TACE
therapy, may correspond to the development of portal
vein thrombosis, extrahepatic metastases or worsening
of liver function, for example, despite a clear control of
the lesion targeted for TACE.

Consensus #5. As a loco-regional therapy, TACE fail-
ure should refer to the specific control of the tumour
that was planned for treatment and, therefore, may not
be useful in evaluating TACE effectiveness in patients
with extrahepatic metastases.

The recent proposal of ‘stage progression’ from Korea
is potentially a useful concept and may provide a surro-
gate end-point for TACE refractoriness (53). By evaluat-
ing 264 patients with intermediate-stage HCC who
underwent TACE and designating the development of
vascular invasion or extrahepatic spread during follow-
up as stage progression (SP), the authors classified the
patients according to disease course as: no progressive
disease, PD without SP, PD followed by SP, and simul-
taneous PD and SP. Patients without SP (including both
patients with no PD and those with PD but no SP)
showed no difference in overall survival (36.6 and
35.8 months, respectively), patients with PD followed
by SP had intermediate overall survival (23.9 months)
and patients with simultaneous PD and SP had the
worst overall survival (12 months). Multivariate analy-
ses of OS indicated corresponding hazard ratios for each
patient group. By classifying SP as new vascular invasion
or extrahepatic spread, which includes radiological pro-
gression of stage from BCLC stage B to stage C, the time
from initial treatment to this point can be referred to as
‘time-to-stage progression’ (TTSP). A further variation
in this concept to accommodate the increasing number
of cases of SP that develop as the duration of follow-up
increases has been proposed as ‘SP-free survival’ (53).
The authors contend that this provides a composite
end-point instead of TTSP, which may indicate TACE-
refractory HCC. Subsequent analysis indicated that both
the development of progression during the first
6 months from the initial TACE and the need for
three sessions of TACE during the first 6 months were
associated with shorter SP-free survival and thus,
TACE-refractory HCC (53).

Consensus #6. Stage progression, defined as the
development of vascular invasion or extrahepatic spread
during follow-up, may provide a useful surrogate
measure of TACE refractoriness, although there are
currently limited data regarding this.

Taking this current proposal into consideration along
with existing guidelines and the collective clinical expe-
rience of the EPOIHCC, the panel agrees that three ses-
sions of TACE in clinical practice (within 6 months)
should be adequate for effective tumour control. Sorafe-
nib is recommended for those who have failed TACE or
for TACE-refractory patients. By defining TACE
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refractoriness more clearly using SP, in intermediate-
stage HCC patients who are not eligible for, or who have
demonstrated SP after TACE, a switch to sorafenib
might be a considered. It should also be noted that
TACE, particularly repeated TACE, can result in liver
toxicity and chemotherapy-related side effects (50, 51),
which may influence retreatment decisions. Recent
advances aimed at minimizing the injury to non-tumo-
ural liver tissue include selective (or superselective)
TACE (14, 54) and DEB-TACE (15).

Consensus #7. Three sessions of TACE in clinical
practice (within 6 months) should be adequate for
effective tumour control.

TACE in combination with sorafenib

Transarterial chemoembolization is associated with dis-
turbances of the tumour microenvironment, which
result in increased hypoxia, leading to an upregulation
in hypoxia-inducible factor-1a, which in turn upregu-
lates vascular endothelial growth factor (VEGF) and
platelet-derived growth factor receptor (PDGFR) and
increases tumour angiogenesis (55–57). Increased
angiogenesis may in turn result in tumour-promoting
effects and elevations in serum VEGF are a poor prog-
nostic indicator in patients with HCC (58–60). Combin-
ing antiangiogenic-targeted agents with TACE to
decrease post-TACE angiogenesis may improve the effi-
cacy of TACE therapy as well as improving long-term
outcomes. Sorafenib is a potent multikinase inhibitor
with antiangiogenic and antiproliferative properties that
targets the Raf/MEK/ERK pathway (61) as well as VEG-
FR-1/2/3, PDGFR-b, KIT, Flt-3 and RET (62). Two
landmark phase III trials comparing sorafenib with pla-
cebo in patients with advanced HCC reported signifi-
cant improvements in overall survival establishing
sorafenib as the standard of care in advanced HCC
patients (10, 11).

Given the success of sorafenib in advanced HCC and
the theoretical advantages of combining TACE with so-
rafenib, a number of ongoing trials are evaluating this
combination in intermediate-stage HCC patients. In
theory, additional support for either on demand TACE
schedules or fixed TACE schedules should be available
from recent combination trials of TACE and sorafenib.
However, most combination trials have utilized an on
demand TACE schedule with only the recent phase II
Johns Hopkins University (JHU) and SPACE trials
incorporating a fixed schedule of DEB-TACE with con-
current continuous sorafenib administration (63, 64).
The JHU trial was a small Phase II study in 35 patients
in which DEB-TACE was performed with concurrent
continuous sorafenib and reported a disease control rate
as evaluated per lesion of 92 to 100%, with an objective
response rate of 58% (64). The SPACE trial enrolled 307
patients with intermediate-stage HCC reporting a med-
ian treatment duration in the treatment and placebo
groups of 4.8 and 6.3 months, respectively, and a HR

for TTP of 0.797 (63). Although median TTP reported
was similar for both groups, there were considerable dif-
ferences in TTP at the 25th and 75th percentiles and this
study met its primary end-point of improving TTP
when sorafenib was added to a regimen of DEB-TACE,
compared with DEB-TACE. To eliminate variations in
sorafenib administration and type of TACE performed,
there is only a single recent European study appropriate
for direct comparison. In a small group of patients, this
study incorporated a continuous sorafenib schedule
with on demand TACE but was stopped prematurely
because of safety concerns (65). There are three ways to
combine TACE and sorafenib. An interrupted design
where sorafenib is stopped around the time of TACE
(e.g. START) (66) sequential where several cycles of
TACE are performed first and then sorafenib is started
(67) or continuous, where both are applied together
(e.g. COTSUN, JHU and SPACE) (63, 64, 68). There are
currently a substantial number of clinical trials assessing
the various combinations of TACE with sorafenib and
these have been reviewed elsewhere (8). The outcomes
of these combination trials are eagerly awaited and
are likely to change the treatment landscape for interme-
diate HCC patients.

Consensus #8. The combination of sorafenib and
TACE may improve the efficacy of TACE therapy as well
as improving long-term patient outcomes. However,
despite promising initial data, the successful completion
of several clinical trials in progress will be essential
before recommending the combination of sorafenib plus
TACE for patients with intermediate-stage HCC.

Summary

This expert panel meeting was convened to address
unresolved issues surrounding the use of TACE in clini-
cal practice in Asia. The palliative nature of TACE
frequently necessitates repeated TACE treatments; how-
ever, there is still considerable ambiguity surrounding
the criteria for repeating TACE, how long TACE should
be repeated for, and when it should be stopped and
replaced with alternate therapy (or no treatment). The
EPOIHCC recommends that a maximum of three ses-
sions of on demand TACE within a period of 6 months
should be sufficient for successful treatment. Disease
progression during this time may indicate TACE refrac-
toriness and a change in treatment strategy should be
considered. By refocusing clinicians on identifying
TACE refractoriness rather than the ambiguous concept
of TACE failure, patient selection for repeated
TACE can be improved leading to important survival
advantages.
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reflecting the greater number of TACE cycles
performed. Similarly, the mean time between the first
and the third TACE cycle was significantly different
between group 1 (4 months) and group 2 (14 months)
(P < 0.001). Of note, the 1-year, 2-year and 3-year sur-
vival rates were significantly different between the two
groups of patients graded as Okuda stage 1: 58, 28, 11%
for fixed schedule TACE and 89, 68, 39%, respectively,
for on demand TACE (P < 0.001). This observation
clearly demonstrates the efficacy and tolerability of
TACE increase when it is used selectively and repeated
on demand (51). A recent systematic review noted that
in 63% of studies assessed (reported by 54 studies),
TACE was repeated at fixed time intervals until the
planned number of courses was reached or death
occurred, while on demand TACE was only performed
in 27% of studies when there was evidence of unsatisfac-
tory response or recurrence of the tumour (21). Unfor-
tunately, this analysis made no attempt to compare
patient outcomes in these two populations.

Consensus #4. TACE should be performed on
demand. The decision to repeat TACE should be based
not only on tumour response or progression but also on
patients’ clinical conditions and tolerance, which should
be assessed before each new cycle of TACE.

Redefining TACE failure

Key areas of uncertainty not sufficiently addressed by
existing guidelines include the criteria for repeating
TACE and recommendations about the number of
TACE cycles to be repeated before switching to another
or no treatment. This latter point relates to the criteria
used to determine when to stop TACE treatments, either
because TACE is now contraindicated, or because TACE
is no longer effective in controlling the disease, referred
to generally as TACE failure. The JSH defines TACE
failure as the development of an intrahepatic lesion, the
appearance of vascular invasion, the appearance of
extrahepatic spread or a continuous elevation of tumour
markers even though right after TACE (41). In clinical
practice, less formal definitions include the treatment of
all visible disease in liver without response, being unable
to prevent tumour growth and significant toxicities. We
believe that an important distinction to make regarding
the efficacy of TACE is whether disease progression is
characterized by intra or extrahepatic spread. If there is
any progression at all, it is clear that TACE is not effec-
tive in controlling the disease, but this does not neces-
sarily indicate TACE failure. Technically, the TACE
procedure may have been successful, in terms of lipiodol
deposition and local tumour necrosis, etc., but patients
may still go on to develop metastases. Describing this
scenario simply as TACE failure is misleading and scien-
tifically inaccurate. As TACE is a loco-regional therapy,
TACE failure should refer to the specific control of the
tumour that was planned for treatment. The appearance
of subsequent disease is progression of disease and this

may, or may not, be caused by TACE failure. This view
has recently been proposed by others citing ‘progression
itself does not seem necessarily to imply the failure of
TACE’ (53). Untreatable progression, in terms of TACE
therapy, may correspond to the development of portal
vein thrombosis, extrahepatic metastases or worsening
of liver function, for example, despite a clear control of
the lesion targeted for TACE.

Consensus #5. As a loco-regional therapy, TACE fail-
ure should refer to the specific control of the tumour
that was planned for treatment and, therefore, may not
be useful in evaluating TACE effectiveness in patients
with extrahepatic metastases.

The recent proposal of ‘stage progression’ from Korea
is potentially a useful concept and may provide a surro-
gate end-point for TACE refractoriness (53). By evaluat-
ing 264 patients with intermediate-stage HCC who
underwent TACE and designating the development of
vascular invasion or extrahepatic spread during follow-
up as stage progression (SP), the authors classified the
patients according to disease course as: no progressive
disease, PD without SP, PD followed by SP, and simul-
taneous PD and SP. Patients without SP (including both
patients with no PD and those with PD but no SP)
showed no difference in overall survival (36.6 and
35.8 months, respectively), patients with PD followed
by SP had intermediate overall survival (23.9 months)
and patients with simultaneous PD and SP had the
worst overall survival (12 months). Multivariate analy-
ses of OS indicated corresponding hazard ratios for each
patient group. By classifying SP as new vascular invasion
or extrahepatic spread, which includes radiological pro-
gression of stage from BCLC stage B to stage C, the time
from initial treatment to this point can be referred to as
‘time-to-stage progression’ (TTSP). A further variation
in this concept to accommodate the increasing number
of cases of SP that develop as the duration of follow-up
increases has been proposed as ‘SP-free survival’ (53).
The authors contend that this provides a composite
end-point instead of TTSP, which may indicate TACE-
refractory HCC. Subsequent analysis indicated that both
the development of progression during the first
6 months from the initial TACE and the need for
three sessions of TACE during the first 6 months were
associated with shorter SP-free survival and thus,
TACE-refractory HCC (53).

Consensus #6. Stage progression, defined as the
development of vascular invasion or extrahepatic spread
during follow-up, may provide a useful surrogate
measure of TACE refractoriness, although there are
currently limited data regarding this.

Taking this current proposal into consideration along
with existing guidelines and the collective clinical expe-
rience of the EPOIHCC, the panel agrees that three ses-
sions of TACE in clinical practice (within 6 months)
should be adequate for effective tumour control. Sorafe-
nib is recommended for those who have failed TACE or
for TACE-refractory patients. By defining TACE
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refractoriness more clearly using SP, in intermediate-
stage HCC patients who are not eligible for, or who have
demonstrated SP after TACE, a switch to sorafenib
might be a considered. It should also be noted that
TACE, particularly repeated TACE, can result in liver
toxicity and chemotherapy-related side effects (50, 51),
which may influence retreatment decisions. Recent
advances aimed at minimizing the injury to non-tumo-
ural liver tissue include selective (or superselective)
TACE (14, 54) and DEB-TACE (15).

Consensus #7. Three sessions of TACE in clinical
practice (within 6 months) should be adequate for
effective tumour control.

TACE in combination with sorafenib

Transarterial chemoembolization is associated with dis-
turbances of the tumour microenvironment, which
result in increased hypoxia, leading to an upregulation
in hypoxia-inducible factor-1a, which in turn upregu-
lates vascular endothelial growth factor (VEGF) and
platelet-derived growth factor receptor (PDGFR) and
increases tumour angiogenesis (55–57). Increased
angiogenesis may in turn result in tumour-promoting
effects and elevations in serum VEGF are a poor prog-
nostic indicator in patients with HCC (58–60). Combin-
ing antiangiogenic-targeted agents with TACE to
decrease post-TACE angiogenesis may improve the effi-
cacy of TACE therapy as well as improving long-term
outcomes. Sorafenib is a potent multikinase inhibitor
with antiangiogenic and antiproliferative properties that
targets the Raf/MEK/ERK pathway (61) as well as VEG-
FR-1/2/3, PDGFR-b, KIT, Flt-3 and RET (62). Two
landmark phase III trials comparing sorafenib with pla-
cebo in patients with advanced HCC reported signifi-
cant improvements in overall survival establishing
sorafenib as the standard of care in advanced HCC
patients (10, 11).

Given the success of sorafenib in advanced HCC and
the theoretical advantages of combining TACE with so-
rafenib, a number of ongoing trials are evaluating this
combination in intermediate-stage HCC patients. In
theory, additional support for either on demand TACE
schedules or fixed TACE schedules should be available
from recent combination trials of TACE and sorafenib.
However, most combination trials have utilized an on
demand TACE schedule with only the recent phase II
Johns Hopkins University (JHU) and SPACE trials
incorporating a fixed schedule of DEB-TACE with con-
current continuous sorafenib administration (63, 64).
The JHU trial was a small Phase II study in 35 patients
in which DEB-TACE was performed with concurrent
continuous sorafenib and reported a disease control rate
as evaluated per lesion of 92 to 100%, with an objective
response rate of 58% (64). The SPACE trial enrolled 307
patients with intermediate-stage HCC reporting a med-
ian treatment duration in the treatment and placebo
groups of 4.8 and 6.3 months, respectively, and a HR

for TTP of 0.797 (63). Although median TTP reported
was similar for both groups, there were considerable dif-
ferences in TTP at the 25th and 75th percentiles and this
study met its primary end-point of improving TTP
when sorafenib was added to a regimen of DEB-TACE,
compared with DEB-TACE. To eliminate variations in
sorafenib administration and type of TACE performed,
there is only a single recent European study appropriate
for direct comparison. In a small group of patients, this
study incorporated a continuous sorafenib schedule
with on demand TACE but was stopped prematurely
because of safety concerns (65). There are three ways to
combine TACE and sorafenib. An interrupted design
where sorafenib is stopped around the time of TACE
(e.g. START) (66) sequential where several cycles of
TACE are performed first and then sorafenib is started
(67) or continuous, where both are applied together
(e.g. COTSUN, JHU and SPACE) (63, 64, 68). There are
currently a substantial number of clinical trials assessing
the various combinations of TACE with sorafenib and
these have been reviewed elsewhere (8). The outcomes
of these combination trials are eagerly awaited and
are likely to change the treatment landscape for interme-
diate HCC patients.

Consensus #8. The combination of sorafenib and
TACE may improve the efficacy of TACE therapy as well
as improving long-term patient outcomes. However,
despite promising initial data, the successful completion
of several clinical trials in progress will be essential
before recommending the combination of sorafenib plus
TACE for patients with intermediate-stage HCC.

Summary

This expert panel meeting was convened to address
unresolved issues surrounding the use of TACE in clini-
cal practice in Asia. The palliative nature of TACE
frequently necessitates repeated TACE treatments; how-
ever, there is still considerable ambiguity surrounding
the criteria for repeating TACE, how long TACE should
be repeated for, and when it should be stopped and
replaced with alternate therapy (or no treatment). The
EPOIHCC recommends that a maximum of three ses-
sions of on demand TACE within a period of 6 months
should be sufficient for successful treatment. Disease
progression during this time may indicate TACE refrac-
toriness and a change in treatment strategy should be
considered. By refocusing clinicians on identifying
TACE refractoriness rather than the ambiguous concept
of TACE failure, patient selection for repeated
TACE can be improved leading to important survival
advantages.
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Contrast-enhanced endoscopic ultrasound
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Compared to other imaging modalities, endoscopic ultrasound
(EUS) has limitations in terms of image enhancement. However,
with the availability of contrast agents in ultrasonography, EUS
has evolved. Contrast-enhanced Doppler EUS (CD-EUS) enhances
Doppler signals from vessels and is useful for characterizing
lesions detected by EUS. Moreover, contrast-enhanced harmonic
EUS (CH-EUS) with second-generation ultrasound contrast agents
and a broad band transducer allows microvessels and parenchy-
mal perfusion to be visualized. Vascularity can also be quantita-
tively analyzed during CH-EUS by generating a time-intensity
curve. CE-EUS is useful for characterizing pancreatic lesions and
can detect pancreatic adenocarcinomas with a sensitivity of 94%

and a specificity of 89% as a result of the hypo-enhancement of
these lesions. Indeed, CH-EUS is superior to multiple detector-
computed tomography in terms of the differential diagnosis of
small lesions that are ≤2 cm. CH-EUS complements EUS-guided
fine-needle aspiration (EUS-FNA) as it identifies the EUS-FNA
target and lesions with false-negative EUS-FNA findings. CH-EUS
is also used to estimate the malignant potential of gastrointesti-
nal stromal tumors and helps to differentiate between malignant
and benign lymphadenopathy.

Key words: contrast-enhanced endoscopic ultrasound, endo-
scopic ultrasound, ultrasound contrast

DEVELOPMENT OF CONTRAST-ENHANCED
ENDOSCOPIC ULTRASOUND

ENDOSCOPIC ULTRASOUND (EUS) imaging has
been evolving since the first report on its utility in the

diagnosis of digestive diseases.1–3 Its development includes
color and power Doppler, 3D imaging and electronic scan-
ning, tissue harmonic, elastography and contrast enhance-
ment.4 However, compared to other imaging modalities such
as computed tomography (CT) and magnetic resonance
imaging (MRI), EUS is limited in terms of characterizing
lesions with contrast enhancement.

Hemodynamics of any area, both pathological and
normal, needs to be evaluated for both blood flow in small
vessels (2 or 3 mm in minimum diameter) and parenchymal
microvasculature.5 Contrast-enhanced endoscopic ultra-
sound (CE-EUS) was first reported by Kato et al., who used
fundamental EUS with carbon dioxide gas.6 The infusion of
carbon dioxide gas through a catheter implanted into the
celiac or superior mesenteric artery allowed vascularity to be
depicted in EUS images. However, this technique was
limited by the fact that the EUS had to be carried out during

angiography examinations. EUS was then equipped with
color and power Doppler mode to identify large vessels; this
was particularly useful for avoiding vessels during EUS-
guided fine-needle aspiration (EUS-FNA). However,
whereas Doppler EUS can be used to assess whether target
lesions have large vessels, it detects vessels with slow flow
with poor sensitivity and cannot depict parenchymal
perfusion.

The subsequent development of i.v. ultrasound contrast
agents composed of microbubbles enabled us to carry
out CE-EUS without having to carry out angiography.7–9

Contrast-enhanced Doppler EUS increases the sensitivity to
signals from vessels by generating pseudo-Doppler signals
from microbubbles.7–12 However, contrast-enhanced Doppler
EUS suffers from artifacts such as blooming, in which
vessels appear to be larger than they really are.8–10 Recently,
technological innovations in contrast-enhanced harmonic
imaging have allowed microvessels and parenchymal perfu-
sion to be visualized.13,14 This allows lesions to be character-
ized more accurately.

INTRAVENOUS ULTRASOUND
CONTRAST AGENTS

ULTRASOUND CONTRAST AGENTS consist of
microbubbles of approximately 2–5 μm in diameter.9,15

In addition to the back-scattering of the ultrasound signal,
contrast microbubbles oscillate to sound pressure and have a
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variable asymmetrical diameter of between 2 and 10 μm.15,16

As the microbubbles are given through a large peripheral
vein, they do not leave the vascular system and pass through
the lung circulation inducing contrast enhancement of the
whole vascular system.15,16 The first ultrasound contrast agent
was Levovist (Bayer Schering Pharma, Berlin, Germany),
which consists of microbubbles of air that are covered by
galactose and palmitic acid (Fig. 1).15 When used during
transabdominal ultrasonography, Levovist depicts harmonic
signals from microbubbles, thus allowing contrast-enhanced
harmonic imaging.17–20 However, contrast-enhanced har-
monic imaging requires high acoustic power to oscillate or
break the Levovist microbubbles. EUS is equipped with only
a small transducer and the transmission signals from this
transducer are too low to oscillate or break Levovist micro-
bubbles. By contrast, second-generation ultrasound contrast
agents, such as SonoVue (Bracco SpA, Milan, Italy),
Sonazoid (Daiichi-Sankyo, Tokyo, Japan; GE Healthcare
Milwaukee, WI, USA) and Definity (Lantheus Medical
Imaging, Billerica, MA, USA) (which consists of micro-
bubbles of gases other than air) (Fig. 1), can be oscillated or
broken by lower acoustic power.9,10,13,21 The development of
the latter microbubbles thus promoted contrast-enhanced
harmonic imaging in the field of EUS.13,14,16,22,23

CONTRAST-ENHANCED DOPPLER EUS

UNTIL RECENTLY, POWER Doppler and color
Doppler were used for CE-EUS.7,8,21,24–27 All types of

ultrasound contrast agents induce phase shift (pseudo-
Doppler signals), which enhances the Doppler signals from
the vessels. Thus, infusing a contrast agent increases the
sensitivity with which color and power Doppler imaging
depicts Doppler signals from vessels.10,11 However, contrast-
enhanced Doppler EUS suffers from Doppler-related arti-
facts such as blooming. Recently, a novel type of directional

power Doppler method called Directional eFLOW (Aloka
Co., Ltd, Tokyo, Japan) was developed.28 This method
permits blood flow in minute vessels to be detected in more
detail than can be achieved with conventional power or color
Doppler (Fig. 2). In the directional eFLOW mode, fewer
blooming artifacts are observed because broadband trans-
mission is optimized and the real repeating frequency is
increased.

CONTRAST-ENHANCED HARMONIC EUS

WHEN THE ULTRASOUND contrast agents receive a
certain range of acoustic power, they produce a

second harmonic component.10,11,29,30 The second harmonic
component from microbubbles is much higher than that from

Figure 1 Ultrasound contrast agents.
First-generation ultrasound contrast
agent (Levovist; Bayer Schering
Pharma, Berlin, Germany) is composed
of air, whereas second-generation
ultrasound contrast agents (SonoVue
[Bracco SpA, Milan, Italy], Sonazoid
[Daiichi-Sankyo, Tokyo, Japan; GE
Healthcare Milwaukee, WI, USA, and
Definity [Lantheus Medical Imaging,
Billerica, MA, USA]) are composed of
other gasses.

Figure 2 Contrast-enhanced directional eFLOW imaging in a
pancreatic carcinoma. Endoscopic ultrasound with contrast-
enhanced directional eFLOW imaging shows a hypoechoic tumor
(arrowheads) at the pancreas head. Irregular vessels (arrows) are
observed at the periphery of the tumor with fewer blooming
artefacts. Color signals are fewer in the center of the tumor than
in the periphery.
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the tissue. Contrast-enhanced harmonic EUS selectively
depicts the second harmonic component, which results in
selective visualization of microbubbles.10,11,29,30 Compared
to Doppler imaging, which depicts vessel flow, contrast-
enhanced harmonic imaging depicts the microbubbles them-
selves.10,11,14 Thus, contrast-enhanced harmonic imaging can
visualize fine vessels with slow flow. This technology allows
microvessels to be visualized as well as parenchymal perfu-
sion.14 Moreover, by measuring the time-course of echo-
genicity intensity (time–intensity curve), vascularity can be
quantitatively analyzed (Fig. 3).5,31–34

CE-EUS FOR PANCREATIC DISEASES

ENDOSCOPIC ULTRASOUND HAS an advantage over
other imaging methods in obtaining high-resolution

images of the pancreas, which is a highly sensitive method
for the diagnosis of pancreatic tumors.35–37 However, EUS
has been limited in the characterization of some lesions in
the pancreas. Evaluation of vascularity using contrast agents
is one of the candidates to improve the ability to characterize
pancreatic lesions depicted by EUS.5,9,16,22,30 The finding of a
hypoenhancing mass was a sensitive and accurate identifier
of patients with adenocarcinoma, which was more accurate
in the diagnosis than finding a hypoechoic lesion using stan-
dard EUS (P < 0.001).38 A recent meta-analysis on CE-EUS
that analyzed reports on both contrast-enhanced Doppler and
contrast-enhanced harmonic EUS showed that this method
differentially diagnoses pancreatic adenocarcinomas with a
pooled sensitivity and specificity of 94% and 89%, respec-

tively.39 This article also showed that the detection of a
hypoenhanced lesion is an accurate predictor of pancreatic
adenocarcinoma. However, this article included results of
both CD-EUS and CH-EUS.39 As described previously,
CD-EUS has a limitation in the depiction of small vessels
with slow flow and depicts artifacts such as blooming. There-
fore, CD-EUS fails to evaluate the vascularity of some
tumors, such as those of small size and adjacent to large
vessels. In contrast, CH-EUS allows visualization of micro-
vasculature, which results in detailed observation of intratu-
moral structure and characterization of difficult cases
(Fig. 4).14,40 Indeed, hypovascularity as a sign of ductal car-
cinomas in CH-EUS obtained a sensitivity of 89–95% and a
specificity of 64–89%.38,40,41 Particularly, CH-EUS was sig-
nificantly more accurate than CT in diagnosing small ductal
carcinomas of ≤2 cm (P < 0.034).41 The sensitivity and
specificity in diagnosing pancreatic carcinomas with EUS
are 91% and 94%, respectively, whereas those values with
CT are 71% and 92%, respectively.41

With respect to pancreatic neuroendocrine tumors, most
heterogeneous hypoechoic areas and anechoic areas corre-
sponded to hemorrhage or necrosis on pathological exami-
nation, which was the most significant factor for malignancy.
They were identified as filling defects in CD-EUS and were
more clearly recognized than in conventional EUS.26 Recent
articles on quantitative analyses using a time–intensity curve
with CH-EUS revealed that the values of maximum inten-
sity,33 accumulated intensity during observation,34 intensity
reduction rate,32 and the ratio between the uptake inside the
mass and the uptake of the surrounding parenchyma31 are

Figure 3 Time–intensity curve of echo
intensity in a pancreatic carcinoma.
Time-course of the echo intensity in the
colored circle is measured.
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vein, they do not leave the vascular system and pass through
the lung circulation inducing contrast enhancement of the
whole vascular system.15,16 The first ultrasound contrast agent
was Levovist (Bayer Schering Pharma, Berlin, Germany),
which consists of microbubbles of air that are covered by
galactose and palmitic acid (Fig. 1).15 When used during
transabdominal ultrasonography, Levovist depicts harmonic
signals from microbubbles, thus allowing contrast-enhanced
harmonic imaging.17–20 However, contrast-enhanced har-
monic imaging requires high acoustic power to oscillate or
break the Levovist microbubbles. EUS is equipped with only
a small transducer and the transmission signals from this
transducer are too low to oscillate or break Levovist micro-
bubbles. By contrast, second-generation ultrasound contrast
agents, such as SonoVue (Bracco SpA, Milan, Italy),
Sonazoid (Daiichi-Sankyo, Tokyo, Japan; GE Healthcare
Milwaukee, WI, USA) and Definity (Lantheus Medical
Imaging, Billerica, MA, USA) (which consists of micro-
bubbles of gases other than air) (Fig. 1), can be oscillated or
broken by lower acoustic power.9,10,13,21 The development of
the latter microbubbles thus promoted contrast-enhanced
harmonic imaging in the field of EUS.13,14,16,22,23

CONTRAST-ENHANCED DOPPLER EUS

UNTIL RECENTLY, POWER Doppler and color
Doppler were used for CE-EUS.7,8,21,24–27 All types of

ultrasound contrast agents induce phase shift (pseudo-
Doppler signals), which enhances the Doppler signals from
the vessels. Thus, infusing a contrast agent increases the
sensitivity with which color and power Doppler imaging
depicts Doppler signals from vessels.10,11 However, contrast-
enhanced Doppler EUS suffers from Doppler-related arti-
facts such as blooming. Recently, a novel type of directional

power Doppler method called Directional eFLOW (Aloka
Co., Ltd, Tokyo, Japan) was developed.28 This method
permits blood flow in minute vessels to be detected in more
detail than can be achieved with conventional power or color
Doppler (Fig. 2). In the directional eFLOW mode, fewer
blooming artifacts are observed because broadband trans-
mission is optimized and the real repeating frequency is
increased.

CONTRAST-ENHANCED HARMONIC EUS

WHEN THE ULTRASOUND contrast agents receive a
certain range of acoustic power, they produce a

second harmonic component.10,11,29,30 The second harmonic
component from microbubbles is much higher than that from

Figure 1 Ultrasound contrast agents.
First-generation ultrasound contrast
agent (Levovist; Bayer Schering
Pharma, Berlin, Germany) is composed
of air, whereas second-generation
ultrasound contrast agents (SonoVue
[Bracco SpA, Milan, Italy], Sonazoid
[Daiichi-Sankyo, Tokyo, Japan; GE
Healthcare Milwaukee, WI, USA, and
Definity [Lantheus Medical Imaging,
Billerica, MA, USA]) are composed of
other gasses.

Figure 2 Contrast-enhanced directional eFLOW imaging in a
pancreatic carcinoma. Endoscopic ultrasound with contrast-
enhanced directional eFLOW imaging shows a hypoechoic tumor
(arrowheads) at the pancreas head. Irregular vessels (arrows) are
observed at the periphery of the tumor with fewer blooming
artefacts. Color signals are fewer in the center of the tumor than
in the periphery.
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the tissue. Contrast-enhanced harmonic EUS selectively
depicts the second harmonic component, which results in
selective visualization of microbubbles.10,11,29,30 Compared
to Doppler imaging, which depicts vessel flow, contrast-
enhanced harmonic imaging depicts the microbubbles them-
selves.10,11,14 Thus, contrast-enhanced harmonic imaging can
visualize fine vessels with slow flow. This technology allows
microvessels to be visualized as well as parenchymal perfu-
sion.14 Moreover, by measuring the time-course of echo-
genicity intensity (time–intensity curve), vascularity can be
quantitatively analyzed (Fig. 3).5,31–34

CE-EUS FOR PANCREATIC DISEASES

ENDOSCOPIC ULTRASOUND HAS an advantage over
other imaging methods in obtaining high-resolution

images of the pancreas, which is a highly sensitive method
for the diagnosis of pancreatic tumors.35–37 However, EUS
has been limited in the characterization of some lesions in
the pancreas. Evaluation of vascularity using contrast agents
is one of the candidates to improve the ability to characterize
pancreatic lesions depicted by EUS.5,9,16,22,30 The finding of a
hypoenhancing mass was a sensitive and accurate identifier
of patients with adenocarcinoma, which was more accurate
in the diagnosis than finding a hypoechoic lesion using stan-
dard EUS (P < 0.001).38 A recent meta-analysis on CE-EUS
that analyzed reports on both contrast-enhanced Doppler and
contrast-enhanced harmonic EUS showed that this method
differentially diagnoses pancreatic adenocarcinomas with a
pooled sensitivity and specificity of 94% and 89%, respec-

tively.39 This article also showed that the detection of a
hypoenhanced lesion is an accurate predictor of pancreatic
adenocarcinoma. However, this article included results of
both CD-EUS and CH-EUS.39 As described previously,
CD-EUS has a limitation in the depiction of small vessels
with slow flow and depicts artifacts such as blooming. There-
fore, CD-EUS fails to evaluate the vascularity of some
tumors, such as those of small size and adjacent to large
vessels. In contrast, CH-EUS allows visualization of micro-
vasculature, which results in detailed observation of intratu-
moral structure and characterization of difficult cases
(Fig. 4).14,40 Indeed, hypovascularity as a sign of ductal car-
cinomas in CH-EUS obtained a sensitivity of 89–95% and a
specificity of 64–89%.38,40,41 Particularly, CH-EUS was sig-
nificantly more accurate than CT in diagnosing small ductal
carcinomas of ≤2 cm (P < 0.034).41 The sensitivity and
specificity in diagnosing pancreatic carcinomas with EUS
are 91% and 94%, respectively, whereas those values with
CT are 71% and 92%, respectively.41

With respect to pancreatic neuroendocrine tumors, most
heterogeneous hypoechoic areas and anechoic areas corre-
sponded to hemorrhage or necrosis on pathological exami-
nation, which was the most significant factor for malignancy.
They were identified as filling defects in CD-EUS and were
more clearly recognized than in conventional EUS.26 Recent
articles on quantitative analyses using a time–intensity curve
with CH-EUS revealed that the values of maximum inten-
sity,33 accumulated intensity during observation,34 intensity
reduction rate,32 and the ratio between the uptake inside the
mass and the uptake of the surrounding parenchyma31 are

Figure 3 Time–intensity curve of echo
intensity in a pancreatic carcinoma.
Time-course of the echo intensity in the
colored circle is measured.
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useful for discrimination of carcinomas from autoimmune
pancreatitis, pseudotumors and neuroendocrine tumors.
CH-EUS is also used for T staging of pancreatobiliary car-
cinomas. CH-EUS is superior to tissue harmonic EUS
without contrast enhancement in T staging.42 In particular,
CH-EUS more clearly depicts invasion of the portal vein.

CE-EUS FOR DIGESTIVE TRACT DISEASES

WHEN CH-EUS WAS carried out in subepithelial
tumors, the time–intensity curve revealed that echo

intensity in gastrointestinal stromal tumors (GIST) was sig-
nificantly higher than that in benign tumors such as
lipomas.43 In addition, CH-EUS allows visualization of
vessels flowing from the periphery to the center of GIST
(Fig. 5).43,44 All high-grade malignancy GIST possess these
irregular vessels.44 CH-EUS depicted these irregular vessels
in all high-grade malignancy GIST, whereas CT depicted

A

B

C

Figure 4 Typical contrast-enhanced harmonic endoscopic ultra-
sound (CH-EUS) images of pancreatic tumors. (a) Ductal carci-
noma with hypoenhancement. Conventional EUS (left) shows a
hypoechoic area (arrowheads) of 15 mm in diameter at the pan-
creas tail. CH-EUS (right) indicates that the area has hypoen-
hancement (arrowheads) compared with the surrounding tissue.
(b) Inflammatory pseudotumor with isoenhancement. Conven-
tional EUS (left) shows a hypoechoic area (arrowheads) of 9 mm
at the pancreas body. CH-EUS (right) indicates homogeneous
enhancement in this area similar to the surrounding tissue; a
margin is not observed. (c) Neuroendocrine tumor with hyperen-
hancement. Conventional EUS (left) shows a hypoechoic mass
(arrowheads) of 9 mm in diameter at the pancreas body. CH-EUS
(right) indicates that enhancement (arrowheads) in the mass is
higher than in the surrounding tissue.

A

B

Figure 5 Typical contrast-enhanced harmonic endoscopic ultra-
sound (CH-EUS) images of lymphadenopathy. (a) Reactive lymph-
adenopathy with homogeneous enhancement. Conventional
EUS (left) shows a lymph node of 10 mm in diameter (arrow-
heads). CH-EUS (right) indicates that the lymph node has
homogeneous enhancement (arrowheads). (b) Metastatic lymph-
adenopathy with heterogeneous enhancement. Conventional
EUS (left) shows a lymph node of 15 mm in diameter (arrow-
heads). CH-EUS (right) indicates that the lymph node has hetero-
geneous enhancement (arrowheads).
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them in only 31%.44 These results suggest that CH-EUS can
be applied for estimation of the malignant potential of
GIST.44

Differential diagnosis of malignant from benign lymph-
adenopathy is challenging for radiologists and gastroenter-
ologists. CD-EUS is reported to be useful for differential
diagnosis of malignant from benign lymphadenopathy. On
CD-EUS, filling defect is a typical feature of malignant
lymphadenopathy with a sensitivity of 100% and a specific-
ity of 86.4%.27 When CH-EUS was used for the diagnosis of
intra-abdominal lesions of undetermined origin, 96.3% of
malignant lesions exhibited heterogeneous enhancement,
whereas 75% of benign lesions exhibited homogeneous
enhancement (Fig. 6).45 Thus, these techniques can be
applied for N staging of digestive tumors.

CE-EUS FOR EUS-FNA

CONVENTIONAL EUS SOMETIMES fails to depict
pancreatic tumors in cases with chronic pancreatitis,

diffusely infiltrating carcinoma or a recent episode of acute
pancreatitis.46 In such cases, the target of EUS-FNA cannot
be identified. Because contrast-enhanced harmonic EUS
clearly depicts subtle lesions that conventional EUS cannot
identify, it can be used to identify the target of EUS-FNA
(Fig. 7).38,41,47 It can also be used to identify a specific site
within an otherwise clearly visible lesion that would be more
suitable than other sites for EUS-FNA.48 Identification and
avoidance of an avascular site in a lesion may help avoid
sampling necrotic areas (Fig. 8).

Two articles have reported that contrast-enhanced har-
monic EUS is as sensitive as EUS-FNA and thus may be
complementary to EUS-FNA, particularly with respect to the

identification of pancreatic adenocarcinomas with false-
negative EUS-FNA findings.40,41 EUS-FNA is sometimes
difficult to carry out because of intervening vessels or anti-
coagulation treatment. In such cases, CE-EUS could be a

Figure 6 Typical contrast-enhanced harmonic endoscopic ultra-
sound (CH-EUS) image of gastrointestinal stromal tumor with
high-grade malignancy. Conventional EUS (left) shows a submu-
cosal tumor of 50 mm in diameter. CH-EUS (right) indicates that
the tumor has irregular vessels (arrows).

Figure 7 Fine-needle aspiration (FNA) guided by contrast-
enhanced harmonic endoscopic ultrasound (CH-EUS). CH-EUS
(right) reveals a tumor with hypoenhancement (arrowheads),
whereas conventional EUS does not (left). FNA can be carried out
under the guidance of CH-EUS. Arrows indicate a needle.
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B

Figure 8 Contrast-enhanced harmonic endoscopic ultrasound
(CH-EUS) images of pancreatic carcinoma with a necrotic area.
(a) Conventional EUS (left) shows a tumor of 35 mm in diameter
(arrowheads) at the pancreas head. CH-EUS (right) identifies an
avascular site (asterisk) at the center of the tumor. (b) EUS-fine-
needle aspiration is carried out at the periphery of the tumor.
Arrowheads indicate a needle.
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useful for discrimination of carcinomas from autoimmune
pancreatitis, pseudotumors and neuroendocrine tumors.
CH-EUS is also used for T staging of pancreatobiliary car-
cinomas. CH-EUS is superior to tissue harmonic EUS
without contrast enhancement in T staging.42 In particular,
CH-EUS more clearly depicts invasion of the portal vein.

CE-EUS FOR DIGESTIVE TRACT DISEASES

WHEN CH-EUS WAS carried out in subepithelial
tumors, the time–intensity curve revealed that echo

intensity in gastrointestinal stromal tumors (GIST) was sig-
nificantly higher than that in benign tumors such as
lipomas.43 In addition, CH-EUS allows visualization of
vessels flowing from the periphery to the center of GIST
(Fig. 5).43,44 All high-grade malignancy GIST possess these
irregular vessels.44 CH-EUS depicted these irregular vessels
in all high-grade malignancy GIST, whereas CT depicted
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Figure 4 Typical contrast-enhanced harmonic endoscopic ultra-
sound (CH-EUS) images of pancreatic tumors. (a) Ductal carci-
noma with hypoenhancement. Conventional EUS (left) shows a
hypoechoic area (arrowheads) of 15 mm in diameter at the pan-
creas tail. CH-EUS (right) indicates that the area has hypoen-
hancement (arrowheads) compared with the surrounding tissue.
(b) Inflammatory pseudotumor with isoenhancement. Conven-
tional EUS (left) shows a hypoechoic area (arrowheads) of 9 mm
at the pancreas body. CH-EUS (right) indicates homogeneous
enhancement in this area similar to the surrounding tissue; a
margin is not observed. (c) Neuroendocrine tumor with hyperen-
hancement. Conventional EUS (left) shows a hypoechoic mass
(arrowheads) of 9 mm in diameter at the pancreas body. CH-EUS
(right) indicates that enhancement (arrowheads) in the mass is
higher than in the surrounding tissue.
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Figure 5 Typical contrast-enhanced harmonic endoscopic ultra-
sound (CH-EUS) images of lymphadenopathy. (a) Reactive lymph-
adenopathy with homogeneous enhancement. Conventional
EUS (left) shows a lymph node of 10 mm in diameter (arrow-
heads). CH-EUS (right) indicates that the lymph node has
homogeneous enhancement (arrowheads). (b) Metastatic lymph-
adenopathy with heterogeneous enhancement. Conventional
EUS (left) shows a lymph node of 15 mm in diameter (arrow-
heads). CH-EUS (right) indicates that the lymph node has hetero-
geneous enhancement (arrowheads).

82 M. Kitano et al. Digestive Endoscopy 2014; 26 (Suppl. 1): 79–85

© 2013 The Authors
Digestive Endoscopy © 2013 Japan Gastroenterological Endoscopy Society

them in only 31%.44 These results suggest that CH-EUS can
be applied for estimation of the malignant potential of
GIST.44

Differential diagnosis of malignant from benign lymph-
adenopathy is challenging for radiologists and gastroenter-
ologists. CD-EUS is reported to be useful for differential
diagnosis of malignant from benign lymphadenopathy. On
CD-EUS, filling defect is a typical feature of malignant
lymphadenopathy with a sensitivity of 100% and a specific-
ity of 86.4%.27 When CH-EUS was used for the diagnosis of
intra-abdominal lesions of undetermined origin, 96.3% of
malignant lesions exhibited heterogeneous enhancement,
whereas 75% of benign lesions exhibited homogeneous
enhancement (Fig. 6).45 Thus, these techniques can be
applied for N staging of digestive tumors.

CE-EUS FOR EUS-FNA

CONVENTIONAL EUS SOMETIMES fails to depict
pancreatic tumors in cases with chronic pancreatitis,

diffusely infiltrating carcinoma or a recent episode of acute
pancreatitis.46 In such cases, the target of EUS-FNA cannot
be identified. Because contrast-enhanced harmonic EUS
clearly depicts subtle lesions that conventional EUS cannot
identify, it can be used to identify the target of EUS-FNA
(Fig. 7).38,41,47 It can also be used to identify a specific site
within an otherwise clearly visible lesion that would be more
suitable than other sites for EUS-FNA.48 Identification and
avoidance of an avascular site in a lesion may help avoid
sampling necrotic areas (Fig. 8).

Two articles have reported that contrast-enhanced har-
monic EUS is as sensitive as EUS-FNA and thus may be
complementary to EUS-FNA, particularly with respect to the

identification of pancreatic adenocarcinomas with false-
negative EUS-FNA findings.40,41 EUS-FNA is sometimes
difficult to carry out because of intervening vessels or anti-
coagulation treatment. In such cases, CE-EUS could be a

Figure 6 Typical contrast-enhanced harmonic endoscopic ultra-
sound (CH-EUS) image of gastrointestinal stromal tumor with
high-grade malignancy. Conventional EUS (left) shows a submu-
cosal tumor of 50 mm in diameter. CH-EUS (right) indicates that
the tumor has irregular vessels (arrows).

Figure 7 Fine-needle aspiration (FNA) guided by contrast-
enhanced harmonic endoscopic ultrasound (CH-EUS). CH-EUS
(right) reveals a tumor with hypoenhancement (arrowheads),
whereas conventional EUS does not (left). FNA can be carried out
under the guidance of CH-EUS. Arrows indicate a needle.
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Figure 8 Contrast-enhanced harmonic endoscopic ultrasound
(CH-EUS) images of pancreatic carcinoma with a necrotic area.
(a) Conventional EUS (left) shows a tumor of 35 mm in diameter
(arrowheads) at the pancreas head. CH-EUS (right) identifies an
avascular site (asterisk) at the center of the tumor. (b) EUS-fine-
needle aspiration is carried out at the periphery of the tumor.
Arrowheads indicate a needle.
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useful substitute.49 CE-EUS might also help assess lymph
nodes that cannot be accessed by EUS-FNA because of an
intervening tumor or help eliminate the waste of time and
risk in carrying out EUS-FNA at a second site.49

CONCLUSIONS

CONTRAST-ENHANCED EUS IS useful for character-
ization of tumors in the digestive organs. By elimina-

tion of Doppler-related artifacts, contrast enhanced
harmonic EUS allows visualization of microvasculature and
parenchymal perfusion, which leads not only to improved
characterization of EUS-detected lesions, but also to identi-
fication of small tumors, estimation of malignant potential,
as well as tumor staging. Contrast-enhanced harmonic EUS
also complements EUS-FNA as it clearly depicts the target
of EUS-FNA and identifies tumors with false-negative EUS-
FNA findings.
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useful substitute.49 CE-EUS might also help assess lymph
nodes that cannot be accessed by EUS-FNA because of an
intervening tumor or help eliminate the waste of time and
risk in carrying out EUS-FNA at a second site.49

CONCLUSIONS

CONTRAST-ENHANCED EUS IS useful for character-
ization of tumors in the digestive organs. By elimina-

tion of Doppler-related artifacts, contrast enhanced
harmonic EUS allows visualization of microvasculature and
parenchymal perfusion, which leads not only to improved
characterization of EUS-detected lesions, but also to identi-
fication of small tumors, estimation of malignant potential,
as well as tumor staging. Contrast-enhanced harmonic EUS
also complements EUS-FNA as it clearly depicts the target
of EUS-FNA and identifies tumors with false-negative EUS-
FNA findings.
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Editorial

Prediction of Hepatocellular Carcinoma 
Incidence Risk by Ultrasound  
Elastography

In patients with chronic hepatitis and continuous inflammation of the liver, fibrosis de-
velops during the course of wound healing, and with recurrent accumulation of scar tissue 
and regenerative nodular formation, chronic hepatitis progresses to cirrhosis. In untreated 
patients with chronic hepatitis C infection, which is a leading cause of hepatocellular carci-
noma (HCC), the Metavir liver fibrosis stage (F0, no fibrosis; F4, cirrhosis)[1] increases at an 
annual rate of F0.1 [2], with a concurrent increase in the incidence of HCC [3]. Therefore, it is 
extremely important to evaluate the liver fibrosis stage during follow up of chronic hepatitis 
C so as to understand the HCC risk. However, liver biopsy, the gold standard for diagnosing 
liver fibrosis, is susceptible to sampling variability [4] and diagnostic variability among pa-
thologists. In addition, repeat biopsy is not recommended because of its invasiveness, the 
associated pain and risk of hemorrhage. Although serum fibrosis marker and hematology-
based prediction algorithms have been widely reported for evaluating liver fibrosis, the re-
sults obtained with these methods may be affected by fibrotic conditions in other organs.

Ultrasound elastography emerged as an imaging modality around 2010 and has been 
found in many studies to be diagnostically useful for liver fibrosis. The word “elastography” 
(“elasticity” + “graphy”), a collective term for the graphical display of tissue elasticity, was 
first used in 1991 to describe the technique of strain elastography proposed by Dr. Ophir 
at the University of Texas. Another term, “tissue elasticity imaging,” is used to define the 
graphic technology used to capture tissue elasticity over a wider area. However, the terms 
“elastography” and “tissue elasticity imaging” are now often used interchangeably and are 
even applied to non-graphic quantitative measurement methods such as that employed by 
FibroScan.

Ultrasound elastography is classified into two major types based on the measurement 
principles adopted: strain elastography, which displays differences in tissue strain and is 
used in real-time tissue elastography (RTE), which is the first commercially available ma-
chine in the world launched in 2003 and shear wave elastography, which measures the speed 
of propagating waves and is used in FibroScan and Virtual Touch tissue quantification (VTQ) 
[5](table 1). While strain elastography enables the measurement (display) of liver fibrosis, 
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measurement values in shear wave elastography are affected by inflammation, jaundice, and 
congestion in addition to fibrosis [6–9]. In other words, measurement values with the latter 
technique increase as fibrosis, inflammation, jaundice, and congestion exacerbate, and vice 
versa, presumably because these pathological conditions alter the density, and thereby the 
elasticity and viscosity, of liver tissue [10].

In 2003, the French company Echosens launched FibroScan. This device calculates the 
degree of liver stiffness (in kPa) by sending acoustic push pulses from the body surface to the 
liver and following the waves by ultrasound to measure the shear wave speed. The propa-
gation velocity of shear waves correlates with tissue stiffness, with waves traveling faster 
in harder tissues. FibroScan has several advantages: (1) it is a non-invasive and painless 
technique, (2) it provides immediate results (within 30 s of measurement), (3) the results 
are highly reproducible, (4) the measurement area is as wide as ∼1/500th of the total liver 
mass (the size of a biopsy specimen is ∼1/50,000th of the total liver mass), and (5) it can be 
safely repeated for follow up. On the down side, measurement reproducibility and even the 
measurement itself can be adversely affected by ascites (push pulses do not travel through 
fluids) and by thick layers of subcutaneous fat, narrow intercostal spaces, and severe liver 
atrophy.

In a meta-analysis of studies assessing the stage of liver fibrosis using FibroScan, Fried-
rich-Rust et al. found that the cut-off level for a diagnosis of F2 or higher was 7.65 kPa [area 
under receiver operating characteristic (AUROC) curve, 0.84] and for a diagnosis of F4, the 
cut-off level was 13.01 kPa (AUROC, 0.94) [11], demonstrating that fibrosis staging by Fi-
broScan has high accuracy. However, the stages of fibrosis diagnosed based on liver stiffness 
do not always match the pathological stage established by liver biopsy. In a study conducted 

Table 1. Classification of various elastography methods. Reproduced with permission from Shiina T et al.[5].

E/B size ratio=the ratio of the size of a lesion in a stain image to its size in a B-mode image; 
ARFI=acoustic radiation force impulse. 
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Editorial

Prediction of Hepatocellular Carcinoma 
Incidence Risk by Ultrasound  
Elastography

In patients with chronic hepatitis and continuous inflammation of the liver, fibrosis de-
velops during the course of wound healing, and with recurrent accumulation of scar tissue 
and regenerative nodular formation, chronic hepatitis progresses to cirrhosis. In untreated 
patients with chronic hepatitis C infection, which is a leading cause of hepatocellular carci-
noma (HCC), the Metavir liver fibrosis stage (F0, no fibrosis; F4, cirrhosis)[1] increases at an 
annual rate of F0.1 [2], with a concurrent increase in the incidence of HCC [3]. Therefore, it is 
extremely important to evaluate the liver fibrosis stage during follow up of chronic hepatitis 
C so as to understand the HCC risk. However, liver biopsy, the gold standard for diagnosing 
liver fibrosis, is susceptible to sampling variability [4] and diagnostic variability among pa-
thologists. In addition, repeat biopsy is not recommended because of its invasiveness, the 
associated pain and risk of hemorrhage. Although serum fibrosis marker and hematology-
based prediction algorithms have been widely reported for evaluating liver fibrosis, the re-
sults obtained with these methods may be affected by fibrotic conditions in other organs.

Ultrasound elastography emerged as an imaging modality around 2010 and has been 
found in many studies to be diagnostically useful for liver fibrosis. The word “elastography” 
(“elasticity” + “graphy”), a collective term for the graphical display of tissue elasticity, was 
first used in 1991 to describe the technique of strain elastography proposed by Dr. Ophir 
at the University of Texas. Another term, “tissue elasticity imaging,” is used to define the 
graphic technology used to capture tissue elasticity over a wider area. However, the terms 
“elastography” and “tissue elasticity imaging” are now often used interchangeably and are 
even applied to non-graphic quantitative measurement methods such as that employed by 
FibroScan.

Ultrasound elastography is classified into two major types based on the measurement 
principles adopted: strain elastography, which displays differences in tissue strain and is 
used in real-time tissue elastography (RTE), which is the first commercially available ma-
chine in the world launched in 2003 and shear wave elastography, which measures the speed 
of propagating waves and is used in FibroScan and Virtual Touch tissue quantification (VTQ) 
[5](table 1). While strain elastography enables the measurement (display) of liver fibrosis, 
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measurement values in shear wave elastography are affected by inflammation, jaundice, and 
congestion in addition to fibrosis [6–9]. In other words, measurement values with the latter 
technique increase as fibrosis, inflammation, jaundice, and congestion exacerbate, and vice 
versa, presumably because these pathological conditions alter the density, and thereby the 
elasticity and viscosity, of liver tissue [10].

In 2003, the French company Echosens launched FibroScan. This device calculates the 
degree of liver stiffness (in kPa) by sending acoustic push pulses from the body surface to the 
liver and following the waves by ultrasound to measure the shear wave speed. The propa-
gation velocity of shear waves correlates with tissue stiffness, with waves traveling faster 
in harder tissues. FibroScan has several advantages: (1) it is a non-invasive and painless 
technique, (2) it provides immediate results (within 30 s of measurement), (3) the results 
are highly reproducible, (4) the measurement area is as wide as ∼1/500th of the total liver 
mass (the size of a biopsy specimen is ∼1/50,000th of the total liver mass), and (5) it can be 
safely repeated for follow up. On the down side, measurement reproducibility and even the 
measurement itself can be adversely affected by ascites (push pulses do not travel through 
fluids) and by thick layers of subcutaneous fat, narrow intercostal spaces, and severe liver 
atrophy.

In a meta-analysis of studies assessing the stage of liver fibrosis using FibroScan, Fried-
rich-Rust et al. found that the cut-off level for a diagnosis of F2 or higher was 7.65 kPa [area 
under receiver operating characteristic (AUROC) curve, 0.84] and for a diagnosis of F4, the 
cut-off level was 13.01 kPa (AUROC, 0.94) [11], demonstrating that fibrosis staging by Fi-
broScan has high accuracy. However, the stages of fibrosis diagnosed based on liver stiffness 
do not always match the pathological stage established by liver biopsy. In a study conducted 

Table 1. Classification of various elastography methods. Reproduced with permission from Shiina T et al.[5].

E/B size ratio=the ratio of the size of a lesion in a stain image to its size in a B-mode image; 
ARFI=acoustic radiation force impulse. 
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by Ichino et al., 17 (40%) of 42 patients with F2 fibrosis determined by liver biopsy were di-
agnosed with F0–F1 fibrosis by FibroScan, even though an AUROC of 0.88 was taken to be F2 
or higher liver fibrosis, with 81% sensitivity and 80% specificity [12].

Many studies have reported staging differences in liver fibrosis between liver stiffness-
based diagnoses and biopsy findings. During the acute phase of acute hepatitis, the liver be-
comes as stiff as cirrhotic liver, although the stiffness returns to normal as hepatitis improves. 
Moreover, even among patients with the same fibrosis stage, those with high alanine ami-
notransferase (ALT) levels resulting from hepatitis B virus (HBV)- or HCV-induced chronic 
hepatitis have a high degree of liver stiffness compared with patients with normal ALT levels 
owing to antiviral treatment or the natural course. This suggests that liver stiffness is affected 
by the severity of inflammation as well as by liver fibrosis, leading to an overestimation of 
liver stiffness when inflammation is present. Therefore, when staging liver fibrosis based on 
liver stiffness in patients with high ALT levels, it is important to keep in mind that the actual 
fibrosis stage might be lower. Note that strain elastography, however, is not affected by inflam-
mation in the liver.

In a study by Masuzaki et al. investigating the relationship between cirrhosis and the in-
cidence of HCC in 866 patients with hepatitis C, HCC developed in 77 patients over the 3-year 
follow-up period [13]. When patients were classified based on liver stiffness at the initial Fi-
broScan examination, patients with a high degree of liver stiffness subsequently had a high in-
cidence of HCC (fig. 1), and on multivariate analysis, in addition to age, sex, and albumin level, 
liver stiffness was an independent risk factor associated with HCC incidence [13]. Similarly, in 
a study by Jung et al. investigating the association between liver stiffness and the incidence of 
HCC in patients with hepatitis B [14], HCC developed in 57 of 1130 patients after a median fol-
low up of 31 months (fig. 2). Multivariate analysis extracted liver stiffness at initial examina-
tion, together with age, sex, alcohol consumption, albumin level, and HB e-antigen positivity, 
as risk factors associated with HCC incidence.

Because liver stiffness is correlated with the stage of liver fibrosis, it is reasonable to as-
sume that liver with a high degree of stiffness indicates advanced liver fibrosis. This strong 
correlation between liver stiffness and HCC risk also applies to cirrhotic patients, who have 

Fig. 1.  Cumulative incidence of HCC development stratified based on liver stiffness mea-
surement (LSM, n = 866) in patients with hepatitis C. Reproduced with permission from 
Masuzaki R et al.[13].
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a high degree of liver stiffness, suggesting that liver stiffness is a useful clinical indicator to 
classify patients at high risk of HCC.

In summary, recent advances in ultrasound elastographic technology allow us to pre-
dict the occurrence of HCC more accurately. Conventionally, serum fibrosis markers, platelet 
count, and imaging findings are used to diagnose cirrhosis and the potential risk for HCC. In 
contrast, ultrasound elastography is a simple, non-invasive, and highly accurate method for 
predicting the occurrence of HCC. We recommend the proactive use of not only FibroScan, 
but also VTQ and RTE (table 1), in clinical settings because they are all useful in predicting 
the risk of a patient developing HCC.
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by Ichino et al., 17 (40%) of 42 patients with F2 fibrosis determined by liver biopsy were di-
agnosed with F0–F1 fibrosis by FibroScan, even though an AUROC of 0.88 was taken to be F2 
or higher liver fibrosis, with 81% sensitivity and 80% specificity [12].

Many studies have reported staging differences in liver fibrosis between liver stiffness-
based diagnoses and biopsy findings. During the acute phase of acute hepatitis, the liver be-
comes as stiff as cirrhotic liver, although the stiffness returns to normal as hepatitis improves. 
Moreover, even among patients with the same fibrosis stage, those with high alanine ami-
notransferase (ALT) levels resulting from hepatitis B virus (HBV)- or HCV-induced chronic 
hepatitis have a high degree of liver stiffness compared with patients with normal ALT levels 
owing to antiviral treatment or the natural course. This suggests that liver stiffness is affected 
by the severity of inflammation as well as by liver fibrosis, leading to an overestimation of 
liver stiffness when inflammation is present. Therefore, when staging liver fibrosis based on 
liver stiffness in patients with high ALT levels, it is important to keep in mind that the actual 
fibrosis stage might be lower. Note that strain elastography, however, is not affected by inflam-
mation in the liver.

In a study by Masuzaki et al. investigating the relationship between cirrhosis and the in-
cidence of HCC in 866 patients with hepatitis C, HCC developed in 77 patients over the 3-year 
follow-up period [13]. When patients were classified based on liver stiffness at the initial Fi-
broScan examination, patients with a high degree of liver stiffness subsequently had a high in-
cidence of HCC (fig. 1), and on multivariate analysis, in addition to age, sex, and albumin level, 
liver stiffness was an independent risk factor associated with HCC incidence [13]. Similarly, in 
a study by Jung et al. investigating the association between liver stiffness and the incidence of 
HCC in patients with hepatitis B [14], HCC developed in 57 of 1130 patients after a median fol-
low up of 31 months (fig. 2). Multivariate analysis extracted liver stiffness at initial examina-
tion, together with age, sex, alcohol consumption, albumin level, and HB e-antigen positivity, 
as risk factors associated with HCC incidence.

Because liver stiffness is correlated with the stage of liver fibrosis, it is reasonable to as-
sume that liver with a high degree of stiffness indicates advanced liver fibrosis. This strong 
correlation between liver stiffness and HCC risk also applies to cirrhotic patients, who have 

Fig. 1.  Cumulative incidence of HCC development stratified based on liver stiffness mea-
surement (LSM, n = 866) in patients with hepatitis C. Reproduced with permission from 
Masuzaki R et al.[13].
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a high degree of liver stiffness, suggesting that liver stiffness is a useful clinical indicator to 
classify patients at high risk of HCC.

In summary, recent advances in ultrasound elastographic technology allow us to pre-
dict the occurrence of HCC more accurately. Conventionally, serum fibrosis markers, platelet 
count, and imaging findings are used to diagnose cirrhosis and the potential risk for HCC. In 
contrast, ultrasound elastography is a simple, non-invasive, and highly accurate method for 
predicting the occurrence of HCC. We recommend the proactive use of not only FibroScan, 
but also VTQ and RTE (table 1), in clinical settings because they are all useful in predicting 
the risk of a patient developing HCC.
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Masayuki Kitano, Ken Kamata,
Masatoshi Kudo

We thank Drs.Kadayifci and Brugge for
their valuable comments. They discussed
the utility of performing endosonogra-
phy-guided fine-needle aspiration (EUS-
FNA) for the differential diagnosis of cystic
lesions in the pancreas. We agree that the
differential diagnosis of pancreatic cystic
lesions can be aided by analyzing fluids
for carcinoembryonic antigen and amy-
lase levels, and by performing cytology,
GNAS mutation analysis, and confocal en-
domicroscopy [1–3]. In our study [4], pa-
tients with branch duct intraductal papil-
lary mucinous neoplasms (IPMNs; cystic
lesions connected to the pancreatic duct)
underwent surgery because they had
symptoms, mural nodules, or concomi-
tant pancreatic ductal adenocarcinomas
(PDACs). Pathological diagnosis of all of
the resected cystic lesions connected to
the pancreatic duct showed that they
were branch duct IPMNs. During the
same study period, some patients who
had pancreatic cystic lesions that were
not connected to the pancreatic duct un-
derwent surgery; however, in these cases,
the cystic lesions consisted of serous cys-
tic neoplasms, mucinous cystic neo-
plasms, branch duct IPMNs, and other
types of cystic lesions. In other words, the
differential diagnosis of cystic lesions that
are not connected to the pancreatic duct is
difficult and sometimes requires inter-
ventional diagnostic methods [1–3], as
mentioned by Drs.Kadayifci and Brugge.
The diagnostic criteria employed in our
study [4], which depended on the detec-

tion of a connection between the lesion
and the pancreatic duct, and of mural no-
dules, were limited by the fact that patho-
logical diagnoses of the resected branch
duct IPMNs in 25 of 42 patients revealed
them to be benign. As suggested, it is im-
portant to avoid unnecessary surgery;
thus, EUS-FNA, including cytology and
cyst fluid analysis, to predict malignancy
can help in this regard [2,5,6].
With respect to the surveillance of branch
duct IPMN according to size stratification
[7], patients were followed at fixed inter-
vals with semiannual EUS, and annual
EUS, computed tomography, and magnet-
ic resonance imaging, irrespective of the
cyst size [4]. The aim of our study was to
investigate the role of follow-up with EUS
for the detection of IPMN-derived and
IPMN-concomitant PDACs [4]. Therefore,
we needed to use a unified interval period
for follow-up (semiannual EUS). The re-
sults showed that IPMN-concomitant
PDACs occurred during follow-up in pa-
tients with branch duct IPMNs of 20mm
or less (see Table2 in our study) [4]. This
means that size stratification may not be
useful for the detection of IPMN-concom-
itant PDACs [4].
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Letters to the editor358

Reply to Kadayifci and Brugge

Correction

Kamata K et al. Value of EUS in early detection of pancreatic ductal
adenocarcinomas in patients with intraductal papillary mucinous neoplasms.
Endoscopy 2014; 46: 22–29
Figure 2 in the abovementioned article was inadvertently published recording the
number of patients with hyperplasia as n=7. This number is incorrect and the num-
ber of patients with hyperplasia should be recorded as n=1.

Endoscopy 2014; 46: 358
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We thank Drs.Kadayifci and Brugge for
their valuable comments. They discussed
the utility of performing endosonogra-
phy-guided fine-needle aspiration (EUS-
FNA) for the differential diagnosis of cystic
lesions in the pancreas. We agree that the
differential diagnosis of pancreatic cystic
lesions can be aided by analyzing fluids
for carcinoembryonic antigen and amy-
lase levels, and by performing cytology,
GNAS mutation analysis, and confocal en-
domicroscopy [1–3]. In our study [4], pa-
tients with branch duct intraductal papil-
lary mucinous neoplasms (IPMNs; cystic
lesions connected to the pancreatic duct)
underwent surgery because they had
symptoms, mural nodules, or concomi-
tant pancreatic ductal adenocarcinomas
(PDACs). Pathological diagnosis of all of
the resected cystic lesions connected to
the pancreatic duct showed that they
were branch duct IPMNs. During the
same study period, some patients who
had pancreatic cystic lesions that were
not connected to the pancreatic duct un-
derwent surgery; however, in these cases,
the cystic lesions consisted of serous cys-
tic neoplasms, mucinous cystic neo-
plasms, branch duct IPMNs, and other
types of cystic lesions. In other words, the
differential diagnosis of cystic lesions that
are not connected to the pancreatic duct is
difficult and sometimes requires inter-
ventional diagnostic methods [1–3], as
mentioned by Drs.Kadayifci and Brugge.
The diagnostic criteria employed in our
study [4], which depended on the detec-

tion of a connection between the lesion
and the pancreatic duct, and of mural no-
dules, were limited by the fact that patho-
logical diagnoses of the resected branch
duct IPMNs in 25 of 42 patients revealed
them to be benign. As suggested, it is im-
portant to avoid unnecessary surgery;
thus, EUS-FNA, including cytology and
cyst fluid analysis, to predict malignancy
can help in this regard [2,5,6].
With respect to the surveillance of branch
duct IPMN according to size stratification
[7], patients were followed at fixed inter-
vals with semiannual EUS, and annual
EUS, computed tomography, and magnet-
ic resonance imaging, irrespective of the
cyst size [4]. The aim of our study was to
investigate the role of follow-up with EUS
for the detection of IPMN-derived and
IPMN-concomitant PDACs [4]. Therefore,
we needed to use a unified interval period
for follow-up (semiannual EUS). The re-
sults showed that IPMN-concomitant
PDACs occurred during follow-up in pa-
tients with branch duct IPMNs of 20mm
or less (see Table2 in our study) [4]. This
means that size stratification may not be
useful for the detection of IPMN-concom-
itant PDACs [4].
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Reply to Kadayifci and Brugge

Correction

Kamata K et al. Value of EUS in early detection of pancreatic ductal
adenocarcinomas in patients with intraductal papillary mucinous neoplasms.
Endoscopy 2014; 46: 22–29
Figure 2 in the abovementioned article was inadvertently published recording the
number of patients with hyperplasia as n=7. This number is incorrect and the num-
ber of patients with hyperplasia should be recorded as n=1.

Endoscopy 2014; 46: 358
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Background: Serum levels of hepatitis B virus (HBV) DNA are an important predictor of the 
risk of hepatocellular carcinoma (HCC) in patients with chronic HBV infection. However, little 
is known about whether high levels of hepatitis B surface antigen (HBsAg) increase the risk 
for HCC. Methods: We investigated 167 patients who were treated with nucleos(t)ide ana-
logues (NA) for at least 2 years (median: 5.8 years, range: 2–13.1 years). Relationships between 
reduced levels of HBsAg and various factors were evaluated. In addition, we evaluated the 
usefulness of quantitative serum levels of HBV DNA and HBsAg as predictors of HCC devel-
opment in patients receiving long-term NA therapy. Results: HCC developed in 9 of the 167 
NA-treated patients. In the 9 patients with HCC, HBV DNA was undetectable (<2.1 log copies/
mL), but HBsAg levels were ≥2000 C.O.I. in 7 patients. No maternal transmission, long NA 
treatment period, HBV DNA levels <3.0 log copies/mL, and reduced hepatitis B e antigen 
levels during the first 24 weeks of treatment were a significant factor of HBsAg levels <2000 
C.O.I.. Conclusions: Hepatocarcinogenesis was observed in patients with high HBsAg levels, 
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despite the negative conversion of HBV DNA as a result of long-term NA therapy. Therefore, 
to suppress hepatocarcinogenesis, it is important to control not only HBV DNA levels but also 
HBsAg levels. Copyright © 2014 S. Karger AG, Basel

Introduction

Globally, approximately 400 million people are infected with the hepatitis B virus (HBV). 
Among them, half a million people develop cirrhosis or hepatocellular carcinoma (HCC) an-
nually [1, 2]. Approximately 1 million people die annually from hepatitis B-induced HCC, 
underlining the fact that this is an important problem [3]. In Japan, HBV infection accounts 
for approximately 6% of HCC cases [4]. For this reason, patients with persistent hepatitis 
require antiviral interferon (IFN) or nucleos(t)ide analogue (NA) therapy. Anti-HBV therapy 
aims to suppress hepatitis through the continuous suppression of HBV. Additionally, the ul-
timate therapeutic goal is to improve vital prognosis through arrested cirrhosis or HCC de-
velopment.

The risk of progression from chronic hepatitis B to cirrhosis is significantly affected by 
blood levels of HBV DNA. When the levels of HBV DNA are less than 4.0 log copies/mL, the 
risk of progression to cirrhosis is low. However, the risk of cirrhosis is reported to increase 
with an increase in the levels of HBV DNA above 4.0 log copies/mL [5]. Similarly, HBV DNA 
levels at the start of observation are thought to be associated with hepatocarcinogenesis. 
Because the risk of hepatocarcinoma increases as the HBV DNA level increases above 4.0 log 
copies/mL, therapies that control HBV DNA levels are important [6]. NAs are therapeutic 
agents that strongly control HBV DNA levels and also reduce alanine aminotransferase (ALT) 
levels. NA therapy is an epoch-making therapy that suppresses both hepatitis [7] and the 
onset of hepatocarcinoma [7–10].

Recently, the levels of hepatitis B surface antigen (HBsAg), in addition to levels of HBV 
DNA, were linked with the risk of hepatocarcinogenesis in untreated hepatitis B patients 
[11]. Quantified HBsAg levels are increasingly recognized as a marker with which to evaluate 
the host immunological control of HBV replication and infection [12–14]. Low HBsAg levels 
in patients with HBV genotype B or C are considered to indicate a high likelihood of HBV 
clearance and lower hepatitis activity [13–15]. Studies of HBV genotype D have also defined 
patients with less than 1000 IU/mL of HBsAg as inactive virus carriers.

From the clinical perspective, we were interested in whether the incidence of HCC might 
vary in an HBsAg level-dependent manner in Japanese patients of genotype C in whom HBV 
DNA is controlled by long-term NA therapy. To address this interesting question, we enrolled 
167 hepatitis B patients to whom we had administered NA therapy in our hospital for more 
2 years. This study aimed to identify the predictors of HBsAg level reduction in the context 
of long-term NA administration. In addition, hepatocarcinogenesis during long-term NA ad-
ministration about whether related to the amount of HBsAg, we investigated for the first 
time in Japan.

Patients and Methods

Patients
The subjects were 167 patients who had received NA therapy for more than 2 years and were selected 

from the hepatitis B patients  with ALT levels ≥31 U/L and HBV DNA levels ≥4.0 log copies/mL who visited  
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Introduction

Globally, approximately 400 million people are infected with the hepatitis B virus (HBV). 
Among them, half a million people develop cirrhosis or hepatocellular carcinoma (HCC) an-
nually [1, 2]. Approximately 1 million people die annually from hepatitis B-induced HCC, 
underlining the fact that this is an important problem [3]. In Japan, HBV infection accounts 
for approximately 6% of HCC cases [4]. For this reason, patients with persistent hepatitis 
require antiviral interferon (IFN) or nucleos(t)ide analogue (NA) therapy. Anti-HBV therapy 
aims to suppress hepatitis through the continuous suppression of HBV. Additionally, the ul-
timate therapeutic goal is to improve vital prognosis through arrested cirrhosis or HCC de-
velopment.

The risk of progression from chronic hepatitis B to cirrhosis is significantly affected by 
blood levels of HBV DNA. When the levels of HBV DNA are less than 4.0 log copies/mL, the 
risk of progression to cirrhosis is low. However, the risk of cirrhosis is reported to increase 
with an increase in the levels of HBV DNA above 4.0 log copies/mL [5]. Similarly, HBV DNA 
levels at the start of observation are thought to be associated with hepatocarcinogenesis. 
Because the risk of hepatocarcinoma increases as the HBV DNA level increases above 4.0 log 
copies/mL, therapies that control HBV DNA levels are important [6]. NAs are therapeutic 
agents that strongly control HBV DNA levels and also reduce alanine aminotransferase (ALT) 
levels. NA therapy is an epoch-making therapy that suppresses both hepatitis [7] and the 
onset of hepatocarcinoma [7–10].

Recently, the levels of hepatitis B surface antigen (HBsAg), in addition to levels of HBV 
DNA, were linked with the risk of hepatocarcinogenesis in untreated hepatitis B patients 
[11]. Quantified HBsAg levels are increasingly recognized as a marker with which to evaluate 
the host immunological control of HBV replication and infection [12–14]. Low HBsAg levels 
in patients with HBV genotype B or C are considered to indicate a high likelihood of HBV 
clearance and lower hepatitis activity [13–15]. Studies of HBV genotype D have also defined 
patients with less than 1000 IU/mL of HBsAg as inactive virus carriers.

From the clinical perspective, we were interested in whether the incidence of HCC might 
vary in an HBsAg level-dependent manner in Japanese patients of genotype C in whom HBV 
DNA is controlled by long-term NA therapy. To address this interesting question, we enrolled 
167 hepatitis B patients to whom we had administered NA therapy in our hospital for more 
2 years. This study aimed to identify the predictors of HBsAg level reduction in the context 
of long-term NA administration. In addition, hepatocarcinogenesis during long-term NA ad-
ministration about whether related to the amount of HBsAg, we investigated for the first 
time in Japan.

Patients and Methods

Patients
The subjects were 167 patients who had received NA therapy for more than 2 years and were selected 

from the hepatitis B patients  with ALT levels ≥31 U/L and HBV DNA levels ≥4.0 log copies/mL who visited  
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Kawasaki Hospital, Kawasaki Medical School, between 1999 and 2010. Seventy-two patients received 
0.5 mg/day of entecavir (ETV), 57 patients received 100 mg/day of lamivudine (LMV), and 37 patients 
received adefovir dipivoxil (ADV) in addition to LMV to treat LMV-resistant virus. The median adminis-
tration period of NA was 5.8 ± 2.8 years. The average age at the start of therapy, the male to female ratio, 
and the ratio of subjects with chronic hepatitis to those with cirrhosis were 49.2 ± 11.1 years, 112/55, 
and 126/41, respectively. The average HBV DNA level at the start of therapy was 6.8 ± 1.3 log copies/mL. 
Among the subjects, 3, 4, 144, and 16 carried A, B, C, and unknown HBV genotypes, respectively; thus, the 
majority of infections were of genotype C. Eighty-one patients (50.9%) were positive for the hepatitis B e 
antigen (HBeAg). The HBsAg levels were below 2000 C.O.I in 8 (4.7%) subjects and above 2000 C.O.I. in 159 
(95.3%) subjects (table 1).

Methods 
Data were collected to measure the negative conversion rate of HBsAg, the negative conversion and 

seroconversion rates of HBeAg, the alanine aminotransferase (ALT) normalization (<30 IU/L) rate, and the 
negative conversion (<3.0 log copies/mL) rate of HBV DNA during the final evaluations of therapeutic ef-
fects in 167 patients with hepatitis B who had received NA for more than 2 years. Additionally, we verified 
the relationships of various factors (age, sex, chronic hepatitis/cirrhosis, HBV DNA level, HBV genotype, 
initial HBeAg level, initial HBsAg level, initial ALT value, IFN therapy history, the presence or absence of 
mother-to-child transmission, NA administration period, and HBV DNA and HBsAg levels at 24 weeks after 
the start of NA administration) with reduced HBsAg levels. Furthermore, we investigated the relation-
ships between HCC incidence and the levels of HBV DNA and HBsAg at the final observation.

HBV Marker Assay
Serum HBsAg and anti-HBs antibody levels were measured by chemiluminescent enzyme immunoas-

say (CLEIA, Lumipulse System; Fujirebio, Tokyo, Japan). HBeAg and anti-HBe antibody levels were deter-
mined using commercially available enzyme-linked immunosorbent assay kits (EIA, Abbot Japan, Tokyo, 
Japan). HBV DNA was assayed using the COBAS Amplicor HBV Monitor Test (Roche Diagnostics, Tokyo, 
Japan), which has a dynamic range of 2.6 to 7.6 log copies/mL, or the COBAS TaqMan HBV Test, version 2.0 
(Roche Diagnostics, Tokyo, Japan), which has a dynamic range of 2.1 to 9.0 log copies/mL.

Table 1.   Characteristics of patients before and after NA treatment

NA treatment duration (years), n=167 5.8 ± 2.8

ETV, n=72 4.4± 1.9

LMV only, n=57 6.5± 3.1

LMV plus ADV, n=38 7.3± 2.8

Before NA treatment After NA treatment

Age (years) 49.2 ± 11.1 56.7 ± 25.4

Gender (male/ female) 112/55 —

Chronic hepatitis/liver cirrhosis 126/41 —

HBV DNA (log copies/ml) 6.8 ± 1.3 1.6 ± 1.5

HBV genotype (A/B/C/ND) 3/4/144/16 —

HBeAg positive 81 (50.9%) 42 (25.6%)

HBsAg (< 2000/ ≥ 2000 C.O.I.) 8/159 28/139

Values are mean±standard deviation (SD). ND=no data; C.O.I.=cut off index.
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Statistical Analysis
Statistical analyses were performed using the SAS statistical software package, version 9 (Cary, 

NC, USA). We used the Wilcoxon test, chi-square test, and Fisher’s exact test for univariate analyses. 
Cumulative HCC incidence rates were analyzed according to the Kaplan–Meier method. We compared 
the cumulative incidence of HCC using the log-rank test. Significance was defined as p < 0.05 for all two-
tailed tests.

Ethical Considerations
Informed consent was obtained from all participants. The study protocol complied with the ethical 

guidelines of the Declaration of Helsinki of 1975 (2004 revision) and was approved by the Ethics Commit-
tee of Kawasaki Hospital, Kawasaki Medical School.

Results

Virological and Biochemical Outcomes after Long-Term NA Therapy
After long-term (median: 5.8 years, range: 2–13.1 years) of NA therapy, the ALT normal-

ization (<30 IU/L) rate was 83% (138/167). The proportion of subjects in whom the HBV 
DNA level decreased below 3.0 log copies/mL was 86% (143/167). The seroconversion rate 
was 31% (25/81) (fig. 1a).

Percentage of Patients with Low HBsAg Levels before/after Long-Term NA Therapy
The proportion of patients with low HBsAg levels (<2000 C.O.I.) was 4.7% (8/167) pri-

or to NA administration. However, after long-term NA administration, a significant increase 
to 16.7% (28/167) in the proportion of patients with low HBsAg levels was observed (p < 
0.001) (fig. 1b).

Factors Related to Reduced HBsAg Levels
The 28 patients with low HBsAg values (<2000 C.O.I.) were compared with the 139 pa-

tients with high HBsAg values (≥2000 C.O.I.) at the observation after at least 2 years of long-
term NA therapy (table 2). A long period of NA therapy (7.0 years vs. 5.5 years, p = 0.010) 

Fig. 1.  (a) Virological and biochemical outcomes after long-term NA therapy.  

: undetectable HBV DNA (<3.0 log copies/mL); : normalization of ALT (<30  IU/L); 
: HBe seroconversion of hepatitis B e antigen-positive patients.  (b) Percentages of 

patients with serum HBsAg levels <2000 C.O.I. before/after long-term NA therapy.   
: HBsAg <2000 C.O.I. before NA treatment; : HBsAg <2000 C.O.I. after NA 

treatment. 
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Kawasaki Hospital, Kawasaki Medical School, between 1999 and 2010. Seventy-two patients received 
0.5 mg/day of entecavir (ETV), 57 patients received 100 mg/day of lamivudine (LMV), and 37 patients 
received adefovir dipivoxil (ADV) in addition to LMV to treat LMV-resistant virus. The median adminis-
tration period of NA was 5.8 ± 2.8 years. The average age at the start of therapy, the male to female ratio, 
and the ratio of subjects with chronic hepatitis to those with cirrhosis were 49.2 ± 11.1 years, 112/55, 
and 126/41, respectively. The average HBV DNA level at the start of therapy was 6.8 ± 1.3 log copies/mL. 
Among the subjects, 3, 4, 144, and 16 carried A, B, C, and unknown HBV genotypes, respectively; thus, the 
majority of infections were of genotype C. Eighty-one patients (50.9%) were positive for the hepatitis B e 
antigen (HBeAg). The HBsAg levels were below 2000 C.O.I in 8 (4.7%) subjects and above 2000 C.O.I. in 159 
(95.3%) subjects (table 1).

Methods 
Data were collected to measure the negative conversion rate of HBsAg, the negative conversion and 

seroconversion rates of HBeAg, the alanine aminotransferase (ALT) normalization (<30 IU/L) rate, and the 
negative conversion (<3.0 log copies/mL) rate of HBV DNA during the final evaluations of therapeutic ef-
fects in 167 patients with hepatitis B who had received NA for more than 2 years. Additionally, we verified 
the relationships of various factors (age, sex, chronic hepatitis/cirrhosis, HBV DNA level, HBV genotype, 
initial HBeAg level, initial HBsAg level, initial ALT value, IFN therapy history, the presence or absence of 
mother-to-child transmission, NA administration period, and HBV DNA and HBsAg levels at 24 weeks after 
the start of NA administration) with reduced HBsAg levels. Furthermore, we investigated the relation-
ships between HCC incidence and the levels of HBV DNA and HBsAg at the final observation.

HBV Marker Assay
Serum HBsAg and anti-HBs antibody levels were measured by chemiluminescent enzyme immunoas-

say (CLEIA, Lumipulse System; Fujirebio, Tokyo, Japan). HBeAg and anti-HBe antibody levels were deter-
mined using commercially available enzyme-linked immunosorbent assay kits (EIA, Abbot Japan, Tokyo, 
Japan). HBV DNA was assayed using the COBAS Amplicor HBV Monitor Test (Roche Diagnostics, Tokyo, 
Japan), which has a dynamic range of 2.6 to 7.6 log copies/mL, or the COBAS TaqMan HBV Test, version 2.0 
(Roche Diagnostics, Tokyo, Japan), which has a dynamic range of 2.1 to 9.0 log copies/mL.

Table 1.   Characteristics of patients before and after NA treatment

NA treatment duration (years), n=167 5.8 ± 2.8

ETV, n=72 4.4± 1.9

LMV only, n=57 6.5± 3.1

LMV plus ADV, n=38 7.3± 2.8

Before NA treatment After NA treatment

Age (years) 49.2 ± 11.1 56.7 ± 25.4

Gender (male/ female) 112/55 —

Chronic hepatitis/liver cirrhosis 126/41 —

HBV DNA (log copies/ml) 6.8 ± 1.3 1.6 ± 1.5

HBV genotype (A/B/C/ND) 3/4/144/16 —

HBeAg positive 81 (50.9%) 42 (25.6%)

HBsAg (< 2000/ ≥ 2000 C.O.I.) 8/159 28/139

Values are mean±standard deviation (SD). ND=no data; C.O.I.=cut off index.
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Statistical Analysis
Statistical analyses were performed using the SAS statistical software package, version 9 (Cary, 

NC, USA). We used the Wilcoxon test, chi-square test, and Fisher’s exact test for univariate analyses. 
Cumulative HCC incidence rates were analyzed according to the Kaplan–Meier method. We compared 
the cumulative incidence of HCC using the log-rank test. Significance was defined as p < 0.05 for all two-
tailed tests.
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Virological and Biochemical Outcomes after Long-Term NA Therapy
After long-term (median: 5.8 years, range: 2–13.1 years) of NA therapy, the ALT normal-

ization (<30 IU/L) rate was 83% (138/167). The proportion of subjects in whom the HBV 
DNA level decreased below 3.0 log copies/mL was 86% (143/167). The seroconversion rate 
was 31% (25/81) (fig. 1a).

Percentage of Patients with Low HBsAg Levels before/after Long-Term NA Therapy
The proportion of patients with low HBsAg levels (<2000 C.O.I.) was 4.7% (8/167) pri-

or to NA administration. However, after long-term NA administration, a significant increase 
to 16.7% (28/167) in the proportion of patients with low HBsAg levels was observed (p < 
0.001) (fig. 1b).

Factors Related to Reduced HBsAg Levels
The 28 patients with low HBsAg values (<2000 C.O.I.) were compared with the 139 pa-

tients with high HBsAg values (≥2000 C.O.I.) at the observation after at least 2 years of long-
term NA therapy (table 2). A long period of NA therapy (7.0 years vs. 5.5 years, p = 0.010) 

Fig. 1.  (a) Virological and biochemical outcomes after long-term NA therapy.  

: undetectable HBV DNA (<3.0 log copies/mL); : normalization of ALT (<30  IU/L); 
: HBe seroconversion of hepatitis B e antigen-positive patients.  (b) Percentages of 

patients with serum HBsAg levels <2000 C.O.I. before/after long-term NA therapy.   
: HBsAg <2000 C.O.I. before NA treatment; : HBsAg <2000 C.O.I. after NA 

treatment. 
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and non-mother-to-child transmission (66% vs. 74%, p = 0.042) were extracted as significant 
factors.

Additionally, an evaluation of viral dynamics during therapy revealed that HBsAg levels 
decreased significantly both in patients with low HBV DNA levels (<3.0 log copies/mL; 87.5% 
vs. 66.9%, p = 0.031) and in HBeAg-negative patients (81% vs. 52%, p = 0.005) at 24 weeks 
after the start of NA therapy. Cirrhosis or a history of IFN therapy was more frequently noted, 
with marginal significance, in patients with HBsAg levels below 2000 C.O.I. On the other hand, 
no significant differences were observed with regard to age; sex; genotype; or levels of HBV 
DNA, HBeAg, or ALT before therapy.

Factors Related to Liver Carcinogenesis
Comparison of background factors was conducted for the 9 patients who developed HCC 

during long-term NA therapy and for the 158 patients who did not develop liver cancer dur-
ing the treatment period. Among the factors that were present before NA therapy, being male 
(p = 0.03) and the presence of hepatic cirrhosis (p = 0.04) were significant factors for the 
development of HCC. However, the ALT level normalization, low HBsAg level, and HBV-DNA 
negativation at the last observation at the end of the long-term NA therapy were not found to 
be significant factors for the development of HCC (table 3).

Table 2.   Characteristics of patients with HBsAg <2000 C.O.I. and HBsAg ≥2000 C.O.I. after long-term 
NA therapy

HBsAg <2000  
C.O.I. (n=28)

HBsAg ≥2000  
C.O.I. (n=139)

p value

Age (years) 49.1 ± 12.9 49.8 ± 12.4 0.630

Gender (male/female) 20/8 92/47 0.587

Chronic hepatitis/liver cirrhosis 17/11 109/30 0.057

HBV DNA (log copies/ml) 6.8 ± 1.3 6.6 ± 1.4 0.480

HBV genotype C (%) 96 95 0.826

HBeAg positive (%) 35 54 0.156

ALT (IU/L) 155 ± 190 134 ± 156 0.343

Previous IFN treatment (%) 37 24 0.175

Maternal transmission (%) 66 74 0.042

Period of NA treatment (years) 7.0 ± 3.1 5.5 ± 2.8 0.010

At 24 weeks; 
HBV DNA < 3.0 log copies/ml (%) 88 67 0.031

HBeAg negative (%) 81 52 0.005

Values are mean±standard deviation (SD).
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Incidence of HCC in Relation to HBV DNA and HBsAg Levels
HCC was observed in 9 of 167 patients (5.3%) who received long-term NA therapy; of 

these, 2 patients were positive for HBV DNA (>2.1 log copies/mL) at the onset of HCC. How-
ever, the remaining 7 patients developed HCC despite a negative conversion of HBV DNA 
(<2.1 log copies/mL) and all of these 7 patients had high HBsAg levels (>2000 C.O.I.). Pa-
tients who had low levels of both HBV DNA and HBsAg did not develop HCC (figs. 2, 3, 4 and 
5).

Discussion 

HBV DNA levels have been considered an important factor related to hepatitis B-in-
duced carcinogenesis. The rate of carcinogenesis is known to increase proportionally with 
increased HBV DNA levels [6]. NAs are epoch-making hepatitis B therapeutic agents because 
they reduce HBV DNA and ALT levels, resulting in the suppression of hepatitis [7]. Moreover, 
NAs have been shown to significantly reduce hepatocarcinogenesis [8, 9]. In a matched con-
trol study of patients receiving long-term ETV administration versus untreated controls, the 
5-year carcinogenic rates were 3.7% and 13.7%, respectively, indicating a significant sup-
pression of carcinogenesis in the ETV group [10].

Table 3.   Characteristics of patients with HCC and without HCC after long-term NA therapy

Without HCC (n=158) With HCC (n=9) p value

Before NA treatment

 Age (years) 48.9 54.8 0.115

 Gender (male/female) 104/54 9/0 0.033

 Chronic hepatitis/liver cirrhosis 122/36 4/5 0.040

 HBV DNA (log copies/ml) 6.7 7.1 0.840

 HBV genotype C (%) 96 88 0.358

 HBeAg positive (%) 22 52 0.180

 ALT (IU/L) 142 72 0.675

 Previous IFN treatment (%) 26 33 0.627

 Maternal transmission (%) 50 71 0.306

 Period of NA treatment (years) 5.7 6.8 0.213

At HCC

 HBV DNA < 2.1 log copies/ml (%) 69 78 0.552

 HBsAg < 2000 C.O.I. (%) 16 11 0.652

 ALT < 40 (IU/L) 91 100 0.500
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and non-mother-to-child transmission (66% vs. 74%, p = 0.042) were extracted as significant 
factors.

Additionally, an evaluation of viral dynamics during therapy revealed that HBsAg levels 
decreased significantly both in patients with low HBV DNA levels (<3.0 log copies/mL; 87.5% 
vs. 66.9%, p = 0.031) and in HBeAg-negative patients (81% vs. 52%, p = 0.005) at 24 weeks 
after the start of NA therapy. Cirrhosis or a history of IFN therapy was more frequently noted, 
with marginal significance, in patients with HBsAg levels below 2000 C.O.I. On the other hand, 
no significant differences were observed with regard to age; sex; genotype; or levels of HBV 
DNA, HBeAg, or ALT before therapy.

Factors Related to Liver Carcinogenesis
Comparison of background factors was conducted for the 9 patients who developed HCC 

during long-term NA therapy and for the 158 patients who did not develop liver cancer dur-
ing the treatment period. Among the factors that were present before NA therapy, being male 
(p = 0.03) and the presence of hepatic cirrhosis (p = 0.04) were significant factors for the 
development of HCC. However, the ALT level normalization, low HBsAg level, and HBV-DNA 
negativation at the last observation at the end of the long-term NA therapy were not found to 
be significant factors for the development of HCC (table 3).

Table 2.   Characteristics of patients with HBsAg <2000 C.O.I. and HBsAg ≥2000 C.O.I. after long-term 
NA therapy

HBsAg <2000  
C.O.I. (n=28)

HBsAg ≥2000  
C.O.I. (n=139)

p value

Age (years) 49.1 ± 12.9 49.8 ± 12.4 0.630

Gender (male/female) 20/8 92/47 0.587

Chronic hepatitis/liver cirrhosis 17/11 109/30 0.057

HBV DNA (log copies/ml) 6.8 ± 1.3 6.6 ± 1.4 0.480

HBV genotype C (%) 96 95 0.826

HBeAg positive (%) 35 54 0.156

ALT (IU/L) 155 ± 190 134 ± 156 0.343

Previous IFN treatment (%) 37 24 0.175

Maternal transmission (%) 66 74 0.042

Period of NA treatment (years) 7.0 ± 3.1 5.5 ± 2.8 0.010

At 24 weeks; 
HBV DNA < 3.0 log copies/ml (%) 88 67 0.031

HBeAg negative (%) 81 52 0.005

Values are mean±standard deviation (SD).
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Incidence of HCC in Relation to HBV DNA and HBsAg Levels
HCC was observed in 9 of 167 patients (5.3%) who received long-term NA therapy; of 

these, 2 patients were positive for HBV DNA (>2.1 log copies/mL) at the onset of HCC. How-
ever, the remaining 7 patients developed HCC despite a negative conversion of HBV DNA 
(<2.1 log copies/mL) and all of these 7 patients had high HBsAg levels (>2000 C.O.I.). Pa-
tients who had low levels of both HBV DNA and HBsAg did not develop HCC (figs. 2, 3, 4 and 
5).

Discussion 

HBV DNA levels have been considered an important factor related to hepatitis B-in-
duced carcinogenesis. The rate of carcinogenesis is known to increase proportionally with 
increased HBV DNA levels [6]. NAs are epoch-making hepatitis B therapeutic agents because 
they reduce HBV DNA and ALT levels, resulting in the suppression of hepatitis [7]. Moreover, 
NAs have been shown to significantly reduce hepatocarcinogenesis [8, 9]. In a matched con-
trol study of patients receiving long-term ETV administration versus untreated controls, the 
5-year carcinogenic rates were 3.7% and 13.7%, respectively, indicating a significant sup-
pression of carcinogenesis in the ETV group [10].

Table 3.   Characteristics of patients with HCC and without HCC after long-term NA therapy

Without HCC (n=158) With HCC (n=9) p value

Before NA treatment

 Age (years) 48.9 54.8 0.115

 Gender (male/female) 104/54 9/0 0.033

 Chronic hepatitis/liver cirrhosis 122/36 4/5 0.040

 HBV DNA (log copies/ml) 6.7 7.1 0.840

 HBV genotype C (%) 96 88 0.358

 HBeAg positive (%) 22 52 0.180

 ALT (IU/L) 142 72 0.675

 Previous IFN treatment (%) 26 33 0.627

 Maternal transmission (%) 50 71 0.306

 Period of NA treatment (years) 5.7 6.8 0.213

At HCC

 HBV DNA < 2.1 log copies/ml (%) 69 78 0.552

 HBsAg < 2000 C.O.I. (%) 16 11 0.652

 ALT < 40 (IU/L) 91 100 0.500

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

1/
20

15
 8

:4
2:

55
 A

M

— 131 —



Kawanaka et al.: The Risk of HCC in Patients with Hepatitis B Receiving Long-Term NA 
Therapy

Liver Cancer 2014;3:41–52

DOI: 10.1159/000343857
Published online: March 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/lic

47

On the other hand, HBsAg levels, in addition to HBV DNA levels, were recently report-
ed to be related to the carcinogenic risk. Tseng et al. [11] observed the natural courses of 
2688 cases of chronic hepatitis B, excluding those with cirrhosis, for an average of 14.7 years 
and reported that male sex, old age, a high serum ALT level, HBeAg positivity, genotype C, an 
HBV DNA level ≥ 2000 IU/mL, and an HBsAg level ≥ 1000 IU/mL are significant predictors of  

Fig. 2.  HCC risk and levels of HBV DNA and HBsAg after long-term NA therapy (scatter 
plot). Among patients with low viral loads under long-term NA therapy, HCC were fre-
quently observed in patients with hight HBsAg levels. : hepatocarcinogenesis; 

: no hepatocarcinogenesis.

Fig. 3.  HCC risk and levels of HBV DNA and HBsAg after long-term NA therapy (flow-
chart). HCC developed in 9 of 167 patients who were treated with NA. In 7 of the 9 HCC 
patients, HBV DNA levels were below 2.1 log copies/mL, although HBsAg levels were 
>2000 C.O.I.
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Fig. 5.  HCC risk and HBsAg levels in patients with HBV DNA levels ≤2.1 log copies/mL after 
long-term NA therapy. : HBsAg ≥2000 C.O.I. and HBV DNA ≤2.1 log copies/mL; : HBsAg 
< 2000 C.O.I. and HBV DNA ≤ 2.1 log copies/mL.

Fig. 4.  HCC risk of HBV DNA levels after long-term NA therapy.  : HBV DNA ≤2.1 log copies/
mL; : HBV DNA >2.1 log copies/mL.
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On the other hand, HBsAg levels, in addition to HBV DNA levels, were recently report-
ed to be related to the carcinogenic risk. Tseng et al. [11] observed the natural courses of 
2688 cases of chronic hepatitis B, excluding those with cirrhosis, for an average of 14.7 years 
and reported that male sex, old age, a high serum ALT level, HBeAg positivity, genotype C, an 
HBV DNA level ≥ 2000 IU/mL, and an HBsAg level ≥ 1000 IU/mL are significant predictors of  

Fig. 2.  HCC risk and levels of HBV DNA and HBsAg after long-term NA therapy (scatter 
plot). Among patients with low viral loads under long-term NA therapy, HCC were fre-
quently observed in patients with hight HBsAg levels. : hepatocarcinogenesis; 

: no hepatocarcinogenesis.

Fig. 3.  HCC risk and levels of HBV DNA and HBsAg after long-term NA therapy (flow-
chart). HCC developed in 9 of 167 patients who were treated with NA. In 7 of the 9 HCC 
patients, HBV DNA levels were below 2.1 log copies/mL, although HBsAg levels were 
>2000 C.O.I.
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Fig. 5.  HCC risk and HBsAg levels in patients with HBV DNA levels ≤2.1 log copies/mL after 
long-term NA therapy. : HBsAg ≥2000 C.O.I. and HBV DNA ≤2.1 log copies/mL; : HBsAg 
< 2000 C.O.I. and HBV DNA ≤ 2.1 log copies/mL.

Fig. 4.  HCC risk of HBV DNA levels after long-term NA therapy.  : HBV DNA ≤2.1 log copies/
mL; : HBV DNA >2.1 log copies/mL.
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hepatocarcinogenesis. In an analysis stratified by HBV DNA levels, the HBV DNA level was not 
extracted as a factor related to carcinogenesis in patients with HBV DNA levels below 2000 
IU/mL. On the other hand, the researchers reported the importance of the HBsAg level as a 
hepatocarcinogenesis-related factor because old age, a high ALT value, and an HBsAg level 
>1000 IU/mL were significantly related to hepatocarcinogenesis. Additionally, of a total of 
5055 hepatitis B cases with natural progression or intervention, only 2 patients of 231 pa-
tients with negative conversion of HBsAg developed hepatic carcinoma, indicating that HBsAg 
could be predictive of hepatocarcinogenesis [16].

HBsAg was first discovered in 1965 as the “Australia antigen” from the sera of Aboriginal 
people by Blumberg et al. [17]. In 1968, Okochi et al. reported relationships between the Aus-
tralia antigen and hepatitis [18]. HBsAg is produced via multiple pathways in the lifecycle of 
HBV and uses cccDNA as a template. Therefore, HBsAg levels are reported to correlate with 
cccDNA levels [19–22]. Indeed, hepatitis B patients with HBsAg levels below 1–2 × 103 IU/mL 
and HBV DNA levels below 2 × 103 IU/mL have a low risk of hepatitis recrudescence. Because 
the HBsAg level reflects HBV replication, it appears necessary to focus on HBsAg as well as on 
HBV DNA in hepatocarcinogenesis [23–25]. Additionally, it was reported that HBV DNA levels 
above 3 log copies/mL at the termination of NA therapy are likely to lead to recrudescence 
and that, despite the negative conversion of HBV DNA, high HBsAg and HBeAg levels are likely 
to lead to recrudescence in patients who received NA [26]. Therefore, the HBsAg level is an 
important indicator of both hepatocarcinogenesis and hepatitis recrudescence.

Moreover, the therapeutic goals for chronic hepatitis B put forth in the guidelines of the 
American Association for the Study of Liver Diseases, the European Association for the Study 
of the Liver, and the Asian Pacific Association for the Study of the Liver are improvements 
in the quality of life and survival rates through the prevention of hepatic cirrhosis, decom-
pensated cirrhosis, end-stage liver diseases, HCC, and progression to death. Furthermore, the 
guidelines mention that the ideal endpoint is the “disappearance of HBsAg” [27–29].

The disappearance rate of HBsAg during the natural course of infection has been report-
ed in several studies as 0.5–3.0% per year [27–29]. In our previous study, the disappearance 
rate of HBsAg in cirrhosis patients was 0.9% per year [30]. The significant factors that led to 
the disappearance of HBsAg within 3 years were reported to be HBsAg levels <2000 IU/mL 
or a decrease in HBsAg levels at an annual rate of 0.5 log IU/mL [31]. However, because the 
annual disappearance rate of HBsAg was the lowest in patients infected with HBV genotype C 
in our present study [32], the HBV subgenotype C2/Ce observed in many Japanese is an inde-
pendent risk factor for HCC [33]. Therefore, we consider it necessary to reduce HBsAg levels 
as much as possible through antiviral therapy to suppress hepatocarcinogenesis.

The negative conversion rates of HBsAg after a year of NA therapy were reported to be 
2, 0–1, and 0% in ETV-, LAM-, and ADV-treated patients, respectively [7, 34–39]. In our study, 
HBsAg levels decreased to below 2000 C.O.I. in 16.7% of all patients who received long term 
NA therapy over 2 years; these proportions were 4.2 and 26.3% in ETV- and LMV (with or 
without ADV)-treated patients, respectively. However, among all patients, this level of reduc-
tion was seen in only four patients (2.3%) with a negative conversion of HBsAg. The significant 
factors that led to reductions of HBsAg levels below 2000 C.O.I during long-term NA therapy 
were a long period of NA therapy, non-mother-to-child transmission, a low HBV DNA level at 
24 weeks after the start of NA therapy, and HBeAg negativity at 24 weeks after the start of NA 
therapy. These patients were expected to have reduced HBsAg levels, although they accounted 
for no more than 16.7% of the total number of patients.

In the present study, hepatocarcinogenesis was observed in 9 of 167 patients (5.3%) who 
received long-term NA therapy, and 2 of these patients showed a positive conversion of HBV 
DNA. However, all 7 remaining patients had HBsAg levels above 2000 C.O.I., despite the nega-
tive conversion of HBV DNA. This indicates that patients with high HBsAg levels should be 
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observed for hepatocarcinogenesis even in cases with successful negative conversion of HBV 
DNA during NA therapy. On the basis of the above results, we consider that both HBV DNA 
and HBsAg levels are important in hepatocarcinogenesis.

NA are reported low effective in the reduction of HBsAg levels because of difficulties in 
elimination of cccDNA, although NA strongly reduces HBV DNA levels by inhibiting HBV rep-
lication through reverse transcription [19]. On the other hand, after reviewing reductions in 
HBsAg levels in response to NA therapy and IFN therapy in 11 studies, Liaw reported that 
IFN therapy reduced HBsAg levels more efficiently than NA therapy did [40]. Furthermore, 
other reports state that the negative conversion rate of HBsAg after 48 weeks of pegylated-
IFN administration is 3–7%, which is higher than the 0–2% rate reported for NA therapy [34, 
41]. Moreover, a 5-year follow-up after the termination of pegylated-IFN therapy showed 
that the negative conversion rate of HBsAg was further elevated in a time-dependent man-
ner, achieving a rate of 12% at 5 years [42, 43]. Similarly, a study in Japan, where genotype C 
accounts for the majority of hepatitis B infections, also demonstrated that the negative con-
version rate of HBsAg was elevated in a time-dependent manner, although not as markedly 
in genotype C as in genotypes A and B; this elevation resulted in a negative conversion rate 
of 11% at 10 years [44].

Our present study revealed that 8 of 9 patients who developed HCC had high HBsAg 
levels during long-term NA therapy. Therefore, to achieve the suppression of hepatocarcino-
genesis, it may be important to reduce HBsAg levels not only by NA therapy, but also by com-
bining NA with IFN. This is the goal of hepatitis B therapy, as the suppressive effects of IFN 
therapy on carcinogenesis have been previously reported [45, 46].

In conclusion, despite the negative conversion of HBV DNA during long-term NA ther-
apy, hepatocarcinogenesis was observed in patients with high HBsAg levels. Therefore, the 
control of both HBV DNA and HBsAg levels is important for the suppression of hepatocar-
cinogenesis.
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hepatocarcinogenesis. In an analysis stratified by HBV DNA levels, the HBV DNA level was not 
extracted as a factor related to carcinogenesis in patients with HBV DNA levels below 2000 
IU/mL. On the other hand, the researchers reported the importance of the HBsAg level as a 
hepatocarcinogenesis-related factor because old age, a high ALT value, and an HBsAg level 
>1000 IU/mL were significantly related to hepatocarcinogenesis. Additionally, of a total of 
5055 hepatitis B cases with natural progression or intervention, only 2 patients of 231 pa-
tients with negative conversion of HBsAg developed hepatic carcinoma, indicating that HBsAg 
could be predictive of hepatocarcinogenesis [16].

HBsAg was first discovered in 1965 as the “Australia antigen” from the sera of Aboriginal 
people by Blumberg et al. [17]. In 1968, Okochi et al. reported relationships between the Aus-
tralia antigen and hepatitis [18]. HBsAg is produced via multiple pathways in the lifecycle of 
HBV and uses cccDNA as a template. Therefore, HBsAg levels are reported to correlate with 
cccDNA levels [19–22]. Indeed, hepatitis B patients with HBsAg levels below 1–2 × 103 IU/mL 
and HBV DNA levels below 2 × 103 IU/mL have a low risk of hepatitis recrudescence. Because 
the HBsAg level reflects HBV replication, it appears necessary to focus on HBsAg as well as on 
HBV DNA in hepatocarcinogenesis [23–25]. Additionally, it was reported that HBV DNA levels 
above 3 log copies/mL at the termination of NA therapy are likely to lead to recrudescence 
and that, despite the negative conversion of HBV DNA, high HBsAg and HBeAg levels are likely 
to lead to recrudescence in patients who received NA [26]. Therefore, the HBsAg level is an 
important indicator of both hepatocarcinogenesis and hepatitis recrudescence.

Moreover, the therapeutic goals for chronic hepatitis B put forth in the guidelines of the 
American Association for the Study of Liver Diseases, the European Association for the Study 
of the Liver, and the Asian Pacific Association for the Study of the Liver are improvements 
in the quality of life and survival rates through the prevention of hepatic cirrhosis, decom-
pensated cirrhosis, end-stage liver diseases, HCC, and progression to death. Furthermore, the 
guidelines mention that the ideal endpoint is the “disappearance of HBsAg” [27–29].

The disappearance rate of HBsAg during the natural course of infection has been report-
ed in several studies as 0.5–3.0% per year [27–29]. In our previous study, the disappearance 
rate of HBsAg in cirrhosis patients was 0.9% per year [30]. The significant factors that led to 
the disappearance of HBsAg within 3 years were reported to be HBsAg levels <2000 IU/mL 
or a decrease in HBsAg levels at an annual rate of 0.5 log IU/mL [31]. However, because the 
annual disappearance rate of HBsAg was the lowest in patients infected with HBV genotype C 
in our present study [32], the HBV subgenotype C2/Ce observed in many Japanese is an inde-
pendent risk factor for HCC [33]. Therefore, we consider it necessary to reduce HBsAg levels 
as much as possible through antiviral therapy to suppress hepatocarcinogenesis.

The negative conversion rates of HBsAg after a year of NA therapy were reported to be 
2, 0–1, and 0% in ETV-, LAM-, and ADV-treated patients, respectively [7, 34–39]. In our study, 
HBsAg levels decreased to below 2000 C.O.I. in 16.7% of all patients who received long term 
NA therapy over 2 years; these proportions were 4.2 and 26.3% in ETV- and LMV (with or 
without ADV)-treated patients, respectively. However, among all patients, this level of reduc-
tion was seen in only four patients (2.3%) with a negative conversion of HBsAg. The significant 
factors that led to reductions of HBsAg levels below 2000 C.O.I during long-term NA therapy 
were a long period of NA therapy, non-mother-to-child transmission, a low HBV DNA level at 
24 weeks after the start of NA therapy, and HBeAg negativity at 24 weeks after the start of NA 
therapy. These patients were expected to have reduced HBsAg levels, although they accounted 
for no more than 16.7% of the total number of patients.

In the present study, hepatocarcinogenesis was observed in 9 of 167 patients (5.3%) who 
received long-term NA therapy, and 2 of these patients showed a positive conversion of HBV 
DNA. However, all 7 remaining patients had HBsAg levels above 2000 C.O.I., despite the nega-
tive conversion of HBV DNA. This indicates that patients with high HBsAg levels should be 
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observed for hepatocarcinogenesis even in cases with successful negative conversion of HBV 
DNA during NA therapy. On the basis of the above results, we consider that both HBV DNA 
and HBsAg levels are important in hepatocarcinogenesis.

NA are reported low effective in the reduction of HBsAg levels because of difficulties in 
elimination of cccDNA, although NA strongly reduces HBV DNA levels by inhibiting HBV rep-
lication through reverse transcription [19]. On the other hand, after reviewing reductions in 
HBsAg levels in response to NA therapy and IFN therapy in 11 studies, Liaw reported that 
IFN therapy reduced HBsAg levels more efficiently than NA therapy did [40]. Furthermore, 
other reports state that the negative conversion rate of HBsAg after 48 weeks of pegylated-
IFN administration is 3–7%, which is higher than the 0–2% rate reported for NA therapy [34, 
41]. Moreover, a 5-year follow-up after the termination of pegylated-IFN therapy showed 
that the negative conversion rate of HBsAg was further elevated in a time-dependent man-
ner, achieving a rate of 12% at 5 years [42, 43]. Similarly, a study in Japan, where genotype C 
accounts for the majority of hepatitis B infections, also demonstrated that the negative con-
version rate of HBsAg was elevated in a time-dependent manner, although not as markedly 
in genotype C as in genotypes A and B; this elevation resulted in a negative conversion rate 
of 11% at 10 years [44].

Our present study revealed that 8 of 9 patients who developed HCC had high HBsAg 
levels during long-term NA therapy. Therefore, to achieve the suppression of hepatocarcino-
genesis, it may be important to reduce HBsAg levels not only by NA therapy, but also by com-
bining NA with IFN. This is the goal of hepatitis B therapy, as the suppressive effects of IFN 
therapy on carcinogenesis have been previously reported [45, 46].

In conclusion, despite the negative conversion of HBV DNA during long-term NA ther-
apy, hepatocarcinogenesis was observed in patients with high HBsAg levels. Therefore, the 
control of both HBV DNA and HBsAg levels is important for the suppression of hepatocar-
cinogenesis.
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Abstract
Purpose: New tracking navigation imaging software was used to evaluate the usefulness of 
three dimensional (3D) CT angiography for transcatheter arterial chemoembolization (TACE) 
in patients with hepatocellular carcinoma (HCC). Materials and Methods: Fifty-two patients 
with 73 HCCs were enrolled in this study retrospectively. Rotational angiography was per-
formed from the hepatic artery for evaluation of the tumor feeding vessels. Arteries feeding 
the tumor were traced automatically by adjusting the region of interest around the targeted 
tumor on axial and coronal images using tracking navigation imaging with 3D cone-beam CT 
angiography. Results: Using final selective angiographic findings as the gold standard, the 
detection of feeding vessels was 90.4% (66/73) for tracking navigation imaging and 50.7% 
(37/73) for celiac trunk angiography. This difference was statistically significant (Wilcoxon 
rank sum test, p < 0.001). The sensitivity, specificity, positive predictive value, and negative 
predictive value for the detection of feeding arteries were 97.1% (66/68), 80.0% (4/5), 98.5% 
(66/67), and 66.7% (4/6), respectively. The kappa coefficient had a value of 0.638 (95% CI: 
0.471–0.805), which is considered to indicate a good degree of agreement. With the as-
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sistance of tracking navigation imaging, the disease control rate of TACE for HCC was 67.3% 
(35/52) according to the modified Response Evaluation Criteria in Solid Tumors. During fol-
low-up periods of 1–11 months, 10 patients (19.2%) remained cancer-free after TACE. Con-
clusion: Tracking navigation imaging with 3D cone-beam CT angiography should be useful 
for TACE in HCC patients with complicated feeding arteries. Copyright © 2014 S. Karger AG, Basel

Introduction

Transcatheter arterial chemoembolization (TACE) is used widely in the treatment of 
hepatocellular carcinomas (HCC) that are not amenable to surgical resection or to percuta-
neous ablation therapies [1–8]. Usually, visualization of the liver arterial branch during TACE 
is guided by two-dimensional (2D) angiography [9–11]. Detailed information of the feeding 
vessels of HCC is essential for successful catheterization and sufficient TACE [7, 12]. Howev-
er, it is sometimes difficult to identify some arteries feeding HCCs on 2D angiographic images 
because of overlapping vessels. CT during hepatic arteriography is very useful for detecting 
hypervascular HCC and identifying the feeding vessels [13–15]. The unified angiography/CT 
system allows angiography and CT to be conducted with the patient on the same bed, thus 
minimizing the risk of catheter dislodgment [16, 17]. However, such systems are only found 
in a limited number of hospitals because they are rather expensive and take up a great deal 
of space. In many hospitals, patients must be transferred from the angiography room to a 
separate CT room for CT hepatic angiography.

Recently, three-dimensional (3D) cone-beam CT technology using a flat-panel detector 
has provided good 3D angiography and cross-sectional soft tissue imaging as party of an an-
giography system [18]. Cone-beam CT is a technique that permits assessment of the complex 
vascular anatomy of the liver [19–22], and, compared with a unified angiography/CT system, 
cone-beam CT is inexpensive and does not require a great deal of space. Several studies have 
shown that cone-beam CT angiography can be helpful during TACE, especially in patients 
with complex hepatic arterial anatomy [23–25]. In addition, recent software developments 
have enabled automatic identification of the feeding vessels on 3D angiography. The TACE 
procedure can be carried out with less chance of going astray in patients with complicated 
vessels of the liver by virtually color-coding the feeding vessels. The purpose of this study 
was to evaluate the usefulness of new tracking navigation imaging software for cone-beam 
CT angiography in patients with HCC undergoing treatment with TACE.

Materials and Methods

Patients
Approval for this retrospective study was obtained from the local ethical review board. Between 

May 2011 and April 2012, 52 patients with 73 HCCs were enrolled in this retrospective study. The pa-
tient population included 34 men and 18 women (age range, 54–90 years; mean ± SD, 73.9 ± 7.9 years). 
The maximal diameter of the tumors ranged from 1.5 to 10 cm (mean ± SD, 2.6 ± 1.4 cm) on dynamic CT. 
Thirty-six patients had liver cirrhosis of Child-Pugh class A and the remaining 16 had Child-Pugh class 
B cirrhosis.

All patients met the following inclusion criteria: multiple hypervascular HCCs or HCCs larger than 
3 cm in diameter, some overlapping arteries to the tumor depicted on celiac angiography, absence of por-
tal venous and extrahepatic metastasis, prothrombin time-international normalized ratio less than 1.7, 
total bilirubin less than 3.0 mg/dl, and platelet count greater than 50,000/μl. We diagnosed HCC based 
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Purpose: New tracking navigation imaging software was used to evaluate the usefulness of 
three dimensional (3D) CT angiography for transcatheter arterial chemoembolization (TACE) 
in patients with hepatocellular carcinoma (HCC). Materials and Methods: Fifty-two patients 
with 73 HCCs were enrolled in this study retrospectively. Rotational angiography was per-
formed from the hepatic artery for evaluation of the tumor feeding vessels. Arteries feeding 
the tumor were traced automatically by adjusting the region of interest around the targeted 
tumor on axial and coronal images using tracking navigation imaging with 3D cone-beam CT 
angiography. Results: Using final selective angiographic findings as the gold standard, the 
detection of feeding vessels was 90.4% (66/73) for tracking navigation imaging and 50.7% 
(37/73) for celiac trunk angiography. This difference was statistically significant (Wilcoxon 
rank sum test, p < 0.001). The sensitivity, specificity, positive predictive value, and negative 
predictive value for the detection of feeding arteries were 97.1% (66/68), 80.0% (4/5), 98.5% 
(66/67), and 66.7% (4/6), respectively. The kappa coefficient had a value of 0.638 (95% CI: 
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sistance of tracking navigation imaging, the disease control rate of TACE for HCC was 67.3% 
(35/52) according to the modified Response Evaluation Criteria in Solid Tumors. During fol-
low-up periods of 1–11 months, 10 patients (19.2%) remained cancer-free after TACE. Con-
clusion: Tracking navigation imaging with 3D cone-beam CT angiography should be useful 
for TACE in HCC patients with complicated feeding arteries. Copyright © 2014 S. Karger AG, Basel

Introduction

Transcatheter arterial chemoembolization (TACE) is used widely in the treatment of 
hepatocellular carcinomas (HCC) that are not amenable to surgical resection or to percuta-
neous ablation therapies [1–8]. Usually, visualization of the liver arterial branch during TACE 
is guided by two-dimensional (2D) angiography [9–11]. Detailed information of the feeding 
vessels of HCC is essential for successful catheterization and sufficient TACE [7, 12]. Howev-
er, it is sometimes difficult to identify some arteries feeding HCCs on 2D angiographic images 
because of overlapping vessels. CT during hepatic arteriography is very useful for detecting 
hypervascular HCC and identifying the feeding vessels [13–15]. The unified angiography/CT 
system allows angiography and CT to be conducted with the patient on the same bed, thus 
minimizing the risk of catheter dislodgment [16, 17]. However, such systems are only found 
in a limited number of hospitals because they are rather expensive and take up a great deal 
of space. In many hospitals, patients must be transferred from the angiography room to a 
separate CT room for CT hepatic angiography.

Recently, three-dimensional (3D) cone-beam CT technology using a flat-panel detector 
has provided good 3D angiography and cross-sectional soft tissue imaging as party of an an-
giography system [18]. Cone-beam CT is a technique that permits assessment of the complex 
vascular anatomy of the liver [19–22], and, compared with a unified angiography/CT system, 
cone-beam CT is inexpensive and does not require a great deal of space. Several studies have 
shown that cone-beam CT angiography can be helpful during TACE, especially in patients 
with complex hepatic arterial anatomy [23–25]. In addition, recent software developments 
have enabled automatic identification of the feeding vessels on 3D angiography. The TACE 
procedure can be carried out with less chance of going astray in patients with complicated 
vessels of the liver by virtually color-coding the feeding vessels. The purpose of this study 
was to evaluate the usefulness of new tracking navigation imaging software for cone-beam 
CT angiography in patients with HCC undergoing treatment with TACE.

Materials and Methods

Patients
Approval for this retrospective study was obtained from the local ethical review board. Between 

May 2011 and April 2012, 52 patients with 73 HCCs were enrolled in this retrospective study. The pa-
tient population included 34 men and 18 women (age range, 54–90 years; mean ± SD, 73.9 ± 7.9 years). 
The maximal diameter of the tumors ranged from 1.5 to 10 cm (mean ± SD, 2.6 ± 1.4 cm) on dynamic CT. 
Thirty-six patients had liver cirrhosis of Child-Pugh class A and the remaining 16 had Child-Pugh class 
B cirrhosis.

All patients met the following inclusion criteria: multiple hypervascular HCCs or HCCs larger than 
3 cm in diameter, some overlapping arteries to the tumor depicted on celiac angiography, absence of por-
tal venous and extrahepatic metastasis, prothrombin time-international normalized ratio less than 1.7, 
total bilirubin less than 3.0 mg/dl, and platelet count greater than 50,000/μl. We diagnosed HCC based 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

1/
20

15
 8

:4
4:

34
 A

M

— 139 —



Minami et al.: Navigation Imaging of TACE for HCC Using Cone-Beam CT

Liver Cancer 2014;3:53–61

DOI: 10.1159/000343858
Published online: March 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/lic

55

on the findings of three-phase contrast-enhanced CT. HCCs were positively enhanced in the arterial phase 
and washed out in the portal-venous and/or equilibrium phase of contrast-enhanced CT. All patients un-
derwent contrast-enhanced CT 1 month before TACE.

Cone-Beam CT and Tracking Navigation Imaging
C-arm cone-beam CT angiography was performed using an Innova 4100IQ pro angiographic unit (GE 

Healthcare, Amersham, UK). Patients did not need to elevate their arms above their heads for the rotation. 
After breathing was suspended, there was a 5-s delay for contrast filling of the vessels and tumors prior 
to C-arm rotation. Contrast medium (Omnipaque 300 mg/ml; GE Healthcare) was injected at a flow rate 
of 1.5–2.0 ml/s through a microcatheter in the common hepatic artery, the proper hepatic artery, or the 
replaced hepatic artery. The total volume of contrast used for the rotation was 15–20 ml. Cone-beam CT 
images were acquired using the following parameters: total scanning angle, 200°; rotation speed, 20° or 
40°/s; acquisition time, 5 or 10 s; matrix size, 1500 ×1500; isotropic voxel size, 0.2 mm; and effective field-
of-view, 18 cm2. During rotation, 300 images were obtained at a frame rate of 30 frames/s. Acquired im-
ages were then transferred to an external workstation (Advantage Workstation 4.2; GE Healthcare) where 
a volume data set was reconstructed in a CT-type data set consisting of many sections with the thickness 
of the voxel size and visualized with a volume-rendering technique. The reconstructed 3D field of view was 
40 × 40 cm and the image matrix size was 512 × 512 × 512 voxels.

The tracking navigation software is an advanced vascular 3D clinical analysis tool using data from 
cone-beam CT angiography [26]. In the first step, we set the cross at the tip of the microcatheter on axial 
and coronal images. In the second step, a spherical region of interest (ROI) was adjusted around the tar-
geted tumor on axial and coronal images. The three-dimensional positions of the starting point and the 
target were thereby fixed. The 3D navigation software could then automatically depict all vessels in the 
vicinity of the target as being feeding arteries (figs. 1,2). The vicinity was automatically determined by 
geometric considerations and could be displayed on the angiography room monitor in approximately 20 
s after the cone-beam CT angiography procedure. This tracking navigation imaging was able to highlight 
all vessels (from the tip of the microcatheter to the tumor) that appeared to feed the tumor by coming into 
close geometric proximity with the ROI. The total time required to create the tracking navigation images 
per patient study was approximately 30 s. Moreover, virtual “3D roadmap” imaging can superimpose the 
live fluoroscopic images with the 3D reconstruction. This 3D roadmap is automatically adjusted in real 
time for all changes in C-arm angulations, field of view, and table positions.

The TACE Technique 
The right femoral artery was accessed with an 18-gauge Seldinger needle and a 4-Fr sheath was in-

serted. The celiac artery was selectively catheterized using a 4.2-Fr catheter. A 2.2-Fr microcatheter (Shi-
rabe; Piolax, Yokohama, Japan) was advanced coaxially through the catheter into the common or proper 
hepatic artery. Rotational angiography was performed to evaluate the feeding vessels and to reveal hyper-
vascular tumors in the liver. The tip of the catheter was selectively placed into the segmental and subseg-
mental arteries feeding the tumor in reference to selective hepatic angiography and/or the tracking navi-
gation imaging findings. Chemoembolization was performed using 10–30 mg of epirubicin (Epirubicin; 
Nippon Kayaku, Tokyo, Japan) dissolved in 1–3 ml of distilled water and emulsified with 2 ml of iodized oil 
(Lipiodol Ultra-Fluid; Guerbet, Paris, France) and gelatin sponge particles (Gelpart; Nippon Kayaku). The 
volume of the emulsion to be injected was determined by the tumor volume (maximal volume of emulsion, 
8 ml).

Imaging Data Evaluation and Follow-Up
The cone-beam CT scans and the tracking navigation images were prospectively recorded and retro-

spectively evaluated. The primary objective of this study was, using final selective angiographic findings 
as the gold standard, to evaluate the diagnostic performance of the tracking navigation imaging system 
using 3D rotational common/proper hepatic arteriography compared with 2D celiac angiography for iden-
tifying the tumor feeding arteries. Overall, interpretation of celiac angiography, cone-beam CT, the track-
ing navigation imaging, and selective hepatic angiography was performed in a nonblinded manner. 

The secondary objective was the TACE treatment response. The treatment response was assessed 
1 or 2 months after TACE using the modified Response Evaluation Criteria in Solid Tumors (mRECIST) 
guideline proposed by the American Association for the Study of Liver Diseases–Journal of the National 
Cancer Institute [27]. If the follow-up CT images indicated successful TACE and the absence of new tumors, 
three-phase dynamic CT scans were repeated at 3-month intervals. Any complications were recorded.
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Statistical Analysis
Data are expressed as mean ± SD. Significant differences were calculated using the Wilcoxon rank 

sum test in detection of the feeding vessels between the tracking navigation imaging group and the celiac 
angiography group. A p value of less than 0.05 was considered statistically significant. The agreement 
of the tracking navigation imaging versus the results of selective angiography was measured using the 
kappa coefficient. Data were analyzed using statistical software (SPSS 11.5, Statistical Package for the 
Social Sciences, Chicago, IL, USA). The 95% confidence intervals were calculated according to the bi-
nomial distribution. A kappa statistic of 0.41–0.60 was considered to indicate moderate agreement, a 
weighted kappa statistic of 0.61–0.80 was considered to indicate good agreement, and a weighted kappa 
statistic of 0.81–1.00 was considered to indicate excellent agreement [28].

Fig. 2.  The patient was a 70-year-old man with an HCC of 3.0 cm diameter. (a) 2D angiography shows 
HCC as an enhanced lesion (arrow) complicated with right anterior/posterior hepatic arteries. (b) The 
green vessel indicates a tumor-feeding artery from the right anterior hepatic artery to the tumor (cir-
cle) according to the tracking navigation imaging system. (c) Well-accumulated lipiodol in the tumor is 
shown on an axial plain 3D cone-beam CT image immediately after TACE.

Fig. 1.  The patient was a 77-year-old man with an HCC of 4.0 cm diameter. (a) Early-phase dynamic 
CT scan shows naive HCC as enhanced lesion in segment 8 of liver. (b) 2D angiography shows HCC as an 
enhanced lesion complicated with right anterio/posterior hepatic arteries. (c) Two main feeder vessels 
(arrow) are highlighted from the right anterior hepatic artery by anteroposterior view on tracking navi-
gation imaging. (d) Two main arteries feeding from A8 (arrows) were clearly shown on the right poste-
rior oblique view on tracking navigation imaging. (e) Plain CT scan obtained 1 month after TACE shows 
well-accumulated lipiodol in the tumor.
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on the findings of three-phase contrast-enhanced CT. HCCs were positively enhanced in the arterial phase 
and washed out in the portal-venous and/or equilibrium phase of contrast-enhanced CT. All patients un-
derwent contrast-enhanced CT 1 month before TACE.

Cone-Beam CT and Tracking Navigation Imaging
C-arm cone-beam CT angiography was performed using an Innova 4100IQ pro angiographic unit (GE 

Healthcare, Amersham, UK). Patients did not need to elevate their arms above their heads for the rotation. 
After breathing was suspended, there was a 5-s delay for contrast filling of the vessels and tumors prior 
to C-arm rotation. Contrast medium (Omnipaque 300 mg/ml; GE Healthcare) was injected at a flow rate 
of 1.5–2.0 ml/s through a microcatheter in the common hepatic artery, the proper hepatic artery, or the 
replaced hepatic artery. The total volume of contrast used for the rotation was 15–20 ml. Cone-beam CT 
images were acquired using the following parameters: total scanning angle, 200°; rotation speed, 20° or 
40°/s; acquisition time, 5 or 10 s; matrix size, 1500 ×1500; isotropic voxel size, 0.2 mm; and effective field-
of-view, 18 cm2. During rotation, 300 images were obtained at a frame rate of 30 frames/s. Acquired im-
ages were then transferred to an external workstation (Advantage Workstation 4.2; GE Healthcare) where 
a volume data set was reconstructed in a CT-type data set consisting of many sections with the thickness 
of the voxel size and visualized with a volume-rendering technique. The reconstructed 3D field of view was 
40 × 40 cm and the image matrix size was 512 × 512 × 512 voxels.

The tracking navigation software is an advanced vascular 3D clinical analysis tool using data from 
cone-beam CT angiography [26]. In the first step, we set the cross at the tip of the microcatheter on axial 
and coronal images. In the second step, a spherical region of interest (ROI) was adjusted around the tar-
geted tumor on axial and coronal images. The three-dimensional positions of the starting point and the 
target were thereby fixed. The 3D navigation software could then automatically depict all vessels in the 
vicinity of the target as being feeding arteries (figs. 1,2). The vicinity was automatically determined by 
geometric considerations and could be displayed on the angiography room monitor in approximately 20 
s after the cone-beam CT angiography procedure. This tracking navigation imaging was able to highlight 
all vessels (from the tip of the microcatheter to the tumor) that appeared to feed the tumor by coming into 
close geometric proximity with the ROI. The total time required to create the tracking navigation images 
per patient study was approximately 30 s. Moreover, virtual “3D roadmap” imaging can superimpose the 
live fluoroscopic images with the 3D reconstruction. This 3D roadmap is automatically adjusted in real 
time for all changes in C-arm angulations, field of view, and table positions.

The TACE Technique 
The right femoral artery was accessed with an 18-gauge Seldinger needle and a 4-Fr sheath was in-

serted. The celiac artery was selectively catheterized using a 4.2-Fr catheter. A 2.2-Fr microcatheter (Shi-
rabe; Piolax, Yokohama, Japan) was advanced coaxially through the catheter into the common or proper 
hepatic artery. Rotational angiography was performed to evaluate the feeding vessels and to reveal hyper-
vascular tumors in the liver. The tip of the catheter was selectively placed into the segmental and subseg-
mental arteries feeding the tumor in reference to selective hepatic angiography and/or the tracking navi-
gation imaging findings. Chemoembolization was performed using 10–30 mg of epirubicin (Epirubicin; 
Nippon Kayaku, Tokyo, Japan) dissolved in 1–3 ml of distilled water and emulsified with 2 ml of iodized oil 
(Lipiodol Ultra-Fluid; Guerbet, Paris, France) and gelatin sponge particles (Gelpart; Nippon Kayaku). The 
volume of the emulsion to be injected was determined by the tumor volume (maximal volume of emulsion, 
8 ml).

Imaging Data Evaluation and Follow-Up
The cone-beam CT scans and the tracking navigation images were prospectively recorded and retro-

spectively evaluated. The primary objective of this study was, using final selective angiographic findings 
as the gold standard, to evaluate the diagnostic performance of the tracking navigation imaging system 
using 3D rotational common/proper hepatic arteriography compared with 2D celiac angiography for iden-
tifying the tumor feeding arteries. Overall, interpretation of celiac angiography, cone-beam CT, the track-
ing navigation imaging, and selective hepatic angiography was performed in a nonblinded manner. 

The secondary objective was the TACE treatment response. The treatment response was assessed 
1 or 2 months after TACE using the modified Response Evaluation Criteria in Solid Tumors (mRECIST) 
guideline proposed by the American Association for the Study of Liver Diseases–Journal of the National 
Cancer Institute [27]. If the follow-up CT images indicated successful TACE and the absence of new tumors, 
three-phase dynamic CT scans were repeated at 3-month intervals. Any complications were recorded.
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Statistical Analysis
Data are expressed as mean ± SD. Significant differences were calculated using the Wilcoxon rank 

sum test in detection of the feeding vessels between the tracking navigation imaging group and the celiac 
angiography group. A p value of less than 0.05 was considered statistically significant. The agreement 
of the tracking navigation imaging versus the results of selective angiography was measured using the 
kappa coefficient. Data were analyzed using statistical software (SPSS 11.5, Statistical Package for the 
Social Sciences, Chicago, IL, USA). The 95% confidence intervals were calculated according to the bi-
nomial distribution. A kappa statistic of 0.41–0.60 was considered to indicate moderate agreement, a 
weighted kappa statistic of 0.61–0.80 was considered to indicate good agreement, and a weighted kappa 
statistic of 0.81–1.00 was considered to indicate excellent agreement [28].

Fig. 2.  The patient was a 70-year-old man with an HCC of 3.0 cm diameter. (a) 2D angiography shows 
HCC as an enhanced lesion (arrow) complicated with right anterior/posterior hepatic arteries. (b) The 
green vessel indicates a tumor-feeding artery from the right anterior hepatic artery to the tumor (cir-
cle) according to the tracking navigation imaging system. (c) Well-accumulated lipiodol in the tumor is 
shown on an axial plain 3D cone-beam CT image immediately after TACE.

Fig. 1.  The patient was a 77-year-old man with an HCC of 4.0 cm diameter. (a) Early-phase dynamic 
CT scan shows naive HCC as enhanced lesion in segment 8 of liver. (b) 2D angiography shows HCC as an 
enhanced lesion complicated with right anterio/posterior hepatic arteries. (c) Two main feeder vessels 
(arrow) are highlighted from the right anterior hepatic artery by anteroposterior view on tracking navi-
gation imaging. (d) Two main arteries feeding from A8 (arrows) were clearly shown on the right poste-
rior oblique view on tracking navigation imaging. (e) Plain CT scan obtained 1 month after TACE shows 
well-accumulated lipiodol in the tumor.
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Results 

Two hundred ninety-four patients were treated by TACE or transcatheter arterial infu-
sion chemotherapy at our hospital between May 2011 and April 2012. HCC patients who re-
ceived TACE using the tracking navigation imaging system accounted for 17.7% (n = 52) of the 
total patients treated with therapeutic angiography. Among the 73 HCC nodules in these 52 
patients, 62 tumors (84.9%) were diagnosed as naive HCCs, 8 tumors (11.0%) as local recur-
rences around the lipiodol deposit, and 3 tumors (4.1%) as residual HCCs without accumula-
tion of lipiodol. Transfemoral TACE was carried out in 52 TACE sessions and was performed 
for 35 subsegmental arteries and 17 segmental arteries. Complete devascularization of post-
embolization angiography was achieved in all 52 (100%) procedures.

The detection of feeding vessels was 90.4% (66/73) for tracking navigation imaging and 
50.7% (37/73) for celiac trunk angiography. This difference was statistically significant (Wil-
coxon rank sum test, p < 0.001). Tracking navigation imaging could not depict the feeding 
vessels in HCC patients with weak enhancement of tumor stain (voxel value from cone-beam 
CT: median 16.51; range: −59.64 to 120.76). However, celiac trunk angiography failed to con-
firm the feeding vessels not only because of weak enhancement of HCC, but also because of 
crossing and overlapping arteries of the liver. Using final selective angiographic findings as 
the gold standard, the sensitivity, specificity, positive predictive value, and negative predictive 
value for the detection of feeding arteries were 97.1% (66/68), 80.0% (4/5), 98.5% (66/67), 
and 66.7% (4/6), respectively (table 1). The kappa coefficient had a value of 0.638 (95% CI: 
0.471–0.805).

According to mRECIST, 17 of 52 (32.7%) individuals had a complete response, 8 (15.4%) 
had a partial response, 10 (19.2%) had stable disease, and 17 (32.7%) had progressive dis-
ease. Thus, the disease control rate, defined as a complete response, partial response, or stable 
disease, was 67.3%. Development of new lesions was the sole reason for progression in all pa-
tients with progressive disease. The follow-up period ranged from 1 to 11 months (mean ± SD, 
6.1 ± 4.2 months). During follow-up, 10 patients (19.2%) remained cancer-free after TACE, 31 
patients (59.6%) received or were scheduled for additional TACE, 3 patients (5.8%) received 
sorafenib, 3 patients (5.8%) received radiofrequency ablation, and 5 patients (9.6%) received 
best supportive care. No serious side effects or procedure-related complications (e.g., hemor-
rhage, infection, hepatic failure, or death) occurred.

Table 1.   Sensitivity, specificity, positive and negative predictive values, and accuracy of 3D tracking 
navigation imaging and 2D celiac angiography in identifying feeder arteries of HCC

Sensitivity [%] Specificity [%] PPV [%] NPV [%] Accuracy [%]

3D tracking  
navigation imaging

97.1 80.0 98.5 66.7 90.4

2D celiac  
angiography

54.4 60.0 94.9 8.8 50.7

NPV = negative predictive value; PPV = positive predictive value.
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Discussion

Among the many techniques for 3D image manipulation, maximum intensity projec-
tion (MIP) and volume rendering are widely used for 3D vascular imaging [13–17]. MIP is a 
specific type of rendering in which the brightest voxel is projected into the 3D image. Unlike 
MIP, which displays only a small fraction of the available data, volume rendering can display 
a volume of data in its entirety. This property allows volume-rendered CT angiograms to 
provide vessel “depth,” to display multiple overlapping vessels much more clearly, and to 
exclude surrounding structures [29–31]. Recently, the medical imaging community has em-
braced volume rendering for a wide variety of 3D imaging applications including navigation 
imaging based on cone-beam CT.

The new 3D navigation imaging software successfully traced feeding arteries in the vi-
cinity of the target. In this study, 3D navigation imaging was found to be significantly better 
for accurate detection of feeding arteries than 2D celiac angiography was (p < 0.001). A good 
degree of agreement was achieved between 3D navigation imaging and the final angiograph-
ic findings (kappa = 0.638). Our results indicate that this tracking navigation imaging system 
could contribute to selection of the feeding arteries and could assist with therapeutic angi-
ography for unresectable HCC, especially in patients with complicated feeding anatomies. 
In the 52 patients who underwent TACE using the tracking navigation imaging system, the 
disease control rate by TACE was 67.3%, according to selective angiography. During follow-
up (mean, 6.1 months; range, 1–11 months), 19.2% remained recurrence-free in this study.

This new tracking navigation imaging system with cone-beam CT has three important 
features for clinical application as part of TACE. The first is speed. The tracking image can 
be displayed on the angiography room monitor approximately 30 s after completion of the 
cone-beam CT angiography procedure, and the operator can get feedback to advance the 
catheter. The second feature is high resolution: clear images of intrahepatic arterial branches 
can be obtained without patients having to raise their arms. The third feature is multifunc-
tionality. Not only a 3D rotational view but also a 3D roadmap can help the operator position 
the catheter using less x-ray dye and in a shorter time. Modern vessel identification soft-
ware that uses cone-beam CT data has been developed. Wang et al. reported that the 3D ves-
sel tracking system has advantages over conventional 2D hepatic angiography in revealing 
the cystic artery (p < 0.001) [32]. Miyayama et al. found the usefulness of automatic feeder 
vessel detection software with a true-positive ratio with 88% in the identification of the 
tumor-feeding artery [33]. Iwazawa et al. also showed that the sensitivity in detecting tumor 
feeders was 87.7% [34]. They reported that the software improved the sensitivity of tumor 
feeder detection with a shorter processing time than manual assessment angiography.

In the present study, in four HCCs in four patients, neither this tracking imaging meth-
od nor selective angiography could display the feeding arteries; this shortcoming might be 
the result of poor enhancement of the feeding arteries and tumors. Excess feeding vessels 
were depicted in a HCC in one patient. This error might be the result of high sensitivity with 
rich enhancement of huge HCCs. In one patient, 3D tracking navigation imaging failed to de-
tect the inferior phrenic artery feeding the HCC. Finally, selective angiography could correct 
false-positive detection of the feeders with the software. In studies of vessel identification 
software use, aberrant path formation during the software extraction process was found to 
be caused by crossed tumor feeders, feeder vessels with hairpin turns, artifacts, and artero-
portal shunts, among other complicating factors.

It is anticipated that tracking navigation imaging software using cone-beam CT will re-
duce radiation exposure, shorten the overall procedure time, and cut the amount of contrast 
material used because the feedback that it provides will facilitate efficient angiographic pro-
cedures. However, to minimize radiation exposure, we should refrain from unnecessary an-
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Results 

Two hundred ninety-four patients were treated by TACE or transcatheter arterial infu-
sion chemotherapy at our hospital between May 2011 and April 2012. HCC patients who re-
ceived TACE using the tracking navigation imaging system accounted for 17.7% (n = 52) of the 
total patients treated with therapeutic angiography. Among the 73 HCC nodules in these 52 
patients, 62 tumors (84.9%) were diagnosed as naive HCCs, 8 tumors (11.0%) as local recur-
rences around the lipiodol deposit, and 3 tumors (4.1%) as residual HCCs without accumula-
tion of lipiodol. Transfemoral TACE was carried out in 52 TACE sessions and was performed 
for 35 subsegmental arteries and 17 segmental arteries. Complete devascularization of post-
embolization angiography was achieved in all 52 (100%) procedures.

The detection of feeding vessels was 90.4% (66/73) for tracking navigation imaging and 
50.7% (37/73) for celiac trunk angiography. This difference was statistically significant (Wil-
coxon rank sum test, p < 0.001). Tracking navigation imaging could not depict the feeding 
vessels in HCC patients with weak enhancement of tumor stain (voxel value from cone-beam 
CT: median 16.51; range: −59.64 to 120.76). However, celiac trunk angiography failed to con-
firm the feeding vessels not only because of weak enhancement of HCC, but also because of 
crossing and overlapping arteries of the liver. Using final selective angiographic findings as 
the gold standard, the sensitivity, specificity, positive predictive value, and negative predictive 
value for the detection of feeding arteries were 97.1% (66/68), 80.0% (4/5), 98.5% (66/67), 
and 66.7% (4/6), respectively (table 1). The kappa coefficient had a value of 0.638 (95% CI: 
0.471–0.805).

According to mRECIST, 17 of 52 (32.7%) individuals had a complete response, 8 (15.4%) 
had a partial response, 10 (19.2%) had stable disease, and 17 (32.7%) had progressive dis-
ease. Thus, the disease control rate, defined as a complete response, partial response, or stable 
disease, was 67.3%. Development of new lesions was the sole reason for progression in all pa-
tients with progressive disease. The follow-up period ranged from 1 to 11 months (mean ± SD, 
6.1 ± 4.2 months). During follow-up, 10 patients (19.2%) remained cancer-free after TACE, 31 
patients (59.6%) received or were scheduled for additional TACE, 3 patients (5.8%) received 
sorafenib, 3 patients (5.8%) received radiofrequency ablation, and 5 patients (9.6%) received 
best supportive care. No serious side effects or procedure-related complications (e.g., hemor-
rhage, infection, hepatic failure, or death) occurred.

Table 1.   Sensitivity, specificity, positive and negative predictive values, and accuracy of 3D tracking 
navigation imaging and 2D celiac angiography in identifying feeder arteries of HCC

Sensitivity [%] Specificity [%] PPV [%] NPV [%] Accuracy [%]

3D tracking  
navigation imaging

97.1 80.0 98.5 66.7 90.4

2D celiac  
angiography

54.4 60.0 94.9 8.8 50.7

NPV = negative predictive value; PPV = positive predictive value.
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Discussion

Among the many techniques for 3D image manipulation, maximum intensity projec-
tion (MIP) and volume rendering are widely used for 3D vascular imaging [13–17]. MIP is a 
specific type of rendering in which the brightest voxel is projected into the 3D image. Unlike 
MIP, which displays only a small fraction of the available data, volume rendering can display 
a volume of data in its entirety. This property allows volume-rendered CT angiograms to 
provide vessel “depth,” to display multiple overlapping vessels much more clearly, and to 
exclude surrounding structures [29–31]. Recently, the medical imaging community has em-
braced volume rendering for a wide variety of 3D imaging applications including navigation 
imaging based on cone-beam CT.

The new 3D navigation imaging software successfully traced feeding arteries in the vi-
cinity of the target. In this study, 3D navigation imaging was found to be significantly better 
for accurate detection of feeding arteries than 2D celiac angiography was (p < 0.001). A good 
degree of agreement was achieved between 3D navigation imaging and the final angiograph-
ic findings (kappa = 0.638). Our results indicate that this tracking navigation imaging system 
could contribute to selection of the feeding arteries and could assist with therapeutic angi-
ography for unresectable HCC, especially in patients with complicated feeding anatomies. 
In the 52 patients who underwent TACE using the tracking navigation imaging system, the 
disease control rate by TACE was 67.3%, according to selective angiography. During follow-
up (mean, 6.1 months; range, 1–11 months), 19.2% remained recurrence-free in this study.

This new tracking navigation imaging system with cone-beam CT has three important 
features for clinical application as part of TACE. The first is speed. The tracking image can 
be displayed on the angiography room monitor approximately 30 s after completion of the 
cone-beam CT angiography procedure, and the operator can get feedback to advance the 
catheter. The second feature is high resolution: clear images of intrahepatic arterial branches 
can be obtained without patients having to raise their arms. The third feature is multifunc-
tionality. Not only a 3D rotational view but also a 3D roadmap can help the operator position 
the catheter using less x-ray dye and in a shorter time. Modern vessel identification soft-
ware that uses cone-beam CT data has been developed. Wang et al. reported that the 3D ves-
sel tracking system has advantages over conventional 2D hepatic angiography in revealing 
the cystic artery (p < 0.001) [32]. Miyayama et al. found the usefulness of automatic feeder 
vessel detection software with a true-positive ratio with 88% in the identification of the 
tumor-feeding artery [33]. Iwazawa et al. also showed that the sensitivity in detecting tumor 
feeders was 87.7% [34]. They reported that the software improved the sensitivity of tumor 
feeder detection with a shorter processing time than manual assessment angiography.

In the present study, in four HCCs in four patients, neither this tracking imaging meth-
od nor selective angiography could display the feeding arteries; this shortcoming might be 
the result of poor enhancement of the feeding arteries and tumors. Excess feeding vessels 
were depicted in a HCC in one patient. This error might be the result of high sensitivity with 
rich enhancement of huge HCCs. In one patient, 3D tracking navigation imaging failed to de-
tect the inferior phrenic artery feeding the HCC. Finally, selective angiography could correct 
false-positive detection of the feeders with the software. In studies of vessel identification 
software use, aberrant path formation during the software extraction process was found to 
be caused by crossed tumor feeders, feeder vessels with hairpin turns, artifacts, and artero-
portal shunts, among other complicating factors.

It is anticipated that tracking navigation imaging software using cone-beam CT will re-
duce radiation exposure, shorten the overall procedure time, and cut the amount of contrast 
material used because the feedback that it provides will facilitate efficient angiographic pro-
cedures. However, to minimize radiation exposure, we should refrain from unnecessary an-
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giography or cone-beam CT examination. Radiation exposure ranges from 15 to 20 mSv for an 
abdominal angiogram, and the effective dose is 4–5 mSv for a cone-beam CT abdominal scan 
[35, 36]. The need for clinical imaging information must be balanced against the potential 
negative effects of radiation.

The principal limitation of this study was its retrospective design, which inherently de-
creased the statistical strength. The second was that this study could suffer from selection bias 
because the patients were enrolled according to the operators’ subjective judgment. However, 
tracking navigation imaging could assist therapeutic angiography and contribute to the effec-
tiveness of TACE for HCC despite the inclusion of patients with complicated feeding vessels. 
The third limitation was the preliminary nature of this study with a relatively small number 
of patients. Further studies of this technique with a larger number of patients are warranted.

In summary, tracking navigation imaging with 3D cone-beam CT angiography can pro-
vide immediate feedback on the angiographic procedure and could easily identify HCC tumor 
feeders. Thereafter, these feeders could be catheterized quickly with the patient receiving 
low contrast/radiation doses. This new 3D tracking navigation imaging software can inspire 
greater confidence and should be useful for TACE in HCC patients with complicated feeding 
arteries.
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giography or cone-beam CT examination. Radiation exposure ranges from 15 to 20 mSv for an 
abdominal angiogram, and the effective dose is 4–5 mSv for a cone-beam CT abdominal scan 
[35, 36]. The need for clinical imaging information must be balanced against the potential 
negative effects of radiation.

The principal limitation of this study was its retrospective design, which inherently de-
creased the statistical strength. The second was that this study could suffer from selection bias 
because the patients were enrolled according to the operators’ subjective judgment. However, 
tracking navigation imaging could assist therapeutic angiography and contribute to the effec-
tiveness of TACE for HCC despite the inclusion of patients with complicated feeding vessels. 
The third limitation was the preliminary nature of this study with a relatively small number 
of patients. Further studies of this technique with a larger number of patients are warranted.

In summary, tracking navigation imaging with 3D cone-beam CT angiography can pro-
vide immediate feedback on the angiographic procedure and could easily identify HCC tumor 
feeders. Thereafter, these feeders could be catheterized quickly with the patient receiving 
low contrast/radiation doses. This new 3D tracking navigation imaging software can inspire 
greater confidence and should be useful for TACE in HCC patients with complicated feeding 
arteries.
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Abstract
Radiofrequency ablation (RFA) is commonly applied 
for the treatment of hepatocellular carcinoma (HCC) 
because of the facile procedure, and the safety and 
effectiveness for the treatment of this type of tumor. 
On the other hand, it is believed that HCC cells should 
spread predominantly through the blood flow of the 
portal vein, which could lead to the formation of intra-
hepatic micrometastases. Therefore, monitoring tumor 
response after the treatment is quite important and 
accurate assessment of treatment response is critical 
to obtain the most favorable outcome after the RFA. 
Indeed, several reports suggested that even small 
HCCs of ≤ 3 cm in diameter might carry intrahepatic 
micrometastases and/or microvascular invasion. From 
this point of view, for preventing local recurrences, 
RFA should be performed ablating a main tumor as 
well as its surrounding non-tumorous liver tissue 
where micrometastases and microvascular invasion 
might exist. Recent advancement of imaging modali-
ties such as contrast-enhanced ultrasonic, computed 
tomography, and magnetic resonance imaging are 

playing an important role on assessing the therapeu-
tic effects of RFA. The local recurrence rate tends 
to be low in HCC patients who were proven to have 
adequate ablation margin after RFA; namely, not only 
disappearance of vascular enhancement of main tu-
mor, but also an adequate ablation margin. Therefore, 
contrast enhancement gives important findings for the 
diagnosis of recurrent HCCs on each imaging. How-
ever, hyperemia of non-tumorous liver surrounding the 
ablated lesion, which could be attributed to an inflam-
mation after RFA, may well obscure the findings of lo-
cal recurrence of HCCs after RFA. Therefore, we need 
to carefully address to these imaging findings given 
the fact that diagnostic difficulties of local recurrence 
of HCC. Here, we give an overview of the current 
status of the imaging assessment of HCC response to 
RFA.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Radiofrequency ablation (RFA) therapy is 
needed to ablate wider range of region than targeted 
tumor, including surrounding liver tissues that involve 
micrometastases and microvascular invasion. The lo-
cal recurrence rate tends to be lower in hepatocellular 
carcinoma patients with an adequate ablation margin, 
and thus, it is essential to assess safety margin ac-
curately to reduce local recurrence. From this point 
of view, we need to focus on the achievement of a 
sufficient ablation margin as well the lack of tumor 
vascular enhancement for the assessment of success-
ful RFA. However, inflammatory hyperemia due to RFA 
which often appears as peripheral rim enhancement, 
and non-typical imaging features of tumor recurrence 
sometimes lead to the inappropriate diagnosis.
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for the treatment of hepatocellular carcinoma (HCC) 
because of the facile procedure, and the safety and 
effectiveness for the treatment of this type of tumor. 
On the other hand, it is believed that HCC cells should 
spread predominantly through the blood flow of the 
portal vein, which could lead to the formation of intra-
hepatic micrometastases. Therefore, monitoring tumor 
response after the treatment is quite important and 
accurate assessment of treatment response is critical 
to obtain the most favorable outcome after the RFA. 
Indeed, several reports suggested that even small 
HCCs of ≤ 3 cm in diameter might carry intrahepatic 
micrometastases and/or microvascular invasion. From 
this point of view, for preventing local recurrences, 
RFA should be performed ablating a main tumor as 
well as its surrounding non-tumorous liver tissue 
where micrometastases and microvascular invasion 
might exist. Recent advancement of imaging modali-
ties such as contrast-enhanced ultrasonic, computed 
tomography, and magnetic resonance imaging are 

playing an important role on assessing the therapeu-
tic effects of RFA. The local recurrence rate tends 
to be low in HCC patients who were proven to have 
adequate ablation margin after RFA; namely, not only 
disappearance of vascular enhancement of main tu-
mor, but also an adequate ablation margin. Therefore, 
contrast enhancement gives important findings for the 
diagnosis of recurrent HCCs on each imaging. How-
ever, hyperemia of non-tumorous liver surrounding the 
ablated lesion, which could be attributed to an inflam-
mation after RFA, may well obscure the findings of lo-
cal recurrence of HCCs after RFA. Therefore, we need 
to carefully address to these imaging findings given 
the fact that diagnostic difficulties of local recurrence 
of HCC. Here, we give an overview of the current 
status of the imaging assessment of HCC response to 
RFA.
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tumor, including surrounding liver tissues that involve 
micrometastases and microvascular invasion. The lo-
cal recurrence rate tends to be lower in hepatocellular 
carcinoma patients with an adequate ablation margin, 
and thus, it is essential to assess safety margin ac-
curately to reduce local recurrence. From this point 
of view, we need to focus on the achievement of a 
sufficient ablation margin as well the lack of tumor 
vascular enhancement for the assessment of success-
ful RFA. However, inflammatory hyperemia due to RFA 
which often appears as peripheral rim enhancement, 
and non-typical imaging features of tumor recurrence 
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INTRODUCTION
Surgical resection is the first treatment of  choice for he-
patocellular carcinoma (HCC). Unfortunately, the majority 
of  HCC patients are not suitable for curative resection at 
the time of  diagnosis because of  large tumor size, multi-
focal disease, vascular involvement, extrahepatic spread, 
poor liver function, etc.[1-6]. Therefore, there is a need to 
develop a simple and effective technique to treat unresect-
able HCC. Several local, minimally invasive hepatic thera-
pies [percutaneous ethanol injection (PEI), acetic acid 
injection, microwave coagulation therapy, and radiofre-
quency ablation (RFA)] have been developed to prolong 
survival in unresectable HCC patients over the past few 
decades[7-13]. Especially, RFA is currently performed widely 
due to its ease of  use, safety and effectiveness for man-
aging HCC in patients with cirrhosis[14-17], while its high 
repeatability makes it particularly valuable for controlling 
intrahepatic recurrences[18].

Monitoring tumor response to therapy is an important 
part of  the clinical management of  cancer patients, and 
accurate assessment of  tumor response is essential for fa-
vorable outcomes. Imaging techniques such as contrast-
enhanced ultrasound (US), computed tomography (CT) and 
magnetic resonance imaging (MRI) are generally used to 
diagnose HCC or assess therapeutic effects[19-21]. However, 
these techniques naturally use different principles to generate 
images, and the type and dose of  contrast agents are differ-
ent. Contrast enhancement is an important finding on imag-
ing; however, enhancement does not necessarily depict the 
same phenomenon between US, CT and MRI. Therefore, 
we need to be familiar with the findings on each modality 
after ablation to evaluate the success of  treatment, detect 
residual or recurrent tumors, and diagnose new lesions.

In this review, we focus our discussion on the imag-
ing assessment of  HCC response to RFA.

CLINICOPATHOLOGICAL FEATURES OF 
HCC FOR ABLATION
HCC cells spread mainly via the portal system and form 
intrahepatic micrometastases[22,23]. Among risk factors 
for recurrences, tumor size, portal vein invasion, and in-
trahepatic metastasis are generally considered the major 
causes of  intrahepatic HCC recurrence after treatment. 
A previous pathologic study showed that intrahepatic 
metastasis occurs in 10% of  cases even in early HCC 
(lesions < 2 cm in diameter)[22]. Okusaka et al[24] reported 
that 19% of  HCC nodules of  3.0 cm or less in diameter 
had satellite lesions that were not detected during pre-
treatment evaluation. Nakashima et al[25] revealed that 

59.1% of  small HCC of  ≤ 3.0 cm in diameter had mi-
crometastases within 5 mm of  each micrometastatic le-
sion and its primary HCC. Especially, among single nod-
ular type HCC, micrometastases were shown in 77.8% 
within 5 mm.

Several studies address the relation between micro-
vascular invasion of  HCC cells and tumor size. Kojiro 
et al[22] reported that the tumor invades the portal vein 
in 27% of  cases even in early HCC (lesions < 2 cm in 
dimension). Esnaola et al[26] found the frequency of  mi-
crovascular invasion to be 25% and 31% for tumors < 
2 cm and 2-4 cm in the greatest dimension, respectively. 
On the other hand, microvascular invasion was shown 
in 17% of  patients with tumors < 2 cm and 20% of  pa-
tients with tumors 2-3 cm[24]. The reported frequency of  
microvascular invasion in patients with an HCC tumor 
of  2-3 cm ranges from approximately 20%-30%. Thus, 
it has reported that the risk factors for early local tumor 
recurrence were larger tumor size, poor pathologic dif-
ferentiation of  tumor cells and advanced tumor stag-
ing[27,28].

PRINCIPLE OF TUMOR RESPONSE 
ASSESSMENT TO RFA FOR HCC
Efficacy of  treatment is usually monitored radiologically. 
Effective treatment is indicated by not only lack of  vas-
cular enhancement of  HCC, but also the safety margin. 
The safety margin is ablated peritumoral liver tissue that is 
located between a necrotic tumor and unablated liver tis-
sue (Figure 1). For the RFA procedure to be considered 
technically successful, the tumor and at least a 5 mm safety 
margin must be included in the ablation zone[29]. The local 
recurrence rate differs markedly depending on whether or 
not a 5 mm safety margin is secured. Kudo et al[14] reported 
that the local recurrence rate was 2.6% in HCC patients 
with a ≥ 5 mm safety margin at 2 years after RFA, 
whereas it was 20.8% in HCC patients without safety 
margin (P = 0.01). Another report indicated that the 
significant risk factors for local recurrence of  RFA were 
a tumor with a diameter ≥ 2.3 cm, an insufficient safety 
margin, and a multinodular tumor[30]. In addition, the 
safety margin has one more important role as security in 
avoiding limitations on CT assessment due to a partial 
volume effect.

Alpha-fetoprotein (AFP), lens culinaris agglutinin-
reactive fraction of  AFP (AFP-L3), and des-γ-carboxy 
prothrombin (DCP) have been used as tumor markers 
for HCC[31-34]. Levels of  tumor markers often fall to 
within the normal range after effective treatment and 
rise before tumor relapse is detected by imaging studies. 
However, sensitivity and specificity of  tumor markers are 
insufficient to detect HCC in all patient samples, and the 
monitoring of  tumor marker levels after therapy does not 
replace imaging[35].

Recurrence of  tumors in the treated area or else-
where is defined as re-appearance of  vascular enhance-
ment. The ideal imaging interval is unknown, but initially 
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a 3-4 mo interval is commonly used to monitor HCC 
lesions after initial treatment. After about 2 years of  
recurrence-free survival, the interval of  follow-up imag-
ing examinations can be at less frequent intervals[35].

Imaging
CT: Contrast-enhanced CT has been most widely used 
for the evaluation of  treatment response after RFA 
because of  the advantages of  CT: the rapid acquisition 
of  images, clear and specific information, and the refer-
ring of  a wide range of  the abdomen including the liver. 
After a bolus dispense of  contrast agent, tissue contrast 
enhancement depends on arterial blood flow, capillary 
permeability, rate of  diffusion, and extravascular extra-
cellular space volume. In clinical practice, evaluation of  
successful treatment was based on a visual comparison 
of  the pre- and post-RFA CT images by referring spe-
cific landmarks such as hepatic vessels and the liver sur-
face[14,36,37]. If  the non-enhancing ablation zone included 
the original tumor and an adequate safety margin in all 
directions, the RFA should be regarded as technically 
successful[38]. Sala et al[39] revealed that the independent 
predictors of  survival were Child-Pugh class (P = 0.0001) 
and initial complete response to percutaneous ablation (P 
= 0.006). Among patients classified as Child-Pugh grade 
A, a 20% difference of  survival rate was achieved at 5 
years (42% in responders vs 18% in non-responders), 
while among patients classified as Child-Pugh grade B, 
the difference of  survival rate was observed at 3 years 
(42% in responders vs 16% in non-responders).

Compared with RFA alone, the combination of  RFA 
and transcatheter arterial chemoembolization (TACE) 
markedly increased the extent of  induced coagulation of  
RFA[40]. Combined TACE and RFA have several advan-
tages over RFA treatment alone. Theoretically, emboliza-
tion along with the chemotherapy is synergic to thermal 
ablation by lowering the convection by vascular flow, 

decreasing the impedance in the tumor and facilitating 
heat distribution within the tumor. Moreover, satellite 
nodules, which are found more commonly around large 
HCCs can be depicted by Lipiodol spots. Thus, RFA 
combined with TACE has been reported to be promis-
ing for local control of  medium-size of  tumors[41-44]. In 
addition, Lipiodol-TACE could offer another advantage 
for assessment of  following RFA procedure. When the 
ablated area could cover the whole HCC with a suf-
ficient margin, the ablative margin can be shown as the 
boundary between the high density area as Lipiodol ac-
cumulation in HCC and the enhancing area as surround-
ing normal liver parenchyma. As the area of  Lipiodol 
deposition is an ideal landmark of  the tumor margin, the 
successful safety margin can be easily evaluated only by 
post-RFA dynamic CT images in HCC patients treated 
by RFA combined with TACE, without a comparison of  
the pre- and post-RFA CT images (Figure 2)[45].

Hyperemia in tissue surrounding the ablated lesion 
can represent an inflammatory reaction due to thermal 
injury. Peripheral rim enhancement resulting from reac-
tive hyperemia is usually uniform in thickness and envel-
ops the ablated lesion (Figure 2), whereas residual HCC 
demonstrates focal and irregular peripheral enhance-
ment[46,47]. However, differentiation of  reactive hyperemia 
from residual HCCs is sometimes difficult. Moreover, 
typical imaging features (arterial enhancement followed 
by delayed washout on dynamic contrast-enhanced CT) 
are not usually depicted for the diagnosis of  recurrent 
HCCs. Mikami et al[48] reported that 17.5% of  patients 
were diagnosed as local recurrent HCC with typical en-
hancement pattern, while 40.6% had arterial hypervas-
cularity without washout in the portal venous phase and 
11.9% showed washout in portal venous phase without 
arterial hypervascularity. A non-typical enhancement pat-
tern of  local HCC recurrence may reflect the fact that 
insufficient RFA therapy could lead to further malignant 
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Figure 1  Ablation margin and micrometastases/microvascular invasion. Radiofrequency ablation (RFA) therapy is required to ablate the main tumor and its 
surrounding liver tissues involving micrometastases and microvascular invasion. However, as the tumor get bigger, micrometastases and microcascular invasion fre-
quently occur. Unablated lesions lead to local recurrences after RFA. T: Tumor.
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INTRODUCTION
Surgical resection is the first treatment of  choice for he-
patocellular carcinoma (HCC). Unfortunately, the majority 
of  HCC patients are not suitable for curative resection at 
the time of  diagnosis because of  large tumor size, multi-
focal disease, vascular involvement, extrahepatic spread, 
poor liver function, etc.[1-6]. Therefore, there is a need to 
develop a simple and effective technique to treat unresect-
able HCC. Several local, minimally invasive hepatic thera-
pies [percutaneous ethanol injection (PEI), acetic acid 
injection, microwave coagulation therapy, and radiofre-
quency ablation (RFA)] have been developed to prolong 
survival in unresectable HCC patients over the past few 
decades[7-13]. Especially, RFA is currently performed widely 
due to its ease of  use, safety and effectiveness for man-
aging HCC in patients with cirrhosis[14-17], while its high 
repeatability makes it particularly valuable for controlling 
intrahepatic recurrences[18].

Monitoring tumor response to therapy is an important 
part of  the clinical management of  cancer patients, and 
accurate assessment of  tumor response is essential for fa-
vorable outcomes. Imaging techniques such as contrast-
enhanced ultrasound (US), computed tomography (CT) and 
magnetic resonance imaging (MRI) are generally used to 
diagnose HCC or assess therapeutic effects[19-21]. However, 
these techniques naturally use different principles to generate 
images, and the type and dose of  contrast agents are differ-
ent. Contrast enhancement is an important finding on imag-
ing; however, enhancement does not necessarily depict the 
same phenomenon between US, CT and MRI. Therefore, 
we need to be familiar with the findings on each modality 
after ablation to evaluate the success of  treatment, detect 
residual or recurrent tumors, and diagnose new lesions.

In this review, we focus our discussion on the imag-
ing assessment of  HCC response to RFA.

CLINICOPATHOLOGICAL FEATURES OF 
HCC FOR ABLATION
HCC cells spread mainly via the portal system and form 
intrahepatic micrometastases[22,23]. Among risk factors 
for recurrences, tumor size, portal vein invasion, and in-
trahepatic metastasis are generally considered the major 
causes of  intrahepatic HCC recurrence after treatment. 
A previous pathologic study showed that intrahepatic 
metastasis occurs in 10% of  cases even in early HCC 
(lesions < 2 cm in diameter)[22]. Okusaka et al[24] reported 
that 19% of  HCC nodules of  3.0 cm or less in diameter 
had satellite lesions that were not detected during pre-
treatment evaluation. Nakashima et al[25] revealed that 

59.1% of  small HCC of  ≤ 3.0 cm in diameter had mi-
crometastases within 5 mm of  each micrometastatic le-
sion and its primary HCC. Especially, among single nod-
ular type HCC, micrometastases were shown in 77.8% 
within 5 mm.

Several studies address the relation between micro-
vascular invasion of  HCC cells and tumor size. Kojiro 
et al[22] reported that the tumor invades the portal vein 
in 27% of  cases even in early HCC (lesions < 2 cm in 
dimension). Esnaola et al[26] found the frequency of  mi-
crovascular invasion to be 25% and 31% for tumors < 
2 cm and 2-4 cm in the greatest dimension, respectively. 
On the other hand, microvascular invasion was shown 
in 17% of  patients with tumors < 2 cm and 20% of  pa-
tients with tumors 2-3 cm[24]. The reported frequency of  
microvascular invasion in patients with an HCC tumor 
of  2-3 cm ranges from approximately 20%-30%. Thus, 
it has reported that the risk factors for early local tumor 
recurrence were larger tumor size, poor pathologic dif-
ferentiation of  tumor cells and advanced tumor stag-
ing[27,28].

PRINCIPLE OF TUMOR RESPONSE 
ASSESSMENT TO RFA FOR HCC
Efficacy of  treatment is usually monitored radiologically. 
Effective treatment is indicated by not only lack of  vas-
cular enhancement of  HCC, but also the safety margin. 
The safety margin is ablated peritumoral liver tissue that is 
located between a necrotic tumor and unablated liver tis-
sue (Figure 1). For the RFA procedure to be considered 
technically successful, the tumor and at least a 5 mm safety 
margin must be included in the ablation zone[29]. The local 
recurrence rate differs markedly depending on whether or 
not a 5 mm safety margin is secured. Kudo et al[14] reported 
that the local recurrence rate was 2.6% in HCC patients 
with a ≥ 5 mm safety margin at 2 years after RFA, 
whereas it was 20.8% in HCC patients without safety 
margin (P = 0.01). Another report indicated that the 
significant risk factors for local recurrence of  RFA were 
a tumor with a diameter ≥ 2.3 cm, an insufficient safety 
margin, and a multinodular tumor[30]. In addition, the 
safety margin has one more important role as security in 
avoiding limitations on CT assessment due to a partial 
volume effect.

Alpha-fetoprotein (AFP), lens culinaris agglutinin-
reactive fraction of  AFP (AFP-L3), and des-γ-carboxy 
prothrombin (DCP) have been used as tumor markers 
for HCC[31-34]. Levels of  tumor markers often fall to 
within the normal range after effective treatment and 
rise before tumor relapse is detected by imaging studies. 
However, sensitivity and specificity of  tumor markers are 
insufficient to detect HCC in all patient samples, and the 
monitoring of  tumor marker levels after therapy does not 
replace imaging[35].

Recurrence of  tumors in the treated area or else-
where is defined as re-appearance of  vascular enhance-
ment. The ideal imaging interval is unknown, but initially 
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a 3-4 mo interval is commonly used to monitor HCC 
lesions after initial treatment. After about 2 years of  
recurrence-free survival, the interval of  follow-up imag-
ing examinations can be at less frequent intervals[35].

Imaging
CT: Contrast-enhanced CT has been most widely used 
for the evaluation of  treatment response after RFA 
because of  the advantages of  CT: the rapid acquisition 
of  images, clear and specific information, and the refer-
ring of  a wide range of  the abdomen including the liver. 
After a bolus dispense of  contrast agent, tissue contrast 
enhancement depends on arterial blood flow, capillary 
permeability, rate of  diffusion, and extravascular extra-
cellular space volume. In clinical practice, evaluation of  
successful treatment was based on a visual comparison 
of  the pre- and post-RFA CT images by referring spe-
cific landmarks such as hepatic vessels and the liver sur-
face[14,36,37]. If  the non-enhancing ablation zone included 
the original tumor and an adequate safety margin in all 
directions, the RFA should be regarded as technically 
successful[38]. Sala et al[39] revealed that the independent 
predictors of  survival were Child-Pugh class (P = 0.0001) 
and initial complete response to percutaneous ablation (P 
= 0.006). Among patients classified as Child-Pugh grade 
A, a 20% difference of  survival rate was achieved at 5 
years (42% in responders vs 18% in non-responders), 
while among patients classified as Child-Pugh grade B, 
the difference of  survival rate was observed at 3 years 
(42% in responders vs 16% in non-responders).

Compared with RFA alone, the combination of  RFA 
and transcatheter arterial chemoembolization (TACE) 
markedly increased the extent of  induced coagulation of  
RFA[40]. Combined TACE and RFA have several advan-
tages over RFA treatment alone. Theoretically, emboliza-
tion along with the chemotherapy is synergic to thermal 
ablation by lowering the convection by vascular flow, 

decreasing the impedance in the tumor and facilitating 
heat distribution within the tumor. Moreover, satellite 
nodules, which are found more commonly around large 
HCCs can be depicted by Lipiodol spots. Thus, RFA 
combined with TACE has been reported to be promis-
ing for local control of  medium-size of  tumors[41-44]. In 
addition, Lipiodol-TACE could offer another advantage 
for assessment of  following RFA procedure. When the 
ablated area could cover the whole HCC with a suf-
ficient margin, the ablative margin can be shown as the 
boundary between the high density area as Lipiodol ac-
cumulation in HCC and the enhancing area as surround-
ing normal liver parenchyma. As the area of  Lipiodol 
deposition is an ideal landmark of  the tumor margin, the 
successful safety margin can be easily evaluated only by 
post-RFA dynamic CT images in HCC patients treated 
by RFA combined with TACE, without a comparison of  
the pre- and post-RFA CT images (Figure 2)[45].

Hyperemia in tissue surrounding the ablated lesion 
can represent an inflammatory reaction due to thermal 
injury. Peripheral rim enhancement resulting from reac-
tive hyperemia is usually uniform in thickness and envel-
ops the ablated lesion (Figure 2), whereas residual HCC 
demonstrates focal and irregular peripheral enhance-
ment[46,47]. However, differentiation of  reactive hyperemia 
from residual HCCs is sometimes difficult. Moreover, 
typical imaging features (arterial enhancement followed 
by delayed washout on dynamic contrast-enhanced CT) 
are not usually depicted for the diagnosis of  recurrent 
HCCs. Mikami et al[48] reported that 17.5% of  patients 
were diagnosed as local recurrent HCC with typical en-
hancement pattern, while 40.6% had arterial hypervas-
cularity without washout in the portal venous phase and 
11.9% showed washout in portal venous phase without 
arterial hypervascularity. A non-typical enhancement pat-
tern of  local HCC recurrence may reflect the fact that 
insufficient RFA therapy could lead to further malignant 
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Figure 1  Ablation margin and micrometastases/microvascular invasion. Radiofrequency ablation (RFA) therapy is required to ablate the main tumor and its 
surrounding liver tissues involving micrometastases and microvascular invasion. However, as the tumor get bigger, micrometastases and microcascular invasion fre-
quently occur. Unablated lesions lead to local recurrences after RFA. T: Tumor.
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transformation of  HCC[49]. Therefore, careful compari-
son with imaging before ablation and close follow-up are 
necessary in in patients who showed unusual pattern of  
enhancement in the liver after RFA.

US: US contrast agents consist of  gas-cored microbub-
bles that are encapsulated by a shell constructed of  a lipid 
monolayer or cross-linked albumin. Each bubble acts as 
a harmonic oscillator and contrast-enhanced echo signals 
contain significant energy components at higher harmon-
ics, while tissue echoes do not. With the use of  a contrast 
agent, contrast harmonic imaging possesses not only a 
very high sensitivity to contrast agents but also a high 
spatial resolution, and can depict signals from microbub-
bles with a very slow flow. Several researchers have re-
ported that contrast-enhanced US is a useful tool for as-
sessing the vascularity of  local recurrence of  HCCs[50-54]. 
The detectability of  viable HCCs was 83.5% in B-mode 
US and increased to 93.2% in contrast-enhanced US, 
using contrast-enhanced CT was used as the reference 
standard[55]. As reported by Kim et al[56], the diagnostic 
concordance between the contrast-enhanced US just after 
the RFA and the CT after the 1-mo follow-up was 99% 
in terms of  the assessment of  the therapeutic response 
to RFA. The sensitivity, specificity, and diagnostic ac-
curacy of  contrast-enhanced US were 95.3%, 100%, and 
98.1%, respectively[57]. Consequently, contrast-enhanced 
US may provide an alternative approach that shows high 
diagnostic concordance with dynamic CT in assessing the 
therapeutic response of  RFA in hypervascular HCC (Fig-
ure 3). However, it is often difficult to identify the safety 
margin on US in the some cases. Zhou et al[58] found that 
contrast-enhanced US could not evaluate safety margin 
in 34.8% of  HCC nodules because the tumor boundary 
could not be identified clearly by US after RFA. There-
fore, contrast-enhanced US and contrast-enhanced CT 

should carry a complementary role for the evaluation of  
the treatment response after RFA.

Perfluorocarbon microbubbles (Sonazoid) is clas-
sified as second-generation US-contrast agents. Unlike 
others, perfluorocarbon microbubbles are not trapped 
by Kupffer cells. A double contrast US technique using 
Sonazoid reinjection has been developed on the basis of  
two specific characteristics of  Sonazoid: real-time blood 
flow images with low acoustic power and robust Kupffer 
images tolerable for repeated scanning in the Kupffer 
phase[59-61]. According to contrast-enhanced US using 
Sonazoid, peripheral hyperemia areas show hyper-echo-
genicity during the early vascular phase and iso-echo-
genicity as adjacent liver parenchyma during the Kupffer 
phase. On the other hand, residual HCC demonstrates a 
focal defect during the Kupffer phase and represents hy-
pervascular enhancement by the reinjection of  Sonazoid. 
Therefore, differentiation of  reactive hyperemia from re-
sidual HCCs is not difficult. Dynamic contrast-enhanced 
US guidance in ablation therapy for locally recurrent 
HCCs should be an efficient approach[61].

MRI: MRI provides better contrast between the different 
soft tissues and higher spatial resolution with sensitivity 
than CT. Recent advances in MRI allow imaging of  the 
liver with a high spatial resolution during a single breath-
hold. Khankan et al[62] reported that a hyperintense zone 
on non-enhanced T1-weighted MRI within 2 d after RFA 
reflected the extent of  the ablated region. Evaluation of  
the safety margin also needs comparisons of  the pre- and 
post-RFA images because of  the blurriness of  tumor 
boundary on non-enhanced MRI after RFA.

Hepatocyte-specific MRI contrast agents were de-
veloped for detection and characterization of  focal liver 
lesions. Gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid (Gd-EOB-DTPA) is a contrast agent 
with combined properties of  a conventional non-specific 
extracellular and hepatocyte-specific contrast agent[63]. It 
is recognized that hepatocyte phase images help to dis-
tinguish vascular pseudolesions (e.g., those due to arte-
rioportal shunting, portal venule obstruction, nonportal 
splanchnic veins, or rib compression) from hypervascu-
lar tumors[64]. Meanwhile, a recent study[65] reported that 
more than 10% of  vascular pseudolesions showed hy-
pointensity on hepatocyte-phase images and that those 
pseudolesions occasionally mimicked the configurations 
and signal intensities of  HCCs. Watanabe et al[66] ana-
lyzed the image of  HCC tumors using the area under the 
receiver operating characteristic (ROC) curve, and con-
cluded that the incorporation of  hepatocyte phase imag-
es did not improve the diagnostic accuracy of  Gd-EOB-
DTPA-enhanced MRI for locally recurrent HCCs after 
RFA. On the other hand, Koda et al[67] reported the abla-
tive margin grading assessment using superparamagnetic 
iron oxide (SPIO)-enhanced MRI. They intravenously 
injected ferucarbotran (0.016 mL/kg body weight) 20-60 
min before RFA, and performed MRI at 7 d after RFA. 
Because SPIO remained in ablated hepatic parenchyma, 
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Figure 2  A 80-year-old woman with 2.5 cm hepatocellular carcinoma after 
radiofrequency ablation combined with transcatheter arterial chemoemboli-
zation. Early-phase dynamic computed tomography shows a high-density center 
indicating Lipiodol deposition in hepatocellular carcinoma (white arrow) and a sur-
rounding low-density zone indicating radiofrequency ablation-induced coagulation 
necrosis of the liver. A microsatellite (black arrow) was depicted as a high-density 
spot in the low-density zone. Therefore, this ablation therapy achieved complete 
necrosis of chief tumor and micrometastasis. Moreover, hyperemia surrounding 
the ablated lesion is depicted as peripheral rim enhancement (arrowheads).
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post-ablation MRI showed a high-intensity area of  HCC 
surrounding by low-intensity area of  ablative margin.

CONCLUSION
The prognosis of  patients with small HCC is still unsat-
isfactory because of  frequent recurrence even after com-
plete ablation. The high recurrence rate may be attrib-
uted to the undefined satellite lesions or microvascular 
invasion before treatment, which are too small to be de-
tected with the current imaging modality. For the proce-
dure of  local ablation therapies including RFA, we need 
to ablate wider range of  region than targeted tumor, 
including surrounding non-tumorous liver tissues that 
could involve micrometastases and microvascular inva-
sion. The local recurrence rate tends to be lower in HCC 
patients with an adequate ablation margin, and thus, it 
is essential to assess safety margin accurately to reduce 
local recurrence. From this point of  view, we need to 
focus on the achievement of  a sufficient ablation margin 
as well the lack of  tumor vascular enhancement for the 
assessment of  successful RFA. However, inflammatory 
hyperemia due to RFA which often appears as peripheral 
rim enhancement, and non-typical imaging features of  
tumor recurrence sometimes lead to the inappropriate 
diagnosis. Therefore, we need to be careful for the imag-
ing findings given the fact that the diagnostic difficulties 
for local recurrence of  HCC. Careful comparison of  
imaging before ablation and close follow-up are critical 
in HCC patients treated with RFA.
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A B

Figure 3  A 70-year-old man with 1.5 cm hepatocellular carcinoma after radiofrequency ablation. A: The ablated tumor is depicted as hyper echoic lesion (circle) 
on B-mode ultrasound (US). However, the boundary between ablated area and unablated liver tissue could not be identified clearly; B: Contrast-enhanced US using 
Sonazoid shows the defect (arrows) in the Kupffer phase. The ablation margin is shown as low echoic zone surrounding the ablated tumor.
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transformation of  HCC[49]. Therefore, careful compari-
son with imaging before ablation and close follow-up are 
necessary in in patients who showed unusual pattern of  
enhancement in the liver after RFA.

US: US contrast agents consist of  gas-cored microbub-
bles that are encapsulated by a shell constructed of  a lipid 
monolayer or cross-linked albumin. Each bubble acts as 
a harmonic oscillator and contrast-enhanced echo signals 
contain significant energy components at higher harmon-
ics, while tissue echoes do not. With the use of  a contrast 
agent, contrast harmonic imaging possesses not only a 
very high sensitivity to contrast agents but also a high 
spatial resolution, and can depict signals from microbub-
bles with a very slow flow. Several researchers have re-
ported that contrast-enhanced US is a useful tool for as-
sessing the vascularity of  local recurrence of  HCCs[50-54]. 
The detectability of  viable HCCs was 83.5% in B-mode 
US and increased to 93.2% in contrast-enhanced US, 
using contrast-enhanced CT was used as the reference 
standard[55]. As reported by Kim et al[56], the diagnostic 
concordance between the contrast-enhanced US just after 
the RFA and the CT after the 1-mo follow-up was 99% 
in terms of  the assessment of  the therapeutic response 
to RFA. The sensitivity, specificity, and diagnostic ac-
curacy of  contrast-enhanced US were 95.3%, 100%, and 
98.1%, respectively[57]. Consequently, contrast-enhanced 
US may provide an alternative approach that shows high 
diagnostic concordance with dynamic CT in assessing the 
therapeutic response of  RFA in hypervascular HCC (Fig-
ure 3). However, it is often difficult to identify the safety 
margin on US in the some cases. Zhou et al[58] found that 
contrast-enhanced US could not evaluate safety margin 
in 34.8% of  HCC nodules because the tumor boundary 
could not be identified clearly by US after RFA. There-
fore, contrast-enhanced US and contrast-enhanced CT 

should carry a complementary role for the evaluation of  
the treatment response after RFA.

Perfluorocarbon microbubbles (Sonazoid) is clas-
sified as second-generation US-contrast agents. Unlike 
others, perfluorocarbon microbubbles are not trapped 
by Kupffer cells. A double contrast US technique using 
Sonazoid reinjection has been developed on the basis of  
two specific characteristics of  Sonazoid: real-time blood 
flow images with low acoustic power and robust Kupffer 
images tolerable for repeated scanning in the Kupffer 
phase[59-61]. According to contrast-enhanced US using 
Sonazoid, peripheral hyperemia areas show hyper-echo-
genicity during the early vascular phase and iso-echo-
genicity as adjacent liver parenchyma during the Kupffer 
phase. On the other hand, residual HCC demonstrates a 
focal defect during the Kupffer phase and represents hy-
pervascular enhancement by the reinjection of  Sonazoid. 
Therefore, differentiation of  reactive hyperemia from re-
sidual HCCs is not difficult. Dynamic contrast-enhanced 
US guidance in ablation therapy for locally recurrent 
HCCs should be an efficient approach[61].

MRI: MRI provides better contrast between the different 
soft tissues and higher spatial resolution with sensitivity 
than CT. Recent advances in MRI allow imaging of  the 
liver with a high spatial resolution during a single breath-
hold. Khankan et al[62] reported that a hyperintense zone 
on non-enhanced T1-weighted MRI within 2 d after RFA 
reflected the extent of  the ablated region. Evaluation of  
the safety margin also needs comparisons of  the pre- and 
post-RFA images because of  the blurriness of  tumor 
boundary on non-enhanced MRI after RFA.

Hepatocyte-specific MRI contrast agents were de-
veloped for detection and characterization of  focal liver 
lesions. Gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid (Gd-EOB-DTPA) is a contrast agent 
with combined properties of  a conventional non-specific 
extracellular and hepatocyte-specific contrast agent[63]. It 
is recognized that hepatocyte phase images help to dis-
tinguish vascular pseudolesions (e.g., those due to arte-
rioportal shunting, portal venule obstruction, nonportal 
splanchnic veins, or rib compression) from hypervascu-
lar tumors[64]. Meanwhile, a recent study[65] reported that 
more than 10% of  vascular pseudolesions showed hy-
pointensity on hepatocyte-phase images and that those 
pseudolesions occasionally mimicked the configurations 
and signal intensities of  HCCs. Watanabe et al[66] ana-
lyzed the image of  HCC tumors using the area under the 
receiver operating characteristic (ROC) curve, and con-
cluded that the incorporation of  hepatocyte phase imag-
es did not improve the diagnostic accuracy of  Gd-EOB-
DTPA-enhanced MRI for locally recurrent HCCs after 
RFA. On the other hand, Koda et al[67] reported the abla-
tive margin grading assessment using superparamagnetic 
iron oxide (SPIO)-enhanced MRI. They intravenously 
injected ferucarbotran (0.016 mL/kg body weight) 20-60 
min before RFA, and performed MRI at 7 d after RFA. 
Because SPIO remained in ablated hepatic parenchyma, 
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Figure 2  A 80-year-old woman with 2.5 cm hepatocellular carcinoma after 
radiofrequency ablation combined with transcatheter arterial chemoemboli-
zation. Early-phase dynamic computed tomography shows a high-density center 
indicating Lipiodol deposition in hepatocellular carcinoma (white arrow) and a sur-
rounding low-density zone indicating radiofrequency ablation-induced coagulation 
necrosis of the liver. A microsatellite (black arrow) was depicted as a high-density 
spot in the low-density zone. Therefore, this ablation therapy achieved complete 
necrosis of chief tumor and micrometastasis. Moreover, hyperemia surrounding 
the ablated lesion is depicted as peripheral rim enhancement (arrowheads).
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post-ablation MRI showed a high-intensity area of  HCC 
surrounding by low-intensity area of  ablative margin.

CONCLUSION
The prognosis of  patients with small HCC is still unsat-
isfactory because of  frequent recurrence even after com-
plete ablation. The high recurrence rate may be attrib-
uted to the undefined satellite lesions or microvascular 
invasion before treatment, which are too small to be de-
tected with the current imaging modality. For the proce-
dure of  local ablation therapies including RFA, we need 
to ablate wider range of  region than targeted tumor, 
including surrounding non-tumorous liver tissues that 
could involve micrometastases and microvascular inva-
sion. The local recurrence rate tends to be lower in HCC 
patients with an adequate ablation margin, and thus, it 
is essential to assess safety margin accurately to reduce 
local recurrence. From this point of  view, we need to 
focus on the achievement of  a sufficient ablation margin 
as well the lack of  tumor vascular enhancement for the 
assessment of  successful RFA. However, inflammatory 
hyperemia due to RFA which often appears as peripheral 
rim enhancement, and non-typical imaging features of  
tumor recurrence sometimes lead to the inappropriate 
diagnosis. Therefore, we need to be careful for the imag-
ing findings given the fact that the diagnostic difficulties 
for local recurrence of  HCC. Careful comparison of  
imaging before ablation and close follow-up are critical 
in HCC patients treated with RFA.
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Abstract

Background We conducted a multicenter randomized

clinical trial to determine the optimal treatment strategy

against chronic hepatitis C virus (HCV) with genotype 1b

and a high viral load (G1b/high).

Methods The study subjects included 153 patients with

G1b/high. Patients were initially treated with PEG-IFNa-
2a alone and then randomly assigned to receive different

treatment regimens. Ribavirin (RBV) was administered to

all patients with HCV RNA at week 4. Patients negative for

HCV RNA at week 4 were randomly assigned to receive

PEG-IFNa-2a (group A) or PEG-IFNa-2a/RBV (group B).

Patients who showed HCV RNA at week 4 but were neg-

ative at week 12 were randomly assigned to receive weekly

PEG-IFNa-2a (group C) or biweekly therapy (group D).

Patients who showed HCV RNA at week 12 but were

negative at week 24 were randomly assigned to receive

PEG-IFNa-2a/RBV (group E) or PEG-IFNa-2a/RBV/
fluvastatin (group F).

Results Overall, the rate of sustained virological response

(SVR) was 46 % (70/153). The total SVR rate in the group

(A, D, and F) of response-guided therapy was significantly

higher than that in the group (B, C, and E) of conventional

therapy [70 % (38/54) versus 52 % (32/61), p = 0.049].

Although IL28-B polymorphism and Core 70 mutation

were significantly associated with efficacy, patients with

rapid virological response (RVR) and complete early

virological response (cEVR) achieved high SVR rates

regardless of their status of IL-28B polymorphism and

Core 70 mutation.

Conclusion In addition to knowing the IL-28B poly-

morphism and Core 70 mutation status, understanding the

likelihood of virological response during treatment is crit-

ical in determining the appropriate treatment strategy.
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Introduction

The introduction of combined treatment with peginterferon

(PEG-IFN) and ribavirin (RBV) has dramatically increased

the rate of sustained virological response (SVR) in patients

with genotype 1 high virus titer chronic hepatitis C (HCV

RNA titer C 5 Log IU/mL), a disease generally considered

intractable, to approximately 50 % [1–4]. Currently, a

protease inhibitor, telaprevir, can be used for the treatment

of chronic hepatitis C, further increasing the SVR rate to

approximately 70 % after initial treatment; however,

adverse events such as severe anemia, dermatopathy, and

renal dysfunction due to increased creatinine level have

been reported [5, 6].

RBV is also associated with adverse events, such as

anemia, dermatopathy and taste disturbance, and these

events can be accentuated in elderly patients or patients

with renal dysfunction or anemia. In Japan, there are many

elderly patients with chronic hepatitis C and they often

cannot tolerate a treatment combination involving RBV

[7]. For such patients, PEG-IFN monotherapy could be a

treatment option. It has been reported that patients with

genotype 1 high virus titer chronic hepatitis C are more

likely to achieve SVR if their HCV RNA becomes negative

within 4 weeks after initiation of PEG-IFN monotherapy

(Rapid Virological Response: RVR) [8].

Patients receiving the PEG-IFNa-2a/RBV combination

therapy can also achieve an excellent SVR rate if their

HCV RNA becomes negative within 12 weeks after ini-

tiation of treatment, whereas the rate is known to

decrease with a delay in the timing of HCV RNA-neg-

ative conversion [3]. Based on these findings, we propose

the use of ‘‘response-guided therapy’’, in which a treat-

ment regimen is modified according to viral kinetics. For

the treatment of genotype 1 chronic hepatitis C, proposed

treatment strategies include shortening of treatment per-

iod in patients with RVR and extension of treatment

period in patients with a delayed response to the initial

treatment as judged at week 12 [9–17]. For the treatment

of genotype 1 high virus titer chronic hepatitis C,

shortening of the treatment period may not be recom-

mended even if RVR is achieved because of a possible

reduction in the SVR rate, whereas extension of the

treatment period to 72 weeks has been reported to

increase the SVR rate in patients showing a delayed

response to the initial treatment [12, 14–18]. In addition,

combined use of HMG-CoA reductase inhibitors and IFN

has been shown to enhance the antiviral effects in a

synergistic manner [19]. Addition of fluvastatin (FLV), an

HMG-CoA reductase inhibitor reported to exhibit the

highest antiproliferative activity against hepatitis C virus,

to PEG-IFNa-2a/RBV combination therapy has improved

the SVR rate [20–22].

Factors affecting the efficacy of PEG-IFN/RBV com-

bination therapy can be divided into viral and host factors.

The viral factors include virus titer, genotype, amino acid

substitution at position 70 of the core protein (Core 70) and

mutations in the interferon sensitivity-determining region

(ISDR) in the HCV NS5A region [23–27]. The host factors

include age, sex, the degree of liver fibrosis, and a single

nucleotide polymorphism (SNP) close to the IL-28B gene

[28–33].

We therefore conducted a randomized trial to explore

the optimal treatment strategy for patients with genotype 1

high virus titer chronic hepatitis C by comparing several

treatment regimens modified according to the concept of

‘‘response-guided therapy’’ in consideration of tolerability

(PEG-IFNa-2a monotherapy, PEG-IFNa-2a weekly or

biweekly/RBV combination, and PEG-IFNa-2a/RBV/FLV
combination therapy). We also evaluated the relations of

IL-28B polymorphism and Core 70 mutation to the rate of

HCV-RNA-negative conversion and SVR.

Patients and methods

Patients

The study subjects included 153 patients with genotype 1b

high virus titer chronic hepatitis C (HCV RNA C 5 Log

IU/mL) who visited 17 institutions from April 2007 to

December 2010 and met the following inclusion criteria:

laboratory data before study treatment of white blood

cell count C 3,000/mm3, neutrophil count C 1,500/mm3,

platelet count C 90,000/mm3, and hemoglobin C 12 g/dL.

Before the study treatments were carried out, all patients

gave written informed consent after receiving a sufficient

explanation of the therapy. All patients had genotype 1b

chronic hepatitis C with a mean HCV RNA titer of 6.4 Log

IU/mL. There were 63 male and 90 female patients with a

mean age of 56.5 years. Sixty patients had received prior

treatment with IFN, though it was ineffective in 30 of these

patients (Table 1).

Treatment protocol

The study design is shown in Fig. 1. After a lead-in therapy

with PEG-IFNa-2a 180 lg/week alone (for 4 weeks), RBV

was added to the treatment for patients without HCV

RNA-negative conversion (according to their weight;

B 60 kg, 600 mg/day; 60–80 kg, 800 mg/day; and[80 kg,

1,000 mg/day). Patients with negative HCV RNA (Taq-

Man\ 1.2 Log IU/mL) at week 4 (rapid virological

response, RVR) were randomly assigned to receive

PEG-IFNa-2a alone (group A) or PEG-IFNa-2a/RBV
combination (group B). Patients with negative HCV RNA
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at week 12 (complete early virological response, cEVR)

were randomly assigned to receive weekly PEG-IFNa-2a/
RBV combination (group C) or biweekly PEG-IFNa-2a/
RBV combination (group D). Patients with negative HCV

RNA at week 24 (late virological response, LVR) were

randomly assigned to receive PEG-IFNa-2a/RBV combi-

nation (group E) or PEG-IFNa-2a/RBV/fluvastatin (FLV)

combination (group F). For assignment, we used Microsoft

Access to generate random numbers.

Cases with RVR: evaluation of necessity of RBV

(PEG-IFNa-2a monotherapy versus PEG-IFNa-2a/RBV
combination therapy)

Patients with negative HCV RNA at week 4 after the

introduction of lead-in therapy with PEG-IFNa-2a alone

(RVR) were randomly assigned to receive PEG-IFNa-2a
alone (group A) or PEG-IFNa-2a/RBV combination (group

B) to compare the efficacy and safety between the treat-

ment groups and to evaluate the significance of addition of

RBV in RVR cases.

Cases with cEVR: evaluation of dosage interval

of PEG-IFNa-2a (weekly versus biweekly PEG-IFNa-2a
in combination of RBV)

Patients positive for HCV RNA at week 4 but negative at

week 12 (cEVR) were randomly assigned to receive

weekly PEG-IFNa-2a/RBV combination (group C) or

biweekly PEG-IFNa-2a/RBV combination (group D) after

week 24, to compare the efficacy and safety between the

treatment groups and to evaluate the dosage interval of

PEG-IFNa-2a.

Cases with LVR: evaluation of clinical significance

of addition of fluvastatin (PEG-IFNa-2a/RBV combination

therapy versus PEG-IFNa-2a/RBV/FLV combination

therapy)

Patients with positive HCV RNA at week 4 and 12 but

negative HCV RNA at week 24 (LVR) were randomly

assigned to a treatment group of PEG-IFNa-2a/RBV
(group E) or PEG-IFNa-2a/RBV/FLV (group F) to com-

pare the efficacy and safety between the treatment groups

and to evaluate the significance of adding FLV. The dosage

of FLV was set to 20 mg/day.

The primary efficacy endpoint was SVR. We also

investigated correlations of IL-28B polymorphism

(rs8099917) and Core 70 mutation with the rate of HCV

RNA-negative conversion and SVR. The IL-28B poly-

morphism and Core 70 mutation were measured only in

patients who wished to have this done. The genetic testing

(IL-28B) was performed only in patients who gave written

informed consent after obtaining the approval from the

ethical committee. This study was a multicenter trial, and

the numbers of patients with available HCV-RNA data

were different for the week-4, -12, and -24 responses,

because not all of the participating institutions completed

all of these time points. Therefore, the numbers of patients

with regard to IL28B and Core 70 mutation did not com-

pletely match at each time point.

If a decrease in the neutrophil count, platelet count, or

Hb level reached a critical level or other adverse events

Table 1 Baseline characteristics of patients (n = 153)

Age (years) 56.5 ± 11.1

Gender (male/female) 63/90

HCV RNA (Log IU/mL) 6.4 ± 0.7

BMI (kg/m2) 22.8 ± 3.3

ALT (IU/L) 60.5 ± 41.3

AST (IU/L) 51.7 ± 31.5

Previous IFN (no/yes) 93/60 (non-responder for 30)

Fibrosis (F0-2/F3-4) 72/32 (unknown for 49)

Activity (A0-1/A2-3) 49/56 (unknown for 48)

Core 70 (wild/mutant) 54/38 (unknown for 61)

IL-28B, rs8099917 (TT/non-TT) 43/26 (unknown for 84)

Values are mean ± standard deviation (SD)

BMI body mass index, ALT alanine aminotransferase, AST aspartate

aminotransferase

PEG-IFNα2a/RBV 

PEG-IFNα2a monotherapy

week 48

group A

randomized

week 4 week 12 Week 24

group B

PEG-IFNα2a/RBV group C

Patients with RVR

Patients with cEVR

PEG-IFNα 2a/RBV group D

randomized

week 0

PEG-IFNα 2a/RBV group E

Patients with LVR

PEG-IFNα 2a/RBV group F

randomized

PEG-IFN α 2a/RBV/FLV 

PEG-IFNα 2a biweekly/RBV 

Fig. 1 Study design. After a lead-in therapy with PEG-IFNa-2a for

4 weeks, patients with negative HCV RNA at week 4 (RVR) were

randomly assigned to receive PEG-IFNa-2a alone (group A) or PEG-

IFNa-2a/RBV combination (group B). Patients with negative HCV

RNA at week 12 (cEVR) were randomly assigned to receive weekly

PEG-IFNa-2a/RBV combination (group C) or biweekly PEG-IFNa-
2a/RBV combination (group D). Patients with negative HCV RNA at

week 24 (LVR) were randomly assigned to receive PEG-IFNa-2a/
RBV combination (group E) or PEG-IFNa-2a/RBV/fluvastatin (FLV)

combination (group F)
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Introduction

The introduction of combined treatment with peginterferon

(PEG-IFN) and ribavirin (RBV) has dramatically increased

the rate of sustained virological response (SVR) in patients

with genotype 1 high virus titer chronic hepatitis C (HCV

RNA titer C 5 Log IU/mL), a disease generally considered

intractable, to approximately 50 % [1–4]. Currently, a

protease inhibitor, telaprevir, can be used for the treatment

of chronic hepatitis C, further increasing the SVR rate to

approximately 70 % after initial treatment; however,

adverse events such as severe anemia, dermatopathy, and

renal dysfunction due to increased creatinine level have

been reported [5, 6].

RBV is also associated with adverse events, such as

anemia, dermatopathy and taste disturbance, and these

events can be accentuated in elderly patients or patients

with renal dysfunction or anemia. In Japan, there are many

elderly patients with chronic hepatitis C and they often

cannot tolerate a treatment combination involving RBV

[7]. For such patients, PEG-IFN monotherapy could be a

treatment option. It has been reported that patients with

genotype 1 high virus titer chronic hepatitis C are more

likely to achieve SVR if their HCV RNA becomes negative

within 4 weeks after initiation of PEG-IFN monotherapy

(Rapid Virological Response: RVR) [8].

Patients receiving the PEG-IFNa-2a/RBV combination

therapy can also achieve an excellent SVR rate if their

HCV RNA becomes negative within 12 weeks after ini-

tiation of treatment, whereas the rate is known to

decrease with a delay in the timing of HCV RNA-neg-

ative conversion [3]. Based on these findings, we propose

the use of ‘‘response-guided therapy’’, in which a treat-

ment regimen is modified according to viral kinetics. For

the treatment of genotype 1 chronic hepatitis C, proposed

treatment strategies include shortening of treatment per-

iod in patients with RVR and extension of treatment

period in patients with a delayed response to the initial

treatment as judged at week 12 [9–17]. For the treatment

of genotype 1 high virus titer chronic hepatitis C,

shortening of the treatment period may not be recom-

mended even if RVR is achieved because of a possible

reduction in the SVR rate, whereas extension of the

treatment period to 72 weeks has been reported to

increase the SVR rate in patients showing a delayed

response to the initial treatment [12, 14–18]. In addition,

combined use of HMG-CoA reductase inhibitors and IFN

has been shown to enhance the antiviral effects in a

synergistic manner [19]. Addition of fluvastatin (FLV), an

HMG-CoA reductase inhibitor reported to exhibit the

highest antiproliferative activity against hepatitis C virus,

to PEG-IFNa-2a/RBV combination therapy has improved

the SVR rate [20–22].

Factors affecting the efficacy of PEG-IFN/RBV com-

bination therapy can be divided into viral and host factors.

The viral factors include virus titer, genotype, amino acid

substitution at position 70 of the core protein (Core 70) and

mutations in the interferon sensitivity-determining region

(ISDR) in the HCV NS5A region [23–27]. The host factors

include age, sex, the degree of liver fibrosis, and a single

nucleotide polymorphism (SNP) close to the IL-28B gene

[28–33].

We therefore conducted a randomized trial to explore

the optimal treatment strategy for patients with genotype 1

high virus titer chronic hepatitis C by comparing several

treatment regimens modified according to the concept of

‘‘response-guided therapy’’ in consideration of tolerability

(PEG-IFNa-2a monotherapy, PEG-IFNa-2a weekly or

biweekly/RBV combination, and PEG-IFNa-2a/RBV/FLV
combination therapy). We also evaluated the relations of

IL-28B polymorphism and Core 70 mutation to the rate of

HCV-RNA-negative conversion and SVR.

Patients and methods

Patients

The study subjects included 153 patients with genotype 1b

high virus titer chronic hepatitis C (HCV RNA C 5 Log

IU/mL) who visited 17 institutions from April 2007 to

December 2010 and met the following inclusion criteria:

laboratory data before study treatment of white blood

cell count C 3,000/mm3, neutrophil count C 1,500/mm3,

platelet count C 90,000/mm3, and hemoglobin C 12 g/dL.

Before the study treatments were carried out, all patients

gave written informed consent after receiving a sufficient

explanation of the therapy. All patients had genotype 1b

chronic hepatitis C with a mean HCV RNA titer of 6.4 Log

IU/mL. There were 63 male and 90 female patients with a

mean age of 56.5 years. Sixty patients had received prior

treatment with IFN, though it was ineffective in 30 of these

patients (Table 1).

Treatment protocol

The study design is shown in Fig. 1. After a lead-in therapy

with PEG-IFNa-2a 180 lg/week alone (for 4 weeks), RBV

was added to the treatment for patients without HCV

RNA-negative conversion (according to their weight;

B 60 kg, 600 mg/day; 60–80 kg, 800 mg/day; and[80 kg,

1,000 mg/day). Patients with negative HCV RNA (Taq-

Man\ 1.2 Log IU/mL) at week 4 (rapid virological

response, RVR) were randomly assigned to receive

PEG-IFNa-2a alone (group A) or PEG-IFNa-2a/RBV
combination (group B). Patients with negative HCV RNA
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at week 12 (complete early virological response, cEVR)

were randomly assigned to receive weekly PEG-IFNa-2a/
RBV combination (group C) or biweekly PEG-IFNa-2a/
RBV combination (group D). Patients with negative HCV

RNA at week 24 (late virological response, LVR) were

randomly assigned to receive PEG-IFNa-2a/RBV combi-

nation (group E) or PEG-IFNa-2a/RBV/fluvastatin (FLV)

combination (group F). For assignment, we used Microsoft

Access to generate random numbers.

Cases with RVR: evaluation of necessity of RBV

(PEG-IFNa-2a monotherapy versus PEG-IFNa-2a/RBV
combination therapy)

Patients with negative HCV RNA at week 4 after the

introduction of lead-in therapy with PEG-IFNa-2a alone

(RVR) were randomly assigned to receive PEG-IFNa-2a
alone (group A) or PEG-IFNa-2a/RBV combination (group

B) to compare the efficacy and safety between the treat-

ment groups and to evaluate the significance of addition of

RBV in RVR cases.

Cases with cEVR: evaluation of dosage interval

of PEG-IFNa-2a (weekly versus biweekly PEG-IFNa-2a
in combination of RBV)

Patients positive for HCV RNA at week 4 but negative at

week 12 (cEVR) were randomly assigned to receive

weekly PEG-IFNa-2a/RBV combination (group C) or

biweekly PEG-IFNa-2a/RBV combination (group D) after

week 24, to compare the efficacy and safety between the

treatment groups and to evaluate the dosage interval of

PEG-IFNa-2a.

Cases with LVR: evaluation of clinical significance

of addition of fluvastatin (PEG-IFNa-2a/RBV combination

therapy versus PEG-IFNa-2a/RBV/FLV combination

therapy)

Patients with positive HCV RNA at week 4 and 12 but

negative HCV RNA at week 24 (LVR) were randomly

assigned to a treatment group of PEG-IFNa-2a/RBV
(group E) or PEG-IFNa-2a/RBV/FLV (group F) to com-

pare the efficacy and safety between the treatment groups

and to evaluate the significance of adding FLV. The dosage

of FLV was set to 20 mg/day.

The primary efficacy endpoint was SVR. We also

investigated correlations of IL-28B polymorphism

(rs8099917) and Core 70 mutation with the rate of HCV

RNA-negative conversion and SVR. The IL-28B poly-

morphism and Core 70 mutation were measured only in

patients who wished to have this done. The genetic testing

(IL-28B) was performed only in patients who gave written

informed consent after obtaining the approval from the

ethical committee. This study was a multicenter trial, and

the numbers of patients with available HCV-RNA data

were different for the week-4, -12, and -24 responses,

because not all of the participating institutions completed

all of these time points. Therefore, the numbers of patients

with regard to IL28B and Core 70 mutation did not com-

pletely match at each time point.

If a decrease in the neutrophil count, platelet count, or

Hb level reached a critical level or other adverse events

Table 1 Baseline characteristics of patients (n = 153)

Age (years) 56.5 ± 11.1

Gender (male/female) 63/90

HCV RNA (Log IU/mL) 6.4 ± 0.7

BMI (kg/m2) 22.8 ± 3.3

ALT (IU/L) 60.5 ± 41.3

AST (IU/L) 51.7 ± 31.5

Previous IFN (no/yes) 93/60 (non-responder for 30)

Fibrosis (F0-2/F3-4) 72/32 (unknown for 49)

Activity (A0-1/A2-3) 49/56 (unknown for 48)

Core 70 (wild/mutant) 54/38 (unknown for 61)

IL-28B, rs8099917 (TT/non-TT) 43/26 (unknown for 84)

Values are mean ± standard deviation (SD)

BMI body mass index, ALT alanine aminotransferase, AST aspartate

aminotransferase

PEG-IFNα2a/RBV 

PEG-IFNα2a monotherapy

week 48

group A

randomized

week 4 week 12 Week 24

group B

PEG-IFNα2a/RBV group C

Patients with RVR

Patients with cEVR

PEG-IFNα 2a/RBV group D

randomized

week 0

PEG-IFNα 2a/RBV group E

Patients with LVR

PEG-IFNα 2a/RBV group F

randomized

PEG-IFN α 2a/RBV/FLV 

PEG-IFNα 2a biweekly/RBV 

Fig. 1 Study design. After a lead-in therapy with PEG-IFNa-2a for

4 weeks, patients with negative HCV RNA at week 4 (RVR) were

randomly assigned to receive PEG-IFNa-2a alone (group A) or PEG-

IFNa-2a/RBV combination (group B). Patients with negative HCV

RNA at week 12 (cEVR) were randomly assigned to receive weekly

PEG-IFNa-2a/RBV combination (group C) or biweekly PEG-IFNa-
2a/RBV combination (group D). Patients with negative HCV RNA at

week 24 (LVR) were randomly assigned to receive PEG-IFNa-2a/
RBV combination (group E) or PEG-IFNa-2a/RBV/fluvastatin (FLV)

combination (group F)
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occurred, dose reduction or discontinuation of PEG-IFNa-
2a or RBV was performed.

Statistical analysis

All statistical analyses were done using JMP version 9

(SAS). We used the t test, Chi-square test, and Fisher’s

exact test for univariate analysis. To identify factors

affecting the SVR rate, we used the logistic regression test.

A p value of less than 0.05 was considered statistically

significant.

Results

Flowchart of the study

A flowchart of the study is shown in Fig. 2. PEG-IFNa-2a
monotherapy was initiated in 153 patients, out of which 15

patients necessitated treatment discontinuation due to the

patient’s hope of recovery or adverse events. The timing of

treatment discontinuation was within 4 weeks in three

patients, between 5 and 12 weeks in nine patients, and

between 13 and 24 weeks in three patients. RVR, cEVR,

and LVR were achieved in 18, 70, and 27 patients,

respectively, and these 115 patients were randomly

assigned to treatment groups according to the response-

guided therapy. However, 23 patients remained positive for

HCV RNA (non-virological response, NVR) at week 24

and were finally judged as non-SVR.

Of 18 patients with RVR, 10 were assigned to group A

(PEG-IFNa-2a monotherapy) and eight to group B (PEG-

IFNa-2a/RBV combination); of 70 patients with cEVR, 39

were assigned to group C (weekly PEG-IFNa-2/RBV
combination) and 31 to group D (biweekly PEG-IFNa-2/
RBV combination); and of 27 patients with LVR, 14 were

assigned to group E (PEG-IFNa-2a/RBV combination) and

13 to group F (PEG-IFNa-2a/RBV/FLV combination).

PEG-IFNa-2a monotherapy versus PEG-IFNa-2a/RBV
combination therapy in cases with RVR (group

A versus group B)

The SVR rate in 18 patients with negative HCV RNA at

week 4 after initiation of PEG-IFNa-2a monotherapy

(RVR) was 100 % (10/10) in group A (PEG-IFNa-2a
monotherapy) and 87.5 % (7/8) in group B (PEG-IFNa-2a/
RBV combination), showing no significant difference

between the two groups (p = 0.444). The rate of treatment

discontinuation was 0 % (0/10) in group A. However,

treatment discontinuation was required in one patient

(12.5 %) in group B due to hemolytic anemia caused by

RBV, resulting in non-SVR. Although the rate of RVR by

PEG-IFNa-2a monotherapy was only 12 % (18/153), once

115 patients completed follow-up period

153 patients enrolled and treated with PEG-IFNα2a monotherapy

18 patients with RVR

(week 4)

132 patients without RVR

39 patients randomized to
PEG-IFNα2a/RBV

(group C)

31 patients randomized to
PEG-IFNα2a biweekly/RBV

(group D)

(week 12)

PEG-IFNα2a/RBV

9 patients discontinued treatment for AE10 patients randomized to
PEG-IFNα2a monotherapy

(group A)

8 patients randomized to
PEG-IFNα2a/RBV

(group B)

1 patient 
discontinue
d treatment 

for AE

70 patients with cEVR

3 patients discontinued treatment for AE

3 patients discontinued treatment for AE

14 patients randomized to
PEG-IFNα2a/RBV

(group E)

13 patients randomized to
PEG-IFNα2a/RBV/FLV

(group F)

(week 24)

23 patients with NVR27 patients with LVR

53 patients without cEVR

38 patients were non-SVR

6 patients
discontinue
d treatment 

for AE

1 patient 
discontinue
d treatment 

for AE

Fig. 2 Flowchart of the study. PEG-IFNa-2a monotherapy was

initiated in 153 patients, of whom 15 patients necessitated treatment

discontinuation. A total of 115 patients with RVR, cEVR, or LVRwere

randomly assigned to treatment groups, while 23 patients remained

positive forHCVRNA (non-virological response, NVR) atweek 24 and

were finally judged as non-SVR. Of 18 patients with RVR, 10 were

assigned to group A (PEG-IFNa-2a monotherapy) and eight to group B

(PEG-IFNa-2a/RBV combination); of 70 patients with cEVR, 39 were

assigned to groupC (weekly PEG-IFNa-2/RBV combination) and 31 to

group D (biweekly PEG-IFNa-2/RBV combination); and of 27 patients

with LVR, 14 were assigned to group E (PEG-IFNa-2a/RBV combi-

nation) and 13 to group F (PEG-IFNa-2a/RBV/FLV combination)
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RVR is achieved, PEG-IFNa-2a monotherapy without

addition of RBV can induce SVR at a high rate with a high

tolerability.

Weekly PEG-IFNa-2/RBV combination versus biweekly

PEG-IFNa-2/RBV combination therapy in patients

with cEVR (group C versus group D)

The SVR rate in 70 patients with cEVR was 54 % (21/39) in

group C (weekly PEG-IFNa-2/RBV combination) and 65 %

(20/31) in group D (biweekly PEG-IFNa-2/RBV combina-

tion). Adverse events leading to treatment discontinuation

occurred in six patients (15 %) in group C (a decrease in Hb

level, chest pain, fatigue, dizziness, a sense of feeling bad,

and a suspicion of HCC) but in only one patient (3 %) in

group D (depression), suggesting that the rate of treatment

discontinuation tended to be higher in group C than in group

D (p = 0.123). The difference in the SVR rates between

groups C and D may reflect the difference in the rate of

treatment discontinuation between the groups.

PEG-IFNa-2a/RBV combination versus PEG-IFNa-2a/
RBV/FLV combination therapy in patients with LVR

(group E versus group F)

The SVR rate in 27 patients with LVR was 29 % (4/14) in

group E (PEG-IFNa-2a/RBV combination therapy) and

62 % (7/13) in group F (PEG-IFNa-2a/RBV/FLV combi-

nation therapy), suggesting that the rate tended to be higher

in group F than in group E (p = 0.085). Thus, addition of

an HMG-CoA inhibitor, FLV, increased the SVR rate even

in patients with LVR showing delayed negative conversion

of HCV RNA. There were no adverse events leading to

treatment discontinuation in both groups, and FLV did not

augment the adverse events in group F.

Group with PEG-IFNa-2a/RBV combination therapy

versus group with response-guided therapy (groups

B ? C ? E versus groups A ? D ? F)

We then divided all of these groups into two groups

according to treatment regimens, a group (A ? D ? F) in

which treatment regimen was modified according to

response-guided therapy and a group (B ? C ? E) of

PEG-IFNa-2a/RBV combination therapy. The SVR rate

in the response-guided therapy group was significantly

higher than in the PEG-IFNa-2a/RBV combination

therapy group [70 % (38/54) versus 52 % (32/61),

p = 0.049].

The rate of treatment discontinuation due to adverse

events was significantly lower in the response-guided

therapy group than in the PEG-IFNa-2a/RBV combination

therapy group [11 % (7/61) versus 2 % (1/54), p = 0.043]

(Fig. 3).

Factors influencing negative conversion of HCV RNA

at week 4, 12, and 24

Factors influencing negative conversion of HCV RNA at

week 4 were analyzed in 18 patients with negative HCV

RNA and 132 patients with positive HCV RNA. Factors

identified as significantly different between the negative

and positive groups were age and HCV RNA titer before

study treatment, but IL-28B polymorphism and Core 70

mutation were not associated with negative conversion at

this time point. Comparison between 88 negative and 53

positive HCV RNA patients at week 12 and that between

115 negative and 23 positive HCV RNA patients at week

24 identified IL-28B polymorphism and Core 70 mutation

as factors, showing differences with a statistical signifi-

cance (Table 2).
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occurred, dose reduction or discontinuation of PEG-IFNa-
2a or RBV was performed.

Statistical analysis

All statistical analyses were done using JMP version 9

(SAS). We used the t test, Chi-square test, and Fisher’s

exact test for univariate analysis. To identify factors

affecting the SVR rate, we used the logistic regression test.

A p value of less than 0.05 was considered statistically

significant.

Results

Flowchart of the study

A flowchart of the study is shown in Fig. 2. PEG-IFNa-2a
monotherapy was initiated in 153 patients, out of which 15

patients necessitated treatment discontinuation due to the

patient’s hope of recovery or adverse events. The timing of

treatment discontinuation was within 4 weeks in three

patients, between 5 and 12 weeks in nine patients, and

between 13 and 24 weeks in three patients. RVR, cEVR,

and LVR were achieved in 18, 70, and 27 patients,

respectively, and these 115 patients were randomly

assigned to treatment groups according to the response-

guided therapy. However, 23 patients remained positive for

HCV RNA (non-virological response, NVR) at week 24

and were finally judged as non-SVR.

Of 18 patients with RVR, 10 were assigned to group A

(PEG-IFNa-2a monotherapy) and eight to group B (PEG-

IFNa-2a/RBV combination); of 70 patients with cEVR, 39

were assigned to group C (weekly PEG-IFNa-2/RBV
combination) and 31 to group D (biweekly PEG-IFNa-2/
RBV combination); and of 27 patients with LVR, 14 were

assigned to group E (PEG-IFNa-2a/RBV combination) and

13 to group F (PEG-IFNa-2a/RBV/FLV combination).

PEG-IFNa-2a monotherapy versus PEG-IFNa-2a/RBV
combination therapy in cases with RVR (group

A versus group B)

The SVR rate in 18 patients with negative HCV RNA at

week 4 after initiation of PEG-IFNa-2a monotherapy

(RVR) was 100 % (10/10) in group A (PEG-IFNa-2a
monotherapy) and 87.5 % (7/8) in group B (PEG-IFNa-2a/
RBV combination), showing no significant difference

between the two groups (p = 0.444). The rate of treatment

discontinuation was 0 % (0/10) in group A. However,

treatment discontinuation was required in one patient

(12.5 %) in group B due to hemolytic anemia caused by

RBV, resulting in non-SVR. Although the rate of RVR by

PEG-IFNa-2a monotherapy was only 12 % (18/153), once

115 patients completed follow-up period

153 patients enrolled and treated with PEG-IFNα2a monotherapy

18 patients with RVR

(week 4)

132 patients without RVR
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PEG-IFNα2a/RBV

(group C)
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Fig. 2 Flowchart of the study. PEG-IFNa-2a monotherapy was

initiated in 153 patients, of whom 15 patients necessitated treatment

discontinuation. A total of 115 patients with RVR, cEVR, or LVRwere

randomly assigned to treatment groups, while 23 patients remained

positive forHCVRNA (non-virological response, NVR) atweek 24 and

were finally judged as non-SVR. Of 18 patients with RVR, 10 were

assigned to group A (PEG-IFNa-2a monotherapy) and eight to group B

(PEG-IFNa-2a/RBV combination); of 70 patients with cEVR, 39 were

assigned to groupC (weekly PEG-IFNa-2/RBV combination) and 31 to

group D (biweekly PEG-IFNa-2/RBV combination); and of 27 patients

with LVR, 14 were assigned to group E (PEG-IFNa-2a/RBV combi-

nation) and 13 to group F (PEG-IFNa-2a/RBV/FLV combination)
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RVR is achieved, PEG-IFNa-2a monotherapy without

addition of RBV can induce SVR at a high rate with a high

tolerability.

Weekly PEG-IFNa-2/RBV combination versus biweekly

PEG-IFNa-2/RBV combination therapy in patients

with cEVR (group C versus group D)

The SVR rate in 70 patients with cEVR was 54 % (21/39) in

group C (weekly PEG-IFNa-2/RBV combination) and 65 %

(20/31) in group D (biweekly PEG-IFNa-2/RBV combina-

tion). Adverse events leading to treatment discontinuation

occurred in six patients (15 %) in group C (a decrease in Hb

level, chest pain, fatigue, dizziness, a sense of feeling bad,

and a suspicion of HCC) but in only one patient (3 %) in

group D (depression), suggesting that the rate of treatment

discontinuation tended to be higher in group C than in group

D (p = 0.123). The difference in the SVR rates between

groups C and D may reflect the difference in the rate of

treatment discontinuation between the groups.

PEG-IFNa-2a/RBV combination versus PEG-IFNa-2a/
RBV/FLV combination therapy in patients with LVR

(group E versus group F)

The SVR rate in 27 patients with LVR was 29 % (4/14) in

group E (PEG-IFNa-2a/RBV combination therapy) and

62 % (7/13) in group F (PEG-IFNa-2a/RBV/FLV combi-

nation therapy), suggesting that the rate tended to be higher

in group F than in group E (p = 0.085). Thus, addition of

an HMG-CoA inhibitor, FLV, increased the SVR rate even

in patients with LVR showing delayed negative conversion

of HCV RNA. There were no adverse events leading to

treatment discontinuation in both groups, and FLV did not

augment the adverse events in group F.

Group with PEG-IFNa-2a/RBV combination therapy

versus group with response-guided therapy (groups

B ? C ? E versus groups A ? D ? F)

We then divided all of these groups into two groups

according to treatment regimens, a group (A ? D ? F) in

which treatment regimen was modified according to

response-guided therapy and a group (B ? C ? E) of

PEG-IFNa-2a/RBV combination therapy. The SVR rate

in the response-guided therapy group was significantly

higher than in the PEG-IFNa-2a/RBV combination

therapy group [70 % (38/54) versus 52 % (32/61),

p = 0.049].

The rate of treatment discontinuation due to adverse

events was significantly lower in the response-guided

therapy group than in the PEG-IFNa-2a/RBV combination

therapy group [11 % (7/61) versus 2 % (1/54), p = 0.043]

(Fig. 3).

Factors influencing negative conversion of HCV RNA

at week 4, 12, and 24

Factors influencing negative conversion of HCV RNA at

week 4 were analyzed in 18 patients with negative HCV

RNA and 132 patients with positive HCV RNA. Factors

identified as significantly different between the negative

and positive groups were age and HCV RNA titer before

study treatment, but IL-28B polymorphism and Core 70

mutation were not associated with negative conversion at

this time point. Comparison between 88 negative and 53

positive HCV RNA patients at week 12 and that between

115 negative and 23 positive HCV RNA patients at week

24 identified IL-28B polymorphism and Core 70 mutation

as factors, showing differences with a statistical signifi-

cance (Table 2).
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We also investigated the correlation between IL-28B

polymorphism and HCV RNA-negative conversion within

12 weeks (RVR ? cEVR) in 64 patients in whom IL-28B

polymorphism was examined. Negative HCV RNA was

achieved within 12 weeks in 76 % of 41 patients with IL-

28B TT genotype (major) and in 34 % of 23 patients with

IL-28B TG or GG genotype (minor), showing a significant

difference between them (p = 0.001). Especially in cases

with NVR, negative HCV RNA was achieved in 7 % of

patients with IL-28B major genotype and in 44 % of

patients with IL-28B minor genotype (p\ 0.001), sug-

gesting that IL-28B polymorphism is strongly associated

with treatment response (Fig. 4). Similarly, in 86 patients

with determined Core 70 mutation status, negative HCV

RNA was achieved within 12 weeks in 75 % of 52 patients

with wild-type Core 70 and 41 % of 34 patients with

mutant Core 70, showing a significant difference between

them (p\ 0.001). In patients with NVR, the rate of

becoming HCV RNA-negative within 12 weeks was 8 %

in patients with wild-type Core 70 and 33 % in those with

mutant Core 70 (p = 0.003) (Fig. 5).

The SVR rates at different time points of HCV

RNA-negative conversion by IL-28B polymorphism

and Core 70 mutation

The SVR rates were investigated in patients with different

time points of HCV RNA-negative conversion (RVR in six

patients, cEVR in 33, LVR in 13, and NVR in 13)

according to the IL-28B genotypes. The SVR rate was

100 % (5/5) in patients with RVR, 65 % (17/26) in patients

with cEVR, 57 % (4/7) in patients with LVR, and 0 %

(0/3) in patients with NVR with IL-28B major genotype;

whereas the rate was 100 % (1/1) in patients with RVR,

43 % (3/7) in patients with cEVR, 83 % (5/6) in patients

with LVR, and 0 % (0/10) in patients with NVR with IL-

28B minor genotype. Similarly, the SVR rates were

investigated in patients with different time points of HCV

RNA-negative conversion (RVR in 11 patients, cEVR in

42, LVR in 18, and NVR in 15) according to the Core 70

Table 2 Characteristics of HCV RNA-negative or positive patients at week 4, 12, and 24

At week 4 Negative (n = 18) Positive (n = 132) p value

Age (years) 49.5 ± 14.6 57.6 ± 10.3 0.003

HCV RNA (Log IU/mL) 6.0 ± 0.7 6.4 ± 0.7 0.009

At week 12 Negative (n = 88) Positive (n = 53) p value

Core 70 substitution (wild/mutant) 39/14 13/22 \0.001

IL-28B, rs8099917 (TT/non-TT) 31/8 10/18 \0.001

At week 24 Negative (n = 115) Positive (n = 23) p value

Core 70 substitution (wild/mutant) 48/23 4/11 0.003

IL-28B, rs8099917 (TT/non-TT) 38/14 3/10 0.003

Value are mean ± standard deviation (SD)

+

Fig. 4 Treatment response to PEG-IFNa-2a with or without RBV

according to the IL-28B single nucleotide polymorphisms (TT versus

TG/GG genotype)

+

Fig. 5 Treatment response to PEG-IFNa-2a with or without RBV

according to the Core 70 mutation (wild-type versus mutant Core 70)
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mutation status. The SVR rate was 100 % (RVR), 58 %

(cEVR), 44 % (LVR), and 0 % (NVR) in patients with

wild-type Core 70; whereas the rate was 67 % (RVR), 55 %

(cEVR), 33 % (LVR), and 0 % (NVR) in patients with

mutant Core 70. Thus, when the SVR rates were investi-

gated according to the different time points of HCV RNA-

negative conversion, there was no association of IL-28B

polymorphism or Core 70 mutation with the SVR rates.

Factors affecting the SVR rate

An univariate analysis in 70 SVR patients and 83 non-SVR

patients identified age, previous IFN treatment, fibrosis,

NS5A mutation, Core 70 mutation, EVR, IL-28B, and

treatment group as factors affecting the SVR rate (Table 3).

In this analysis, we examined 83 non-SVR patients: 45

non-SVR patients are presented in Fig. 3, and 38 non-SVR

patients (23 patients with NVR and 15 patients who dis-

continued the Peg-IFN-RBV treatment prior to the enroll-

ment of the randomized trial) are presented in Fig. 2.

Multivariate analysis using a logistic regression analysis

revealed age (younger), fibrosis (mild), NS5A mutation

(two or more mutations), Core 70 status (wild-type), and

EVR (RVR ? cEVR), to be independent factors affecting

the SVR rate, and among them EVR was the most signif-

icant factor (odds ratio, 7.89; p\ 0.001) (Table 4).

Therefore, even in patients considered intractable based on

the IL-28B genotype or Core 70 mutation status, SVR is

expected to be achieved once RVR or cEVR is reached

during treatment.

Discussion

The introduction of combined treatment with PEG-IFN and

RBV has increased the SVR rate to approximately

40–50 % even in intractable cases with genotype 1b high

virus titer chronic hepatitis C after a standard treatment

course of 48 weeks [1–4]. In an attempt to further improve

the SVR rate, we propose a concept of ‘‘response-guided

therapy’’, in which the treatment regimen (such as an

extension of a treatment period) is determined according to

the viral response to the initial treatment [7–15]. In cases

with positive HCV RNA at week 4 or 12, extension of the

treatment period from 48 to 72 weeks has been reported to

prevent the recurrence and improve the SVR rate [12–14].

Recently, Miyase et al. [34] showed that PEG-IFNa-2a/
ribavirin combination therapy resulted in better SVR rates

than PEG-IFNa-2b/ribavirin combination therapy in

female, older or low-weight patients. In addition, Minami

et al. [35] reported that the rate of severe adverse events

was not negligible in PEG-IFN/ribavirin combination

therapy, and the rate was affected by treatment regimens.

Therefore, it is important to establish a treatment regimen

of PEG-IFN/RBV combination therapy that has a high

efficacy with minimal adverse events. We herein investi-

gated the treatment regimens based on the concept of

response-guided therapy to minimize the rate of treatment

discontinuation, without changing the treatment period, in

consideration of aged patients in Japan.

Table 3 Characteristics of

sustained virological response

(SVR) and non-SVR patients

Values are mean ± standard

deviation (SD)

BMI body mass index

SVR (n = 70) Non-SVR (n = 83) p value

Age (years) 53.1 ± 12.7 59.4 ± 8.7 \0.001

Gender (male/female) 29/41 34/49 0.954

HCV RNA (Log IU/mL) 6.4 ± 0.7 6.4 ± 0.7 0.782

BMI (kg/m2) 22.7 ± 3.9 22.9 ± 2.8 0.815

Previous IFN (no/yes) 49/21 44/39 0.032

Fibrosis (F0-2/F3-4) 41/9 31/23 0.007

Activity (A0-1/A2-3) 24/27 25/29 0.938

NS5A mutation, n (0-1/2-) 31/10 47/3 0.013

Core 70 substitution (wild/mutant) 30/11 24/27 0.012

IL-28B, rs8099917 (TT/non-TT) 26/9 17/18 0.027

HCV RNA-negative at week 12 (yes/no) 58/12 30/41 \0.001

Treatment group (B,C,E/A,D,F) 32/38 29/16 0.049

Table 4 Associated factors with sustained virological response

(SVR) by multivariate logistic regression analysis

Factor Odds

ratio

95 % CI p value

Age (per 1 year) 0.94 0.89–0.98 0.005

Previous IFN (no/yes) 1.62 0.62–4.27 0.323

Fibrosis (F0-2/F3-4) 3.38 1.15–10.8 0.026

NS5A mutation, n (2-/0-1) 7.18 1.32–61.0 0.021

Core 70 substitution (wild/mutant) 2.49 1.51–8.28 0.044

IL-28B, rs8099917 (TT/non-TT) 1.85 0.85-8.61 0.563

HCV RNA-negative at week 12

(yes/no)

7.89 2.92–24.0 \0.001
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We also investigated the correlation between IL-28B

polymorphism and HCV RNA-negative conversion within

12 weeks (RVR ? cEVR) in 64 patients in whom IL-28B

polymorphism was examined. Negative HCV RNA was

achieved within 12 weeks in 76 % of 41 patients with IL-

28B TT genotype (major) and in 34 % of 23 patients with

IL-28B TG or GG genotype (minor), showing a significant

difference between them (p = 0.001). Especially in cases

with NVR, negative HCV RNA was achieved in 7 % of

patients with IL-28B major genotype and in 44 % of

patients with IL-28B minor genotype (p\ 0.001), sug-

gesting that IL-28B polymorphism is strongly associated

with treatment response (Fig. 4). Similarly, in 86 patients

with determined Core 70 mutation status, negative HCV

RNA was achieved within 12 weeks in 75 % of 52 patients

with wild-type Core 70 and 41 % of 34 patients with

mutant Core 70, showing a significant difference between

them (p\ 0.001). In patients with NVR, the rate of

becoming HCV RNA-negative within 12 weeks was 8 %

in patients with wild-type Core 70 and 33 % in those with

mutant Core 70 (p = 0.003) (Fig. 5).

The SVR rates at different time points of HCV

RNA-negative conversion by IL-28B polymorphism

and Core 70 mutation

The SVR rates were investigated in patients with different

time points of HCV RNA-negative conversion (RVR in six

patients, cEVR in 33, LVR in 13, and NVR in 13)

according to the IL-28B genotypes. The SVR rate was

100 % (5/5) in patients with RVR, 65 % (17/26) in patients

with cEVR, 57 % (4/7) in patients with LVR, and 0 %

(0/3) in patients with NVR with IL-28B major genotype;

whereas the rate was 100 % (1/1) in patients with RVR,

43 % (3/7) in patients with cEVR, 83 % (5/6) in patients

with LVR, and 0 % (0/10) in patients with NVR with IL-

28B minor genotype. Similarly, the SVR rates were

investigated in patients with different time points of HCV

RNA-negative conversion (RVR in 11 patients, cEVR in

42, LVR in 18, and NVR in 15) according to the Core 70

Table 2 Characteristics of HCV RNA-negative or positive patients at week 4, 12, and 24

At week 4 Negative (n = 18) Positive (n = 132) p value

Age (years) 49.5 ± 14.6 57.6 ± 10.3 0.003

HCV RNA (Log IU/mL) 6.0 ± 0.7 6.4 ± 0.7 0.009

At week 12 Negative (n = 88) Positive (n = 53) p value

Core 70 substitution (wild/mutant) 39/14 13/22 \0.001

IL-28B, rs8099917 (TT/non-TT) 31/8 10/18 \0.001

At week 24 Negative (n = 115) Positive (n = 23) p value

Core 70 substitution (wild/mutant) 48/23 4/11 0.003

IL-28B, rs8099917 (TT/non-TT) 38/14 3/10 0.003

Value are mean ± standard deviation (SD)

+

Fig. 4 Treatment response to PEG-IFNa-2a with or without RBV

according to the IL-28B single nucleotide polymorphisms (TT versus

TG/GG genotype)

+

Fig. 5 Treatment response to PEG-IFNa-2a with or without RBV

according to the Core 70 mutation (wild-type versus mutant Core 70)
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mutation status. The SVR rate was 100 % (RVR), 58 %

(cEVR), 44 % (LVR), and 0 % (NVR) in patients with

wild-type Core 70; whereas the rate was 67 % (RVR), 55 %

(cEVR), 33 % (LVR), and 0 % (NVR) in patients with

mutant Core 70. Thus, when the SVR rates were investi-

gated according to the different time points of HCV RNA-

negative conversion, there was no association of IL-28B

polymorphism or Core 70 mutation with the SVR rates.

Factors affecting the SVR rate

An univariate analysis in 70 SVR patients and 83 non-SVR

patients identified age, previous IFN treatment, fibrosis,

NS5A mutation, Core 70 mutation, EVR, IL-28B, and

treatment group as factors affecting the SVR rate (Table 3).

In this analysis, we examined 83 non-SVR patients: 45

non-SVR patients are presented in Fig. 3, and 38 non-SVR

patients (23 patients with NVR and 15 patients who dis-

continued the Peg-IFN-RBV treatment prior to the enroll-

ment of the randomized trial) are presented in Fig. 2.

Multivariate analysis using a logistic regression analysis

revealed age (younger), fibrosis (mild), NS5A mutation

(two or more mutations), Core 70 status (wild-type), and

EVR (RVR ? cEVR), to be independent factors affecting

the SVR rate, and among them EVR was the most signif-

icant factor (odds ratio, 7.89; p\ 0.001) (Table 4).

Therefore, even in patients considered intractable based on

the IL-28B genotype or Core 70 mutation status, SVR is

expected to be achieved once RVR or cEVR is reached

during treatment.

Discussion

The introduction of combined treatment with PEG-IFN and

RBV has increased the SVR rate to approximately

40–50 % even in intractable cases with genotype 1b high

virus titer chronic hepatitis C after a standard treatment

course of 48 weeks [1–4]. In an attempt to further improve

the SVR rate, we propose a concept of ‘‘response-guided

therapy’’, in which the treatment regimen (such as an

extension of a treatment period) is determined according to

the viral response to the initial treatment [7–15]. In cases

with positive HCV RNA at week 4 or 12, extension of the

treatment period from 48 to 72 weeks has been reported to

prevent the recurrence and improve the SVR rate [12–14].

Recently, Miyase et al. [34] showed that PEG-IFNa-2a/
ribavirin combination therapy resulted in better SVR rates

than PEG-IFNa-2b/ribavirin combination therapy in

female, older or low-weight patients. In addition, Minami

et al. [35] reported that the rate of severe adverse events

was not negligible in PEG-IFN/ribavirin combination

therapy, and the rate was affected by treatment regimens.

Therefore, it is important to establish a treatment regimen

of PEG-IFN/RBV combination therapy that has a high

efficacy with minimal adverse events. We herein investi-

gated the treatment regimens based on the concept of

response-guided therapy to minimize the rate of treatment

discontinuation, without changing the treatment period, in

consideration of aged patients in Japan.

Table 3 Characteristics of

sustained virological response

(SVR) and non-SVR patients

Values are mean ± standard

deviation (SD)

BMI body mass index

SVR (n = 70) Non-SVR (n = 83) p value

Age (years) 53.1 ± 12.7 59.4 ± 8.7 \0.001

Gender (male/female) 29/41 34/49 0.954

HCV RNA (Log IU/mL) 6.4 ± 0.7 6.4 ± 0.7 0.782

BMI (kg/m2) 22.7 ± 3.9 22.9 ± 2.8 0.815

Previous IFN (no/yes) 49/21 44/39 0.032

Fibrosis (F0-2/F3-4) 41/9 31/23 0.007

Activity (A0-1/A2-3) 24/27 25/29 0.938

NS5A mutation, n (0-1/2-) 31/10 47/3 0.013

Core 70 substitution (wild/mutant) 30/11 24/27 0.012

IL-28B, rs8099917 (TT/non-TT) 26/9 17/18 0.027

HCV RNA-negative at week 12 (yes/no) 58/12 30/41 \0.001

Treatment group (B,C,E/A,D,F) 32/38 29/16 0.049

Table 4 Associated factors with sustained virological response

(SVR) by multivariate logistic regression analysis

Factor Odds

ratio

95 % CI p value

Age (per 1 year) 0.94 0.89–0.98 0.005

Previous IFN (no/yes) 1.62 0.62–4.27 0.323

Fibrosis (F0-2/F3-4) 3.38 1.15–10.8 0.026

NS5A mutation, n (2-/0-1) 7.18 1.32–61.0 0.021

Core 70 substitution (wild/mutant) 2.49 1.51–8.28 0.044

IL-28B, rs8099917 (TT/non-TT) 1.85 0.85-8.61 0.563

HCV RNA-negative at week 12

(yes/no)

7.89 2.92–24.0 \0.001
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Factors influencing SVR have been evaluated in many

studies that reported IL-28B (a host factor) and Core 70

mutation (a viral factor) as factors predicting the treatment

outcome [23, 24, 36–38]. Our present study also demon-

strate that the SVR rate was lower in patients with IL-28B

minor genotype and those with mutant Core 70, suggesting

that IL-28B polymorphism and Core 70 mutation represent

factors largely influencing the negative conversion of HCV

RNA. Regarding the correlation between treatment

response and SVR, Thompson et al. [38] reported that RVR

and cEVR rates were lower in patients with the IL-28B

minor genotype than in those with the major genotype but

the SVR rate was not affected by the IL-28B genotype in

patients with RVR or cEVR. In recent studies published

after recognition of IL-28B polymorphism, virological

response at week 4 and 12 was highly associated with SVR

[39, 40]. In our present results, if RVR or EVR is achieved,

a high SVR rate can be obtained regardless of the IL-28B

polymorphism or Core 70 mutation status.

If RVR is achieved, PEG-IFNa-2a monotherapy exhib-

its a treatment effect equivalent to that of PEG-IFNa-2a/
RBV combination therapy. Conversely, one patient

receiving PEG-IFNa-2a/RBV combination therapy devel-

oped anemia caused by RBV, resulting in treatment dis-

continuation and non-SVR. In a phase III clinical trial in

Japanese patients, the SVR rate in patients with RVR was

100 % (14/14) in control patients receiving PEG-IFNa-2a
monotherapy but was 78 % (18/23) in those receiving

PEG-IFNa-2a/RBV combination therapy [41]. Therefore,

in terms of preventing treatment discontinuation due to

adverse events of RBV, PEG-IFNa-2a monotherapy is

recommended in cases with RVR.

In cases with cEVR, the SVR rate in patients who

received biweekly PEG-IFNa-2/RBV combination therapy

was comparable or even higher as compared to those who

received weekly PEG-IFNa-2/RBV combination therapy.

This means that biweekly PEG-IFNa-2a in a later treat-

ment period did not reduce the antiviral effects in a subset

of cases achieving a good antiviral effect (cEVR). This is

partly because the half-life of PEG-IFNa2a is longer than

that of PEG-IFNa2b [42–44], thus enabling the mainte-

nance of antiviral effects. Therefore, this biweekly regimen

appears possible only with PEG-IFNa2a. Regarding treat-

ment discontinuation, the rate of treatment discontinuation

was 3 % (1/31) in patients receiving biweekly PEG-IFNa-2
and 15 % (6/39) in those receiving weekly PEG-IFNa-2,
suggesting that the reduced rate of adverse events and

subsequent treatment discontinuation by biweekly admin-

istration may lead to the increased SVR rate.

Ikeda et al. [19] reported that one of the HMG-CoA

reductase inhibitors, FLV, exhibits inhibitory effects on HCV

RNA replication in a system of HCV RNA replication clone.

In the clinical setting, Sezaki et al. and Rao and Pandya

[20–22] reported that combined use of FLV from the treat-

ment initiation period improved the SVR rate [21]. The HCV

RNA is replicated using the lipid droplet in hepatocytes [45,

46], and HMG-CoA reductase inhibitors are reported to

inhibit the proliferation of HCV RNA by suppressing the

synthesis ofmevalonic acid through geranylgeranylation [47].

We investigated whether the SVR rate is improved by

the addition of FLV only in cases with LVR, because a

high SVR rate is expected in patients showing rapid neg-

ative conversion of HCV RNA (such as RVR and cEVR

cases) without the combined use of FLV. Our results

showed that combined use of FLV yielded a higher SVR

rate (62 %) as compared to the rate (29 %) obtained

without the use of FLV, suggesting that the difference in

the recurrence rate may reflect the difference in the SVR

rate in patients negative for HCV RNA. Thus, because we

used FLV in patients with LVR at high risk of recurrence,

but not in those with RVR or cEVR at low risk of recur-

rence, the difference in anti-HCV activities by FLV was

more pronounced. It has been reported that treatment with

HMG-CoA reductase inhibitors does not increase the risk

of severe hepatotoxicity in patients with chronic hepatitis C

[48], which is consistent with our present results showing

no adverse events associated with the addition of FLV.

In summary, the SVR rate was 52 % (32/61) in the group

receiving PEG-IFNa-2a/RBV combination therapy and

70 % (38/54) in the group receiving modified treatment

regimens according to response-guided therapy, showing a

significant increase in the latter group. This result may

be attributed to the difference in the rate of treatment

discontinuation, which was significantly lower in the

response-guided therapy group [2 % (1/54)] than in the PEG-

IFNa-2a/RBV combination group [11 % (7/61)]. In addi-

tion, anti-HCV effects of FLV in patients with LVR at high

risk of recurrencemay contribute to the improved SVR in the

response-guided therapy group. Our results demonstrated

the safety and efficacy of PEG-IFNa-2a monotherapy in

patients with RVR, biweekly PEG-IFNa-2a/RBV combi-

nation therapy in those with cEVR, and PEG-IFNa-2a/RBV/
FLV combination therapy in those with LVR.

In conclusion, for the treatment of genotype 1b high

virus titer chronic hepatitis C, the selection of an optimal

response-guided therapy option, taking into consideration

the viral response to initial treatment, the IL-28B poly-

morphism and Core 70 mutation status, and the safety of

individual patients, can improve the SVR rate.
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Factors influencing SVR have been evaluated in many

studies that reported IL-28B (a host factor) and Core 70

mutation (a viral factor) as factors predicting the treatment

outcome [23, 24, 36–38]. Our present study also demon-

strate that the SVR rate was lower in patients with IL-28B

minor genotype and those with mutant Core 70, suggesting

that IL-28B polymorphism and Core 70 mutation represent

factors largely influencing the negative conversion of HCV

RNA. Regarding the correlation between treatment

response and SVR, Thompson et al. [38] reported that RVR

and cEVR rates were lower in patients with the IL-28B

minor genotype than in those with the major genotype but

the SVR rate was not affected by the IL-28B genotype in

patients with RVR or cEVR. In recent studies published

after recognition of IL-28B polymorphism, virological

response at week 4 and 12 was highly associated with SVR

[39, 40]. In our present results, if RVR or EVR is achieved,

a high SVR rate can be obtained regardless of the IL-28B

polymorphism or Core 70 mutation status.

If RVR is achieved, PEG-IFNa-2a monotherapy exhib-

its a treatment effect equivalent to that of PEG-IFNa-2a/
RBV combination therapy. Conversely, one patient

receiving PEG-IFNa-2a/RBV combination therapy devel-

oped anemia caused by RBV, resulting in treatment dis-

continuation and non-SVR. In a phase III clinical trial in

Japanese patients, the SVR rate in patients with RVR was

100 % (14/14) in control patients receiving PEG-IFNa-2a
monotherapy but was 78 % (18/23) in those receiving

PEG-IFNa-2a/RBV combination therapy [41]. Therefore,

in terms of preventing treatment discontinuation due to

adverse events of RBV, PEG-IFNa-2a monotherapy is

recommended in cases with RVR.

In cases with cEVR, the SVR rate in patients who

received biweekly PEG-IFNa-2/RBV combination therapy

was comparable or even higher as compared to those who

received weekly PEG-IFNa-2/RBV combination therapy.

This means that biweekly PEG-IFNa-2a in a later treat-

ment period did not reduce the antiviral effects in a subset

of cases achieving a good antiviral effect (cEVR). This is

partly because the half-life of PEG-IFNa2a is longer than

that of PEG-IFNa2b [42–44], thus enabling the mainte-

nance of antiviral effects. Therefore, this biweekly regimen

appears possible only with PEG-IFNa2a. Regarding treat-

ment discontinuation, the rate of treatment discontinuation

was 3 % (1/31) in patients receiving biweekly PEG-IFNa-2
and 15 % (6/39) in those receiving weekly PEG-IFNa-2,
suggesting that the reduced rate of adverse events and

subsequent treatment discontinuation by biweekly admin-

istration may lead to the increased SVR rate.

Ikeda et al. [19] reported that one of the HMG-CoA

reductase inhibitors, FLV, exhibits inhibitory effects on HCV

RNA replication in a system of HCV RNA replication clone.

In the clinical setting, Sezaki et al. and Rao and Pandya

[20–22] reported that combined use of FLV from the treat-

ment initiation period improved the SVR rate [21]. The HCV

RNA is replicated using the lipid droplet in hepatocytes [45,

46], and HMG-CoA reductase inhibitors are reported to

inhibit the proliferation of HCV RNA by suppressing the

synthesis ofmevalonic acid through geranylgeranylation [47].

We investigated whether the SVR rate is improved by

the addition of FLV only in cases with LVR, because a

high SVR rate is expected in patients showing rapid neg-

ative conversion of HCV RNA (such as RVR and cEVR

cases) without the combined use of FLV. Our results

showed that combined use of FLV yielded a higher SVR

rate (62 %) as compared to the rate (29 %) obtained

without the use of FLV, suggesting that the difference in

the recurrence rate may reflect the difference in the SVR

rate in patients negative for HCV RNA. Thus, because we

used FLV in patients with LVR at high risk of recurrence,

but not in those with RVR or cEVR at low risk of recur-

rence, the difference in anti-HCV activities by FLV was

more pronounced. It has been reported that treatment with

HMG-CoA reductase inhibitors does not increase the risk

of severe hepatotoxicity in patients with chronic hepatitis C

[48], which is consistent with our present results showing

no adverse events associated with the addition of FLV.

In summary, the SVR rate was 52 % (32/61) in the group

receiving PEG-IFNa-2a/RBV combination therapy and

70 % (38/54) in the group receiving modified treatment

regimens according to response-guided therapy, showing a

significant increase in the latter group. This result may

be attributed to the difference in the rate of treatment

discontinuation, which was significantly lower in the

response-guided therapy group [2 % (1/54)] than in the PEG-

IFNa-2a/RBV combination group [11 % (7/61)]. In addi-

tion, anti-HCV effects of FLV in patients with LVR at high

risk of recurrencemay contribute to the improved SVR in the

response-guided therapy group. Our results demonstrated

the safety and efficacy of PEG-IFNa-2a monotherapy in

patients with RVR, biweekly PEG-IFNa-2a/RBV combi-

nation therapy in those with cEVR, and PEG-IFNa-2a/RBV/
FLV combination therapy in those with LVR.

In conclusion, for the treatment of genotype 1b high

virus titer chronic hepatitis C, the selection of an optimal

response-guided therapy option, taking into consideration

the viral response to initial treatment, the IL-28B poly-

morphism and Core 70 mutation status, and the safety of

individual patients, can improve the SVR rate.
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ABSTRACT: Background. This study investigated
the usefulness of postvascular images of contrast-
enhanced ultrasonography (CE-US) in the gross clas-
sification of hepatocellular carcinoma (HCC) in com-
parison with contrast-enhanced CT (CE-CT) findings.

Methods. This is a prospective study with consecu-
tive HCC patients who had both CE-US and CE-CT prior
to surgical resection. Fifty-one patients (32 men, 19
women; mean age, 68.9 years) with 61 HCCs were
enrolled. The maximal diameters of all tumors ranged
from 1.0 to 5.0 cm (mean6SD, 2.5 cm6 1.1).
Weighted kappa statistics were used to assess the
agreement of the sonographic or CT findings versus
the results of macroscopic configurations.

Results. Thirty-nine tumors were macroscopically
diagnosed as simple nodule type; 19 tumors were
macroscopically diagnosed as simple nodular type
with extranodular growth, and 3 were macroscopi-
cally diagnosed as confluent multinodular type from
the resected specimen. The diagnostic accuracy was
86.9% (53/61) for CE-US and 65.6% (40/61) for CE-CT.
The differences in accuracy between CE-US and CE-
CT were statistically significant (McNemar; p50.007).
Agreement analysis between gross classification
using CE-US and final macroscopic results gave a
kappa value of 0.74 (95% CI: 0.65–0.82), which was
considered a good agreement. On the other hand,
kappa coefficient value was 0.38 (95% CI: 0.28–0.48)
between gross classification using CE-CT and final
macroscopic results.

Conclusions. CE-US is a more reliable tool than CE-
CT to evaluate the gross type of HCC than CE-CT.

Accurate gross classification using imaging is consid-
ered to be essential for the determination of the cor-
rect treatment strategy and the estimates of the
patients’ prognosis. VC 2013 Wiley Periodicals, Inc.
J Clin Ultrasound 42:1–8, 2014; Published online in
Wiley Online Library (wileyonlinelibrary.com). DOI:
10.1002/jcu.22080

Keywords: hepatocellular carcinoma; contrast-
enhanced US

Based on an analysis of surgically resected
hepatocellular carcinomas (HCCs), Kanai et

al have proposed a gross classification in which
Eggel’s nodular type is subclassified into simple
nodular type, simple nodular type with extranod-
ular growth, and confluent multinodular type.1,2

With the progress of nodular subclassification
from simple nodular type to confluent multinodu-
lar type, HCC nodules were at risk to develop a
higher rate of malignancy from moderate to poor
differentiation on pathology. The macroscopic
type of HCC has been reported to be a significant
prognostic factor for HCC patients undergoing
hepatectomy.3,4 Therefore, accurate classification
of the nodular type of HCC would change its
management.

Gray-scale ultrasonography (US) is the most
widely used modality for HCC screening and
surveillance. However, HCC nodules often show
unclear borders partly due to innumerable large
regenerating nodules in the cirrhotic liver.5 In
recent years, contrast-enhanced US (CE-US)
has been able to demonstrate tumor vascularity
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ABSTRACT: Background. This study investigated
the usefulness of postvascular images of contrast-
enhanced ultrasonography (CE-US) in the gross clas-
sification of hepatocellular carcinoma (HCC) in com-
parison with contrast-enhanced CT (CE-CT) findings.

Methods. This is a prospective study with consecu-
tive HCC patients who had both CE-US and CE-CT prior
to surgical resection. Fifty-one patients (32 men, 19
women; mean age, 68.9 years) with 61 HCCs were
enrolled. The maximal diameters of all tumors ranged
from 1.0 to 5.0 cm (mean6SD, 2.5 cm6 1.1).
Weighted kappa statistics were used to assess the
agreement of the sonographic or CT findings versus
the results of macroscopic configurations.

Results. Thirty-nine tumors were macroscopically
diagnosed as simple nodule type; 19 tumors were
macroscopically diagnosed as simple nodular type
with extranodular growth, and 3 were macroscopi-
cally diagnosed as confluent multinodular type from
the resected specimen. The diagnostic accuracy was
86.9% (53/61) for CE-US and 65.6% (40/61) for CE-CT.
The differences in accuracy between CE-US and CE-
CT were statistically significant (McNemar; p50.007).
Agreement analysis between gross classification
using CE-US and final macroscopic results gave a
kappa value of 0.74 (95% CI: 0.65–0.82), which was
considered a good agreement. On the other hand,
kappa coefficient value was 0.38 (95% CI: 0.28–0.48)
between gross classification using CE-CT and final
macroscopic results.

Conclusions. CE-US is a more reliable tool than CE-
CT to evaluate the gross type of HCC than CE-CT.

Accurate gross classification using imaging is consid-
ered to be essential for the determination of the cor-
rect treatment strategy and the estimates of the
patients’ prognosis. VC 2013 Wiley Periodicals, Inc.
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Based on an analysis of surgically resected
hepatocellular carcinomas (HCCs), Kanai et

al have proposed a gross classification in which
Eggel’s nodular type is subclassified into simple
nodular type, simple nodular type with extranod-
ular growth, and confluent multinodular type.1,2

With the progress of nodular subclassification
from simple nodular type to confluent multinodu-
lar type, HCC nodules were at risk to develop a
higher rate of malignancy from moderate to poor
differentiation on pathology. The macroscopic
type of HCC has been reported to be a significant
prognostic factor for HCC patients undergoing
hepatectomy.3,4 Therefore, accurate classification
of the nodular type of HCC would change its
management.

Gray-scale ultrasonography (US) is the most
widely used modality for HCC screening and
surveillance. However, HCC nodules often show
unclear borders partly due to innumerable large
regenerating nodules in the cirrhotic liver.5 In
recent years, contrast-enhanced US (CE-US)
has been able to demonstrate tumor vascularity
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with higher sensitivity and accuracy due to
developments in US instruments and contrast
agents.6–8 Perfluorocarbon microbubbles (Sona-
zoid; Daiichi Sankyo, Tokyo, Japan), a second-
generation US contrast agent, are phagocytosed
by Kupffer cells unlike other second-generation
contrast agents and accumulate in the liver
parenchyma over time.9 This contrast agent can
provide a functional imaging with high contrast
in the postvascular phase.10–12 Thus, Kupffer
imaging easily shows the tumor contours on
CE-US using Sonazoid according to the shape of
defects.13–16 However, no study has investigated
the value of the gross classification on CE-US in
patients with HCC in comparison with other
modalities. The aim of this study was to com-
pare the gross classification of HCC on CE-US
and contrast-enhanced CT (CE-CT) with the
gold standard of pathologic findings.

PATIENTS AND METHODS

Patients

The Ethics Committee of our institution
approved the study protocol. Written consent
was obtained from each patient or a family
member at enrollment. This is a prospective
study with 51 consecutive HCC patients who
underwent surgical resection who had both CE-
US and CE-CT prior to surgery. Between June
2007 and July 2010, 51 patients (32 men, 19
women; age range, 52–79 years; mean age6SD,
68.9 years6 6.7) with 61 HCCs underwent
hepatic resection at Kinki University Faculty of
Medicine (Table 1). The underlying liver dis-
eases, diagnosed using a combination of serum
biomarkers and pathologic findings, were as fol-
lows: HCV-related cirrhosis (n5 22), HCV-
related chronic hepatitis (n512), HBV-related
cirrhosis (n56), HBV-related chronic hepatitis
(n5 2), HCV- and HBV-related chronic hepatitis
(n5 3), cirrhosis of unknown causes (n53), and
hepatitis of unknown causes (n5 3). The maxi-
mal diameters of all tumors ranged from 1.0 to
5.0 cm (mean6SD, 2.5 cm61.1). The surgical
procedures applied were partial hepatectomy in
36 patients, sebsegmentectomy in 8 patients,
segmentectomy in 5 patients, and lobectomy in
2 patients.
HCCs were diagnosed based on three-phase

CE-CT findings such as hyperenhancement in
the arterial phase and washout in the equilib-
rium phase in patients with chronic liver dis-
ease. Unresectable disease was defined as the

presence of extrahepatic metastases; severe cir-
rhosis of the proposed liver remnant precluding
resection; or extensive disease without the pos-
sibility of leaving a sufficient liver remnant pre-
cluding radical resection. Therefore, the number
of lesions was not an absolute exclusion crite-
rion for resection.

CE-US

Gray-scale sonograms and the coded phase-
inversion images were obtained using a LOGIQ
7 scanner (GE Healthcare, Milwaukee, WI). The
convex-arrayed transducer of LOGIQ 7 was
used at a frequency of 4 or 6.5 MHz. The acous-
tic power of contrast harmonic US was set at
the default setting with a mechanical index of
0.2; the dynamic range was fixed at 60–70 deci-
bels. The focus point was just under the bottom
of the lesion. The images were stored as a cine
clip with GE exclusive raw-data format files in
the LOGIQ 7 computer.
The US contrast agent was Sonazoid with a

median diameter of the microbubbles of 2–3 lm.
The anticipated clinical dose for the imaging of
liver lesions is 0.01 ml encapsulated gas per
kilogram of body weight, and this contrast agent
was administered as a quick bolus and flushed
with 10 ml saline at approximately 1 ml/s via a
22-gauge cannula placed in the antecubital vein.
Tumor enhancement was depicted in the vascu-

lar phase (from 10 seconds to 5–7 minutes after
injection of the contrast agent), whereas paren-
chymal uptake of contrast agent was evaluated
in the postvascular phase (from approximately

TABLE 1

Characteristics of 51 Patients with 61 HCCs

Age (years) 68.96 6.7 (52–79)

Male/female 32/19

Etiology (HBV/HCV/HBV1HCV/NBNC) 8/34/3/6

Child-Pugh classification (A/B/C) 46/5/0

Platelet count (3104/ml) 14.16 7.5 (3.4–46.9)

ICG R15 (%) 18.16 8.8 (5–54)

AFP (ng/ml) 741 (4–4,571)

AFP L3 (%) 25.8 (0–83.7)

DCP (AU/ml) 741 (9–27333)

Tumor size (cm) 2.56 1.1 (1.0–5.0)

Differentiation of HCC (%)

(well/moderate/poor)

10/41/10

Fibrosis (F0–1/2–3/4) 13/9/30

Operative procedures

Lobectomy 2

Segmentectomy 5

Anatomical subsegmentectomy 8

Nonanatomical minor hepatectomy 36

Abbreviations: DCP, des-r-carboxyprothrombin; HBV, hepatitis B

virus; HCV, hepatitis C virus; NBNC, patients negative for both HBs

antigen and HCV antibody; ICG R15, indocyanine green retention rate

at 15 minutes.
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10 minutes after injection of the contrast agent).
Two sonologists, one with 12 years of US imag-
ing experience and the other with 15 years of
US imaging experience who were blinded to the
CT and pathologic findings, reviewed the arte-
rial vascular images and the postvascular
images known as Kupffer images.

CE-CT

A multidetector CT (LightSpeed VCT; GE
Healthcare) was used for diagnosis. Triple-
phase CE-CT scans were performed with a 5.0-
mm slice thickness at 30, 60, and 180 seconds
after initiating the injection of contrast media
to obtain hepatic arterial, portal venous, and
equilibrium phase images, respectively. A total
of 100 ml of nonionic contrast material contain-
ing 300 mg of iodine per milliliter (Iomeprol;
Eisai Co., Tokyo, Japan) was injected intrave-
nously at a rate of 3 mL/s using an automatic
power injector.

Two experienced radiologists reviewed the
hyperenhancement in the arterial phase and
washout in the equilibrium phase on CE-CT.
These reviewers were blinded to any other infor-
mation regarding the patients, and then the
reviewers discussed all the patients until they
reached consensus on the diagnosis.

Imaging assessment of HCC gross type

HCC of nodular type was defined as tumors
characterized by a clear border between tumor
and surrounding parenchyma. All HCCs were
subclassified by imaging into the following three
gross types before surgical resection: single nod-
ular (SN) type, defined as those tumors showing
a clear round shape; single nodular with extra-
nodular growth (SNEG), defined as those tumors
with one or more perinodular tumor growths;
and confluent multinodular (CM) type, defined
as those tumors forming a cluster of small and
confluent nodules (Figures 1 and 2).

Macroscopic configurations of HCC

The resected specimens were cut into 5-mm sec-
tions in the transverse plane. The gross classifi-
cation of HCC was assessed under all sections
of tumors by an experienced surgeon (S.H.). In
accordance with the classification proposed by
the Liver Cancer Study Group of Japan, macro-
scopic configurations of nodular HCCs were
divided into three types.2

Statistical analysis

Data are expressed as mean6SD. The v2 test
and Mann-Whitney U test for statistical analysis

were used to compare the clinicopathologic fea-
tures of patients. A p value of less than 0.05
was considered statistically significant. Signifi-
cant differences in accuracy were calculated
using the McNemar test. The 95% confidence
intervals were calculated according to the bino-
mial distribution. The agreement of the US or
CT findings versus the results of macroscopic
configurations was measured using the kappa
coefficient (Tables 3 and 4). Data were analyzed
using statistical software (SPSS 11.5; SPSS, Chi-
cago, IL). A kappa statistic of 0.41–0.60 was con-
sidered to indicate moderate agreement; a
weighted kappa statistic of 0.61–0.80 was con-
sidered to indicate good agreement, and a
weighted kappa statistic of 0.81–1.00 was con-
sidered to indicate excellent agreement.17

RESULTS

Among 61 HCC nodules, 39 tumors (63.9%) were
classified into SN type, 19 (31.2%) tumors into
SNEG type, and 3 (4.9%) tumors into CM type
from the resected specimen. HCCs of SNEG type
and CM type could be lumped as non-SN type
because they have higher malignant potential.
Table 2 summarizes the comparison of character-
istics between SN type and non-SN type. Five
patients with multiple HCCs had two various
HCC types of the gross classification. Non-SN-
type HCCs were bigger and had a higher
frequency of capsule invasion, respectively
(p5 0.0066 and p5 0.011, respectively). All HCCs
of the non-SN type were diagnosed as moderate
or poorly differentiated tumors. In contrast, 25.6%
(10/39) of HCCs of SN type were diagnosed as
well-differentiated HCC. There was no statistical
difference in hepatic fibrosis between the groups.

The diagnostic accuracy was 86.9% (53/61) for
CE-US and 65.6% (40/61) for CE-CT (Tables 3
and 4). The differences in accuracy between CE-
US and CE-CT were statistically significant
(McNemar; p50.007). On CE-US, 50 HCCs were
shown as clear defects. The seven HCCs shown
as defects with unclear boundaries were diag-
nosed as being associated with severe liver cirrho-
sis in the resected specimens, and the four HCCs
shown as lower contrast defects with clear
boundaries were histologically diagnosed as well-
differentiated HCC. Kappa coefficient showed a
value of 0.74 (95% CI: 0.65–0.82), which is consid-
ered to be a good agreement between gross classi-
fication using CE-US and macroscopic final
results (Table 3). Overclassification occurred in
four nodules (6.6%), and underclassification
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with higher sensitivity and accuracy due to
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10 minutes after injection of the contrast agent).
Two sonologists, one with 12 years of US imag-
ing experience and the other with 15 years of
US imaging experience who were blinded to the
CT and pathologic findings, reviewed the arte-
rial vascular images and the postvascular
images known as Kupffer images.

CE-CT

A multidetector CT (LightSpeed VCT; GE
Healthcare) was used for diagnosis. Triple-
phase CE-CT scans were performed with a 5.0-
mm slice thickness at 30, 60, and 180 seconds
after initiating the injection of contrast media
to obtain hepatic arterial, portal venous, and
equilibrium phase images, respectively. A total
of 100 ml of nonionic contrast material contain-
ing 300 mg of iodine per milliliter (Iomeprol;
Eisai Co., Tokyo, Japan) was injected intrave-
nously at a rate of 3 mL/s using an automatic
power injector.

Two experienced radiologists reviewed the
hyperenhancement in the arterial phase and
washout in the equilibrium phase on CE-CT.
These reviewers were blinded to any other infor-
mation regarding the patients, and then the
reviewers discussed all the patients until they
reached consensus on the diagnosis.

Imaging assessment of HCC gross type

HCC of nodular type was defined as tumors
characterized by a clear border between tumor
and surrounding parenchyma. All HCCs were
subclassified by imaging into the following three
gross types before surgical resection: single nod-
ular (SN) type, defined as those tumors showing
a clear round shape; single nodular with extra-
nodular growth (SNEG), defined as those tumors
with one or more perinodular tumor growths;
and confluent multinodular (CM) type, defined
as those tumors forming a cluster of small and
confluent nodules (Figures 1 and 2).

Macroscopic configurations of HCC

The resected specimens were cut into 5-mm sec-
tions in the transverse plane. The gross classifi-
cation of HCC was assessed under all sections
of tumors by an experienced surgeon (S.H.). In
accordance with the classification proposed by
the Liver Cancer Study Group of Japan, macro-
scopic configurations of nodular HCCs were
divided into three types.2

Statistical analysis

Data are expressed as mean6SD. The v2 test
and Mann-Whitney U test for statistical analysis

were used to compare the clinicopathologic fea-
tures of patients. A p value of less than 0.05
was considered statistically significant. Signifi-
cant differences in accuracy were calculated
using the McNemar test. The 95% confidence
intervals were calculated according to the bino-
mial distribution. The agreement of the US or
CT findings versus the results of macroscopic
configurations was measured using the kappa
coefficient (Tables 3 and 4). Data were analyzed
using statistical software (SPSS 11.5; SPSS, Chi-
cago, IL). A kappa statistic of 0.41–0.60 was con-
sidered to indicate moderate agreement; a
weighted kappa statistic of 0.61–0.80 was con-
sidered to indicate good agreement, and a
weighted kappa statistic of 0.81–1.00 was con-
sidered to indicate excellent agreement.17

RESULTS

Among 61 HCC nodules, 39 tumors (63.9%) were
classified into SN type, 19 (31.2%) tumors into
SNEG type, and 3 (4.9%) tumors into CM type
from the resected specimen. HCCs of SNEG type
and CM type could be lumped as non-SN type
because they have higher malignant potential.
Table 2 summarizes the comparison of character-
istics between SN type and non-SN type. Five
patients with multiple HCCs had two various
HCC types of the gross classification. Non-SN-
type HCCs were bigger and had a higher
frequency of capsule invasion, respectively
(p5 0.0066 and p5 0.011, respectively). All HCCs
of the non-SN type were diagnosed as moderate
or poorly differentiated tumors. In contrast, 25.6%
(10/39) of HCCs of SN type were diagnosed as
well-differentiated HCC. There was no statistical
difference in hepatic fibrosis between the groups.

The diagnostic accuracy was 86.9% (53/61) for
CE-US and 65.6% (40/61) for CE-CT (Tables 3
and 4). The differences in accuracy between CE-
US and CE-CT were statistically significant
(McNemar; p50.007). On CE-US, 50 HCCs were
shown as clear defects. The seven HCCs shown
as defects with unclear boundaries were diag-
nosed as being associated with severe liver cirrho-
sis in the resected specimens, and the four HCCs
shown as lower contrast defects with clear
boundaries were histologically diagnosed as well-
differentiated HCC. Kappa coefficient showed a
value of 0.74 (95% CI: 0.65–0.82), which is consid-
ered to be a good agreement between gross classi-
fication using CE-US and macroscopic final
results (Table 3). Overclassification occurred in
four nodules (6.6%), and underclassification
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occurred in four nodules (6.6%) for CE-US. On
the other hand, kappa coefficient showed a value
of 0.38 (95% CI: 0.28–0.48), which is considered a
poor degree of agreement between gross classifi-
cation using CE-CT and macroscopic final results
(Table 4). Overclassification occurred in 13 nod-
ules (21.3%), and underclassification occurred in
7 nodules (11.5%) for CE-CT.

DISCUSSION

The classification of HCC is based on gross pat-
terns of tumor growth and spread. Some

researchers have reported that moderate differ-
entiated HCC is the majority in SN type, and the
percentage of poorly differentiated HCC increase
in SNEG type and more in CM type.18–21 In
short, the macroscopic classification can be useful
to estimate prognosis in HCC patients because
the histologic grade of malignancy is shown to be
strongly related to survival after treatment. How-
ever, the gross classification is conventionally
defined by the resected specimens of HCC. Before
treatment, including surgical resection, radiofre-
quency ablation, or transcatheter arterial chemo-
embolization, accurate gross classification by

FIGURE 1. A 61-year-old man pathologically diagnosed with moderately differentiated HCC measuring 2.5 cm in diameter in segment VI of the

liver. (A, B) HCC was depicted as a tumor with elliptical contour. CE-CT showed hyperenhancement in the arterial phase (A) and washout in the

equilibrium phase (B). (C) CE-US images in the postvascular phase indicate a single well-circumscribed nodule. (D) The gross surgical specimen

was also diagnosed as a single nodular type.
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FIGURE 2. A 65-year-old man pathologically diagnosed with moderately differentiated HCC measuring 1.6 cm in diameter in segment V of the

liver. (A, B) CE-CT shows tumor with an elliptical tumor contour (arrow) in the arterial phase (A) and the equilibrium phase (B). (C) CE-US in the

postvascular phase demonstrates an extragrowth (arrowhead) next to the primary tumor (arrow). This lesion was not depicted on CE-CT. (D)

Gross evaluation of the surgical specimen, diagnosed as a single nodular type with an extranodular growth. The arrow indicates an extranodular

growth of HCC.

TABLE 2

Characteristics in HCC Patients with SN Type and Non-SN Type

Variables SN Type (39 HCCs)
Non-SN Type

(SNEG1CM type) (22 HCCs) p Value

Capsule invasion 23.1% (9/39) 59.0% (13/22) 0.011

Positive vascular invasion 7.7% (3/39) 13.6% (3/22) 0.66

Differentiation of HCC (well/moderate/poor) 10/22/7 0/19/3 0.059

Abbreviations: CM, confluent multinodular; HCC, hepatocellular carcinoma; SN, single nodular; SNEG, single nodular with extranodular

growth.
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occurred in four nodules (6.6%) for CE-US. On
the other hand, kappa coefficient showed a value
of 0.38 (95% CI: 0.28–0.48), which is considered a
poor degree of agreement between gross classifi-
cation using CE-CT and macroscopic final results
(Table 4). Overclassification occurred in 13 nod-
ules (21.3%), and underclassification occurred in
7 nodules (11.5%) for CE-CT.

DISCUSSION

The classification of HCC is based on gross pat-
terns of tumor growth and spread. Some

researchers have reported that moderate differ-
entiated HCC is the majority in SN type, and the
percentage of poorly differentiated HCC increase
in SNEG type and more in CM type.18–21 In
short, the macroscopic classification can be useful
to estimate prognosis in HCC patients because
the histologic grade of malignancy is shown to be
strongly related to survival after treatment. How-
ever, the gross classification is conventionally
defined by the resected specimens of HCC. Before
treatment, including surgical resection, radiofre-
quency ablation, or transcatheter arterial chemo-
embolization, accurate gross classification by

FIGURE 1. A 61-year-old man pathologically diagnosed with moderately differentiated HCC measuring 2.5 cm in diameter in segment VI of the

liver. (A, B) HCC was depicted as a tumor with elliptical contour. CE-CT showed hyperenhancement in the arterial phase (A) and washout in the

equilibrium phase (B). (C) CE-US images in the postvascular phase indicate a single well-circumscribed nodule. (D) The gross surgical specimen

was also diagnosed as a single nodular type.
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FIGURE 2. A 65-year-old man pathologically diagnosed with moderately differentiated HCC measuring 1.6 cm in diameter in segment V of the

liver. (A, B) CE-CT shows tumor with an elliptical tumor contour (arrow) in the arterial phase (A) and the equilibrium phase (B). (C) CE-US in the

postvascular phase demonstrates an extragrowth (arrowhead) next to the primary tumor (arrow). This lesion was not depicted on CE-CT. (D)

Gross evaluation of the surgical specimen, diagnosed as a single nodular type with an extranodular growth. The arrow indicates an extranodular

growth of HCC.

TABLE 2

Characteristics in HCC Patients with SN Type and Non-SN Type

Variables SN Type (39 HCCs)
Non-SN Type

(SNEG1CM type) (22 HCCs) p Value

Capsule invasion 23.1% (9/39) 59.0% (13/22) 0.011

Positive vascular invasion 7.7% (3/39) 13.6% (3/22) 0.66

Differentiation of HCC (well/moderate/poor) 10/22/7 0/19/3 0.059

Abbreviations: CM, confluent multinodular; HCC, hepatocellular carcinoma; SN, single nodular; SNEG, single nodular with extranodular

growth.
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imaging could be key to successful management
of HCC patients.
In this study, the diagnostic accuracy was sig-

nificantly better for CE-US compared with CE-
CT (86.9% versus 65.6% respectively; p50.036).
Agreement analysis between gross classification
using CE-US and macroscopic final results gave
a kappa value of 0.74, which was considered a
good agreement. On the other hand, kappa coef-
ficient showed a value of 0.38 between gross
classification using CE-CT and macroscopic final
results. The advantages of CE-US are high spa-
tial resolution, temporal resolution, and con-
trast resolution. The contrast agent can provide
detailed insight into the perfusion features of
the tumoral microvascular bed in the vascular
phase. For example, small extranodular growth
of HCC could be depicted as a projection of
hyperenhanced tumor in the vascular phase. In
addition, Sonazoid microbubbles act as func-
tional imaging agents. The postvascular image
represents the function of the reticuloendothe-
lial system, which is mainly determined by the
number and function of Kupffer cells.22–24 Dur-
ing the postvascular phase, low mechanical
index real-time US allows repeated sweep scan-
ning for obtaining defects images and could

markedly improve the characterization of nodu-
lar HCCs in comparison with CE-CT.
However, some small HCC nodules were mis-

classified on CE-US or CE-CT due to the tumor
size. The mean tumor size of CE-US misclassi-
fied nodules was smaller than that of CE-CT
misclassified nodules (2.36 0.7 cm versus
2.66 1.0 cm, respectively). Of the seven misclas-
sified nodules on CE-US, five nodules were diag-
nosed as simple nodule type and the remaining
two nodules were diagnosed as simple nodular
type with extranodular growth. Because all mis-
classified nodules on CE-US had septum forma-
tion, it was difficult to evaluate the shapes of
nodules by the difference in perfusion defect.
The mean tumor size of SNEG-type HCCs mis-
classified on CE-US was 1.76 0.2 (range, 1.5–
1.8 cm). Despite the classification of SNEG type,
the mean tumor size was smaller. In the 16 CE-
CT misclassified nodules, it was difficult to eval-
uate the shapes of nodules on CE-CT because of
the partial volume effect.
Table 2 showed that the gross HCC type was

associated with histologic cellular differentiation
and clinical malignancies. Minagawa et al
reported that one of the independent prognostic
factors was gross classification in a nationwide
cohort study of Japanese patients with resected
HCCs.25 Therefore, it might be also useful to
assess gross type of HCC for decision of treat-
ment strategies. Radiofrequency ablation, a local
ablative technique, has been performed widely
because of difficulties in surgical resection
related to the size, site, and number of tumors,
vascular and extrahepatic involvement, as well
as liver function of HCC patients.26–30 The main
goal of radiofrequency ablation is complete ther-
mal coagulation of the tumor, leaving no viable
malignant tissue.31 Histologic evidence directly
validates radiofrequency ablation as an effective
treatment of small (<3 cm) HCC.32 For patients
with small HCC of nonSN type, it would be
more effective to receive surgical resection that
has more curability than radiofrequency abla-
tion. On the other hand, in patients with HCC
of simple nodular type that are not small, it
would be more effective to receive the less inva-
sive therapy radiofrequency ablation rather
than surgical resection. In deciding to adminis-
ter HCC therapy, it is essential to obtain the
imaging information of gross patterns.
The principal limitation of this study was the

lack of independence of data, as some patients
contributed more than one tumor to the analy-
sis. Another limitation is the relatively small
number of patients. Further studies of this

TABLE 3

Comparison of CE-US and Resected Specimen in the Gross

Type of HCC

Pathologic Findings

CE-US

SN type SNEG type CM type

SN type (n5 39) 35 3 1 39

SNEG type (n519) 3 16 0 19

CM type (n53) 0 1 2 3

38 20 3 61

Abbreviations: CE-US, contrast-enhanced ultrasonography; CM,

confluent multinodular; HCC, hepatocellular carcinoma; SN, single

nodular; SNEG, single nodular with extranodular growth.

TABLE 4

Comparison of CE-CT and Resected Specimen in the Gross

Type of HCC

Pathologic Findings

CE-CT

SN type SNEG type CM type

SN type (n5 39) 30 6 3 39

SNEG type (n519) 6 9 4 19

CM type (n53) 1 0 2 3

37 15 9 61

Abbreviations: CE-CT, contrast-enhanced CT; CM, confluent

multinodular; HCC, hepatocellular carcinoma; SN, single nodular;

SNEG, single nodular with extranodular growth.
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technique with a larger number of patients are
warranted.

In conclusion, CE-US is a more reliable tool
to evaluate the gross type of HCC than CE-CT.
In particular, postvascular phase imaging using
Sonazoid could show the clear contours of
tumor. Accurate gross classification by imaging
is considered to be essential for the determina-
tion of treatment strategy and the estimates of
the patients’ prognosis.
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imaging could be key to successful management
of HCC patients.
In this study, the diagnostic accuracy was sig-

nificantly better for CE-US compared with CE-
CT (86.9% versus 65.6% respectively; p50.036).
Agreement analysis between gross classification
using CE-US and macroscopic final results gave
a kappa value of 0.74, which was considered a
good agreement. On the other hand, kappa coef-
ficient showed a value of 0.38 between gross
classification using CE-CT and macroscopic final
results. The advantages of CE-US are high spa-
tial resolution, temporal resolution, and con-
trast resolution. The contrast agent can provide
detailed insight into the perfusion features of
the tumoral microvascular bed in the vascular
phase. For example, small extranodular growth
of HCC could be depicted as a projection of
hyperenhanced tumor in the vascular phase. In
addition, Sonazoid microbubbles act as func-
tional imaging agents. The postvascular image
represents the function of the reticuloendothe-
lial system, which is mainly determined by the
number and function of Kupffer cells.22–24 Dur-
ing the postvascular phase, low mechanical
index real-time US allows repeated sweep scan-
ning for obtaining defects images and could

markedly improve the characterization of nodu-
lar HCCs in comparison with CE-CT.
However, some small HCC nodules were mis-

classified on CE-US or CE-CT due to the tumor
size. The mean tumor size of CE-US misclassi-
fied nodules was smaller than that of CE-CT
misclassified nodules (2.36 0.7 cm versus
2.66 1.0 cm, respectively). Of the seven misclas-
sified nodules on CE-US, five nodules were diag-
nosed as simple nodule type and the remaining
two nodules were diagnosed as simple nodular
type with extranodular growth. Because all mis-
classified nodules on CE-US had septum forma-
tion, it was difficult to evaluate the shapes of
nodules by the difference in perfusion defect.
The mean tumor size of SNEG-type HCCs mis-
classified on CE-US was 1.76 0.2 (range, 1.5–
1.8 cm). Despite the classification of SNEG type,
the mean tumor size was smaller. In the 16 CE-
CT misclassified nodules, it was difficult to eval-
uate the shapes of nodules on CE-CT because of
the partial volume effect.
Table 2 showed that the gross HCC type was

associated with histologic cellular differentiation
and clinical malignancies. Minagawa et al
reported that one of the independent prognostic
factors was gross classification in a nationwide
cohort study of Japanese patients with resected
HCCs.25 Therefore, it might be also useful to
assess gross type of HCC for decision of treat-
ment strategies. Radiofrequency ablation, a local
ablative technique, has been performed widely
because of difficulties in surgical resection
related to the size, site, and number of tumors,
vascular and extrahepatic involvement, as well
as liver function of HCC patients.26–30 The main
goal of radiofrequency ablation is complete ther-
mal coagulation of the tumor, leaving no viable
malignant tissue.31 Histologic evidence directly
validates radiofrequency ablation as an effective
treatment of small (<3 cm) HCC.32 For patients
with small HCC of nonSN type, it would be
more effective to receive surgical resection that
has more curability than radiofrequency abla-
tion. On the other hand, in patients with HCC
of simple nodular type that are not small, it
would be more effective to receive the less inva-
sive therapy radiofrequency ablation rather
than surgical resection. In deciding to adminis-
ter HCC therapy, it is essential to obtain the
imaging information of gross patterns.
The principal limitation of this study was the

lack of independence of data, as some patients
contributed more than one tumor to the analy-
sis. Another limitation is the relatively small
number of patients. Further studies of this

TABLE 3

Comparison of CE-US and Resected Specimen in the Gross

Type of HCC

Pathologic Findings

CE-US

SN type SNEG type CM type

SN type (n5 39) 35 3 1 39

SNEG type (n519) 3 16 0 19

CM type (n53) 0 1 2 3

38 20 3 61

Abbreviations: CE-US, contrast-enhanced ultrasonography; CM,

confluent multinodular; HCC, hepatocellular carcinoma; SN, single

nodular; SNEG, single nodular with extranodular growth.

TABLE 4

Comparison of CE-CT and Resected Specimen in the Gross

Type of HCC

Pathologic Findings

CE-CT

SN type SNEG type CM type

SN type (n5 39) 30 6 3 39

SNEG type (n519) 6 9 4 19

CM type (n53) 1 0 2 3

37 15 9 61

Abbreviations: CE-CT, contrast-enhanced CT; CM, confluent

multinodular; HCC, hepatocellular carcinoma; SN, single nodular;

SNEG, single nodular with extranodular growth.
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technique with a larger number of patients are
warranted.

In conclusion, CE-US is a more reliable tool
to evaluate the gross type of HCC than CE-CT.
In particular, postvascular phase imaging using
Sonazoid could show the clear contours of
tumor. Accurate gross classification by imaging
is considered to be essential for the determina-
tion of treatment strategy and the estimates of
the patients’ prognosis.

REFERENCES

1. Kanai T, Hirohashi S, Upton MP, et al. Pathology
of small hepatocellular carcinoma: a proposal for a
new gross classification. Cancer 1987;60:81.

2. Liver Cancer Study Group of Japan. The general
rules for the clinical and pathological study of pri-
mary liver cancer. 1989;19:98.

3. Hui AM, Takayama T, Sano K, et al. Predictive
value of gross classification of hepatocellular carci-
noma on recurrence and survival after hepatec-
tomy. J Hepatol 2000;33:975.

4. Shirabe K, Aishima S, Taketomi A, et al. Prognos-
tic importance of the gross classification of hepato-
cellular carcinoma in living donor-related liver
transplantation. Br J Surg 2011;98:261.

5. Minami Y, Kudo M, Chung H, et al. Contrast har-
monic sonography-guided radiofrequency ablation
therapy versus B-mode sonography in hepatocellu-
lar carcinoma: prospective randomized controlled
trial. AJR Am J Roentgenol 2007;188:489.

6. Solbiati L, Tonolini M, Cova L, et al. The role of
contrast-enhanced ultrasound in the detection of
focal liver lesions. Eur Radiol 2001;11:E15.

7. Konopke R, Bunk A, Kersting S. The role of
contrast-enhanced ultrasound for focal liver lesion
detection: an overview. Ultrasound Med Biol 2007;
33:1515.

8. Furuse J, NagaseM, Ishii H, et al. Contrast enhance-
ment patterns of hepatic tumours during the vascu-
lar phase using coded harmonic imaging and
Levovist to differentiate hepatocellular carcinoma
from other focal lesions. Br J Radiol 2003;76:385.

9. Yanagisawa K, Moriyasu F, Miyahara T, et al.
Phagocytosis of ultrasound contrast agent micro-
bubbles by Kupffer cells. Ultrasound Med Biol
2007;33:318.

10. Sontum PC, Ostensen J, Dvrstad K, et al. Acoustic
properties of NC100100 and their relation with the
microbubble size distribution. Invest Radiol 1999;
34:268.

11. Ramnarine KV, Kyriakopoulou K, Gordon P, et al.
Improved characterisation of focal liver tumours:
dynamic power Doppler imaging using NC100100
echo-enhancer. Eur J Ultrasound 2000;11:95.

12. Korenaga K, Korenaga M, Furukawa M, et al. Use-
fulness of Sonazoid contrast-enhanced ultrasonog-
raphy for hepatocellular carcinoma: comparison

with pathological diagnosis and superparamag-
netic iron oxide magnetic resonance images. J Gas-
troenterol 2009;44:733.

13. Kudo M, Hatanaka K, Maekawa K. Defect reperfu-
sion imaging, a newly developed novel technology
using Sonazoid in treatment of hepatocellular car-
cinoma. J Med Ultrasound 2008;16:169.

14. Hatanaka K, Kudo M, Minami Y, et al. Differential
diagnosis of hepatic tumors: value of contrast-
enhanced harmonic sonography using the newly
developed contrast agent, Sonazoid. Intervirology
2008;51:61.

15. Hatanaka K, Kudo M, Minami Y, et al. Sonazoid-
enhanced ultrasonography for diagnosis of hepatic
malignancies: comparison with contrast-enhanced
CT. Oncology 2008;75:42.

16. Minami Y, Kudo M, Hatanaka K, et al. Radiofre-
quency ablation guided by contrast harmonic
sonography using perfluorocarbon microbubbles
(Sonazoid) for hepatic malignancies: an initial
experience. Liver Int 2010;30:759.

17. Cohen J. A coefficient of agreement for nominal
scales. Educ Psychol Meas 1960;20:37.

18. Nakashima Y, Nakashima O, Tanaka M, et al. Por-
tal vein invasion and intrahepatic micrometastasis
in small hepatocellular carcinoma by gross type.
Hepatol Res 2003;26:142.

19. Shimada M, Rikimaru T, Hamatsu T, et al. The role
of macroscopic classification in nodular-type hepato-
cellular carcinoma. Am J Surg 2001;182:177.

20. Komatsu S, Murakami M, Fukumoto T, et al. Risk
factors for survival and local recurrence after par-
ticle radiotherapy for single small hepatocellular
carcinoma. Br J Surg 2011;98:558.

21. Roayaie S, Blume IN, Thung SN, et al. A system of
classifying microvascular invasion to predict out-
come after resection in patients with hepatocellu-
lar carcinoma. Gastroenterology 2009;137:850.

22. Inoue T, Kudo M, Watai R, et al. Differential diag-
nosis of nodular lesions in cirrhotic liver by post-
vascular phase contrast-enhanced US with Levov-
ist: comparison with superparamagnetic iron oxide
magnetic resonance images. J Gastroenterol 2005;
40:1139.

23. Inoue T, Kudo M, Maenishi O, et al. Value of liver
parenchymal phase contrast-enhanced sonography
to diagnose premalignant and borderline lesions
and overt hepatocellular carcinoma. AJR Am J
Roentgenol 2009;192:698.

24. Tanaka M, Nakashima O, Wada Y, et al. Pathomor-
phological study of Kupffer cells in hepatocellular
carcinoma and hyperplastic nodular lesions in the
liver. Hepatology 1996;24:807.

25. Minagawa M, Ikai I, Matsuyama Y, et al. Staging
of hepatocellular carcinoma: assessment of the
Japanese TNM and AJCC/UICC TNM systems in
a cohort of 13,772 patients in Japan. Ann Surg
2007;245:909.

26. Kudo M. Radiofrequency ablation for hepatocellu-
lar carcinoma: updated review in 2010. Oncology
2010;78:S113.

GROSS CLASSIFICATION OF HCC USING CE-US

VOL. 42, NO.1, JANUARY 2014 7

— 171 —



27. Shiozawa K, Watanabe M, Takayama R, et al.
Evaluation of local recurrence after treatment for
hepatocellular carcinoma by contrast-enhanced
ultrasonography using Sonazoid: comparison with
dynamic computed tomography. J Clin Ultrasound
2010;38:182.

28. Chen MS, Li JQ, Zheng Y, et al. A prospective
randomized trial comparing percutaneous local
ablative therapy and partial hepatectomy for small
hepatocellular carcinoma. Ann Surg 2006;243:321.

29. Huang J, Yan L, Cheng Z, et al. A randomized trial
comparing radiofrequency ablation and surgical
resection for HCC conforming to the Milan criteria.
Ann Surg 2010;252:903.

30. Rossi S, Di Stasi M, Buscarini E, et al. Percutane-
ous radiofrequency interstitial thermal ablation in
the treatment of small hepatocellular carcinoma.
Cancer J Sci Am 1995;1:73.

31. Kim YS, Lee WJ, Rhim H, et al. The minimal abla-
tive margin of radiofrequency ablation of hepato-
cellular carcinoma (> 2 and<5 cm) needed to
prevent local tumor progression: 3D quantitative
assessment using CT image fusion. AJR Am J
Roentgenol 2010;195:758.

32. Lu DS, Yu NC, Raman SS, et al. Radiofrequency
ablation of hepatocellular carcinoma: treatment
success as defined by histologic examination of the
explanted liver. Radiology 2005;234:954.

HATANAKA ETAL

8 JOURNAL OF CLINICAL ULTRASOUND

ORIGINAL PAPER

GIDEON (Global Investigation of therapeutic DEcisions in
hepatocellular carcinoma and Of its treatment with
sorafeNib): second interim analysis

R. Lencioni,1 M. Kudo,2 S.-L. Ye,3 J.-P. Bronowicki,4 X.-P. Chen,5 L. Dagher,6 J. Furuse,7

J. F. Geschwind,8 L. Ladr�on de Guevara,9 C. Papandreou,10 T. Takayama,11 S. K. Yoon,12 K.
Nakajima,13 R. Lehr,14 S. Heldner,15 A. J. Sanyal16

SUMMARY

Background: GIDEON (Global Investigation of therapeutic DEcisions in hepatocel-

lular carcinoma [HCC] and Of its treatment with sorafeNib) is a global, prospec-

tive, non-interventional study undertaken to evaluate the safety of sorafenib in

patients with unresectable HCC in real-life practice, including Child-Pugh B

patients who were excluded from clinical trials. Methods: Patients with unresec-

table HCC, for whom the decision to treat with sorafenib, based on the approved

label and prescribing guidelines, had been taken by their physician, were eligible

for inclusion. Demographic data and disease/medical history were recorded at

entry. Sorafenib dosing and adverse events (AEs) were collected at follow-up visits.

The second interim analysis was undertaken when ~1500 treated patients were

followed up for ≥ 4 months. Results: Of the 1571 patients evaluable for safety,

61% had Child-Pugh A status and 23% Child-Pugh B. The majority of patients

(74%) received the approved 800 mg initial sorafenib dose, regardless of Child-

Pugh status; however, median duration of therapy was shorter in Child-Pugh B

patients. The majority of drug-related AEs were grade 1 or 2, and the most com-

monly reported were consistent with previous reports. The incidence and nature of

drug-related AEs were broadly similar across Child-Pugh, Barcelona Clinic Liver

Cancer (BCLC) and initial dosing subgroups, and consistent with the overall popu-

lation. Conclusions: Consistent with the first interim analysis, overall safety pro-

file and dosing strategy are similar across Child-Pugh subgroups. Safety findings

also appear comparable irrespective of initial sorafenib dose or BCLC stage. Final

analyses in > 3000 patients are ongoing.

What’s known
• The oral multikinase inhibitor sorafenib significantly

improves overall survival in patients with uHCC.

However, pivotal studies generally included only

patients with preserved liver function; therefore,

investigation of sorafenib in wider patient groups is

needed.

• GIDEON is a global, non-interventional study

evaluating uHCC patients treated with sorafenib

in clinical practice, thereby allowing a broad

evaluation of patient subgroups, including those

with advanced liver dysfunction.

What’s new
• The second interim analysis of the GIDEON study

has now been completed in > 1500 uHCC

patients treated with sorafenib in clinical

practice.

• Consistent with the first interim analysis conducted

in ~500 patients, these data highlight that the

safety profile of sorafenib appears to be

comparable across Child-Pugh and BCLC

subgroups in real-life practice.

• Safety findings also appear to be similar,

irrespective of the initial sorafenib dose.

Background

Hepatocellular carcinoma (HCC) is now the third

leading cause of cancer-related death and the fifth

most common malignancy in men; the seventh in

women (1,2). The major risk factors for HCC

include chronic hepatitis C and hepatitis B viral

infections, as well as alcohol consumption, non-alco-

holic steatohepatitis and diabetes (3,4). The vast

majority (70–90%) of HCC cases occur in the con-

text of liver cirrhosis (5), and consequently many

patients present with hepatic dysfunction and experi-

ence a high rate of comorbidity. HCC is therefore a

heterogeneous disease in terms of aetiology as well as

clinical presentation and behaviour, thus presenting

challenges for disease management (6).

Most patients with HCC present with unresectable

disease (uHCC) that cannot be managed by surgery.

Non-surgical locoregional treatment options, such as

image-guided ablation and transarterial chemoem-

bolisation, are not suitable for all patients and are

associated with high rates of recurrence (7–9). At

present, there is no global standardisation of treat-

ment for uHCC, although systemic therapies may

offer a new alternative in the treatment of uHCC.

Sorafenib is a multikinase inhibitor used for the

treatment of uHCC (10). Two Phase III studies

(SHARP and Asia-Pacific) demonstrated significant

improvements in overall survival in uHCC patients,

the majority of whom had Child-Pugh A (11,12),

and sorafenib is suggested as first-line therapy in

HCC patients with advanced-stage disease (13).
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lular carcinoma [HCC] and Of its treatment with sorafeNib) is a global, prospec-

tive, non-interventional study undertaken to evaluate the safety of sorafenib in

patients with unresectable HCC in real-life practice, including Child-Pugh B

patients who were excluded from clinical trials. Methods: Patients with unresec-

table HCC, for whom the decision to treat with sorafenib, based on the approved

label and prescribing guidelines, had been taken by their physician, were eligible

for inclusion. Demographic data and disease/medical history were recorded at

entry. Sorafenib dosing and adverse events (AEs) were collected at follow-up visits.

The second interim analysis was undertaken when ~1500 treated patients were

followed up for ≥ 4 months. Results: Of the 1571 patients evaluable for safety,

61% had Child-Pugh A status and 23% Child-Pugh B. The majority of patients

(74%) received the approved 800 mg initial sorafenib dose, regardless of Child-

Pugh status; however, median duration of therapy was shorter in Child-Pugh B

patients. The majority of drug-related AEs were grade 1 or 2, and the most com-

monly reported were consistent with previous reports. The incidence and nature of

drug-related AEs were broadly similar across Child-Pugh, Barcelona Clinic Liver

Cancer (BCLC) and initial dosing subgroups, and consistent with the overall popu-

lation. Conclusions: Consistent with the first interim analysis, overall safety pro-

file and dosing strategy are similar across Child-Pugh subgroups. Safety findings

also appear comparable irrespective of initial sorafenib dose or BCLC stage. Final

analyses in > 3000 patients are ongoing.

What’s known
• The oral multikinase inhibitor sorafenib significantly

improves overall survival in patients with uHCC.

However, pivotal studies generally included only

patients with preserved liver function; therefore,

investigation of sorafenib in wider patient groups is

needed.

• GIDEON is a global, non-interventional study

evaluating uHCC patients treated with sorafenib

in clinical practice, thereby allowing a broad

evaluation of patient subgroups, including those

with advanced liver dysfunction.

What’s new
• The second interim analysis of the GIDEON study

has now been completed in > 1500 uHCC

patients treated with sorafenib in clinical

practice.

• Consistent with the first interim analysis conducted

in ~500 patients, these data highlight that the

safety profile of sorafenib appears to be

comparable across Child-Pugh and BCLC

subgroups in real-life practice.

• Safety findings also appear to be similar,

irrespective of the initial sorafenib dose.

Background

Hepatocellular carcinoma (HCC) is now the third

leading cause of cancer-related death and the fifth

most common malignancy in men; the seventh in

women (1,2). The major risk factors for HCC

include chronic hepatitis C and hepatitis B viral

infections, as well as alcohol consumption, non-alco-

holic steatohepatitis and diabetes (3,4). The vast

majority (70–90%) of HCC cases occur in the con-

text of liver cirrhosis (5), and consequently many

patients present with hepatic dysfunction and experi-

ence a high rate of comorbidity. HCC is therefore a

heterogeneous disease in terms of aetiology as well as

clinical presentation and behaviour, thus presenting

challenges for disease management (6).

Most patients with HCC present with unresectable

disease (uHCC) that cannot be managed by surgery.

Non-surgical locoregional treatment options, such as

image-guided ablation and transarterial chemoem-

bolisation, are not suitable for all patients and are

associated with high rates of recurrence (7–9). At

present, there is no global standardisation of treat-

ment for uHCC, although systemic therapies may

offer a new alternative in the treatment of uHCC.

Sorafenib is a multikinase inhibitor used for the

treatment of uHCC (10). Two Phase III studies

(SHARP and Asia-Pacific) demonstrated significant

improvements in overall survival in uHCC patients,

the majority of whom had Child-Pugh A (11,12),

and sorafenib is suggested as first-line therapy in

HCC patients with advanced-stage disease (13).
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GIDEON (Global Investigation of therapeutic DEci-

sions in HCC and Of its treatment with sorafeNib) is a

prospective, non-interventional study undertaken to ful-

fil postapproval commitments to licensing agencies

(14). The primary objective of GIDEON is to evaluate

the safety of sorafenib in uHCC patients under real-life

clinical practice conditions and to gather more compre-

hensive data on the use of sorafenib in patients with

Child-Pugh B liver function, who were excluded from

the randomised clinical trials (11,12). In general, clinical

trials in HCC include only patients with preserved liver

function (15), as severe liver dysfunction associated with

Child-Pugh B or Child-Pugh C status represents a com-

peting cause of death and may confound results (11).

GIDEON is one of the largest studies undertaken

in patients with uHCC, allowing for a broad evalua-

tion of patient subgroups. Multiple predefined sub-

analyses were therefore undertaken, focusing on

potentially predictive or prognostic factors, including

Child-Pugh score, Barcelona Clinic Liver Cancer

(BCLC) stage and aetiology.

The first interim analysis of GIDEON was per-

formed per protocol when ~500 patients had been

enrolled; 479 patients were evaluated (16). Recently

published findings of this preliminary analysis high-

lighted regional variations in patient characteristics,

underlying disease aetiology and sorafenib dosing

patterns, as well as consistent safety findings across

Child-Pugh patients (16).

The second interim analysis of GIDEON was per-

formed per protocol once ~1500 patients had been

treated and followed up for ≥ 4 months. Here, we

present clinically relevant findings of this analysis,

including safety findings across Child-Pugh, BCLC

and initial sorafenib dose subgroups (17–19).

Methods

Study design and objectives
GIDEON includes patients who are candidates for

systemic therapy and in whom the decision to treat

with sorafenib has been made under real-life practice

conditions, including patients with Child-Pugh B

liver function. Full details of the study design have

been previously published (14).

Two interim analyses were preplanned, the first

when 500 patients had been followed up for

≥ 4 months, and the second when 1500 patients had

reached this point. The final analysis is scheduled at

12-month follow-up following the enrolment of

3000 sorafenib-treated patients (14).

Patients
Eligible patients are those diagnosed histologically,

cytologically or radiographically with uHCC, who

have a life expectancy of > 8 weeks and in whom the

decision to treat with sorafenib has been made by

their physician (14). Further inclusion criteria are

outlined in the previously published study design

report (14). Exclusion criteria are based on the local

product information for sorafenib (14). All patients

provided informed and signed consent, and the study

is being conducted according to established recom-

mendations and regulations relating to non-interven-

tional and postauthorisation safety studies (20) and

according to Good Clinical Practice. Documented

approval from appropriate ethics committees and

institutional review boards was obtained in accor-

dance with local laws, regulations and organisations.

Data collection and analyses
All data were collected using case report forms as

previously outlined (14). All adverse events (AEs)

were graded according to the National Cancer Insti-

tute Common Terminology Criteria for Adverse

Events version 3.0. Patients who received at least one

dose of sorafenib and underwent at least one follow-

up assessment were evaluable for safety.

Target enrolment was based on an overall sample

of 3000 patients, the number determined sufficient

for comprehensive evaluation of safety for the overall

population, as well as specified subgroups (14). All

baseline and safety data are summarised with

descriptive statistics (14).

Results

Patient demographics and disease
characteristics at study entry
In the second interim analysis, 1571 patients were

eligible for safety analysis. The study population

included patients across all BCLC stages and Child-

Pugh status groups. The majority of patients (61%)

had Child-Pugh A, with 23% having Child-Pugh B,

and most had BCLC stage C (54%). The median age

of the study population was 62, and the majority of

patients were men (82%) (Table 1).

Patient demographics and disease characteristics

were generally similar between patients receiving an

initial sorafenib dose of 400 or 800 mg. Disease char-

acteristics were also broadly comparable across

Child-Pugh and BCLC subgroups (Table 1). There

was some variation in prior treatment across Child-

Pugh subgroups, as a greater proportion of Child-

Pugh A patients had received prior locoregional

treatment compared with Child-Pugh B (61% vs.

45%). Transarterial chemoembolisation was the most

common locoregional treatment in both Child-Pugh

A and Child-Pugh B patients and across all BCLC

stages (Table 1).
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Sorafenib administration
Table 2 summarises sorafenib administration for the

overall study population and by initial dose and

Child-Pugh and BCLC subgroups. Overall, the

majority of patients received the approved initial

dose of 800 mg (74%). The median daily dose across

all patients was 693 mg.

A slightly higher percentage of patients who

received an initial sorafenib dose of 400 mg had treat-

ment duration of ≤ 4 weeks compared with those who

initially received 800 mg (20% vs. 16%). Patients with

an initial dose of 400 mg also had lower median treat-

ment duration (9.7 weeks) compared with those with

an initial dose of 800 mg (12.3 weeks).

A similar proportion of patients across Child-Pugh

subgroups received the recommended 800 mg initial

dose, although the median daily dose was slightly higher

in Child-Pugh B (721 mg) compared with Child-Pugh

A patients (680 mg). However, median duration of so-

rafenib therapy was less in Child-Pugh B (8.6 weeks)

than in Child-Pugh A patients (13.7 weeks) and shorter

with increasing Child-Pugh B scores: B7 (9.0 weeks),

B8 (8.5 weeks) and B9 (6.7 weeks).

Initial sorafenib dose and median daily dose were

broadly consistent across BCLC stages. However,

patients with BCLC stage C tended to have a shorter

duration of treatment (10.1 weeks) than patients

with BCLC stage B (16.3 weeks) and BCLC stage A

(19.6 weeks) (Table 2).

Safety assessments
Safety data from the overall population are presented

in Tables 3–5. Overall, 83% of patients experienced a

treatment-emergent AE, with 64% in total reporting

a drug-related AE. The majority of drug-related AEs

were grade 1 or 2, and only 9% of patients experi-

enced a drug-related serious AE (SAE) (Table 3).

The most commonly observed drug-related AEs

across all patients were diarrhoea, hand-foot skin

reaction and fatigue (Table 5).

The incidence of AEs and drug-related AEs was com-

parable between Child-Pugh A and Child-Pugh B

patients (Table 3). The majority of drug-related AEs

were grade 1 or 2 in both Child-Pugh A and Child-

Pugh B patients. However, there was a higher percent-

age of SAEs and drug-related SAEs, and a higher rate of

Table 1 Patient demographics, disease characteristics and prior treatment by initial sorafenib dose, Child-Pugh status and BCLC stage

Total

Initial sorafenib dose* Child-Pugh status†,‡ BCLC stage†,§

400 mg 800 mg A (< 7) B (7–9) C (> 9) A B C D

Patients, n (% of total) 1571 (100) 347 (22) 1161 (74) 957 (61) 367 (23) 35 (2) 115 (7) 298 (19) 851 (54) 92 (6)

Median age, years

(range)

62 (18–98) 63 (19–89) 62 (18–98) 64 (18–94) 61 (23–86) 58 (39–82) 67 (33–87) 66 (25–98) 60 (18–89) 61 (33–82)

Gender, n (%)

Men 1285 (82) 279 (80) 963 (83) 790 (83) 297 (81) 29 (83) 76 (66) 238 (80) 724 (85) 72 (78)

Women 286 (18) 68 (20) 198 (17) 167 (17) 70 (19) 6 (17) 39 (34) 60 (20) 127 (15) 20 (22)

ECOG PS, n (%)†,¶

0 627 (40) 106 (31) 499 (43) 478 (50) 96 (26) 5 (14) 65 (57) 178 (60) 302 (36) 23 (25)

1 670 (43) 170 (49) 472 (41) 370 (39) 171 (47) 19 (54) 43 (37) 98 (33) 412 (48) 29 (32)

≥ 2 183 (12) 44 (13) 133 (11) 68 (7) 75 (20) 10 (29) 4 (4) 19 (6) 94 (11) 40 (44)

TNM status, n (%)†,**

I 105 (7) 28 (8) 62 (5) 67 (7) 25 (7) 4 (11) 63 (55) 27 (9) 7 (1) 3 (3)

II 177 (11) 43 (12) 124 (11) 128 (13) 34 (9) 3 (9) 30 (26) 101 (34) 27 (3) 4 (4)

III 534 (34) 109 (31) 417 (36) 327 (34) 142 (39) 12 (34) 14 (12) 139 (47) 322 (38) 27 (29)

IV 561 (36) 129 (37) 411 (35) 352 (37) 113 (31) 12 (34) 5 (4) 13 (4) 440 (52) 52 (57)

Extrahepatic spread,

n (%)†
612 (39) 141 (41) 453 (39) 382 (40) 127 (35) 11 (31) 1 (1) 5 (2) 503 (59) 50 (54)

Prior surgery, n (%) 294 (19) 66 (19) 221 (19) 218 (23) 34 (9) 1 (3) 13 (11) 59 (20) 168 (20) 7 (8)

Prior LRT, n (%)†† 871 (55) 221 (64) 610 (53) 585 (61) 166 (45) 9 (26) 76 (66) 178 (60) 466 (55) 36 (39)

Prior TACE, n (%) 722 (46) 183 (53) 511 (44) 485 (51) 140 (38) 7 (20) 58 (50) 151 (51) 388 (46) 29 (32)

BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; LRT, locoregional treatment; TACE, transarterial

chemoembolisation; TNM, tumour node metastasis. *Data missing for eight patients; data not shown for 55 patients (4%) who received an initial dose of 100, 200

or 600 mg sorafenib. †Recorded at study entry (which is defined as start of therapy and is indicated by the initial visit). ‡Child-Pugh status unknown for five

patients; 207 patients not evaluable and not tabulated. §Data missing for 13 patients; 202 patients not evaluable and not tabulated. ¶Data missing for 91 patients.

**Data missing for 14 patients; 180 patients not evaluable and not tabulated. ††Patients may have received more than one prior treatment. Other LRT received

included radiofrequency ablation (15%), hepatic arterial infusion (5%), percutaneous ethanol injection (4%) and other (9%).
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GIDEON (Global Investigation of therapeutic DEci-

sions in HCC and Of its treatment with sorafeNib) is a

prospective, non-interventional study undertaken to ful-

fil postapproval commitments to licensing agencies

(14). The primary objective of GIDEON is to evaluate

the safety of sorafenib in uHCC patients under real-life

clinical practice conditions and to gather more compre-

hensive data on the use of sorafenib in patients with

Child-Pugh B liver function, who were excluded from

the randomised clinical trials (11,12). In general, clinical

trials in HCC include only patients with preserved liver

function (15), as severe liver dysfunction associated with

Child-Pugh B or Child-Pugh C status represents a com-

peting cause of death and may confound results (11).

GIDEON is one of the largest studies undertaken

in patients with uHCC, allowing for a broad evalua-

tion of patient subgroups. Multiple predefined sub-

analyses were therefore undertaken, focusing on

potentially predictive or prognostic factors, including

Child-Pugh score, Barcelona Clinic Liver Cancer

(BCLC) stage and aetiology.

The first interim analysis of GIDEON was per-

formed per protocol when ~500 patients had been

enrolled; 479 patients were evaluated (16). Recently

published findings of this preliminary analysis high-

lighted regional variations in patient characteristics,

underlying disease aetiology and sorafenib dosing

patterns, as well as consistent safety findings across

Child-Pugh patients (16).

The second interim analysis of GIDEON was per-

formed per protocol once ~1500 patients had been

treated and followed up for ≥ 4 months. Here, we

present clinically relevant findings of this analysis,

including safety findings across Child-Pugh, BCLC

and initial sorafenib dose subgroups (17–19).

Methods

Study design and objectives
GIDEON includes patients who are candidates for

systemic therapy and in whom the decision to treat

with sorafenib has been made under real-life practice

conditions, including patients with Child-Pugh B

liver function. Full details of the study design have

been previously published (14).

Two interim analyses were preplanned, the first

when 500 patients had been followed up for

≥ 4 months, and the second when 1500 patients had

reached this point. The final analysis is scheduled at

12-month follow-up following the enrolment of

3000 sorafenib-treated patients (14).

Patients
Eligible patients are those diagnosed histologically,

cytologically or radiographically with uHCC, who

have a life expectancy of > 8 weeks and in whom the

decision to treat with sorafenib has been made by

their physician (14). Further inclusion criteria are

outlined in the previously published study design

report (14). Exclusion criteria are based on the local

product information for sorafenib (14). All patients

provided informed and signed consent, and the study

is being conducted according to established recom-

mendations and regulations relating to non-interven-

tional and postauthorisation safety studies (20) and

according to Good Clinical Practice. Documented

approval from appropriate ethics committees and

institutional review boards was obtained in accor-

dance with local laws, regulations and organisations.

Data collection and analyses
All data were collected using case report forms as

previously outlined (14). All adverse events (AEs)

were graded according to the National Cancer Insti-

tute Common Terminology Criteria for Adverse

Events version 3.0. Patients who received at least one

dose of sorafenib and underwent at least one follow-

up assessment were evaluable for safety.

Target enrolment was based on an overall sample

of 3000 patients, the number determined sufficient

for comprehensive evaluation of safety for the overall

population, as well as specified subgroups (14). All

baseline and safety data are summarised with

descriptive statistics (14).

Results

Patient demographics and disease
characteristics at study entry
In the second interim analysis, 1571 patients were

eligible for safety analysis. The study population

included patients across all BCLC stages and Child-

Pugh status groups. The majority of patients (61%)

had Child-Pugh A, with 23% having Child-Pugh B,

and most had BCLC stage C (54%). The median age

of the study population was 62, and the majority of

patients were men (82%) (Table 1).

Patient demographics and disease characteristics

were generally similar between patients receiving an

initial sorafenib dose of 400 or 800 mg. Disease char-

acteristics were also broadly comparable across

Child-Pugh and BCLC subgroups (Table 1). There

was some variation in prior treatment across Child-

Pugh subgroups, as a greater proportion of Child-

Pugh A patients had received prior locoregional

treatment compared with Child-Pugh B (61% vs.

45%). Transarterial chemoembolisation was the most

common locoregional treatment in both Child-Pugh

A and Child-Pugh B patients and across all BCLC

stages (Table 1).
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Sorafenib administration
Table 2 summarises sorafenib administration for the

overall study population and by initial dose and

Child-Pugh and BCLC subgroups. Overall, the

majority of patients received the approved initial

dose of 800 mg (74%). The median daily dose across

all patients was 693 mg.

A slightly higher percentage of patients who

received an initial sorafenib dose of 400 mg had treat-

ment duration of ≤ 4 weeks compared with those who

initially received 800 mg (20% vs. 16%). Patients with

an initial dose of 400 mg also had lower median treat-

ment duration (9.7 weeks) compared with those with

an initial dose of 800 mg (12.3 weeks).

A similar proportion of patients across Child-Pugh

subgroups received the recommended 800 mg initial

dose, although the median daily dose was slightly higher

in Child-Pugh B (721 mg) compared with Child-Pugh

A patients (680 mg). However, median duration of so-

rafenib therapy was less in Child-Pugh B (8.6 weeks)

than in Child-Pugh A patients (13.7 weeks) and shorter

with increasing Child-Pugh B scores: B7 (9.0 weeks),

B8 (8.5 weeks) and B9 (6.7 weeks).

Initial sorafenib dose and median daily dose were

broadly consistent across BCLC stages. However,

patients with BCLC stage C tended to have a shorter

duration of treatment (10.1 weeks) than patients

with BCLC stage B (16.3 weeks) and BCLC stage A

(19.6 weeks) (Table 2).

Safety assessments
Safety data from the overall population are presented

in Tables 3–5. Overall, 83% of patients experienced a

treatment-emergent AE, with 64% in total reporting

a drug-related AE. The majority of drug-related AEs

were grade 1 or 2, and only 9% of patients experi-

enced a drug-related serious AE (SAE) (Table 3).

The most commonly observed drug-related AEs

across all patients were diarrhoea, hand-foot skin

reaction and fatigue (Table 5).

The incidence of AEs and drug-related AEs was com-

parable between Child-Pugh A and Child-Pugh B

patients (Table 3). The majority of drug-related AEs

were grade 1 or 2 in both Child-Pugh A and Child-

Pugh B patients. However, there was a higher percent-

age of SAEs and drug-related SAEs, and a higher rate of

Table 1 Patient demographics, disease characteristics and prior treatment by initial sorafenib dose, Child-Pugh status and BCLC stage

Total

Initial sorafenib dose* Child-Pugh status†,‡ BCLC stage†,§

400 mg 800 mg A (< 7) B (7–9) C (> 9) A B C D

Patients, n (% of total) 1571 (100) 347 (22) 1161 (74) 957 (61) 367 (23) 35 (2) 115 (7) 298 (19) 851 (54) 92 (6)

Median age, years

(range)

62 (18–98) 63 (19–89) 62 (18–98) 64 (18–94) 61 (23–86) 58 (39–82) 67 (33–87) 66 (25–98) 60 (18–89) 61 (33–82)

Gender, n (%)

Men 1285 (82) 279 (80) 963 (83) 790 (83) 297 (81) 29 (83) 76 (66) 238 (80) 724 (85) 72 (78)

Women 286 (18) 68 (20) 198 (17) 167 (17) 70 (19) 6 (17) 39 (34) 60 (20) 127 (15) 20 (22)

ECOG PS, n (%)†,¶

0 627 (40) 106 (31) 499 (43) 478 (50) 96 (26) 5 (14) 65 (57) 178 (60) 302 (36) 23 (25)

1 670 (43) 170 (49) 472 (41) 370 (39) 171 (47) 19 (54) 43 (37) 98 (33) 412 (48) 29 (32)

≥ 2 183 (12) 44 (13) 133 (11) 68 (7) 75 (20) 10 (29) 4 (4) 19 (6) 94 (11) 40 (44)

TNM status, n (%)†,**

I 105 (7) 28 (8) 62 (5) 67 (7) 25 (7) 4 (11) 63 (55) 27 (9) 7 (1) 3 (3)

II 177 (11) 43 (12) 124 (11) 128 (13) 34 (9) 3 (9) 30 (26) 101 (34) 27 (3) 4 (4)

III 534 (34) 109 (31) 417 (36) 327 (34) 142 (39) 12 (34) 14 (12) 139 (47) 322 (38) 27 (29)

IV 561 (36) 129 (37) 411 (35) 352 (37) 113 (31) 12 (34) 5 (4) 13 (4) 440 (52) 52 (57)

Extrahepatic spread,

n (%)†
612 (39) 141 (41) 453 (39) 382 (40) 127 (35) 11 (31) 1 (1) 5 (2) 503 (59) 50 (54)

Prior surgery, n (%) 294 (19) 66 (19) 221 (19) 218 (23) 34 (9) 1 (3) 13 (11) 59 (20) 168 (20) 7 (8)

Prior LRT, n (%)†† 871 (55) 221 (64) 610 (53) 585 (61) 166 (45) 9 (26) 76 (66) 178 (60) 466 (55) 36 (39)

Prior TACE, n (%) 722 (46) 183 (53) 511 (44) 485 (51) 140 (38) 7 (20) 58 (50) 151 (51) 388 (46) 29 (32)

BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; LRT, locoregional treatment; TACE, transarterial

chemoembolisation; TNM, tumour node metastasis. *Data missing for eight patients; data not shown for 55 patients (4%) who received an initial dose of 100, 200

or 600 mg sorafenib. †Recorded at study entry (which is defined as start of therapy and is indicated by the initial visit). ‡Child-Pugh status unknown for five

patients; 207 patients not evaluable and not tabulated. §Data missing for 13 patients; 202 patients not evaluable and not tabulated. ¶Data missing for 91 patients.

**Data missing for 14 patients; 180 patients not evaluable and not tabulated. ††Patients may have received more than one prior treatment. Other LRT received

included radiofrequency ablation (15%), hepatic arterial infusion (5%), percutaneous ethanol injection (4%) and other (9%).
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treatment discontinuation because of AEs, in Child-

Pugh B compared with Child-Pugh A patients.

The most frequent drug-related AEs across Child-

Pugh subgroups were consistent with findings in the

overall population and comparable across Child-

Pugh subgroups (Table 5). Diarrhoea, hand-foot skin

reaction and fatigue were the most frequently

observed drug-related AEs in both Child-Pugh A and

Child-Pugh B patients. However, a lower incidence

of skin toxicity was observed in Child-Pugh B

patients compared with Child-Pugh A patients (15%

vs. 29%). No unexpected AEs were observed in

patients with more severe liver dysfunction.

Neither the incidence nor the severity of drug-

related AEs was notably different across BCLC

subgroups. SAEs were more frequent in advanced

disease but the incidence of drug-related SAEs was

similar regardless of BCLC stage (Table 3). The nat-

ure of the most frequent drug-related AEs was con-

sistent across all BCLC stages and with the overall

population (Table 5).

Safety profiles appeared to be similar regardless of

initial dose. The number of drug-related AEs and

SAEs, and the number of patients in whom treat-

ment was discontinued because of AEs, were similar

across dosing subgroups (Table 4). The type and

incidence of the most commonly reported drug-

related AEs were also comparable for patients receiv-

ing an initial sorafenib dose of either 400 or 800 mg;

diarrhoea (26% vs. 25%), hand-foot skin reaction

(23% vs. 25%) and fatigue (17% vs. 14%) (Table 5).

Overall, the incidence of AEs, drug-related AEs

and SAEs was similar in both older (≥ 65 years) and

younger patients (Table 4). Across Eastern Coopera-

tive Oncology Group (ECOG) subgroups, the inci-

dence of SAEs was higher in patients with a greater

ECOG score at baseline; however, the incidence of

drug-related SAEs was similar (Table 3).

Nearly half of all deaths were HCC-related (40%),

with 14% of deaths determined as liver-related and

11% both HCC- and liver-related (Table 6).

Generally, the causes of death were similar between

Child-Pugh A and Child-Pugh B patients, with

HCC-related the most common cause of death.

Discussion

GIDEON is a Phase IV non-interventional study

undertaken to evaluate the safety of sorafenib in clin-

ical practice. The GIDEON study population is

therefore a heterogeneous one, and multiple sub-

group analyses, based on predictive and prognostic

factors, were preplanned. The second interim analysis

allowed for assessment of overall safety findings in

the larger population of > 1500 patients and for
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treatment discontinuation because of AEs, in Child-

Pugh B compared with Child-Pugh A patients.

The most frequent drug-related AEs across Child-

Pugh subgroups were consistent with findings in the

overall population and comparable across Child-

Pugh subgroups (Table 5). Diarrhoea, hand-foot skin

reaction and fatigue were the most frequently

observed drug-related AEs in both Child-Pugh A and

Child-Pugh B patients. However, a lower incidence

of skin toxicity was observed in Child-Pugh B

patients compared with Child-Pugh A patients (15%

vs. 29%). No unexpected AEs were observed in

patients with more severe liver dysfunction.

Neither the incidence nor the severity of drug-

related AEs was notably different across BCLC

subgroups. SAEs were more frequent in advanced

disease but the incidence of drug-related SAEs was

similar regardless of BCLC stage (Table 3). The nat-

ure of the most frequent drug-related AEs was con-

sistent across all BCLC stages and with the overall

population (Table 5).

Safety profiles appeared to be similar regardless of

initial dose. The number of drug-related AEs and

SAEs, and the number of patients in whom treat-

ment was discontinued because of AEs, were similar

across dosing subgroups (Table 4). The type and

incidence of the most commonly reported drug-

related AEs were also comparable for patients receiv-

ing an initial sorafenib dose of either 400 or 800 mg;

diarrhoea (26% vs. 25%), hand-foot skin reaction

(23% vs. 25%) and fatigue (17% vs. 14%) (Table 5).

Overall, the incidence of AEs, drug-related AEs

and SAEs was similar in both older (≥ 65 years) and

younger patients (Table 4). Across Eastern Coopera-

tive Oncology Group (ECOG) subgroups, the inci-

dence of SAEs was higher in patients with a greater

ECOG score at baseline; however, the incidence of

drug-related SAEs was similar (Table 3).

Nearly half of all deaths were HCC-related (40%),

with 14% of deaths determined as liver-related and

11% both HCC- and liver-related (Table 6).

Generally, the causes of death were similar between

Child-Pugh A and Child-Pugh B patients, with

HCC-related the most common cause of death.

Discussion

GIDEON is a Phase IV non-interventional study

undertaken to evaluate the safety of sorafenib in clin-

ical practice. The GIDEON study population is

therefore a heterogeneous one, and multiple sub-

group analyses, based on predictive and prognostic

factors, were preplanned. The second interim analysis

allowed for assessment of overall safety findings in

the larger population of > 1500 patients and for
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further evaluation across key clinical subgroups,

including initial sorafenib dose, Child-Pugh status

and BCLC stage. The final GIDEON analysis, in

> 3000 patients, is currently being undertaken and

will report data from final analyses across all sub-

groups.

Results of this second interim analysis, in 1571

patients, are consistent with observations reported in

the first interim analysis in 479 patients (16). As pre-

viously observed, patient demographics in GIDEON

are in line with previous HCC epidemiological

reports in terms of age, gender, Child-Pugh status

and prior treatment (21,22).

Consistent with the first interim analysis, the

majority of patients received the recommended ini-

tial dose of sorafenib (800 mg), and had Child-Pugh

A status and BCLC stage C. Patients across all BCLC

stages and Child-Pugh status subgroups were treated

with sorafenib. Nearly 25% of patients had Child-

Pugh B status, and based on initial and median dose

there was no evidence that the dosing strategy differs

between Child-Pugh A and Child-Pugh B patients.

However, duration of treatment tended to be less for

patients with Child-Pugh B and was increasingly

shorter with higher Child-Pugh B scores. Therefore,

the dosing patterns observed in the larger

patient population of the second interim analysis

reflect those previously reported in the first interim

analysis.

As reported in the first interim analysis, sorafenib

was generally well tolerated in the clinical setting. In

line with the SHARP and Asia-Pacific Phase III trials,

the majority of drug-related AEs were grade 1 or 2

in nature (11,12). Similarly, the nature of the AEs

was consistent with the Phase III trials, with

diarrhoea, hand-foot skin reactions, fatigue and rash/

desquamation being the most commonly reported

drug-related AEs in the GIDEON, SHARP and Asia-

Pacific studies, respectively (11,12).

The most commonly reported drug-related AEs

across Child-Pugh subgroups were comparable in

both type and incidence and were consistent with

the overall population, although there was a lower

incidence of skin toxicity in Child-Pugh B compared

with Child-Pugh A patients.

Generally, drug-related safety findings appeared

similar in both younger and older patients and in

patients with lower and higher ECOG performance

status at baseline. Also, the safety profile of sorafenib

did not appear to differ across BCLC stages. Impor-

tantly, BCLC represents one of several staging sys-

tems used in HCC patients (23), and final analyses

from the GIDEON study will allow for further explo-

ration of findings across other staging systems and

prognostic variables.

The safety profile of sorafenib appeared to be sim-

ilar irrespective of initial dose; however, the lower

initial dose of 400 mg was associated with a slightly

shorter duration of treatment. Interestingly, this is in

contrast to a recent Italian observational study in

which a lower sorafenib dose was associated with a

longer duration of treatment and improved out-

comes (24). However, the outcome findings need to

be interpreted with caution as the analysis did not

account for the notable difference in treatment dura-

tion between the lower and higher dosing groups.

In this second interim analysis, study treatment

duration findings must be considered preliminary.

Table 4 Treatment-emergent adverse events by initial sorafenib dose and age

Treatment-emergent

adverse events, n (%)

Total

(n = 1571)

Initial sorafenib dose Age

400 mg

(n = 347)

800 mg

(n = 1161)

< 65 years

(n = 883)

≥ 65 years

(n = 688)

AEs (all grades) 1307 (83) 318 (92) 940 (81) 713 (81) 594 (86)

AEs (grade 3 or 4) 472 (30) 123 (35) 334 (29) 233 (26) 239 (35)

Drug-related AEs (all grades) 1010 (64) 237 (68) 740 (64) 530 (60) 480 (70)

Drug-related AEs (grade 3 or 4) 366 (23) 84 (24) 274 (24) 172 (20) 194 (28)

SAEs* (all grades) 587 (37) 152 (44) 412 (36) 329 (37) 258 (38)

Drug-related SAEs* (all grades) 142 (9) 33 (10) 101 (9) 60 (7) 82 (12)

AEs resulting in permanent

discontinuation of sorafenib†
434 (28) 109 (31) 309 (27) 219 (25) 215 (31)

Deaths‡ 343 (22) 84 (24) 248 (21) 199 (23) 144 (21)

AE, adverse event; BCLC, Barcelona Clinic Liver Cancer; SAE, serious adverse event. *An SAE is defined as any AE occurring at any

dose that results in any of the following outcomes: death; life-threatening; hospitalisation or prolongation of existing hospitalisation;

persistent or significant disability/incapacity; congenital anomaly/birth defect; medically important event. †Any AE. ‡Deaths while on

treatment and up to 30 days after last study medication dose.
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further evaluation across key clinical subgroups,

including initial sorafenib dose, Child-Pugh status

and BCLC stage. The final GIDEON analysis, in

> 3000 patients, is currently being undertaken and

will report data from final analyses across all sub-

groups.

Results of this second interim analysis, in 1571

patients, are consistent with observations reported in

the first interim analysis in 479 patients (16). As pre-

viously observed, patient demographics in GIDEON

are in line with previous HCC epidemiological

reports in terms of age, gender, Child-Pugh status

and prior treatment (21,22).

Consistent with the first interim analysis, the

majority of patients received the recommended ini-

tial dose of sorafenib (800 mg), and had Child-Pugh

A status and BCLC stage C. Patients across all BCLC

stages and Child-Pugh status subgroups were treated

with sorafenib. Nearly 25% of patients had Child-

Pugh B status, and based on initial and median dose

there was no evidence that the dosing strategy differs

between Child-Pugh A and Child-Pugh B patients.

However, duration of treatment tended to be less for

patients with Child-Pugh B and was increasingly

shorter with higher Child-Pugh B scores. Therefore,

the dosing patterns observed in the larger

patient population of the second interim analysis

reflect those previously reported in the first interim

analysis.

As reported in the first interim analysis, sorafenib

was generally well tolerated in the clinical setting. In

line with the SHARP and Asia-Pacific Phase III trials,

the majority of drug-related AEs were grade 1 or 2

in nature (11,12). Similarly, the nature of the AEs

was consistent with the Phase III trials, with

diarrhoea, hand-foot skin reactions, fatigue and rash/

desquamation being the most commonly reported

drug-related AEs in the GIDEON, SHARP and Asia-

Pacific studies, respectively (11,12).

The most commonly reported drug-related AEs

across Child-Pugh subgroups were comparable in

both type and incidence and were consistent with

the overall population, although there was a lower

incidence of skin toxicity in Child-Pugh B compared

with Child-Pugh A patients.

Generally, drug-related safety findings appeared

similar in both younger and older patients and in

patients with lower and higher ECOG performance

status at baseline. Also, the safety profile of sorafenib

did not appear to differ across BCLC stages. Impor-

tantly, BCLC represents one of several staging sys-

tems used in HCC patients (23), and final analyses

from the GIDEON study will allow for further explo-

ration of findings across other staging systems and

prognostic variables.

The safety profile of sorafenib appeared to be sim-

ilar irrespective of initial dose; however, the lower

initial dose of 400 mg was associated with a slightly

shorter duration of treatment. Interestingly, this is in

contrast to a recent Italian observational study in

which a lower sorafenib dose was associated with a

longer duration of treatment and improved out-

comes (24). However, the outcome findings need to

be interpreted with caution as the analysis did not

account for the notable difference in treatment dura-

tion between the lower and higher dosing groups.

In this second interim analysis, study treatment

duration findings must be considered preliminary.

Table 4 Treatment-emergent adverse events by initial sorafenib dose and age

Treatment-emergent

adverse events, n (%)

Total

(n = 1571)

Initial sorafenib dose Age

400 mg

(n = 347)

800 mg

(n = 1161)

< 65 years

(n = 883)

≥ 65 years

(n = 688)

AEs (all grades) 1307 (83) 318 (92) 940 (81) 713 (81) 594 (86)

AEs (grade 3 or 4) 472 (30) 123 (35) 334 (29) 233 (26) 239 (35)

Drug-related AEs (all grades) 1010 (64) 237 (68) 740 (64) 530 (60) 480 (70)

Drug-related AEs (grade 3 or 4) 366 (23) 84 (24) 274 (24) 172 (20) 194 (28)

SAEs* (all grades) 587 (37) 152 (44) 412 (36) 329 (37) 258 (38)

Drug-related SAEs* (all grades) 142 (9) 33 (10) 101 (9) 60 (7) 82 (12)

AEs resulting in permanent

discontinuation of sorafenib†
434 (28) 109 (31) 309 (27) 219 (25) 215 (31)

Deaths‡ 343 (22) 84 (24) 248 (21) 199 (23) 144 (21)

AE, adverse event; BCLC, Barcelona Clinic Liver Cancer; SAE, serious adverse event. *An SAE is defined as any AE occurring at any

dose that results in any of the following outcomes: death; life-threatening; hospitalisation or prolongation of existing hospitalisation;

persistent or significant disability/incapacity; congenital anomaly/birth defect; medically important event. †Any AE. ‡Deaths while on

treatment and up to 30 days after last study medication dose.
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Final data are needed to fully evaluate duration of

treatment, and final outcome analyses will adjust for

duration of treatment.

Conclusions

This updated analysis of the GIDEON study confirms

the findings from earlier reports. Sorafenib is well

tolerated in the clinical setting and safety findings

are as anticipated. The safety profile of sorafenib

appears to be similar irrespective of Child-Pugh sta-

tus, BCLC stage or initial sorafenib dose.

The GIDEON study is an observational study and

thus is limited by the lack of either a control arm or

a randomised study population. However, a non-in-

terventional study provides an opportunity to

observe treatment patterns in clinical practice and

allows the assessment of a wider patient population

than in randomised clinical trials. Thus, while GID-

EON is a non-controlled, non-interventional study,

the opportunity to evaluate > 3000 patients with

uHCC in clinical practice, including patients with a

greater degree of liver dysfunction, is of considerable

clinical interest and relevance.

The GIDEON study is ongoing, with final analyses

planned for 12 months following the recruitment of

3000 treated patients (14). Therefore, reports from

interim analyses need to be considered preliminary

and results interpreted with caution. Final reports

will include updated analysis of safety, both overall

and across subgroups, reports on duration of treat-

ment and evaluation of treatment outcomes.
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Table 6 Cause of death*,† while on sorafenib therapy or within 30 days of discontinuing therapy, by Child-Pugh status

at study entry

Deaths, n (%) Total‡ (n = 343)

Child-Pugh status

A§ (< 7) (n = 154) B§ (7–9) (n = 125) C (> 9) (n = 13)

HCC-related 138 (40) 61 (40) 50 (40) 4 (31)

HCC- and liver-related 38 (11) 15 (10) 15 (12) 3 (23)

HCC- and liver-related and MOF 9 (3) 4 (3) 2 (2) 1 (8)

Liver-related 49 (14) 22 (14) 18 (14) 2 (15)

HCC-related and MOF 15 (4) 8 (5) 4 (3) 0

MOF 22 (6) 10 (7) 8 (6) 1 (8)

HCC, hepatocellular carcinoma; MOF, multi-organ system failure. *Incidence > 2% in total population. †Patients may be included in

more than one cause of death category. ‡Child-Pugh status missing for one patient. §Data missing for seven Child-Pugh A and seven

Child-Pugh B patients.
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Final data are needed to fully evaluate duration of

treatment, and final outcome analyses will adjust for

duration of treatment.

Conclusions

This updated analysis of the GIDEON study confirms

the findings from earlier reports. Sorafenib is well

tolerated in the clinical setting and safety findings

are as anticipated. The safety profile of sorafenib

appears to be similar irrespective of Child-Pugh sta-

tus, BCLC stage or initial sorafenib dose.

The GIDEON study is an observational study and

thus is limited by the lack of either a control arm or

a randomised study population. However, a non-in-

terventional study provides an opportunity to

observe treatment patterns in clinical practice and

allows the assessment of a wider patient population

than in randomised clinical trials. Thus, while GID-

EON is a non-controlled, non-interventional study,

the opportunity to evaluate > 3000 patients with

uHCC in clinical practice, including patients with a

greater degree of liver dysfunction, is of considerable

clinical interest and relevance.

The GIDEON study is ongoing, with final analyses

planned for 12 months following the recruitment of

3000 treated patients (14). Therefore, reports from

interim analyses need to be considered preliminary

and results interpreted with caution. Final reports

will include updated analysis of safety, both overall

and across subgroups, reports on duration of treat-

ment and evaluation of treatment outcomes.
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Table 6 Cause of death*,† while on sorafenib therapy or within 30 days of discontinuing therapy, by Child-Pugh status

at study entry

Deaths, n (%) Total‡ (n = 343)

Child-Pugh status

A§ (< 7) (n = 154) B§ (7–9) (n = 125) C (> 9) (n = 13)

HCC-related 138 (40) 61 (40) 50 (40) 4 (31)

HCC- and liver-related 38 (11) 15 (10) 15 (12) 3 (23)

HCC- and liver-related and MOF 9 (3) 4 (3) 2 (2) 1 (8)

Liver-related 49 (14) 22 (14) 18 (14) 2 (15)

HCC-related and MOF 15 (4) 8 (5) 4 (3) 0

MOF 22 (6) 10 (7) 8 (6) 1 (8)

HCC, hepatocellular carcinoma; MOF, multi-organ system failure. *Incidence > 2% in total population. †Patients may be included in

more than one cause of death category. ‡Child-Pugh status missing for one patient. §Data missing for seven Child-Pugh A and seven
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subgroup analysis was limited, by our calculations rs12979860-CC
genotype was significantly associated with treatment response in
each arm of the trial (P5 0.04, Fisher’s exact test; Fig. 1).

It appears, therefore, that a very high proportion of patients
with a favorable host genotype who meet the selection criteria for
this trial will achieve SVR with 24 weeks of peg-interferon-a/riba-
virin alone. Otherwise similar patients with an unfavorable host
genotype are less likely to respond to that regimen. Additional
data, ideally based on genotype for IFNL4-DG, are needed to pro-
vide more precise estimates in that group.

Patients who are very likely to respond to a shortened course of
peg-interferon-a/ribavirin may be more willing to undergo such
treatment now rather than await development of interferon-free
regimens. The authors assert host genotype has no role in identify-
ing such patients once the HCV RNA level and RVR are consid-
ered.1 Their data, however, indicate otherwise.
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Reply:

We appreciate Dahari and Cotler’s interest in our findings. We
agree that viral kinetics during the lead-in phase with peg-inter-
feron-a/ribavirin (PEG/RBV) may enable individualization and
prediction of a minimum therapy duration to effect a sustained
virological response (SVR); we likewise agree that further studies
would be necessary to confirm this approach.

We believe that Wang, Pfeiffer, and Morgan missed the point of
our analysis regarding the interleukin (IL)228B genotype. We do not
dispute that relative to the non-CC subtype, CC conferred an advant-
age in terms of higher SVR rates (CC 97% and 97% versus non-CC
78% and 76% in double and triple therapy arms, respectively); how-
ever, in genotype 1-infected patients with low viral load at baseline
who achieve aviremia at week 4 with PEG/RBV, there was no benefit
in adding boceprevir, regardless of a patient’s IL28B subtype. Although
patients with the unfavorable subtype respond less well to therapy, for
those patients with low viral load and RVR after lead-in with PEG/
RBV there is still no advantage of adding a protease inhibitor.
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Assessment for Retreatment (ART) Score for Repeated Transarterial
Chemoembolization in Patients With Hepatocellular Carcinoma

To the Editor:

We read with great interest the article by Sieghart et al. pub-
lished in HEPATOLOGY.1 The authors developed a point scoring sys-
tem, the Assessment for Retreatment (ART) with Transarterial
Chemoembolization (TACE), to assist in decision making whether
retreating hepatocellular carcinoma (HCC) patients with TACE.
Patients with HCC who received at least two TACE sessions
within 90 days were the subjects of their study. The ART score dif-
ferentiated patients into two groups (0-1.5 points; �2.5 points)
with distinct prognosis (median overall survival [OS]: 23.7 versus
6.6 months; P< 0.001). These results were confirmed in an exter-

nal validation cohort (median OS: 27.6 versus 8.1 months;
P< 0.001). They concluded that an ART score �2.5 prior to sec-
ond TACE can be used to identify patients with a dismal prognosis
who may not benefit from further TACE sessions. Provided that
this objective scoring system is universally reproducible, it will be
an epoch-making development in the differentiation of patients
into those who will benefit from repeated TACE and those who
will not.

Repeated TACE is more frequently performed in patients with
HCC in Japan than in other regions. In addition, we sense that
few patients in Japan receive a second TACE within 3 months.
Therefore, we attempted a validation study in Japanese patients.

2424 CORRESPONDENCE HEPATOLOGY, June 2014

From 2004 to 2011, 513 patients with HCC underwent >2
TACE sessions. Among them, only 49 (9.6%) had two TACE ses-
sions within 90 days. This is a marked difference from the Sieghart
et al. report1 (204 of 231 patients [88%] in Vienna and 224 of
252 patients [89%] in Innsbruck). More surprisingly, the ART
score in 49 patients did not have any predictive impact on survival
(Fig. 1).

Several possible explanations exist for the discrepancy between
the Austrian and Japanese results. First, patients with intermediate-
stage HCC constitute a heterogeneous population. For example,
due to the established nationwide surveillance, Japanese patients
who undergo TACE usually have fewer and smaller nodules than
patients in other regions of the world. Second, superselective
TACE, which leads to a complete response, is routinely performed
in Japan. Third, in Sieghart et al.’s study,1 the second TACE was
performed 13-90 days after the first TACE. Performing a second
TACE only 13 days after the first TACE suggests that the second
TACE is already considered necessary after completion of the first
TACE. This implies that their HCC patients had huge or bilobar
advanced tumors. In Japan, such HCC cases are seldom
encountered.

In conclusion, the ART score could be applied to only <10%
of Japanese patients and then did not have any prognostic predic-
tive impact on survival in these patients. Therefore, the ART score
should not be considered a universal point-scoring system.
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Reply:

We read with interest the letter of Kudo et al. from one of the
large Japanese series of patients undergoing transarterial chemoemboli-
zation (TACE), who tried to validate the Assessment for Retreatment
(ART) score1 in their patient sample. When the authors applied the
same selection criteria to their 513 patients treated with >2 TACE
procedures, only 49 patients were eligible for ART score-based analysis
for having received two TACE procedures within 90 days (all others
had longer intervals between TACE sessions) and the ART score was
not able to differentiate between two prognostic groups.

Looking at the two ART score groups in the Japanese patient sample
more closely, it is quite obvious that the Japanese low ARTscore group was
very similar to our own European cohort (median survival 22.4 versus
23.7/27.6 months), while the big difference was in the high ART score
group between Kudo et al.’s and our cohorts (median survival 16.5 versus
6.6/8.1 months). In trying to understand this, one would have to take a
closer look at the patient characteristics in both cohorts.

First of all, the ART score does yield two groups with different
survival in the Japanese patients as well, but the difference is much
less pronounced than in the European patients and did not reach
statistical significance. This could well be due to the small patient
number in this analysis, which was only performed in 44 of the 49
patients (see fig. 1 of Kudo et al.). Regarding the overall small
sample size (n5 49), the unexplained exclusion of 10% of patients
may have had a significant impact on survival analysis.

Besides that, and as pointed out by the authors, there are obvious
differences in the patient and procedural characteristics between Euro-
pean and Japanese centers. In particular, Japanese patients usually pres-
ent with smaller tumors due to nationwide screening programs and the
TACE procedure is often carried out more meticulously than in Euro-
pean centers, allowing for less frequent TACE procedures and suppos-
edly longer survival in patients undergoing TACE in Japan.2 This
could potentially introduce a special selection bias, as indicated by the
fact that less than 10% of Kudo et al.’s cohort was eligible for ARTscore
calculation compared to almost 90% in the Austrian cohorts. But for a
universally applicable score, these differences should be taken care of by
diverting a different fraction of patients into the appropriate prognostic
group. Surprisingly, this was not the case as much as we would expect:
despite presumably smaller tumors and a more selective TACE proce-
dure, still 27.3% of the Japanese patients retreated with TACE within
3 months presented with a high ART score before TACE 2, not so dif-
ferent from the 38% in the Austrian cohort.

Considering that overall survival in TACE patients seems to be
longer in Japan compared to Europe,2 it is not so much the longer
survival in the Japanese high ART score group but the surprisingly
low survival in the Japanese low ART score group that is hard to
explain. Since we do not have any data on the BCLC-staging,
Child-Pugh scores, which type of Child-Pugh score was applied,
the differences in etiology of liver disease, the reason for perform-
ing a second TACE within 3 months, causes of death, total num-
ber of TACE cycles applied, etc., in the Japanese patients, it is
impossible to reach any firm conclusions from the data presented
by Kudo et al. In particular, BCLC-stage A could be much more
prevalent in Japan, where cadaveric liver transplantation is very
rare and living donors will likely not be able to fill in the demand,
leaving more BCLC-A patients for TACE compared to Europe.

With such a small patient number, it is conceivable that there
was a significant imbalance between baseline variables in the Japa-
nese cohort, e.g., BCLC-stage A in high ART score versus B in low
ART score, which would have a major impact on survival.

Fig. 1. Overall survival according to ART score. No significant differ-
ence was noted in overall survival between patients with an ART score
of 0-1.5 points and those with an ART score of 2.5-8 (P5 0.622).
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subgroup analysis was limited, by our calculations rs12979860-CC
genotype was significantly associated with treatment response in
each arm of the trial (P5 0.04, Fisher’s exact test; Fig. 1).

It appears, therefore, that a very high proportion of patients
with a favorable host genotype who meet the selection criteria for
this trial will achieve SVR with 24 weeks of peg-interferon-a/riba-
virin alone. Otherwise similar patients with an unfavorable host
genotype are less likely to respond to that regimen. Additional
data, ideally based on genotype for IFNL4-DG, are needed to pro-
vide more precise estimates in that group.

Patients who are very likely to respond to a shortened course of
peg-interferon-a/ribavirin may be more willing to undergo such
treatment now rather than await development of interferon-free
regimens. The authors assert host genotype has no role in identify-
ing such patients once the HCV RNA level and RVR are consid-
ered.1 Their data, however, indicate otherwise.
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Reply:

We appreciate Dahari and Cotler’s interest in our findings. We
agree that viral kinetics during the lead-in phase with peg-inter-
feron-a/ribavirin (PEG/RBV) may enable individualization and
prediction of a minimum therapy duration to effect a sustained
virological response (SVR); we likewise agree that further studies
would be necessary to confirm this approach.

We believe that Wang, Pfeiffer, and Morgan missed the point of
our analysis regarding the interleukin (IL)228B genotype. We do not
dispute that relative to the non-CC subtype, CC conferred an advant-
age in terms of higher SVR rates (CC 97% and 97% versus non-CC
78% and 76% in double and triple therapy arms, respectively); how-
ever, in genotype 1-infected patients with low viral load at baseline
who achieve aviremia at week 4 with PEG/RBV, there was no benefit
in adding boceprevir, regardless of a patient’s IL28B subtype. Although
patients with the unfavorable subtype respond less well to therapy, for
those patients with low viral load and RVR after lead-in with PEG/
RBV there is still no advantage of adding a protease inhibitor.
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Assessment for Retreatment (ART) Score for Repeated Transarterial
Chemoembolization in Patients With Hepatocellular Carcinoma

To the Editor:

We read with great interest the article by Sieghart et al. pub-
lished in HEPATOLOGY.1 The authors developed a point scoring sys-
tem, the Assessment for Retreatment (ART) with Transarterial
Chemoembolization (TACE), to assist in decision making whether
retreating hepatocellular carcinoma (HCC) patients with TACE.
Patients with HCC who received at least two TACE sessions
within 90 days were the subjects of their study. The ART score dif-
ferentiated patients into two groups (0-1.5 points; �2.5 points)
with distinct prognosis (median overall survival [OS]: 23.7 versus
6.6 months; P< 0.001). These results were confirmed in an exter-

nal validation cohort (median OS: 27.6 versus 8.1 months;
P< 0.001). They concluded that an ART score �2.5 prior to sec-
ond TACE can be used to identify patients with a dismal prognosis
who may not benefit from further TACE sessions. Provided that
this objective scoring system is universally reproducible, it will be
an epoch-making development in the differentiation of patients
into those who will benefit from repeated TACE and those who
will not.

Repeated TACE is more frequently performed in patients with
HCC in Japan than in other regions. In addition, we sense that
few patients in Japan receive a second TACE within 3 months.
Therefore, we attempted a validation study in Japanese patients.

2424 CORRESPONDENCE HEPATOLOGY, June 2014

From 2004 to 2011, 513 patients with HCC underwent >2
TACE sessions. Among them, only 49 (9.6%) had two TACE ses-
sions within 90 days. This is a marked difference from the Sieghart
et al. report1 (204 of 231 patients [88%] in Vienna and 224 of
252 patients [89%] in Innsbruck). More surprisingly, the ART
score in 49 patients did not have any predictive impact on survival
(Fig. 1).

Several possible explanations exist for the discrepancy between
the Austrian and Japanese results. First, patients with intermediate-
stage HCC constitute a heterogeneous population. For example,
due to the established nationwide surveillance, Japanese patients
who undergo TACE usually have fewer and smaller nodules than
patients in other regions of the world. Second, superselective
TACE, which leads to a complete response, is routinely performed
in Japan. Third, in Sieghart et al.’s study,1 the second TACE was
performed 13-90 days after the first TACE. Performing a second
TACE only 13 days after the first TACE suggests that the second
TACE is already considered necessary after completion of the first
TACE. This implies that their HCC patients had huge or bilobar
advanced tumors. In Japan, such HCC cases are seldom
encountered.

In conclusion, the ART score could be applied to only <10%
of Japanese patients and then did not have any prognostic predic-
tive impact on survival in these patients. Therefore, the ART score
should not be considered a universal point-scoring system.
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Reply:

We read with interest the letter of Kudo et al. from one of the
large Japanese series of patients undergoing transarterial chemoemboli-
zation (TACE), who tried to validate the Assessment for Retreatment
(ART) score1 in their patient sample. When the authors applied the
same selection criteria to their 513 patients treated with >2 TACE
procedures, only 49 patients were eligible for ART score-based analysis
for having received two TACE procedures within 90 days (all others
had longer intervals between TACE sessions) and the ART score was
not able to differentiate between two prognostic groups.

Looking at the two ART score groups in the Japanese patient sample
more closely, it is quite obvious that the Japanese low ARTscore group was
very similar to our own European cohort (median survival 22.4 versus
23.7/27.6 months), while the big difference was in the high ART score
group between Kudo et al.’s and our cohorts (median survival 16.5 versus
6.6/8.1 months). In trying to understand this, one would have to take a
closer look at the patient characteristics in both cohorts.

First of all, the ART score does yield two groups with different
survival in the Japanese patients as well, but the difference is much
less pronounced than in the European patients and did not reach
statistical significance. This could well be due to the small patient
number in this analysis, which was only performed in 44 of the 49
patients (see fig. 1 of Kudo et al.). Regarding the overall small
sample size (n5 49), the unexplained exclusion of 10% of patients
may have had a significant impact on survival analysis.

Besides that, and as pointed out by the authors, there are obvious
differences in the patient and procedural characteristics between Euro-
pean and Japanese centers. In particular, Japanese patients usually pres-
ent with smaller tumors due to nationwide screening programs and the
TACE procedure is often carried out more meticulously than in Euro-
pean centers, allowing for less frequent TACE procedures and suppos-
edly longer survival in patients undergoing TACE in Japan.2 This
could potentially introduce a special selection bias, as indicated by the
fact that less than 10% of Kudo et al.’s cohort was eligible for ARTscore
calculation compared to almost 90% in the Austrian cohorts. But for a
universally applicable score, these differences should be taken care of by
diverting a different fraction of patients into the appropriate prognostic
group. Surprisingly, this was not the case as much as we would expect:
despite presumably smaller tumors and a more selective TACE proce-
dure, still 27.3% of the Japanese patients retreated with TACE within
3 months presented with a high ART score before TACE 2, not so dif-
ferent from the 38% in the Austrian cohort.

Considering that overall survival in TACE patients seems to be
longer in Japan compared to Europe,2 it is not so much the longer
survival in the Japanese high ART score group but the surprisingly
low survival in the Japanese low ART score group that is hard to
explain. Since we do not have any data on the BCLC-staging,
Child-Pugh scores, which type of Child-Pugh score was applied,
the differences in etiology of liver disease, the reason for perform-
ing a second TACE within 3 months, causes of death, total num-
ber of TACE cycles applied, etc., in the Japanese patients, it is
impossible to reach any firm conclusions from the data presented
by Kudo et al. In particular, BCLC-stage A could be much more
prevalent in Japan, where cadaveric liver transplantation is very
rare and living donors will likely not be able to fill in the demand,
leaving more BCLC-A patients for TACE compared to Europe.

With such a small patient number, it is conceivable that there
was a significant imbalance between baseline variables in the Japa-
nese cohort, e.g., BCLC-stage A in high ART score versus B in low
ART score, which would have a major impact on survival.

Fig. 1. Overall survival according to ART score. No significant differ-
ence was noted in overall survival between patients with an ART score
of 0-1.5 points and those with an ART score of 2.5-8 (P5 0.622).
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Editorial

Recent Advances in Bioinformatics  
Reveal the Molecular Heterogeneity of 
Hepatocellular Carcinoma

Bioinformatics is an academic field that manages information about materials and sub-
stances essential for the biological activities of genes, proteins, and RNA. Bioinformatics en-
ables vast amounts of biological data to be made available for statistical analysis to improve 
our understanding, diagnosis, and treatment of diseases. In recent years, genome-wide asso-
ciation studies (GWAS) and next-generation DNA sequencing technology have made it pos-
sible to generate large amounts of data very quickly. Consequently, the biggest challenge to-
day is to extract clinically useful data from overwhelmingly large datasets, and this challenge 
has become a major research objective in the field of bioinformatics. A key example is that 
these techniques made it possible to achieve the long-held goal of molecular classification of 
hepatocellular carcinoma (HCC) [1, 2](fig. 1).

In 2011, the National Cancer Center of Japan achieved a world first by the whole-genome 
sequencing of HCC using next-generation sequencers [3], and this was successively followed 
by reports of whole-genome and exome sequencing of HCC by both Japanese and overseas 
research groups [4–8]. However, in contrast to the well-known high-frequency mutations of 
epidermal growth factor receptor genes and the anaplastic-lymphoma-kinase fusion gene 
in lung adenocarcinoma, the whole-genome sequence of HCC revealed the presence of low-
frequency mutations in various genes but no single driver mutation, thereby practically rul-
ing out the possibility that HCC is caused by a single driver mutation. However, since such 
vast amounts of bioinformatic data are now readily available to clinicians, we believe that 
if the correct approaches are taken, it is only a matter of time before a paradigm-shattering 
concept buried deep in bioinformatic data will be found that will revolutionize medical care.

In the field of bioinformatics, a very wide range of applications is possible; for example, 
it can be used to predict tumor malignancy, optimal treatments, and prognosis. Also, GWAS 
data are useful for predicting drug sensitivity and adverse effects. This is truly the dawn of 
the era of individualized medicine, and the application of bioinformatics in the field of oncol-
ogy is already forging a path to this goal.

© 2014 S. Karger AG, Basel
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Work on cancer stem cells continues to attract great attention [9]. It has been reported 
that approximately 40–50% of HCC cases exhibit stem cell-like features. Similar to colorectal 
cancer, a small population of so-called well-differentiated liver cancers may even possess 
stem cell-like characteristics. On the other hand, several studies have shown that prognosis 
is poor for HCC expressing Sal-like protein 4 (SALL4) [10–12], a transcription factor and 
stem-cell marker. Interestingly, knock-down of this single gene transforms the gene expres-
sion pattern of HCC cell lines from a stem cell-like pattern to a mature parenchymal cell-like 
pattern [11]. Some groups have started to report the clinical efficacy of DNA methylation 
and histone deacetylation inhibitors in SALL4-positive HCC [13]. Is it possible, then, to treat 
a large population of HCC cells by rewriting genetic information in the epigenome even if no 
single driver mutation is found? Since the study of SALL4 has just begun, we look forward to 
future developments in this area.

The field of bioinformatics is still at an early stage of development, and more studies are 
needed to establish its importance and significance; nonetheless, it clearly has the potential 
to revolutionize medical care.
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Editorial

Recent Advances in Bioinformatics  
Reveal the Molecular Heterogeneity of 
Hepatocellular Carcinoma

Bioinformatics is an academic field that manages information about materials and sub-
stances essential for the biological activities of genes, proteins, and RNA. Bioinformatics en-
ables vast amounts of biological data to be made available for statistical analysis to improve 
our understanding, diagnosis, and treatment of diseases. In recent years, genome-wide asso-
ciation studies (GWAS) and next-generation DNA sequencing technology have made it pos-
sible to generate large amounts of data very quickly. Consequently, the biggest challenge to-
day is to extract clinically useful data from overwhelmingly large datasets, and this challenge 
has become a major research objective in the field of bioinformatics. A key example is that 
these techniques made it possible to achieve the long-held goal of molecular classification of 
hepatocellular carcinoma (HCC) [1, 2](fig. 1).

In 2011, the National Cancer Center of Japan achieved a world first by the whole-genome 
sequencing of HCC using next-generation sequencers [3], and this was successively followed 
by reports of whole-genome and exome sequencing of HCC by both Japanese and overseas 
research groups [4–8]. However, in contrast to the well-known high-frequency mutations of 
epidermal growth factor receptor genes and the anaplastic-lymphoma-kinase fusion gene 
in lung adenocarcinoma, the whole-genome sequence of HCC revealed the presence of low-
frequency mutations in various genes but no single driver mutation, thereby practically rul-
ing out the possibility that HCC is caused by a single driver mutation. However, since such 
vast amounts of bioinformatic data are now readily available to clinicians, we believe that 
if the correct approaches are taken, it is only a matter of time before a paradigm-shattering 
concept buried deep in bioinformatic data will be found that will revolutionize medical care.

In the field of bioinformatics, a very wide range of applications is possible; for example, 
it can be used to predict tumor malignancy, optimal treatments, and prognosis. Also, GWAS 
data are useful for predicting drug sensitivity and adverse effects. This is truly the dawn of 
the era of individualized medicine, and the application of bioinformatics in the field of oncol-
ogy is already forging a path to this goal.
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Work on cancer stem cells continues to attract great attention [9]. It has been reported 
that approximately 40–50% of HCC cases exhibit stem cell-like features. Similar to colorectal 
cancer, a small population of so-called well-differentiated liver cancers may even possess 
stem cell-like characteristics. On the other hand, several studies have shown that prognosis 
is poor for HCC expressing Sal-like protein 4 (SALL4) [10–12], a transcription factor and 
stem-cell marker. Interestingly, knock-down of this single gene transforms the gene expres-
sion pattern of HCC cell lines from a stem cell-like pattern to a mature parenchymal cell-like 
pattern [11]. Some groups have started to report the clinical efficacy of DNA methylation 
and histone deacetylation inhibitors in SALL4-positive HCC [13]. Is it possible, then, to treat 
a large population of HCC cells by rewriting genetic information in the epigenome even if no 
single driver mutation is found? Since the study of SALL4 has just begun, we look forward to 
future developments in this area.

The field of bioinformatics is still at an early stage of development, and more studies are 
needed to establish its importance and significance; nonetheless, it clearly has the potential 
to revolutionize medical care.

References

 1 Hoshida Y, Nijman SM, Kobayashi M, Chan JA, Brunet JP, Chiang DY, Villanueva A, Newell P, Ikeda K, Hashi-
moto M, Watanabe G, Gabriel S, Friedman SL, Kumada H, Llovet JM, Golub TR: Integrative transcrip-
tome analysis reveals common molecular subclasses of human hepatocellular carcinoma. Cancer Res 
2009;69:7385–7392. 

Fig.1.  Molecular Classification of Hepatocellular Carcinoma. Reproduced with permission from 
Hoshida et al.[2].

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

1/
20

15
 9

:0
7:

14
 A

M

— 185 —



70Liver Cancer 2014;3:68–70

DOI: 10.1159/000343862
Published online: May 8, 2014

© 2014 S. Karger AG, Basel
www.karger.com/lic

 2 Hoshida Y, Toffanin S, Lachenmayer A, Villanueva A, Minguez B, Llovet JM: Molecular classification and 
novel targets in hepatocellular carcinoma: recent advancements. Semin Liver Dis 2010;30:35–51. 

 3 Totoki Y, Tatsuno K, Yamamoto S, Arai Y, Hosoda F, Ishikawa S, Tsutsumi S, Sonoda K, Totsuka H, Shiraki-
hara T, Sakamoto H, Wang L, Ojima H, Shimada K, Kosuge T, Okusaka T, Kato K, Kusuda J, Yoshida T, Abu-
ratani H, Shibata T: High-resolution characterization of a hepatocellular carcinoma genome. Nat Genet 
2011;43:464–469. 

 4 Huang J, Deng Q, Wang Q, Li KY, Dai JH, Li N, Zhu ZD, Zhou B, Liu XY, Liu RF, Fei QL, Chen H, Cai B, Zhou B, 
Xiao HS, Qin LX, Han ZG: Exome sequencing of hepatitis B virus-associated hepatocellular carcinoma. Nat 
Genet 2012;44:1117–1121. 

 5 Sung WK, Zheng H, Li S, Chen R, Liu X, Li Y, Lee NP, Lee WH, Ariyaratne PN, Tennakoon C, Mulawadi FH, Wong 
KF, Liu AM, Poon RT, Fan ST, Chan KL, Gong Z, Hu Y, Lin Z, Wang G, Zhang Q, Barber TD, Chou WC, Aggarwal 
A, Hao K, Zhou W, Zhang C, Hardwick J, Buser C, Xu J, Kan Z, Dai H, Mao M, Reinhard C, Wang J, Luk JM: Ge-
nome-wide survey of recurrent HBV integration in hepatocellular carcinoma. Nat Genet 2012;44:765–769. 

 6 Guichard C, Amaddeo G, Imbeaud S, Ladeiro Y, Pelletier L, Maad IB, Calderaro J, Bioulac-Sage P, Letexier M, 
Degos F, Clément B, Balabaud C, Chevet E, Laurent A, Couchy G, Letouzé E, Calvo F, Zucman-Rossi J: Inte-
grated analysis of somatic mutations and focal copy-number changes identifies key genes and pathways in 
hepatocellular carcinoma. Nat Genet 2012;44:694–698. 

 7 Li M, Zhao H, Zhang X, Wood LD, Anders RA, Choti MA, Pawlik TM, Daniel HD, Kannangai R, Offerhaus GJ, 
Velculescu VE, Wang L, Zhou S, Vogelstein B, Hruban RH, Papadopoulos N, Cai J, Torbenson MS, Kinzler KW: 
Inactivating mutations of the chromatin remodeling gene ARID2 in hepatocellular carcinoma. Nat Genet 
2011;43:828–829. 

 8 Fujimoto A, Totoki Y, Abe T, Boroevich KA, Hosoda F, Nguyen HH, Aoki M, Hosono N, Kubo M, Miya F, Arai Y, 
Takahashi H, Shirakihara T, Nagasaki M, Shibuya T, Nakano K, Watanabe-Makino K, Tanaka H, Nakamura 
H, Kusuda J, Ojima H, Shimada K, Okusaka T, Ueno M, Shigekawa Y, Kawakami Y, Arihiro K, Ohdan H, Gotoh 
K, Ishikawa O, Ariizumi S, Yamamoto M, Yamada T, Chayama K, Kosuge T, Yamaue H, Kamatani N, Miyano S, 
Nakagama H, Nakamura Y, Tsunoda T, Shibata T, Nakagawa H: Whole-genome sequencing of liver cancers 
identifies etiological influences on mutation patterns and recurrent mutations in chromatin regulators. 
Nat Genet 2012;44:760–764. 

 9 Yamashita T, Ji J, Budhu A, Forgues M, Yang W, Wang HY, Jia H, Ye Q, Qin LX, Wauthier E, Reid LM, Minato H, 
Honda M, Kaneko S, Tang ZY, Wang XW: EpCAM-positive hepatocellular carcinoma cells are tumor-initiat-
ing cells with stem/progenitor cell features. Gastroenterology 2009;136:1012–1024. 

 10 Oikawa T, Kamiya A, Kakinuma S, Zeniya M, Nishinakamura R, Tajiri H, Nakauchi H: Sall4 regulates cell fate 
decision in fetal hepatic stem/progenitor cells. Gastroenterology 2009;136:1000–1011. 

 11 Oikawa T, Kamiya A, Zeniya M, Chikada H, Hyuck AD, Yamazaki Y, Wauthier E, Tajiri H, Miller LD, Wang 
XW, Reid LM, Nakauchi H: Sal-like protein 4 (SALL4), a stem cell biomarker in liver cancers. Hepatology 
2013;57:1469–1483. 

 12 Yong KJ, Gao C, Lim JS, Yan B, Yang H, Dimitrov T, Kawasaki A, Ong CW, Wong KF, Lee S, Ravikumar S, Sriv-
astava S, Tian X, Poon RT, Fan ST, Luk JM, Dan YY, Salto-Tellez M, Chai L, Tenen DG: Oncofetal gene SALL4 in 
aggressive hepatocellular carcinoma. N Engl J Med 2013;368:2266–2276. 

 13 Zeng SS, Yamashita T, Kondo M, Nio K, Hayashi T, Hara Y, Nomura Y, Yoshida M, Hayashi T, Oishi N, Ikeda H, 
Honda M, Kaneko S: The transcription factor SALL4 regulates stemness of EpCAM-positive hepatocellular 
carcinoma. J Hepatol 2014;60:127–134. 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

1/
20

15
 9

:0
7:

14
 A

M

RESEARCH Open Access

Homozygous deletion of the activin A receptor,
type IB gene is associated with an aggressive
cancer phenotype in pancreatic cancer
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Abstract

Background: Transforming growth factor, beta (TGFB) signal is considered to be a tumor suppressive pathway
based on the frequent genomic deletion of the SMAD4 gene in pancreatic cancer (PC); however; the role of the
activin signal, which also belongs to the TGFB superfamily, remains largely unclear.

Methods and results: We found a homozygous deletion of the activin A receptor, type IB (ACVR1B) gene in 2 out
of 8 PC cell lines using array-comparative genomic hybridization, and the absence of ACVR1B mRNA and protein
expression was confirmed in these 2 cell lines. Activin A stimulation inhibited cellular growth and increased the
phosphorylation level of SMAD2 and the expression level of p21CIP1/WAF1 in the Sui66 cell line (wild-type ACVR1B
and SMAD4 genes) but not in the Sui68 cell line (homozygous deletion of ACVR1B gene). Stable ACVR1B-knockdown
using short hairpin RNA cancelled the effects of activin A on the cellular growth of the PC cell lines. In addition,
ACVR1B-knockdown significantly enhanced the cellular growth and colony formation abilities, compared with controls.
In a xenograft study, ACVR1B-knockdown resulted in a significantly elevated level of tumorigenesis and a larger tumor
volume, compared with the control. Furthermore, in clinical samples, 6 of the 29 PC samples (20.7%) carried a deletion
of the ACVR1B gene, while 10 of the 29 samples (34.5%) carried a deletion of the SMAD4 gene. Of note, 5 of the
6 samples with a deletion of the ACVR1B gene also had a deletion of the SMAD4 gene.

Conclusion: We identified a homozygous deletion of the ACVR1B gene in PC cell lines and clinical samples and
proposed that the deletion of the ACVR1B gene may mediate an aggressive cancer phenotype in PC. Our findings
provide novel insight into the role of the activin signal in PC.

Keywords: Pancreatic cancer, Activin signal, Activin A receptor, Type IB, SMAD4

Background
Pancreatic cancer (PC) is a devastating disease. Gemcitabine
has been the standard therapy for experimental regimens
in patients with advanced PC for over a decade, but re-
cently, the overall survival has been significantly prolonged
using combination therapies, such as gemcitabine plus er-
lotinib or a combination of oxaliplatin, irinotecan, fluoro-
uracil and leucovorin (FOLFIRINOX) [1-3]. Despite some
recent progress, however, the overall survival rate of pa-
tients with PC is still less than 5% [4]. The model explaining

the progression of PC is influenced by multiple genetic al-
terations. During early genetic events, such as activating
point mutations in the K-ras oncogene and the overex-
pression of the HER-2/neu gene, pancreatic duct lesions
show minimal cytological and architectural atypia. The in-
activation of the p16 tumor suppressor gene appears to
occur at a later stage, followed by the loss of the p53,
SMAD4, and BRCA2 tumor suppressor genes [5-8]. For
instance, the HER-2/neu gene is not expressed in the epi-
thelium lining of normal pancreatic duct, but it is highly
expressed in pancreatic intraepithelial neoplasia [9]. How-
ever, two clinical trials assessing anit-HER2 trastuzumab
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Abstract

Background: Transforming growth factor, beta (TGFB) signal is considered to be a tumor suppressive pathway
based on the frequent genomic deletion of the SMAD4 gene in pancreatic cancer (PC); however; the role of the
activin signal, which also belongs to the TGFB superfamily, remains largely unclear.

Methods and results: We found a homozygous deletion of the activin A receptor, type IB (ACVR1B) gene in 2 out
of 8 PC cell lines using array-comparative genomic hybridization, and the absence of ACVR1B mRNA and protein
expression was confirmed in these 2 cell lines. Activin A stimulation inhibited cellular growth and increased the
phosphorylation level of SMAD2 and the expression level of p21CIP1/WAF1 in the Sui66 cell line (wild-type ACVR1B
and SMAD4 genes) but not in the Sui68 cell line (homozygous deletion of ACVR1B gene). Stable ACVR1B-knockdown
using short hairpin RNA cancelled the effects of activin A on the cellular growth of the PC cell lines. In addition,
ACVR1B-knockdown significantly enhanced the cellular growth and colony formation abilities, compared with controls.
In a xenograft study, ACVR1B-knockdown resulted in a significantly elevated level of tumorigenesis and a larger tumor
volume, compared with the control. Furthermore, in clinical samples, 6 of the 29 PC samples (20.7%) carried a deletion
of the ACVR1B gene, while 10 of the 29 samples (34.5%) carried a deletion of the SMAD4 gene. Of note, 5 of the
6 samples with a deletion of the ACVR1B gene also had a deletion of the SMAD4 gene.

Conclusion: We identified a homozygous deletion of the ACVR1B gene in PC cell lines and clinical samples and
proposed that the deletion of the ACVR1B gene may mediate an aggressive cancer phenotype in PC. Our findings
provide novel insight into the role of the activin signal in PC.

Keywords: Pancreatic cancer, Activin signal, Activin A receptor, Type IB, SMAD4

Background
Pancreatic cancer (PC) is a devastating disease. Gemcitabine
has been the standard therapy for experimental regimens
in patients with advanced PC for over a decade, but re-
cently, the overall survival has been significantly prolonged
using combination therapies, such as gemcitabine plus er-
lotinib or a combination of oxaliplatin, irinotecan, fluoro-
uracil and leucovorin (FOLFIRINOX) [1-3]. Despite some
recent progress, however, the overall survival rate of pa-
tients with PC is still less than 5% [4]. The model explaining

the progression of PC is influenced by multiple genetic al-
terations. During early genetic events, such as activating
point mutations in the K-ras oncogene and the overex-
pression of the HER-2/neu gene, pancreatic duct lesions
show minimal cytological and architectural atypia. The in-
activation of the p16 tumor suppressor gene appears to
occur at a later stage, followed by the loss of the p53,
SMAD4, and BRCA2 tumor suppressor genes [5-8]. For
instance, the HER-2/neu gene is not expressed in the epi-
thelium lining of normal pancreatic duct, but it is highly
expressed in pancreatic intraepithelial neoplasia [9]. How-
ever, two clinical trials assessing anit-HER2 trastuzumab
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therapy in patients with PC overexpressing HER2 have pro-
duced disappointing results [10,11]. Although such recent
breakthroughs in the molecular biology of PC have assisted
in translational research, creating hope for individualized
therapy and better disease management, the inhibition of
epidermal growth factor receptor using erlotinib is, to
date, the only targeted approach that has been demon-
strated to result in a survival [1]. Therefore, further under-
standing of the molecular biology of PC is needed.
The transforming growth factor, beta (TGFB) receptor

II (TGFBR2) and SMAD4 genes are commonly inactivated
in several types of cancer, providing evidence that the
TGFB signal functions as a tumor suppressor [12,13].
Thirty percent of colorectal cancers are thought to con-
tain a mutation in the TGFBR2 gene. The human locus
18q21, which encodes the SMAD2 and SMAD4 genes, is
often mutated or lost completely in several cancers. The
loss of the SMAD4 gene eliminates the classic SMAD2/
3/4 heteromeric complexes that have been implicated in
a large number of TGFB-dependent transcriptional regu-
latory complexes. As a result, TGFB-mediated growth
inhibition is lost. The SMAD4 gene is inactivated in 55%
of PC tumors, and numerous studies on TGFB signal in
PC have been reported. The loss of the SMAD4 gene is
correlated with both a poor prognosis and the develop-
ment of widespread metastases in patients. The TGFBR2
gene is also altered in a smaller subset of PC tumors
[5-7,14,15]. In addition, pancreatic-specific TGFBR2 or
SMAD4-knockout mice with active K-ras expression de-
veloped PC [16,17]. However, the roles of defects other
than those in the SMAD4 and TGFBR2 genes in PC re-
main unclear, and few studies regarding the activin signal,
which also belongs to the TGFB superfamily, have been
reported [18-20]. Defects in several genes involved in the
activin signal pathway have been characterized in several
cancers. For instance, two 8-bp polyadenine tracts in the
activin A receptor, type IIA (ACVR2A) gene were reported
to be targets for frameshift mutations in gastrointestinal
cancers with microsatellite instability [21]. Similarly, the
activin signal induces growth inhibition and apoptosis
mainly through SMAD-dependent pathways in many
other cancers [22-27]. Thus, the dysregulation of the
activin signal is directly involved in carcinogenesis. In
contrast, however, a recent study has demonstrated that
Nodal/Activin signal is associated with self-renewal and
the tumorigenicity of PC stem cells [20]; thus, the role
of activin signal in pancreatic carcinogenesis remains
controversial. In the present study, we identified a
homozygous deletion of the activin A receptor, type IB
(ACVR1B) gene in PC cell lines using array-comparative
genomic hybridization (array-CGH). Furthermore, we
investigated the role of this homozygous deletion in PC
cell lines and the status of the ACVR1B gene in clinical
samples of PC.

Results
Identification of homozygous deletion of ACVR1B gene in
PC cell lines
The results of an array-CGH demonstrated the homozy-
gous deletion of the ACVR1B gene in the Sui65 and
Sui68 cell lines (chromosome 12) and the homozygous
deletion of the SMAD4 gene in the Sui65, Sui70, and
Sui71 cell lines (chromosome 18) (Figure 1A and B). No
deletions of other SMAD genes or other main TGFB
and activin receptors, including the TGFBR1, TGFBR2,
ACVR2A, ACVR2B, SMAD2 genes, were found. To exam-
ine the ACVR1B and SMAD4 gene copy numbers in the
PC cell lines, we used a real-time PCR-based detection
method, the TaqMan Copy Number Assay, and the ex-
periment was performed in triplicate. The copy number
results are summarized in Table 1. The copy number of
the ACVR1B gene in the Sui68 cell line was 0 and that in
the Sui65 cell line was nearly 0 (0.115 ± 0.025). The copy
numbers of the SMAD4 gene in the Sui65, Sui70, and
Sui71 cell lines were all 0. These results were similar to
those of the array-CGH.

mRNA and protein expressions of ACVR1B and SMAD4 in
PC cell lines
To examine the mRNA expressions of the ACVR1B and
SMAD4 genes, we performed real-time reverse tran-
scription PCR (RT-PCR) using samples of normal pan-
creatic tissue from Clontech and PC cell lines. ACVR1B
mRNA was scarcely expressed in the Sui65 and Sui68 cell
lines, and SMAD4 mRNA was also scarcely expressed in
the Sui65, Sui70, and Sui71 cell lines (Figure 2A). These
results were similar to those for the array-CGH and copy
number assay (Table 1). Western blot analyses were per-
formed and showed that ACVR1B was scarcely expressed
in the Sui65 and Sui68 cell lines and that SMAD4 was
scarcely expressed in the Sui65, Sui70, and Sui71 cell
lines. The protein expressions of ACVR1B and SMAD4
reflected the mRNA expression levels (Figure 2B).

Influence of activin A on cellular growth and cell cycle in
PC cell lines
To examine the influence of ligands in the PC cell lines,
we performed cellular growth assays using the Sui65
(homozygous deletion of ACVR1B and SMAD4 genes),
Sui66, Sui73 (wild-type ACVR1B and SMAD4 genes),
Sui68 (homozygous deletion of ACVR1B gene and wild-
type SMAD4 gene), and Sui70 (wild-type ACVR1B and
homozygous deletion of SMAD4 gene) cell lines in the
presence of ligands. Based on numerous previous stud-
ies and our data on cellular growth inhibition [22,28],
we used concentrations of 0.1, 1, or 10 ng/mL of TGFB1
or 1, 10, or 100 ng/mL of activin A. TGFB1 inhibited
cellular growth in the Sui66, Sui68, and Sui73 cell lines
(Figure 3B, C, and D). Activin A did not influence cellular
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growth in the Sui65 and Sui68 cell lines (Figure 3A and
C), although it inhibited cellular growth in the Sui66 and
Sui73 cell lines (Figure 3B and D). In addition, the Sui70
cell line was not influenced by either TGFB1 or activin A
(Additional file 1A).
Next, cell cycle distribution analyses were also per-

formed. Both TGFB1 and activin A increased the pro-
portion of cells in the G0/G1 phase and decreased the
proportion of cells in the S phase in the Sui66 and
Sui73 cell line (Figure 4B and D). In the Sui68 cell line,
however, TGFB1 increased the proportion of cells in the
G0/G1 phase and decreased the proportion of cells in
the S phase, while activin A did not affect the cell cycle
distribution (Figure 4C). In the Sui65 cell line, activin
A did not affect the cell cycle distribution, either
(Figure 4A). These results indicate that activin A in-
hibits cellular growth and induces G1 phase cell arrest
in PC cell lines with wild-type ACVR1B, while activin A
does not inhibit cellular growth and does not influence
the cell cycle in cell lines with a homozygous deletion of
the ACVR1B gene.

Table 1 Cell line characteristics and the status of ACVR1B
and SMAD4

Cell
lines

Source Histology ACVR1B SMAD4

CN Expression CN Expression

Sui65 Peritoneum Tubular 0 - 0 -

Sui66 Pancreas Tubular 1 + 2 ++

Sui67 Pancreas Tubular 1 - 1 +

Sui68 Pancreas Ad 0 - 1 +

Sui70 Pancreas Ad 2 + 0 -

Sui71 Liver Ad 1 + 0 -

Sui73 Pancreas Tubular 2 + 2 +

Sui74 Pancreas Tubular 1 + 1 -

ACVR1B, activin receptor A, type IB; Tubular, tubular adenocarcinoma; Ad,
adenocarcinoma; CN, gene copy number.
Legend: The copy numbers of the ACVR1B gene in the Sui65 and Sui68 cell
line was 0, and the copy numbers of the SMAD4 gene in the Sui65, Sui70, and
Sui71 cell lines were all 0. ACVR1B mRNA was scarcely expressed in the Sui65
and Sui68 cell lines, and SMAD4 mRNA was also scarcely expressed in the
Sui65, Sui70, and Sui71 cell lines. These results were similar to those for the
copy number assay.

Figure 1 Array-CGH of PC cell lines. A gain (>4 copies, red) and a deletion (<0.5 copies, blue) of genomic copy number are shown. (A) Array-CGH
of chromosome 12. The homozygous deletion of the ACVR1B gene was found in the Sui65 and Sui68 cell lines. (B) Array-CGH of chromosome 18. The
homozygous deletion of the SMAD4 gene was found in the Sui65, Sui70, and Sui71 cell lines.
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therapy in patients with PC overexpressing HER2 have pro-
duced disappointing results [10,11]. Although such recent
breakthroughs in the molecular biology of PC have assisted
in translational research, creating hope for individualized
therapy and better disease management, the inhibition of
epidermal growth factor receptor using erlotinib is, to
date, the only targeted approach that has been demon-
strated to result in a survival [1]. Therefore, further under-
standing of the molecular biology of PC is needed.
The transforming growth factor, beta (TGFB) receptor

II (TGFBR2) and SMAD4 genes are commonly inactivated
in several types of cancer, providing evidence that the
TGFB signal functions as a tumor suppressor [12,13].
Thirty percent of colorectal cancers are thought to con-
tain a mutation in the TGFBR2 gene. The human locus
18q21, which encodes the SMAD2 and SMAD4 genes, is
often mutated or lost completely in several cancers. The
loss of the SMAD4 gene eliminates the classic SMAD2/
3/4 heteromeric complexes that have been implicated in
a large number of TGFB-dependent transcriptional regu-
latory complexes. As a result, TGFB-mediated growth
inhibition is lost. The SMAD4 gene is inactivated in 55%
of PC tumors, and numerous studies on TGFB signal in
PC have been reported. The loss of the SMAD4 gene is
correlated with both a poor prognosis and the develop-
ment of widespread metastases in patients. The TGFBR2
gene is also altered in a smaller subset of PC tumors
[5-7,14,15]. In addition, pancreatic-specific TGFBR2 or
SMAD4-knockout mice with active K-ras expression de-
veloped PC [16,17]. However, the roles of defects other
than those in the SMAD4 and TGFBR2 genes in PC re-
main unclear, and few studies regarding the activin signal,
which also belongs to the TGFB superfamily, have been
reported [18-20]. Defects in several genes involved in the
activin signal pathway have been characterized in several
cancers. For instance, two 8-bp polyadenine tracts in the
activin A receptor, type IIA (ACVR2A) gene were reported
to be targets for frameshift mutations in gastrointestinal
cancers with microsatellite instability [21]. Similarly, the
activin signal induces growth inhibition and apoptosis
mainly through SMAD-dependent pathways in many
other cancers [22-27]. Thus, the dysregulation of the
activin signal is directly involved in carcinogenesis. In
contrast, however, a recent study has demonstrated that
Nodal/Activin signal is associated with self-renewal and
the tumorigenicity of PC stem cells [20]; thus, the role
of activin signal in pancreatic carcinogenesis remains
controversial. In the present study, we identified a
homozygous deletion of the activin A receptor, type IB
(ACVR1B) gene in PC cell lines using array-comparative
genomic hybridization (array-CGH). Furthermore, we
investigated the role of this homozygous deletion in PC
cell lines and the status of the ACVR1B gene in clinical
samples of PC.

Results
Identification of homozygous deletion of ACVR1B gene in
PC cell lines
The results of an array-CGH demonstrated the homozy-
gous deletion of the ACVR1B gene in the Sui65 and
Sui68 cell lines (chromosome 12) and the homozygous
deletion of the SMAD4 gene in the Sui65, Sui70, and
Sui71 cell lines (chromosome 18) (Figure 1A and B). No
deletions of other SMAD genes or other main TGFB
and activin receptors, including the TGFBR1, TGFBR2,
ACVR2A, ACVR2B, SMAD2 genes, were found. To exam-
ine the ACVR1B and SMAD4 gene copy numbers in the
PC cell lines, we used a real-time PCR-based detection
method, the TaqMan Copy Number Assay, and the ex-
periment was performed in triplicate. The copy number
results are summarized in Table 1. The copy number of
the ACVR1B gene in the Sui68 cell line was 0 and that in
the Sui65 cell line was nearly 0 (0.115 ± 0.025). The copy
numbers of the SMAD4 gene in the Sui65, Sui70, and
Sui71 cell lines were all 0. These results were similar to
those of the array-CGH.

mRNA and protein expressions of ACVR1B and SMAD4 in
PC cell lines
To examine the mRNA expressions of the ACVR1B and
SMAD4 genes, we performed real-time reverse tran-
scription PCR (RT-PCR) using samples of normal pan-
creatic tissue from Clontech and PC cell lines. ACVR1B
mRNA was scarcely expressed in the Sui65 and Sui68 cell
lines, and SMAD4 mRNA was also scarcely expressed in
the Sui65, Sui70, and Sui71 cell lines (Figure 2A). These
results were similar to those for the array-CGH and copy
number assay (Table 1). Western blot analyses were per-
formed and showed that ACVR1B was scarcely expressed
in the Sui65 and Sui68 cell lines and that SMAD4 was
scarcely expressed in the Sui65, Sui70, and Sui71 cell
lines. The protein expressions of ACVR1B and SMAD4
reflected the mRNA expression levels (Figure 2B).

Influence of activin A on cellular growth and cell cycle in
PC cell lines
To examine the influence of ligands in the PC cell lines,
we performed cellular growth assays using the Sui65
(homozygous deletion of ACVR1B and SMAD4 genes),
Sui66, Sui73 (wild-type ACVR1B and SMAD4 genes),
Sui68 (homozygous deletion of ACVR1B gene and wild-
type SMAD4 gene), and Sui70 (wild-type ACVR1B and
homozygous deletion of SMAD4 gene) cell lines in the
presence of ligands. Based on numerous previous stud-
ies and our data on cellular growth inhibition [22,28],
we used concentrations of 0.1, 1, or 10 ng/mL of TGFB1
or 1, 10, or 100 ng/mL of activin A. TGFB1 inhibited
cellular growth in the Sui66, Sui68, and Sui73 cell lines
(Figure 3B, C, and D). Activin A did not influence cellular
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growth in the Sui65 and Sui68 cell lines (Figure 3A and
C), although it inhibited cellular growth in the Sui66 and
Sui73 cell lines (Figure 3B and D). In addition, the Sui70
cell line was not influenced by either TGFB1 or activin A
(Additional file 1A).
Next, cell cycle distribution analyses were also per-

formed. Both TGFB1 and activin A increased the pro-
portion of cells in the G0/G1 phase and decreased the
proportion of cells in the S phase in the Sui66 and
Sui73 cell line (Figure 4B and D). In the Sui68 cell line,
however, TGFB1 increased the proportion of cells in the
G0/G1 phase and decreased the proportion of cells in
the S phase, while activin A did not affect the cell cycle
distribution (Figure 4C). In the Sui65 cell line, activin
A did not affect the cell cycle distribution, either
(Figure 4A). These results indicate that activin A in-
hibits cellular growth and induces G1 phase cell arrest
in PC cell lines with wild-type ACVR1B, while activin A
does not inhibit cellular growth and does not influence
the cell cycle in cell lines with a homozygous deletion of
the ACVR1B gene.

Table 1 Cell line characteristics and the status of ACVR1B
and SMAD4

Cell
lines

Source Histology ACVR1B SMAD4

CN Expression CN Expression

Sui65 Peritoneum Tubular 0 - 0 -

Sui66 Pancreas Tubular 1 + 2 ++

Sui67 Pancreas Tubular 1 - 1 +

Sui68 Pancreas Ad 0 - 1 +

Sui70 Pancreas Ad 2 + 0 -

Sui71 Liver Ad 1 + 0 -

Sui73 Pancreas Tubular 2 + 2 +

Sui74 Pancreas Tubular 1 + 1 -

ACVR1B, activin receptor A, type IB; Tubular, tubular adenocarcinoma; Ad,
adenocarcinoma; CN, gene copy number.
Legend: The copy numbers of the ACVR1B gene in the Sui65 and Sui68 cell
line was 0, and the copy numbers of the SMAD4 gene in the Sui65, Sui70, and
Sui71 cell lines were all 0. ACVR1B mRNA was scarcely expressed in the Sui65
and Sui68 cell lines, and SMAD4 mRNA was also scarcely expressed in the
Sui65, Sui70, and Sui71 cell lines. These results were similar to those for the
copy number assay.

Figure 1 Array-CGH of PC cell lines. A gain (>4 copies, red) and a deletion (<0.5 copies, blue) of genomic copy number are shown. (A) Array-CGH
of chromosome 12. The homozygous deletion of the ACVR1B gene was found in the Sui65 and Sui68 cell lines. (B) Array-CGH of chromosome 18. The
homozygous deletion of the SMAD4 gene was found in the Sui65, Sui70, and Sui71 cell lines.
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Effect of activin A on SMAD2 phosphorylation and p21
induction in PC cell lines
Activin A inhibited the cellular growth of cell lines with
wild-type ACVR1B and SMAD4 genes; therefore, we ex-
amined the downstream signal under TGFB1 or activin
A stimulation. Based on numerous previous studies and
our data on cellular growth inhibition [22,28], we used
1 ng/mL of TGFB1 or 10 ng/mL of activin A. The time
points were also decided based on the previous studies
[22,28]. In the Sui66 cell line (wild-type ACVR1B and
SMAD4 genes), both TGFB1 and activin A increased the
phosphorylation levels of SMAD2 (Figure 5A); these ef-
fects were cancelled by the ACVR1B/TGFBR1/ACVR1C-
specific inhibitor SB431542 (Figure 5C). In the Sui68 cell
line (homozygous deletion of ACVR1B gene and wild-type
SMAD4 gene), TGFB1, but not activin A, increased the
phosphorylation levels of SMAD2 (Figure 5A); these ef-
fects were cancelled by SB431542 (Figure 5C). These re-
sults suggest that activin A activates the SMAD signal in a

manner similar to TGFB1 in PC cell lines with the wild-
type ACVR1B gene, but does not activate in PC cell lines
with the homozygous deletion of the ACVR1B gene.
Next, we evaluated the expression levels of p21CIP1/WAF1.

p21CIP1/WAF1 is a major cdk inhibitor and is a hallmark of
the cytostatic role of the TGFB signal pathway [29]. TGFB
and activin A are known to increase p21 expression
[22,28]. The expression of p21 was evaluated in whole-cell
lysates. p21 expression was increased by both TGFB1
and activin A in the Sui66 cell line. In the Sui68 cell line,
however, its expression was increased only by TGFB1
(Figure 5B). Therefore, we speculated that p21 may have
a role in activin A-mediated growth inhibition and cell-
cycle progression.
To evaluate the effect of activin A on SMAD4-independent

pathways, the phosphorylation of ERK1/2 and AKT, which
are representative signals of SMAD4-independent path-
ways, was investigated in the Sui70 cell line (wild-type
ACVR1B and homozygous deletion of SMAD4 genes).

Figure 2 Expression of ACVR1B and SMAD4 in PC cell lines. (A) mRNA expression levels of the ACVR1B and SMAD4 genes in normal
pancreatic tissue (RNA from Clontech) and PC cell lines. The expressions were analyzed using real-time RT-PCR. ACVR1B mRNA was scarcely
expressed in the Sui65 and Sui68 cell lines, and SMAD4 mRNA was also scarcely expressed in the Sui65, Sui70, and Sui71 cell lines. Rel mRNA,
normalized mRNA expression levels (ACVR1B or SMAD4/GAPD × 106); Columns, mean of independent triplicate experiments; Bars, SD. (B) Western
blot analysis of ACVR1B and SMAD4 in PC cell lines. ACVR1B was scarcely expressed in the Sui65 and Sui68 cell lines. SMAD4 was scarcely
expressed in the Sui65, Sui70, and Sui71 cell lines. The findings confirmed the array-comparative genomic hybridization results. β-actin was used
as an internal control.
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The phosphorylation was not changed by activin A
(Additional file 1B). Particularly, both AKT and ERK1/2
were phosphorylated before the stimulations. The expres-
sion of p21 also remained unchanged.

Enhanced cellular growth and colony formation, but no
response to activin A, of Sui66/shACVR1B and
Sui73/shACVR1B cell lines
To evaluate the role of the ACVR1B gene, we examined
the colony formation and the cellular growth of stable
ACVR1B-knockdown cell lines (Sui66/shACVR1B-1,
Sui66/shACVR1B-2, Sui73/shACVR1B-1, and Sui73/
shACVR1B-2) or control cell lines (Sui66/shScr-1, Sui66/

shScr-2, Sui73/shScr-1, and Sui73/shScr-2) (Figure 6A).
Activin A did not increase the phosphorylation level of
SMAD2 in the Sui66/shACVR1B-1, Sui66/shACVR1B-2,
Sui73/shACVR1B-1, or Sui73/shACVR1B-2 cell lines
(Figure 6A). Although activin A inhibited the cellular
growth of the Sui66/shScr-1, Sui66/shScr-2, Sui73/shScr-1,
and Sui73/shScr-2 cell lines, it did not influence the cellular
growth of the Sui66/shACVR1B-1, Sui66/shACVR1B-2,
Sui73/shACVR1B-1, or Sui73/shACVR1B-2 cell lines
(Figure 6B). The colony formation and cellular growth
of the Sui66/shACVR1B-1, Sui66/shACVR1B-2, Sui73/
shACVR1B-1, and Sui73/shACVR1B-2 cell lines were also
enhanced, compared with the controls (Figure 6C and D).

Figure 3 Influence of TGFB1 and activin A on cellular growth. The cells were stimulated with the indicated doses of TGFB1 or activin A for
72 hours. Cell proliferation was assayed using an MTT assay. (A) Cellular growth of Sui65 cell line (homozygous deletion of ACVR1B and SMAD4
genes). Both TGFB1 (0.1 ng/mL, P = 0.56; 1 ng/mL, P = 0.51; 10 ng/mL, P = 0.69) and activin A (1 ng/mL, P = 0.51; 10 ng/mL, P = 0.71; 100 ng/mL,
P = 0.65) did not influence the cellular growth. (B) Cellular growth of Sui66 cell line (wild-type ACVR1B and SMAD4 genes). Both TGFB1 (0.1 ng/mL,
P = 0.0049*; 1 ng/mL, P = 0.0028*; 10 ng/mL, P = 0.0016*) and activin A (1 ng/mL, P = 0.051; 10 ng/mL, P = 0.010*; 100 ng/mL, P = 0.0081*)
inhibited cellular growth. (C) Cellular growth of Sui68 cell line (homozygous deletion of the ACVR1B gene and wild-type SMAD4 gene). TGFB1
inhibited cellular growth (0.1 ng/mL, P = 0.011*; 1 ng/mL, P = 0.013*; 10 ng/mL, P = 0.0039*), but activin A did not influence the cellular growth
(1 ng/mL, P = 0.65; 10 ng/mL, P = 0.93; 100 ng/mL, P = 0.82). (D) Cellular growth of Sui73 cell line (wild-type ACVR1B and SMAD4 genes). As is seen
in the Sui66 cell line, both TGFB1 (0.1 ng/mL, P = 0.072; 1 ng/mL, P = 0.0087*; 10 ng/mL, P = 0.0066*) and activin A (1 ng/mL, P = 0.21; 10 ng/mL,
P = 0.0018*; 100 ng/mL, P = 0.028*) inhibited cellular growth. hDEL, homozygous deletion; WT, wild-type; Columns, mean of independent triplicate
experiments; Bars, SD; *P < 0.05.
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Effect of activin A on SMAD2 phosphorylation and p21
induction in PC cell lines
Activin A inhibited the cellular growth of cell lines with
wild-type ACVR1B and SMAD4 genes; therefore, we ex-
amined the downstream signal under TGFB1 or activin
A stimulation. Based on numerous previous studies and
our data on cellular growth inhibition [22,28], we used
1 ng/mL of TGFB1 or 10 ng/mL of activin A. The time
points were also decided based on the previous studies
[22,28]. In the Sui66 cell line (wild-type ACVR1B and
SMAD4 genes), both TGFB1 and activin A increased the
phosphorylation levels of SMAD2 (Figure 5A); these ef-
fects were cancelled by the ACVR1B/TGFBR1/ACVR1C-
specific inhibitor SB431542 (Figure 5C). In the Sui68 cell
line (homozygous deletion of ACVR1B gene and wild-type
SMAD4 gene), TGFB1, but not activin A, increased the
phosphorylation levels of SMAD2 (Figure 5A); these ef-
fects were cancelled by SB431542 (Figure 5C). These re-
sults suggest that activin A activates the SMAD signal in a

manner similar to TGFB1 in PC cell lines with the wild-
type ACVR1B gene, but does not activate in PC cell lines
with the homozygous deletion of the ACVR1B gene.
Next, we evaluated the expression levels of p21CIP1/WAF1.

p21CIP1/WAF1 is a major cdk inhibitor and is a hallmark of
the cytostatic role of the TGFB signal pathway [29]. TGFB
and activin A are known to increase p21 expression
[22,28]. The expression of p21 was evaluated in whole-cell
lysates. p21 expression was increased by both TGFB1
and activin A in the Sui66 cell line. In the Sui68 cell line,
however, its expression was increased only by TGFB1
(Figure 5B). Therefore, we speculated that p21 may have
a role in activin A-mediated growth inhibition and cell-
cycle progression.
To evaluate the effect of activin A on SMAD4-independent

pathways, the phosphorylation of ERK1/2 and AKT, which
are representative signals of SMAD4-independent path-
ways, was investigated in the Sui70 cell line (wild-type
ACVR1B and homozygous deletion of SMAD4 genes).

Figure 2 Expression of ACVR1B and SMAD4 in PC cell lines. (A) mRNA expression levels of the ACVR1B and SMAD4 genes in normal
pancreatic tissue (RNA from Clontech) and PC cell lines. The expressions were analyzed using real-time RT-PCR. ACVR1B mRNA was scarcely
expressed in the Sui65 and Sui68 cell lines, and SMAD4 mRNA was also scarcely expressed in the Sui65, Sui70, and Sui71 cell lines. Rel mRNA,
normalized mRNA expression levels (ACVR1B or SMAD4/GAPD × 106); Columns, mean of independent triplicate experiments; Bars, SD. (B) Western
blot analysis of ACVR1B and SMAD4 in PC cell lines. ACVR1B was scarcely expressed in the Sui65 and Sui68 cell lines. SMAD4 was scarcely
expressed in the Sui65, Sui70, and Sui71 cell lines. The findings confirmed the array-comparative genomic hybridization results. β-actin was used
as an internal control.
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The phosphorylation was not changed by activin A
(Additional file 1B). Particularly, both AKT and ERK1/2
were phosphorylated before the stimulations. The expres-
sion of p21 also remained unchanged.

Enhanced cellular growth and colony formation, but no
response to activin A, of Sui66/shACVR1B and
Sui73/shACVR1B cell lines
To evaluate the role of the ACVR1B gene, we examined
the colony formation and the cellular growth of stable
ACVR1B-knockdown cell lines (Sui66/shACVR1B-1,
Sui66/shACVR1B-2, Sui73/shACVR1B-1, and Sui73/
shACVR1B-2) or control cell lines (Sui66/shScr-1, Sui66/

shScr-2, Sui73/shScr-1, and Sui73/shScr-2) (Figure 6A).
Activin A did not increase the phosphorylation level of
SMAD2 in the Sui66/shACVR1B-1, Sui66/shACVR1B-2,
Sui73/shACVR1B-1, or Sui73/shACVR1B-2 cell lines
(Figure 6A). Although activin A inhibited the cellular
growth of the Sui66/shScr-1, Sui66/shScr-2, Sui73/shScr-1,
and Sui73/shScr-2 cell lines, it did not influence the cellular
growth of the Sui66/shACVR1B-1, Sui66/shACVR1B-2,
Sui73/shACVR1B-1, or Sui73/shACVR1B-2 cell lines
(Figure 6B). The colony formation and cellular growth
of the Sui66/shACVR1B-1, Sui66/shACVR1B-2, Sui73/
shACVR1B-1, and Sui73/shACVR1B-2 cell lines were also
enhanced, compared with the controls (Figure 6C and D).

Figure 3 Influence of TGFB1 and activin A on cellular growth. The cells were stimulated with the indicated doses of TGFB1 or activin A for
72 hours. Cell proliferation was assayed using an MTT assay. (A) Cellular growth of Sui65 cell line (homozygous deletion of ACVR1B and SMAD4
genes). Both TGFB1 (0.1 ng/mL, P = 0.56; 1 ng/mL, P = 0.51; 10 ng/mL, P = 0.69) and activin A (1 ng/mL, P = 0.51; 10 ng/mL, P = 0.71; 100 ng/mL,
P = 0.65) did not influence the cellular growth. (B) Cellular growth of Sui66 cell line (wild-type ACVR1B and SMAD4 genes). Both TGFB1 (0.1 ng/mL,
P = 0.0049*; 1 ng/mL, P = 0.0028*; 10 ng/mL, P = 0.0016*) and activin A (1 ng/mL, P = 0.051; 10 ng/mL, P = 0.010*; 100 ng/mL, P = 0.0081*)
inhibited cellular growth. (C) Cellular growth of Sui68 cell line (homozygous deletion of the ACVR1B gene and wild-type SMAD4 gene). TGFB1
inhibited cellular growth (0.1 ng/mL, P = 0.011*; 1 ng/mL, P = 0.013*; 10 ng/mL, P = 0.0039*), but activin A did not influence the cellular growth
(1 ng/mL, P = 0.65; 10 ng/mL, P = 0.93; 100 ng/mL, P = 0.82). (D) Cellular growth of Sui73 cell line (wild-type ACVR1B and SMAD4 genes). As is seen
in the Sui66 cell line, both TGFB1 (0.1 ng/mL, P = 0.072; 1 ng/mL, P = 0.0087*; 10 ng/mL, P = 0.0066*) and activin A (1 ng/mL, P = 0.21; 10 ng/mL,
P = 0.0018*; 100 ng/mL, P = 0.028*) inhibited cellular growth. hDEL, homozygous deletion; WT, wild-type; Columns, mean of independent triplicate
experiments; Bars, SD; *P < 0.05.
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These results indicate that the ACVR1B gene is involved
in tumorigenicity and cellular growth.

Enhanced in vivo tumorigenicity and tumor growth of
stable ACVR1B-knockdown cell lines
We evaluated the in vivo tumorigenicity of Sui66-
transfectant cell lines and the tumor growth of Sui73-
transfectant cell lines. Sui66/shACVR1B exhibited a
significantly elevated level of tumorigenesis (Sui66/shScr-1
1/14 vs. Sui66/shACVR1B-1 8/14, P = 0.013 and Scr-2 2/
14 vs. ACVR1B-2 10/14, P= 0.0063*), and Sui73/shACVR1B
exhibited a larger tumor volume than Sui73/shScr (Sui73/
Scr-1, 167.7 ± 59.1 mm3 vs. Sui73/ACVR1B-1, 275.0 ±
56.3 mm3; P = 0.018* on day 36 and Sui73Scr-2, 105.7 ±
27.2 mm3 vs. Sui73/ACVR1B-2, 217.3 ± 81.8 mm3; P =
0.020* on day 29, respectively). (Figure 7A and B). There
was no significant difference in body weight (Sui73/Scr-1,
24.3 ± 1.0 g vs. Sui73/ACVR1B-1, 23.24 ± 1.5 g; P = 0.22
on day 36 and Sui73/Scr-2, 21.6 ± 1.3 g vs. Sui73/
ACVR1B-2, 21.1 ± 1.8 g; P = 0.61 on day 29, respectively).

According to western blot analyses of the tumors and
immunostaining, the expressions of p21 were clearly el-
evated in the cancer cells in the shScr-inoculated tu-
mors, compared with the expression levels in the
shACVR1B cells (Figure 7C). In addition, the expres-
sions of Ki67 were clearly elevated in the cancer cells in
the shACVR1B-inoculated tumors (Figure 7C). These
results indicate that the ACVR1B gene is involved in
tumorigenicity and tumor growth and that it downregu-
lated the expression level of p21 in cancer cells in vivo,
similar to its effect in vitro.

Suppressed in vitro cellular growth and colony formation,
and in vivo tumorigenicity of p21-overexpressed Sui68
cell line
To determine whether p21 expression reverses the pheno-
type of the ACVR1B gene homozygous deletion, we cre-
ated a p21-overexpressed Sui68 cell line (homozygous
deletion of ACVR1B gene and wild-type SMAD4 gene)
(Figure 8A). The colony formation and cellular growth of

Figure 4 Influence of TGFB1 and activin A on the cell cycle. The cell lines were exposed to the ligands (TGFB1, 1 ng/mL; activin A, 10 ng/mL)
for 48 hours. The cells were then stained using propidium iodide/RNase Staining Buffer and were analyzed using a flow cytometer. (A) Cell cycle
distribution of Sui65 cell line (homozygous deletion of ACVR1B and SMAD4 genes). Both TGFB1 and activin A did not influence the cell cycle
distribution. (B) Cell cycle distribution of Sui66 cell line (wild-type ACVR1B and SMAD4 genes). Both TGFB1 and activin A increased the proportion
of cells in G0/G1 phase (P = 0.0039* and 0.031*, respectively) and decreased the proportion of cells in S phase (P = 0.0043* and 0.039*,
respectively). (C) Cell cycle distribution of Sui68 cell line (homozygous deletion of the ACVR1B gene and wild-type SMAD4 gene). TGFB1 increased
the proportion of cells in G0/G1 phase (P = 0.0016*) and decreased the proportion of cells in S phase (P = 0.019*), while activin A did not
influence the cell cycle distribution. (D) Cell cycle distribution of Sui73 cell line (wild-type ACVR1B and SMAD4 genes). As is seen in the Sui66 cell
line, both TGFB1 and activin A increased the proportion of cells in G0/G1 phase (P = 0.014* and 0.039*, respectively) and decreased the
proportion of cells in S phase (P = 0.0034* and 0.0021*, respectively). hDEL, homozygous deletion; WT, wild-type; Columns, mean of independent
triplicate experiments; Bars, SD; *P < 0.05.
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the Sui68/p21 cell line were greatly suppressed, compared
with the controls (Figure 8B and C). In addition, Sui68/
EGFP exhibited a significantly elevated level of tumorigen-
esis (Sui68/EGFP 14/14 vs. Sui68/p21 8/14, P = 0.016),
and Sui68/EGFP exhibited a larger tumor volume than
Sui68/p21 on day 15 (Sui68/EGFP, 507.0 ± 83.5 mm3 vs.
Sui68/p21, 276.5 ± 95.0 mm3; P = 0.0036*) (Figure 8D).
No significant difference in body weight was seen on
day 15 (Sui68/EGFP, 20.3 ± 0.8 g vs. Sui68/p21, 20.2 ±
1.5 g; P = 0.94). These results suggest that p21 expression
reverses the phenotype arising from the homozygous dele-
tion of the ACVR1B gene.

ACVR1B and SMAD4 gene copy numbers in clinical
samples of PC
To examine the ACVR1B and SMAD4 gene copy num-
bers in PC clinical samples, we performed a TaqMan
Copy Number Assay. The ACVR1B gene copy numbers
in 6 samples (6/29, 20.7%) were less than 0.5 (Figure 9A),
while the SMAD4 gene copy numbers in 10 samples
(10/29, 34.5%) were less than 0.5 (Figure 9A). The asso-
ciation between the patient characteristics and the
ACVR1B gene status is summarized in Table 2. Interest-
ingly, 5 of the 6 samples with a deletion of the ACVR1B

gene also had a deletion of the SMAD4 gene (P = 0.011),
but no significant differences in the other patient charac-
teristics were observed between the two groups. Accord-
ing to the immunostaining results, the expressions of
p21 were clearly elevated in the cancer cells of patients
with wild-type ACVR1B and SMAD4 genes, compared
with the expression levels in patients with the homozy-
gous deletion of the ACVR1B gene (Figure 9B). Twenty-
one patients with a good performance status received
chemotherapy (gemcitabine, n = 12; gemcitabine/S1, n = 5;
S1, n = 4) at Kinki University Hospital. These regimens
were commonly used in Japan before the availability of er-
lotinib or FOLFIRINOX. Among these patients, no signifi-
cant differences in progression-free survival (PFS) or
overall survival (OS) were seen between the two groups
(Figure 9C and Table 2).

Discussion
In this study, we identified a homozygous deletion of the
ACVR1B gene in PC cell lines and clinical samples. Acti-
vin A inhibited cellular growth in the cell lines with
wild-type ACVR1B and SMAD4 genes, and ACVR1B-
knockdown enhanced cellular growth and colony forma-
tion in vitro as well as tumor growth and tumorigenicity

Figure 5 Western blot analyses using Sui66 and Sui68 cell lines. The cell lines were treated with or without 2 μM of SB431542 for 30 min,
then stimulated with TGFB1 (1 ng/mL) or activin A (10 ng/mL). β-actin was used as an internal control. (A) Phosphorylation of SMAD2 in Sui66
(wild-type ACVR1B and SMAD4 genes) and Sui68 (homozygous deletion of the ACVR1B gene and wild-type SMAD4 gene) cell lines without
SB431542. Both TGFB1 and activin A increased the phosphorylation levels of SMAD2 in Sui66 cell line. TGFB1 increased the phosphorylation level
of SMAD2, but activin A did not influence phosphorylation in Sui68 cell line. (B) Expression of p21 in Sui66 and Sui68 cell lines without SB431542.
The expression of p21 was evaluated in whole-cell lysates. Although p21 expression was increased by both TGFB1 and activin A in Sui66 cell line,
its expression was increased only by TGFB1 in Sui68 cell line. (C) Phosphorylation of SMAD2 in Sui66 and Sui68 cell lines with or without
SB431542. The cell line was stimulated by TGFB1 or activin A for 1 hour. The phosphorylation levels of SMAD2 increased in response to both
TGFB1 and activin A but were cancelled by SB431542 in Sui66 cell line. The phosphorylation level of SMAD2 increased only in response to TGFB1
and was cancelled by SB431542 in Sui68 cell line.
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These results indicate that the ACVR1B gene is involved
in tumorigenicity and cellular growth.

Enhanced in vivo tumorigenicity and tumor growth of
stable ACVR1B-knockdown cell lines
We evaluated the in vivo tumorigenicity of Sui66-
transfectant cell lines and the tumor growth of Sui73-
transfectant cell lines. Sui66/shACVR1B exhibited a
significantly elevated level of tumorigenesis (Sui66/shScr-1
1/14 vs. Sui66/shACVR1B-1 8/14, P = 0.013 and Scr-2 2/
14 vs. ACVR1B-2 10/14, P= 0.0063*), and Sui73/shACVR1B
exhibited a larger tumor volume than Sui73/shScr (Sui73/
Scr-1, 167.7 ± 59.1 mm3 vs. Sui73/ACVR1B-1, 275.0 ±
56.3 mm3; P = 0.018* on day 36 and Sui73Scr-2, 105.7 ±
27.2 mm3 vs. Sui73/ACVR1B-2, 217.3 ± 81.8 mm3; P =
0.020* on day 29, respectively). (Figure 7A and B). There
was no significant difference in body weight (Sui73/Scr-1,
24.3 ± 1.0 g vs. Sui73/ACVR1B-1, 23.24 ± 1.5 g; P = 0.22
on day 36 and Sui73/Scr-2, 21.6 ± 1.3 g vs. Sui73/
ACVR1B-2, 21.1 ± 1.8 g; P = 0.61 on day 29, respectively).

According to western blot analyses of the tumors and
immunostaining, the expressions of p21 were clearly el-
evated in the cancer cells in the shScr-inoculated tu-
mors, compared with the expression levels in the
shACVR1B cells (Figure 7C). In addition, the expres-
sions of Ki67 were clearly elevated in the cancer cells in
the shACVR1B-inoculated tumors (Figure 7C). These
results indicate that the ACVR1B gene is involved in
tumorigenicity and tumor growth and that it downregu-
lated the expression level of p21 in cancer cells in vivo,
similar to its effect in vitro.

Suppressed in vitro cellular growth and colony formation,
and in vivo tumorigenicity of p21-overexpressed Sui68
cell line
To determine whether p21 expression reverses the pheno-
type of the ACVR1B gene homozygous deletion, we cre-
ated a p21-overexpressed Sui68 cell line (homozygous
deletion of ACVR1B gene and wild-type SMAD4 gene)
(Figure 8A). The colony formation and cellular growth of

Figure 4 Influence of TGFB1 and activin A on the cell cycle. The cell lines were exposed to the ligands (TGFB1, 1 ng/mL; activin A, 10 ng/mL)
for 48 hours. The cells were then stained using propidium iodide/RNase Staining Buffer and were analyzed using a flow cytometer. (A) Cell cycle
distribution of Sui65 cell line (homozygous deletion of ACVR1B and SMAD4 genes). Both TGFB1 and activin A did not influence the cell cycle
distribution. (B) Cell cycle distribution of Sui66 cell line (wild-type ACVR1B and SMAD4 genes). Both TGFB1 and activin A increased the proportion
of cells in G0/G1 phase (P = 0.0039* and 0.031*, respectively) and decreased the proportion of cells in S phase (P = 0.0043* and 0.039*,
respectively). (C) Cell cycle distribution of Sui68 cell line (homozygous deletion of the ACVR1B gene and wild-type SMAD4 gene). TGFB1 increased
the proportion of cells in G0/G1 phase (P = 0.0016*) and decreased the proportion of cells in S phase (P = 0.019*), while activin A did not
influence the cell cycle distribution. (D) Cell cycle distribution of Sui73 cell line (wild-type ACVR1B and SMAD4 genes). As is seen in the Sui66 cell
line, both TGFB1 and activin A increased the proportion of cells in G0/G1 phase (P = 0.014* and 0.039*, respectively) and decreased the
proportion of cells in S phase (P = 0.0034* and 0.0021*, respectively). hDEL, homozygous deletion; WT, wild-type; Columns, mean of independent
triplicate experiments; Bars, SD; *P < 0.05.
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the Sui68/p21 cell line were greatly suppressed, compared
with the controls (Figure 8B and C). In addition, Sui68/
EGFP exhibited a significantly elevated level of tumorigen-
esis (Sui68/EGFP 14/14 vs. Sui68/p21 8/14, P = 0.016),
and Sui68/EGFP exhibited a larger tumor volume than
Sui68/p21 on day 15 (Sui68/EGFP, 507.0 ± 83.5 mm3 vs.
Sui68/p21, 276.5 ± 95.0 mm3; P = 0.0036*) (Figure 8D).
No significant difference in body weight was seen on
day 15 (Sui68/EGFP, 20.3 ± 0.8 g vs. Sui68/p21, 20.2 ±
1.5 g; P = 0.94). These results suggest that p21 expression
reverses the phenotype arising from the homozygous dele-
tion of the ACVR1B gene.

ACVR1B and SMAD4 gene copy numbers in clinical
samples of PC
To examine the ACVR1B and SMAD4 gene copy num-
bers in PC clinical samples, we performed a TaqMan
Copy Number Assay. The ACVR1B gene copy numbers
in 6 samples (6/29, 20.7%) were less than 0.5 (Figure 9A),
while the SMAD4 gene copy numbers in 10 samples
(10/29, 34.5%) were less than 0.5 (Figure 9A). The asso-
ciation between the patient characteristics and the
ACVR1B gene status is summarized in Table 2. Interest-
ingly, 5 of the 6 samples with a deletion of the ACVR1B

gene also had a deletion of the SMAD4 gene (P = 0.011),
but no significant differences in the other patient charac-
teristics were observed between the two groups. Accord-
ing to the immunostaining results, the expressions of
p21 were clearly elevated in the cancer cells of patients
with wild-type ACVR1B and SMAD4 genes, compared
with the expression levels in patients with the homozy-
gous deletion of the ACVR1B gene (Figure 9B). Twenty-
one patients with a good performance status received
chemotherapy (gemcitabine, n = 12; gemcitabine/S1, n = 5;
S1, n = 4) at Kinki University Hospital. These regimens
were commonly used in Japan before the availability of er-
lotinib or FOLFIRINOX. Among these patients, no signifi-
cant differences in progression-free survival (PFS) or
overall survival (OS) were seen between the two groups
(Figure 9C and Table 2).

Discussion
In this study, we identified a homozygous deletion of the
ACVR1B gene in PC cell lines and clinical samples. Acti-
vin A inhibited cellular growth in the cell lines with
wild-type ACVR1B and SMAD4 genes, and ACVR1B-
knockdown enhanced cellular growth and colony forma-
tion in vitro as well as tumor growth and tumorigenicity

Figure 5 Western blot analyses using Sui66 and Sui68 cell lines. The cell lines were treated with or without 2 μM of SB431542 for 30 min,
then stimulated with TGFB1 (1 ng/mL) or activin A (10 ng/mL). β-actin was used as an internal control. (A) Phosphorylation of SMAD2 in Sui66
(wild-type ACVR1B and SMAD4 genes) and Sui68 (homozygous deletion of the ACVR1B gene and wild-type SMAD4 gene) cell lines without
SB431542. Both TGFB1 and activin A increased the phosphorylation levels of SMAD2 in Sui66 cell line. TGFB1 increased the phosphorylation level
of SMAD2, but activin A did not influence phosphorylation in Sui68 cell line. (B) Expression of p21 in Sui66 and Sui68 cell lines without SB431542.
The expression of p21 was evaluated in whole-cell lysates. Although p21 expression was increased by both TGFB1 and activin A in Sui66 cell line,
its expression was increased only by TGFB1 in Sui68 cell line. (C) Phosphorylation of SMAD2 in Sui66 and Sui68 cell lines with or without
SB431542. The cell line was stimulated by TGFB1 or activin A for 1 hour. The phosphorylation levels of SMAD2 increased in response to both
TGFB1 and activin A but were cancelled by SB431542 in Sui66 cell line. The phosphorylation level of SMAD2 increased only in response to TGFB1
and was cancelled by SB431542 in Sui68 cell line.
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in vivo. These results suggest that the activin signal has
a tumor suppressive role in PC and that the deletion of
the ACVR1B gene mediates an aggressive cancer pheno-
type relative to PC carrying the wild-type ACVR1B gene.
Similar to our study, several articles have shown an

anti-tumorigenic effect of the activin signal. Activin A
induces growth inhibition and apoptosis mainly through
SMAD-dependent pathways in many other cancers, such
as gall bladder cancer, prostate cancer, neuroblastoma,
breast cancer, ovarian cancer, and colon cancer [22-27]. In
our study, activin A inhibited cellular growth and induced
G1 phase cell arrest in a PC cell line with wild-type
ACVR1B and SMAD4 genes via the phosphorylation of
SMAD2 and the expression of p21, while the cellular
growth of a cell line with the homozygous deletion of the
ACVR1B gene was not inhibited by activin A. In addition,
the cellular inhibitory effect of activin A and the activin-

induced phosphorylation of SMAD2 were cancelled by
ACVR1B-knockdown in cell lines with wild-type ACVR1B
and SMAD4 genes. In vivo, ACVR1B-knockdown also en-
hanced the tumorigenicity and tumor growth. The Sui68
cell line (homozygous deletion of the ACVR1B gene and
the wild-type SMAD4 gene) was capable of generating
sufficient tumors, suggesting that the deletion of the
ACVR1B gene contributes to tumorigenicity even in the
presence of the wild-type SMAD4 gene. In addition,
the in vitro colony formation and cellular growth and
the in vivo tumorigenicity of the Sui68 cell line were
greatly inhibited by p21-overexpression. Thus, the anti-
tumorigenic effect of the activin signal via the SMAD
pathways and p21 was lost by ACVR1B-knockdown,
which was related to an aggressive phenotype of PC.
Interestingly, another article and the present study

both demonstrated that the inactivation of the ACVR1B

Figure 6 Role of ACVR1B gene in colony formation and cellular growth. To evaluate the role of the ACVR1B gene, we used stable
ACVR1B-knockdown cell lines (shACVR1B) or control (shScr). (A) Western blot analyses after activin A stimulation (10 ng/mL). In contrast to
Sui66/shScr and Sui73/shScr cell lines, ACVR1B was not expressed in Sui66/shACVR1B and Sui73/shACVR1B cell lines. SMAD2 was not phosphorylated
by activin A in Sui66/shACVR1B and Sui73/shACVR1B cell lines. β-actin was used as an internal control. (B) Influence of activin A on cellular growth.
The cell lines were stimulated with or without activin A (10 ng/mL) for 72 hours. Cell proliferation was assayed using an MTT assay. Although activin A
inhibited cellular growth in Sui66/shScr and Sui73/shScr cell lines (Sui66/shScr-1; P = 0.0014*, Sui66/shScr-2; P = 0.0032*, Sui73/shScr-1; P = 0.0085*, and
Sui73/shScr-2, P = 0.0053*, respectively), it did not influence the cellular growth in Sui66/shACVR1B and Sui73/shACVR1B cell lines (Sui66/shACVR1B-1;
P = 0.81, Sui66/shACVR1B-2; P = 0.73, Sui73/shACVR1B-1; P = 0.90, and Sui73/shACVR1B-2; P = 0.87, respectively). (C) Colony formation of Sui66-transfectant
cell lines. The colony formations in Sui66/shACVR1B cell lines were enhanced, compared with that in the control cell lines (Scr-1, 46.11 ± 8.00 vs. ACVR1B-1,
83.00 ± 16.75, P = 0.026* and Scr-2, 52.55 ± 9.24 vs. ACVR1B-2, 103.70 ± 21.00, P = 0.017*). (D) Cellular growth of Sui73-transfectant cell lines.
The cellular growth was evaluated using an MTT assay. The cellular growths in Sui73/shACVR1B cell lines were enhanced, compared with
Sui73/shScr (shScr-1 vs. shACVR1B-1, 0 h, P = 081; 24 h, P = 0.88; 48 h, P = 0.063; 72 h, P = 0.013*, and shScr-2 vs. shACVR1B-2, 0 h, P = 040;
24 h, P = 0.45; 48 h, P = 0.040*; 72 h, P = 0.014*). Columns, mean of independent triplicate experiments; Lines, mean of independent
triplicate experiments; Bars, SD; *P < 0.05.
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gene is frequently complicated by the inactivation of the
SMAD4 gene [19]. The TGFB and activin signals have
non-SMAD pathways, and the ERK/MAPK signal and
the PI3K/AKT signal are representative signals that are
associated with cellular growth and survival [30]. In the
Sui70 cell line (wild-type ACVR1B gene and the homo-
zygous deletion of the SMAD4 gene), however, activin A
did not influence the cellular growth, and neither the
phosphorylation of ERK1/2 nor that of AKT was en-
hanced. Approximately 95% of PC, including the Sui70
cell line has a K-ras mutation [5-8], and both ERK1/2
and AKT are phosphorylated in the Sui70 cell line be-
cause of this mutation [31]. Therefore, non-SMAD path-
ways may have little effect on the aggressiveness of PC
carrying the wild-type ACVR1B gene and a homozygous
deletion of the SMAD4 gene. In addition, some other re-
ports have suggested that the inactivation of a TGFB re-
ceptor is not mutually exclusive with that of the SMAD4
gene, since both members are known to be genetically
inactivated in some tumors [32,33]. Therefore, these

findings would fit with a combined input model, which
could explain the observed coexistence of the genetic
inactivations of these genes.
Pancreatic-specific TGFBR2 or SMAD4-knockout mice

with active K-ras expression reportedly developed PC
[16,17]. However, systemic ACVR1B-knockout mice do
not survive beyond embryonic day 9.5 [34], and pancreatic-
specific ACVR1B-knockout mice have not been previously
studied. Considering the tumor suppressive role of the
ACVR1B gene, the development of PC in pancreatic-
specific ACVR1B-knockout mice seems reasonable. In
contrast to our results, however, a recent study has
demonstrated that Nodal/Activin signal is associated
with self-renewal and the tumorigenicity of PC stem
cells [20]. Therefore, to investigate these findings, fur-
ther research is required.
Since the clinical DNA samples were obtained using

needle biopsies, the inclusion of some normal pancreas
tissue was unavoidable. Thus, the copy number data does
not exactly reflect that for cancer tissue. In addition, the

Figure 7 Xenograft study in Sui66- and Sui73-transfectant cell lines. (A) Tumorigenesis in vivo. To evaluate tumorigenicity in vivo, a
suspension of 5 × 106 Sui66-transfectant cells (in 50 μL PBS) were subcutaneously inoculated into both flanks of nude mice (n = 7). Tumor
formation was assessed every 2 or 3 days. Sui66/sh-ACVR1B exhibited a significantly elevated level of tumorigenesis in vivo (Scr-1 1/14 vs.
ACVR1B-1 8/14, P = 0.013* and Scr-2 2/14 vs. ACVR1B-2 10/14, P = 0.0063*). (B) Tumor growth in vivo. To assess the tumor growth in vivo, a
suspension of 5 × 106 Sui73-transfectant cell lines (in 50 μL PBS) with 50 μL of Matrigel were subcutaneously inoculated into the right flank of
nude mice (n = 5). The tumor volume was assessed every 2 or 3 days. Sui73/shACVR1B exhibited a significantly elevated tumor volume (Sui73/Scr-1,
167.7 ± 59.1 mm3 vs. Sui73/ACVR1B-1, 275.0 ± 56.3 mm3; P = 0.018* on day 36 and Sui73Scr-2, 105.7 ± 27.2 mm3 vs. Sui73/ACVR1B-2, 217.3 ± 81.8 mm3;
P = 0.020* on day 29, respectively). Lines, mean of 5 tumors; Error bars, SD; *P < 0.05. (C) Western blot analyses of the tumors and immunostaining. The
expressions of p21 were clearly elevated in cancer cells in shScr-inoculated tumors, compared with the expression levels in shACVR1B cells. The
expressions of Ki67 were also clearly elevated in the cancer cells in the shACVR1B-inculated tumors. β-actin was used as an internal control.

Togashi et al. Molecular Cancer 2014, 13:126 Page 9 of 15
http://www.molecular-cancer.com/content/13/1/126

— 194 —



in vivo. These results suggest that the activin signal has
a tumor suppressive role in PC and that the deletion of
the ACVR1B gene mediates an aggressive cancer pheno-
type relative to PC carrying the wild-type ACVR1B gene.
Similar to our study, several articles have shown an

anti-tumorigenic effect of the activin signal. Activin A
induces growth inhibition and apoptosis mainly through
SMAD-dependent pathways in many other cancers, such
as gall bladder cancer, prostate cancer, neuroblastoma,
breast cancer, ovarian cancer, and colon cancer [22-27]. In
our study, activin A inhibited cellular growth and induced
G1 phase cell arrest in a PC cell line with wild-type
ACVR1B and SMAD4 genes via the phosphorylation of
SMAD2 and the expression of p21, while the cellular
growth of a cell line with the homozygous deletion of the
ACVR1B gene was not inhibited by activin A. In addition,
the cellular inhibitory effect of activin A and the activin-

induced phosphorylation of SMAD2 were cancelled by
ACVR1B-knockdown in cell lines with wild-type ACVR1B
and SMAD4 genes. In vivo, ACVR1B-knockdown also en-
hanced the tumorigenicity and tumor growth. The Sui68
cell line (homozygous deletion of the ACVR1B gene and
the wild-type SMAD4 gene) was capable of generating
sufficient tumors, suggesting that the deletion of the
ACVR1B gene contributes to tumorigenicity even in the
presence of the wild-type SMAD4 gene. In addition,
the in vitro colony formation and cellular growth and
the in vivo tumorigenicity of the Sui68 cell line were
greatly inhibited by p21-overexpression. Thus, the anti-
tumorigenic effect of the activin signal via the SMAD
pathways and p21 was lost by ACVR1B-knockdown,
which was related to an aggressive phenotype of PC.
Interestingly, another article and the present study

both demonstrated that the inactivation of the ACVR1B

Figure 6 Role of ACVR1B gene in colony formation and cellular growth. To evaluate the role of the ACVR1B gene, we used stable
ACVR1B-knockdown cell lines (shACVR1B) or control (shScr). (A) Western blot analyses after activin A stimulation (10 ng/mL). In contrast to
Sui66/shScr and Sui73/shScr cell lines, ACVR1B was not expressed in Sui66/shACVR1B and Sui73/shACVR1B cell lines. SMAD2 was not phosphorylated
by activin A in Sui66/shACVR1B and Sui73/shACVR1B cell lines. β-actin was used as an internal control. (B) Influence of activin A on cellular growth.
The cell lines were stimulated with or without activin A (10 ng/mL) for 72 hours. Cell proliferation was assayed using an MTT assay. Although activin A
inhibited cellular growth in Sui66/shScr and Sui73/shScr cell lines (Sui66/shScr-1; P = 0.0014*, Sui66/shScr-2; P = 0.0032*, Sui73/shScr-1; P = 0.0085*, and
Sui73/shScr-2, P = 0.0053*, respectively), it did not influence the cellular growth in Sui66/shACVR1B and Sui73/shACVR1B cell lines (Sui66/shACVR1B-1;
P = 0.81, Sui66/shACVR1B-2; P = 0.73, Sui73/shACVR1B-1; P = 0.90, and Sui73/shACVR1B-2; P = 0.87, respectively). (C) Colony formation of Sui66-transfectant
cell lines. The colony formations in Sui66/shACVR1B cell lines were enhanced, compared with that in the control cell lines (Scr-1, 46.11 ± 8.00 vs. ACVR1B-1,
83.00 ± 16.75, P = 0.026* and Scr-2, 52.55 ± 9.24 vs. ACVR1B-2, 103.70 ± 21.00, P = 0.017*). (D) Cellular growth of Sui73-transfectant cell lines.
The cellular growth was evaluated using an MTT assay. The cellular growths in Sui73/shACVR1B cell lines were enhanced, compared with
Sui73/shScr (shScr-1 vs. shACVR1B-1, 0 h, P = 081; 24 h, P = 0.88; 48 h, P = 0.063; 72 h, P = 0.013*, and shScr-2 vs. shACVR1B-2, 0 h, P = 040;
24 h, P = 0.45; 48 h, P = 0.040*; 72 h, P = 0.014*). Columns, mean of independent triplicate experiments; Lines, mean of independent
triplicate experiments; Bars, SD; *P < 0.05.

Togashi et al. Molecular Cancer 2014, 13:126 Page 8 of 15
http://www.molecular-cancer.com/content/13/1/126

gene is frequently complicated by the inactivation of the
SMAD4 gene [19]. The TGFB and activin signals have
non-SMAD pathways, and the ERK/MAPK signal and
the PI3K/AKT signal are representative signals that are
associated with cellular growth and survival [30]. In the
Sui70 cell line (wild-type ACVR1B gene and the homo-
zygous deletion of the SMAD4 gene), however, activin A
did not influence the cellular growth, and neither the
phosphorylation of ERK1/2 nor that of AKT was en-
hanced. Approximately 95% of PC, including the Sui70
cell line has a K-ras mutation [5-8], and both ERK1/2
and AKT are phosphorylated in the Sui70 cell line be-
cause of this mutation [31]. Therefore, non-SMAD path-
ways may have little effect on the aggressiveness of PC
carrying the wild-type ACVR1B gene and a homozygous
deletion of the SMAD4 gene. In addition, some other re-
ports have suggested that the inactivation of a TGFB re-
ceptor is not mutually exclusive with that of the SMAD4
gene, since both members are known to be genetically
inactivated in some tumors [32,33]. Therefore, these

findings would fit with a combined input model, which
could explain the observed coexistence of the genetic
inactivations of these genes.
Pancreatic-specific TGFBR2 or SMAD4-knockout mice

with active K-ras expression reportedly developed PC
[16,17]. However, systemic ACVR1B-knockout mice do
not survive beyond embryonic day 9.5 [34], and pancreatic-
specific ACVR1B-knockout mice have not been previously
studied. Considering the tumor suppressive role of the
ACVR1B gene, the development of PC in pancreatic-
specific ACVR1B-knockout mice seems reasonable. In
contrast to our results, however, a recent study has
demonstrated that Nodal/Activin signal is associated
with self-renewal and the tumorigenicity of PC stem
cells [20]. Therefore, to investigate these findings, fur-
ther research is required.
Since the clinical DNA samples were obtained using

needle biopsies, the inclusion of some normal pancreas
tissue was unavoidable. Thus, the copy number data does
not exactly reflect that for cancer tissue. In addition, the

Figure 7 Xenograft study in Sui66- and Sui73-transfectant cell lines. (A) Tumorigenesis in vivo. To evaluate tumorigenicity in vivo, a
suspension of 5 × 106 Sui66-transfectant cells (in 50 μL PBS) were subcutaneously inoculated into both flanks of nude mice (n = 7). Tumor
formation was assessed every 2 or 3 days. Sui66/sh-ACVR1B exhibited a significantly elevated level of tumorigenesis in vivo (Scr-1 1/14 vs.
ACVR1B-1 8/14, P = 0.013* and Scr-2 2/14 vs. ACVR1B-2 10/14, P = 0.0063*). (B) Tumor growth in vivo. To assess the tumor growth in vivo, a
suspension of 5 × 106 Sui73-transfectant cell lines (in 50 μL PBS) with 50 μL of Matrigel were subcutaneously inoculated into the right flank of
nude mice (n = 5). The tumor volume was assessed every 2 or 3 days. Sui73/shACVR1B exhibited a significantly elevated tumor volume (Sui73/Scr-1,
167.7 ± 59.1 mm3 vs. Sui73/ACVR1B-1, 275.0 ± 56.3 mm3; P = 0.018* on day 36 and Sui73Scr-2, 105.7 ± 27.2 mm3 vs. Sui73/ACVR1B-2, 217.3 ± 81.8 mm3;
P = 0.020* on day 29, respectively). Lines, mean of 5 tumors; Error bars, SD; *P < 0.05. (C) Western blot analyses of the tumors and immunostaining. The
expressions of p21 were clearly elevated in cancer cells in shScr-inoculated tumors, compared with the expression levels in shACVR1B cells. The
expressions of Ki67 were also clearly elevated in the cancer cells in the shACVR1B-inculated tumors. β-actin was used as an internal control.
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number of clinical samples was very small. Therefore, this
cohort has many limitations. No significant differences in
the PFS or OS were observed between the patients with
ACVR1B gene deletions and those without. To confirm
the clinical importance of the ACVR1B gene deletion, lar-
ger studies including more precise genome evaluations are
needed.

Conclusion
We identified the homozygous deletion of the ACVR1B
gene in PC cell lines and clinical samples. Our experimen-
tal findings indicate that the activin signal has a tumor
suppressive role and that the deletion of the ACVR1B gene
may mediate an aggressive cancer phenotype in PC.

Materials and methods
Cell culture, ligands, and reagents
Human PC cell lines (Sui65, Sui66, Sui67, Sui68, Sui70,
Sui71, Sui73, and Sui74) were maintained in RPMI-1640

medium (Sigma-Aldrich, St. Louis, MO) with 10% FBS
(GIBCO BRL, Grand Island, NY) (Table 1) [31]. The cell
lines were maintained in a 5% CO2-humidified atmos-
phere at 37˚C.
TGFB1 and activin A were both purchased from R&D

Systems (Minneapolis, MN). The ACVR1B/TGFBR1/
ACVR1C-specific inhibitor SB431542 was purchased
from Sigma-Aldrich.

Array-based comparative genomic hybridization
The Genome-wide Human SNP Array 6.0 (Affymetrix,
Santa Clara, CA) was used to perform array-CGH on
genomic DNA from each of the PC cell lines as described
previously [35]. The GeneChip Human Mapping 250 K
Nsp Array (Affymetrix) was used to perform array-CGH
on genomic DNA from each of the cell lines. A total of
250 ng of genomic DNA was digested with Nsp I (250 K)
or both Nsp I and Sty I in independent parallel reactions
(SNP6.0), subjected to restriction enzymes, ligated to the

Figure 8 Role of p21 gene in colony formation and cellular growth in vitro and tumorigenicity in vivo. To see if p21 expression reverses
the phenotype for ACVR1B gene homozygous deletion, we created a p21-overexpressed Sui68 cell line (homozygous deletion of ACVR1B gene
and wild-type SMAD4 gene). (A) Western blot analyses. The overexpression of p21 was confirmed using western blot analyses in the Sui68/p21
cell line. β-actin was used as an internal control. (B) Colony formation of Sui68-transfectant cell lines. The colony formation in the Sui68/p21 cell
line was suppressed, compared with that in the control cell line (EGFP, 28.0 ± 9.17 vs. p21, 0.89 ± 0.19, P = 0.035*). Columns, mean of independent
triplicate experiments; Bars, SD; *P < 0.05. (C) Cellular growth of Sui68-transfectant cell lines. The cellular growth was evaluated using an MTT assay.
Cellular growth in the Sui68/p21 cell line was suppressed, compared with Sui68/EGFP (0 h, P = 065; 24 h, P = 0.074; 48 h, P = 0.053; 72 h, P = 0.030*).
Lines, mean of independent triplicate experiments; Bars, SD; *P < 0.05. (D) Tumorigenesis in vivo. To evaluate tumorigenicity in vivo, a suspension of
5 × 106 Sui68-transfectant cells (in 50 μL PBS) were subcutaneously inoculated into both flanks of nude mice (n = 7). Sui68/EGFP exhibited a significantly
elevated level of tumorigenesis (Sui68/EGFP 14/14 vs. Sui68/p21 8/14, P = 0.016). (E) Tumor growth in vivo. To evaluate the tumor growth, a suspension
of 5× 106 Sui68-transfectant cells (in 50 μL PBS) with 50 μL of Matrigel were subcutaneously inoculated into the right flanks of nude mice (n = 5).
Sui68/EGFP exhibited a larger tumor volume than Sui68/p21 on day 15 (Sui68/EGFP, 507.0 ± 83.5 mm3 vs. Sui68/p21, 276.5 ± 95.0 mm3; P = 0.0036*).
Lines, mean of five tumors; Bars, SD; *P < 0.05.
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adaptor, and amplified using PCR with a universal primer
and TITANIUM Taq DNA Polymerase (Clontech, Palo
Alto, CA). The PCR products were then quantified, frag-
mented, end-labeled, and hybridized onto a GeneChip
Human Mapping 250 K Nsp Array or a Genome-wide
Human SNP6.0 Array. After washing and staining in Flu-
idics Station 450 (Affymetrix), the arrays were scanned to
generate CEL files using the GeneChip Scanner 3000 and
GeneChip Operating Software, ver.1.4.

Copy number assay for ACVR1B and SMAD4 genes
The copy numbers for ACVR1B and SMAD4 genes were
determined using commercially available and pre-designed
TaqMan Copy Number Assays (Applied Biosystems, Foster
City, CA) as described previously [36]. The primer IDs used
for the ACVR1B and SMAD4 genes were Hs06931689_cn
(intron 1) and Hs07120826_cn (intron 1), respectively. The
TERT locus was used for the internal reference copy num-
ber. Human Genomic DNA (TaKaRa) was used as a normal
control. Real-time genomic PCR was performed in a total
volume of 20 μL in each well, which contained 10 μL of
TaqMan genotyping master mix and 20 ng of genomic

DNA and each primer. The PCR conditions were 95°C
for 10 min and 40 cycles of 95°C for 15 sec and 60°C
for 1 min; the resulting products were detected using
the ABI PRISM 7900 HT Sequence Detection System
(Applied Biosystems). Data were analyzed using SDS
2.2 software and CopyCaller software (Applied Biosys-
tems). Samples with a gene copy number of less than
0.5 were defined as having a copy number of 0 (dele-
tion of the gene), while those with a gene copy number
of 0.5 or more but less than 1.5 were defined as having
a copy number of 1 and those with a gene copy number
of 1.5 or more but less than 2.5 were defined as having
a copy number of 2.

Real-time RT-PCR
One microgram of total RNA from each of the PC
cell lines and normal pancreas tissue purchased from
Clontech were converted to cDNA using the GeneAmp
RNA-PCR kit (Applied Biosystems). Real-time PCR was
performed using the Applied Biosystems 7900 HT Fast
Real-time PCR System (Applied Biosystems), as de-
scribed previously [28] under the following conditions:

Figure 9 Copy numbers of ACVR1B and SMAD4 genes, immunostaining of p21, and Kaplan-Meier curves for PFS and OS in PC clinical
samples. (A) The copy numbers were analyzed using TaqMan copy number assays. Copy number of the ACVR1B gene. Six samples (6/29, 20.7%)
had a copy number of less than 0.5 (deletion). Copy number of the SMAD4 gene. Ten samples (10/29, 34.5%) had a copy number of less than 0.5
(deletion). (B) Immunostaining of p21. The expressions of p21 were clearly elevated in the cancer cells of patients with wild-type ACVR1B and
SMAD4 genes, compared with the expression levels in those of patients with a homozygous deletion of the ACVR1B gene. WT, wild-type; hDEL,
homozygous deletion. (C) Kaplan-Meier curves for PFS and OS. Among 21 patients who received chemotherapy, no significant differences in PFS
or OS were seen between the patients without a homozygous deletion of the ACVR1B gene and those with such a deletion (median PFS, 252 days
vs. 167 days, P = 0.89, and median OS, 344 days vs. 215 days, P = 0.66, respectively).
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number of clinical samples was very small. Therefore, this
cohort has many limitations. No significant differences in
the PFS or OS were observed between the patients with
ACVR1B gene deletions and those without. To confirm
the clinical importance of the ACVR1B gene deletion, lar-
ger studies including more precise genome evaluations are
needed.

Conclusion
We identified the homozygous deletion of the ACVR1B
gene in PC cell lines and clinical samples. Our experimen-
tal findings indicate that the activin signal has a tumor
suppressive role and that the deletion of the ACVR1B gene
may mediate an aggressive cancer phenotype in PC.

Materials and methods
Cell culture, ligands, and reagents
Human PC cell lines (Sui65, Sui66, Sui67, Sui68, Sui70,
Sui71, Sui73, and Sui74) were maintained in RPMI-1640

medium (Sigma-Aldrich, St. Louis, MO) with 10% FBS
(GIBCO BRL, Grand Island, NY) (Table 1) [31]. The cell
lines were maintained in a 5% CO2-humidified atmos-
phere at 37˚C.
TGFB1 and activin A were both purchased from R&D

Systems (Minneapolis, MN). The ACVR1B/TGFBR1/
ACVR1C-specific inhibitor SB431542 was purchased
from Sigma-Aldrich.

Array-based comparative genomic hybridization
The Genome-wide Human SNP Array 6.0 (Affymetrix,
Santa Clara, CA) was used to perform array-CGH on
genomic DNA from each of the PC cell lines as described
previously [35]. The GeneChip Human Mapping 250 K
Nsp Array (Affymetrix) was used to perform array-CGH
on genomic DNA from each of the cell lines. A total of
250 ng of genomic DNA was digested with Nsp I (250 K)
or both Nsp I and Sty I in independent parallel reactions
(SNP6.0), subjected to restriction enzymes, ligated to the

Figure 8 Role of p21 gene in colony formation and cellular growth in vitro and tumorigenicity in vivo. To see if p21 expression reverses
the phenotype for ACVR1B gene homozygous deletion, we created a p21-overexpressed Sui68 cell line (homozygous deletion of ACVR1B gene
and wild-type SMAD4 gene). (A) Western blot analyses. The overexpression of p21 was confirmed using western blot analyses in the Sui68/p21
cell line. β-actin was used as an internal control. (B) Colony formation of Sui68-transfectant cell lines. The colony formation in the Sui68/p21 cell
line was suppressed, compared with that in the control cell line (EGFP, 28.0 ± 9.17 vs. p21, 0.89 ± 0.19, P = 0.035*). Columns, mean of independent
triplicate experiments; Bars, SD; *P < 0.05. (C) Cellular growth of Sui68-transfectant cell lines. The cellular growth was evaluated using an MTT assay.
Cellular growth in the Sui68/p21 cell line was suppressed, compared with Sui68/EGFP (0 h, P = 065; 24 h, P = 0.074; 48 h, P = 0.053; 72 h, P = 0.030*).
Lines, mean of independent triplicate experiments; Bars, SD; *P < 0.05. (D) Tumorigenesis in vivo. To evaluate tumorigenicity in vivo, a suspension of
5 × 106 Sui68-transfectant cells (in 50 μL PBS) were subcutaneously inoculated into both flanks of nude mice (n = 7). Sui68/EGFP exhibited a significantly
elevated level of tumorigenesis (Sui68/EGFP 14/14 vs. Sui68/p21 8/14, P = 0.016). (E) Tumor growth in vivo. To evaluate the tumor growth, a suspension
of 5× 106 Sui68-transfectant cells (in 50 μL PBS) with 50 μL of Matrigel were subcutaneously inoculated into the right flanks of nude mice (n = 5).
Sui68/EGFP exhibited a larger tumor volume than Sui68/p21 on day 15 (Sui68/EGFP, 507.0 ± 83.5 mm3 vs. Sui68/p21, 276.5 ± 95.0 mm3; P = 0.0036*).
Lines, mean of five tumors; Bars, SD; *P < 0.05.
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adaptor, and amplified using PCR with a universal primer
and TITANIUM Taq DNA Polymerase (Clontech, Palo
Alto, CA). The PCR products were then quantified, frag-
mented, end-labeled, and hybridized onto a GeneChip
Human Mapping 250 K Nsp Array or a Genome-wide
Human SNP6.0 Array. After washing and staining in Flu-
idics Station 450 (Affymetrix), the arrays were scanned to
generate CEL files using the GeneChip Scanner 3000 and
GeneChip Operating Software, ver.1.4.

Copy number assay for ACVR1B and SMAD4 genes
The copy numbers for ACVR1B and SMAD4 genes were
determined using commercially available and pre-designed
TaqMan Copy Number Assays (Applied Biosystems, Foster
City, CA) as described previously [36]. The primer IDs used
for the ACVR1B and SMAD4 genes were Hs06931689_cn
(intron 1) and Hs07120826_cn (intron 1), respectively. The
TERT locus was used for the internal reference copy num-
ber. Human Genomic DNA (TaKaRa) was used as a normal
control. Real-time genomic PCR was performed in a total
volume of 20 μL in each well, which contained 10 μL of
TaqMan genotyping master mix and 20 ng of genomic

DNA and each primer. The PCR conditions were 95°C
for 10 min and 40 cycles of 95°C for 15 sec and 60°C
for 1 min; the resulting products were detected using
the ABI PRISM 7900 HT Sequence Detection System
(Applied Biosystems). Data were analyzed using SDS
2.2 software and CopyCaller software (Applied Biosys-
tems). Samples with a gene copy number of less than
0.5 were defined as having a copy number of 0 (dele-
tion of the gene), while those with a gene copy number
of 0.5 or more but less than 1.5 were defined as having
a copy number of 1 and those with a gene copy number
of 1.5 or more but less than 2.5 were defined as having
a copy number of 2.

Real-time RT-PCR
One microgram of total RNA from each of the PC
cell lines and normal pancreas tissue purchased from
Clontech were converted to cDNA using the GeneAmp
RNA-PCR kit (Applied Biosystems). Real-time PCR was
performed using the Applied Biosystems 7900 HT Fast
Real-time PCR System (Applied Biosystems), as de-
scribed previously [28] under the following conditions:

Figure 9 Copy numbers of ACVR1B and SMAD4 genes, immunostaining of p21, and Kaplan-Meier curves for PFS and OS in PC clinical
samples. (A) The copy numbers were analyzed using TaqMan copy number assays. Copy number of the ACVR1B gene. Six samples (6/29, 20.7%)
had a copy number of less than 0.5 (deletion). Copy number of the SMAD4 gene. Ten samples (10/29, 34.5%) had a copy number of less than 0.5
(deletion). (B) Immunostaining of p21. The expressions of p21 were clearly elevated in the cancer cells of patients with wild-type ACVR1B and
SMAD4 genes, compared with the expression levels in those of patients with a homozygous deletion of the ACVR1B gene. WT, wild-type; hDEL,
homozygous deletion. (C) Kaplan-Meier curves for PFS and OS. Among 21 patients who received chemotherapy, no significant differences in PFS
or OS were seen between the patients without a homozygous deletion of the ACVR1B gene and those with such a deletion (median PFS, 252 days
vs. 167 days, P = 0.89, and median OS, 344 days vs. 215 days, P = 0.66, respectively).
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95°C for 5 min, 50 cycles of 95°C for 10 sec, and 60°C
for 1 min. Glyceraldehyde 3 phosphate dehydrogenase
(GAPD, NM_002046) was used to normalize the expres-
sion levels in subsequent quantitative analyses. To amp-
lify the target genes, the following primers were used:
ACVR1B-F, CAGCAGAACCTTGGCGGTTTA; ACVR1B-
R, GTTGGCAGATCCCAGAGGCTAC; SMAD4-F, CAG
CTATGCCAGAAGCCAGA; SMAD4-R, GAACTCCTGG
GACTTTCAACTGAC; GAPD-F, GCACCGTCAAGGCT

GAGAAC; GAPD-R, ATGGTGGTGAAGACGCCAGT.
The experiment was performed in triplicate.

Plasmid construction, viral production, and stable
transfectants
A short hairpin RNA (shRNA)-targeting ACVR1B gene
was constructed using oligonucleotides encoding small
interfering RNA directed against the ACVR1B gene and
a non-specific target as follows: GAATTGCTCATCGA-
GACTT and GGCTTGTTTCTGACTATCA for ACVR1B
shRNA (shRNA ACVR1B-1 and shRNA ACVR1B-2, re-
spectively), and ACTTGGTTCGCGTATCAAA and CCA
TATTGCGCGTTGATTT for control shRNA (shRNA
scramble-1 and shRNA scramble-2, respectively). The
method was described previously [28]. Briefly, the oligo-
nucleotides were cloned into an RNAi-Ready pSIREN-
RetroQZsGreen vector (Clontech). A pVSV-G vector
(Clontech) for the constitution of the viral envelope and
the RNAi-Ready pSIREN-RetroQZsGreen constructs were
cotransfected into gpIRES-293 cells using FuGENE6 trans-
fection reagent (Roche Diagnostics, Basel, Switzerland).
After 48 hours of transfection, the culture medium was
collected and the viral particles were concentrated by cen-
trifugation at 15,000 × g for 3 hours at 4°C. The viral pellet
was then resuspended in fresh RPMI-1640 medium. The
titer of the viral vector was calculated by counting the
green-positive cells that were infected by serial dilutions
of virus-containing media, and the multiplicity of infection
was then determined. The viral vectors were designated as
pSIREN-shACVR1B-1, pSIREN-shACVR1B-2, pSIREN-
shScr-1, and pSIREN-shScr-2. The stable transfectants ex-
pressing shRNA ACVR1B-1, shRNA ACVR1B-2, shRNA
scramble-1 or shRNA scramble-2 in the Sui66 and Sui73
cell lines were designated as Sui66/shACVR1B (Sui66/
shACVR1B-1 and Sui66/shACVR1B-2), Sui66/shScr (Sui66/
shScr-1 and Sui66/shScr-2), Sui73/shACVR1B (Sui73/
shACVR1B-1 and Sui73/shACVR1B-2), and Sui73/shScr
(Sui73/shScr-1 and Sui73/shScr-2), respectively.
A full-length cDNA fragment encoding the human p21

gene was introduced into a pQCLIN retroviral vector
(Clontech) together with enhanced green fluorescent pro-
tein (EGFP) following the internal ribosome entry site se-
quence (IRES) to monitor the expression of the inserts
indirectly. The methods used for viral production and the
stable transfectant were described above. The vectors and
stable viral transfectant Sui68 cell line was designated as
pQCLIN-EGFP, pQLCIN-p21, Sui68/EGFP and Sui68/
p21, respectively.

Antibody
A goat antibody specific for ACVR1B was obtained from
R&D Systems. Rabbit antibodies specific for SMAD2,
phospho-SMAD2, SMAD4, AKT, phospho-AKT, ERK1/

Table 2 Patient characteristics and the association with
ACVR1B gene status

Patients characteristics ACVR1B gene P

Not deletion
(n = 23)

Deletion
(n = 6)

Age

<70 years 15 3 0.65

≥ 70 years 8 3

Gender

Male 12 3 1.00

Female 11 3

Primary size

<2 cm 18 5 1.00

≥2 cm 5 1

Lymph node metastasis

Negative 4 0 0.55

Positive 19 6

Distant metastasis

Negative 10 4 0.39

Positive 13 2

SMAD4 gene status

Not deletion 18 1 0.011*

Deletion 5 5

Treatment

Best supportive care 4 2 0.59

Chemotherapy 17 4

Unknown 2 0

Response to chemotherapy

PR 7 1 1.00

SD or PD 10 3

Median PFS (days) 252 167 0.89

Median OS (days) 344 215 0.66

ACVR1B, activin receptor A, type IB; PR, partial response; SD, stable disease; PD,
progressive disease; PFS, progression-free survival; OS, overall survival. PFS and
OS were analyzed by log-rank test and the others by Fisher exact test.
Legend: Six patients (6/29, 20.7%) had a deletion of ACVR1B gene, 10 patients
(10/29, 34.5%) had a deletion of SMAD4 gene. Five of the 6 patients with a
deletion of the ACVR1B gene also had a deletion of the SMAD4 gene (P = 0.011),
but no significant differences in the other patient characteristics were observed
between the two groups. Among 21 patients who received chemotherapy, no
significant differences in PFS or OS were seen between the two groups.
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2, phospho-ERK1/2, p21, and β-actin were obtained
from Cell Signaling (Beverly, MA).

Western blot analysis
A western blot analysis was performed as described pre-
viously [28]. Briefly, subconfluent cells were washed with
cold phosphate-buffered saline (PBS) and harvested with
Lysis A buffer containing 1% Triton X-100, 20 mM
Tris–HCl (pH7.0), 5 mM EDTA, 50 mM sodium chloride,
10 mM sodium pyrophosphate, 50 mM sodium fluoride,
1 mM sodium orthovanadate, and a protease inhibitor
mix, Complete™ (Roche Diagnostics). Whole-cell lysates
were separated using a 5%-20% SDS-PAGE and were blot-
ted onto a polyvinylidene fluoride membrane. After block-
ing with 3% bovine serum albumin in a TBS buffer
(pH8.0) with 0.1% Tween-20, the membrane was probed
with primary antibody. After rinsing twice with TBS buf-
fer, the membrane was incubated with horseradish
peroxidase-conjugated secondary antibody and washed,
followed by visualization using an ECL detection system
(GE Healthcare, Buckinghamshire, United Kingdom) and
LAS-3000 (Fujifilm, Tokyo, Japan). When the influence of
the ligands was evaluated, the cultured medium was re-
placed with 1% FBS medium 6 hours before exposure to
the ligands.

Cellular growth assay
The Sui66-, Sui68-, and Sui73-transfectant cell lines were
incubated on 96-well plates at a density of 2,000/well with
200 μL of cultured medium at 37°C in 5% CO2. After
24, 48, or 72 hours of incubation, 20 μL of MTT [3-(4,
5-dimethyl-thiazoyl-2-yl)2,5-diphenyltetrazolium bromide]
solution (Sigma-Aldrich) was added and the culture
medium was discarded; the wells were then filled with
DMSO. The absorbance of the cultures at 570 nm was
measured using VERSAmax (Japan Molecular Devices,
Tokyo, Japan). To evaluate growth in the presence of li-
gands, we also used an MTT assay. The cell lines (2,000/
well) were transferred to 96-well plates and cultured
using 1% FBS medium for 24 hours at 37°C. Then, the
ligands (TGFB1: 0, 0.1, 1, and 10 ng/mL; activin A: 0, 1,
10, and 100 ng/mL) were added and the incubation was
further continued for 72 hours at 37°C using 1% FBS
medium. The average O.D. values of the 6 wells were
used for a single experiment, and the experiment was
performed in triplicate.

Colony formation assay
Sui66- and Sui73-transfectant cell lines were seeded into
6-well plates at a density of 200 cells/well, and Sui68-
transfectant cell lines were seeded into 6-well plates at a
density of 500 cells/well. After 2 weeks, the cells were
washed with PBS and fixed with 4% paraformaldehyde
for 10 min and then stained with 0.1% crystal violet for

15 min; the colonies were then counted under a light
microscope. The experiment was performed in triplicate.

Cell cycle distribution analysis
The cell cycle analyses were performed as described previ-
ously [37]. Briefly, cell lines were seeded into 6-cm dishes
of 2 × 105 cells and cultured using 1% FBS medium for
24 hours at 37°C. Then, the ligands (TGFB1, 1 ng/mL;
activin A, 10 ng/mL) were added, and the incubation was
further continued for 48 hours at 37°C using 1% FBS
medium. Cells were harvested by trypsinization, washed
twice with PBS, and fixed with cold 70% ethanol at 4°C for
30 min. Then, the cells were washed twice with PBS and
stained using propidium iodide/RNase Staining Buffer
(BD Biosciences, San Jose, CA) at room temperature for
15 min. The cells were analyzed using a flow cytometer
(BD FACSCalibur™, BD Biosciences), and the cell cycle
analysis was performed using ModFit LT software. The ex-
periment was performed in triplicate.

Xenograft studies
Nude mice (BALB/c nu/nu; 6-week-old females; CLEA
Japan, Tokyo, Japan) were used for the in vivo studies
and were cared for in accordance with the recommenda-
tions for the Handling of Laboratory Animals for Bio-
medical Research compiled by the Committee on Safety
and Ethical Handling Regulations for Laboratory Ani-
mals Experiments, Kinki University. The ethical proce-
dures followed and met the requirements of the United
Kingdom Coordinating Committee on Cancer Research
guidelines. To evaluate tumorigenicity, a suspension of
5 × 106 Sui66- and Sui68-transfectant cells (in 50 μL
PBS) were subcutaneously inoculated into both flanks of
nude mice (n = 7). To evaluate the tumor growth, a sus-
pension of 5 × 106 Sui68- and Sui73-transfectant cells (in
50 μL PBS) with 50 μL of Matrigel were subcutaneously
inoculated into the right flanks of nude mice (n = 5). The
tumor volume was calculated as the length × width2 × 0.5.
The tumor formation and volume were assessed every 2
to 3 days. At the end of the experiment, the mice were
sacrificed and the xenografts were resected, fixed in 10%
buffered formalin for 6 to 10 hours, and processed for
histologic analysis. The method was described previ-
ously [38].

Patients and samples
A total of 29 patients who had been diagnosed as having
unresectable PC based on the results of an endoscopic
biopsy performed at Kinki University Hospital between
April 2007 and March 2008 were enrolled. This study
was retrospectively performed and was approved by the
institutional review board of the Kinki University Faculty
of Medicine. The staging of the PC was determined ac-
cording to the TNM classification. Among those who
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95°C for 5 min, 50 cycles of 95°C for 10 sec, and 60°C
for 1 min. Glyceraldehyde 3 phosphate dehydrogenase
(GAPD, NM_002046) was used to normalize the expres-
sion levels in subsequent quantitative analyses. To amp-
lify the target genes, the following primers were used:
ACVR1B-F, CAGCAGAACCTTGGCGGTTTA; ACVR1B-
R, GTTGGCAGATCCCAGAGGCTAC; SMAD4-F, CAG
CTATGCCAGAAGCCAGA; SMAD4-R, GAACTCCTGG
GACTTTCAACTGAC; GAPD-F, GCACCGTCAAGGCT

GAGAAC; GAPD-R, ATGGTGGTGAAGACGCCAGT.
The experiment was performed in triplicate.

Plasmid construction, viral production, and stable
transfectants
A short hairpin RNA (shRNA)-targeting ACVR1B gene
was constructed using oligonucleotides encoding small
interfering RNA directed against the ACVR1B gene and
a non-specific target as follows: GAATTGCTCATCGA-
GACTT and GGCTTGTTTCTGACTATCA for ACVR1B
shRNA (shRNA ACVR1B-1 and shRNA ACVR1B-2, re-
spectively), and ACTTGGTTCGCGTATCAAA and CCA
TATTGCGCGTTGATTT for control shRNA (shRNA
scramble-1 and shRNA scramble-2, respectively). The
method was described previously [28]. Briefly, the oligo-
nucleotides were cloned into an RNAi-Ready pSIREN-
RetroQZsGreen vector (Clontech). A pVSV-G vector
(Clontech) for the constitution of the viral envelope and
the RNAi-Ready pSIREN-RetroQZsGreen constructs were
cotransfected into gpIRES-293 cells using FuGENE6 trans-
fection reagent (Roche Diagnostics, Basel, Switzerland).
After 48 hours of transfection, the culture medium was
collected and the viral particles were concentrated by cen-
trifugation at 15,000 × g for 3 hours at 4°C. The viral pellet
was then resuspended in fresh RPMI-1640 medium. The
titer of the viral vector was calculated by counting the
green-positive cells that were infected by serial dilutions
of virus-containing media, and the multiplicity of infection
was then determined. The viral vectors were designated as
pSIREN-shACVR1B-1, pSIREN-shACVR1B-2, pSIREN-
shScr-1, and pSIREN-shScr-2. The stable transfectants ex-
pressing shRNA ACVR1B-1, shRNA ACVR1B-2, shRNA
scramble-1 or shRNA scramble-2 in the Sui66 and Sui73
cell lines were designated as Sui66/shACVR1B (Sui66/
shACVR1B-1 and Sui66/shACVR1B-2), Sui66/shScr (Sui66/
shScr-1 and Sui66/shScr-2), Sui73/shACVR1B (Sui73/
shACVR1B-1 and Sui73/shACVR1B-2), and Sui73/shScr
(Sui73/shScr-1 and Sui73/shScr-2), respectively.
A full-length cDNA fragment encoding the human p21

gene was introduced into a pQCLIN retroviral vector
(Clontech) together with enhanced green fluorescent pro-
tein (EGFP) following the internal ribosome entry site se-
quence (IRES) to monitor the expression of the inserts
indirectly. The methods used for viral production and the
stable transfectant were described above. The vectors and
stable viral transfectant Sui68 cell line was designated as
pQCLIN-EGFP, pQLCIN-p21, Sui68/EGFP and Sui68/
p21, respectively.

Antibody
A goat antibody specific for ACVR1B was obtained from
R&D Systems. Rabbit antibodies specific for SMAD2,
phospho-SMAD2, SMAD4, AKT, phospho-AKT, ERK1/

Table 2 Patient characteristics and the association with
ACVR1B gene status

Patients characteristics ACVR1B gene P

Not deletion
(n = 23)

Deletion
(n = 6)

Age

<70 years 15 3 0.65

≥ 70 years 8 3

Gender

Male 12 3 1.00

Female 11 3

Primary size

<2 cm 18 5 1.00

≥2 cm 5 1

Lymph node metastasis

Negative 4 0 0.55

Positive 19 6

Distant metastasis

Negative 10 4 0.39

Positive 13 2

SMAD4 gene status

Not deletion 18 1 0.011*

Deletion 5 5

Treatment

Best supportive care 4 2 0.59

Chemotherapy 17 4

Unknown 2 0

Response to chemotherapy

PR 7 1 1.00

SD or PD 10 3

Median PFS (days) 252 167 0.89

Median OS (days) 344 215 0.66

ACVR1B, activin receptor A, type IB; PR, partial response; SD, stable disease; PD,
progressive disease; PFS, progression-free survival; OS, overall survival. PFS and
OS were analyzed by log-rank test and the others by Fisher exact test.
Legend: Six patients (6/29, 20.7%) had a deletion of ACVR1B gene, 10 patients
(10/29, 34.5%) had a deletion of SMAD4 gene. Five of the 6 patients with a
deletion of the ACVR1B gene also had a deletion of the SMAD4 gene (P = 0.011),
but no significant differences in the other patient characteristics were observed
between the two groups. Among 21 patients who received chemotherapy, no
significant differences in PFS or OS were seen between the two groups.
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2, phospho-ERK1/2, p21, and β-actin were obtained
from Cell Signaling (Beverly, MA).

Western blot analysis
A western blot analysis was performed as described pre-
viously [28]. Briefly, subconfluent cells were washed with
cold phosphate-buffered saline (PBS) and harvested with
Lysis A buffer containing 1% Triton X-100, 20 mM
Tris–HCl (pH7.0), 5 mM EDTA, 50 mM sodium chloride,
10 mM sodium pyrophosphate, 50 mM sodium fluoride,
1 mM sodium orthovanadate, and a protease inhibitor
mix, Complete™ (Roche Diagnostics). Whole-cell lysates
were separated using a 5%-20% SDS-PAGE and were blot-
ted onto a polyvinylidene fluoride membrane. After block-
ing with 3% bovine serum albumin in a TBS buffer
(pH8.0) with 0.1% Tween-20, the membrane was probed
with primary antibody. After rinsing twice with TBS buf-
fer, the membrane was incubated with horseradish
peroxidase-conjugated secondary antibody and washed,
followed by visualization using an ECL detection system
(GE Healthcare, Buckinghamshire, United Kingdom) and
LAS-3000 (Fujifilm, Tokyo, Japan). When the influence of
the ligands was evaluated, the cultured medium was re-
placed with 1% FBS medium 6 hours before exposure to
the ligands.

Cellular growth assay
The Sui66-, Sui68-, and Sui73-transfectant cell lines were
incubated on 96-well plates at a density of 2,000/well with
200 μL of cultured medium at 37°C in 5% CO2. After
24, 48, or 72 hours of incubation, 20 μL of MTT [3-(4,
5-dimethyl-thiazoyl-2-yl)2,5-diphenyltetrazolium bromide]
solution (Sigma-Aldrich) was added and the culture
medium was discarded; the wells were then filled with
DMSO. The absorbance of the cultures at 570 nm was
measured using VERSAmax (Japan Molecular Devices,
Tokyo, Japan). To evaluate growth in the presence of li-
gands, we also used an MTT assay. The cell lines (2,000/
well) were transferred to 96-well plates and cultured
using 1% FBS medium for 24 hours at 37°C. Then, the
ligands (TGFB1: 0, 0.1, 1, and 10 ng/mL; activin A: 0, 1,
10, and 100 ng/mL) were added and the incubation was
further continued for 72 hours at 37°C using 1% FBS
medium. The average O.D. values of the 6 wells were
used for a single experiment, and the experiment was
performed in triplicate.

Colony formation assay
Sui66- and Sui73-transfectant cell lines were seeded into
6-well plates at a density of 200 cells/well, and Sui68-
transfectant cell lines were seeded into 6-well plates at a
density of 500 cells/well. After 2 weeks, the cells were
washed with PBS and fixed with 4% paraformaldehyde
for 10 min and then stained with 0.1% crystal violet for

15 min; the colonies were then counted under a light
microscope. The experiment was performed in triplicate.

Cell cycle distribution analysis
The cell cycle analyses were performed as described previ-
ously [37]. Briefly, cell lines were seeded into 6-cm dishes
of 2 × 105 cells and cultured using 1% FBS medium for
24 hours at 37°C. Then, the ligands (TGFB1, 1 ng/mL;
activin A, 10 ng/mL) were added, and the incubation was
further continued for 48 hours at 37°C using 1% FBS
medium. Cells were harvested by trypsinization, washed
twice with PBS, and fixed with cold 70% ethanol at 4°C for
30 min. Then, the cells were washed twice with PBS and
stained using propidium iodide/RNase Staining Buffer
(BD Biosciences, San Jose, CA) at room temperature for
15 min. The cells were analyzed using a flow cytometer
(BD FACSCalibur™, BD Biosciences), and the cell cycle
analysis was performed using ModFit LT software. The ex-
periment was performed in triplicate.

Xenograft studies
Nude mice (BALB/c nu/nu; 6-week-old females; CLEA
Japan, Tokyo, Japan) were used for the in vivo studies
and were cared for in accordance with the recommenda-
tions for the Handling of Laboratory Animals for Bio-
medical Research compiled by the Committee on Safety
and Ethical Handling Regulations for Laboratory Ani-
mals Experiments, Kinki University. The ethical proce-
dures followed and met the requirements of the United
Kingdom Coordinating Committee on Cancer Research
guidelines. To evaluate tumorigenicity, a suspension of
5 × 106 Sui66- and Sui68-transfectant cells (in 50 μL
PBS) were subcutaneously inoculated into both flanks of
nude mice (n = 7). To evaluate the tumor growth, a sus-
pension of 5 × 106 Sui68- and Sui73-transfectant cells (in
50 μL PBS) with 50 μL of Matrigel were subcutaneously
inoculated into the right flanks of nude mice (n = 5). The
tumor volume was calculated as the length × width2 × 0.5.
The tumor formation and volume were assessed every 2
to 3 days. At the end of the experiment, the mice were
sacrificed and the xenografts were resected, fixed in 10%
buffered formalin for 6 to 10 hours, and processed for
histologic analysis. The method was described previ-
ously [38].

Patients and samples
A total of 29 patients who had been diagnosed as having
unresectable PC based on the results of an endoscopic
biopsy performed at Kinki University Hospital between
April 2007 and March 2008 were enrolled. This study
was retrospectively performed and was approved by the
institutional review board of the Kinki University Faculty
of Medicine. The staging of the PC was determined ac-
cording to the TNM classification. Among those who
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had a good performance status and received chemother-
apy, the PFS was defined as the time from the initiation
of chemotherapy until the first observation of disease
progression or death from any cause, OS was defined as
the time from the initiation of chemotherapy until death
from any cause. The response to chemotherapy was evalu-
ated at one month after the start of therapy and every
2 months thereafter using computed tomography accord-
ing to the Response Evaluation Criteria in Solid Tumors.

DNA extraction
The endoscopic biopsy samples were immediately stored
at −80°C. Other biopsy samples obtained from the same
location were reviewed by a pathologist to confirm the
presence of tumor cells. The DNA was extracted using a
QIAamp DNA Micro kit (Qiagen, Hilden, Germany) as
described previously [36]. The DNA concentration was
determined using the NanoDrop2000 (Thermo Fisher
Scientific, Waltham, MA).

Statistical analysis
Continuous variables were analyzed using the Student
t-test, and the results were expressed as the average and
standard deviations (SD). Dichotomous variables were an-
alyzed using the Fisher exact test. PFS and OS were ana-
lyzed using the Kaplan-Meier method and were compared
among groups using the log-rank test. The statistical ana-
lyses were two-tailed and were performed using Microsoft
Excel (Microsoft, Redmond, WA). A P-value of less than
0.05 was considered statistically significant.

Additional file

Additional file 1: Effects of ligands on the Sui70 cell line (wild-type
ACVR1B gene and homozygous deletion of SMAD4 gene). A. Influence
of TGFB1 and activin A on cellular growth in the Sui70 cell line. Both TGFB1
(0.1 ng/mL, P = 0.42; 1 ng/mL, P = 0.65; 10 ng/mL, P = 0.30) and activin A
(1 ng/mL, P = 0.38; 10 ng/mL, P = 0.47; 100 ng/mL, P = 0.35) did not
influence the cellular growth. hDEL, homozygous deletion; WT, wild-type.
B. Western blot analyses for non-SMAD pathway and p21. Both AKT and
ERK1/2 had already been phosphorylated, and the phosphorylation was
not enhanced by activin A. The expression of p21 was not changed
by activin A.
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had a good performance status and received chemother-
apy, the PFS was defined as the time from the initiation
of chemotherapy until the first observation of disease
progression or death from any cause, OS was defined as
the time from the initiation of chemotherapy until death
from any cause. The response to chemotherapy was evalu-
ated at one month after the start of therapy and every
2 months thereafter using computed tomography accord-
ing to the Response Evaluation Criteria in Solid Tumors.

DNA extraction
The endoscopic biopsy samples were immediately stored
at −80°C. Other biopsy samples obtained from the same
location were reviewed by a pathologist to confirm the
presence of tumor cells. The DNA was extracted using a
QIAamp DNA Micro kit (Qiagen, Hilden, Germany) as
described previously [36]. The DNA concentration was
determined using the NanoDrop2000 (Thermo Fisher
Scientific, Waltham, MA).

Statistical analysis
Continuous variables were analyzed using the Student
t-test, and the results were expressed as the average and
standard deviations (SD). Dichotomous variables were an-
alyzed using the Fisher exact test. PFS and OS were ana-
lyzed using the Kaplan-Meier method and were compared
among groups using the log-rank test. The statistical ana-
lyses were two-tailed and were performed using Microsoft
Excel (Microsoft, Redmond, WA). A P-value of less than
0.05 was considered statistically significant.

Additional file

Additional file 1: Effects of ligands on the Sui70 cell line (wild-type
ACVR1B gene and homozygous deletion of SMAD4 gene). A. Influence
of TGFB1 and activin A on cellular growth in the Sui70 cell line. Both TGFB1
(0.1 ng/mL, P = 0.42; 1 ng/mL, P = 0.65; 10 ng/mL, P = 0.30) and activin A
(1 ng/mL, P = 0.38; 10 ng/mL, P = 0.47; 100 ng/mL, P = 0.35) did not
influence the cellular growth. hDEL, homozygous deletion; WT, wild-type.
B. Western blot analyses for non-SMAD pathway and p21. Both AKT and
ERK1/2 had already been phosphorylated, and the phosphorylation was
not enhanced by activin A. The expression of p21 was not changed
by activin A.
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IMPORTANCE Aside from themultikinase inhibitor sorafenib, there are no effective systemic
therapies for the treatment of advanced hepatocellular carcinoma.

OBJECTIVE To assess the efficacy of everolimus in patients with advanced hepatocellular
carcinoma for whom sorafenib treatment failed.

DESIGN, SETTING, AND PARTICIPANTS EVOLVE-1 was a randomized, double-blind, phase 3
study conducted among 546 adults with Barcelona Clinic Liver Cancer stage B or C
hepatocellular carcinoma and Child-Pugh A liver function whose disease progressed during or
after sorafenib or who were intolerant of sorafenib. Patients were enrolled from 17 countries
betweenMay 2010 andMarch 2012. Randomization was stratified by region (Asia vs rest of
world) andmacrovascular invasion (present vs absent).

INTERVENTIONS Everolimus, 7.5 mg/d, or matching placebo, both given in combination with
best supportive care and continued until disease progression or intolerable toxicity. Per the
2:1 randomization scheme, 362 patients were randomized to the everolimus group and 184
patients to the placebo group.

MAIN OUTCOMES ANDMEASURES The primary end point was overall survival. Secondary end
points included time to progression and the disease control rate (the percentage of patients
with a best overall response of complete or partial response or stable disease).

RESULTS No significant difference in overall survival was seen between treatment groups,
with 303 deaths (83.7%) in the everolimus group and 151 deaths (82.1%) in the placebo group
(hazard ratio [HR], 1.05; 95% CI, 0.86-1.27; P = .68; median overall survival, 7.6 months with
everolimus, 7.3 months with placebo). Median time to progression with everolimus and
placebo was 3.0months and 2.6months, respectively (HR, 0.93; 95% CI, 0.75-1.15), and
disease control rate was 56.1% and 45.1%, respectively (P = .01). Themost common grade 3/4
adverse events for everolimus vs placebo were anemia (7.8% vs 3.3%, respectively), asthenia
(7.8% vs 5.5%, respectively), and decreased appetite (6.1% vs 0.5%, respectively). No
patients experienced hepatitis C viral flare. Based on central laboratory results, hepatitis B
viral reactivation was experienced by 39 patients (29 everolimus, 10 placebo); all cases were
asymptomatic, but 3 everolimus recipients discontinued therapy.

CONCLUSIONS AND RELEVANCE Everolimus did not improve overall survival in patients with
advanced hepatocellular carcinomawhose disease progressed during or after receiving
sorafenib or who were intolerant of sorafenib.
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P atientswith advancedhepatocellular carcinoma (HCC)
haveamedianoverall survivalof less than1year, largely
becauseof theabsenceof effective therapies.1 Themul-

tikinase inhibitor sorafenib is theonly systemic therapyshown
to significantly improve overall survival in advanced HCC.2,3

However, sorafenib benefits are mostly transient and mod-
est, and disease eventually progresses. As many as 28.9% of
patientswithChild-PughAlivercirrhosisdiscontinuesorafenib
because of adverse events (AEs),4 and there is no approved al-
ternative in this setting. Effective therapies areneeded for pa-
tients who experience progression during or after receiving
sorafenib or who have sorafenib intolerance.

The phosphatidylinositol 3-kinase/Akt/mammalian tar-
get of rapamycin (mTOR) pathway, a key regulator of cellular
growth, proliferation, angiogenesis, and survival,5 is a novel
therapeutic target for HCC. ThemTOR pathway is implicated
in hepatocarcinogenesis,6,7 with activation occurring in up to
45% of HCC6 and associated with less differentiated tumors,
early recurrence, and poor prognosis.7,8 In preclinical mod-
els,mTORinhibitionwitheverolimusandother rapamycinana-
logues prevented tumor progression and improved survival,
andmTORactivationwasassociatedwithHCCrecurrence.7,9,10

In transgenic mice, mTOR activation caused by liver-specific
Tsc1 knockout was sufficient for HCC development,11 and in
Pten-deficient mice with constitutive mTOR activation, ste-
atohepatitis and HCC development were induced.12 In early-
phase clinical studies, everolimusdemonstratedmanageable
safety and clinical activity.13,14 In a phase 1 study conducted
in Taiwan, the maximum tolerated dose was 7.5 mg/d with a
71% disease control rate across daily doses.13 In a phase 1/2
study conducted in theUnited States, the disease control rate
was 44% at 10 mg/d, the maximum dose tested.14

The first Everolimus for Liver Cancer Evaluation
(EVOLVE-1) study compared the efficacy and safety of evero-
limus, 7.5mg/d, withmatching placebo, both givenwith best
supportive care, in patientswith advancedHCCwhowere re-
fractory to or intolerant of sorafenib.

Methods
EVOLVE-1 was an international, double-blind, placebo-
controlled, phase 3 study. Adults aged 18 years andolderwith
BarcelonaClinic LiverCancer stageBorCadvancedHCC15 and
radiologically confirmed disease progression during or
after sorafenib therapy or sorafenib intolerancewere eligible.
Prior local and hormonal therapy and 0 or 1 systemic chemo-
therapy regimenbefore sorafenibwere allowed.Additional in-
clusion criteria included current cirrhotic status of Child-
Pugh class A (5-6 points)without encephalopathy (calculated
based on clinical findings and laboratory results during the
screeningperiod),EasternCooperativeOncologyGroup(ECOG)
performance status 2 or lower, adequate organ function, and
alcohol intake less than 80 g/d. Previous organ transplanta-
tion requiring immunosuppression, long-term immunosup-
pressive therapy, known history of HIV seropositivity, clini-
cally significant third-space fluid accumulation, acute or
chronic infectious disorders except for chronic hepatitis B

(HBV) and hepatitis C (HCV) virus infection, or other severe
or uncontrolledmedical condition resulted in exclusion from
the study.

Theprotocolwas approvedby theappropriate ethics body
at eachparticipating center. The studywasperformedper the
protocol, Good Clinical Practice guidelines, local regulations,
and theethical principlesof theDeclarationofHelsinki.All pa-
tients provided written informed consent.

Randomization andMasking
Patients were assigned unique identification numbers at en-
rollment and registered using an interactive voice- or web-
response system that randomly allocated patients 2:1 to re-
ceive everolimusor placebo. Randomizationwas stratified by
region (Asia [China, SouthKorea,Taiwan,andThailand]vs rest
of theworld [Australia,Austria,Belgium,Canada,France,Ger-
many, Greece, Hungary, Israel, Italy, Japan, Spain, and the
United States]) andmacrovascular invasion (yes vsno). Based
on possible differences in treatment patterns and disease eti-
ology,Australia andJapanweregroupedwith restof theworld.
Avalidatedsystemrandomlyassignedpatientnumbers to ran-
domizationnumbers linked to the treatmentgroupsandmedi-
cation numbers. Themedication randomization list was pro-
ducedbyNovartisDrugSupplyManagementusingavalidated
system that automated the random assignment of medica-
tion numbers to study drug packs. If necessary, emergency
treatmentunblindingwasperformedusing the interactive re-
sponse system.

Procedures
Patients received everolimus, 7.5 mg, once daily or matching
placebo, bothwith best supportive care (anything believed to
be in the patient’s best interest, excluding other antineoplas-
tic treatments, delivered per normal local practice). Treat-
ment continued until progression, intolerable toxicity, or
another reason. For patients unable to tolerate the protocol-
specified dosing scheme, dose adjustments and interrup-
tions per a protocol-specified algorithmwere permitted. The
chosen everolimusdosewas basedon the results of the phase
1 study of everolimus for HCC conducted in Taiwan.13 Results
of a pharmacokinetic study suggest everolimus, 7.5 mg, in
patientswith Child-Pugh class A liver function provides simi-
lar exposure to 10 mg given to patients with normal liver
function.16

PerUSFoodandDrugAdministrationguidanceon the col-
lection of race and ethnicity data in clinical trials17 and their
potential prognostic value, race/ethnicity information was
recorded on the baseline clinical report form. The clinical re-
port form included categories of Caucasian, Black, Asian, Na-
tiveAmerican,Pacific Islander, andother for raceandHispanic/
Latino,Chinese, Indian (Indiansubcontinent), Japanese,mixed
ethnicity (specify), and other. Study siteswere not given spe-
cific instruction regarding the collection of this information.
Therefore, it is possible that for some patients, race/ethnicity
informationwasdeterminedby thesitewithout input fromthe
patient.

During screening, all patientswere evaluated forHBVand
HCV infection (eMethods in the Supplement). To reduce viral
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ceive everolimusor placebo. Randomizationwas stratified by
region (Asia [China, SouthKorea,Taiwan,andThailand]vs rest
of theworld [Australia,Austria,Belgium,Canada,France,Ger-
many, Greece, Hungary, Israel, Italy, Japan, Spain, and the
United States]) andmacrovascular invasion (yes vsno). Based
on possible differences in treatment patterns and disease eti-
ology,Australia andJapanweregroupedwith restof theworld.
Avalidatedsystemrandomlyassignedpatientnumbers to ran-
domizationnumbers linked to the treatmentgroupsandmedi-
cation numbers. Themedication randomization list was pro-
ducedbyNovartisDrugSupplyManagementusingavalidated
system that automated the random assignment of medica-
tion numbers to study drug packs. If necessary, emergency
treatmentunblindingwasperformedusing the interactive re-
sponse system.

Procedures
Patients received everolimus, 7.5 mg, once daily or matching
placebo, bothwith best supportive care (anything believed to
be in the patient’s best interest, excluding other antineoplas-
tic treatments, delivered per normal local practice). Treat-
ment continued until progression, intolerable toxicity, or
another reason. For patients unable to tolerate the protocol-
specified dosing scheme, dose adjustments and interrup-
tions per a protocol-specified algorithmwere permitted. The
chosen everolimusdosewas basedon the results of the phase
1 study of everolimus for HCC conducted in Taiwan.13 Results
of a pharmacokinetic study suggest everolimus, 7.5 mg, in
patientswith Child-Pugh class A liver function provides simi-
lar exposure to 10 mg given to patients with normal liver
function.16

PerUSFoodandDrugAdministrationguidanceon the col-
lection of race and ethnicity data in clinical trials17 and their
potential prognostic value, race/ethnicity information was
recorded on the baseline clinical report form. The clinical re-
port form included categories of Caucasian, Black, Asian, Na-
tiveAmerican,Pacific Islander, andother for raceandHispanic/
Latino,Chinese, Indian (Indiansubcontinent), Japanese,mixed
ethnicity (specify), and other. Study siteswere not given spe-
cific instruction regarding the collection of this information.
Therefore, it is possible that for some patients, race/ethnicity
informationwasdeterminedby thesitewithout input fromthe
patient.

During screening, all patientswere evaluated forHBVand
HCV infection (eMethods in the Supplement). To reduce viral
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reactivation risk, at-risk patients received prophylactic anti-
viral therapy (eTable 1 in the Supplement). Definitions ofHBV
reactivationandHCV flare areprovided in theeMethods in the
Supplement.

Primary end point was overall survival, defined as time
fromrandomization todateofdeathof anycause.Thekey sec-
ondaryendpointwas timetoprogression,definedas timefrom
randomization todateof radiologically confirmeddiseasepro-
gression. Other secondary end points included disease con-
trol rate, definedaspercentageof patientswhoachieved com-
pleteorpartial responseorstablediseaseperRECIST(Response
Evaluation Criteria in Solid Tumors) version 1.0, time to de-
finitive5%deterioration in theglobalquality-of-life andphysi-
cal functioning scalesof theEuropeanOrganisation for theRe-
search and Treatment of Cancer 30-item Quality of Life
Questionnaire (EORTC QLQ-C30), and safety.

Tumorsweremeasuredbycomputed tomographyormag-
netic resonance imaging with contrast of the chest, abdo-
men, and pelvis at baseline, every 6 weeks until disease pro-
gression, and at study endor early discontinuation. Complete
or partial responses required confirmation at least 4weeks af-
ter initial response observation. After disease progression or
start of newanticancer therapy, patientswere followedup for
survival every4weeksuntil thenumberofdeaths required for
final analysis was observed. Safety assessments included in-
cidences ofAEs and seriousAEs and changes invital signs and
laboratory results. Adverse eventswere assessed according to
the Common Terminology Criteria for Adverse Events ver-
sion 3.0 and coded using the Medical Dictionary for Regula-
tory Activities.

Statistical Analysis
Sample size estimation was based on the ability to detect a
28.6% reduction in risk of death (hazard ratio [HR] for overall
survival, 0.714), corresponding to a 40% prolongation in me-
dian overall survival from5monthswith placebo to 7months
with everolimus. In the absence of definitive data, the antici-
pated overall survival for placebowas estimated based on the
difference between time to progression and overall survival
observed in phase 3 studies of sorafenib for advancedHCC.2,3

An overall survival of 7 months for everolimus was consid-
ered reasonable based on preliminary survival observed in
early-phase studies of everolimus for HCC (final data pub-
lished as Shiah et al13 and Zhu et al14). Given the 2:1 random-
ization scheme and 2 interim analyses planned after occur-
rence of the first 135 and 270deaths, itwas estimated that 449
deathswould provide 90%power to detect a clinicallymean-
ingful overall survival improvement with the use of a group
sequential log-rank test with a 2.5% cumulative 1-sided sig-
nificance level. Assuming uniform patient accrual, 531 pa-
tientswereneeded toobserve the requirednumber of deaths.
When the Lan-DeMets procedure18 with an O’Brien-Fleming
stoppingboundarywasused toaccount for the2 interimanaly-
ses in light of the 454 overall survival events at final analysis,
the significance boundary for final analysis was P ≤ .023573.

All randomly assigned patients who received 1 or more
doses of study drug and had 1 or more postbaseline assess-
ments were evaluated for safety. All enrolled patients were

assessed for efficacy.Overall survival, time toprogression, and
deterioration in quality of life were analyzed by Kaplan-
Meier methods. Study groups were compared using a strati-
fied log-rank test (1-sided 2.5% significance level). Hazard ra-
tios and 95% confidence intervals were estimated using a
stratifiedCoxproportionalhazardsmodel.Foranalysisofover-
all survival, patientswithout aknowndateofdeathat the time
of analysiswere censoredat thedateof last contact. For analy-
sis of time toprogression, patientswithout radiologically con-
firmed disease progression at the time of analysis or receipt
of further antineoplastic therapywere censored at the timeof
the last adequate tumor assessment before the analysis cut-
off date or start date of further antineoplastic therapy. For
analysis of time todefinitivedeterioration inqualityof life, pa-
tients receiving further antineoplastic therapy before defini-
tive worsening were censored at the date of last assessment
before start of therapy; patientswithoutworseningwere cen-
sored at the date of last assessment before cutoff. Effects of
potential prognostic factors on overall survival were investi-
gated using a stratified Cox regressionmodel including ECOG
performance status, extrahepatic spread, age, sorafenib sta-
tus, and baseline alpha-fetoprotein level. Time to progres-
sionwas comparedbetween treatmentgroupsonly if theover-
all survival difference was statistically significant. Disease
control ratewas comparedbetweengroupsusing theCochran-
Mantel-Haenszel test, with adjustment for stratification fac-
tors. All statistical analyses were performed using SAS ver-
sion 9.2 (SAS Institute).

Results
BetweenMay 27, 2010, andMarch 21, 2012, 546 patients from
111 centers in 17 countries with advanced HCCwhose disease
progressedduringor after sorafenib orwhowere sorafenib in-
tolerant were randomly assigned to receive treatment with
everolimus (n = 362) or placebo (n = 184) and were included
in the full analysis population (Figure 1). One patient in
the everolimus group and 2 in the placebo group did not
receive study treatment and were excluded from the safety
population.

At the time of analysis (June 14, 2013), 303 deaths (83.7%)
in the everolimus group and 151 (82.1%) in the placebo group
had occurred, and treatment was ongoing for 0.8% of evero-
limusand3.3%ofplacebo recipients (Figure 1). Themost com-
mon reasons for treatment discontinuation in the everolimus
andplacebogroupswerediseaseprogression (72.1%and81.0%,
respectively), AEs (16.9% and 7.6%, respectively), and con-
sent withdrawal (5.5% and 3.8%, respectively).

Baseline demographics and disease characteristics were
well balancedbetween treatment groups (Table 1). In the total
population, most patients were enrolled from the rest of the
world (83.3%); did not have macrovascular invasion (67.2%);
and had ECOG performance status 0 to 1 (95.4%), Barcelona
Clinic Liver Cancer stage C disease (86.3%), and extrahepatic
disease (74.0%). The most common disease etiologies were
HBV (26.2%), HCV (25.1%), and alcohol abuse (20.0%). Before
sorafenib, 15.9% of patients received another antineoplastic
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medication, most commonly chemotherapy (10.3%). Previ-
ous sorafenibwas discontinued for progression in 80.8% and
for intolerance in 19.0%; 1 patient in the everolimusgroupdis-
continued sorafenib for planned surgery for inguinal hernia.

Median follow-upduration fromrandomization to thecut-
off date was 24.6months (range, 14.8-36.6). Median duration
of exposure to everolimus andplacebowas9.43weeks (range,
0.1-120.0) and8.93weeks (range, 0.4-136.3), respectively.Me-
dian relative dose intensity was 100% (range, 27%-100%) and
100% (range, 58%-105%), respectively. After study treatment
discontinuation, 38.1%of everolimus and41.3%ofplacebo re-
cipients received further antineoplastic therapy, most com-
monly chemotherapy (19.6% and 18.5%, respectively).

Nodifference in theriskofdeathwasnotedbetweenevero-
limus and placebo (HR, 1.05; 95% CI, 0.86-1.27; P = .68)
(Figure 2A). Median overall survival was 7.6 months (95% CI,
6.7-8.7) and 7.3 months (95% CI, 6.3-8.7), respectively. Over-
all, 91.4% of deaths in the everolimus group and 94.7% of
deaths in the placebo group were the result of disease pro-
gression. Estimated overall survival rates in the everolimus
and placebo groups were 67.0% and 65.6%, respectively, at
5months, and53.4%and51.4%, respectively, at 7months.Ad-
justment for prognostic factors didnot affect the risk of death
between treatment groups (HR, 1.11; 95% CI, 0.91-1.36). Pre-
specified subgroup analyses revealed similar results in most
subgroups (Figure 3). The exception was HCC etiology; pa-
tients with HBV appeared to have prolonged overall survival
with everolimus (HR, 0.64; 95% CI, 0.45-0.93), whereas pa-
tientswithanetiologyother thanHBVorHCVappearedtohave
a shorter overall survival with everolimus (HR, 1.35; 95% CI,
1.01-1.80).

There was no apparent difference between treatment
groups in time to progression (HR, 0.93; 95% CI, 0.75-1.15)
(Figure 2B). Per the prespecified analysis plan, the statistical
significance of this difference was not formally tested. At the

time of analysis, 252 progression events (69.6%) in the evero-
limus group and 133 (72.3%) in the placebo group had oc-
curred. Median time to progression was 3.0 months (95% CI,
2.8-4.0) and 2.6 months (95% CI, 1.5-2.8), respectively.

Thedisease control ratewas 56.1% (95%CI, 50.8%-61.3%)
and 45.1% (95% CI, 37.8%-52.6%) in the everolimus and pla-
cebo groups, respectively (P = .01) (Table 2). There were
no complete responses. A greater proportion of placebo re-
cipients experienced progressive disease. No significant dif-
ference in time to definitive deterioration in the EORTC
QLQ-C30 global quality-of-life scale was observed (P = .47);
time todefinitivedeterioration inphysical functioningwassig-
nificantly shorter with everolimus (P = .01) (eTable 2 in the
Supplement).

Adverseeventsofanygrade, regardlessof relationshipwith
study drug, were experienced by 99.2% of everolimus and
94.0% of placebo recipients (Table 3). Grade 3/4 AEs and seri-
ousAEsweremore frequentwith everolimus (70.9%vs 52.2%
and47.4%vs 35.2%, respectively). Adverse events led to treat-
ment discontinuation in 16.6%of everolimus and 7.7% of pla-
cebo recipients anddose interruptions or reductions in 55.7%
and 29.1%, respectively. Grade 3/4 AEs with incidence 5% or
greater in the everolimus group (everolimus vs placebo)were
asthenia (7.8% vs 5.5%, respectively), anemia (7.8% vs 3.3%,
respectively), decreased appetite (6.1% vs 0.5%, respec-
tively), HBV (as reported on AE forms) (6.1% vs 4.4%, respec-
tively), ascites (5.6% vs 8.7%, respectively), and thrombocy-
topenia (5.6% vs 0.5%, respectively) (Table 3).

On baseline screening, 73 patients (20.2%) in the everoli-
musand44(24.2%) in theplacebogroupwerepositive forHBV-
DNA or surface antigen (HBsAg). Despite antiviral prophy-
laxis,HBV reactivationbasedoncentral laboratory resultswas
experienced by 27 (37.0%) everolimus and 10 (22.7%) placebo
recipients. An additional 69 (19.1%) and 29 (15.9%), respec-
tively, were negative for HBV-DNA or HBsAg but positive for

Figure 1. Disposition and Analysis Population for Patients Enrolled in the EVOLVE-1 Trial

763 Patients assessed for eligibility

217 Excluded
180 Did not meet inclusion criteria
19 Withdrew consent
18 Other reasons

546 Randomized

362 Included in primary analysis 184 Included in primary analysis

1 Lost to follow-up

357 Discontinued everolimus
261 Disease progression
60 Adverse events
20 Withdrew consent
13 Deaths
2 Started new anticancer therapy
1 Administrative problems

0 Lost to follow-up

176 Discontinued treatment
149 Disease progression
14 Adverse events
6 Withdrew consent
5 Deaths
1 Administrative problems
1 Protocol violation

362 Randomized to receive everolimus
361 Received everolimus as randomized

1 Did not receive everolimus
(adverse event)

184 Randomized to receive placebo
182 Received placebo as randomized

2 Did not receive placebo
1 Protocol violation
1 Withdrew consent

Note that only those deaths that
occurred during study treatment (ie,
were the direct cause of study
treatment discontinuation) are
shown.
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reactivation risk, at-risk patients received prophylactic anti-
viral therapy (eTable 1 in the Supplement). Definitions ofHBV
reactivationandHCV flare areprovided in theeMethods in the
Supplement.

Primary end point was overall survival, defined as time
fromrandomization todateofdeathof anycause.Thekey sec-
ondaryendpointwas timetoprogression,definedas timefrom
randomization todateof radiologically confirmeddiseasepro-
gression. Other secondary end points included disease con-
trol rate, definedaspercentageof patientswhoachieved com-
pleteorpartial responseorstablediseaseperRECIST(Response
Evaluation Criteria in Solid Tumors) version 1.0, time to de-
finitive5%deterioration in theglobalquality-of-life andphysi-
cal functioning scalesof theEuropeanOrganisation for theRe-
search and Treatment of Cancer 30-item Quality of Life
Questionnaire (EORTC QLQ-C30), and safety.

Tumorsweremeasuredbycomputed tomographyormag-
netic resonance imaging with contrast of the chest, abdo-
men, and pelvis at baseline, every 6 weeks until disease pro-
gression, and at study endor early discontinuation. Complete
or partial responses required confirmation at least 4weeks af-
ter initial response observation. After disease progression or
start of newanticancer therapy, patientswere followedup for
survival every4weeksuntil thenumberofdeaths required for
final analysis was observed. Safety assessments included in-
cidences ofAEs and seriousAEs and changes invital signs and
laboratory results. Adverse eventswere assessed according to
the Common Terminology Criteria for Adverse Events ver-
sion 3.0 and coded using the Medical Dictionary for Regula-
tory Activities.

Statistical Analysis
Sample size estimation was based on the ability to detect a
28.6% reduction in risk of death (hazard ratio [HR] for overall
survival, 0.714), corresponding to a 40% prolongation in me-
dian overall survival from5monthswith placebo to 7months
with everolimus. In the absence of definitive data, the antici-
pated overall survival for placebowas estimated based on the
difference between time to progression and overall survival
observed in phase 3 studies of sorafenib for advancedHCC.2,3

An overall survival of 7 months for everolimus was consid-
ered reasonable based on preliminary survival observed in
early-phase studies of everolimus for HCC (final data pub-
lished as Shiah et al13 and Zhu et al14). Given the 2:1 random-
ization scheme and 2 interim analyses planned after occur-
rence of the first 135 and 270deaths, itwas estimated that 449
deathswould provide 90%power to detect a clinicallymean-
ingful overall survival improvement with the use of a group
sequential log-rank test with a 2.5% cumulative 1-sided sig-
nificance level. Assuming uniform patient accrual, 531 pa-
tientswereneeded toobserve the requirednumber of deaths.
When the Lan-DeMets procedure18 with an O’Brien-Fleming
stoppingboundarywasused toaccount for the2 interimanaly-
ses in light of the 454 overall survival events at final analysis,
the significance boundary for final analysis was P ≤ .023573.

All randomly assigned patients who received 1 or more
doses of study drug and had 1 or more postbaseline assess-
ments were evaluated for safety. All enrolled patients were

assessed for efficacy.Overall survival, time toprogression, and
deterioration in quality of life were analyzed by Kaplan-
Meier methods. Study groups were compared using a strati-
fied log-rank test (1-sided 2.5% significance level). Hazard ra-
tios and 95% confidence intervals were estimated using a
stratifiedCoxproportionalhazardsmodel.Foranalysisofover-
all survival, patientswithout aknowndateofdeathat the time
of analysiswere censoredat thedateof last contact. For analy-
sis of time toprogression, patientswithout radiologically con-
firmed disease progression at the time of analysis or receipt
of further antineoplastic therapywere censored at the timeof
the last adequate tumor assessment before the analysis cut-
off date or start date of further antineoplastic therapy. For
analysis of time todefinitivedeterioration inqualityof life, pa-
tients receiving further antineoplastic therapy before defini-
tive worsening were censored at the date of last assessment
before start of therapy; patientswithoutworseningwere cen-
sored at the date of last assessment before cutoff. Effects of
potential prognostic factors on overall survival were investi-
gated using a stratified Cox regressionmodel including ECOG
performance status, extrahepatic spread, age, sorafenib sta-
tus, and baseline alpha-fetoprotein level. Time to progres-
sionwas comparedbetween treatmentgroupsonly if theover-
all survival difference was statistically significant. Disease
control ratewas comparedbetweengroupsusing theCochran-
Mantel-Haenszel test, with adjustment for stratification fac-
tors. All statistical analyses were performed using SAS ver-
sion 9.2 (SAS Institute).

Results
BetweenMay 27, 2010, andMarch 21, 2012, 546 patients from
111 centers in 17 countries with advanced HCCwhose disease
progressedduringor after sorafenib orwhowere sorafenib in-
tolerant were randomly assigned to receive treatment with
everolimus (n = 362) or placebo (n = 184) and were included
in the full analysis population (Figure 1). One patient in
the everolimus group and 2 in the placebo group did not
receive study treatment and were excluded from the safety
population.

At the time of analysis (June 14, 2013), 303 deaths (83.7%)
in the everolimus group and 151 (82.1%) in the placebo group
had occurred, and treatment was ongoing for 0.8% of evero-
limusand3.3%ofplacebo recipients (Figure 1). Themost com-
mon reasons for treatment discontinuation in the everolimus
andplacebogroupswerediseaseprogression (72.1%and81.0%,
respectively), AEs (16.9% and 7.6%, respectively), and con-
sent withdrawal (5.5% and 3.8%, respectively).

Baseline demographics and disease characteristics were
well balancedbetween treatment groups (Table 1). In the total
population, most patients were enrolled from the rest of the
world (83.3%); did not have macrovascular invasion (67.2%);
and had ECOG performance status 0 to 1 (95.4%), Barcelona
Clinic Liver Cancer stage C disease (86.3%), and extrahepatic
disease (74.0%). The most common disease etiologies were
HBV (26.2%), HCV (25.1%), and alcohol abuse (20.0%). Before
sorafenib, 15.9% of patients received another antineoplastic
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medication, most commonly chemotherapy (10.3%). Previ-
ous sorafenibwas discontinued for progression in 80.8% and
for intolerance in 19.0%; 1 patient in the everolimusgroupdis-
continued sorafenib for planned surgery for inguinal hernia.

Median follow-upduration fromrandomization to thecut-
off date was 24.6months (range, 14.8-36.6). Median duration
of exposure to everolimus andplacebowas9.43weeks (range,
0.1-120.0) and8.93weeks (range, 0.4-136.3), respectively.Me-
dian relative dose intensity was 100% (range, 27%-100%) and
100% (range, 58%-105%), respectively. After study treatment
discontinuation, 38.1%of everolimus and41.3%ofplacebo re-
cipients received further antineoplastic therapy, most com-
monly chemotherapy (19.6% and 18.5%, respectively).

Nodifference in theriskofdeathwasnotedbetweenevero-
limus and placebo (HR, 1.05; 95% CI, 0.86-1.27; P = .68)
(Figure 2A). Median overall survival was 7.6 months (95% CI,
6.7-8.7) and 7.3 months (95% CI, 6.3-8.7), respectively. Over-
all, 91.4% of deaths in the everolimus group and 94.7% of
deaths in the placebo group were the result of disease pro-
gression. Estimated overall survival rates in the everolimus
and placebo groups were 67.0% and 65.6%, respectively, at
5months, and53.4%and51.4%, respectively, at 7months.Ad-
justment for prognostic factors didnot affect the risk of death
between treatment groups (HR, 1.11; 95% CI, 0.91-1.36). Pre-
specified subgroup analyses revealed similar results in most
subgroups (Figure 3). The exception was HCC etiology; pa-
tients with HBV appeared to have prolonged overall survival
with everolimus (HR, 0.64; 95% CI, 0.45-0.93), whereas pa-
tientswithanetiologyother thanHBVorHCVappearedtohave
a shorter overall survival with everolimus (HR, 1.35; 95% CI,
1.01-1.80).

There was no apparent difference between treatment
groups in time to progression (HR, 0.93; 95% CI, 0.75-1.15)
(Figure 2B). Per the prespecified analysis plan, the statistical
significance of this difference was not formally tested. At the

time of analysis, 252 progression events (69.6%) in the evero-
limus group and 133 (72.3%) in the placebo group had oc-
curred. Median time to progression was 3.0 months (95% CI,
2.8-4.0) and 2.6 months (95% CI, 1.5-2.8), respectively.

Thedisease control ratewas 56.1% (95%CI, 50.8%-61.3%)
and 45.1% (95% CI, 37.8%-52.6%) in the everolimus and pla-
cebo groups, respectively (P = .01) (Table 2). There were
no complete responses. A greater proportion of placebo re-
cipients experienced progressive disease. No significant dif-
ference in time to definitive deterioration in the EORTC
QLQ-C30 global quality-of-life scale was observed (P = .47);
time todefinitivedeterioration inphysical functioningwassig-
nificantly shorter with everolimus (P = .01) (eTable 2 in the
Supplement).

Adverseeventsofanygrade, regardlessof relationshipwith
study drug, were experienced by 99.2% of everolimus and
94.0% of placebo recipients (Table 3). Grade 3/4 AEs and seri-
ousAEsweremore frequentwith everolimus (70.9%vs 52.2%
and47.4%vs 35.2%, respectively). Adverse events led to treat-
ment discontinuation in 16.6%of everolimus and 7.7% of pla-
cebo recipients anddose interruptions or reductions in 55.7%
and 29.1%, respectively. Grade 3/4 AEs with incidence 5% or
greater in the everolimus group (everolimus vs placebo)were
asthenia (7.8% vs 5.5%, respectively), anemia (7.8% vs 3.3%,
respectively), decreased appetite (6.1% vs 0.5%, respec-
tively), HBV (as reported on AE forms) (6.1% vs 4.4%, respec-
tively), ascites (5.6% vs 8.7%, respectively), and thrombocy-
topenia (5.6% vs 0.5%, respectively) (Table 3).

On baseline screening, 73 patients (20.2%) in the everoli-
musand44(24.2%) in theplacebogroupwerepositive forHBV-
DNA or surface antigen (HBsAg). Despite antiviral prophy-
laxis,HBV reactivationbasedoncentral laboratory resultswas
experienced by 27 (37.0%) everolimus and 10 (22.7%) placebo
recipients. An additional 69 (19.1%) and 29 (15.9%), respec-
tively, were negative for HBV-DNA or HBsAg but positive for

Figure 1. Disposition and Analysis Population for Patients Enrolled in the EVOLVE-1 Trial

763 Patients assessed for eligibility

217 Excluded
180 Did not meet inclusion criteria
19 Withdrew consent
18 Other reasons

546 Randomized

362 Included in primary analysis 184 Included in primary analysis

1 Lost to follow-up

357 Discontinued everolimus
261 Disease progression
60 Adverse events
20 Withdrew consent
13 Deaths
2 Started new anticancer therapy
1 Administrative problems

0 Lost to follow-up

176 Discontinued treatment
149 Disease progression
14 Adverse events
6 Withdrew consent
5 Deaths
1 Administrative problems
1 Protocol violation

362 Randomized to receive everolimus
361 Received everolimus as randomized

1 Did not receive everolimus
(adverse event)

184 Randomized to receive placebo
182 Received placebo as randomized

2 Did not receive placebo
1 Protocol violation
1 Withdrew consent

Note that only those deaths that
occurred during study treatment (ie,
were the direct cause of study
treatment discontinuation) are
shown.
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hepatitisB surfaceor coreantibody (HBsAborHBcAb) and,per
protocol, did not receive antiviral prophylaxis. Two of these
patients, both in the everolimus group, experienced HBV re-
activation. All reactivation cases were asymptomatic, al-
though 3 everolimus recipients discontinued therapy be-
causeof reactivation.Noneof the79patients in theeverolimus
group or 39 in the placebo groupwith detectableHCV-RNAor

Table 1. Baseline Demographic and Disease Characteristics
(Full Analysis Population)

Everolimus
and Best

Supportive
Care

(n = 362)

Placebo
and Best

Supportive
Care

(n = 184)
Age, median (range), y 67.0 (21-86) 64.0 (34-87)

Male, No. (%) 303 (83.7) 160 (87.0)

Geographical region, No. (%)

Asiaa 59 (16.3) 32 (17.4)

Rest of the worldb 303 (83.7) 152 (82.6)

Race, No. (%)

Caucasian 192 (53.0) 110 (59.8)

Black 6 (1.7) 3 (1.6)

Asian 137 (37.8) 58 (31.5)

Pacific Islander 0 1 (0.5)

Other 27 (7.5) 12 (6.5)

ECOG performance status, No. (%)c

0 214 (59.1) 104 (56.5)

1 129 (35.6) 74 (40.2)

2 19 (5.2) 6 (3.3)

Reason for discontinuation of sorafenib,
No. (%)

Disease progression 294 (81.2) 147 (79.9)

Intolerance 67 (18.5) 37 (20.1)

Other 1 (0.3) 0

Macroscopic vascular invasion, No. (%)

No 243 (67.1) 124 (67.4)

Yes 119 (32.9) 60 (32.6)

Extrahepatic disease, No. (%)

No 93 (25.7) 49 (26.6)

Yes 269 (74.3) 135 (73.4)

Metastatic sites, No. (%)

Viscerald 194 (53.6) 103 (56.0)

Lung 155 (42.8) 73 (39.7)

Lymph nodes 78 (21.5) 32 (17.4)

Bone 37 (10.2) 17 (9.2)

Bone only 13 (3.6) 6 (3.3)

Central nervous system 4 (1.1) 2 (1.1)

Other 76 (21.0) 43 (23.4)

Current Barcelona Clinic Liver Cancer
stage, No. (%)e

B 49 (13.5) 26 (14.1)

C 313 (86.5) 158 (85.9)

Lesion type, No. (%)

Target only 71 (19.6) 45 (24.5)

Nontarget only 14 (3.9) 8 (4.3)

Target and nontarget 276 (76.2) 131 (71.2)

None 1 (0.3) 0

HCC etiology, No. (%)

Hepatitis B 91 (25.1) 52 (28.3)

Hepatitis C 94 (26.0) 43 (23.4)

Alcohol 64 (17.7) 45 (24.5)

Nonalcoholic steatohepatitis 14 (3.9) 6 (3.3)

Unknown 78 (21.5) 25 (13.6)

Other 21 (5.8) 13 (7.1)

(continued)

Table 1. Baseline Demographic and Disease Characteristics
(Full Analysis Population) (continued)

Everolimus
and Best

Supportive
Care

(n = 362)

Placebo
and Best

Supportive
Care

(n = 184)
Child-Pugh score, No. (%)f

A 354 (97.8) 182 (98.9)

B 8 (2.2) 2 (1.1)

Baseline alpha-fetoprotein level, No. (%)

<200 ng/mL 179 (49.4) 88 (47.8)

≥200 ng/mL 171 (47.2) 88 (47.8)

Missing 12 (3.3) 8 (4.3)

Any prior antineoplastic therapy, No. (%)g 298 (82.3) 149 (81.0)

Any prior radiotherapy 51 (14.1) 27 (14.7)

Any prior surgery 142 (39.2) 71 (38.6)

Any prior local therapy 277 (76.5) 138 (75.0)

Any prior medication 59 (16.3) 28 (15.2)

Chemotherapy 41 (11.3) 15 (8.2)

Hormonal therapy 1 (0.3) 1 (0.5)

Immunotherapy 3 (0.8) 1 (0.5)

Targeted therapy 11 (3.0) 11 (6.0)

Other 4 (1.1) 1 (0.5)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HCC,
hepatocellular carcinoma.
a Asia includes China, South Korea, Taiwan, and Thailand.
bRest of the world includes Australia, Austria, Belgium, Canada, France,
Germany, Greece, Hungary, Israel, Italy, Japan, Spain, and the United States.

c Status of 0 indicates patient is fully active; 1, patient is restricted in physically
strenuous activity but ambulatory and able to carry out tasks of a light or
sedentary nature; 2, patient is ambulatory and capable of all self-care but
unable to carry out any work activities.

d Includes pleura, pleural effusion (malignant), lung, pericardial effusion
(malignant), spleen, pancreas, gallbladder, bile duct, omentum, esophagus,
stomach, small bowel, appendix, colon, rectum, peritoneum, ascites
(malignant), uterus, cervix, ovary, testis, prostate, adrenal, kidney, ureter,
bladder, thyroid, neck, and salivary glands.

e Barcelona Clinic Liver Cancer stage B disease is defined as Child-Pugh
classification of A or B, an ECOG performance status of 0, and amultinodular
tumor. Stage C disease is defined as Child-Pugh classification of A or B, an
ECOG performance status of 1 or 2, and portal invasion or disease that has
spread to the regional lymph nodes or distant organs.

f Child-Pugh score is calculated by assessing ascites (1 point for none, 2 points for
slight, and 3 points formoderate), serumbilirubin level (1 point for <2.0mg/dL,
2 points for 2.0-3.0mg/dL, and 3 points for >3.0mg/dL), serumalbumin level
(1 point for >3.5mg/dL, 2 points for 2.8-3.5mg/dL, and 3 points for <2.8mg/dL),
prolongation of prothrombin time (1 point for <4 seconds, 2 points for 4-6
seconds, and 3 points for >6 seconds), and encephalopathy (1 point for none,
2 points for grade 1 or 2, and 3 points for grade 3 or 4). Child-Pugh class A is a total
score of 5 or 6 points, and class B is a total score of 7-9 points.

g Any prior antineoplastic therapy includes patients who have hadmedication,
radiotherapy, surgery (excluding biopsy), or local therapy for HCC. Patients
could have received �1 prior antineoplastic therapy, although only 1 prior
systemic therapy, before sorafenib.
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known history of HCV infection without detectable HCV-
RNA experienced HCV flare. Incidence of other AEs of clini-
cal interest for everolimus is shown in eTable 3 in the Supple-
ment.

Seventy-five patients (13.8%) died during treatment or
within the28daysafterdiscontinuation,with47deaths (13.0%)
in the everolimus and 28 (15.4%) in the placebo group. Pro-
gressive diseasewas the primary cause of death in 36 (10.0%)
everolimus and 24 (13.2%) placebo recipients. Adverse events
led to death in 11 (3.0%) everolimus recipients (2 cases eachof
death of unknown cause and renal failure and 1 case each of
cerebrovascular accident, gastrointestinal hemorrhage, inter-
stitial lung disease, peritonitis, pneumonitis, respiratory fail-
ure, andupper gastrointestinal hemorrhage) and4 (2.2%)pla-
cebo recipients (1 case each of cardiac arrest, gastrointestinal
hemorrhage, hepatic cirrhosis, and multiorgan failure).

Discussion
Nosystemic therapies havebeenestablished for patientswith
advanced HCC for whom sorafenib fails or who cannot toler-
ate sorafenib,highlighting theunmetneed in this setting.Since
sorafenib was approved for HCC, interest in developing mo-
lecularly targeted agents in this diseasehas been renewed.Al-
though most phase 3 efforts have focused on vascular endo-
thelial growth factor–targeted agents, everolimus inhibits
mTOR, another critical target implicated in hepatocarcino-
genesis.

Despite the strong scientific rationale6-8,11,12,19-22 and pre-
clinical data,7,9,10,23 everolimusplusbest supportive care failed
to improve survival over placebo plus best supportive care in
patients with advanced HCC that progressed during or after
receiving sorafenib or who were sorafenib intolerant in the
EVOLVE-1 study. The known prognostic factors, including
ECOGperformance status and the presence ofmacrovascular
invasion or extrahepatic disease, were well balanced be-

tween treatment groups, and adjustment for these factors did
not improve the risk of death between groups. A comprehen-
sive, prespecified subgroup analysis revealed similar out-
comes inmostgroups.PatientswithHBVappearedtohavepro-
longedoverall survivalwith everolimus.Whether this finding
truly represents a benefit in this subgroupor rather reflects an
imbalance of prognostic factors between populations re-
quires further investigation. In EVOLVE-1, improvements in
secondary outcomes, including time toprogression andover-
all response rate,werenotobserved.Althoughthediseasecon-
trol rate favored everolimus, this finding should be consid-
ered exploratory given the primary end point was not met.
Furthermore, any benefit could be counterbalanced by the
higher AE rate observed with everolimus. Despite the nega-
tive results from the EVOLVE-1 trial, given the immunosup-
pressive andantitumor effects ofmTOR inhibitors, thepoten-
tial benefits of this class of agents in the adjuvant setting are
being assessed in a phase 3 trial of sirolimus for patients with
HCC after liver transplantation (NCT00355862).

The AE profile observed for everolimus in this study was
mostly consistent with the known safety profile of everoli-
mus in other cancers. Hepatitis B virus reactivation, a known
complication of immunosuppressive therapy, has been re-
ported in other everolimus trials13,24 and in published case
reports.25-27 In thephase1 trialofeverolimus foradvancedHCC,
routine antiviral prophylaxis was not given, and HBV reacti-
vationwithhepatitis flarewas reported in4of27patients (15%)
who were HBsAg-positive.13 In all 4 patients, reactivation re-
solvedwithin 4 to 8weeks of everolimuswithdrawal and ini-
tiation of antiviral therapy. Despite preemptive antiviral
therapy inEVOLVE-1,HBV reactivation basedon central labo-
ratory findings occurred in 37.0% of everolimus and 22.7% of
placebo recipients whowere HBV-DNA or HBsAg-positive (or
both) at baseline. An additional 2.9% of everolimus recipi-
ents who were HBsAg-negative but HBsAb- or HBcAb-
positive experiencedHBV reactivation.Of note, all caseswere
asymptomatic. Our study represents the largest prospective
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hepatitisB surfaceor coreantibody (HBsAborHBcAb) and,per
protocol, did not receive antiviral prophylaxis. Two of these
patients, both in the everolimus group, experienced HBV re-
activation. All reactivation cases were asymptomatic, al-
though 3 everolimus recipients discontinued therapy be-
causeof reactivation.Noneof the79patients in theeverolimus
group or 39 in the placebo groupwith detectableHCV-RNAor

Table 1. Baseline Demographic and Disease Characteristics
(Full Analysis Population)

Everolimus
and Best

Supportive
Care

(n = 362)

Placebo
and Best

Supportive
Care

(n = 184)
Age, median (range), y 67.0 (21-86) 64.0 (34-87)

Male, No. (%) 303 (83.7) 160 (87.0)

Geographical region, No. (%)

Asiaa 59 (16.3) 32 (17.4)

Rest of the worldb 303 (83.7) 152 (82.6)

Race, No. (%)

Caucasian 192 (53.0) 110 (59.8)

Black 6 (1.7) 3 (1.6)

Asian 137 (37.8) 58 (31.5)

Pacific Islander 0 1 (0.5)

Other 27 (7.5) 12 (6.5)

ECOG performance status, No. (%)c

0 214 (59.1) 104 (56.5)

1 129 (35.6) 74 (40.2)

2 19 (5.2) 6 (3.3)

Reason for discontinuation of sorafenib,
No. (%)

Disease progression 294 (81.2) 147 (79.9)

Intolerance 67 (18.5) 37 (20.1)

Other 1 (0.3) 0

Macroscopic vascular invasion, No. (%)

No 243 (67.1) 124 (67.4)

Yes 119 (32.9) 60 (32.6)

Extrahepatic disease, No. (%)

No 93 (25.7) 49 (26.6)

Yes 269 (74.3) 135 (73.4)

Metastatic sites, No. (%)

Viscerald 194 (53.6) 103 (56.0)

Lung 155 (42.8) 73 (39.7)

Lymph nodes 78 (21.5) 32 (17.4)

Bone 37 (10.2) 17 (9.2)

Bone only 13 (3.6) 6 (3.3)

Central nervous system 4 (1.1) 2 (1.1)

Other 76 (21.0) 43 (23.4)

Current Barcelona Clinic Liver Cancer
stage, No. (%)e

B 49 (13.5) 26 (14.1)

C 313 (86.5) 158 (85.9)

Lesion type, No. (%)

Target only 71 (19.6) 45 (24.5)

Nontarget only 14 (3.9) 8 (4.3)

Target and nontarget 276 (76.2) 131 (71.2)

None 1 (0.3) 0

HCC etiology, No. (%)

Hepatitis B 91 (25.1) 52 (28.3)

Hepatitis C 94 (26.0) 43 (23.4)

Alcohol 64 (17.7) 45 (24.5)

Nonalcoholic steatohepatitis 14 (3.9) 6 (3.3)

Unknown 78 (21.5) 25 (13.6)

Other 21 (5.8) 13 (7.1)

(continued)

Table 1. Baseline Demographic and Disease Characteristics
(Full Analysis Population) (continued)

Everolimus
and Best

Supportive
Care

(n = 362)

Placebo
and Best

Supportive
Care

(n = 184)
Child-Pugh score, No. (%)f

A 354 (97.8) 182 (98.9)

B 8 (2.2) 2 (1.1)

Baseline alpha-fetoprotein level, No. (%)

<200 ng/mL 179 (49.4) 88 (47.8)

≥200 ng/mL 171 (47.2) 88 (47.8)

Missing 12 (3.3) 8 (4.3)

Any prior antineoplastic therapy, No. (%)g 298 (82.3) 149 (81.0)

Any prior radiotherapy 51 (14.1) 27 (14.7)

Any prior surgery 142 (39.2) 71 (38.6)

Any prior local therapy 277 (76.5) 138 (75.0)

Any prior medication 59 (16.3) 28 (15.2)

Chemotherapy 41 (11.3) 15 (8.2)

Hormonal therapy 1 (0.3) 1 (0.5)

Immunotherapy 3 (0.8) 1 (0.5)

Targeted therapy 11 (3.0) 11 (6.0)

Other 4 (1.1) 1 (0.5)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HCC,
hepatocellular carcinoma.
a Asia includes China, South Korea, Taiwan, and Thailand.
bRest of the world includes Australia, Austria, Belgium, Canada, France,
Germany, Greece, Hungary, Israel, Italy, Japan, Spain, and the United States.

c Status of 0 indicates patient is fully active; 1, patient is restricted in physically
strenuous activity but ambulatory and able to carry out tasks of a light or
sedentary nature; 2, patient is ambulatory and capable of all self-care but
unable to carry out any work activities.

d Includes pleura, pleural effusion (malignant), lung, pericardial effusion
(malignant), spleen, pancreas, gallbladder, bile duct, omentum, esophagus,
stomach, small bowel, appendix, colon, rectum, peritoneum, ascites
(malignant), uterus, cervix, ovary, testis, prostate, adrenal, kidney, ureter,
bladder, thyroid, neck, and salivary glands.

e Barcelona Clinic Liver Cancer stage B disease is defined as Child-Pugh
classification of A or B, an ECOG performance status of 0, and amultinodular
tumor. Stage C disease is defined as Child-Pugh classification of A or B, an
ECOG performance status of 1 or 2, and portal invasion or disease that has
spread to the regional lymph nodes or distant organs.

f Child-Pugh score is calculated by assessing ascites (1 point for none, 2 points for
slight, and 3 points formoderate), serumbilirubin level (1 point for <2.0mg/dL,
2 points for 2.0-3.0mg/dL, and 3 points for >3.0mg/dL), serumalbumin level
(1 point for >3.5mg/dL, 2 points for 2.8-3.5mg/dL, and 3 points for <2.8mg/dL),
prolongation of prothrombin time (1 point for <4 seconds, 2 points for 4-6
seconds, and 3 points for >6 seconds), and encephalopathy (1 point for none,
2 points for grade 1 or 2, and 3 points for grade 3 or 4). Child-Pugh class A is a total
score of 5 or 6 points, and class B is a total score of 7-9 points.

g Any prior antineoplastic therapy includes patients who have hadmedication,
radiotherapy, surgery (excluding biopsy), or local therapy for HCC. Patients
could have received �1 prior antineoplastic therapy, although only 1 prior
systemic therapy, before sorafenib.
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known history of HCV infection without detectable HCV-
RNA experienced HCV flare. Incidence of other AEs of clini-
cal interest for everolimus is shown in eTable 3 in the Supple-
ment.

Seventy-five patients (13.8%) died during treatment or
within the28daysafterdiscontinuation,with47deaths (13.0%)
in the everolimus and 28 (15.4%) in the placebo group. Pro-
gressive diseasewas the primary cause of death in 36 (10.0%)
everolimus and 24 (13.2%) placebo recipients. Adverse events
led to death in 11 (3.0%) everolimus recipients (2 cases eachof
death of unknown cause and renal failure and 1 case each of
cerebrovascular accident, gastrointestinal hemorrhage, inter-
stitial lung disease, peritonitis, pneumonitis, respiratory fail-
ure, andupper gastrointestinal hemorrhage) and4 (2.2%)pla-
cebo recipients (1 case each of cardiac arrest, gastrointestinal
hemorrhage, hepatic cirrhosis, and multiorgan failure).

Discussion
Nosystemic therapies havebeenestablished for patientswith
advanced HCC for whom sorafenib fails or who cannot toler-
ate sorafenib,highlighting theunmetneed in this setting.Since
sorafenib was approved for HCC, interest in developing mo-
lecularly targeted agents in this diseasehas been renewed.Al-
though most phase 3 efforts have focused on vascular endo-
thelial growth factor–targeted agents, everolimus inhibits
mTOR, another critical target implicated in hepatocarcino-
genesis.

Despite the strong scientific rationale6-8,11,12,19-22 and pre-
clinical data,7,9,10,23 everolimusplusbest supportive care failed
to improve survival over placebo plus best supportive care in
patients with advanced HCC that progressed during or after
receiving sorafenib or who were sorafenib intolerant in the
EVOLVE-1 study. The known prognostic factors, including
ECOGperformance status and the presence ofmacrovascular
invasion or extrahepatic disease, were well balanced be-

tween treatment groups, and adjustment for these factors did
not improve the risk of death between groups. A comprehen-
sive, prespecified subgroup analysis revealed similar out-
comes inmostgroups.PatientswithHBVappearedtohavepro-
longedoverall survivalwith everolimus.Whether this finding
truly represents a benefit in this subgroupor rather reflects an
imbalance of prognostic factors between populations re-
quires further investigation. In EVOLVE-1, improvements in
secondary outcomes, including time toprogression andover-
all response rate,werenotobserved.Althoughthediseasecon-
trol rate favored everolimus, this finding should be consid-
ered exploratory given the primary end point was not met.
Furthermore, any benefit could be counterbalanced by the
higher AE rate observed with everolimus. Despite the nega-
tive results from the EVOLVE-1 trial, given the immunosup-
pressive andantitumor effects ofmTOR inhibitors, thepoten-
tial benefits of this class of agents in the adjuvant setting are
being assessed in a phase 3 trial of sirolimus for patients with
HCC after liver transplantation (NCT00355862).

The AE profile observed for everolimus in this study was
mostly consistent with the known safety profile of everoli-
mus in other cancers. Hepatitis B virus reactivation, a known
complication of immunosuppressive therapy, has been re-
ported in other everolimus trials13,24 and in published case
reports.25-27 In thephase1 trialofeverolimus foradvancedHCC,
routine antiviral prophylaxis was not given, and HBV reacti-
vationwithhepatitis flarewas reported in4of27patients (15%)
who were HBsAg-positive.13 In all 4 patients, reactivation re-
solvedwithin 4 to 8weeks of everolimuswithdrawal and ini-
tiation of antiviral therapy. Despite preemptive antiviral
therapy inEVOLVE-1,HBV reactivation basedon central labo-
ratory findings occurred in 37.0% of everolimus and 22.7% of
placebo recipients whowere HBV-DNA or HBsAg-positive (or
both) at baseline. An additional 2.9% of everolimus recipi-
ents who were HBsAg-negative but HBsAb- or HBcAb-
positive experiencedHBV reactivation.Of note, all caseswere
asymptomatic. Our study represents the largest prospective

Figure 2. Overall Survival and Time to Progression in the Full Analysis Population
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experiencewithHBV reactivation inpatients receiving evero-
limuswith antiviral prophylaxis and, to thebest of our knowl-
edge, is the first report describing events in patientswith past

HBV infection receiving everolimus. These results suggest an-
tiviral prophylaxis and close monitoring may be important for
everolimusrecipientswithunderlyingHBVinfection.Themecha-

Figure 3. Subgroup Analysis of Overall Survival

Favors Everolimus Favors Placebo

3.01.00.3
HR (95% CI)

Everolimus

Region

HR
(95% CI)

No. of
Events

No. of
Patients

Placebo

No. of
Events

No. of
Patients

Asia 0.97 (0.61-1.52)54 59 29 32

All 1.05 (0.86-1.27)303 362 151 184

1.04 (0.84-1.29)249 303 122 152Rest of world
Macrovascular invasion

Present 1.21 (0.87-1.68)111 118 54 61

Age
<65 y 0.95 (0.72-1.26)130 155 78 93

ECOG performance status
0 1.02 (0.79-1.33)169 214 83 104

Sorafenib status
Progressor 0.94 (0.76-1.17)248 294 123 147

Tumor size at baseline
≤10 cm 0.95 (0.68-1.31)107 143 56 75

Prior local treatment for HCC
Yes 0.97 (0.78-1.22)230 277 113 138

BCLC stage
B 0.94 (0.55-1.60)37 49 22 26

Extrahepatic spread
Yes 1.02 (0.81-1.27)228 269 112 135

Macrovascular invasion or extrahepatic spread or both
Yes 1.05 (0.85-1.31)258 301 124 150

Alpha-fetoprotein
<200 ng/mL 0.98 (0.73-1.32)138 179 65 88

156 171 78 88≥200 ng/mL

Etiology
Hepatitis B 0.64 (0.45-0.93)75 91 47 52

173 207 73 91≥65 y 1.10 (0.84-1.45)

134 148 68 80≥1 1.03 (0.77-1.39)

54 67 28 37Intolerant 1.44 (0.91-2.30)

185 204 91 101>10 cm 1.05 (0.81-1.35)

73 85 38 46No 1.22 (0.83-1.81)

266 313 129 158C 1.04 (0.84-1.29)

75 93 39 49No 1.05 (0.71-1.54)

45 61 27 34No 0.87 (0.54-1.14)

78 94 36 43Hepatitis C 0.96 (0.65-1.43)
150 177 68 89Other 1.35 (1.01-1.80)

1.20 (0.91-1.57)

192 244 97 123Absent 0.96 (0.75-1.22)

Hazard ratios (HRs) and 95% CIs were calculated using a stratified Cox
proportional hazards model for all patients and an unstratified Cox proportional
hazards model for subgroup analyses. BCLC indicates Barcelona Clinical Liver

Cancer; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular
carcinoma.

Table 2. Best Overall Response and Disease Control Rate per RECIST (Full Analysis Population)

Everolimus and Best
Supportive Care

(n = 362)

Placebo and Best
Supportive Care

(n = 184) P Value
Best overall response, No. (%)

Complete response 0 0

Partial response 8 (2.2) 3 (1.6)

Stable disease 195 (53.9) 80 (43.5)

Progressive disease 115 (31.8) 73 (39.7)

Unknown 44 (12.2) 28 (15.2)

Disease control rate, % (95% CI)a 56.1 (50.8-61.3) 45.1 (37.8-52.6) .01

a Proportion of patients whose best
overall response is complete
response, partial response, or stable
disease according to RECIST
(Response Evaluation Criteria in
Solid Tumors).
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nismandclinical significanceof subclinicalHBVreactivation in
HBsAg-positive placebo recipients require elucidation.

The results fromEVOLVE-1 extend the list of failed phase
3 studies in advanced HCC, highlighting the challenge of de-
velopingeffective therapies for this cancer. In the first-line set-
ting, 3 multikinase inhibitors—sunitinib, brivanib, and lini-
fanib—have been compared with sorafenib, and all failed to
achieve their primary end point.28-30 Another first-line trial
failed to demonstrate a survival benefit for erlotinib plus
sorafenibover sorafenibalone.31 In thephase3BRISK-PSstudy
of patients with advanced HCC who progressed during or af-
ter sorafenib orwhowere sorafenib intolerant, brivanib failed
to improveoverall survival comparedwithplacebo,despite im-
provements in time to progression and objective response

rate.32 Similar to BRISK-PS, median overall survival in the
EVOLVE-1 control group was longer than expected, likely re-
flecting patient selection and improved supportive manage-
ment of this population. The shorter median overall survival
in the placebo group of EVOLVE-1 compared with that of
BRISK-PS (7.3 vs 8.2 months) could reflect enrollment of a
higher percentage of patients with poor prognostic factors in
EVOLVE-1 (eg, macrovascular invasion, 32.8% vs 18%). The
naturalhistoryofpatients forwhomsorafenib treatment failed
remains to be explored.

EVOLVE-1 and the other failed phase 3 studies have pro-
vided several important lessons. First, it is difficult to assess
efficacy signals from phase 2 trials. For everolimus, the ini-
tial modest efficacy signal was obtained from 2 phase 1/2

Table 3. Adverse Events of Any CauseWith Incidence 5%or Greater in the Everolimus Group (Safety Population)

No. (%)
Everolimus and Best Supportive Care

(n = 361)
Placebo and Best Supportive Care

(n = 182)

All Grades Grade 3 Grade 4 All Grades Grade 3 Grade 4
Any preferred term 358 (99.2) 188 (52.1) 68 (18.8) 171 (94.0) 62 (34.1) 33 (18.1)

Stomatitis 143 (39.6) 10 (2.8) 0 9 (4.9) 1 (0.5) 0

Decreased appetite 117 (32.4) 21 (5.8) 1 (0.3) 27 (14.8) 1 (0.5) 0

Edema peripheral 103 (28.5) 6 (1.7) 0 27 (14.8) 1 (0.5) 0

Diarrhea 94 (26.0) 5 (1.4) 0 25 (13.7) 2 (1.1) 0

Pyrexia 92 (25.5) 4 (1.1) 0 13 (7.1) 0 0

Fatigue 91 (25.2) 15 (4.2) 1 (0.3) 30 (16.5) 6 (3.3) 1 (0.5)

Epistaxis 85 (23.5) 4 (1.1) 0 5 (2.7) 0 0

Cough 79 (21.9) 3 (0.8) 0 24 (13.2) 1 (0.5) 0

Rash 76 (21.1) 3 (0.8) 0 16 (8.8) 0 0

Asthenia 66 (18.3) 27 (7.5) 1 (0.3) 34 (18.7) 8 (4.4) 2 (1.1)

Pruritus 65 (18.0) 1 (0.3) 0 29 (15.9) 0 0

Abdominal pain 62 (17.2) 12 (3.3) 0 33 (18.1) 8 (4.4) 1 (0.5)

Nausea 60 (16.6) 5 (1.4) 0 24 (13.2) 0 0

Anemia 59 (16.3) 24 (6.6) 4 (1.1) 14 (7.7) 4 (2.2) 2 (1.1)

Ascites 57 (15.8) 18 (5.0) 2 (0.6) 29 (15.9) 15 (8.2) 1 (0.5)

Vomiting 57 (15.8) 3 (0.8) 0 19 (10.4) 1 (0.5) 0

Dyspnea 51 (14.1) 10 (2.8) 0 25 (13.7) 6 (3.3) 1 (0.5)

Thrombocytopenia 44 (12.2) 15 (4.2) 5 (1.4) 2 (1.1) 1 (0.5) 0

Insomnia 37 (10.2) 0 0 15 (8.2) 0 0

Weight decreased 36 (10.0) 0 0 8 (4.4) 0 0

Abdominal pain upper 31 (8.6) 5 (1.4) 0 17 (9.3) 3 (1.6) 0

Constipation 31 (8.6) 1 (0.3) 0 24 (13.2) 1 (0.5) 0

Dysgeusia 31 (8.6) 1 (0.3) 0 4 (2.2) 0 0

Pneumonia 27 (7.5) 10 (2.8) 3 (0.8) 2 (1.1) 1 (0.5) 0

Headache 26 (7.2) 1 (0.3) 0 9 (4.9) 0 0

Hepatitis B 25 (6.9) 22 (6.1) 0 8 (4.4) 8 (4.4) 0

Back pain 25 (6.9) 1 (0.3) 0 13 (7.1) 1 (0.5) 0

Aspartate aminotransferase increased 24 (6.6) 15 (4.2) 1 (0.3) 19 (10.4) 10 (5.5) 0

Dry skin 24 (6.6) 0 0 6 (3.3) 0 0

Dry mouth 23 (6.4) 0 0 5 (2.7) 0 0

Platelet count decreased 21 (5.8) 9 (2.5) 0 0 0 0

Pain in extremity 20 (5.5) 4 (1.1) 0 9 (4.9) 1 (0.5) 0

Hypokalemia 20 (5.5) 13 (3.6) 2 (0.6) 1 (0.5) 0 0

Hyperglycemia 20 (5.5) 13 (3.6) 0 3 (1.6) 3 (1.6) 0

γ-Glutamyltransferase increased 18 (5.0) 11 (3.0) 1 (0.3) 12 (6.6) 9 (4.9) 1 (0.5)
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experiencewithHBV reactivation inpatients receiving evero-
limuswith antiviral prophylaxis and, to thebest of our knowl-
edge, is the first report describing events in patientswith past

HBV infection receiving everolimus. These results suggest an-
tiviral prophylaxis and close monitoring may be important for
everolimusrecipientswithunderlyingHBVinfection.Themecha-

Figure 3. Subgroup Analysis of Overall Survival

Favors Everolimus Favors Placebo

3.01.00.3
HR (95% CI)

Everolimus

Region

HR
(95% CI)

No. of
Events

No. of
Patients

Placebo

No. of
Events

No. of
Patients

Asia 0.97 (0.61-1.52)54 59 29 32

All 1.05 (0.86-1.27)303 362 151 184

1.04 (0.84-1.29)249 303 122 152Rest of world
Macrovascular invasion

Present 1.21 (0.87-1.68)111 118 54 61

Age
<65 y 0.95 (0.72-1.26)130 155 78 93

ECOG performance status
0 1.02 (0.79-1.33)169 214 83 104

Sorafenib status
Progressor 0.94 (0.76-1.17)248 294 123 147

Tumor size at baseline
≤10 cm 0.95 (0.68-1.31)107 143 56 75

Prior local treatment for HCC
Yes 0.97 (0.78-1.22)230 277 113 138

BCLC stage
B 0.94 (0.55-1.60)37 49 22 26

Extrahepatic spread
Yes 1.02 (0.81-1.27)228 269 112 135

Macrovascular invasion or extrahepatic spread or both
Yes 1.05 (0.85-1.31)258 301 124 150

Alpha-fetoprotein
<200 ng/mL 0.98 (0.73-1.32)138 179 65 88

156 171 78 88≥200 ng/mL

Etiology
Hepatitis B 0.64 (0.45-0.93)75 91 47 52

173 207 73 91≥65 y 1.10 (0.84-1.45)

134 148 68 80≥1 1.03 (0.77-1.39)

54 67 28 37Intolerant 1.44 (0.91-2.30)

185 204 91 101>10 cm 1.05 (0.81-1.35)

73 85 38 46No 1.22 (0.83-1.81)

266 313 129 158C 1.04 (0.84-1.29)

75 93 39 49No 1.05 (0.71-1.54)

45 61 27 34No 0.87 (0.54-1.14)

78 94 36 43Hepatitis C 0.96 (0.65-1.43)
150 177 68 89Other 1.35 (1.01-1.80)

1.20 (0.91-1.57)

192 244 97 123Absent 0.96 (0.75-1.22)

Hazard ratios (HRs) and 95% CIs were calculated using a stratified Cox
proportional hazards model for all patients and an unstratified Cox proportional
hazards model for subgroup analyses. BCLC indicates Barcelona Clinical Liver

Cancer; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular
carcinoma.

Table 2. Best Overall Response and Disease Control Rate per RECIST (Full Analysis Population)

Everolimus and Best
Supportive Care

(n = 362)

Placebo and Best
Supportive Care

(n = 184) P Value
Best overall response, No. (%)

Complete response 0 0

Partial response 8 (2.2) 3 (1.6)

Stable disease 195 (53.9) 80 (43.5)

Progressive disease 115 (31.8) 73 (39.7)

Unknown 44 (12.2) 28 (15.2)

Disease control rate, % (95% CI)a 56.1 (50.8-61.3) 45.1 (37.8-52.6) .01

a Proportion of patients whose best
overall response is complete
response, partial response, or stable
disease according to RECIST
(Response Evaluation Criteria in
Solid Tumors).
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nismandclinical significanceof subclinicalHBVreactivation in
HBsAg-positive placebo recipients require elucidation.

The results fromEVOLVE-1 extend the list of failed phase
3 studies in advanced HCC, highlighting the challenge of de-
velopingeffective therapies for this cancer. In the first-line set-
ting, 3 multikinase inhibitors—sunitinib, brivanib, and lini-
fanib—have been compared with sorafenib, and all failed to
achieve their primary end point.28-30 Another first-line trial
failed to demonstrate a survival benefit for erlotinib plus
sorafenibover sorafenibalone.31 In thephase3BRISK-PSstudy
of patients with advanced HCC who progressed during or af-
ter sorafenib orwhowere sorafenib intolerant, brivanib failed
to improveoverall survival comparedwithplacebo,despite im-
provements in time to progression and objective response

rate.32 Similar to BRISK-PS, median overall survival in the
EVOLVE-1 control group was longer than expected, likely re-
flecting patient selection and improved supportive manage-
ment of this population. The shorter median overall survival
in the placebo group of EVOLVE-1 compared with that of
BRISK-PS (7.3 vs 8.2 months) could reflect enrollment of a
higher percentage of patients with poor prognostic factors in
EVOLVE-1 (eg, macrovascular invasion, 32.8% vs 18%). The
naturalhistoryofpatients forwhomsorafenib treatment failed
remains to be explored.

EVOLVE-1 and the other failed phase 3 studies have pro-
vided several important lessons. First, it is difficult to assess
efficacy signals from phase 2 trials. For everolimus, the ini-
tial modest efficacy signal was obtained from 2 phase 1/2

Table 3. Adverse Events of Any CauseWith Incidence 5%or Greater in the Everolimus Group (Safety Population)

No. (%)
Everolimus and Best Supportive Care

(n = 361)
Placebo and Best Supportive Care

(n = 182)

All Grades Grade 3 Grade 4 All Grades Grade 3 Grade 4
Any preferred term 358 (99.2) 188 (52.1) 68 (18.8) 171 (94.0) 62 (34.1) 33 (18.1)

Stomatitis 143 (39.6) 10 (2.8) 0 9 (4.9) 1 (0.5) 0

Decreased appetite 117 (32.4) 21 (5.8) 1 (0.3) 27 (14.8) 1 (0.5) 0

Edema peripheral 103 (28.5) 6 (1.7) 0 27 (14.8) 1 (0.5) 0

Diarrhea 94 (26.0) 5 (1.4) 0 25 (13.7) 2 (1.1) 0

Pyrexia 92 (25.5) 4 (1.1) 0 13 (7.1) 0 0

Fatigue 91 (25.2) 15 (4.2) 1 (0.3) 30 (16.5) 6 (3.3) 1 (0.5)

Epistaxis 85 (23.5) 4 (1.1) 0 5 (2.7) 0 0

Cough 79 (21.9) 3 (0.8) 0 24 (13.2) 1 (0.5) 0

Rash 76 (21.1) 3 (0.8) 0 16 (8.8) 0 0

Asthenia 66 (18.3) 27 (7.5) 1 (0.3) 34 (18.7) 8 (4.4) 2 (1.1)

Pruritus 65 (18.0) 1 (0.3) 0 29 (15.9) 0 0

Abdominal pain 62 (17.2) 12 (3.3) 0 33 (18.1) 8 (4.4) 1 (0.5)

Nausea 60 (16.6) 5 (1.4) 0 24 (13.2) 0 0

Anemia 59 (16.3) 24 (6.6) 4 (1.1) 14 (7.7) 4 (2.2) 2 (1.1)

Ascites 57 (15.8) 18 (5.0) 2 (0.6) 29 (15.9) 15 (8.2) 1 (0.5)

Vomiting 57 (15.8) 3 (0.8) 0 19 (10.4) 1 (0.5) 0

Dyspnea 51 (14.1) 10 (2.8) 0 25 (13.7) 6 (3.3) 1 (0.5)

Thrombocytopenia 44 (12.2) 15 (4.2) 5 (1.4) 2 (1.1) 1 (0.5) 0

Insomnia 37 (10.2) 0 0 15 (8.2) 0 0

Weight decreased 36 (10.0) 0 0 8 (4.4) 0 0

Abdominal pain upper 31 (8.6) 5 (1.4) 0 17 (9.3) 3 (1.6) 0

Constipation 31 (8.6) 1 (0.3) 0 24 (13.2) 1 (0.5) 0

Dysgeusia 31 (8.6) 1 (0.3) 0 4 (2.2) 0 0

Pneumonia 27 (7.5) 10 (2.8) 3 (0.8) 2 (1.1) 1 (0.5) 0

Headache 26 (7.2) 1 (0.3) 0 9 (4.9) 0 0

Hepatitis B 25 (6.9) 22 (6.1) 0 8 (4.4) 8 (4.4) 0

Back pain 25 (6.9) 1 (0.3) 0 13 (7.1) 1 (0.5) 0

Aspartate aminotransferase increased 24 (6.6) 15 (4.2) 1 (0.3) 19 (10.4) 10 (5.5) 0

Dry skin 24 (6.6) 0 0 6 (3.3) 0 0

Dry mouth 23 (6.4) 0 0 5 (2.7) 0 0

Platelet count decreased 21 (5.8) 9 (2.5) 0 0 0 0

Pain in extremity 20 (5.5) 4 (1.1) 0 9 (4.9) 1 (0.5) 0

Hypokalemia 20 (5.5) 13 (3.6) 2 (0.6) 1 (0.5) 0 0

Hyperglycemia 20 (5.5) 13 (3.6) 0 3 (1.6) 3 (1.6) 0

γ-Glutamyltransferase increased 18 (5.0) 11 (3.0) 1 (0.3) 12 (6.6) 9 (4.9) 1 (0.5)

Research Original Investigation Everolimus for Advanced Hepatocellular Carcinoma

64 JAMA July 2, 2014 Volume 312, Number 1 jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Kinki University User  on 05/01/2015

— 209 —



Copyright 2014 American Medical Association. All rights reserved.

studies.13,14 As has been recommended,15 assessing efficacy
in a randomized phase 2 study should be considered before
proceeding to phase 3 testing. Second, surrogate end points
such as time to progression, progression-free survival, and
response rate inconsistently predict overall survival in phase
3 trials. Third, clinical and biologic heterogeneity likely
affects the performance of targeted therapies in HCC. In the
absence of well-characterized and validated predictive bio-
markers, targeted agents will likely continue to have a high
risk of failure if phase 3 trials are conducted in unselected
populations. Relevant biomarkers that may predict clinical
outcome in patients receiving everolimus are being assessed
in the EVOLVE-1 population. Future studies of targeted

agents for HCC should aim to enrich patient populations
based on molecular classification and predictive biomarkers.
A limitation of EVOLVE-1 was that it was not designed to
identify a molecularly or clinically selected population that
may have benefited from everolimus.

Conclusions
Everolimus did not improve overall survival in patients with
advanced hepatocellular carcinoma whose disease pro-
gressed during or after taking sorafenib or who were intoler-
ant of sorafenib.
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studies.13,14 As has been recommended,15 assessing efficacy
in a randomized phase 2 study should be considered before
proceeding to phase 3 testing. Second, surrogate end points
such as time to progression, progression-free survival, and
response rate inconsistently predict overall survival in phase
3 trials. Third, clinical and biologic heterogeneity likely
affects the performance of targeted therapies in HCC. In the
absence of well-characterized and validated predictive bio-
markers, targeted agents will likely continue to have a high
risk of failure if phase 3 trials are conducted in unselected
populations. Relevant biomarkers that may predict clinical
outcome in patients receiving everolimus are being assessed
in the EVOLVE-1 population. Future studies of targeted

agents for HCC should aim to enrich patient populations
based on molecular classification and predictive biomarkers.
A limitation of EVOLVE-1 was that it was not designed to
identify a molecularly or clinically selected population that
may have benefited from everolimus.

Conclusions
Everolimus did not improve overall survival in patients with
advanced hepatocellular carcinoma whose disease pro-
gressed during or after taking sorafenib or who were intoler-
ant of sorafenib.
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Aim: In chronic liver disease associated with hepatitis C virus
(HCV), a low platelet count is a major obstacle in carrying out
interferon (IFN) treatment. We used a questionnaire to clarify
the extent to which splenectomy/partial splenic embolization
(PSE) is performed before IFN treatment, as well as the effi-
cacy and complications thereof.

Methods: Two questionnaires were distributed to 413
medical institutes in Japan specializing in the treatment of
liver diseases, and responses were obtained from 204 insti-
tutes. Furthermore, a more detailed questionnaire was com-
pleted by 10 institutes that experienced cases of death.

Results: In patients with HCV genotype 1b and a high viral
load (HCV1b/High), the sustained viral response (SVR) rate
was 28% for the splenectomy group and 22% for the PSE
group, with no significant difference between these groups.
In patients that were not HCV1b/High, the SVR rate was higher

in those that underwent splenectomy (71%) compared to the
PSE group (56%; P = 0.025). There were cases of death in
seven of 799 splenectomy cases (0.89%) and four of 474 PSE
cases (0.84%). Infectious diseases were involved in nine of 11
cases of death, with a peculiar patient background of Child–
Pugh B (6/10) and an age of 60 years or greater (7/11).

Conclusion: The application of splenectomy/PSE before IFN
treatment should be avoided in patients with poor residual
hepatic function and/or elderly patients. In HCV1b/High
patients, splenectomy/PSE should be performed only after
selecting those in which IFN treatment should be highly
effective.

Key words: chronic hepatitis C, interferon, low platelet
count, partial splenic embolization, questionnaires,
splenectomy

INTRODUCTION

IN JAPAN, MANY patients with hepatitis C virus
(HCV)-related chronic liver disease (CLD) exhibit

advanced aging and a long disease duration. These
patients often have pancytopenia due to hypersplenism
caused by advanced liver fibrosis, thus leading to diffi-
culty in receiving a sufficient dose of interferon (IFN).
Because low adherence to IFN often results in treatment
failure, pancytopenia, including low platelet count, is a
major challenge for IFN therapy in Japanese HCV-
infected patients.

Correspondence: Professor Shuhei Nishiguchi, Division of
Hepatobiliary and Pancreatic Disease, and Department of Internal
Medicine, Hyogo College of Medicine, 1-1 Mukogawa-cho,
Nishinomiya, Hyogo 663-8501, Japan. Email: nishiguc@hyo-med
.ac.jp
Conflict of interest: Shuhei Nishiguchi received financial support
from Chugai Pharmaceutical, MSD, Dainippon Sumitomo
Pharma, Ajinomoto Pharma and Otsuka Pharmaceutical. Hiroko
Iijima received financial support from Chugai Pharmaceutical.
Hiroyasu Imanishi received financial support from Chugai
Pharmaceutical. The remaining authors have no conflict of
interest.
Received 29 March 2013; revision 4 June 2013; accepted 10 June
2013.

bs_bs_banner

Hepatology Research 2014; 44: 829–836 doi: 10.1111/hepr.12184

© 2013 The Japan Society of Hepatology 829

— 212 —



Copyright 2014 American Medical Association. All rights reserved.

17. Guidance for industry: collection of race and
ethnicity data in clinical trials. US Food and Drug
Administration. http://www.fda.gov/downloads
/RegulatoryInformation/Guidances
/ucm126396.pdf. Accessed June 4, 2014.

18. Lan KKG, DeMets DL. Discrete sequential
boundaries for clinical trials. Biometrika. 1983;70
(3):659-663.

19. Sieghart W, Fuereder T, Schmid K, et al.
Mammalian target of rapamycin pathway activity in
hepatocellular carcinomas of patients undergoing
liver transplantation. Transplantation. 2007;83(4):
425-432.

20. Baba HA,Wohlschlaeger J, Cicinnati VR, et al.
Phosphorylation of p70S6 kinase predicts overall
survival in patients with clear margin-resected
hepatocellular carcinoma. Liver Int. 2009;29(3):
399-405.

21. Fornari F, MilazzoM, Chieco P, et al.
MiR-199a-3p regulates mTOR and c-Met to
influence the doxorubicin sensitivity of human
hepatocarcinoma cells. Cancer Res. 2010;70(12):
5184-5193.

22. Kenerson HL, YehMM, Kazami M, et al. Akt and
mTORC1 have different roles during liver

tumorigenesis in mice. Gastroenterology. 2013;144
(5):1055-1065.

23. Buitrago-Molina LE, Pothiraju D, Lamlé J, et al.
Rapamycin delays tumor development in murine
livers by inhibiting proliferation of hepatocytes with
DNA damage.Hepatology. 2009;50(2):500-509.

24. Yao JC, ShahMH, Ito T, et al; RAD001 in
Advanced Neuroendocrine Tumors, Third Trial
(RADIANT-3) Study Group. Everolimus for advanced
pancreatic neuroendocrine tumors. N Engl J Med.
2011;364(6):514-523.

25. Sezgin Göksu S, Bilal S, Coşkun HS. Hepatitis B
reactivation related to everolimus.World J Hepatol.
2013;5(1):43-45.

26. Teplinsky E, Cheung D, Weisberg I, et al. Fatal
hepatitis B reactivation due to everolimus in
metastatic breast cancer: case report and review of
literature. Breast Cancer Res Treat. 2013;141(2):
167-172.

27. Mizuno S, Yamagishi Y, Ebinuma H, et al.
Progressive liver failure induced by everolimus for
renal cell carcinoma in a 58-year-old male hepatitis
B virus carrier.Clin J Gastroenterol. 2013;6(2):188-192.

28. Cainap C, Qin S, HuangWT, et al. Phase III trial
of linifanib versus sorafenib in patients with

advanced hepatocellular carcinoma (HCC). J Clin
Oncol. 2013;31(4 suppl):A249.

29. Cheng AL, Kang YK, Lin DY, et al. Sunitinib
versus sorafenib in advanced hepatocellular cancer:
results of a randomized phase III trial. J Clin Oncol.
2013;31(32):4067-4075.

30. Johnson PJ, Qin S, Park JW, et al. Brivanib
versus sorafenib as first-line therapy in patients
with unresectable, advanced hepatocellular
carcinoma: results from the randomized phase III
BRISK-FL study. J Clin Oncol. 2013;31(28):3517-3524.

31. Zhu AX, Rosmorduc O, Evans J, et al. A phase III
randomized, double-blind, placebo-controlled trial
of sorafenib plus erlotinib in patients with
hepatocellular carcinoma (HCC). Presented at:
Congress of the European Society of Medical
Oncology; Vienna, Austria; September28–October
2, 2012.

32. Llovet JM, Decaens T, Raoul JL, et al. Brivanib in
patients with advanced hepatocellular carcinoma
whowere intolerant to sorafenib or for whom
sorafenib failed: results from the randomized phase
III BRISK-PS study. J Clin Oncol. 2013;31(28):3509-
3516.

Everolimus for Advanced Hepatocellular Carcinoma Original Investigation Research

jama.com JAMA July 2, 2014 Volume 312, Number 1 67

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Kinki University User  on 05/01/2015

Original Article

Nationwide survey in Japan regarding splenectomy/partial
splenic embolization for interferon treatment targeting
hepatitis C virus-related chronic liver disease in patients
with low platelet count

Naoto Ikeda,1 Hiroyasu Imanishi,1 Nobuhiro Aizawa,1 Hironori Tanaka,1 Yoshinori Iwata,1
Hirayuki Enomoto,1 Masaki Saito,1 Hiroko Iijima,1 Yuji Iimuro,2 Jiro Fujimoto,2
Satoshi Yamamoto,3 Shozo Hirota,3 Masatoshi Kudo,4 Shigeki Arii5 and Shuhei Nishiguchi1

1Division of Hepatobiliary and Pancreatic Disease, Department of Internal Medicine, Departments of 2Surgery
and 3Radiology, Hyogo College of Medicine, Nishinomiya, 4Department of Gastroenterology and Hepatology,
Faculty of Medicine, Kinki University, Sayama, and 5Department of Hepato-Biliary-Pancreatic Surgery, Tokyo
Medical and Dental University, Tokyo, Japan

Aim: In chronic liver disease associated with hepatitis C virus
(HCV), a low platelet count is a major obstacle in carrying out
interferon (IFN) treatment. We used a questionnaire to clarify
the extent to which splenectomy/partial splenic embolization
(PSE) is performed before IFN treatment, as well as the effi-
cacy and complications thereof.

Methods: Two questionnaires were distributed to 413
medical institutes in Japan specializing in the treatment of
liver diseases, and responses were obtained from 204 insti-
tutes. Furthermore, a more detailed questionnaire was com-
pleted by 10 institutes that experienced cases of death.

Results: In patients with HCV genotype 1b and a high viral
load (HCV1b/High), the sustained viral response (SVR) rate
was 28% for the splenectomy group and 22% for the PSE
group, with no significant difference between these groups.
In patients that were not HCV1b/High, the SVR rate was higher

in those that underwent splenectomy (71%) compared to the
PSE group (56%; P = 0.025). There were cases of death in
seven of 799 splenectomy cases (0.89%) and four of 474 PSE
cases (0.84%). Infectious diseases were involved in nine of 11
cases of death, with a peculiar patient background of Child–
Pugh B (6/10) and an age of 60 years or greater (7/11).

Conclusion: The application of splenectomy/PSE before IFN
treatment should be avoided in patients with poor residual
hepatic function and/or elderly patients. In HCV1b/High
patients, splenectomy/PSE should be performed only after
selecting those in which IFN treatment should be highly
effective.
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caused by advanced liver fibrosis, thus leading to diffi-
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The rate of hepatocellular carcinoma (HCC) develop-
ment increases with the progression of liver fibrosis,
and the annual occurrence rate in HCV positive Japa-
nese cirrhotic patients is high (~7–8%).1 The incidence
of HCC significantly decreases after viral eradication
by IFN treatment (sustained viral response [SVR]) in
patients with HCV-related CLD, even in patients with
liver cirrhosis.2–5 However, the SVR rate in cirrhotic
patients with HCV genotype 1b is approximately 25%,
that is significantly lower than that of chronic hepatitis
patients (~50%). Hypersplenism due to portal hyper-
tension is believed to be one of the causes of the
low SVR rate of IFN treatment observed in cirrhotic
patients.6–9 In patients with hypersplenism, reducing
the dose or discontinuing IFN is often required because
of their thrombocytopenia and/or granulocytopenia.
Furthermore, with the combined use of ribavirin
(RBV), the adherence to treatment declines in associa-
tion with the degree of anemia. Discontinuing or
reducing the dose of antiviral agents (IFN and/or
RBV) decreases the SVR rate,10,11 and the presence of
hypersplenism-related pancytopenia can be a major
cause of this decrease. In particular, a low platelet
count is the main factor that is linked to the discon-
tinuation of IFN treatment. Therefore, in order to
increase the platelet count and improve adherence to
antiviral agents, splenectomy/partial splenic emboliza-
tion (PSE) before the initiation of IFN therapy
is considered a useful option for patients with
hypersplenism-linked pancytopenia.12–23

In Japan, it is recommended that splenectomy/PSE be
performed on patients with a low platelet count before
IFN treatment, as specified in the Guidelines for Chronic
Hepatitis C of 2008 and onwards.24 However, neither
splenectomy nor PSE is recommended in guidelines
outside of Japan. Therefore, it is important and neces-
sary to investigate whether these surgical or interven-
tional treatments for anti-hypersplenism should be a
standard precursor to IFN treatment for patients with a
low platelet count. In addition, if splenectomy/PSE is
indeed a valid therapeutic option, the patients that
would most benefit from these treatments should be
identified.9,10,25–27

In the present study, we investigated the current state
of the treatment of splenectomy/PSE in HCV positive
patients with low platelet count. We conducted a survey
in the form of a questionnaire that probed the following
topics with regard to splenectomy/PSE: the current
status of implementation, associated complications,
degree of increased platelets and its effect on IFN
treatment.15

METHODS

Subjects

A SURVEY WAS conducted as a part of research by
the “Standards and Clinical Research Aimed at

Establishment of IFN Treatment Towards Cases with
Low Platelet Counts” group from the scientific research
grant from the Ministry of Health, Labor and Welfare in
Japan. The sample included the 413 medical institutes
to which the liver disease specialists (Japan Society of
Hepatology, Board of Councilors of the Western and
Eastern Association, Director of the Liver Cancer Study
Group of Japan, and Councilor of The Japanese Society
of Interventional Radiology) belong. Approval was
obtained from the three associations (the Japan Society
of Hepatology, the Liver Cancer Study Group of Japan
and the Japanese Society of Interventional Radiology)
prior to distributing this questionnaire. This study is a
summary of the questionnaire responses, and ethical
considerations toward patients were ensured by anony-
mizing personal information.

Questionnaires
Three types of questionnaires were prepared with inter-
nists, surgeons and radiologists as the subjects; each type
of questionnaire was sent to 336, 46 and 31 institutes,
respectively. As a general rule, one questionnaire was
sent to one medical institute.

In this study, thrombocytopenia was defined as a
platelet count of less than 100 ¥ 109 platelets/L. A
survey was conducted to determine whether splenec-
tomy or PSE was performed to improve adherence to
IFN treatment in patients with thrombocytopenia, and
the selection criteria for splenectomy/PSE (including a
platelet count and the liver function tests) were also
queried in the first questionnaires (sent in September
2009 and collected on 22 December 2009). The state of
the implementation of splenectomy/PSE was ques-
tioned again in the second questionnaire. The second
questionnaire also focused on the appropriateness of
performing splenectomy or PSE for IFN treatment in
the patients, and investigated the aforementioned
topics, including the efficacy of splenectomy/PSE, com-
plications, and the prevalence of prophylactic adminis-
tration of pneumococcal vaccine (sent in September
2010 and collected on 14 January 2011).28 The third
questionnaire (sent in November 2011 and collected
on 6 December 2011) was performed as a detailed
investigation of the 11 cases in which death was
reported in the second questionnaire.
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Statistical analysis
Data were expressed as mean 1 standard deviation.
A c2-test was used to compare splenectomy/PSE
implementation cases, and Student’s t-test and Mann–
Whitney U-test were used for other comparisons.
P < 0.05 indicated statistically significant difference.

RESULTS

FOR THE FIRST and second questionnaire, responses
were obtained from internists, surgeons and radiolo-

gists (Table 1). For the third questionnaire, responses
were obtained from all 10 institutes (11 patients died
in 10 institutes: 100% recovery of the questionnaire
sheets).

Standard platelet count required to initiate
IFN treatment and the initial dose of IFN for
patients with low platelet count
Eighty-nine percent (95/107) of institutes began IFN
treatment even when the platelet count was less than
100 ¥ 109 platelets/L. The adherence to IFN treatment of
the patients was also answered. In the patients with a
platelet count of 80 ¥ 109 platelets/L or more before IFN
treatment, 90% (72/80) of the institutions initiated
therapy with a sufficient (380% of the normal dose)
initial dose of IFN. However, among patients with a
platelet count of less than 80 ¥ 109 platelets/L, only
27% (25/93) started treatment with an insufficient
(<80% of the normal dose) initial dose of IFN. Thus,
many patients with a platelet count of less than
80 ¥ 109 platelets/L prior to IFN introduction received a
dose of IFN that was reduced to a level at which the IFN
SVR rate was predicted to be low.

Implementation status of splenectomy/PSE
prior to IFN treatment in patients with low
platelet counts
The questionnaire results clarified that splenectomy
and/or PSE were performed in 61% of the specialized
institutes providing IFN therapy.

The platelet count that each institute considered when
performing splenectomy/PSE before IFN treatment was
64 ¥ 109

1 18 ¥ 109 platelets/L (n = 25) for splenectomy

and 79 ¥ 109
1 14 ¥ 109 platelets/L (n = 24) for PSE,

with splenectomy having a significantly low value com-
pared to PSE (P = 0.002).

Reasons for not performing splenectomy
In the questionnaire given to the internists (114 insti-
tutes), 60 institutes responded “splenectomy is not
performed for IFN treatment”.

In these 60 institutes, 28 described the possible severe
complications as the reason for not carrying out sple-
nectomy. Of these 28 institutes, four institutes that
performed splenectomy for IFN treatment in the past
experienced cases of portal thrombosis.

In the 26 institutes in which the surgeon-specific ques-
tionnaire was completed, 18 (69%) were performing
splenectomy before IFN treatment; of these institutes,
59% experienced cases of portal thrombosis. In the
questionnaire with internists and surgeons as subjects,
the respondents strongly indicated complications as a
reason for not performing splenectomy.

Reasons for not performing PSE
From the questionnaire that targeted internists (114
institutes), 70 institutes responded “PSE is not per-
formed for IFN treatment”.

In these 70 institutes, 36 described the possible
severe complications as the reason for not performing
splenectomy.

Of the 10 institutes in which questionnaires were
completed by radiologists, one institute responded that
PSE should not be performed for IFN treatment because
of complication issues.

Platelet count transition and period before
IFN treatment initiation following
splenectomy/PSE
The changes in platelet count following splenectomy/
PSE were investigated at each institute (Fig. 1), and a
significantly increased platelet count was observed after
carrying out splenectomy or PSE. However, this platelet
count increase appeared to be higher and more sus-
tained in patients who underwent splenectomy relative
to those that underwent PSE. IFN administration was
initiated within 1 - 3 months following PSE and within

Table 1 Questionnaire collection rates

Internists Surgeons Radiologists

1st response 32% (107/336) 52% (24/46) 23% (7/31)
2nd response 34% (114/336) 57% (26/46) 32% (10/31)
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The rate of hepatocellular carcinoma (HCC) develop-
ment increases with the progression of liver fibrosis,
and the annual occurrence rate in HCV positive Japa-
nese cirrhotic patients is high (~7–8%).1 The incidence
of HCC significantly decreases after viral eradication
by IFN treatment (sustained viral response [SVR]) in
patients with HCV-related CLD, even in patients with
liver cirrhosis.2–5 However, the SVR rate in cirrhotic
patients with HCV genotype 1b is approximately 25%,
that is significantly lower than that of chronic hepatitis
patients (~50%). Hypersplenism due to portal hyper-
tension is believed to be one of the causes of the
low SVR rate of IFN treatment observed in cirrhotic
patients.6–9 In patients with hypersplenism, reducing
the dose or discontinuing IFN is often required because
of their thrombocytopenia and/or granulocytopenia.
Furthermore, with the combined use of ribavirin
(RBV), the adherence to treatment declines in associa-
tion with the degree of anemia. Discontinuing or
reducing the dose of antiviral agents (IFN and/or
RBV) decreases the SVR rate,10,11 and the presence of
hypersplenism-related pancytopenia can be a major
cause of this decrease. In particular, a low platelet
count is the main factor that is linked to the discon-
tinuation of IFN treatment. Therefore, in order to
increase the platelet count and improve adherence to
antiviral agents, splenectomy/partial splenic emboliza-
tion (PSE) before the initiation of IFN therapy
is considered a useful option for patients with
hypersplenism-linked pancytopenia.12–23

In Japan, it is recommended that splenectomy/PSE be
performed on patients with a low platelet count before
IFN treatment, as specified in the Guidelines for Chronic
Hepatitis C of 2008 and onwards.24 However, neither
splenectomy nor PSE is recommended in guidelines
outside of Japan. Therefore, it is important and neces-
sary to investigate whether these surgical or interven-
tional treatments for anti-hypersplenism should be a
standard precursor to IFN treatment for patients with a
low platelet count. In addition, if splenectomy/PSE is
indeed a valid therapeutic option, the patients that
would most benefit from these treatments should be
identified.9,10,25–27

In the present study, we investigated the current state
of the treatment of splenectomy/PSE in HCV positive
patients with low platelet count. We conducted a survey
in the form of a questionnaire that probed the following
topics with regard to splenectomy/PSE: the current
status of implementation, associated complications,
degree of increased platelets and its effect on IFN
treatment.15

METHODS

Subjects

A SURVEY WAS conducted as a part of research by
the “Standards and Clinical Research Aimed at

Establishment of IFN Treatment Towards Cases with
Low Platelet Counts” group from the scientific research
grant from the Ministry of Health, Labor and Welfare in
Japan. The sample included the 413 medical institutes
to which the liver disease specialists (Japan Society of
Hepatology, Board of Councilors of the Western and
Eastern Association, Director of the Liver Cancer Study
Group of Japan, and Councilor of The Japanese Society
of Interventional Radiology) belong. Approval was
obtained from the three associations (the Japan Society
of Hepatology, the Liver Cancer Study Group of Japan
and the Japanese Society of Interventional Radiology)
prior to distributing this questionnaire. This study is a
summary of the questionnaire responses, and ethical
considerations toward patients were ensured by anony-
mizing personal information.

Questionnaires
Three types of questionnaires were prepared with inter-
nists, surgeons and radiologists as the subjects; each type
of questionnaire was sent to 336, 46 and 31 institutes,
respectively. As a general rule, one questionnaire was
sent to one medical institute.

In this study, thrombocytopenia was defined as a
platelet count of less than 100 ¥ 109 platelets/L. A
survey was conducted to determine whether splenec-
tomy or PSE was performed to improve adherence to
IFN treatment in patients with thrombocytopenia, and
the selection criteria for splenectomy/PSE (including a
platelet count and the liver function tests) were also
queried in the first questionnaires (sent in September
2009 and collected on 22 December 2009). The state of
the implementation of splenectomy/PSE was ques-
tioned again in the second questionnaire. The second
questionnaire also focused on the appropriateness of
performing splenectomy or PSE for IFN treatment in
the patients, and investigated the aforementioned
topics, including the efficacy of splenectomy/PSE, com-
plications, and the prevalence of prophylactic adminis-
tration of pneumococcal vaccine (sent in September
2010 and collected on 14 January 2011).28 The third
questionnaire (sent in November 2011 and collected
on 6 December 2011) was performed as a detailed
investigation of the 11 cases in which death was
reported in the second questionnaire.
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Statistical analysis
Data were expressed as mean 1 standard deviation.
A c2-test was used to compare splenectomy/PSE
implementation cases, and Student’s t-test and Mann–
Whitney U-test were used for other comparisons.
P < 0.05 indicated statistically significant difference.

RESULTS

FOR THE FIRST and second questionnaire, responses
were obtained from internists, surgeons and radiolo-

gists (Table 1). For the third questionnaire, responses
were obtained from all 10 institutes (11 patients died
in 10 institutes: 100% recovery of the questionnaire
sheets).

Standard platelet count required to initiate
IFN treatment and the initial dose of IFN for
patients with low platelet count
Eighty-nine percent (95/107) of institutes began IFN
treatment even when the platelet count was less than
100 ¥ 109 platelets/L. The adherence to IFN treatment of
the patients was also answered. In the patients with a
platelet count of 80 ¥ 109 platelets/L or more before IFN
treatment, 90% (72/80) of the institutions initiated
therapy with a sufficient (380% of the normal dose)
initial dose of IFN. However, among patients with a
platelet count of less than 80 ¥ 109 platelets/L, only
27% (25/93) started treatment with an insufficient
(<80% of the normal dose) initial dose of IFN. Thus,
many patients with a platelet count of less than
80 ¥ 109 platelets/L prior to IFN introduction received a
dose of IFN that was reduced to a level at which the IFN
SVR rate was predicted to be low.

Implementation status of splenectomy/PSE
prior to IFN treatment in patients with low
platelet counts
The questionnaire results clarified that splenectomy
and/or PSE were performed in 61% of the specialized
institutes providing IFN therapy.

The platelet count that each institute considered when
performing splenectomy/PSE before IFN treatment was
64 ¥ 109

1 18 ¥ 109 platelets/L (n = 25) for splenectomy

and 79 ¥ 109
1 14 ¥ 109 platelets/L (n = 24) for PSE,

with splenectomy having a significantly low value com-
pared to PSE (P = 0.002).

Reasons for not performing splenectomy
In the questionnaire given to the internists (114 insti-
tutes), 60 institutes responded “splenectomy is not
performed for IFN treatment”.

In these 60 institutes, 28 described the possible severe
complications as the reason for not carrying out sple-
nectomy. Of these 28 institutes, four institutes that
performed splenectomy for IFN treatment in the past
experienced cases of portal thrombosis.

In the 26 institutes in which the surgeon-specific ques-
tionnaire was completed, 18 (69%) were performing
splenectomy before IFN treatment; of these institutes,
59% experienced cases of portal thrombosis. In the
questionnaire with internists and surgeons as subjects,
the respondents strongly indicated complications as a
reason for not performing splenectomy.

Reasons for not performing PSE
From the questionnaire that targeted internists (114
institutes), 70 institutes responded “PSE is not per-
formed for IFN treatment”.

In these 70 institutes, 36 described the possible
severe complications as the reason for not performing
splenectomy.

Of the 10 institutes in which questionnaires were
completed by radiologists, one institute responded that
PSE should not be performed for IFN treatment because
of complication issues.

Platelet count transition and period before
IFN treatment initiation following
splenectomy/PSE
The changes in platelet count following splenectomy/
PSE were investigated at each institute (Fig. 1), and a
significantly increased platelet count was observed after
carrying out splenectomy or PSE. However, this platelet
count increase appeared to be higher and more sus-
tained in patients who underwent splenectomy relative
to those that underwent PSE. IFN administration was
initiated within 1 - 3 months following PSE and within

Table 1 Questionnaire collection rates

Internists Surgeons Radiologists

1st response 32% (107/336) 52% (24/46) 23% (7/31)
2nd response 34% (114/336) 57% (26/46) 32% (10/31)
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3 - 6 months following splenectomy in the majority of
cases (Table 2).

Complications following splenectomy/PSE
The splenectomy-associated complications experienced
in each institute included portal thrombosis (28 of 63
institutes), postoperative infectious diseases (11 of 63
institutes) and ascites (12 of 62 institutes). However, the

incidence of these complications varied depending on
the institute.

In 64 institutes, fever (n = 28), thrombosis (n = 22),
abscess (n = 4) and ascites (n = 12) were reported as
frequent complications after PSE. However, the inci-
dence of these complications also varied depending on
the institute.

From 2005 to 2010, patient deaths were observed in
seven of 788 (0.89%) cases of splenectomy, and in four
of 474 (0.84%) cases of PSE. In nine of the 11 death
cases, there appeared to be causal relationship between
death and splenectomy as well as PSE (a causal relation-
ship was indicated to exist by five of seven institutes for
splenectomy and four of four institutes for PSE).

The age at the time of death ranged 46–70 years, with
many patients older than 60 years. The sex included six
male cases and five female cases, and there were two
cases of chronic hepatitis and nine cases of liver cirrhosis
(Child–Pugh classification grade A, two cases; B, six
cases; and unknown, one case). The cirrhotic patients
that died tended to have higher Child–Pugh scores and
poor residual hepatic function. Pneumococcal vaccine
inoculation was only performed in one splenectomy
patient, and the other 10 patients were not inoculated.
The cause of death was related to infectious diseases in
nine cases (there was one patient with an apparent
pneumococcal infection who was not inoculated with a
pneumococcal vaccine). In most cases, death occurred
within 3 months after treatment (splenectomy or PSE),
although it also occurred over 3 months after treatment.
Three patients died during IFN treatment (two cases
after splenectomy, one case after PSE). Two patients
died within 3 months after IFN treatment (two cases
after splenectomy) (Table 3).

SVR rate of cases in which IFN treatment
was performed following splenectomy
or PSE
Among patients with low platelet count, IFN treatment
was introduced in 92% (236/257) of the cases in which
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Figure 1 Platelet count transition of each institute following
splenectomy/partial splenic embolization (PSE); average plate-
let count number of institutes. The bold line represents
the transition of the mean platelet counts of each institute.
(a) Splenectomy cases. (b) PSE cases. Table 2 Period from splenectomy/PSE to initiation of IFN

treatment

Splenectomy (n = 64) PSE (n = 56)

Within 1 month 6 (9%) 23 (42%)
>1 to 3 months 26 (41%) 23 (42%)
>3 to 6 months 17 (27%) 6 (10%)
>6 to 12 months 8 (12%) 3 (5%)
>12 months 7 (11%) 1 (1%)

IFN, interferon; PSE, partial splenic embolization.
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splenectomy was performed for IFN, 94% (295/314) of
the cases in which PSE was performed for IFN, and 84%
(241/285) of cases in which such pretreatment (splenec-
tomy or PSE) was not performed before the introduc-
tion of IFN. Discontinuation of IFN occurred in 22% of
cases of splenectomy, 28% of cases of PSE and 33% of
those without pretreatment. Due to the pretreatment,
the IFN introduction rates were increased (P < 0.001)
and discontinuation rate declined (P = 0.02).

The pretreatment platelet count was 64 ¥ 109
1

17 ¥ 109 platelets/L in splenectomy cases and 76 ¥
109
1 21 ¥ 109 platelets/L in PSE cases, while that

of cases without pretreatment was 85 ¥ 109
1 16 ¥

109 platelets/L. In patients with a platelet count of
80 ¥ 109 platelets/L or more, the majority of IFN treat-
ments were without pretreatment to increase the platelet
count.

The tabulation of the IFN treatment effects of cases
in each institute is shown in Table 4. The SVR rate of
cases of HCV genotype 1b and high viral load was 42 of
228 (22%) for the PSE group and 63 of 228 (28%) for
the splenectomy group, with an odds ratio of 0.78
(P = 0.19). The SVR rate of so-called “others” (patients
other than those with genotype 1b and high viral load)
was 62 of 110 (56%) for the PSE group and 84 of 119
(71%) for the splenectomy group, with an odds ratio of
0.54 (P = 0.025). Additionally, in the “others” group,
the SVR rate following IFN treatment was higher in

patients who underwent splenectomy compared to that
of patients who underwent PSE.

DISCUSSION

THE PRESENT STUDY was conducted to clarify the
current conditions of splenectomy/PSE performed

for the purpose of IFN treatment. This was the first
national questionnaire conducted in Japan, and no
similar studies have been reported previously. The
results of these questionnaires revealed that the lower
limit of the platelet count achieved prior to IFN admin-
istration varied widely depending on the institute in

Table 3 Period from splenectomy/PSE to death

Splenectomy (7 cases of death) PSE (4 cases of death)

Within 3 months 3 3
§Postoperative bleeding (hemophilia) §Thrombocytopenia, cerebral hemorrhage
§Pancreatic fistula, local infection §Pneumonia, ARDS, sepsis (MRSA)
§Intra-abdominal abscess (MRSA) §Peritonitis

Within 6 months 0 1
†Spondylodiscitis, sepsis

Within 1 year 2 0
†SAH, bacteremia (MRSA)
‡Sepsis

Within 2 years 1 0
‡Liver failure, suspect of SBP

Over 2 years 1 0
†Pneumococcal infection

†Death occurred during IFN treatment.
‡Death occurred within 3 months after IFN treatment.
§Death except † and ‡.
ARDS, acute respiratory distress syndrome; MRSA, methicillin-resistant Staphylococcus aureus; PSE, partial splenic embolization; SAH,
subarachnoid hemorrhage; SBP, spontaneous bacterial peritonitis.

Table 4 SVR rate of IFN treatment following splenectomy/PSE

Splenectomy PSE P (odds ratio)

1b-high 28% (63/228) 22% (42/190) 0.19 (0.74)
Others 71% (84/119) 56% (62/110) 0.025 (0.54)

A difference in SVR rate was observed between splenectomy and
PSE groups. In patients with hepatitis C virus genotype 1b and a
high viral load, there was no significant difference in the low
SVR rate. The SVR rate was high in cases other than those of a 1b
genotype/high viral load, with splenectomy having a significantly
higher SVR rate compared to PSE.
IFN, interferon; PSE, partial splenic embolization; SVR, sustained
virological response.
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3 - 6 months following splenectomy in the majority of
cases (Table 2).

Complications following splenectomy/PSE
The splenectomy-associated complications experienced
in each institute included portal thrombosis (28 of 63
institutes), postoperative infectious diseases (11 of 63
institutes) and ascites (12 of 62 institutes). However, the

incidence of these complications varied depending on
the institute.

In 64 institutes, fever (n = 28), thrombosis (n = 22),
abscess (n = 4) and ascites (n = 12) were reported as
frequent complications after PSE. However, the inci-
dence of these complications also varied depending on
the institute.

From 2005 to 2010, patient deaths were observed in
seven of 788 (0.89%) cases of splenectomy, and in four
of 474 (0.84%) cases of PSE. In nine of the 11 death
cases, there appeared to be causal relationship between
death and splenectomy as well as PSE (a causal relation-
ship was indicated to exist by five of seven institutes for
splenectomy and four of four institutes for PSE).

The age at the time of death ranged 46–70 years, with
many patients older than 60 years. The sex included six
male cases and five female cases, and there were two
cases of chronic hepatitis and nine cases of liver cirrhosis
(Child–Pugh classification grade A, two cases; B, six
cases; and unknown, one case). The cirrhotic patients
that died tended to have higher Child–Pugh scores and
poor residual hepatic function. Pneumococcal vaccine
inoculation was only performed in one splenectomy
patient, and the other 10 patients were not inoculated.
The cause of death was related to infectious diseases in
nine cases (there was one patient with an apparent
pneumococcal infection who was not inoculated with a
pneumococcal vaccine). In most cases, death occurred
within 3 months after treatment (splenectomy or PSE),
although it also occurred over 3 months after treatment.
Three patients died during IFN treatment (two cases
after splenectomy, one case after PSE). Two patients
died within 3 months after IFN treatment (two cases
after splenectomy) (Table 3).

SVR rate of cases in which IFN treatment
was performed following splenectomy
or PSE
Among patients with low platelet count, IFN treatment
was introduced in 92% (236/257) of the cases in which
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Figure 1 Platelet count transition of each institute following
splenectomy/partial splenic embolization (PSE); average plate-
let count number of institutes. The bold line represents
the transition of the mean platelet counts of each institute.
(a) Splenectomy cases. (b) PSE cases. Table 2 Period from splenectomy/PSE to initiation of IFN

treatment

Splenectomy (n = 64) PSE (n = 56)

Within 1 month 6 (9%) 23 (42%)
>1 to 3 months 26 (41%) 23 (42%)
>3 to 6 months 17 (27%) 6 (10%)
>6 to 12 months 8 (12%) 3 (5%)
>12 months 7 (11%) 1 (1%)

IFN, interferon; PSE, partial splenic embolization.
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splenectomy was performed for IFN, 94% (295/314) of
the cases in which PSE was performed for IFN, and 84%
(241/285) of cases in which such pretreatment (splenec-
tomy or PSE) was not performed before the introduc-
tion of IFN. Discontinuation of IFN occurred in 22% of
cases of splenectomy, 28% of cases of PSE and 33% of
those without pretreatment. Due to the pretreatment,
the IFN introduction rates were increased (P < 0.001)
and discontinuation rate declined (P = 0.02).

The pretreatment platelet count was 64 ¥ 109
1

17 ¥ 109 platelets/L in splenectomy cases and 76 ¥
109
1 21 ¥ 109 platelets/L in PSE cases, while that

of cases without pretreatment was 85 ¥ 109
1 16 ¥

109 platelets/L. In patients with a platelet count of
80 ¥ 109 platelets/L or more, the majority of IFN treat-
ments were without pretreatment to increase the platelet
count.

The tabulation of the IFN treatment effects of cases
in each institute is shown in Table 4. The SVR rate of
cases of HCV genotype 1b and high viral load was 42 of
228 (22%) for the PSE group and 63 of 228 (28%) for
the splenectomy group, with an odds ratio of 0.78
(P = 0.19). The SVR rate of so-called “others” (patients
other than those with genotype 1b and high viral load)
was 62 of 110 (56%) for the PSE group and 84 of 119
(71%) for the splenectomy group, with an odds ratio of
0.54 (P = 0.025). Additionally, in the “others” group,
the SVR rate following IFN treatment was higher in

patients who underwent splenectomy compared to that
of patients who underwent PSE.

DISCUSSION

THE PRESENT STUDY was conducted to clarify the
current conditions of splenectomy/PSE performed

for the purpose of IFN treatment. This was the first
national questionnaire conducted in Japan, and no
similar studies have been reported previously. The
results of these questionnaires revealed that the lower
limit of the platelet count achieved prior to IFN admin-
istration varied widely depending on the institute in

Table 3 Period from splenectomy/PSE to death

Splenectomy (7 cases of death) PSE (4 cases of death)

Within 3 months 3 3
§Postoperative bleeding (hemophilia) §Thrombocytopenia, cerebral hemorrhage
§Pancreatic fistula, local infection §Pneumonia, ARDS, sepsis (MRSA)
§Intra-abdominal abscess (MRSA) §Peritonitis

Within 6 months 0 1
†Spondylodiscitis, sepsis

Within 1 year 2 0
†SAH, bacteremia (MRSA)
‡Sepsis

Within 2 years 1 0
‡Liver failure, suspect of SBP

Over 2 years 1 0
†Pneumococcal infection

†Death occurred during IFN treatment.
‡Death occurred within 3 months after IFN treatment.
§Death except † and ‡.
ARDS, acute respiratory distress syndrome; MRSA, methicillin-resistant Staphylococcus aureus; PSE, partial splenic embolization; SAH,
subarachnoid hemorrhage; SBP, spontaneous bacterial peritonitis.

Table 4 SVR rate of IFN treatment following splenectomy/PSE

Splenectomy PSE P (odds ratio)

1b-high 28% (63/228) 22% (42/190) 0.19 (0.74)
Others 71% (84/119) 56% (62/110) 0.025 (0.54)

A difference in SVR rate was observed between splenectomy and
PSE groups. In patients with hepatitis C virus genotype 1b and a
high viral load, there was no significant difference in the low
SVR rate. The SVR rate was high in cases other than those of a 1b
genotype/high viral load, with splenectomy having a significantly
higher SVR rate compared to PSE.
IFN, interferon; PSE, partial splenic embolization; SVR, sustained
virological response.

Hepatology Research 2014; 44: 829–836 Splenectomy/PSE for IFN treatment 833

© 2013 The Japan Society of Hepatology

— 217 —



Japan. Currently, for pegylated (PEG) IFN-a-2a/RBV
treatment of liver cirrhosis, Japanese insurance consid-
ers a platelet count of 75 ¥ 109 platelets/L or more as
the standard count for treatment initiation and less
than 50 ¥ 109 platelets/L as that for discontinuation.
However, it is now clear that half of the specialized
institutes surveyed were initiating IFN therapy even in
patients with platelet counts below the recommended
value, and 9% of institutes were administrating IFN
even in patients with platelet counts below the standard
discontinuation value. Moreover, there was dispropor-
tionate selection and application of splenectomy and/or
PSE, perhaps because each institute tended to select its
experienced method. Therefore, in order to obtain con-
sensus in the future, it is necessary to investigate the
actual situation of splenectomy/PSE treatment in HCV
positive patients with a low platelet count through the
collection of clinical data.

Beneficial information regarding the effects of sple-
nectomy and/or PSE on IFN treatment for the patients
was also obtained from this questionnaire. The platelet
counts increased after splenectomy and/or PSE, thus
resulting in the improvement of adherence to IFN treat-
ment. However, an increased SVR rate was not promi-
nent in patients with HCV genotype 1b and a high viral
load. It was presumed that if the viral factor shows
IFN-resistant characteristics and liver cirrhosis exists as
an intractable factor on the patient side, only a small
number of patients will achieve a SVR with PEG
IFN/RBV treatment, despite increased platelet counts
and IFN adherence following splenectomy and/or PSE.
However, in the case of “others”, a relatively high SVR
rate was observed (Table 4). Interestingly, the SVR rate
of the “others” splenectomy group was significantly
higher than that of the “others” PSE group, despite the
pretreatment platelet count being lower in the splenec-
tomy group than that of the PSE group. If the platelet
count is less than 80 ¥ 109 platelets/L in cases of
“others,” anti-hypersplenism treatment should be per-
formed to increase the platelet count, and we suggest
that splenectomy should be selected because of its
strong effect on the increase of the platelet count.

Many complications regarding patients’ safety were
observed in both splenectomy and PSE groups, and it
should be noted that slightly less than 1% cases resulted
in death. Most patients had liver cirrhosis. These
patients typically have several medical problems that
can become severe if they are not receiving anti-HCV
therapy, including decompensated cirrhosis and/or the
development of HCC. However, the high mortality rate
reported in the present study should not be overlooked.

We recommend that the application of splenectomy/
PSE prior to IFN treatment should be chosen with
careful consideration.

At present, splenectomy/PSE is also mentioned in the
Guidelines for IFN Treatments in Liver Cirrhosis C in
Japan as treatments for patients with low platelet
counts, although the risk of death due to splenectomy/
PSE for the purpose of IFN treatment has not been
studied previously. Death was related to infections
in many cases, but the rate of pneumococcal vaccine
inoculation was low in cases of death. According to the
questionnaire results, within institutes administrating
pneumococcal vaccines when performing splenectomy,
the vaccination rate was 80% or more in the department
of internal medicine and 60% or more in the surgical
department; however, this rate was only approximately
20% for PSE. The pneumococcal vaccine is inoculated at
a high rate for splenectomy based on the recommenda-
tions from the insurance guidelines29 and infection pre-
vention guidelines.30–32 In contrast, there is no evidence
indicating the usefulness of pneumococcal vaccine
inoculation when performing PSE, in which splenic
function is preserved. Therefore, this vaccine was not
given to patients undergoing PSE in many cases.
However, considering the fact that most causes of death
were related to infections, pneumococcal vaccine inocu-
lation should also be necessary when carrying out PSE.
Moreover, vaccinations against bacteria other than Strep-
tococcus pneumoniae such as Haemophilus influenzae type
b (Hib) and Neisseria meningitidis, which mainly exhibit
immune reactions in the spleen, may be important to
administrate before splenectomy and/or PSE.33–36

Deaths were primarily observed in Child–Pugh B or C
cirrhotic patients and those aged above 60 years. There-
fore, splenectomy/PSE must be applied with care in
patients with poor residual hepatic function and elderly
patients.37,38

As a result of this questionnaire, we determined that
adherence to IFN treatment was increased by splenec-
tomy and/or PSE; however, in patients with HCV geno-
type 1b and a high viral load, the rate of SVR was not
improved. Therefore, splenectomy and/or PSE must be
limited to the cases in which IFN is likely to be effective.
In addition, it is essential to predict the sensitivity of IFN
treatment by evaluating the IFN sensitivity-determining
region of HCV, core domain amino acid 70 of HCV and
interleukin-28B, as well as hepatic functional reserves
and age before splenectomy and/or PSE. In the future,
treatment by various oral therapeutic agents (direct anti-
viral agents) may be selected without administrating
IFN for patients with low platelet counts.39,40
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Japan. Currently, for pegylated (PEG) IFN-a-2a/RBV
treatment of liver cirrhosis, Japanese insurance consid-
ers a platelet count of 75 ¥ 109 platelets/L or more as
the standard count for treatment initiation and less
than 50 ¥ 109 platelets/L as that for discontinuation.
However, it is now clear that half of the specialized
institutes surveyed were initiating IFN therapy even in
patients with platelet counts below the recommended
value, and 9% of institutes were administrating IFN
even in patients with platelet counts below the standard
discontinuation value. Moreover, there was dispropor-
tionate selection and application of splenectomy and/or
PSE, perhaps because each institute tended to select its
experienced method. Therefore, in order to obtain con-
sensus in the future, it is necessary to investigate the
actual situation of splenectomy/PSE treatment in HCV
positive patients with a low platelet count through the
collection of clinical data.

Beneficial information regarding the effects of sple-
nectomy and/or PSE on IFN treatment for the patients
was also obtained from this questionnaire. The platelet
counts increased after splenectomy and/or PSE, thus
resulting in the improvement of adherence to IFN treat-
ment. However, an increased SVR rate was not promi-
nent in patients with HCV genotype 1b and a high viral
load. It was presumed that if the viral factor shows
IFN-resistant characteristics and liver cirrhosis exists as
an intractable factor on the patient side, only a small
number of patients will achieve a SVR with PEG
IFN/RBV treatment, despite increased platelet counts
and IFN adherence following splenectomy and/or PSE.
However, in the case of “others”, a relatively high SVR
rate was observed (Table 4). Interestingly, the SVR rate
of the “others” splenectomy group was significantly
higher than that of the “others” PSE group, despite the
pretreatment platelet count being lower in the splenec-
tomy group than that of the PSE group. If the platelet
count is less than 80 ¥ 109 platelets/L in cases of
“others,” anti-hypersplenism treatment should be per-
formed to increase the platelet count, and we suggest
that splenectomy should be selected because of its
strong effect on the increase of the platelet count.

Many complications regarding patients’ safety were
observed in both splenectomy and PSE groups, and it
should be noted that slightly less than 1% cases resulted
in death. Most patients had liver cirrhosis. These
patients typically have several medical problems that
can become severe if they are not receiving anti-HCV
therapy, including decompensated cirrhosis and/or the
development of HCC. However, the high mortality rate
reported in the present study should not be overlooked.

We recommend that the application of splenectomy/
PSE prior to IFN treatment should be chosen with
careful consideration.

At present, splenectomy/PSE is also mentioned in the
Guidelines for IFN Treatments in Liver Cirrhosis C in
Japan as treatments for patients with low platelet
counts, although the risk of death due to splenectomy/
PSE for the purpose of IFN treatment has not been
studied previously. Death was related to infections
in many cases, but the rate of pneumococcal vaccine
inoculation was low in cases of death. According to the
questionnaire results, within institutes administrating
pneumococcal vaccines when performing splenectomy,
the vaccination rate was 80% or more in the department
of internal medicine and 60% or more in the surgical
department; however, this rate was only approximately
20% for PSE. The pneumococcal vaccine is inoculated at
a high rate for splenectomy based on the recommenda-
tions from the insurance guidelines29 and infection pre-
vention guidelines.30–32 In contrast, there is no evidence
indicating the usefulness of pneumococcal vaccine
inoculation when performing PSE, in which splenic
function is preserved. Therefore, this vaccine was not
given to patients undergoing PSE in many cases.
However, considering the fact that most causes of death
were related to infections, pneumococcal vaccine inocu-
lation should also be necessary when carrying out PSE.
Moreover, vaccinations against bacteria other than Strep-
tococcus pneumoniae such as Haemophilus influenzae type
b (Hib) and Neisseria meningitidis, which mainly exhibit
immune reactions in the spleen, may be important to
administrate before splenectomy and/or PSE.33–36

Deaths were primarily observed in Child–Pugh B or C
cirrhotic patients and those aged above 60 years. There-
fore, splenectomy/PSE must be applied with care in
patients with poor residual hepatic function and elderly
patients.37,38

As a result of this questionnaire, we determined that
adherence to IFN treatment was increased by splenec-
tomy and/or PSE; however, in patients with HCV geno-
type 1b and a high viral load, the rate of SVR was not
improved. Therefore, splenectomy and/or PSE must be
limited to the cases in which IFN is likely to be effective.
In addition, it is essential to predict the sensitivity of IFN
treatment by evaluating the IFN sensitivity-determining
region of HCV, core domain amino acid 70 of HCV and
interleukin-28B, as well as hepatic functional reserves
and age before splenectomy and/or PSE. In the future,
treatment by various oral therapeutic agents (direct anti-
viral agents) may be selected without administrating
IFN for patients with low platelet counts.39,40
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Case Report

Serum amyloid A and C-reactive protein positive nodule in
alcoholic liver cirrhosis, hard to make definite diagnosis
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We describe a case of serum amyloid A (SAA) and C-reactive
protein (CRP) positive nodule detected by immunohistochemi-
cal analysis in a 37-year-old woman with alcohol-related
cirrhosis. Imaging studies at first admission pointed to
hepatocellular carcinoma (HCC), a dysplastic nodule, an
inflammatory pseudotumor or focal nodular hyperplasia
(FNH). Ultrasonography-guided biopsy in Segment 2 showed
minimal atypical changes, except for a slight increase in cell
density and micronodular cirrhosis in the non-nodular por-
tion. gadolinium-ethoxybenzyl-diethylenetriamine pentaace-
tic acid-enhanced magnetic resonance imaging carried out
after a year and a half revealed hypervascularity in the arterial
phase and isointensity in the hepatobiliary phase. Three years
thereafter, however, the imaging displayed a change from
isointensity to a defect in the hepatobiliary phase, and the
nodule demonstratedminimal histological atypia. Immunohis-
tochemical staining of the nodule was positive for SAA, CRP,
liver fatty acid-binding protein and glutamine synthetase, but

negative for b-catenin, heat shock protein 70 and Glypican 3.
Organic anion transporter (OATP)8 staining was weaker in the
nodule than in the non-nodular portion of the alcohol-related
micronodular cirrhosis. The nodule was diagnosed as an SAA
and CRP positive nodule, and HCC was ruled out. Despite the
change from isointensity to a defect in the hepatobiliary
phase, no evidence of HCC was found in the biopsy specimen.
The change may be explained more by the weak OATP8 stain-
ing compared with that of alcohol-related liver cirrhosis than
by malignant transformation into HCC.

Key words: alcohol-related liver cirrhosis, defect in the
hepatobiliary phase, focal nodular hyperplasia,
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic
acid-enhanced magnetic resonance imaging, hepatocellular
carcinoma, inflammatory hepatocellular adenoma

INTRODUCTION

THE CLASSIFICATION AND nomenclature of benign
hepatocytic nodules is largely based on a document

written by the International Working Party in 1995.1

Several important advances since, have necessitated the
updating of the classification, especially with regard
to hepatocellular adenoma (HCA) and focal nodular
hyperplasia (FNH). HCA is a benign neoplastic lesion
and FNH a non-neoplastic hyperplastic lesion. The risk
of malignant transformation and hemorrhage is higher
in HCA than in FNH, therefore clinical differentiation of
the two lesions is very important.

Alcohol abuse in some cases gives rise to hyperplastic
nodules such as FNH-like nodules that are usually
associated with hypervascularity.2,3 The nodules show
hypervascularity and/or a tumor stain on angiography
resembling the imaging findings of hepatocellular
carcinoma (HCC). Development of the newly intro-
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We describe a case of serum amyloid A (SAA) and C-reactive
protein (CRP) positive nodule detected by immunohistochemi-
cal analysis in a 37-year-old woman with alcohol-related
cirrhosis. Imaging studies at first admission pointed to
hepatocellular carcinoma (HCC), a dysplastic nodule, an
inflammatory pseudotumor or focal nodular hyperplasia
(FNH). Ultrasonography-guided biopsy in Segment 2 showed
minimal atypical changes, except for a slight increase in cell
density and micronodular cirrhosis in the non-nodular por-
tion. gadolinium-ethoxybenzyl-diethylenetriamine pentaace-
tic acid-enhanced magnetic resonance imaging carried out
after a year and a half revealed hypervascularity in the arterial
phase and isointensity in the hepatobiliary phase. Three years
thereafter, however, the imaging displayed a change from
isointensity to a defect in the hepatobiliary phase, and the
nodule demonstratedminimal histological atypia. Immunohis-
tochemical staining of the nodule was positive for SAA, CRP,
liver fatty acid-binding protein and glutamine synthetase, but

negative for b-catenin, heat shock protein 70 and Glypican 3.
Organic anion transporter (OATP)8 staining was weaker in the
nodule than in the non-nodular portion of the alcohol-related
micronodular cirrhosis. The nodule was diagnosed as an SAA
and CRP positive nodule, and HCC was ruled out. Despite the
change from isointensity to a defect in the hepatobiliary
phase, no evidence of HCC was found in the biopsy specimen.
The change may be explained more by the weak OATP8 stain-
ing compared with that of alcohol-related liver cirrhosis than
by malignant transformation into HCC.
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INTRODUCTION

THE CLASSIFICATION AND nomenclature of benign
hepatocytic nodules is largely based on a document

written by the International Working Party in 1995.1

Several important advances since, have necessitated the
updating of the classification, especially with regard
to hepatocellular adenoma (HCA) and focal nodular
hyperplasia (FNH). HCA is a benign neoplastic lesion
and FNH a non-neoplastic hyperplastic lesion. The risk
of malignant transformation and hemorrhage is higher
in HCA than in FNH, therefore clinical differentiation of
the two lesions is very important.

Alcohol abuse in some cases gives rise to hyperplastic
nodules such as FNH-like nodules that are usually
associated with hypervascularity.2,3 The nodules show
hypervascularity and/or a tumor stain on angiography
resembling the imaging findings of hepatocellular
carcinoma (HCC). Development of the newly intro-
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duced diagnostic imaging technique, gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-
EOB-DTPA)-enhanced magnetic resonance imaging
(MRI), has provided higher rates in the detection of
small HCC and other intrahepatic nodular lesions.
Gd-EOB-DTPA has unique pharmacodynamics of being
taken up by hepatocytes and then excreted into bile
ducts; it shows considerable potential as a new imaging
method for differentiating benign nodules such as HCA
and FNH from malignant ones such as HCC.

Here, we describe the case of serum amyloid A (SAA)
and C-reactive protein (CRP) positive nodule detected
through immunohistochemical studies and differenti-
ated from HCC in a 37-year-old woman with alcohol-
related liver cirrhosis, characterized by hypervascularity
in the arterial phase and defect in the hepatobiliary
phase, as determined through Gd-EOB-DTPA-enhanced
MRI.

CASE REPORT

A37-YEAR-OLD JAPANESE woman was admitted to
our hospital in 2006 for further examination of a

22-mm hypoechoic nodule in the liver. The patient’s
alcohol consumption over the previous 10 years was
120 g/day; she had no past history of taking oral con-
traception; she was 161 cm tall, weighed 57 kg and her
body mass index (BMI) was 22. A physical examina-
tion on admission showed moderate splenomegaly
and palmar erythema but no other remarkable abnor-
malities. The serum was negative for hepatitis C virus
antibody, hepatitis B surface antigen and hepatitis B
core antibody. Laboratory data on admission disclosed
the following abnormal values: platelets, 3.6 ¥ 104/mL
(normal, 13.4–34.9); aspartate aminotransferase,
198 U/L (normal, 10–40); alanine aminotransferase,
49 U/L (normal, 5–40); alkaline phosphokinase,
409 U/L (normal, 115–359); thymol turbidity, 19.3 U
(normal, 24.0); zinc surface turbidity, 29.4 U (normal,
2.0–12.0); indocyanine green retention rate at 15 min,
57% (normal, <10); g-globulin, 37.6% (normal, 10.8–
19.6); and CRP, 1.37 mg/dL (normal, 20.30). The
levels of tumor markers were as follows: a-fetoprotein
(AFP), 15.3 ng/mL (normal, 210); Lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3), 4.3%
(normal, <10.0); and protein-induced vitamin K
absence (PIVKA-II), 33 mAU/mL (normal, <40).

B-mode ultrasonography (US) disclosed several hypo-
echoic nodules (<20 mm in both lobes) and a 22-mm
hypoechoic nodule in segment two (S2). Those hypo-
echoic nodules less than 20 mm in both lobes were

hypervascular nodules without venous washout, and
histologically, they were diagnosed as alcoholic-related
cirrhosis without HCC. We focused on the 22-mm
nodule because of its size of over 20 mm and character-
istic imaging features. Imaging studies revealed the
following: Sonazoid (GE Healthcare, Amersham, Buck-
inghamshire, UK) contrast-enhanced US disclosed
hypervascularity in the arterial phase and a defect in the
Kupffer phase; contrast-enhanced computed tomogra-
phy (CT) revealed enhancement in the arterial phase
and washout in the equilibrium phase; CT during
hepatic arteriography revealed hyperattenuation;
however, CT during arterial portography failed to
generate images of blood flow because of collateral
formations; MRI revealed high intensity and isointensity
on T1- and T2-weighted sequences, respectively; Gd-
contrast-enhanced MRI revealed hypervascularity in the
arterial phase and washout in the equilibrium phase;
super paramagnetic iron oxide (SPIO)-MRI revealed
isointensity.

Ultrasonography-guided biopsy in S2 showed
micronodular cirrhosis in the non-nodular portion.
Histologically, the nodular lesion showed minimal
atypical changes except for a slight increase in cell
density in the parenchymal tissue (Fig. 1a). An abnor-
mally thick artery was observed in the portal tract
within the nodule (Fig. 1b). In the interstitial compo-
nents, some portal tracts showed inflammatory cell
infiltration and ductular reaction (Fig. 1c). Also, the
nodule was positive for Berlin blue staining. Nonethe-
less, these findings were not sufficient to differentiate
between FNH and HCA. Histological analysis of HE
staining revealed no specific findings of FNH, HCA,
HCC or of other pathologies such as hemangioma,
hemangioendothelioma, inflammatory pseudotumor,
pseudolymphoma or metastatic liver cancer. Immuno-
histochemical staining of the nodule was positive for
SAA and CRP, leading to suspicion of inflammatory
HCA. Negative b-catenin and weakly positive
glutamine synthetase (GS) around veins were not
indicative of b-catenin-activated HCA. Liver fatty
acid-binding protein (L-FABP) was positive for, but
not indicative of, hepatocyte nuclear factor (HNF)1a-
inactivated HCA. Heat shock protein (HSP)70 and
Glypican (GPC)3 were negative, but not indicative of
very well-differentiated HCC. The weak staining of
the nodule by organic anion transporter (OATP)8
compared with that of the non-nodular lesion was
compatible with the imaging findings of Gd-EOB-
DTPA-enhanced MRI (Table 1). The lesion was kept
under careful observation without any treatment.
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Follow-up imaging examinations were carried out
at the patient’s readmission in 2008. Gd-EOB-DTPA-
enhanced MRI revealed hypervascularity in the arterial
phase and isointensity (Fig. 2a), but no defect, in the
hepatobiliary phase.

In 2011, imaging examinations were carried out.
B-mode US revealed several hypoechoic nodules in both
lobes and a 22-mm hypoechoic one in S2 (Fig. 2b). CT
and CT arterioportal angiography disclosed the same
imaging findings as in 2006. Gd-EOB-DTPA-enhanced
MRI, however, revealed hypervascularity in the arterial
phase (Fig. 2c) but, this time, a defect in the hepatobil-
iary phase (Fig. 2d). Tumor markers including AFP,
AFP-L3 and PIVKA-II demonstrated no change. Biopsy
was carried out, and histopathological findings includ-
ing immunohistological staining of SAA (Fig. 3a),
CRP, HSP70, GPC3, L-FABP, b-catenin, GS and OATP8
(Fig. 3b,c) were the same as those in 2006, irrespective
of the change from isointensity to a defect in the hepa-
tobiliary phase determined by Gd-EOB-DTPA-enhanced
MRI (Table 1).

DISCUSSION

VARIOUS BENIGN NODULAR lesions, as well as
HCC, are routinely detected in the clinical setting.

Among such benign hepatocellular nodular lesions,
FNH and HCA are sometimes very difficult to differen-
tiate from each other through both imaging modalities
and biopsy analyses. FNH has been reported in 0.6–3%
of the general population4 and is 10-times more fre-
quently observed than HCA in referral centers.4 In
approximately two-thirds of such cases, FNH is solitary.

Most cases of FNH are diagnosed by chance, but
some are symptomatic. FNH is associated with vascular
abnormalities including hepatic hemangioma, which
supports the concept of a vascular component in the
pathogenesis of this lesion.5,6

Hepatocellular adenoma is a rare tumor observed in
various clinical settings or by chance. It is important to
stress that, at present, HCA cannot be identified conclu-
sively by any currently available imaging technique.
Hemangioma, hemangioendothelioma, inflammatory
pseudotumor, pseudolymphoma and metastatic liver
cancer need to be differentiated. HCA can, at best, only
be strongly suspected, which may lead to liver biopsy or
even surgical resection when the diagnosis is refuted.

Studies that correlate lesional genotypes with pheno-
types form the basis of a new histological/molecular
classification of HCA.7 Based on two molecular criteria
(HNF1a mutations and b-catenin mutations) and an
additional histological criterion (the presence/absence
of inflammation), subgroups of HCA7 can be defined
and distinguished from FNH.8 Although there are
several nomenclatures of HCA subclassification, HCA
can now, according to a new World Health Organiza-
tion (WHO) classification edited in 2010,9 be subclassi-
fied into four categories: (i) HNF1a-inactivated HCA
(tumors with HNF1a mutation with steatosis, lack
of cytological abnormalities, no inflammatory infil-
trate and negative liver fatty acid protein expression);
(ii) b-catenin-activated HCA (tumors with b-catenin
mutation with frequent cytological abnormalities and
pseudoglandular formation); (iii) inflammatory HCA
(telangiectatic/inflammatory HCA without HNF1a
or b-catenin activation with cytological abnormalities,

a b

c

Figure 1 Histopathological findings of
the biopsied specimen of the nodule in
S2. The nodular lesion tissue shows
minimal atypical changes except for
a slight increase in cell density
(hematoxylin–eosin [HE]) (a). An
abnormally thick artery is seen in the
portal tract within the nodule (HE
stain) (b). A serial section of the speci-
men shows a bile duct, proving this
figure is a portal tract. Within and
around another portal tract, inflam-
matory cell infiltration and ductular
reaction are observed (immunohisto-
chemical staining with cytokeratin 7)
(c).
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duced diagnostic imaging technique, gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-
EOB-DTPA)-enhanced magnetic resonance imaging
(MRI), has provided higher rates in the detection of
small HCC and other intrahepatic nodular lesions.
Gd-EOB-DTPA has unique pharmacodynamics of being
taken up by hepatocytes and then excreted into bile
ducts; it shows considerable potential as a new imaging
method for differentiating benign nodules such as HCA
and FNH from malignant ones such as HCC.

Here, we describe the case of serum amyloid A (SAA)
and C-reactive protein (CRP) positive nodule detected
through immunohistochemical studies and differenti-
ated from HCC in a 37-year-old woman with alcohol-
related liver cirrhosis, characterized by hypervascularity
in the arterial phase and defect in the hepatobiliary
phase, as determined through Gd-EOB-DTPA-enhanced
MRI.

CASE REPORT

A37-YEAR-OLD JAPANESE woman was admitted to
our hospital in 2006 for further examination of a

22-mm hypoechoic nodule in the liver. The patient’s
alcohol consumption over the previous 10 years was
120 g/day; she had no past history of taking oral con-
traception; she was 161 cm tall, weighed 57 kg and her
body mass index (BMI) was 22. A physical examina-
tion on admission showed moderate splenomegaly
and palmar erythema but no other remarkable abnor-
malities. The serum was negative for hepatitis C virus
antibody, hepatitis B surface antigen and hepatitis B
core antibody. Laboratory data on admission disclosed
the following abnormal values: platelets, 3.6 ¥ 104/mL
(normal, 13.4–34.9); aspartate aminotransferase,
198 U/L (normal, 10–40); alanine aminotransferase,
49 U/L (normal, 5–40); alkaline phosphokinase,
409 U/L (normal, 115–359); thymol turbidity, 19.3 U
(normal, 24.0); zinc surface turbidity, 29.4 U (normal,
2.0–12.0); indocyanine green retention rate at 15 min,
57% (normal, <10); g-globulin, 37.6% (normal, 10.8–
19.6); and CRP, 1.37 mg/dL (normal, 20.30). The
levels of tumor markers were as follows: a-fetoprotein
(AFP), 15.3 ng/mL (normal, 210); Lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3), 4.3%
(normal, <10.0); and protein-induced vitamin K
absence (PIVKA-II), 33 mAU/mL (normal, <40).

B-mode ultrasonography (US) disclosed several hypo-
echoic nodules (<20 mm in both lobes) and a 22-mm
hypoechoic nodule in segment two (S2). Those hypo-
echoic nodules less than 20 mm in both lobes were

hypervascular nodules without venous washout, and
histologically, they were diagnosed as alcoholic-related
cirrhosis without HCC. We focused on the 22-mm
nodule because of its size of over 20 mm and character-
istic imaging features. Imaging studies revealed the
following: Sonazoid (GE Healthcare, Amersham, Buck-
inghamshire, UK) contrast-enhanced US disclosed
hypervascularity in the arterial phase and a defect in the
Kupffer phase; contrast-enhanced computed tomogra-
phy (CT) revealed enhancement in the arterial phase
and washout in the equilibrium phase; CT during
hepatic arteriography revealed hyperattenuation;
however, CT during arterial portography failed to
generate images of blood flow because of collateral
formations; MRI revealed high intensity and isointensity
on T1- and T2-weighted sequences, respectively; Gd-
contrast-enhanced MRI revealed hypervascularity in the
arterial phase and washout in the equilibrium phase;
super paramagnetic iron oxide (SPIO)-MRI revealed
isointensity.

Ultrasonography-guided biopsy in S2 showed
micronodular cirrhosis in the non-nodular portion.
Histologically, the nodular lesion showed minimal
atypical changes except for a slight increase in cell
density in the parenchymal tissue (Fig. 1a). An abnor-
mally thick artery was observed in the portal tract
within the nodule (Fig. 1b). In the interstitial compo-
nents, some portal tracts showed inflammatory cell
infiltration and ductular reaction (Fig. 1c). Also, the
nodule was positive for Berlin blue staining. Nonethe-
less, these findings were not sufficient to differentiate
between FNH and HCA. Histological analysis of HE
staining revealed no specific findings of FNH, HCA,
HCC or of other pathologies such as hemangioma,
hemangioendothelioma, inflammatory pseudotumor,
pseudolymphoma or metastatic liver cancer. Immuno-
histochemical staining of the nodule was positive for
SAA and CRP, leading to suspicion of inflammatory
HCA. Negative b-catenin and weakly positive
glutamine synthetase (GS) around veins were not
indicative of b-catenin-activated HCA. Liver fatty
acid-binding protein (L-FABP) was positive for, but
not indicative of, hepatocyte nuclear factor (HNF)1a-
inactivated HCA. Heat shock protein (HSP)70 and
Glypican (GPC)3 were negative, but not indicative of
very well-differentiated HCC. The weak staining of
the nodule by organic anion transporter (OATP)8
compared with that of the non-nodular lesion was
compatible with the imaging findings of Gd-EOB-
DTPA-enhanced MRI (Table 1). The lesion was kept
under careful observation without any treatment.
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Follow-up imaging examinations were carried out
at the patient’s readmission in 2008. Gd-EOB-DTPA-
enhanced MRI revealed hypervascularity in the arterial
phase and isointensity (Fig. 2a), but no defect, in the
hepatobiliary phase.

In 2011, imaging examinations were carried out.
B-mode US revealed several hypoechoic nodules in both
lobes and a 22-mm hypoechoic one in S2 (Fig. 2b). CT
and CT arterioportal angiography disclosed the same
imaging findings as in 2006. Gd-EOB-DTPA-enhanced
MRI, however, revealed hypervascularity in the arterial
phase (Fig. 2c) but, this time, a defect in the hepatobil-
iary phase (Fig. 2d). Tumor markers including AFP,
AFP-L3 and PIVKA-II demonstrated no change. Biopsy
was carried out, and histopathological findings includ-
ing immunohistological staining of SAA (Fig. 3a),
CRP, HSP70, GPC3, L-FABP, b-catenin, GS and OATP8
(Fig. 3b,c) were the same as those in 2006, irrespective
of the change from isointensity to a defect in the hepa-
tobiliary phase determined by Gd-EOB-DTPA-enhanced
MRI (Table 1).

DISCUSSION

VARIOUS BENIGN NODULAR lesions, as well as
HCC, are routinely detected in the clinical setting.

Among such benign hepatocellular nodular lesions,
FNH and HCA are sometimes very difficult to differen-
tiate from each other through both imaging modalities
and biopsy analyses. FNH has been reported in 0.6–3%
of the general population4 and is 10-times more fre-
quently observed than HCA in referral centers.4 In
approximately two-thirds of such cases, FNH is solitary.

Most cases of FNH are diagnosed by chance, but
some are symptomatic. FNH is associated with vascular
abnormalities including hepatic hemangioma, which
supports the concept of a vascular component in the
pathogenesis of this lesion.5,6

Hepatocellular adenoma is a rare tumor observed in
various clinical settings or by chance. It is important to
stress that, at present, HCA cannot be identified conclu-
sively by any currently available imaging technique.
Hemangioma, hemangioendothelioma, inflammatory
pseudotumor, pseudolymphoma and metastatic liver
cancer need to be differentiated. HCA can, at best, only
be strongly suspected, which may lead to liver biopsy or
even surgical resection when the diagnosis is refuted.

Studies that correlate lesional genotypes with pheno-
types form the basis of a new histological/molecular
classification of HCA.7 Based on two molecular criteria
(HNF1a mutations and b-catenin mutations) and an
additional histological criterion (the presence/absence
of inflammation), subgroups of HCA7 can be defined
and distinguished from FNH.8 Although there are
several nomenclatures of HCA subclassification, HCA
can now, according to a new World Health Organiza-
tion (WHO) classification edited in 2010,9 be subclassi-
fied into four categories: (i) HNF1a-inactivated HCA
(tumors with HNF1a mutation with steatosis, lack
of cytological abnormalities, no inflammatory infil-
trate and negative liver fatty acid protein expression);
(ii) b-catenin-activated HCA (tumors with b-catenin
mutation with frequent cytological abnormalities and
pseudoglandular formation); (iii) inflammatory HCA
(telangiectatic/inflammatory HCA without HNF1a
or b-catenin activation with cytological abnormalities,

a b

c

Figure 1 Histopathological findings of
the biopsied specimen of the nodule in
S2. The nodular lesion tissue shows
minimal atypical changes except for
a slight increase in cell density
(hematoxylin–eosin [HE]) (a). An
abnormally thick artery is seen in the
portal tract within the nodule (HE
stain) (b). A serial section of the speci-
men shows a bile duct, proving this
figure is a portal tract. Within and
around another portal tract, inflam-
matory cell infiltration and ductular
reaction are observed (immunohisto-
chemical staining with cytokeratin 7)
(c).
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ductular reaction, inflammatory infiltrates and frequent
gp130 mutation); and (iv) unclassified HCA (tumors
without any mutation/activation and no inflammatory
infiltrate).5,7

Recently, unique hypervascular nodule mimicry
and FNH-like lesions in alcohol-related liver cirrhosis
have been clinicopathologically discussed intensely
because their imaging and pathological findings are
similar to those of HCC;2 also, they appear hypervascu-
lar, resembling HCC. Moreover, their biopsy specimens

usually display histological features similar to well-
differentiated HCC. Unless clinicians and pathologists
are aware of the aspects of this disease, they tend to
misdiagnose it as HCC. The lesion is characteristically
an FNH-like one, simply found in the liver of heavy
drinkers.3

In the current case, hypervascularity in the arterial
phase and a defect in the Kupffer phase were observed
on Sonazoid contrast-enhanced US; hypervascularity in
the early phase and venous washout in the late phase

a b

c d

Figure 2 Imaging findings of the
nodule in S2. gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA)-enhanced magnetic
resonance imaging (MRI) in 2008
shows the nodule as isointensive in
the hepatobiliary phase (arrow) (a). In
2011, B-mode ultrasonography reveals
a hypoechoic nodule (arrow) (b);
Gd-EOB-DTPA-enhanced MRI reveals
a hypervascular nodule in the arterial
phase (arrow) (c), but a defect in the
hepatobiliary phase (arrow) (d).

a

b c

Figure 3 Immunohistochemical stain-
ing of serum amyloid A is positive (a).
Organic anion transporter 8 staining is
weaker in the nodule (b) than in the
non-nodular lesion (c).
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ductular reaction, inflammatory infiltrates and frequent
gp130 mutation); and (iv) unclassified HCA (tumors
without any mutation/activation and no inflammatory
infiltrate).5,7

Recently, unique hypervascular nodule mimicry
and FNH-like lesions in alcohol-related liver cirrhosis
have been clinicopathologically discussed intensely
because their imaging and pathological findings are
similar to those of HCC;2 also, they appear hypervascu-
lar, resembling HCC. Moreover, their biopsy specimens

usually display histological features similar to well-
differentiated HCC. Unless clinicians and pathologists
are aware of the aspects of this disease, they tend to
misdiagnose it as HCC. The lesion is characteristically
an FNH-like one, simply found in the liver of heavy
drinkers.3

In the current case, hypervascularity in the arterial
phase and a defect in the Kupffer phase were observed
on Sonazoid contrast-enhanced US; hypervascularity in
the early phase and venous washout in the late phase

a b

c d

Figure 2 Imaging findings of the
nodule in S2. gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA)-enhanced magnetic
resonance imaging (MRI) in 2008
shows the nodule as isointensive in
the hepatobiliary phase (arrow) (a). In
2011, B-mode ultrasonography reveals
a hypoechoic nodule (arrow) (b);
Gd-EOB-DTPA-enhanced MRI reveals
a hypervascular nodule in the arterial
phase (arrow) (c), but a defect in the
hepatobiliary phase (arrow) (d).

a

b c

Figure 3 Immunohistochemical stain-
ing of serum amyloid A is positive (a).
Organic anion transporter 8 staining is
weaker in the nodule (b) than in the
non-nodular lesion (c).
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were observed on contrast-enhanced CT and MRI.
MRI findings for each type of HCA have already
been reported.10 The telangiectatic/inflammatory HCA
subtype is characterized by a -intensity signal on
T2-weighted sequences; however, the current case did
not show similar findings on MRI (Table 1). Thus,
although the nodule was compatible with the diagnosis
of HCC from imaging studies, no histological evidence
of HCC was confirmed by immunohistochemical
staining with HSP70 and GPC3. Accordingly, at first,
the nodule was diagnosed as an FNH-like lesion in
alcohol-related liver cirrhosis without evidence of
HCC.11 Typical histopathological features of classic
FNH include clear, well-delimited, but non-
encapsulated, lesions composed of hepatocellular
nodules, a central scar and radiating fibrous cords. The
fibrous regions typically contain large dystrophic arter-
ies and ductular reaction, and frequently lymphocytic
infiltration is observed. FNH may be diagnosed by
needle liver biopsies. Nonetheless, diagnosing FNH
may be difficult if one or several major signs are absent
or weak (central scar, ductular reaction), if FNH is stea-
totic, if the nodules are small or if FNH occurs unchar-
acteristically (i.e. in men, or in another tumoral context
such as adenomatosis, primary malignant tumors), jus-
tifying the use of several immunostains, such as cytok-
eratin 7 and 19, CD34 and more recently L-FABP and
SAA, used in identifying HCA subtypes. In all such dif-
ficult cases, GS immunostaining could be very useful
for establishing a proper diagnosis, with no overexpres-
sion of inflammatory proteins such as SAA and CRP
that characterize inflammatory HCA.12 In the current
case, GS immunostaining appeared weakly positive
around veins without map-like patterns that character-
ize FNH. Recently, nodules previously termed “telang-
iectatic FNH”, because of their display of abnormal
arteries often associated with a ductular reaction, have
with the use of genotypic and phenotypic markers been
demonstrated as inflammatory/telangiectatic HCA.8 In
the current case, precise immunohistochemical findings
including SAA and CRP were compatible with inflam-
matory HCA. The elevated level of serum CRP sup-
ported the diagnosis of inflammatory HCA clinically,
especially that in 50% of cases serum levels of CRP are
elevated in inflammatory HCA.13 Inflammatory HCA
frequently develops in patients with a high BMI and
excessive alcohol consumption, suggesting that alcohol
consumption and obesity play a direct role in the ini-
tiation of tumorigenesis in inflammatory HCA.13 In
the current case, alcohol abuse, but no obesity, was
observed.

In this case, differentiating the nodule between FNH
and HCA was difficult. A differential diagnosis of
this nodule remains controversial, however. According
to WHO classification, positivity of SAA and CRP by
immunohistochemical analysis is compatible with
HCA. Nonetheless, liver cirrhosis seen in this case has
not been reported as a background of HCA;7 however, a
new type of SAA positive tumor in alcoholic patients has
been recently reported.14

Moreover, an abnormally thick artery in the portal
tract and Fe deposition observed by Berlin blue staining
in this nodule are compatible with FNH-like lesions in
alcoholic cirrhosis. We suppose that there is no proof
that FNH does not show immunohistological staining
like HCA. As a matter of fact, inflammatory HCA lesions
were formerly called telangiectatic FNH because of his-
tological features of FNH with telangiectasia.8 Conse-
quently, the nodule was diagnosed as an SAA and CRP
positive one in alcoholic liver cirrhosis by immunohis-
tochemical studies. Further case accumulation and
precise study is needed to obtain a definite diagnosis of
such nodules.

A risk of malignant transformation in telangiectatic/
inflammatory HCA without b-catenin mutation may be
markedly low;5 however, no long-term studies on the
transformation of HCA into HCC have been made.
Malignancy has recently been described only in
adenomas larger than 4 cm, occurring more often in
men than in women.15 Imaging criteria to detect malig-
nant transformation are often disappointing except
when signs of invasion, such as vascular invasion, are
present. A change in the size of a lesion in cirrhotic
patients with dysplastic nodules has proved informa-
tive, but this has not yet been adequately evaluated in
adenomas.

A newly introduced contrast agent, Gd-EOB-DTPA,
approved in Japan in 2008, is a hepatocyte-specific MRI
contrast medium with a different mechanism that uti-
lizes neither dynamic nor Kupffer cell imaging. It is
useful in cases difficult to diagnose by techniques
such as dynamic MRI or SPIO-MRI. In typical HCC,
Gd-EOB-DTPA shows high intensity in the arterial-
dominant phase and low intensity in the portal-
dominant phase and thereafter. Moreover, the imaging
diagnosis of HCC can be made approximately
10–20 min after the injection of Gd-EOB-DTPA. In
other words, a defect in the hepatobiliary phase is
pivotal in the diagnosis of small HCC. The diagnostic
sensitivity of Gd-EOB-DTPA-enhanced MRI in HCC
less than 2 cm is 76.5% in all nodules and 75.0% in
moderately differentiated HCC.16
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In the current case, the change from isointensity
(2008) to a defect (2011) in the hepatobiliary
phase, detected through Gd-EOB-DTPA-enhanced MRI
imaging, was observed irrespective of no change in size.
From the viewpoint of imaging studies, this could be
interpreted as malignant transformation into HCC. As
evaluated by histopathology and immunohistochemis-
try, malignant transformation into HCC was not
observed. The change from isointensity to a defect
through Gd-EOB-DTPA-enhanced MRI imaging may be
explained more by the weak OATP8 staining compared
with that of the non-nodular lesion than by malignant
transformation into HCC. Recently, an FNH-like nodule
with reduced expression of OATP8 in alcoholic liver
cirrhosis has been presented,17 although the reason is
not clear. The authors emphasized that the weak OATP8
staining does not mean the occurrence of HCC in such
cases. That was compatible with our case. In addition,
weak OATP8 staining is sometimes observed in dysplas-
tic nodules without malignant transformation, although
the reason is also not clear.18 In fact, weak OATP8 stain-
ing was observed in the biopsy specimens obtained in
2006 and 2011. Further follow up of the current case is
needed to observe the occurrence of malignant transfor-
mation into HCC and to characterize nodules located in
other segments.
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were observed on contrast-enhanced CT and MRI.
MRI findings for each type of HCA have already
been reported.10 The telangiectatic/inflammatory HCA
subtype is characterized by a -intensity signal on
T2-weighted sequences; however, the current case did
not show similar findings on MRI (Table 1). Thus,
although the nodule was compatible with the diagnosis
of HCC from imaging studies, no histological evidence
of HCC was confirmed by immunohistochemical
staining with HSP70 and GPC3. Accordingly, at first,
the nodule was diagnosed as an FNH-like lesion in
alcohol-related liver cirrhosis without evidence of
HCC.11 Typical histopathological features of classic
FNH include clear, well-delimited, but non-
encapsulated, lesions composed of hepatocellular
nodules, a central scar and radiating fibrous cords. The
fibrous regions typically contain large dystrophic arter-
ies and ductular reaction, and frequently lymphocytic
infiltration is observed. FNH may be diagnosed by
needle liver biopsies. Nonetheless, diagnosing FNH
may be difficult if one or several major signs are absent
or weak (central scar, ductular reaction), if FNH is stea-
totic, if the nodules are small or if FNH occurs unchar-
acteristically (i.e. in men, or in another tumoral context
such as adenomatosis, primary malignant tumors), jus-
tifying the use of several immunostains, such as cytok-
eratin 7 and 19, CD34 and more recently L-FABP and
SAA, used in identifying HCA subtypes. In all such dif-
ficult cases, GS immunostaining could be very useful
for establishing a proper diagnosis, with no overexpres-
sion of inflammatory proteins such as SAA and CRP
that characterize inflammatory HCA.12 In the current
case, GS immunostaining appeared weakly positive
around veins without map-like patterns that character-
ize FNH. Recently, nodules previously termed “telang-
iectatic FNH”, because of their display of abnormal
arteries often associated with a ductular reaction, have
with the use of genotypic and phenotypic markers been
demonstrated as inflammatory/telangiectatic HCA.8 In
the current case, precise immunohistochemical findings
including SAA and CRP were compatible with inflam-
matory HCA. The elevated level of serum CRP sup-
ported the diagnosis of inflammatory HCA clinically,
especially that in 50% of cases serum levels of CRP are
elevated in inflammatory HCA.13 Inflammatory HCA
frequently develops in patients with a high BMI and
excessive alcohol consumption, suggesting that alcohol
consumption and obesity play a direct role in the ini-
tiation of tumorigenesis in inflammatory HCA.13 In
the current case, alcohol abuse, but no obesity, was
observed.

In this case, differentiating the nodule between FNH
and HCA was difficult. A differential diagnosis of
this nodule remains controversial, however. According
to WHO classification, positivity of SAA and CRP by
immunohistochemical analysis is compatible with
HCA. Nonetheless, liver cirrhosis seen in this case has
not been reported as a background of HCA;7 however, a
new type of SAA positive tumor in alcoholic patients has
been recently reported.14

Moreover, an abnormally thick artery in the portal
tract and Fe deposition observed by Berlin blue staining
in this nodule are compatible with FNH-like lesions in
alcoholic cirrhosis. We suppose that there is no proof
that FNH does not show immunohistological staining
like HCA. As a matter of fact, inflammatory HCA lesions
were formerly called telangiectatic FNH because of his-
tological features of FNH with telangiectasia.8 Conse-
quently, the nodule was diagnosed as an SAA and CRP
positive one in alcoholic liver cirrhosis by immunohis-
tochemical studies. Further case accumulation and
precise study is needed to obtain a definite diagnosis of
such nodules.

A risk of malignant transformation in telangiectatic/
inflammatory HCA without b-catenin mutation may be
markedly low;5 however, no long-term studies on the
transformation of HCA into HCC have been made.
Malignancy has recently been described only in
adenomas larger than 4 cm, occurring more often in
men than in women.15 Imaging criteria to detect malig-
nant transformation are often disappointing except
when signs of invasion, such as vascular invasion, are
present. A change in the size of a lesion in cirrhotic
patients with dysplastic nodules has proved informa-
tive, but this has not yet been adequately evaluated in
adenomas.

A newly introduced contrast agent, Gd-EOB-DTPA,
approved in Japan in 2008, is a hepatocyte-specific MRI
contrast medium with a different mechanism that uti-
lizes neither dynamic nor Kupffer cell imaging. It is
useful in cases difficult to diagnose by techniques
such as dynamic MRI or SPIO-MRI. In typical HCC,
Gd-EOB-DTPA shows high intensity in the arterial-
dominant phase and low intensity in the portal-
dominant phase and thereafter. Moreover, the imaging
diagnosis of HCC can be made approximately
10–20 min after the injection of Gd-EOB-DTPA. In
other words, a defect in the hepatobiliary phase is
pivotal in the diagnosis of small HCC. The diagnostic
sensitivity of Gd-EOB-DTPA-enhanced MRI in HCC
less than 2 cm is 76.5% in all nodules and 75.0% in
moderately differentiated HCC.16
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In the current case, the change from isointensity
(2008) to a defect (2011) in the hepatobiliary
phase, detected through Gd-EOB-DTPA-enhanced MRI
imaging, was observed irrespective of no change in size.
From the viewpoint of imaging studies, this could be
interpreted as malignant transformation into HCC. As
evaluated by histopathology and immunohistochemis-
try, malignant transformation into HCC was not
observed. The change from isointensity to a defect
through Gd-EOB-DTPA-enhanced MRI imaging may be
explained more by the weak OATP8 staining compared
with that of the non-nodular lesion than by malignant
transformation into HCC. Recently, an FNH-like nodule
with reduced expression of OATP8 in alcoholic liver
cirrhosis has been presented,17 although the reason is
not clear. The authors emphasized that the weak OATP8
staining does not mean the occurrence of HCC in such
cases. That was compatible with our case. In addition,
weak OATP8 staining is sometimes observed in dysplas-
tic nodules without malignant transformation, although
the reason is also not clear.18 In fact, weak OATP8 stain-
ing was observed in the biopsy specimens obtained in
2006 and 2011. Further follow up of the current case is
needed to observe the occurrence of malignant transfor-
mation into HCC and to characterize nodules located in
other segments.
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Prognostic Impact of Spontaneous Tumor Rupture in Patients
With Hepatocellular Carcinoma

An Analysis of 1160 Cases From a Nationwide Survey
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Objective: The aim of the present study was to investigate the background
characteriscs of ruptured hepatocellular carcinoma (HCC) and to clarify the
true impact of tumor rupture on patient prognosis in a large patient cohort.
Background: Spontaneous tumor rupture of HCC has been associated with
a very poor patient prognosis and the current TNM staging systems classify
ruptured HCC as T4 based on insufficient evidence.
Methods: In total, 1106 patients with ruptured HCC were extracted from the
database of a nationwide survey conducted in Japan from 2000 to 2005. The
clinicopathological parameters associated with HCC rupture were investigated
using univariate and multivariate logistic regression models. The survival
curves for ruptured and nonruptured HCC were generated and compared to
evaluate the impact of the event (rupture) itself on patient prognosis and the
TNM staging systems.
Results: The multivariate analyses showed that tumor rupture was associated
with both a poor liver functional reserve and an advanced tumor status. Anal-
yses of the survival curves stratified according to the baseline TNM staging
showed that tumor rupture had an additional impact on the baseline survival
curves without rupture, and the impact corresponded to the addition of 0.5 to
2 stages to the baseline tumor staging.
Conclusions: The present study suggested that tumor rupture itself had a
negative impact on patient survival. However, its impact was not strong enough
to cancel the effects of the other tumor-related parameters. Therefore, it may
be appropriate to give additional stages to the baseline tumor staging in cases
of ruptured HCC.
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T he spontaneous rupture of hepatocellular carcinoma (HCC) is
a life-threatening presentation of this disease. The incidence of

spontaneous tumor rupture has been reported to be 10% of deaths
from HCC in Japan,1 but this figure decreased to 6.4% in a recent
report,2 probably in response to advances in imaging modalities and
the development of a surveillance system for patients infected with
hepatitis B virus (HBV) or hepatitis C virus (HCV). However, some
primary cases are still found as a result of such catastrophic events.
Previous studies have reported that the prognosis of ruptured HCC is
dismal, and that spontaneous tumor rupture occurs at an adavanced
tumor stage in patients with a poor liver functional reserve, although
the mechanism of spontaneous tumor rupture remains unclear.3 The
1-month mortality rate ranged from 34% to 71%, with a median sur-
vival period of 7 to 21 weeks in previous series.1,4–17 As a result, the
current TNM staging systems for HCC, including the fifth edition of
the Liver Cancer Study Group of Japan (LCSGJ) classification18 and
the seventh edition of the AJCC/UICC (American Joint Committee
on Cancer/Union for International Cancer Control) classification,19

assign all ruptured HCC tumors to T4 (Tables 1 and 2). However,
the true impact of tumor rupture itself on patient survival has not
been clarified because of the small number of patients, especially pa-
tients in relatively early stages, enrolled in previous studies, and the
significance of tumor rupture in the tumor staging system has been
provisional.

In the present study, we used the LCSGJ database containing
information from nationwide surveys in Japan and collected data for
over 1000 patients with ruptured HCC. The aim of the present study
was to identify the clinicopathological parameters associated with
the spontaneous tumor rupture of HCC and to assess the true impact
of tumor rupture on patient survival as well as on the current TNM
staging systems.

METHODS
Japanese Nationwide Survey of HCC Patients

The LCSGJ has conducted biannual nationwide surveys of pa-
tients with HCC since 1970 and has updated the survival data of the
enrolled patients. Eight hundred institutions in Japan have partici-
pated in the surveys and have answered more than 180 questionnaires
regarding patient characteristics, diagnostic findings, treatment selec-
tion, treatment findings, and patient outcome. Since the 16th survey
(2000–2001), questions regarding spontaneous tumor rupture have
been added to conduct this cohort study. In the first step, the physi-
cians at the participating institutions completed the questionnaire and
checked the accuracy of the data. In the second step, the nationwide
survey committee checked the data, and whenever there were unusual
data, the participating institution was requested to confirm the data to
ensure the accuracy of the data.

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Patients
We used data collected from the 16th, 17th, and 18th LCSGJ

nationwide surveys (2000–2005). During the study period, 57,444
new patients with HCC were registered and were prospectively fol-
lowed up. Among the 57,444 patients, information concerning the
status of spontaneous tumor rupture and the patient outcome was
available for 49,708 patients; these patients comprised the study co-
hort of the present analyses. Spontaneous tumor rupture was observed
in 1160 patients (2.3%, ruptured HCC group) and was not observed
in 48,548 patients (97.7%, nonruptured HCC group). Tumor rupture
was suspected in 315 patients, but these patients were excluded from
the analyses. The patients were followed up until the end of 2005,
and the patients who were alive at the end of the study period were
censored.

Parameters
The parameters extracted from the database were as follows:

(a) 2 patient demographic parameters (age, sex), (b) 13 background

TABLE 1. LCSGJ Classification (5th Edition)

T – Primary tumor
Criteria 1. Solitary tumor

2. Diameter < 2 cm
3. No vascular or bile duct invasion

T1 All 3 criteria are fullfilled
T2 Two of the 3 criteria are fulfilled.
T3 One of the 3 criteria are fulfilled.
T4 None of the 3 criteria are fulfilled or ruptured HCC

N – Lymph node metastasis
N0 No lymph node metastasis
N1 Lymph node metastasis

M – Distant metastasis
M0 No distant metastasis
M1 Distant metastasis

Japanese TNM staging
T1 T2 T3 T4

N0 and M0 I II III IVA
N1 and M0 IVA IVA IVA IVA
Any N and M1 IVB IVB IVB IVB

clinical data parameters [chronic hepatitis, liver cirrhosis, hepatitis B
antigen (HBsAg), anti-hepatitis C antibody (HCVAb), alcohol abuse,
encephalopathy, ascites, prothrombin time, platelet count, indocya-
nine green retention ratio at 15 minutes (ICGR15), liver damage
according to the LCSGJ classification,20 Child-Pugh grade,21 and
gastroesophageal varices], (c) 9 tumor-related parameters [presence
of spontaneous tumor rupture, number of tumors, maximum tumor
diameter, tumor distribution, the Eggel gross classification,22 portal
venous invasion, hepatic venous invasion, bile duct invasion, serum
level of alpha-fetoprotein (AFP), and plasma level of des-gamma-
carboxy prothrombin (DCP)], (d) main treatment method, and (e)
patient outcome. The tumor-related variables were extracted from the
pathological findings in the surgically resected cases, and from the
radiological findings in the other cases. A tumor stage was assigned
to each patient, excluding the parameter associated with spontaneous
tumor rupture, according to both the LCSGJ classification (fifth edi-
tion) and the UICC classification (seventh edition).

Statistical Analysis
Each parameter was compared between the ruptured HCC

group and the nonruptured HCC group using chi-square tests. There-
after, a multivariate logistic regression analysis was performed to
identify the parameters that were independently associated with spon-
taneous HCC tumor rupture. In the multivariate logistic regression
analysis, parameters for which the values were missing for over 20%
of the study population were excluded. Additional multivariate lo-
gistic regression analyses were conducted for subgroups stratified
according to HBsAg and HCVAb status.

The patient survival curves were generated using the Kaplan-
Meier method for each tumor stage, excluding the spontaneous tumor
rupture parameter, according to the LCSGJ classification (fifth edi-
tion) and the UICC classification (seventh edition) separately for both
the ruptured HCC group and the nonruptured HCC group. The differ-
ences among the curves were examined using the Cox proportional
hazards analysis. Kaplan-Meier curves were also generated accord-
ing to the main treatment methods and were compared. The analyses
were conducted using SAS, Version 9.2. Differences were considered
significant when the P value was less than 0.05.

TABLE 2. UICC Classification (7th Edition)

T – Primary tumor
TX Primary tumor cannot be assessed.
T0 No evidence of primary tumor.
T1 Solitary tumor without vascular invasion.
T2 Solitary tumor with vascular invasion or multiple tumors, none more than 5 cm in greatest dimension.
T3 Multiple tumors any more than 5 cm or tumor involving a major branch of the portal or hepatic vein(s).

T3a: Multiple tumors any more than 5 cm.
T3b: Tumors involving a major branch of the portal or hepatic vein(s).

T4 Tumor(s) with direct invasion of adjacent organs other than the gallbladder or with perforation of visceral peritoneum.

N – Regional lymph nodes
NX Regional lymph nodes cannot be assessed.
N0 No regional lymph node metastasis.
N1 Regional lymph node metastasis.

M – Distant metastasis
M0 No distant metastasis.
M1 Distant metastasis.

UICC TNM staging
T1 T2 T3a T3b T4

N0 and M0 I II IIIA IIIB IIIC
N1 and M0 IVA IVA IVA IVA IVA
Any N and M1 IVB IVB IVB IVB IVB
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Objective: The aim of the present study was to investigate the background
characteriscs of ruptured hepatocellular carcinoma (HCC) and to clarify the
true impact of tumor rupture on patient prognosis in a large patient cohort.
Background: Spontaneous tumor rupture of HCC has been associated with
a very poor patient prognosis and the current TNM staging systems classify
ruptured HCC as T4 based on insufficient evidence.
Methods: In total, 1106 patients with ruptured HCC were extracted from the
database of a nationwide survey conducted in Japan from 2000 to 2005. The
clinicopathological parameters associated with HCC rupture were investigated
using univariate and multivariate logistic regression models. The survival
curves for ruptured and nonruptured HCC were generated and compared to
evaluate the impact of the event (rupture) itself on patient prognosis and the
TNM staging systems.
Results: The multivariate analyses showed that tumor rupture was associated
with both a poor liver functional reserve and an advanced tumor status. Anal-
yses of the survival curves stratified according to the baseline TNM staging
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2 stages to the baseline tumor staging.
Conclusions: The present study suggested that tumor rupture itself had a
negative impact on patient survival. However, its impact was not strong enough
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T he spontaneous rupture of hepatocellular carcinoma (HCC) is
a life-threatening presentation of this disease. The incidence of

spontaneous tumor rupture has been reported to be 10% of deaths
from HCC in Japan,1 but this figure decreased to 6.4% in a recent
report,2 probably in response to advances in imaging modalities and
the development of a surveillance system for patients infected with
hepatitis B virus (HBV) or hepatitis C virus (HCV). However, some
primary cases are still found as a result of such catastrophic events.
Previous studies have reported that the prognosis of ruptured HCC is
dismal, and that spontaneous tumor rupture occurs at an adavanced
tumor stage in patients with a poor liver functional reserve, although
the mechanism of spontaneous tumor rupture remains unclear.3 The
1-month mortality rate ranged from 34% to 71%, with a median sur-
vival period of 7 to 21 weeks in previous series.1,4–17 As a result, the
current TNM staging systems for HCC, including the fifth edition of
the Liver Cancer Study Group of Japan (LCSGJ) classification18 and
the seventh edition of the AJCC/UICC (American Joint Committee
on Cancer/Union for International Cancer Control) classification,19

assign all ruptured HCC tumors to T4 (Tables 1 and 2). However,
the true impact of tumor rupture itself on patient survival has not
been clarified because of the small number of patients, especially pa-
tients in relatively early stages, enrolled in previous studies, and the
significance of tumor rupture in the tumor staging system has been
provisional.

In the present study, we used the LCSGJ database containing
information from nationwide surveys in Japan and collected data for
over 1000 patients with ruptured HCC. The aim of the present study
was to identify the clinicopathological parameters associated with
the spontaneous tumor rupture of HCC and to assess the true impact
of tumor rupture on patient survival as well as on the current TNM
staging systems.

METHODS
Japanese Nationwide Survey of HCC Patients

The LCSGJ has conducted biannual nationwide surveys of pa-
tients with HCC since 1970 and has updated the survival data of the
enrolled patients. Eight hundred institutions in Japan have partici-
pated in the surveys and have answered more than 180 questionnaires
regarding patient characteristics, diagnostic findings, treatment selec-
tion, treatment findings, and patient outcome. Since the 16th survey
(2000–2001), questions regarding spontaneous tumor rupture have
been added to conduct this cohort study. In the first step, the physi-
cians at the participating institutions completed the questionnaire and
checked the accuracy of the data. In the second step, the nationwide
survey committee checked the data, and whenever there were unusual
data, the participating institution was requested to confirm the data to
ensure the accuracy of the data.
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Patients
We used data collected from the 16th, 17th, and 18th LCSGJ

nationwide surveys (2000–2005). During the study period, 57,444
new patients with HCC were registered and were prospectively fol-
lowed up. Among the 57,444 patients, information concerning the
status of spontaneous tumor rupture and the patient outcome was
available for 49,708 patients; these patients comprised the study co-
hort of the present analyses. Spontaneous tumor rupture was observed
in 1160 patients (2.3%, ruptured HCC group) and was not observed
in 48,548 patients (97.7%, nonruptured HCC group). Tumor rupture
was suspected in 315 patients, but these patients were excluded from
the analyses. The patients were followed up until the end of 2005,
and the patients who were alive at the end of the study period were
censored.

Parameters
The parameters extracted from the database were as follows:

(a) 2 patient demographic parameters (age, sex), (b) 13 background

TABLE 1. LCSGJ Classification (5th Edition)

T – Primary tumor
Criteria 1. Solitary tumor

2. Diameter < 2 cm
3. No vascular or bile duct invasion

T1 All 3 criteria are fullfilled
T2 Two of the 3 criteria are fulfilled.
T3 One of the 3 criteria are fulfilled.
T4 None of the 3 criteria are fulfilled or ruptured HCC

N – Lymph node metastasis
N0 No lymph node metastasis
N1 Lymph node metastasis

M – Distant metastasis
M0 No distant metastasis
M1 Distant metastasis

Japanese TNM staging
T1 T2 T3 T4

N0 and M0 I II III IVA
N1 and M0 IVA IVA IVA IVA
Any N and M1 IVB IVB IVB IVB

clinical data parameters [chronic hepatitis, liver cirrhosis, hepatitis B
antigen (HBsAg), anti-hepatitis C antibody (HCVAb), alcohol abuse,
encephalopathy, ascites, prothrombin time, platelet count, indocya-
nine green retention ratio at 15 minutes (ICGR15), liver damage
according to the LCSGJ classification,20 Child-Pugh grade,21 and
gastroesophageal varices], (c) 9 tumor-related parameters [presence
of spontaneous tumor rupture, number of tumors, maximum tumor
diameter, tumor distribution, the Eggel gross classification,22 portal
venous invasion, hepatic venous invasion, bile duct invasion, serum
level of alpha-fetoprotein (AFP), and plasma level of des-gamma-
carboxy prothrombin (DCP)], (d) main treatment method, and (e)
patient outcome. The tumor-related variables were extracted from the
pathological findings in the surgically resected cases, and from the
radiological findings in the other cases. A tumor stage was assigned
to each patient, excluding the parameter associated with spontaneous
tumor rupture, according to both the LCSGJ classification (fifth edi-
tion) and the UICC classification (seventh edition).

Statistical Analysis
Each parameter was compared between the ruptured HCC

group and the nonruptured HCC group using chi-square tests. There-
after, a multivariate logistic regression analysis was performed to
identify the parameters that were independently associated with spon-
taneous HCC tumor rupture. In the multivariate logistic regression
analysis, parameters for which the values were missing for over 20%
of the study population were excluded. Additional multivariate lo-
gistic regression analyses were conducted for subgroups stratified
according to HBsAg and HCVAb status.

The patient survival curves were generated using the Kaplan-
Meier method for each tumor stage, excluding the spontaneous tumor
rupture parameter, according to the LCSGJ classification (fifth edi-
tion) and the UICC classification (seventh edition) separately for both
the ruptured HCC group and the nonruptured HCC group. The differ-
ences among the curves were examined using the Cox proportional
hazards analysis. Kaplan-Meier curves were also generated accord-
ing to the main treatment methods and were compared. The analyses
were conducted using SAS, Version 9.2. Differences were considered
significant when the P value was less than 0.05.

TABLE 2. UICC Classification (7th Edition)

T – Primary tumor
TX Primary tumor cannot be assessed.
T0 No evidence of primary tumor.
T1 Solitary tumor without vascular invasion.
T2 Solitary tumor with vascular invasion or multiple tumors, none more than 5 cm in greatest dimension.
T3 Multiple tumors any more than 5 cm or tumor involving a major branch of the portal or hepatic vein(s).

T3a: Multiple tumors any more than 5 cm.
T3b: Tumors involving a major branch of the portal or hepatic vein(s).

T4 Tumor(s) with direct invasion of adjacent organs other than the gallbladder or with perforation of visceral peritoneum.

N – Regional lymph nodes
NX Regional lymph nodes cannot be assessed.
N0 No regional lymph node metastasis.
N1 Regional lymph node metastasis.

M – Distant metastasis
M0 No distant metastasis.
M1 Distant metastasis.

UICC TNM staging
T1 T2 T3a T3b T4

N0 and M0 I II IIIA IIIB IIIC
N1 and M0 IVA IVA IVA IVA IVA
Any N and M1 IVB IVB IVB IVB IVB
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TABLE 3. Patient Demographics and Basic Clinical Data

Parameter Ruptured (n = 1,160) Non-ruptured (n = 48,548) P value (Chi-square)

Age (<60/≥60) <0.0001

Sex (male/female) 0.0037

Chronic hepatitis (no/suspected/yes) <0.0001

Liver cirrhosis (no/suspected/yes) 0.3632

HBsAg (negative/ positive) <0.0001

HCVAb (negative/ positive) <0.0001

Alcohol (no/yes) 0.0010

Encephalopathy (none/minimal/ moderate) <0.0001

Ascites (no/controllable/ intractable) <0.0001

Prothrombin time (%: <40/40-70/≥70) <0.0001

Platelet count (x103: <50/50-100/≥100) <0.0001

ICG R15 (<10%/ 10-20%/20-40%/ 40%-) <0.0001

Liver damage (A/B/C) <0.0001

Child-Pugh (A/B/C) <0.0001

Gastroesophageal varices (none/ present/ruptured) <0.0001
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RESULTS
Parameters Associated With Spontaneous Tumor
Rupture (Univariate Analyses)

The comparisons between the ruptured HCC group and the
nonruptured HCC group showed that the following patient demo-
graphic and basic clinical data parameters were associated with
spontaneous tumor rupture according to a univariate analysis: age,
chronic hepatitis, HBsAg, HCVAb, alcohol, encephalopathy, ascites,
prothrombin time, platelet count, ICGR15 value, liver damage, Child-
Pugh grade, and gastroesophageal varices (Table 3). In other words,
spontaneous tumor rupture was more frequently observed in patients
with a younger age, positive HBsAg, greater alcohol intake, and a
poorer liver functional reserve. On the other hand, spontaneous tumor
rupture was also more frequently observed in patients with negative
HCVAb, the absence of chronic hepatitis, a higher platelet count, and
a better ICGR15 value.

The same analysis showed that the following tumor-related
parameters were significantly associated with spontaneous tumor
rupture according to a univariate analysis: the number of tumors,
maximum tumor diameter, tumor distribution, the Eggel gross clas-
sification, portal invasion, venous invasion, bile duct invasion, serum
AFP value, and plasma DCP value (Table 4). Namely, spontaneous
tumor rupture occurred more frequently among patients with a more
advanced tumor stage.

Parameters Associated With Spontaneous Tumor
Rupture (Multivariate Analyses)

A multivariate analysis using logistic regression identified the
following parameters as being independently associated with spon-
taneous tumor rupture: maximum tumor diameter [odds ratio (OR):
16.34 (>5 cm vs. ≤2 cm); 4.66 (2–5 cm vs. ≤2 cm); 3.50 (>5 cm
vs. 2–5 cm)], Child-Pugh grade (OR: 2.57), plasma DCP value (OR:
1.66), platelet count (OR: 1.60), age (OR: 0.71), and the Eggel gross
classification (OR: 1.42) (Table 5). The risk of spontaneous tumor
rupture increased linearly with the increase in tumor size, and there
were no clearcut thresholds. The model selected contained 25,404
cases.

Additional multiple logistic regression analyses were con-
ducted for subgroups stratified according to HBsAg and HCVAb sta-
tus: ie, an HBsAg(+) and HCVAB(–) group (n = 6220), an HBsAg(–)
and HCVAb(+) group (n = 32,097), and an HBsAg(–) and HCVAb(–
) group (n = 8028). As the number of patients who were positive
for both HBsAg and HCVAb was relatively small compared with
the other groups (n = 894), these patients were excluded from the
subanalyses. The tumor size and Child-Pugh grade were indepen-
dent significant parameters in all 3 subgroups. In the HBsAg(+) and
HCVAb(–) group, the plasma DCP value was also associated with
spontaneous tumor rupture; in the HBsAg(–) and HCVAb(+) group,
tumor-related parameters (plasma DCP value, number of tumors, and

TABLE 4. Tumor-Related Data

Parameter Ruptured (n = 1,160) Non-ruptured (n = 48,548) P value (Chi-square)

Number of tumors (1/2/3 or more) <0.0001

Maximum tumor Diameter (cm: <2/2-5/≥5) <0.0001

Tumor distribution(unilobar/bilobar) <0.0001

Eggel’s classification (nodular/massive/ diffuse) <0.0001

Portal invasion (negative/positive) <0.0001

Venous invasion (negative/positive) <0.0001

Bile duct invasion (negative/positive) <0.0001

AFP∗ (ng/mL: <15/15-200/200-400/≥400) <0.0001

DCP† (mAU/mL: <40/40-100/≥100) <0.0001

∗Alpha-fetoprotein.
†Des-gamma-carboxy prothrombin.
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TABLE 3. Patient Demographics and Basic Clinical Data

Parameter Ruptured (n = 1,160) Non-ruptured (n = 48,548) P value (Chi-square)

Age (<60/≥60) <0.0001

Sex (male/female) 0.0037

Chronic hepatitis (no/suspected/yes) <0.0001

Liver cirrhosis (no/suspected/yes) 0.3632

HBsAg (negative/ positive) <0.0001

HCVAb (negative/ positive) <0.0001

Alcohol (no/yes) 0.0010

Encephalopathy (none/minimal/ moderate) <0.0001

Ascites (no/controllable/ intractable) <0.0001

Prothrombin time (%: <40/40-70/≥70) <0.0001

Platelet count (x103: <50/50-100/≥100) <0.0001

ICG R15 (<10%/ 10-20%/20-40%/ 40%-) <0.0001

Liver damage (A/B/C) <0.0001

Child-Pugh (A/B/C) <0.0001

Gastroesophageal varices (none/ present/ruptured) <0.0001
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RESULTS
Parameters Associated With Spontaneous Tumor
Rupture (Univariate Analyses)

The comparisons between the ruptured HCC group and the
nonruptured HCC group showed that the following patient demo-
graphic and basic clinical data parameters were associated with
spontaneous tumor rupture according to a univariate analysis: age,
chronic hepatitis, HBsAg, HCVAb, alcohol, encephalopathy, ascites,
prothrombin time, platelet count, ICGR15 value, liver damage, Child-
Pugh grade, and gastroesophageal varices (Table 3). In other words,
spontaneous tumor rupture was more frequently observed in patients
with a younger age, positive HBsAg, greater alcohol intake, and a
poorer liver functional reserve. On the other hand, spontaneous tumor
rupture was also more frequently observed in patients with negative
HCVAb, the absence of chronic hepatitis, a higher platelet count, and
a better ICGR15 value.

The same analysis showed that the following tumor-related
parameters were significantly associated with spontaneous tumor
rupture according to a univariate analysis: the number of tumors,
maximum tumor diameter, tumor distribution, the Eggel gross clas-
sification, portal invasion, venous invasion, bile duct invasion, serum
AFP value, and plasma DCP value (Table 4). Namely, spontaneous
tumor rupture occurred more frequently among patients with a more
advanced tumor stage.

Parameters Associated With Spontaneous Tumor
Rupture (Multivariate Analyses)

A multivariate analysis using logistic regression identified the
following parameters as being independently associated with spon-
taneous tumor rupture: maximum tumor diameter [odds ratio (OR):
16.34 (>5 cm vs. ≤2 cm); 4.66 (2–5 cm vs. ≤2 cm); 3.50 (>5 cm
vs. 2–5 cm)], Child-Pugh grade (OR: 2.57), plasma DCP value (OR:
1.66), platelet count (OR: 1.60), age (OR: 0.71), and the Eggel gross
classification (OR: 1.42) (Table 5). The risk of spontaneous tumor
rupture increased linearly with the increase in tumor size, and there
were no clearcut thresholds. The model selected contained 25,404
cases.

Additional multiple logistic regression analyses were con-
ducted for subgroups stratified according to HBsAg and HCVAb sta-
tus: ie, an HBsAg(+) and HCVAB(–) group (n = 6220), an HBsAg(–)
and HCVAb(+) group (n = 32,097), and an HBsAg(–) and HCVAb(–
) group (n = 8028). As the number of patients who were positive
for both HBsAg and HCVAb was relatively small compared with
the other groups (n = 894), these patients were excluded from the
subanalyses. The tumor size and Child-Pugh grade were indepen-
dent significant parameters in all 3 subgroups. In the HBsAg(+) and
HCVAb(–) group, the plasma DCP value was also associated with
spontaneous tumor rupture; in the HBsAg(–) and HCVAb(+) group,
tumor-related parameters (plasma DCP value, number of tumors, and

TABLE 4. Tumor-Related Data

Parameter Ruptured (n = 1,160) Non-ruptured (n = 48,548) P value (Chi-square)

Number of tumors (1/2/3 or more) <0.0001

Maximum tumor Diameter (cm: <2/2-5/≥5) <0.0001

Tumor distribution(unilobar/bilobar) <0.0001

Eggel’s classification (nodular/massive/ diffuse) <0.0001

Portal invasion (negative/positive) <0.0001

Venous invasion (negative/positive) <0.0001

Bile duct invasion (negative/positive) <0.0001

AFP∗ (ng/mL: <15/15-200/200-400/≥400) <0.0001

DCP† (mAU/mL: <40/40-100/≥100) <0.0001

∗Alpha-fetoprotein.
†Des-gamma-carboxy prothrombin.
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TABLE 5. Predictive Variables for Spontaneous Tumor Rupture by Multivariate Analysis Using
Logistic Regression Model (n = 25,404)

Parameter Odds Ratio 95% CI P

Maximum tumor diameter >5 cm vs. ≤2 cm 16.34 7.05–37.87 <0.001
Maximum tumor diameter 2–5 cm vs. ≤2 cm 4.66 2.03–10.7 <0.001
Child-Pugh classification A/B/C 2.57 2.16–3.05 <0.001
DCP∗ mAU/mL 1.66 1.39–1.99 <0.001
Platelet count ×104/μL 1.60 1.27–2.03 <0.001
Age ≥60 vs. <60 0.71 0.54–0.93 0.012
Eggel classification Massive vs. nodular 1.42 1.05–1.92 0.023

∗Des-gamma-carboxy prothrombin.
Maximum tumor diameter >5 cm versus 2–5 cm: odds ratio = 3.50 (95% CI: 2.66–4.61), P < 0.001.

portal invasion) were identified as additional significant parameters;
in the HBsAg(–) and HCVAB(–) group, only patient age (other than
the tumor size and Child-Pugh grade) was marginally associated with
tumor rupture (Table 6).

Impact of Spontaneous Tumor Rupture on Patient
Survival and TNM Staging

The overall survival of the ruptured HCC group was signif-
icantly poorer, compared with that of the nonruptured HCC group
[hazard ratio (HR): 2.10; 95% confidence interval (CI): 2.03–2.18;
P < 0.001, Fig. 1]. The 6-month, 1-year, 3-year, and 5-year overall
survival rates were 54.4%, 41.4%, 21.1%, and 13.3%, respectively, in
the ruptured HCC group, and 90.2%, 84.1%, 63.0%, and 45.8%, re-
spectively, in the nonruptured HCC group. The median survival time
in the ruptured HCC group was 228 days (95% CI: 196–273 days).

As spontaneous tumor rupture occurred more frequently in pa-
tients with advanced stages of HCC in the abovementioned analyses,
the survival curves were depicted according to the LCSGJ classifi-
cation and the AJCC/UICC classification, excluding tumor rupture
from the staging. The divided curves according to the LCSGJ clas-
sification and a verification of the differences among the curves are
shown in Figure 2. The depicted survival curves of the ruptured stage
II, ruptured stage III, ruptured stage IV-A, and ruptured stage IV-B
patients were significantly separated. Only 7 patients had ruptured
stage I disease, making this group unsuitable for inclusion in the sta-
tistical analyses. The survival curve for ruptured stage II HCC (ie,
when stage II HCC ruptures) was situated in between the curves for
nonruptured stage III HCC and nonruptured stage IV-A HCC, and
was significantly different from these 2 curves (HR: 1.60 and P <
0.001 vs. nonruptured stage III; HR: 0.56 and P < 0.001 vs. non-
ruptured stage IV-A). The survival curve of ruptured stage III HCC
was not different from that of nonruptured stage IV-A HCC (HR:
0.93, P = 0.493). The survival curve of ruptured stage IV-A HCC
was situated between the curves for nonruptured stage IV-A HCC and
nonruptured stage IV-B HCC and was significantly different from the
2 curves (HR: 1.59 and P < 0.001 vs. nonruptured stage IV-A; HR:
0.72 and P = 0.016 vs. nonruptured stage IV-B). The survival of
patients with ruptured stage IV-B HCC was poorer than that of pa-
tients with nonruptured stage IV-B HCC, with a difference that was
borderline significant (HR: 1.21, P = 0.081).

Similar analyses were conducted according to the AJCC/UICC
classification (Fig. 3). However, the survival curves for ruptured stage
II HCC and for ruptured stage III-A HCC were similar (P = 0.826),
whereas the survival curves for ruptured stages III-B and IV-A were
similar (P = 0.192). The survival curve for ruptured stage I HCC was
situated between the curves for nonruptured stage II HCC and those
for nonruptured stage III-A HCC, and was different from the 2 curves
(HR: 1.61 and P < 0.001 vs. nonruptured stage II; HR: 0.81 and P =

0.05 vs. nonruptured stage III-A). The survival curves for ruptured
stage II and stage III-A HCC were situated between the curves for
nonruptured stage III-A HCC and those for nonruptured stage III-B
HCC, and were not different from that for nonruptured stage III-B.
The survival curves for ruptured stage III-B and IV-A HCC were
poorer than that for nonruptured stage IV-B HCC, and the survival
curve for ruptured stage IV-B HCC was much poorer than those for
ruptured stage III-B and stage IV-A HCC.

Patient Survival Stratified According to
Treatment Modalities

The survival of patients with ruptured HCC was estimated
after stratification according to the main treatment modalities. The
prognosis of patients who underwent a liver resection (n = 298) or
local ablative therapy (n = 32) was better than that of the patients
who received transcatheter arterial chemoembolization (TACE; n =
489), chemotherapy (n = 65), or best supportive care (n = 275)
(P < 0.001), although the number of patients receiving local ablative
therapy was relatively small (Fig. 4). The 1-, 3-, and 5-year overall
survival rates after hepatic resection were 76.0%, 48.6%, and 33.9%,
respectively, and the 1-, 3-, and 5-year overall survival rates after
TACE were 39.7%, 14.1%, and 6.0%, respectively.

DISCUSSION
Previous studies have documented the clinical course as well as

the treatment results of spontaneously ruptured HCC.1–17 However,
the largest series to date consisted of 172 cases,1 mainly because
spontaneous tumor rupture is a relatively rare event. As a result, it has
been difficult to assess the true impact of tumor rupture on patient sur-
vival, and ruptured HCC has been assigned to T4 in the present TNM
staging systems based on insufficient evidence. Therefore, to settle
these problems, the LCSGJ started to gather information regarding
the presence of spontaneous tumor rupture, beginning in 2000, and
patients with spontaneous tumor rupture have been prospectively fol-
lowed up. In the present study, we have collected data from 1106 HCC
cases of spontaneous tumor rupture followed up for a maximum of 6
years. The maximum follow-up period of 6 years may be relatively
short; however, because the outcome of ruptured HCC was generally
poor, almost all the events occurred within 6 years (only 10 patients
were at risk at 6 years). We therefore think that the clinical outcome
of ruptured HCC is adequately represented by the data we obtained.
It is true that the present study population was limited to Japanese
patients and the dominant etiologies of the liver disease were HCV
and HBV; nevertheless, we believe that our results are of significant
value, and that they can be applied to HCC patients in epidemic areas
of HBV and/or HCV infection and serve a fundamental reference
data to study the behavior of HCC.
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TABLE 5. Predictive Variables for Spontaneous Tumor Rupture by Multivariate Analysis Using
Logistic Regression Model (n = 25,404)

Parameter Odds Ratio 95% CI P

Maximum tumor diameter >5 cm vs. ≤2 cm 16.34 7.05–37.87 <0.001
Maximum tumor diameter 2–5 cm vs. ≤2 cm 4.66 2.03–10.7 <0.001
Child-Pugh classification A/B/C 2.57 2.16–3.05 <0.001
DCP∗ mAU/mL 1.66 1.39–1.99 <0.001
Platelet count ×104/μL 1.60 1.27–2.03 <0.001
Age ≥60 vs. <60 0.71 0.54–0.93 0.012
Eggel classification Massive vs. nodular 1.42 1.05–1.92 0.023

∗Des-gamma-carboxy prothrombin.
Maximum tumor diameter >5 cm versus 2–5 cm: odds ratio = 3.50 (95% CI: 2.66–4.61), P < 0.001.

portal invasion) were identified as additional significant parameters;
in the HBsAg(–) and HCVAB(–) group, only patient age (other than
the tumor size and Child-Pugh grade) was marginally associated with
tumor rupture (Table 6).

Impact of Spontaneous Tumor Rupture on Patient
Survival and TNM Staging

The overall survival of the ruptured HCC group was signif-
icantly poorer, compared with that of the nonruptured HCC group
[hazard ratio (HR): 2.10; 95% confidence interval (CI): 2.03–2.18;
P < 0.001, Fig. 1]. The 6-month, 1-year, 3-year, and 5-year overall
survival rates were 54.4%, 41.4%, 21.1%, and 13.3%, respectively, in
the ruptured HCC group, and 90.2%, 84.1%, 63.0%, and 45.8%, re-
spectively, in the nonruptured HCC group. The median survival time
in the ruptured HCC group was 228 days (95% CI: 196–273 days).

As spontaneous tumor rupture occurred more frequently in pa-
tients with advanced stages of HCC in the abovementioned analyses,
the survival curves were depicted according to the LCSGJ classifi-
cation and the AJCC/UICC classification, excluding tumor rupture
from the staging. The divided curves according to the LCSGJ clas-
sification and a verification of the differences among the curves are
shown in Figure 2. The depicted survival curves of the ruptured stage
II, ruptured stage III, ruptured stage IV-A, and ruptured stage IV-B
patients were significantly separated. Only 7 patients had ruptured
stage I disease, making this group unsuitable for inclusion in the sta-
tistical analyses. The survival curve for ruptured stage II HCC (ie,
when stage II HCC ruptures) was situated in between the curves for
nonruptured stage III HCC and nonruptured stage IV-A HCC, and
was significantly different from these 2 curves (HR: 1.60 and P <
0.001 vs. nonruptured stage III; HR: 0.56 and P < 0.001 vs. non-
ruptured stage IV-A). The survival curve of ruptured stage III HCC
was not different from that of nonruptured stage IV-A HCC (HR:
0.93, P = 0.493). The survival curve of ruptured stage IV-A HCC
was situated between the curves for nonruptured stage IV-A HCC and
nonruptured stage IV-B HCC and was significantly different from the
2 curves (HR: 1.59 and P < 0.001 vs. nonruptured stage IV-A; HR:
0.72 and P = 0.016 vs. nonruptured stage IV-B). The survival of
patients with ruptured stage IV-B HCC was poorer than that of pa-
tients with nonruptured stage IV-B HCC, with a difference that was
borderline significant (HR: 1.21, P = 0.081).

Similar analyses were conducted according to the AJCC/UICC
classification (Fig. 3). However, the survival curves for ruptured stage
II HCC and for ruptured stage III-A HCC were similar (P = 0.826),
whereas the survival curves for ruptured stages III-B and IV-A were
similar (P = 0.192). The survival curve for ruptured stage I HCC was
situated between the curves for nonruptured stage II HCC and those
for nonruptured stage III-A HCC, and was different from the 2 curves
(HR: 1.61 and P < 0.001 vs. nonruptured stage II; HR: 0.81 and P =

0.05 vs. nonruptured stage III-A). The survival curves for ruptured
stage II and stage III-A HCC were situated between the curves for
nonruptured stage III-A HCC and those for nonruptured stage III-B
HCC, and were not different from that for nonruptured stage III-B.
The survival curves for ruptured stage III-B and IV-A HCC were
poorer than that for nonruptured stage IV-B HCC, and the survival
curve for ruptured stage IV-B HCC was much poorer than those for
ruptured stage III-B and stage IV-A HCC.

Patient Survival Stratified According to
Treatment Modalities

The survival of patients with ruptured HCC was estimated
after stratification according to the main treatment modalities. The
prognosis of patients who underwent a liver resection (n = 298) or
local ablative therapy (n = 32) was better than that of the patients
who received transcatheter arterial chemoembolization (TACE; n =
489), chemotherapy (n = 65), or best supportive care (n = 275)
(P < 0.001), although the number of patients receiving local ablative
therapy was relatively small (Fig. 4). The 1-, 3-, and 5-year overall
survival rates after hepatic resection were 76.0%, 48.6%, and 33.9%,
respectively, and the 1-, 3-, and 5-year overall survival rates after
TACE were 39.7%, 14.1%, and 6.0%, respectively.

DISCUSSION
Previous studies have documented the clinical course as well as

the treatment results of spontaneously ruptured HCC.1–17 However,
the largest series to date consisted of 172 cases,1 mainly because
spontaneous tumor rupture is a relatively rare event. As a result, it has
been difficult to assess the true impact of tumor rupture on patient sur-
vival, and ruptured HCC has been assigned to T4 in the present TNM
staging systems based on insufficient evidence. Therefore, to settle
these problems, the LCSGJ started to gather information regarding
the presence of spontaneous tumor rupture, beginning in 2000, and
patients with spontaneous tumor rupture have been prospectively fol-
lowed up. In the present study, we have collected data from 1106 HCC
cases of spontaneous tumor rupture followed up for a maximum of 6
years. The maximum follow-up period of 6 years may be relatively
short; however, because the outcome of ruptured HCC was generally
poor, almost all the events occurred within 6 years (only 10 patients
were at risk at 6 years). We therefore think that the clinical outcome
of ruptured HCC is adequately represented by the data we obtained.
It is true that the present study population was limited to Japanese
patients and the dominant etiologies of the liver disease were HCV
and HBV; nevertheless, we believe that our results are of significant
value, and that they can be applied to HCC patients in epidemic areas
of HBV and/or HCV infection and serve a fundamental reference
data to study the behavior of HCC.
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FIGURE 1. Overall survival curves in the ruptured HCC group (dotted blue line) and the nonruptured HCC group (solid blue line)
(P < 0.001).

A comparison between ruptured HCC and nonruptured HCC
revealed that spontaneous tumor rupture was more frequent among
patients with a poor liver functional reserve, as reflected by the Child-
Pugh grade and liver damage classification. On the other hand, spon-
taneous tumor rupture was more frequently observed among younger
patients, and in HBV-infected livers, rather than chronically hepatitic
or cirrhotic livers or HCV-infected livers. Furthermore, in the rup-
tured HCC patients, the platelet count was higher and the ICGR15
value was better, although the ICGR15 value was mainly estimated
in patients undergoing liver resections. These results suggested that
spontaneous tumor rupture occurred in a heterogeneous population
of patients, and subsequent subanalyses showed that the clinicopatho-
logical parameters associated with tumor rupture differed among the
subgroups when stratified according to the infectious status for HBV
and/or HCV.

The analyses of tumor-related parameters showed that ruptured
HCC represented a more advanced tumor stage, as reflected by the
tumor size, tumor number, vascular invasion, and tumor marker val-
ues. These results are consistent with those in previous reports. A
previous report indicated that tumors in contact with or protruding
from the liver surface ruptured more frequently,12 but the present
surveys could not assess this issue, as detailed information regarding
the location and shape of the ruptured tumors was not collected. Data
collection regarding the shape of the HCC were not planned because
a definition of “extrahepatically protruding HCC” had not been es-
tablished at the time of study planning. A subsequent multivariate
analysis showed that parameters related to both liver function and tu-
mor status were identified as independent parameters associated with
spontaneous tumor rupture. The HR was highest for the tumor size
and was second highest for the Child-Pugh grade. Again, the liver
functional data in the ruptured HCC group were obtained at the time
of disease presentation, and thus, may differ from the baseline data
obtained prior to rupture.

Similar to the previous reports, the outcome for ruptured HCC
patients was poor compared with that for nonruptured HCC patients;
to evaluate the true impact of the tumor rupture itself, we performed
subsequent subgroup analyses stratified according to the TNM stag-
ing. The results stratified according to the LCSGJ TNM classification
suggested that the tumor rupture itself had an additional negative
impact on patient survival, and the impact was equivalent to an addi-
tional 0.5 to 1.5 stages added to the baseline TNM stage. Although the
tumor rupture itself worsened the patient prognosis, the impact was
not decisively strong so as to cancel the effect of other tumor-related
parameters. In other words, when an HCC tumor in an earlier stage
ruptures, a better survival can be expected as compared with that in an
advanced-stage rupture. Therefore, assigning all the ruptured HCC
to T4 may result in an overestimation of severity; rather, in cases of
ruptured HCC, it may be adequate to add (0.5 in the case of stage
IV-A, 1 in the case of stage III, or 1.5 in case of the stage II) additional
stages to the baseline TNM stage, determined according to the tumor
size, tumor number, vascular invasion, lymph node metastasis, and
distant metastasis. Meanwhile, the survival curves of patients with
tumor rupture were poorly stratified according to the AJCC/UICC
TNM staging system. The survival curves for ruptured stage II HCC
and for ruptured stage III-A HCC were similar, whereas those for
ruptured stage III-B and stage IV-A HCC were similar. According
to the present AJCC/UICC TNM staging system, ruptured HCC is
assigned to stage III-C if no lymph node or distant metastases are
present. However, the present analysis showed that it may not be ap-
propriate to assign the same stage to all ruptured cases, but rather to
add an additional 0.5 to 2 stages to the baseline TNM stage.

An overall survival analysis stratified according to the main
treatment modality showed that liver resection and local ablative
therapy could benefit patients, although the number of patients re-
ceiving local ablative therapy was still small (n = 32), possibly be-
cause of the large tumor size and the tumor location. As only data
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FIGURE 2. (Upper component) Overall survival curves stratified according to the presence of tumor rupture, in combination with
the baseline LCSGJ classification staging (stage I, II, III, IV-A, and IV-B). (Lower component) The differences among the survival
curves examined using a Cox proportional hazards analysis.

regarding the main treatment modality were available, the results of
combination therapies, such as TACE plus liver resection, could not
be assessed in the present series. Recent reports have shown that
primary hemostasis using TACE followed by liver resection achieved
the best treatment results;17,23,24 indeed, in clinical settings in Japan,
emergent TACE followed by hepatic resection is now the treatment
of choice, if the general condition and liver function of the pa-
tient recovers after TACE.25 A report on the latest nationwide sur-

vey in Japan documented that the 1-, 3-, and 5-year survival rates
for all patients undergoing hepatic resection for HCC were 87.8%,
69.2%, and 53.4%, respectively.2 The outcome of ruptured cases
was somewhat poorer than that for all the resected cases; however,
our results also suggested that, in selected cases, long-term survival
can be expected if the patient’s condition is tolerable to the cura-
tive treatment, ie, liver resection or local ablative therapy for the
ruptured tumor.

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

8 | www.annalsofsurgery.com C� 2013 Lippincott Williams & Wilkins

— 234 —



Annals of Surgery � Volume 00, Number 00, 2013 Spontaneous Tumor Rupture in HCC Patients

FIGURE 1. Overall survival curves in the ruptured HCC group (dotted blue line) and the nonruptured HCC group (solid blue line)
(P < 0.001).

A comparison between ruptured HCC and nonruptured HCC
revealed that spontaneous tumor rupture was more frequent among
patients with a poor liver functional reserve, as reflected by the Child-
Pugh grade and liver damage classification. On the other hand, spon-
taneous tumor rupture was more frequently observed among younger
patients, and in HBV-infected livers, rather than chronically hepatitic
or cirrhotic livers or HCV-infected livers. Furthermore, in the rup-
tured HCC patients, the platelet count was higher and the ICGR15
value was better, although the ICGR15 value was mainly estimated
in patients undergoing liver resections. These results suggested that
spontaneous tumor rupture occurred in a heterogeneous population
of patients, and subsequent subanalyses showed that the clinicopatho-
logical parameters associated with tumor rupture differed among the
subgroups when stratified according to the infectious status for HBV
and/or HCV.

The analyses of tumor-related parameters showed that ruptured
HCC represented a more advanced tumor stage, as reflected by the
tumor size, tumor number, vascular invasion, and tumor marker val-
ues. These results are consistent with those in previous reports. A
previous report indicated that tumors in contact with or protruding
from the liver surface ruptured more frequently,12 but the present
surveys could not assess this issue, as detailed information regarding
the location and shape of the ruptured tumors was not collected. Data
collection regarding the shape of the HCC were not planned because
a definition of “extrahepatically protruding HCC” had not been es-
tablished at the time of study planning. A subsequent multivariate
analysis showed that parameters related to both liver function and tu-
mor status were identified as independent parameters associated with
spontaneous tumor rupture. The HR was highest for the tumor size
and was second highest for the Child-Pugh grade. Again, the liver
functional data in the ruptured HCC group were obtained at the time
of disease presentation, and thus, may differ from the baseline data
obtained prior to rupture.

Similar to the previous reports, the outcome for ruptured HCC
patients was poor compared with that for nonruptured HCC patients;
to evaluate the true impact of the tumor rupture itself, we performed
subsequent subgroup analyses stratified according to the TNM stag-
ing. The results stratified according to the LCSGJ TNM classification
suggested that the tumor rupture itself had an additional negative
impact on patient survival, and the impact was equivalent to an addi-
tional 0.5 to 1.5 stages added to the baseline TNM stage. Although the
tumor rupture itself worsened the patient prognosis, the impact was
not decisively strong so as to cancel the effect of other tumor-related
parameters. In other words, when an HCC tumor in an earlier stage
ruptures, a better survival can be expected as compared with that in an
advanced-stage rupture. Therefore, assigning all the ruptured HCC
to T4 may result in an overestimation of severity; rather, in cases of
ruptured HCC, it may be adequate to add (0.5 in the case of stage
IV-A, 1 in the case of stage III, or 1.5 in case of the stage II) additional
stages to the baseline TNM stage, determined according to the tumor
size, tumor number, vascular invasion, lymph node metastasis, and
distant metastasis. Meanwhile, the survival curves of patients with
tumor rupture were poorly stratified according to the AJCC/UICC
TNM staging system. The survival curves for ruptured stage II HCC
and for ruptured stage III-A HCC were similar, whereas those for
ruptured stage III-B and stage IV-A HCC were similar. According
to the present AJCC/UICC TNM staging system, ruptured HCC is
assigned to stage III-C if no lymph node or distant metastases are
present. However, the present analysis showed that it may not be ap-
propriate to assign the same stage to all ruptured cases, but rather to
add an additional 0.5 to 2 stages to the baseline TNM stage.

An overall survival analysis stratified according to the main
treatment modality showed that liver resection and local ablative
therapy could benefit patients, although the number of patients re-
ceiving local ablative therapy was still small (n = 32), possibly be-
cause of the large tumor size and the tumor location. As only data
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FIGURE 2. (Upper component) Overall survival curves stratified according to the presence of tumor rupture, in combination with
the baseline LCSGJ classification staging (stage I, II, III, IV-A, and IV-B). (Lower component) The differences among the survival
curves examined using a Cox proportional hazards analysis.

regarding the main treatment modality were available, the results of
combination therapies, such as TACE plus liver resection, could not
be assessed in the present series. Recent reports have shown that
primary hemostasis using TACE followed by liver resection achieved
the best treatment results;17,23,24 indeed, in clinical settings in Japan,
emergent TACE followed by hepatic resection is now the treatment
of choice, if the general condition and liver function of the pa-
tient recovers after TACE.25 A report on the latest nationwide sur-

vey in Japan documented that the 1-, 3-, and 5-year survival rates
for all patients undergoing hepatic resection for HCC were 87.8%,
69.2%, and 53.4%, respectively.2 The outcome of ruptured cases
was somewhat poorer than that for all the resected cases; however,
our results also suggested that, in selected cases, long-term survival
can be expected if the patient’s condition is tolerable to the cura-
tive treatment, ie, liver resection or local ablative therapy for the
ruptured tumor.
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FIGURE 3. (Upper component) Overall survival curves stratified according to the presence of tumor rupture, in combination with
the baseline AJCC/UICC classification staging (Stage I, II, III-A, III-B, IV-A, and IV-B). (Lower component) The differences among
the survival curves examined using a Cox proportional hazards analysis.
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FIGURE 4. (Upper component) Overall survival curves stratified according to the main treatment modality. (Lower component)
The differences among the survival curves examined using a Cox proportional hazards analysis.

CONCLUSIONS
In conclusion, we have investigated the parameters associated

with spontaneous HCC rupture and have assessed the impact of tumor
rupture on patient survival using information from a database con-
taining nationwide survey data in Japan. Spontaneous tumor rupture
had an additional negative impact on the baseline tumor status, and
this impact corresponded to an additional 0.5 to 2.0 TNM stages. Our
results provide important basic information for the next revision of
the TNM staging system for HCC.
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FIGURE 3. (Upper component) Overall survival curves stratified according to the presence of tumor rupture, in combination with
the baseline AJCC/UICC classification staging (Stage I, II, III-A, III-B, IV-A, and IV-B). (Lower component) The differences among
the survival curves examined using a Cox proportional hazards analysis.
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FIGURE 4. (Upper component) Overall survival curves stratified according to the main treatment modality. (Lower component)
The differences among the survival curves examined using a Cox proportional hazards analysis.

CONCLUSIONS
In conclusion, we have investigated the parameters associated

with spontaneous HCC rupture and have assessed the impact of tumor
rupture on patient survival using information from a database con-
taining nationwide survey data in Japan. Spontaneous tumor rupture
had an additional negative impact on the baseline tumor status, and
this impact corresponded to an additional 0.5 to 2.0 TNM stages. Our
results provide important basic information for the next revision of
the TNM staging system for HCC.
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Editorial

Endoscopic ultrasonography-guided gallbladder drainage
procedures: Is the glass half-full or half-empty?

THE CURVILINEAR (CONVEX) echoendoscope
enables real-time sonographic observation of the needle

when accessing a target lesion either for tissue sampling or
intervention. Endoscopic ultrasonography (EUS)-guided
drainage was first reported for the treatment of pancreatic
pseudocysts.1 Its application has now expanded to include
drainage of obstructive pancreatic and biliary ductal systems
not accessible by endoscopic retrograde cholangiopancrea-
tography (ERCP).2,3 More recently, the range of its applica-
tions has been widened to include gallbladder drainage in
poor-risk surgical candidates with gallbladder disease.4,5 This
is particularly relevant for patients in whom transpapillary
and percutaneous approaches to gallbladder drainage has
failed or is technically difficult. In this edition of the Journal,
Widmer and colleagues conducted a review of the literature
of patients who underwent EUS-guided gallbladder drainage
and reported a technical success rate of 96.6% in 90
patients.5 Patients in whom the procedure was technically
successful also had equivalent treatment success rates.5

Complications occurred in 12.2%.5 These outcomes appear
comparable to EUS-guided biliary drainage (technical
success rate: 94–96%, complication rate: 15–18%) and cer-
tainly superior to pancreatic ductal drainage (technical
success rate: 77–92%, complication rate: 64%).2–5

EUS-guided drainage involves four intricate steps.1–5 The
first step is to identify an appropriate route. The second step
is to puncture the drainage target with a needle. The third
step is dilation of the transmural tract. The fourth step is
insertion of drainage tubes to facilitate drainage. In general,
for EUS-guided gallbladder drainage, the transgastric route
provides access to the body of the gallbladder and the
transduodenal route to the neck of the gallbladder.5 Although
the procedural outcomes can possibly be improved further by
determining the ideal route for drainage, no comparative
studies to this effect have been undertaken so far.1–5

The procedural technique as outlined earlier involves mul-
tiple steps. A one-step device that enables puncture, trans-
mural dilation and stent deployment would minimize the risk
of guidewire dislodgement and potential complications such
as bile leak.3–5 Recently, there is a growing advocacy for the
placement of self-expandable metal stents (SEMS) in
patients undergoing EUS-guided drainage. This is mainly
because of the premise that SEMS seals the ‘gap’ better

between the stent and fistula thereby minimizing the chances
for leak and pneumoperitoneum.3–5 Also, the wider lumen of
the covered SEMS (CSEMS) facilitates other interventions
such as gallstone removal in patients not undergoing a cho-
lecystectomy. Several prototypes with flanges and flares are
currently in development to minimize the possibility of stent
migration and preliminary reports appear promising.

While the review by Widmer et al. focuses mainly on
clinical outcomes, there is a serious paucity of data on how
EUS-guided gallbladder drainage compares with percutane-
ous drainage. In the only randomized trial conducted to date,
EUS-guided gallbladder drainage was comparable to percu-
taneous techniques in terms of technical feasibility, efficacy
and safety.4 It is also very likely that EUS-guided gallbladder
drainage, unlike percutaneous catheters, by virtue of being
internal, is unlikely to dislodge, is not associated with skin
infections, and provides for better quality of life. However,
this crucial assumption has not been investigated so far. The
glass unfortunately is half empty.

Although technological innovations and technical refine-
ments have steadily improved the rates of procedural success
and decreased complications associated with EUS-guided
drainage procedures, much more needs to be done. While it
is important to conduct well-designed, prospective, random-
ized trials comparing the different procedural techniques and
devices under development for this indication, multidisci-
plinary studies comparing EUS to percutaneous techniques
and/or surgery is essential to move the discipline forward.
These studies should not only focus on the technical and
treatment outcomes but also on quality of life and cost. Right
now, the glass is only half-full.

Masayuki Kitano, Ken Kamata and Masatoshi Kudo
Department of Gastroenterology and Hepatology,

Kinki University Faculty of Medicine, Osaka, Japan
doi: 10.1111/den.12327
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Editorial

Endoscopic ultrasonography-guided gallbladder drainage
procedures: Is the glass half-full or half-empty?

THE CURVILINEAR (CONVEX) echoendoscope
enables real-time sonographic observation of the needle

when accessing a target lesion either for tissue sampling or
intervention. Endoscopic ultrasonography (EUS)-guided
drainage was first reported for the treatment of pancreatic
pseudocysts.1 Its application has now expanded to include
drainage of obstructive pancreatic and biliary ductal systems
not accessible by endoscopic retrograde cholangiopancrea-
tography (ERCP).2,3 More recently, the range of its applica-
tions has been widened to include gallbladder drainage in
poor-risk surgical candidates with gallbladder disease.4,5 This
is particularly relevant for patients in whom transpapillary
and percutaneous approaches to gallbladder drainage has
failed or is technically difficult. In this edition of the Journal,
Widmer and colleagues conducted a review of the literature
of patients who underwent EUS-guided gallbladder drainage
and reported a technical success rate of 96.6% in 90
patients.5 Patients in whom the procedure was technically
successful also had equivalent treatment success rates.5

Complications occurred in 12.2%.5 These outcomes appear
comparable to EUS-guided biliary drainage (technical
success rate: 94–96%, complication rate: 15–18%) and cer-
tainly superior to pancreatic ductal drainage (technical
success rate: 77–92%, complication rate: 64%).2–5

EUS-guided drainage involves four intricate steps.1–5 The
first step is to identify an appropriate route. The second step
is to puncture the drainage target with a needle. The third
step is dilation of the transmural tract. The fourth step is
insertion of drainage tubes to facilitate drainage. In general,
for EUS-guided gallbladder drainage, the transgastric route
provides access to the body of the gallbladder and the
transduodenal route to the neck of the gallbladder.5 Although
the procedural outcomes can possibly be improved further by
determining the ideal route for drainage, no comparative
studies to this effect have been undertaken so far.1–5

The procedural technique as outlined earlier involves mul-
tiple steps. A one-step device that enables puncture, trans-
mural dilation and stent deployment would minimize the risk
of guidewire dislodgement and potential complications such
as bile leak.3–5 Recently, there is a growing advocacy for the
placement of self-expandable metal stents (SEMS) in
patients undergoing EUS-guided drainage. This is mainly
because of the premise that SEMS seals the ‘gap’ better

between the stent and fistula thereby minimizing the chances
for leak and pneumoperitoneum.3–5 Also, the wider lumen of
the covered SEMS (CSEMS) facilitates other interventions
such as gallstone removal in patients not undergoing a cho-
lecystectomy. Several prototypes with flanges and flares are
currently in development to minimize the possibility of stent
migration and preliminary reports appear promising.

While the review by Widmer et al. focuses mainly on
clinical outcomes, there is a serious paucity of data on how
EUS-guided gallbladder drainage compares with percutane-
ous drainage. In the only randomized trial conducted to date,
EUS-guided gallbladder drainage was comparable to percu-
taneous techniques in terms of technical feasibility, efficacy
and safety.4 It is also very likely that EUS-guided gallbladder
drainage, unlike percutaneous catheters, by virtue of being
internal, is unlikely to dislodge, is not associated with skin
infections, and provides for better quality of life. However,
this crucial assumption has not been investigated so far. The
glass unfortunately is half empty.

Although technological innovations and technical refine-
ments have steadily improved the rates of procedural success
and decreased complications associated with EUS-guided
drainage procedures, much more needs to be done. While it
is important to conduct well-designed, prospective, random-
ized trials comparing the different procedural techniques and
devices under development for this indication, multidisci-
plinary studies comparing EUS to percutaneous techniques
and/or surgery is essential to move the discipline forward.
These studies should not only focus on the technical and
treatment outcomes but also on quality of life and cost. Right
now, the glass is only half-full.
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Aim: Polycystic liver disease (PLD) is a genetic disorder char-
acterized by the progressive development of multiple liver
cysts. No standardized criteria for the selection of treatment
exist because PLD is a rare condition and most patients are
asymptomatic. We here aimed to clarify the status of treat-
ment and to present a therapeutic strategy for PLD in Japan.

Methods: From 1 June 2011 to 20 December 2011, we
administered a questionnaire to 202 PLD patients from 86
medical institutions nationwide.

Results: The patients included 45 men and 155 women, and
the median age was 63 years. Two hundred and eighty-one
treatments were performed for these patients, as follows:
cyst aspiration sclerotherapy (AS) in 152 cases, cyst fenestra-
tion (FN) in 53, liver resection (LR) in 44, liver transplantation
(LT) in 13 and other treatments in 19. For cases of type I PLD

(mild form) according to Gigot’s classification, the therapeutic
effects of AS, FN and LR were similar. For type II (moderate
form), LT demonstrated the best therapeutic effects, followed
by LR and FN. For type III (severe form), the effects of LT were
the best. The incidences of complications were 23.0% in AS,
28.4% in FN, 31.8% in LR and 61.5% in LT.

Conclusion: Considering the therapeutic effects and compli-
cations, AS, LR and LT showed good results for type I, type II
and type III PLD, respectively. However, LT for PLD was per-
formed in a small number of patients. In Japan, the transplan-
tation therapy is expected to be common in the future.

Key words: aspiration-sclerotherapy, cyst fenestration, liver
resection, liver transplantation, polycystic liver disease

INTRODUCTION

POLYCYSTIC LIVER DISEASE (PLD) is a genetic dis-
order characterized by the progressive development

of multiple liver cysts. PLD includes two different dis-
eases: (i) autosomal dominant polycystic liver disease
(ADPLD), which presents multiple cysts in only the
liver; and (ii) autosomal dominant polycystic kidney
disease (ADPKD), which is associated with multiple
renal cysts.1 Although ADPLD and ADPKD are distinct

at the genetic level, the clinical symptoms of both are
similar.2 Most patients with PLD do not require treat-
ment because liver function is maintained during all the
stages of the disease. However, some patients with PLD
present abdominal distension, abdominal pain and
chest compression by extensive hepatomegaly due to an
increase in the number of liver cysts and their expan-
sion, which affect performance status (PS) and quality
of life.3,4 In addition, PLD may induce other serious
conditions, such as obstructive jaundice or Budd-Chiari
syndrome.3 The purpose of treatment for PLD is to
decrease liver volume and alleviate or remove the symp-
toms caused by hepatomegaly. Common treatments for
PLD include cyst aspiration sclerotherapy (AS), cyst fen-
estration (FN), liver resection (LR) and liver transplan-
tation (LT). However, no consensus on the selection
of treatments has been reached. Because PLD is a rare
disease and no large cohort study has been performed,
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Aim: Polycystic liver disease (PLD) is a genetic disorder char-
acterized by the progressive development of multiple liver
cysts. No standardized criteria for the selection of treatment
exist because PLD is a rare condition and most patients are
asymptomatic. We here aimed to clarify the status of treat-
ment and to present a therapeutic strategy for PLD in Japan.

Methods: From 1 June 2011 to 20 December 2011, we
administered a questionnaire to 202 PLD patients from 86
medical institutions nationwide.

Results: The patients included 45 men and 155 women, and
the median age was 63 years. Two hundred and eighty-one
treatments were performed for these patients, as follows:
cyst aspiration sclerotherapy (AS) in 152 cases, cyst fenestra-
tion (FN) in 53, liver resection (LR) in 44, liver transplantation
(LT) in 13 and other treatments in 19. For cases of type I PLD

(mild form) according to Gigot’s classification, the therapeutic
effects of AS, FN and LR were similar. For type II (moderate
form), LT demonstrated the best therapeutic effects, followed
by LR and FN. For type III (severe form), the effects of LT were
the best. The incidences of complications were 23.0% in AS,
28.4% in FN, 31.8% in LR and 61.5% in LT.

Conclusion: Considering the therapeutic effects and compli-
cations, AS, LR and LT showed good results for type I, type II
and type III PLD, respectively. However, LT for PLD was per-
formed in a small number of patients. In Japan, the transplan-
tation therapy is expected to be common in the future.
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order characterized by the progressive development

of multiple liver cysts. PLD includes two different dis-
eases: (i) autosomal dominant polycystic liver disease
(ADPLD), which presents multiple cysts in only the
liver; and (ii) autosomal dominant polycystic kidney
disease (ADPKD), which is associated with multiple
renal cysts.1 Although ADPLD and ADPKD are distinct

at the genetic level, the clinical symptoms of both are
similar.2 Most patients with PLD do not require treat-
ment because liver function is maintained during all the
stages of the disease. However, some patients with PLD
present abdominal distension, abdominal pain and
chest compression by extensive hepatomegaly due to an
increase in the number of liver cysts and their expan-
sion, which affect performance status (PS) and quality
of life.3,4 In addition, PLD may induce other serious
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decrease liver volume and alleviate or remove the symp-
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the long-term outcome after treatment for PLD is poorly
understood.5 In this study, we administered a question-
naire to medical institutions nationwide with experi-
ence treating PLD. The aim of the present study was to
clarify the current status of treatment and to present a
therapeutic strategy for PLD in Japan.

METHODS

Subjects and data collection

THE SUBJECTS WERE PLD patients who had been
treated in Japan. The questionnaire was sent to 102

medical institutions that belong to the Liver Cancer
Study Group of Japan. The survey was conducted from
1 June 2011 to 20 December 2011. The information
collected was as follows: patient age and gender, disease
type by diagnostic imaging, presence or absence of poly-
cystic kidney disease (PKD), renal function before treat-
ment, Eastern Cooperative Oncology Group PS before
treatment, indication for treatment, method of treat-
ment, sclerosing agent used in AS, treatment-related
complications and duration of treatment effect. PLD
was classified into three types based on Gigot’s classifi-
cation.6 Type I (mild form) included patients with a
limited number (<10) of large cysts (>10 cm). Type II
(moderate form) was represented by patients with
diffuse involvement of the liver parenchyma by multiple
medium-sized cysts with remaining large areas of non-
cystic liver parenchyma. Type III (severe form) patients
had extremely high numbers of diffuse cysts that were
small to medium in size with little area of liver paren-
chyma between cysts.6 The treatment indication was
divided into two groups: patients with only subjective
symptoms and those with objective symptoms. Subjec-
tive symptoms included abdominal pain, appetite loss,
dyspnea, movement limitation, fever, leg edema and
abdominal discomfort. Objective symptoms included
cyst infection, liver dysfunction, compression inferior
vena cava, intracavitary hemorrhage, malnutrition, and
ascites. Duration of treatment effect was defined as the
length of time between treatment and symptom recur-
rence or next therapy. The patients were censored at the
time of loss to follow up.

Statistical analysis
Statistical analyses were performed using the χ2-test
and the log–rank test. Duration of treatment effect was
calculated using Kaplan–Meier estimates. All analyses
were performed utilizing GraphPad Prism version 5.

Differences at P < 0.05 were considered statistically
significant.

RESULTS

QUESTIONNAIRES WERE RETURNED by 86 of 102
institutions (collection rate, 84.3%), and 202 PLD

patients were included in the analysis. The patients
included 45 men (22.2%) and 155 women (76.7%),
with a median age of 63 years (range, 39–91 years).
Of the 202 patients with PLD, 92 patients (45.5%)
had concomitant PKD. Renal insufficiency, namely,
abnormal serum creatinine level or hemodialysis, was
observed in 34 (16.8%) patients. The type of disease
according to Gigot’s classification was as follows: type I,
102 patients (50.5%); type II, 67 patients (33.2%); type
III, 27 patients (13.4%); unknown, six patients (3.0%).
A total of 281 treatments were performed for the 202
PLD patients.

Of the 281 treatments, 152 were AS (54.1%), 53 were
FN (18.9%), 44 were LR (15.7%), 13 were LT (4.6%)
and 19 were others (6.8%) (Table 1). The most
common type of disease for each treatment was type I
for AS and FN (57.9% and 45.3%, respectively), type II
for LR (52.3%) and type III for LT (61.5%). The PS
before treatment was two or less in many of the patients
who underwent AS, FN and LR. However, the PS was 3
or more in many of the patients who underwent LT.
Moreover, the proportion of patients with renal dys-
function before treatment was high in the LT (53.9%)
group compared with the other treatments. Regarding
the treatment indication, the frequency of objective
symptoms was 25.7% for AS, 28.3% for FN, 45.5% for
LR and 76.9% for LT. Treatment-related complications
were reported in 23.0% of AS procedures, 28.3% of FN
procedures, 31.8% of LR procedures and 61.5% of LT
procedures. Severe complications of Clavien–Dindo
classification grade IIIb or more were observed more
frequently in LT cases (15.4%) compared with any other
procedures. The most common complications were
fever and abdominal pain for AS, a large amount of
ascites for FN, and bile leakage and a large amount of
ascites for LR. For LT, cases of death due to early
transplant-specific complications such as hepatic
necrosis and graft failure were observed. Moreover,
various complications, including bile leakage, extensive
ascites and renal failure, were reported following LT.
Treatment-related death occurred following AS due to
sepsis in one case; two cases of treatment-related death
were also reported for LT.
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The procedures of LR according to Gigot’s classifica-
tion are showed in Table 2. Lobectomy was performed
in approximately half of type I and II PLD patients. The
details of LT cases are demonstrated in Table 3. Twelve
cases for living donor transplantation and one for
domino transplantation were included. The indications
for LT were progression of PLD in 10 cases and coexist-
ing hepatocellular carcinoma in three cases. Although
nine cases were associated with PKD, there was no case
of kidney transplantation performed simultaneously.
Seven donors were patients’ relatives, and no donor was
affected with PLD (data not shown).

The duration of treatment effect was analyzed
according to the type of disease. The median follow-up
period for all treatments was 16 months (range,
0–215). In the treatment of type I PLD, the 5-year effi-
cacy rates for LR, FN and AS were 77.8%, 78.9% and
56.6%, respectively, but there were no significant dif-

ferences between these procedures (Fig. 1). For type I
patients, the AS procedures were analyzed according to
the sclerosing agent used, which included ethanol in 48
cases (31.6%), ethanolamine oleate (EO) in 38 cases
(25.0%), minocycline in 34 cases (22.4%) and no drug
in 22 cases (14.5%). Regarding the duration of treat-
ment effect, EO was better than the other reported
drugs and had a therapeutic effect comparable to LR
(Fig. 2). For type II patients, surgical treatments (i.e.
FN, LR and LT) had a significantly better effect than AS.
The 5-year efficacy rate was 79.1% for FN, 90.2% for LR
and 100% for LT; there was no significant difference
among these surgical treatments (Fig. 3). For type III
patients, the surgical treatments also had a significantly
better effect than AS. The 5-year efficacy rate of LT was
75%, which was significantly better than FN. However,
there was no significant difference between FN and LR
(Fig. 4).

Table 1 Characteristics and results according to each treatment

AS FN LR LT

No. of cases (%) 152 (54.1) 53 (18.9) 44 (15.7) 13 (4.6)
Gigot’s classification, n (%)

Type I 88 (57.9) 24 (45.3) 17 (38.6) 0
Type II 45 (29.6) 22 (41.5) 23 (52.3) 3 (23.1)
Type III 15 (9.9) 5 (9.4) 3 (6.8) 8 (61.5)

Performance status, n (%)
22 143 (94.1) 48 (90.6) 42 (95.5) 5 (38.5)*†§

33 5 (3.3) 0 1 (2.3) 7 (53.8)*†§

Renal insufficiency, n (%) 21 (11.2) 8 (15.1) 7 (15.9) 7 (53.9)*†§

Abnormal serum creatinine 14 (9.2) 6 (11.3) 7 (15.9) 3 (23.1)
Hemodialysis 3 (2.0) 2 (3.8) 0 4 (30.8)*†§

Indication for treatment, n (%)
With objective symptoms 39 (25.7) 15 (28.3) 20 (45.5)* 10 (76.9)*†§§

Only subjective symptoms 107 (70.4) 38 (71.7) 23 (52.2)** 2 (15.4)*†§

Complications, n (%) 35 (23.0) 15 (28.3) 14 (31.8) 8 (61.5)*††

Clavien–Dindo grade 2IIIa 33 (21.7) 14 (26.4) 10 (22.7) 6 (46.2)**
Clavien–Dindo grade 3 IIIb 2 (1.3) 1 (1.9) 4 (9.1)** 2 (15.4)**††

Mortality 1 (0.7) 0 0 2 (15.4)*†§§

*P < 0.01 vs AS, **P < 0.05 vs AS, †P < 0.01 vs FN, ††P < 0.05 vs FN, §P < 0.01 vs LR, §§P < 0.05 vs LR.
AS, aspiration sclerotherapy, FN, cyst fenestration, LR, liver resection, LT, liver transplantation.

Table 2 Procedures of liver resection

Lobectomy Segmentectomy Partial resection Total

Type I 9 5 3 17
Type II 10 7 6 23
Type III 1 1 2 4
Total 20 13 11 44
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the long-term outcome after treatment for PLD is poorly
understood.5 In this study, we administered a question-
naire to medical institutions nationwide with experi-
ence treating PLD. The aim of the present study was to
clarify the current status of treatment and to present a
therapeutic strategy for PLD in Japan.

METHODS

Subjects and data collection

THE SUBJECTS WERE PLD patients who had been
treated in Japan. The questionnaire was sent to 102

medical institutions that belong to the Liver Cancer
Study Group of Japan. The survey was conducted from
1 June 2011 to 20 December 2011. The information
collected was as follows: patient age and gender, disease
type by diagnostic imaging, presence or absence of poly-
cystic kidney disease (PKD), renal function before treat-
ment, Eastern Cooperative Oncology Group PS before
treatment, indication for treatment, method of treat-
ment, sclerosing agent used in AS, treatment-related
complications and duration of treatment effect. PLD
was classified into three types based on Gigot’s classifi-
cation.6 Type I (mild form) included patients with a
limited number (<10) of large cysts (>10 cm). Type II
(moderate form) was represented by patients with
diffuse involvement of the liver parenchyma by multiple
medium-sized cysts with remaining large areas of non-
cystic liver parenchyma. Type III (severe form) patients
had extremely high numbers of diffuse cysts that were
small to medium in size with little area of liver paren-
chyma between cysts.6 The treatment indication was
divided into two groups: patients with only subjective
symptoms and those with objective symptoms. Subjec-
tive symptoms included abdominal pain, appetite loss,
dyspnea, movement limitation, fever, leg edema and
abdominal discomfort. Objective symptoms included
cyst infection, liver dysfunction, compression inferior
vena cava, intracavitary hemorrhage, malnutrition, and
ascites. Duration of treatment effect was defined as the
length of time between treatment and symptom recur-
rence or next therapy. The patients were censored at the
time of loss to follow up.

Statistical analysis
Statistical analyses were performed using the χ2-test
and the log–rank test. Duration of treatment effect was
calculated using Kaplan–Meier estimates. All analyses
were performed utilizing GraphPad Prism version 5.

Differences at P < 0.05 were considered statistically
significant.

RESULTS

QUESTIONNAIRES WERE RETURNED by 86 of 102
institutions (collection rate, 84.3%), and 202 PLD

patients were included in the analysis. The patients
included 45 men (22.2%) and 155 women (76.7%),
with a median age of 63 years (range, 39–91 years).
Of the 202 patients with PLD, 92 patients (45.5%)
had concomitant PKD. Renal insufficiency, namely,
abnormal serum creatinine level or hemodialysis, was
observed in 34 (16.8%) patients. The type of disease
according to Gigot’s classification was as follows: type I,
102 patients (50.5%); type II, 67 patients (33.2%); type
III, 27 patients (13.4%); unknown, six patients (3.0%).
A total of 281 treatments were performed for the 202
PLD patients.

Of the 281 treatments, 152 were AS (54.1%), 53 were
FN (18.9%), 44 were LR (15.7%), 13 were LT (4.6%)
and 19 were others (6.8%) (Table 1). The most
common type of disease for each treatment was type I
for AS and FN (57.9% and 45.3%, respectively), type II
for LR (52.3%) and type III for LT (61.5%). The PS
before treatment was two or less in many of the patients
who underwent AS, FN and LR. However, the PS was 3
or more in many of the patients who underwent LT.
Moreover, the proportion of patients with renal dys-
function before treatment was high in the LT (53.9%)
group compared with the other treatments. Regarding
the treatment indication, the frequency of objective
symptoms was 25.7% for AS, 28.3% for FN, 45.5% for
LR and 76.9% for LT. Treatment-related complications
were reported in 23.0% of AS procedures, 28.3% of FN
procedures, 31.8% of LR procedures and 61.5% of LT
procedures. Severe complications of Clavien–Dindo
classification grade IIIb or more were observed more
frequently in LT cases (15.4%) compared with any other
procedures. The most common complications were
fever and abdominal pain for AS, a large amount of
ascites for FN, and bile leakage and a large amount of
ascites for LR. For LT, cases of death due to early
transplant-specific complications such as hepatic
necrosis and graft failure were observed. Moreover,
various complications, including bile leakage, extensive
ascites and renal failure, were reported following LT.
Treatment-related death occurred following AS due to
sepsis in one case; two cases of treatment-related death
were also reported for LT.
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The procedures of LR according to Gigot’s classifica-
tion are showed in Table 2. Lobectomy was performed
in approximately half of type I and II PLD patients. The
details of LT cases are demonstrated in Table 3. Twelve
cases for living donor transplantation and one for
domino transplantation were included. The indications
for LT were progression of PLD in 10 cases and coexist-
ing hepatocellular carcinoma in three cases. Although
nine cases were associated with PKD, there was no case
of kidney transplantation performed simultaneously.
Seven donors were patients’ relatives, and no donor was
affected with PLD (data not shown).

The duration of treatment effect was analyzed
according to the type of disease. The median follow-up
period for all treatments was 16 months (range,
0–215). In the treatment of type I PLD, the 5-year effi-
cacy rates for LR, FN and AS were 77.8%, 78.9% and
56.6%, respectively, but there were no significant dif-

ferences between these procedures (Fig. 1). For type I
patients, the AS procedures were analyzed according to
the sclerosing agent used, which included ethanol in 48
cases (31.6%), ethanolamine oleate (EO) in 38 cases
(25.0%), minocycline in 34 cases (22.4%) and no drug
in 22 cases (14.5%). Regarding the duration of treat-
ment effect, EO was better than the other reported
drugs and had a therapeutic effect comparable to LR
(Fig. 2). For type II patients, surgical treatments (i.e.
FN, LR and LT) had a significantly better effect than AS.
The 5-year efficacy rate was 79.1% for FN, 90.2% for LR
and 100% for LT; there was no significant difference
among these surgical treatments (Fig. 3). For type III
patients, the surgical treatments also had a significantly
better effect than AS. The 5-year efficacy rate of LT was
75%, which was significantly better than FN. However,
there was no significant difference between FN and LR
(Fig. 4).

Table 1 Characteristics and results according to each treatment

AS FN LR LT

No. of cases (%) 152 (54.1) 53 (18.9) 44 (15.7) 13 (4.6)
Gigot’s classification, n (%)

Type I 88 (57.9) 24 (45.3) 17 (38.6) 0
Type II 45 (29.6) 22 (41.5) 23 (52.3) 3 (23.1)
Type III 15 (9.9) 5 (9.4) 3 (6.8) 8 (61.5)

Performance status, n (%)
22 143 (94.1) 48 (90.6) 42 (95.5) 5 (38.5)*†§

33 5 (3.3) 0 1 (2.3) 7 (53.8)*†§

Renal insufficiency, n (%) 21 (11.2) 8 (15.1) 7 (15.9) 7 (53.9)*†§

Abnormal serum creatinine 14 (9.2) 6 (11.3) 7 (15.9) 3 (23.1)
Hemodialysis 3 (2.0) 2 (3.8) 0 4 (30.8)*†§

Indication for treatment, n (%)
With objective symptoms 39 (25.7) 15 (28.3) 20 (45.5)* 10 (76.9)*†§§

Only subjective symptoms 107 (70.4) 38 (71.7) 23 (52.2)** 2 (15.4)*†§

Complications, n (%) 35 (23.0) 15 (28.3) 14 (31.8) 8 (61.5)*††

Clavien–Dindo grade 2IIIa 33 (21.7) 14 (26.4) 10 (22.7) 6 (46.2)**
Clavien–Dindo grade 3 IIIb 2 (1.3) 1 (1.9) 4 (9.1)** 2 (15.4)**††

Mortality 1 (0.7) 0 0 2 (15.4)*†§§

*P < 0.01 vs AS, **P < 0.05 vs AS, †P < 0.01 vs FN, ††P < 0.05 vs FN, §P < 0.01 vs LR, §§P < 0.05 vs LR.
AS, aspiration sclerotherapy, FN, cyst fenestration, LR, liver resection, LT, liver transplantation.

Table 2 Procedures of liver resection

Lobectomy Segmentectomy Partial resection Total

Type I 9 5 3 17
Type II 10 7 6 23
Type III 1 1 2 4
Total 20 13 11 44
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DISCUSSION

THE CHOICE OF treatment is difficult for PLD. LT is
currently the only radical therapy for patients with

PLD.7,8 However, careful consideration of the indication
for LT is needed because liver function is maintained
even in the patient with symptomatic PLD.3,9 Addition-
ally, organ donation is limited, particularly in Japan.
Instead, AS, FN and LR are generally performed to
treat symptomatic PLD. The goals of treatment for PLD
are to alleviate the abdominal symptoms and prevent
symptom recurrence by decreasing liver volume.3 These
treatments do not change the natural course of the
disease, and therefore, the symptoms usually recur due
to the growth of new cysts or the re-growth of treated
cysts. Hence, it is important to choose an appropriate
treatment according to the condition of each patient.
When classifying the form of PLD, the system proposed
by Gigot et al. is often used.6 This classification system is
based on the number and size of the liver cysts and the
amount of remaining liver parenchyma. It reflects the
severity of the disease and is useful when choosing treat-
ment options. Recently, some reports regarding PLD
treatment have recommended AS, FN and LR for type I
or II PLD and LT for type III PLD; even so, no standard-
ized criteria for the selection of treatment exist.1,3,5,10–12 In
the present study, we clarified the treatment status for

PLD in Japan by conducting a nationwide survey and
evaluated the therapeutic effect of each treatment and its
associated complications according to disease types.

Several reports have recommended FN for the treat-
ment of type I PLD.6,13 FN, namely, surgical de-roofing
of the cyst, is a minimally invasive surgical treat-
ment,13,14 but, the recurrence rate has been reported to
be 20–72%, with a large difference among reports.15–18

The most common postoperative complication reported
by the hospitals was ascites, and its incidence was rela-
tively high at 33–69%. AS involves cyst aspiration fol-
lowed by injection of a sclerosing agent that destroys the
epithelial cells lining the cyst cavity, inhibiting cystic
fluid production, and it is also performed primarily for
type I PLD.19,20 The most commonly used sclerosing
agent is ethanol, although minocycline and tetracycline
are also used. Only mild treatment-related complica-
tions were reported for AS with these agents, but AS is
impractical because of the high associated recurrence
rate, which exceeds 75%.21 In the present study, the
5-year efficacy rate of AS for type I PLD was only
approximately 50%. However, examining the rate
according to the sclerosing agent used demonstrated
that EO provided an excellent outcome when compared
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Figure 1 Duration of treatment effect in type I polycystic liver
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treatments. However, there was the tendency toward a good
effect for liver resection (LR), cyst fenestration (FN) and aspi-
ration sclerotherapy (AS). , AS (n = 88); , FN (n = 24);

, LR (n = 17).

100

80

60

40

20

E
ffi

ca
cy

 r
at

e 
(%

)

0
0

No.
at risk

24 48 72

EO
ET
MN
ND

26
28
17
10

14
18
8

8
6
6

7
2
3

5 4 3

96

Time (months)

120 144 168

Figure 2 Duration of aspiration sclerotherapy (AS) effect
according to the sclerosing agent used for type I polycystic
liver disease (PLD). AS with any agent showed a significantly
greater effect when compared with no drug (ND) (P < 0.01).
Ethanolamine oleate (EO) tended to be better than the other
evaluated drugs, although there was no significant difference.
MN, minocycline. , EO (n = 28); , ET (n = 29); , MN
(n = 18); , ND (n = 11).

1114 K. Ogawa et al. Hepatology Research 2014; 44: 1110–1118

© 2013 The Japan Society of Hepatology

— 244 —



Ta
b

le
3

D
et

ai
l

d
at

a
o

f
li

ve
r

tr
an

sp
la

n
ta

ti
o

n
ca

se
s

C
as

e
n

o
.

Se
x/

ag
e(

y)
Ty

p
e

P
K

D
H

D
In

d
ic

at
io

n
fo

r
LT

D
o

n
o

r
st

at
e

D
o

n
o

r
re

la
ti

o
n

sh
ip

Li
ve

r
gr

af
t

P
o

st
o

p
er

at
iv

e
co

m
p

li
ca

ti
o

n
P

ro
gn

o
si

s
(m

o
n

th
s)

/
o

u
tc

o
m

e

1
F/

56
II

I
+

+
A

b
d

o
m

in
al

p
ai

n
Li

vi
n

g
So

n
R

ig
h

t
lo

b
e

A
sc

it
es

84
/a

li
ve

2
F/

70
II

I
−

−
Li

ve
r

fa
il

u
re

Li
vi

n
g

D
au

gh
te

r
R

ig
h

t
lo

b
e

N
o

n
e

71
/a

li
ve

3
M

/5
1

II
I

−
−

Li
ve

r
d

ys
fu

n
ct

io
n

,d
ys

p
n

ea
Li

vi
n

g
W

if
e

R
ig

h
t

lo
b

e
Li

ve
r

fa
il

u
re

,g
ra

ft
fa

il
u

re
0/

d
ea

th
†

4
F/

60
N

D
+

−
M

al
n

u
tr

it
io

n
,a

b
d

o
m

in
al

p
ai

n
Li

vi
n

g
H

u
sb

an
d

R
ig

h
t

lo
b

e
A

cu
te

re
je

ct
io

n
10

8/
d

ea
th

‡
5

F/
66

N
D

+
+

In
fe

ct
io

n
an

d
ra

p
tu

re
o

f
cy

st
s

Li
vi

n
g

So
n

R
ig

h
t

lo
b

e
B

il
e

fi
st

u
la

,a
b

d
o

m
in

al
ab

sc
es

s
14

7/
al

iv
e

6
M

/7
0

II
−

−
C

o
m

o
rb

id
it

y
(H

C
C

)
Li

vi
n

g
N

ep
h

ew
R

ig
h

t
lo

b
e

D
ra

in
si

te
h

em
o

rr
h

ag
e

10
8/

al
iv

e
7

F/
61

II
I

+
−

A
b

d
o

m
in

al
,l

o
w

b
ac

k
p

ai
n

Li
vi

n
g

H
u

sb
an

d
R

ig
h

t
lo

b
e

N
o

n
e

10
2/

al
iv

e
8

F/
72

II
+

−
C

o
m

o
rb

id
it

y
(H

C
C

)
Li

vi
n

g
So

n
R

ig
h

t
lo

b
e

N
o

n
e

91
/a

li
ve

9
F/

51
II

I
+

−
Li

ve
r

d
ys

fu
n

ct
io

n
,m

al
n

u
tr

it
io

n
,

d
ys

p
n

ea
Li

vi
n

g
H

u
sb

an
d

R
ig

h
t

lo
b

e
M

O
F,

gr
af

t
n

ec
ro

si
s

0/
d

ea
th

†

10
F/

54
II

+
+

B
u

d
d

–C
h

ia
ri

sy
n

d
ro

m
e

Li
vi

n
g

H
u

sb
an

d
Le

ft
lo

b
e

A
sc

it
es

,p
er

it
o

n
it

is
12

/a
li

ve
11

M
/6

3
II

I
+

+
IV

C
co

m
p

re
ss

io
n

,m
al

n
u

tr
it

io
n

,
d

ys
p

n
ea

Li
vi

n
g

(d
o

m
in

o
)

D
o

m
in

o
W

h
o

le
li

ve
r

N
o

n
e

10
5/

al
iv

e

12
F/

63
II

I
+

+
IV

C
co

m
p

re
ss

io
n

,m
al

n
u

tr
it

io
n

,
cy

st
in

fe
ct

io
n

,d
ys

p
n

ea
Li

vi
n

g
D

au
gh

te
r

R
ig

h
t

lo
b

e
R

en
al

fa
il

u
re

10
1/

al
iv

e

13
M

/6
4

II
I

−
+

C
o

m
o

rb
id

it
y

(H
C

C
)

Li
vi

n
g

So
n

R
ig

h
t

lo
b

e
R

en
al

d
ys

fu
n

ct
io

n
12

/a
li

ve

†T
re

at
m

en
t-

re
la

te
d

d
ea

th
.

‡D
ea

th
d

u
e

to
su

b
ar

ac
h

n
o

id
h

em
o

rr
h

ag
e.

H
C

C
,h

ep
at

o
ce

ll
u

la
r

ca
rc

in
o

m
a;

H
D

,h
em

o
d

ia
ly

si
s;

IV
C

,i
n

fe
ri

o
r

ve
n

a
ca

va
;L

T,
li

ve
r

tr
an

sp
la

n
ta

ti
o

n
;M

O
F,

m
u

lt
ip

le
o

rg
an

fa
il

u
re

;N
D

,n
o

t
d

es
cr

ib
ed

;P
K

D
,p

o
ly

cy
st

ic
ki

d
n

ey
d

is
ea

se
;T

yp
e,

d
is

ea
se

ty
p

e
o

f
P

LD
ac

co
rd

in
g

to
G

ig
o

t’s
cl

as
si

fi
ca

ti
o

n
.

Hepatology Research 2014; 44: 1110–1118 Current status of PLD in Japan 1113

© 2013 The Japan Society of Hepatology

DISCUSSION

THE CHOICE OF treatment is difficult for PLD. LT is
currently the only radical therapy for patients with

PLD.7,8 However, careful consideration of the indication
for LT is needed because liver function is maintained
even in the patient with symptomatic PLD.3,9 Addition-
ally, organ donation is limited, particularly in Japan.
Instead, AS, FN and LR are generally performed to
treat symptomatic PLD. The goals of treatment for PLD
are to alleviate the abdominal symptoms and prevent
symptom recurrence by decreasing liver volume.3 These
treatments do not change the natural course of the
disease, and therefore, the symptoms usually recur due
to the growth of new cysts or the re-growth of treated
cysts. Hence, it is important to choose an appropriate
treatment according to the condition of each patient.
When classifying the form of PLD, the system proposed
by Gigot et al. is often used.6 This classification system is
based on the number and size of the liver cysts and the
amount of remaining liver parenchyma. It reflects the
severity of the disease and is useful when choosing treat-
ment options. Recently, some reports regarding PLD
treatment have recommended AS, FN and LR for type I
or II PLD and LT for type III PLD; even so, no standard-
ized criteria for the selection of treatment exist.1,3,5,10–12 In
the present study, we clarified the treatment status for

PLD in Japan by conducting a nationwide survey and
evaluated the therapeutic effect of each treatment and its
associated complications according to disease types.

Several reports have recommended FN for the treat-
ment of type I PLD.6,13 FN, namely, surgical de-roofing
of the cyst, is a minimally invasive surgical treat-
ment,13,14 but, the recurrence rate has been reported to
be 20–72%, with a large difference among reports.15–18

The most common postoperative complication reported
by the hospitals was ascites, and its incidence was rela-
tively high at 33–69%. AS involves cyst aspiration fol-
lowed by injection of a sclerosing agent that destroys the
epithelial cells lining the cyst cavity, inhibiting cystic
fluid production, and it is also performed primarily for
type I PLD.19,20 The most commonly used sclerosing
agent is ethanol, although minocycline and tetracycline
are also used. Only mild treatment-related complica-
tions were reported for AS with these agents, but AS is
impractical because of the high associated recurrence
rate, which exceeds 75%.21 In the present study, the
5-year efficacy rate of AS for type I PLD was only
approximately 50%. However, examining the rate
according to the sclerosing agent used demonstrated
that EO provided an excellent outcome when compared
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with the other drugs, with a result comparable to LR and
FN. EO has been used with immense success in sclero-
therapy for esophageal varices.22 Nakaoka et al. reported
that AS with EO for PLD had a 93.3% success rate with
no recurrence during the observation period.23 They
used 5% EO and injected a volume of sclerosant equiva-
lent to 10% of the volume of aspirated cystic fluid.
However, there is no consensus on the appropriate con-
centration and volume of EO for PLD. Considering the
therapeutic effects and complications, AS with EO is
appropriate as an initial treatment for type I PLD.

Liver resection for type II PLD has been recommended
by some reports, and one report noted that LR should be
performed even for type III PLD.11 The recurrence rate
following LR has been reported to be 3–33%.5,24,25 In
type II or III PLD, the intrahepatic vasculature and
biliary system are severely altered by cysts and the accu-
rate preoperative definition of these structures remains
difficult, even with current imaging modalities.26 There-
fore, the postoperative complication rate is high, at
20–83%, and includes ascites, pleural effusion, biliary
leakage, hemorrhage and wound infection.5,11,13,24,25 The
present study demonstrated that the postoperative
complications of LR include ascites, bile leakage and
intra-abdominal abscess, with an incidence of 31.8%.

However, the duration of treatment effect for type II
PLD was more satisfactory following LR and LT than AS
or FN. LT provides a desirable cure as the therapeutic
effect is permanent. However, considering the high mor-
bidity associated with LT and the limited number of
donated organs in Japan, LR is recommended as the
initial treatment for type II PLD.

In previous reports, LT was commonly recommended
for type III PLD,6,27–29 but one report proposed an
extended indication of LR to type III.11 However, LR for
type III PLD is associated with difficulty determining the
LR line and liver dysfunction caused by the small
amount of remnant liver. In addition, most type III
patients have a poor PS or renal dysfunction due to
coexisting polycystic kidneys. Therefore, it would appear
that the use of LR for type III PLD should be prudent. LT
is the only radical treatment option for PLD.8 Although
LT carries increased risks of postoperative morbidity and
mortality,5,10,11,13 it has an excellent curative effect if these
problems are overcome.30–32 The outcome of LT for PLD
is comparable to that for other liver diseases.10,27 There-
fore, LT appears to be a more appropriate treatment in
type III PLD patients in Western countries in which
cadaveric donor transplantation is common. However,
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only 13 patients underwent LT in the present study.
These results indicate that LT for PLD is not common in
Japan. Organ shortage is a serious problem in Japan, in
addition, the priority of PLD patients as recipient is low,
and liver transplants from cadaveric donors are not
expected. Therefore, it is not easy to recommend LT as
initiation therapy for type III PLD in the present situa-
tion in Japan, and accumulation of experiences and dis-
cussion are necessary sequentially. On the other hand,
the duration of treatment effect following LT for type III
PLD was long compared with the other treatments in
this study. In Japan, the number of cadaveric transplan-
tation cases increased after revision of the Organ Trans-
plant Law enforced in 2010, thereby increase in LT for
PLD is expected. Living donor liver transplantation from
a patient’s relative may be a restricted treatment option,
as PLD is an autosomal dominant disease. In the present
study, almost all (12/13) of LT were living donor liver
transplantation, of whom seven donors were relatives
and five were spouses. The relative donors were four
sons, two daughters and one nephew, and none was
affected with PLD. Most relative donors were male,
which might have been affected by the fact that three-
quarters of PLD patients were female. Furthermore, it is
possible to perform simultaneous liver and kidney
transplantation (SLK) in patients with PKD. A meta-
analysis by Drenth et al. reported that 42% of patients
undergoing LT for PLD underwent SLK.10 In the present
study, there was no case that underwent SLK for PKD.
Additionally, the first case of successful SLK was
reported in 2013 in Japan.33 In the current Japanese
status, it is difficult to perform SLK even with renal
failure, because most transplantation cases are depen-
dent on a living donor. On the other hand, Simpson
et al. reported that SLK has an immunological advantage
over serial transplantation in terms of avoiding the risk
of pre-sensitization, when recipients require liver and
kidney transplantation.34 In the future, increase in
cadaveric donors would enable PLD patients with PKD
to undergo SLK.

Other treatments for PLD include percutaneous
transcatheter hepatic artery embolization (TAE). Ubara
et al. reported that TAE reduced the cyst volume follow-
ing the selective embolization of the hepatic artery
because the blood flow in the liver cysts caused by PLD
is predominantly supplied by the hepatic artery.35 By
performing TAE super-selectively, targeting hepatic
arterial branches supplying localized hepatic regions
replaced by multiple cysts with neither an intact portal
vein nor intact hepatic parenchyma, they sought to
minimize damage to remaining intact liver. Selection of

embolized hepatic regions followed the same judgment
process as for LR.36 Takei et al. also noted that TAE
decreased the liver volume by approximately 23% and
the cyst volume by approximately 30% and that it could
be performed for patients with poor general condition
who are not candidates for surgical treatment.36 We were
unable to compare TAE with the other treatments in the
present study because of the small number of included
TAE cases and their short observation periods. Recently,
somatostatin analogs were reported as a new treatment
option for PLD.37–39 Somatostatin inhibits fluid secre-
tion and proliferation by reducing cyclic adenosine
monophosphate in the cholangiocytes within PLD
cysts.40,41 Previous reports have demonstrated that soma-
tostatin analogs can decrease the liver volume by 3–5%
and provide 6–12 months of therapeutic effect. More-
over, it is less invasive than other treatments and can be
used for all types of PLD.26,38,42 Although the accumula-
tion of experience with somatostatin analogs in Japan is
required, they are expected to be a treatment option in
the future.

In conclusion, considering the therapeutic effects and
complications, AS, LR, and LT are good treatments for
type I, type II and type III PLD, respectively. However, LT
for PLD was performed in a small number of patients. In
Japan, the transplantation therapy is expected to be
common in the future. In addition, in the clinical
setting, it is particularly important that treatment selec-
tion should be tailored to a patient’s clinical status and
that patients are informed that treatments other than LT
are not radical treatment options.
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with the other drugs, with a result comparable to LR and
FN. EO has been used with immense success in sclero-
therapy for esophageal varices.22 Nakaoka et al. reported
that AS with EO for PLD had a 93.3% success rate with
no recurrence during the observation period.23 They
used 5% EO and injected a volume of sclerosant equiva-
lent to 10% of the volume of aspirated cystic fluid.
However, there is no consensus on the appropriate con-
centration and volume of EO for PLD. Considering the
therapeutic effects and complications, AS with EO is
appropriate as an initial treatment for type I PLD.

Liver resection for type II PLD has been recommended
by some reports, and one report noted that LR should be
performed even for type III PLD.11 The recurrence rate
following LR has been reported to be 3–33%.5,24,25 In
type II or III PLD, the intrahepatic vasculature and
biliary system are severely altered by cysts and the accu-
rate preoperative definition of these structures remains
difficult, even with current imaging modalities.26 There-
fore, the postoperative complication rate is high, at
20–83%, and includes ascites, pleural effusion, biliary
leakage, hemorrhage and wound infection.5,11,13,24,25 The
present study demonstrated that the postoperative
complications of LR include ascites, bile leakage and
intra-abdominal abscess, with an incidence of 31.8%.

However, the duration of treatment effect for type II
PLD was more satisfactory following LR and LT than AS
or FN. LT provides a desirable cure as the therapeutic
effect is permanent. However, considering the high mor-
bidity associated with LT and the limited number of
donated organs in Japan, LR is recommended as the
initial treatment for type II PLD.

In previous reports, LT was commonly recommended
for type III PLD,6,27–29 but one report proposed an
extended indication of LR to type III.11 However, LR for
type III PLD is associated with difficulty determining the
LR line and liver dysfunction caused by the small
amount of remnant liver. In addition, most type III
patients have a poor PS or renal dysfunction due to
coexisting polycystic kidneys. Therefore, it would appear
that the use of LR for type III PLD should be prudent. LT
is the only radical treatment option for PLD.8 Although
LT carries increased risks of postoperative morbidity and
mortality,5,10,11,13 it has an excellent curative effect if these
problems are overcome.30–32 The outcome of LT for PLD
is comparable to that for other liver diseases.10,27 There-
fore, LT appears to be a more appropriate treatment in
type III PLD patients in Western countries in which
cadaveric donor transplantation is common. However,
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only 13 patients underwent LT in the present study.
These results indicate that LT for PLD is not common in
Japan. Organ shortage is a serious problem in Japan, in
addition, the priority of PLD patients as recipient is low,
and liver transplants from cadaveric donors are not
expected. Therefore, it is not easy to recommend LT as
initiation therapy for type III PLD in the present situa-
tion in Japan, and accumulation of experiences and dis-
cussion are necessary sequentially. On the other hand,
the duration of treatment effect following LT for type III
PLD was long compared with the other treatments in
this study. In Japan, the number of cadaveric transplan-
tation cases increased after revision of the Organ Trans-
plant Law enforced in 2010, thereby increase in LT for
PLD is expected. Living donor liver transplantation from
a patient’s relative may be a restricted treatment option,
as PLD is an autosomal dominant disease. In the present
study, almost all (12/13) of LT were living donor liver
transplantation, of whom seven donors were relatives
and five were spouses. The relative donors were four
sons, two daughters and one nephew, and none was
affected with PLD. Most relative donors were male,
which might have been affected by the fact that three-
quarters of PLD patients were female. Furthermore, it is
possible to perform simultaneous liver and kidney
transplantation (SLK) in patients with PKD. A meta-
analysis by Drenth et al. reported that 42% of patients
undergoing LT for PLD underwent SLK.10 In the present
study, there was no case that underwent SLK for PKD.
Additionally, the first case of successful SLK was
reported in 2013 in Japan.33 In the current Japanese
status, it is difficult to perform SLK even with renal
failure, because most transplantation cases are depen-
dent on a living donor. On the other hand, Simpson
et al. reported that SLK has an immunological advantage
over serial transplantation in terms of avoiding the risk
of pre-sensitization, when recipients require liver and
kidney transplantation.34 In the future, increase in
cadaveric donors would enable PLD patients with PKD
to undergo SLK.

Other treatments for PLD include percutaneous
transcatheter hepatic artery embolization (TAE). Ubara
et al. reported that TAE reduced the cyst volume follow-
ing the selective embolization of the hepatic artery
because the blood flow in the liver cysts caused by PLD
is predominantly supplied by the hepatic artery.35 By
performing TAE super-selectively, targeting hepatic
arterial branches supplying localized hepatic regions
replaced by multiple cysts with neither an intact portal
vein nor intact hepatic parenchyma, they sought to
minimize damage to remaining intact liver. Selection of

embolized hepatic regions followed the same judgment
process as for LR.36 Takei et al. also noted that TAE
decreased the liver volume by approximately 23% and
the cyst volume by approximately 30% and that it could
be performed for patients with poor general condition
who are not candidates for surgical treatment.36 We were
unable to compare TAE with the other treatments in the
present study because of the small number of included
TAE cases and their short observation periods. Recently,
somatostatin analogs were reported as a new treatment
option for PLD.37–39 Somatostatin inhibits fluid secre-
tion and proliferation by reducing cyclic adenosine
monophosphate in the cholangiocytes within PLD
cysts.40,41 Previous reports have demonstrated that soma-
tostatin analogs can decrease the liver volume by 3–5%
and provide 6–12 months of therapeutic effect. More-
over, it is less invasive than other treatments and can be
used for all types of PLD.26,38,42 Although the accumula-
tion of experience with somatostatin analogs in Japan is
required, they are expected to be a treatment option in
the future.

In conclusion, considering the therapeutic effects and
complications, AS, LR, and LT are good treatments for
type I, type II and type III PLD, respectively. However, LT
for PLD was performed in a small number of patients. In
Japan, the transplantation therapy is expected to be
common in the future. In addition, in the clinical
setting, it is particularly important that treatment selec-
tion should be tailored to a patient’s clinical status and
that patients are informed that treatments other than LT
are not radical treatment options.
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Editorial

Biomarkers and Personalized Sorafenib 
Therapy

Compared with other types of cancer, hepatocellular carcinoma (HCC) is highly heteroge-
neous because of the intrinsic diversity in its pathogenesis, molecular heterogeneity, its mul-
ticentric occurrence, and its etiology, among others. Until now, locoregional therapies such 
as resection, ablation, and transarterial chemoembolization (TACE) have been performed 
extensively to treat HCC because the application of systemic chemotherapy using cytotoxic 
anticancer drugs is limited by the presence of pancytopenia and hepatic dysfunction caused 
by the cirrhosis that usually accompanies HCC. Since its approval in 2007 as a systemic che-
motherapeutic agent that improves the survival of patients with unresectable advanced HCC, 
sorafenib has been widely used as a novel treatment option in patients with advanced HCCs 
with extrahepatic spread and/or vascular invasion.

Need for Personalized Sorafenib Therapy

Sorafenib is the only anticancer drug with proven prognostic efficacy in HCC [1, 2]; how-
ever, it should be administered with care because of various adverse effects, including hand–
foot skin reaction, hypertension, diarrhea, and liver dysfunction. Moreover, because cases of 
ineffective and incomplete response to sorafenib have been reported, and because the drug 
is extremely expensive, the development of prognostic factors and biomarkers for predicting 
adverse events are eagerly awaited. The ability to predict treatment outcome and adverse 
events would make it possible to avoid administering sorafenib to patients who would not 
benefit from it and to exclude patients likely to develop serious side effects. This would not 
only increase safety but also markedly improve the medico-economic situation. Consequent-
ly, studies are currently underway to develop biomarkers for predicting treatment outcome 
and adverse events, and some biomarkers for novel molecularly targeted drugs have already 
been identified in the early phase of clinical trials and subsequently evaluated in phase III 
trials.
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Signals Triggering Proliferation of Hepatocellular Carcinoma

Mutations of specific genes that play an important role in cancer proliferation (onco-
gene addiction), such as the BRAF V600E mutation in malignant melanoma [3] and the ALK 
fusion gene mutation in lung cancer [4], are perfect targets for molecularly targeted drugs. 
However, with regard to HCC, no study has reported a specific gene mutation that causes 
oncogene addiction, despite various proliferation-related signal transduction pathways be-
ing activated, such as those of MAP kinase [5], PI3K/Akt/mTOR [6], c-MET [7], IGF [8], Wnt-
beta-catenin [9, 10], hedgehog [11], vascular endothelial growth factor (VEGF) receptor, and 
platelet-derived growth factor (PDGF) receptor [12]. It is therefore difficult to use gene mu-
tations as biomarkers in HCC. The multikinase inhibitor sorafenib suppresses the prolifera-
tion of vascular endothelial cells and pericytes by inhibiting the activity of tyrosine kinase in 
the cytosolic domain of the VEGF and PDGF receptors. It also suppresses the proliferation of 
tumor cells by inhibiting the activity of Raf serine/threonine kinase in the MAP kinase cas-
cade responsible for such proliferation. Sorafenib, therefore, exerts a multifaceted antican-
cer effect by inhibiting various kinases and appears to work well in HCC. In other words, the 
difficulty in identifying a specific biomarker in sorafenib therapy for HCC may be caused by 
the presence of multiple molecular targets. Despite previous reports of potential biomark-
ers, no definitive biomarker for sorafenib has been reported (Table 1 [13–24]).

FGF3/4 Gene Amplification

The SHARP [1] and Asia Pacific [2] trials revealed extremely low response rates in pa-
tients treated with sorafenib: the overall response was as low as a few percent, with almost 
no tumor response. In general, a drug’s inhibitory action on tumor proliferation improves 
patient survival. In Japan, there has been a stream of super responders (i.e., complete re-
sponders and partial responders) to sorafenib since its approval in 2009, suggesting a com-
mon, yet unknown response factor in Japanese people [25]. In fact, when we gathered biopsy 
specimens from sorafenib super responders across Japan and performed genome analysis, 
the results revealed a high expression level of FGF3/4, lung metastasis, and poorly differ-
entiated HCC as common factors [24], suggesting that each of these factors could serve as 
biomarkers. Although high expression of FGF3/4 may be a good marker because of its af-
finity for various molecular targets, it is difficult to use high levels of FGF3/4 expression as 
a general purpose marker because the FGF3/4 mutation has been observed in only a few 
percent of all HCC patients.

c-Jun N-Terminal Kinase

In addition, c-Jun N-terminal kinase (JNK), which acts as an intracellular signaling pro-
tein, is highly upregulated in patients with no response to sorafenib. Because JNK activation 
is closely related to CD133 expression, CD133 and JNK expression may serve as a biomarker 
for no tumor response to sorafenib [23].
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oncogene addiction, despite various proliferation-related signal transduction pathways be-
ing activated, such as those of MAP kinase [5], PI3K/Akt/mTOR [6], c-MET [7], IGF [8], Wnt-
beta-catenin [9, 10], hedgehog [11], vascular endothelial growth factor (VEGF) receptor, and 
platelet-derived growth factor (PDGF) receptor [12]. It is therefore difficult to use gene mu-
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the cytosolic domain of the VEGF and PDGF receptors. It also suppresses the proliferation of 
tumor cells by inhibiting the activity of Raf serine/threonine kinase in the MAP kinase cas-
cade responsible for such proliferation. Sorafenib, therefore, exerts a multifaceted antican-
cer effect by inhibiting various kinases and appears to work well in HCC. In other words, the 
difficulty in identifying a specific biomarker in sorafenib therapy for HCC may be caused by 
the presence of multiple molecular targets. Despite previous reports of potential biomark-
ers, no definitive biomarker for sorafenib has been reported (Table 1 [13–24]).

FGF3/4 Gene Amplification

The SHARP [1] and Asia Pacific [2] trials revealed extremely low response rates in pa-
tients treated with sorafenib: the overall response was as low as a few percent, with almost 
no tumor response. In general, a drug’s inhibitory action on tumor proliferation improves 
patient survival. In Japan, there has been a stream of super responders (i.e., complete re-
sponders and partial responders) to sorafenib since its approval in 2009, suggesting a com-
mon, yet unknown response factor in Japanese people [25]. In fact, when we gathered biopsy 
specimens from sorafenib super responders across Japan and performed genome analysis, 
the results revealed a high expression level of FGF3/4, lung metastasis, and poorly differ-
entiated HCC as common factors [24], suggesting that each of these factors could serve as 
biomarkers. Although high expression of FGF3/4 may be a good marker because of its af-
finity for various molecular targets, it is difficult to use high levels of FGF3/4 expression as 
a general purpose marker because the FGF3/4 mutation has been observed in only a few 
percent of all HCC patients.

c-Jun N-Terminal Kinase

In addition, c-Jun N-terminal kinase (JNK), which acts as an intracellular signaling pro-
tein, is highly upregulated in patients with no response to sorafenib. Because JNK activation 
is closely related to CD133 expression, CD133 and JNK expression may serve as a biomarker 
for no tumor response to sorafenib [23].
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Cytokine Biomarkers

Miyahara et al. measured changes in the levels of several serum angiogenesis markers be-
fore and after sorafenib treatment and showed that the number of HCC patients with progres-
sive disease was high among HCC patients with high levels of serum angiogenesis markers 
before the treatment [20]. In addition, Tsuchiya et al. reported that chronological changes in 
serum VEGF levels can serve as a useful prognostic indicator [19]. As shown in these studies, 
changes in the levels of serum markers during drug therapy can be used to predict treatment 
outcome to a certain extent.

Although the aim is to use biomarkers to predict treatment outcome and adverse events 
before drug treatment, this is difficult to do at present. We await the results of genome-wide 
association studies currently underway. Another way to predict adverse events is to monitor 
laboratory test values and hemodynamics throughout drug therapy.

Table 1. Potential biomarkers for predicting treatment outcome and adverse events of sorafenib  
treatment in HCC

Biomarker Author Year Reference

Symtoms and signs

           Dermal toxicity Vincenzi B 2010 13

           Hypertension Estfan B 2013 14

           Lung metastasis Yau T 2009 21

Serum markers

           AFP decrease after 6 weeks (>20%) Yau T 2011 15

           AFP decrease in the early phase  
           (comparing AFP after 2 and 4 weeks)

Kuzuya T 2011 16

           DCP increase after 2 weeks Ueshima K 2011 17

           NX-DCP and DCP Miyahara K 2013 18

           Serum VEGF decrease after 8 weeks Tsuchiya K 2014 19

           Angiopoietin-2, G-CSF, HGF, leptin Miyahara K 2011 20

Genes and proteins

           pERK Zhang Z 2009 22

           JNK activity Hagiwara S 2012 23

           FGF3/FGF4 amplification Arao T 2013 24

AFP = alpha-fetoprotein; DCP = des-γ-carboxyprothrombin; G-CSF = granulocyte colony-stimulating 
factor; HGF = hepatocyte growth factor; pERK = phosphorylated extracellular-signal-regulated kinases.
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Proteins Induced by Vitamin K Absence

Proteins induced by vitamin K absence (PIVKA)-II are markers for HCC. In hepatic cells, 
γ-glutamyl carboxylase and vitamin K are coenzymes responsible for the carboxylation of 
ten glutamic acid residues in the Gla domain located at the N-terminus of the prothrombin 
precursor, thereby converting the precursor to prothrombin, which possesses coagulation 
activity and is secreted into the bloodstream. However, when vitamin K is deficient, pro-
thrombin is released into the circulation without complete carboxylation. PIVKA-II proteins 
are the non-functional precursors that accumulate in the circulation. Because sorafenib ad-
ministration rapidly increases PIVKA-II levels in many cases, we retrospectively investigated 
the relationship between tumor progression and increases in PIVKA-II levels. The results 
showed that time to progression (TTP) was significantly prolonged in patients whose PIV-
KA-II level had been upregulated two-fold 2 weeks after sorafenib administration [17]. We 
believe that prolonged TTP is a reflection of ischemia in HCC caused by the anti-angiogenic 
effect of sorafenib. Such ischemia alters the actin molecules making up the cytoskeleton of 
HCC cells, thereby impairing the endocytosis of vitamin K. This subsequently leads to vita-
min K deficiency and an increase in PIVKA-II levels, and means that PIVKA-II has potential 
as a surrogate marker for cellular ischemia as well as a monitoring marker for the anti-an-
giogenic effect of sorafenib.

Comparison of Images Taken Before and after Treatment

Because tumors develop ischemic conditions when sorafenib exerts its anti-angiogenic 
effect, the monitoring of hemodynamics by computed tomography or magnetic resonance 
imaging may provide useful evaluation criteria on whether to continue drug administration. 
Our investigation showed that survival was significantly prolonged in HCC patients with ne-
crosis or decreased blood flow, even if only partial, compared with that in HCC patients with 
no change in blood flow [26].

In conclusion, it is not currently possible to predict treatment outcome or the likelihood 
of adverse effects of sorafenib treatment before administering the drug. Despite the discov-
ery of genes that are potential biomarkers, such as FGF3/4, these genes have not been put 
to practical use: current clinical practice consists of starting sorafenib administration and 
monitoring patients individually to determine the treatment effects. In particular, we need 
to monitor the radiological response and response of tumor markers (AFP and PIVKA-II) 
carefully during the initial phase of drug administration (approximately 4 weeks.) At the 
time of evaluating the treatment effect (after 8 weeks), it may be considered to discontinue 
administration in patients who have not responded to sorafenib since the likely result will be 
progressive disease. However, in the real world clinical practice in those patients with slow 
growing HCCs (long stable diseases), administration of sorafenib even beyond progressive 
diseases should be continued since there is no second line targeted agents available at the 
present and maybe sorafenib is beneficial for prolonging survival of such patient population.
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Abstract
Hepatocellular carcinoma (HCC) is a common cancer worldwide and develops against a back-
ground of chronic liver damage. A variety of HCC-related genes are known to be altered 
by genetic and epigenetic mechanisms. Therefore, information regarding alteration of the 
genetic and epigenetic profiles in HCC is essential for understanding the biology of this type 
of tumor. Methylation at CpG sites in gene promoters is known to affect the transcription of 
the corresponding genes. Abnormal regional hypermethylation is observed in the 5′ region 
of several tumor suppressor genes (TSGs) in HCC, and this hypermethylation may promote 
carcinogenesis through the transcriptional inactivation of downstream TSGs. The DNA dam-
age induced by oxidation is a trigger of abnormal DNA methylation and inactivation of TSGs 
through recruitment of the polycomb repressive complex to the promoter sequence. Thus, 
oxidative stress may be responsible for the emergence of HCC from chronic hepatitis and 
liver cirrhosis through the epigenetic alteration of TSGs. There have been several attempts to 
apply epigenetic information to the diagnosis and treatment of HCC. The predictive value of 
selected methylation events on survival in HCC patients has been reported, and the meth-
ylation profile of background liver could be associated with recurrence-free survival of HCC 
patients who have undergone hepatectomy. Another study detected methylated DNA from 
HCC cells in serum, and the circulating tumor DNA was regarded as a potential tumor marker. 
In addition, several trials of HCC therapy have targeted the epigenetic machinery and were 
based upon comprehensive analyses of DNA methylation of this type of tumor. Here, we 
present an overview of research regarding DNA methylation status in human HCC and de-
scribe the clinical application of epigenetic information to HCC. Copyright © 2014 S. Karger AG, Basel
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Introduction

The methylation status at CpG sites in gene promoters, which are generally located with-
in CpG islands, is closely associated with transcription of the corresponding genes. In cancer-
ous tissues, abnormal regional hypermethylation observed in the 5′ region of several tumor 
suppressor genes (TSGs) is thought to promote carcinogenesis through the transcriptional 
inactivation of downstream TSGs. On the other hand, global DNA hypomethylation is another 
characteristic of cancer and is thought to induce activation of transposons, oncogenes, and 
chromosomal alterations, thereby contributing to carcinogenesis [1, 2].

In human hepatocellular carcinoma (HCC), a variety of TSGs have shown abnormal 
hypermethylation in their promoter regions and down-regulation of their transcripts, sug-
gesting the potential role of inactivation of these TSGs in hepatocarcinogenesis [3]. A rela-
tionship between the extent of abnormal chromosomal regions and the degree of DNA hypo-
methylation at repetitive DNA sequences has also been reported. This evidence supports the 
idea that global DNA hypomethylation could induce chromosomal instability and contribute 
to hepatocarcinogenesis [4]. Results from another study involving human HCC samples re-
vealed an association between down-regulation of microRNA (miR) and abnormal methyla-
tion of the host gene [5]. This review gives a synopsis of comprehensive analyses of DNA 
methylation in human HCC and further focuses on the clinical application of epigenetic infor-
mation, such as alteration of the histone code or DNA methylations in HCC.

Origin of Epigenetic Alteration in Human HCC

Although the methylation levels in TSG promoters are much higher in HCC than in non-
cancerous liver, abnormal methylation has also been observed in the promoters of TSGs in 
non-cancerous liver of HCC patients. Additionally, several studies have confirmed that the 
methylation levels of non-cancerous liver show a progression from chronic hepatitis to liver 
cirrhosis, in parallel with the increase in risk for the development of HCC. Viral infection, 
chronic inflammation, and oxidative stress can induce abnormal DNA methylation in affect-
ed hepatocytes. Thus, chronic hepatitis and liver cirrhosis may be the background conditions 
that lead to HCC emergence via abnormal methylation patterns that result in transcriptional 
inactivation of TSGs.

Several studies have reported a mechanistic link between epigenetic instability and the 
oxidative stress induced by inflammation. HCC cells are known to frequently carry abnor-
mally methylated E-cadherin genes. Lim et al. reported that reactive oxygen species (ROS) 
could induce the expression of Snail, a repressive transcription factor of E-cadherin, through 
activation of the PI3K-Akt pathway and induce hypermethylation of the E-cadherin promoter 
by recruiting histone deacetylase 1 (HDAC1) and DNA methyltransferase 1 (DNMT1) [6]. 
They also showed a correlation between ROS induction, E-cadherin down-regulation, Snail 
up-regulation, and the E-cadherin promoter methylation in HCC tissues. 

O’Hagan et al. demonstrated that inducing cellular oxidative stress in a colorectal cancer 
cell line using hydrogen peroxide (H2O2) treatment recruits DNMT1 to damaged chromatin 
and causes relocalization of DNMTs and other members of the polycomb repressive complex 
4 from non-GC-rich to GC-rich areas [7]. They also showed an increase in repressive histone 
modification, such as the trimethylation of lysine 27 of histone H3 (H3K27), and a decrease 
in active histone modification, such as the trimethylation of H3K4 and the acetylation of 
H4K16, on DNA sites showing oxidative damage. Using an HCC cell line and fetal liver cells, 
we also demonstrated that H2O2 treatment increases oxidative DNA damage on the promot-
ers of multiple cancer-related genes that are known to show abnormal DNA methylation in 
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Introduction

The methylation status at CpG sites in gene promoters, which are generally located with-
in CpG islands, is closely associated with transcription of the corresponding genes. In cancer-
ous tissues, abnormal regional hypermethylation observed in the 5′ region of several tumor 
suppressor genes (TSGs) is thought to promote carcinogenesis through the transcriptional 
inactivation of downstream TSGs. On the other hand, global DNA hypomethylation is another 
characteristic of cancer and is thought to induce activation of transposons, oncogenes, and 
chromosomal alterations, thereby contributing to carcinogenesis [1, 2].

In human hepatocellular carcinoma (HCC), a variety of TSGs have shown abnormal 
hypermethylation in their promoter regions and down-regulation of their transcripts, sug-
gesting the potential role of inactivation of these TSGs in hepatocarcinogenesis [3]. A rela-
tionship between the extent of abnormal chromosomal regions and the degree of DNA hypo-
methylation at repetitive DNA sequences has also been reported. This evidence supports the 
idea that global DNA hypomethylation could induce chromosomal instability and contribute 
to hepatocarcinogenesis [4]. Results from another study involving human HCC samples re-
vealed an association between down-regulation of microRNA (miR) and abnormal methyla-
tion of the host gene [5]. This review gives a synopsis of comprehensive analyses of DNA 
methylation in human HCC and further focuses on the clinical application of epigenetic infor-
mation, such as alteration of the histone code or DNA methylations in HCC.

Origin of Epigenetic Alteration in Human HCC

Although the methylation levels in TSG promoters are much higher in HCC than in non-
cancerous liver, abnormal methylation has also been observed in the promoters of TSGs in 
non-cancerous liver of HCC patients. Additionally, several studies have confirmed that the 
methylation levels of non-cancerous liver show a progression from chronic hepatitis to liver 
cirrhosis, in parallel with the increase in risk for the development of HCC. Viral infection, 
chronic inflammation, and oxidative stress can induce abnormal DNA methylation in affect-
ed hepatocytes. Thus, chronic hepatitis and liver cirrhosis may be the background conditions 
that lead to HCC emergence via abnormal methylation patterns that result in transcriptional 
inactivation of TSGs.

Several studies have reported a mechanistic link between epigenetic instability and the 
oxidative stress induced by inflammation. HCC cells are known to frequently carry abnor-
mally methylated E-cadherin genes. Lim et al. reported that reactive oxygen species (ROS) 
could induce the expression of Snail, a repressive transcription factor of E-cadherin, through 
activation of the PI3K-Akt pathway and induce hypermethylation of the E-cadherin promoter 
by recruiting histone deacetylase 1 (HDAC1) and DNA methyltransferase 1 (DNMT1) [6]. 
They also showed a correlation between ROS induction, E-cadherin down-regulation, Snail 
up-regulation, and the E-cadherin promoter methylation in HCC tissues. 

O’Hagan et al. demonstrated that inducing cellular oxidative stress in a colorectal cancer 
cell line using hydrogen peroxide (H2O2) treatment recruits DNMT1 to damaged chromatin 
and causes relocalization of DNMTs and other members of the polycomb repressive complex 
4 from non-GC-rich to GC-rich areas [7]. They also showed an increase in repressive histone 
modification, such as the trimethylation of lysine 27 of histone H3 (H3K27), and a decrease 
in active histone modification, such as the trimethylation of H3K4 and the acetylation of 
H4K16, on DNA sites showing oxidative damage. Using an HCC cell line and fetal liver cells, 
we also demonstrated that H2O2 treatment increases oxidative DNA damage on the promot-
ers of multiple cancer-related genes that are known to show abnormal DNA methylation in 
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many types of cancers. We confirmed that H2O2 treatment alters histone modifications on 
these promoters from active to repressive patterns predominantly at damaged DNA sites [8].

Furthermore, using mice with humanized livers, Okamoto et al. reported that hepatitis B 
virus (HBV) or hepatitis C virus (HCV) infection could induce genome-wide, time-dependent 
changes in DNA methylation. Inhibition of natural killer cells or administration of neutraliz-
ing antibody of interferon-γ could inhibit methylation changes in the infected mice [9]. These 
results strongly support the idea that chronic inflammation and viral infection can cause a 
disturbance in DNA methylation status through the immune response as well as by the induc-
tion of ROS.

Increasing evidence suggests that non-alcoholic fatty liver disease (NAFLD) may be a 
risk factor for the emergence of HCC, and oxidative stress is believed to be a causal factor in 
NAFLD progression. From this observation, more methylation changes are likely to accumu-
late in the liver of patients with advanced NAFLD than in those with mild NAFLD. A recent 
report described many differently methylated CpGs between liver samples from patients with 
advanced and mild NAFLD, suggesting that epigenetic alteration also plays a role in NAFLD-
related HCC emergence [10]. In that study, methylation levels were compared between mild 
and advanced NAFLD for more than 450,000 CpG sites, and about 70,000 CpG sites revealed 
methylation differences. Methylation correlated with gene transcript levels for 7% of dif-
ferentially methylated CpG sites, indicating that these methylations affect expression of the 
corresponding genes. Tissue repair genes were hypomethylated and overexpressed, whereas 
genes in certain metabolic pathways were hypermethylated and underexpressed in advanced 
NAFLD [10].

Methylation Events Drive Hepatocarcinogenesis

Alteration of DNA methylation takes place in various promoters, gene bodies, intragenic 
regions, and repetitive DNA sequences. However, the importance of individual methylation 
changes to carcinogenesis is mostly unknown. Gao et al. determined and classified the pat-
tern of methylation progression in 6,458 CpG sites in normal liver, non-cancerous liver of HCC 
patients, and HCC tissues. Some methylation events were observed in HCC tissues but were 
not found in non-cancerous liver and normal liver [11], suggesting the importance of this type 
of methylation in hepatocarcinogenesis. To determine the methylation events that might con-
tribute to the emergence of HCC, we analyzed the methylation profiles of early HCC (eHCC), 
which is defined as HCC with hypovascular tumors < 2 cm, and compared them with those of 
non-cancerous liver and progressive HCC.

We also successfully classified methylation events into three patterns: methylation events 
showing prominent differences between non-cancerous liver and eHCC, methylation events 
showing gradual increase according to tumor progression, and methylation that could be de-
tected in advanced tumors only [12]. It is noteworthy that the elevated levels of methylation 
detected in eHCC were also observed in non-cancerous liver, although the levels were much 
lower than those in HCC tissue [13]. Interestingly, the number of methylated TSGs in livers 
infected with chronic hepatitis C was significantly associated with the time taken for HCC to 
occur in patients with no history of HCC [12].

Therefore, we concluded that these methylation events might act as a driver that could 
accelerate hepatocarcinogenesis. On the other hand, although a number of methylation events 
were observed in advanced HCC, the majority of them were quantitatively low level and might 
be “passive” methylation events that emerge as a consequence of carcinogenesis, rather than 
being the drivers of carcinogenesis. In addition, we observed methylation events in normal 
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livers among the elderly [13]. It is conceivable that ROS induced by normal metabolic pro-
cesses might cause abnormal DNA methylation in hepatocytes in an age-dependent manner, 
thereby promoting HCC emergence in livers without severe fibrosis. Recently, HCC has been 
observed in livers without advanced fibrosis, especially in elderly patients. This evidence 
also supports the idea that methylation events that are responsible for hepatocarcinogenesis 
exist in normal livers among the elderly as well as in livers infected with chronic hepatitis.

Differently Methylated Regions between HCC and Background Liver

As described above, in normal cells, the cytosine of CpG sites within TSG promoters and 
CpG-rich regions are generally unmethylated, whereas in other DNA regions, such as repeti-
tive DNA sequences, these sites are densely methylated. However, TSG promoters showed 
regional hypermethylation in cancer cells. Irizarry et al. showed that, in colon cancer, most 
cancer related-alterations of DNA methylation did not take place in CpG islands, but in se-
quences up to 2 kb away; such regions were termed “CpG island shores” [14]. It was also 
reported that regions showing different methylation patterns between cancer and normal 
epithelial cells [cancer-specific differentially methylated regions (C-DMRs)] showed consid-
erable overlap with those showing different methylation patterns among different tissues 
[tissue-specific differentially methylated regions]. Therefore, it is possible that the major-
ity of methylation alterations found in cancer occur at CpG sites where epigenetic changes 
take place during tissue differentiation, and that some epigenetic alterations found in cancer 
might cause stem cell-like phenotypes, such as pluripotency. On the other hand, Ammerpohl 
et al. reported that several genes that showed abnormal methylation in human HCC were 
the targets of polycomb repressive complex 2 in embryonic stem cells [15, 16]. Polycomb- 
and trithorax-group proteins are known to participate in the modulation of histones and 
the alteration of gene expression patterns during cell differentiation [1]. Given that repres-
sive histone modulation is associated with methylation of the corresponding genes, some 
methylation events could induce undifferentiated phenotypes through the transcriptional 
inactivation of genes necessary for cell differentiation.

Methylation Profile in HCC

Several studies have reported comprehensive analyses of the DNA methylation profile of 
HCC (table 1). A recent study analyzed more than 450,000 CpG sites and showed the meth-
ylation profile of HCC throughout the whole genome. According to the report, 60.1% of the 
CpGs that had undergone hypermethylation in HCC were located in CpG islands, 21.6% were 
in CpG shores, and 3.6% were in CpG shelves, which is defined as the region just outside CpG 
shores [17]. In contrast, the majority of hypomethylated CpGs in HCC were located away 
from CpG islands. Another group also reported that hypermethylated CpGs were mainly dis-
tributed close to transcription start sites, and the majority of hypomethylated CpGs were 
observed within 3′ regions of genes and intragenic regions [18].

Additionally, although hypomethylated CpGs were observed more frequently than hy-
permethylated TSGs were, the C-DMRs of HCC were observed more frequently in hyper-
methylated than in hypomethylated regions [17]. Because regional alteration of methylation 
may affect gene transcription more strongly than alteration of individual CpG methylation 
does, DNA hypermethylation may play a role in HCC emergence predominantly through the 
transcriptional inactivation of TSGs; however, DNA hypomethylation may contribute to car-
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many types of cancers. We confirmed that H2O2 treatment alters histone modifications on 
these promoters from active to repressive patterns predominantly at damaged DNA sites [8].

Furthermore, using mice with humanized livers, Okamoto et al. reported that hepatitis B 
virus (HBV) or hepatitis C virus (HCV) infection could induce genome-wide, time-dependent 
changes in DNA methylation. Inhibition of natural killer cells or administration of neutraliz-
ing antibody of interferon-γ could inhibit methylation changes in the infected mice [9]. These 
results strongly support the idea that chronic inflammation and viral infection can cause a 
disturbance in DNA methylation status through the immune response as well as by the induc-
tion of ROS.

Increasing evidence suggests that non-alcoholic fatty liver disease (NAFLD) may be a 
risk factor for the emergence of HCC, and oxidative stress is believed to be a causal factor in 
NAFLD progression. From this observation, more methylation changes are likely to accumu-
late in the liver of patients with advanced NAFLD than in those with mild NAFLD. A recent 
report described many differently methylated CpGs between liver samples from patients with 
advanced and mild NAFLD, suggesting that epigenetic alteration also plays a role in NAFLD-
related HCC emergence [10]. In that study, methylation levels were compared between mild 
and advanced NAFLD for more than 450,000 CpG sites, and about 70,000 CpG sites revealed 
methylation differences. Methylation correlated with gene transcript levels for 7% of dif-
ferentially methylated CpG sites, indicating that these methylations affect expression of the 
corresponding genes. Tissue repair genes were hypomethylated and overexpressed, whereas 
genes in certain metabolic pathways were hypermethylated and underexpressed in advanced 
NAFLD [10].

Methylation Events Drive Hepatocarcinogenesis

Alteration of DNA methylation takes place in various promoters, gene bodies, intragenic 
regions, and repetitive DNA sequences. However, the importance of individual methylation 
changes to carcinogenesis is mostly unknown. Gao et al. determined and classified the pat-
tern of methylation progression in 6,458 CpG sites in normal liver, non-cancerous liver of HCC 
patients, and HCC tissues. Some methylation events were observed in HCC tissues but were 
not found in non-cancerous liver and normal liver [11], suggesting the importance of this type 
of methylation in hepatocarcinogenesis. To determine the methylation events that might con-
tribute to the emergence of HCC, we analyzed the methylation profiles of early HCC (eHCC), 
which is defined as HCC with hypovascular tumors < 2 cm, and compared them with those of 
non-cancerous liver and progressive HCC.

We also successfully classified methylation events into three patterns: methylation events 
showing prominent differences between non-cancerous liver and eHCC, methylation events 
showing gradual increase according to tumor progression, and methylation that could be de-
tected in advanced tumors only [12]. It is noteworthy that the elevated levels of methylation 
detected in eHCC were also observed in non-cancerous liver, although the levels were much 
lower than those in HCC tissue [13]. Interestingly, the number of methylated TSGs in livers 
infected with chronic hepatitis C was significantly associated with the time taken for HCC to 
occur in patients with no history of HCC [12].

Therefore, we concluded that these methylation events might act as a driver that could 
accelerate hepatocarcinogenesis. On the other hand, although a number of methylation events 
were observed in advanced HCC, the majority of them were quantitatively low level and might 
be “passive” methylation events that emerge as a consequence of carcinogenesis, rather than 
being the drivers of carcinogenesis. In addition, we observed methylation events in normal 
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livers among the elderly [13]. It is conceivable that ROS induced by normal metabolic pro-
cesses might cause abnormal DNA methylation in hepatocytes in an age-dependent manner, 
thereby promoting HCC emergence in livers without severe fibrosis. Recently, HCC has been 
observed in livers without advanced fibrosis, especially in elderly patients. This evidence 
also supports the idea that methylation events that are responsible for hepatocarcinogenesis 
exist in normal livers among the elderly as well as in livers infected with chronic hepatitis.

Differently Methylated Regions between HCC and Background Liver

As described above, in normal cells, the cytosine of CpG sites within TSG promoters and 
CpG-rich regions are generally unmethylated, whereas in other DNA regions, such as repeti-
tive DNA sequences, these sites are densely methylated. However, TSG promoters showed 
regional hypermethylation in cancer cells. Irizarry et al. showed that, in colon cancer, most 
cancer related-alterations of DNA methylation did not take place in CpG islands, but in se-
quences up to 2 kb away; such regions were termed “CpG island shores” [14]. It was also 
reported that regions showing different methylation patterns between cancer and normal 
epithelial cells [cancer-specific differentially methylated regions (C-DMRs)] showed consid-
erable overlap with those showing different methylation patterns among different tissues 
[tissue-specific differentially methylated regions]. Therefore, it is possible that the major-
ity of methylation alterations found in cancer occur at CpG sites where epigenetic changes 
take place during tissue differentiation, and that some epigenetic alterations found in cancer 
might cause stem cell-like phenotypes, such as pluripotency. On the other hand, Ammerpohl 
et al. reported that several genes that showed abnormal methylation in human HCC were 
the targets of polycomb repressive complex 2 in embryonic stem cells [15, 16]. Polycomb- 
and trithorax-group proteins are known to participate in the modulation of histones and 
the alteration of gene expression patterns during cell differentiation [1]. Given that repres-
sive histone modulation is associated with methylation of the corresponding genes, some 
methylation events could induce undifferentiated phenotypes through the transcriptional 
inactivation of genes necessary for cell differentiation.

Methylation Profile in HCC

Several studies have reported comprehensive analyses of the DNA methylation profile of 
HCC (table 1). A recent study analyzed more than 450,000 CpG sites and showed the meth-
ylation profile of HCC throughout the whole genome. According to the report, 60.1% of the 
CpGs that had undergone hypermethylation in HCC were located in CpG islands, 21.6% were 
in CpG shores, and 3.6% were in CpG shelves, which is defined as the region just outside CpG 
shores [17]. In contrast, the majority of hypomethylated CpGs in HCC were located away 
from CpG islands. Another group also reported that hypermethylated CpGs were mainly dis-
tributed close to transcription start sites, and the majority of hypomethylated CpGs were 
observed within 3′ regions of genes and intragenic regions [18].

Additionally, although hypomethylated CpGs were observed more frequently than hy-
permethylated TSGs were, the C-DMRs of HCC were observed more frequently in hyper-
methylated than in hypomethylated regions [17]. Because regional alteration of methylation 
may affect gene transcription more strongly than alteration of individual CpG methylation 
does, DNA hypermethylation may play a role in HCC emergence predominantly through the 
transcriptional inactivation of TSGs; however, DNA hypomethylation may contribute to car-
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cinogenesis by additional mechanisms, such as induction of chromosomal instability. We also 
reported that the global DNA hypomethylation level was closely associated with the extent of 
the altered chromosomal region, and this association was independent of the tumor stage [4].

DNA Methylation and Etiology of HCC

Results from a previous study identified several methylation events that were associated 
with the etiology of HCC and background liver status: 75 CpGs showed differences in meth-
ylation patterns between livers of males and females, methylation at 228 CpGs was associ-
ated with HCV infection, and methylation at 17,207 CpGs showed different levels between 
cirrhotic and non-cirrhotic livers [17]. Among the 228 CpGs associated with HCV infection, 
methylation events at 56 CpGs also showed association with the presence of liver cirrho-
sis. The considerable overlap of HCV-associated and cirrhosis-associated methylation events 
suggested that HCC may be more commonly observed in livers that are infected with HCV and 
are cirrhotic. Additionally, methylation of TSG promoters was more prevalent in liver cirrho-
sis than in chronic hepatitis [11], and the methylation status of TSG promoters in background 
liver reflected the methylation profile of matched HCC tissues [19]. For example, HCV-related 
HCC, which frequently arises from cirrhotic liver, is known to carry many methylated TSGs, 
and methylation of TSG promoters is more prominent in HCV-positive than in HCV-negative 
liver tissues [13]. Therefore, it is possible that the duration of inflammation is related to the 
progression of liver fibrosis and to TSG methylation, which is more common in chronic hepa-
titis C.

Other studies analyzed the alteration of cancer-related pathways that might be affected 
by methylation-associated inactivation of TSGs. Shen et al. classified genes showing abnor-
mal methylation and reported several pathways that involved genes showing increased or 
decreased methylation, such as G-protein, endothelin, PI3-K, interleukin, inflammatory cyto-
kines, and insulin/growth factor signaling pathways [5]. Tao et al. analyzed DNA methylation 
in single isolated HCC cells, thereby eliminating the noise caused by the methylation of non-
parenchymal cells, and reported that DNA methylation could lead to abnormal cellular func-
tion in gap junctions, calcium signaling, cell adhesion, and apoptosis [20]. However, because 
a variety of genes showed abnormal methylation in HCC, it was difficult to evaluate which 
methylation events might be responsible for carcinogenesis.

Newly Discovered TSGs Showed Abnormal Methylation and Transcriptional 
Inactivation

As described above, it is sometimes difficult to tell “driver” methylation events for HCC 
from “passive” methylation events that are merely consequences of carcinogenesis. There-
fore, the effects of each methylation event need to be confirmed. A recent study isolated HBV-
related HCC cells from cancerous tissues and performed comprehensive methylation analy-
ses. Seven new genes were identified with abnormal methylation in HCC: WNK2, EMILIN2, 
TRIM58, GRASP, TM6SF1, HIST1H4F, and TLX3 [20]. After treatment of these cancer cells with 
DNMT inhibitors, transcriptional reactivation was induced in these genes, suggesting that 
they were inactivated in HCC as a result of abnormal methylation. Gao et al. identified sev-
en hypermethylated genes in HCC: miR-219, MMP-14, RASSF1A, TBX4, GNA14, CDKN2A, and 
CCNA1. They also confirmed re-expression by a pharmacological unmasking method in which 
an HCC cell line was treated with DNMT inhibitor 5-aza-deoxycytosine [11].
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Neumann et al. conducted a study that involved the combination of comprehensive 
methylation and expression analyses before and after pharmacological unmasking. They de-
termined the comprehensive methylation profile, chromosomal status, and epigenetically si-
lenced genes of human HCC using HumanMethylation450 BeadArray (Illumina), array com-
parative genomic hybridization, and pharmacological unmasking expression array analysis. 
They reported three candidate TSGs (PER3, PROZ, and IGFALS) that showed abnormal meth-
ylation in HCC, loss of corresponding chromosomal regions, and re-expression after pharma-
cological unmasking [16]. Among these candidate TSGs, the functions of PER3 and IGFALS 
have already been reported, and they were shown to be potential TSGs of HCC [21]. Matsu-
mura et al. also performed CpG island microarray analysis accompanied with pharmacologi-
cal unmasking and reported MZB1 as a new TSG of HCC [22]; the down-regulation of MZB1 
was reportedly associated with survival of HCC patients. Revill et al. performed promoter 
methylation profiles using HumanMethylation27 BeadChip and expression array analysis 
combined with pharmacological unmasking and found 13 candidate TSGs [23]. That study 
showed that transfection of SMPD3 and NEFH led to growth inhibition in HCC cell lines, and 
knockdown of these genes by small interfering RNA induced tumor formation and invasive-
ness in nude mice, indicating that these were potential TSGs. The expression of SMPD3 was 
reportedly associated with recurrence-free survival after curative resection of HCC [23].

The transcription of non-coding RNA, such as miR and long non-coding RNA, is also 
known to be regulated by DNA methylation. The role of miR in carcinogenesis is particularly 
well recognized. Coding regions of miR are generally located within the intron of host genes, 
and abnormal methylation of host genes leads to transcriptional inactivation of miR. Sev-
eral DNA methylations are reportedly related to the down-regulation of the corresponding 
miR. Recently, comprehensive methylation analyses identified hypermethylation of miR host 
genes, and the role of inactivation of each miR on hepatocarcinogenesis was analyzed [5]. 
The abnormal methylation of host gene HOXB4 was shown to induce activation of the NF-κB 
signaling pathway through transcriptional inactivation of miR-10a [5].

Epigenetic Information and Treatment of HCC

Because DNA methylation affects the phenotype mainly through expression of the cor-
responding genes, methylation profiles could reflect the biological characteristics of HCC if 
“passive methylation” could be eliminated appropriately. Several reports have shown the 
predictive value of selected methylation events on survival [19, 24]. The methylation profile 
of background liver may also be associated with the recurrence-free survival of HCC patients 
who undergo hepatectomy [25]. We also reported a prominent relationship between the 
number of methylated TSGs and the time to HCC occurrence by analyzing chronic hepatitis 
C patients without prior history of HCC [12]. Therefore, DNA methylation is crucial for HCC 
emergence and may be observed at high levels in livers infected with chronic hepatitis that 
have a high risk of hepatocarcinogenesis. Another study reported the presence of methyl-
ated DNA from HCC cells in serum and described the circulating tumor DNA as a potential 
tumor marker [26].

Recent HCC therapy trials have targeted the epigenetic machinery based on the compre-
hensive analyses of DNA methylation profiles of this type of tumor. Several novel molecular-
targeted drugs have been developed using specific cancer mutation profiles [27]. However, 
the mutation profile of HCC is heterogeneous [28], and the frequencies of mutations in spe-
cific genes are relatively low. Therefore, it might be difficult to target individually altered 
genes for HCC therapy [3, 29].
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cinogenesis by additional mechanisms, such as induction of chromosomal instability. We also 
reported that the global DNA hypomethylation level was closely associated with the extent of 
the altered chromosomal region, and this association was independent of the tumor stage [4].

DNA Methylation and Etiology of HCC

Results from a previous study identified several methylation events that were associated 
with the etiology of HCC and background liver status: 75 CpGs showed differences in meth-
ylation patterns between livers of males and females, methylation at 228 CpGs was associ-
ated with HCV infection, and methylation at 17,207 CpGs showed different levels between 
cirrhotic and non-cirrhotic livers [17]. Among the 228 CpGs associated with HCV infection, 
methylation events at 56 CpGs also showed association with the presence of liver cirrho-
sis. The considerable overlap of HCV-associated and cirrhosis-associated methylation events 
suggested that HCC may be more commonly observed in livers that are infected with HCV and 
are cirrhotic. Additionally, methylation of TSG promoters was more prevalent in liver cirrho-
sis than in chronic hepatitis [11], and the methylation status of TSG promoters in background 
liver reflected the methylation profile of matched HCC tissues [19]. For example, HCV-related 
HCC, which frequently arises from cirrhotic liver, is known to carry many methylated TSGs, 
and methylation of TSG promoters is more prominent in HCV-positive than in HCV-negative 
liver tissues [13]. Therefore, it is possible that the duration of inflammation is related to the 
progression of liver fibrosis and to TSG methylation, which is more common in chronic hepa-
titis C.

Other studies analyzed the alteration of cancer-related pathways that might be affected 
by methylation-associated inactivation of TSGs. Shen et al. classified genes showing abnor-
mal methylation and reported several pathways that involved genes showing increased or 
decreased methylation, such as G-protein, endothelin, PI3-K, interleukin, inflammatory cyto-
kines, and insulin/growth factor signaling pathways [5]. Tao et al. analyzed DNA methylation 
in single isolated HCC cells, thereby eliminating the noise caused by the methylation of non-
parenchymal cells, and reported that DNA methylation could lead to abnormal cellular func-
tion in gap junctions, calcium signaling, cell adhesion, and apoptosis [20]. However, because 
a variety of genes showed abnormal methylation in HCC, it was difficult to evaluate which 
methylation events might be responsible for carcinogenesis.

Newly Discovered TSGs Showed Abnormal Methylation and Transcriptional 
Inactivation

As described above, it is sometimes difficult to tell “driver” methylation events for HCC 
from “passive” methylation events that are merely consequences of carcinogenesis. There-
fore, the effects of each methylation event need to be confirmed. A recent study isolated HBV-
related HCC cells from cancerous tissues and performed comprehensive methylation analy-
ses. Seven new genes were identified with abnormal methylation in HCC: WNK2, EMILIN2, 
TRIM58, GRASP, TM6SF1, HIST1H4F, and TLX3 [20]. After treatment of these cancer cells with 
DNMT inhibitors, transcriptional reactivation was induced in these genes, suggesting that 
they were inactivated in HCC as a result of abnormal methylation. Gao et al. identified sev-
en hypermethylated genes in HCC: miR-219, MMP-14, RASSF1A, TBX4, GNA14, CDKN2A, and 
CCNA1. They also confirmed re-expression by a pharmacological unmasking method in which 
an HCC cell line was treated with DNMT inhibitor 5-aza-deoxycytosine [11].
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Neumann et al. conducted a study that involved the combination of comprehensive 
methylation and expression analyses before and after pharmacological unmasking. They de-
termined the comprehensive methylation profile, chromosomal status, and epigenetically si-
lenced genes of human HCC using HumanMethylation450 BeadArray (Illumina), array com-
parative genomic hybridization, and pharmacological unmasking expression array analysis. 
They reported three candidate TSGs (PER3, PROZ, and IGFALS) that showed abnormal meth-
ylation in HCC, loss of corresponding chromosomal regions, and re-expression after pharma-
cological unmasking [16]. Among these candidate TSGs, the functions of PER3 and IGFALS 
have already been reported, and they were shown to be potential TSGs of HCC [21]. Matsu-
mura et al. also performed CpG island microarray analysis accompanied with pharmacologi-
cal unmasking and reported MZB1 as a new TSG of HCC [22]; the down-regulation of MZB1 
was reportedly associated with survival of HCC patients. Revill et al. performed promoter 
methylation profiles using HumanMethylation27 BeadChip and expression array analysis 
combined with pharmacological unmasking and found 13 candidate TSGs [23]. That study 
showed that transfection of SMPD3 and NEFH led to growth inhibition in HCC cell lines, and 
knockdown of these genes by small interfering RNA induced tumor formation and invasive-
ness in nude mice, indicating that these were potential TSGs. The expression of SMPD3 was 
reportedly associated with recurrence-free survival after curative resection of HCC [23].

The transcription of non-coding RNA, such as miR and long non-coding RNA, is also 
known to be regulated by DNA methylation. The role of miR in carcinogenesis is particularly 
well recognized. Coding regions of miR are generally located within the intron of host genes, 
and abnormal methylation of host genes leads to transcriptional inactivation of miR. Sev-
eral DNA methylations are reportedly related to the down-regulation of the corresponding 
miR. Recently, comprehensive methylation analyses identified hypermethylation of miR host 
genes, and the role of inactivation of each miR on hepatocarcinogenesis was analyzed [5]. 
The abnormal methylation of host gene HOXB4 was shown to induce activation of the NF-κB 
signaling pathway through transcriptional inactivation of miR-10a [5].

Epigenetic Information and Treatment of HCC

Because DNA methylation affects the phenotype mainly through expression of the cor-
responding genes, methylation profiles could reflect the biological characteristics of HCC if 
“passive methylation” could be eliminated appropriately. Several reports have shown the 
predictive value of selected methylation events on survival [19, 24]. The methylation profile 
of background liver may also be associated with the recurrence-free survival of HCC patients 
who undergo hepatectomy [25]. We also reported a prominent relationship between the 
number of methylated TSGs and the time to HCC occurrence by analyzing chronic hepatitis 
C patients without prior history of HCC [12]. Therefore, DNA methylation is crucial for HCC 
emergence and may be observed at high levels in livers infected with chronic hepatitis that 
have a high risk of hepatocarcinogenesis. Another study reported the presence of methyl-
ated DNA from HCC cells in serum and described the circulating tumor DNA as a potential 
tumor marker [26].

Recent HCC therapy trials have targeted the epigenetic machinery based on the compre-
hensive analyses of DNA methylation profiles of this type of tumor. Several novel molecular-
targeted drugs have been developed using specific cancer mutation profiles [27]. However, 
the mutation profile of HCC is heterogeneous [28], and the frequencies of mutations in spe-
cific genes are relatively low. Therefore, it might be difficult to target individually altered 
genes for HCC therapy [3, 29].
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On the other hand, a variety of TSGs showed abnormal DNA methylation in HCC [3] and 
altered epigenetic codes, including abnormal DNA methylation, could be reversed by using 
DNMT or HDAC inhibitors. For example, DNMT inhibitors induce the expression of inactivated 
TSGs through removal of promoter methylation, resulting in enhanced antitumor action. Two 
examples of this type of drug, 5-azacytidine and 5-aza-2’-deoxycytidine (decitabine), have 
already been approved for treatment of myelodysplastic syndrome and acute myelocytic leu-
kemia [30, 31]. However, DNMT inhibitors have proven insufficient for the treatment of solid 
tumors in contrast to their encouraging activity against hematological malignancies [32]. 
Several kinds of cancers exhibit overexpression of HDACs, and transcriptional inactivation 
of growth-inhibitory and apoptosis-related genes have been observed through the abnormal 
deacetylation of histone tails. Several clinical trials involving the use of HDAC inhibitors, such 
as vorinostat for treatment of cutaneous T cell lymphoma, are currently ongoing [33].

Epigenetic therapy that modulates the epigenetic machinery could induce the alteration 
of cancer phenotypes through the rewriting of “abnormal” epigenetic codes; this would rep-
resent a distinctive type of therapy that is very different from conventional anti-cancer thera-
py. For example, cancer cells showing stem cell-like phenotypes are often resistant to conven-
tional chemotherapy as well as to other molecular targeting agents [34]. However, rewriting 
the altered epigenetic code might induce differentiation in cancer cells, which could induce 
sensitivity to several types of chemotherapy. Additionally, because epigenetic therapy should 
be effective even after administration of the active agent has been discontinued, it could be 
effective in combination with other chemotherapeutic agents, either by administration at the 
beginning of, or before, the other chemotherapy. So far, no epigenetic therapy has proven ef-
fective against human HCC, although a recent report suggested the effectiveness of HDAC in-
hibitor panobinostat in a mouse xenograft model of HCC in combination with sorafenib [35]. 
Overexpression of HDAC has been reported in HCC [36]; thus, modulation of the epigenetic 
machinery should prove a promising approach for treating this type of malignancy.

Conclusion

Understanding the alteration of genetic and epigenetic codes is essential to predict the 
biological behavior and effectiveness of cancer therapy, because both codes represent impor-
tant bioinformation regarding cancer [2]. The genetic code determines protein structure and 
quality, whereas the epigenetic code determines the quantity of protein produced. However, 
normal cells may have epigenetic codes that have been altered as a result of different physi-
ological processes. As a result, it is more difficult to narrow down cancer-specific alterations 
in DNA methylation than those in gene mutation. Nonetheless, recent technological advance-
ments such as BeadArray technology and next-generation sequencers allow us to perform 
comprehensive genome-wide analyses from a tiny amount of DNA. Therefore, it is possible 
to target a larger number of small, early stage lesions for comprehensive analyses [37]. It is 
anticipated that rapid technological progress and understanding of the alteration of the ge-
netic and epigenetic codes will provide essential information for developing novel diagnostic 
approaches and therapies for HCC in the near feature.
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On the other hand, a variety of TSGs showed abnormal DNA methylation in HCC [3] and 
altered epigenetic codes, including abnormal DNA methylation, could be reversed by using 
DNMT or HDAC inhibitors. For example, DNMT inhibitors induce the expression of inactivated 
TSGs through removal of promoter methylation, resulting in enhanced antitumor action. Two 
examples of this type of drug, 5-azacytidine and 5-aza-2’-deoxycytidine (decitabine), have 
already been approved for treatment of myelodysplastic syndrome and acute myelocytic leu-
kemia [30, 31]. However, DNMT inhibitors have proven insufficient for the treatment of solid 
tumors in contrast to their encouraging activity against hematological malignancies [32]. 
Several kinds of cancers exhibit overexpression of HDACs, and transcriptional inactivation 
of growth-inhibitory and apoptosis-related genes have been observed through the abnormal 
deacetylation of histone tails. Several clinical trials involving the use of HDAC inhibitors, such 
as vorinostat for treatment of cutaneous T cell lymphoma, are currently ongoing [33].

Epigenetic therapy that modulates the epigenetic machinery could induce the alteration 
of cancer phenotypes through the rewriting of “abnormal” epigenetic codes; this would rep-
resent a distinctive type of therapy that is very different from conventional anti-cancer thera-
py. For example, cancer cells showing stem cell-like phenotypes are often resistant to conven-
tional chemotherapy as well as to other molecular targeting agents [34]. However, rewriting 
the altered epigenetic code might induce differentiation in cancer cells, which could induce 
sensitivity to several types of chemotherapy. Additionally, because epigenetic therapy should 
be effective even after administration of the active agent has been discontinued, it could be 
effective in combination with other chemotherapeutic agents, either by administration at the 
beginning of, or before, the other chemotherapy. So far, no epigenetic therapy has proven ef-
fective against human HCC, although a recent report suggested the effectiveness of HDAC in-
hibitor panobinostat in a mouse xenograft model of HCC in combination with sorafenib [35]. 
Overexpression of HDAC has been reported in HCC [36]; thus, modulation of the epigenetic 
machinery should prove a promising approach for treating this type of malignancy.

Conclusion

Understanding the alteration of genetic and epigenetic codes is essential to predict the 
biological behavior and effectiveness of cancer therapy, because both codes represent impor-
tant bioinformation regarding cancer [2]. The genetic code determines protein structure and 
quality, whereas the epigenetic code determines the quantity of protein produced. However, 
normal cells may have epigenetic codes that have been altered as a result of different physi-
ological processes. As a result, it is more difficult to narrow down cancer-specific alterations 
in DNA methylation than those in gene mutation. Nonetheless, recent technological advance-
ments such as BeadArray technology and next-generation sequencers allow us to perform 
comprehensive genome-wide analyses from a tiny amount of DNA. Therefore, it is possible 
to target a larger number of small, early stage lesions for comprehensive analyses [37]. It is 
anticipated that rapid technological progress and understanding of the alteration of the ge-
netic and epigenetic codes will provide essential information for developing novel diagnostic 
approaches and therapies for HCC in the near feature.
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Liver Cancer Study Group of Japan. Three important items have been updated: the surveil-
lance and diagnostic algorithm, the treatment algorithm, and the definition of transarterial 
chemoembolization (TACE) failure/refractoriness. The most important update to the diag-
nostic algorithm is the inclusion of gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid-enhanced magnetic resonance imaging as a first line surveillance/diagnostic tool. An-
other significant update concerns removal of the term “lipiodol” from the definition of TACE 
failure/refractoriness. Copyright © 2014 S. Karger AG, Basel

Introduction

Four years have passed since the 2010 version of the Consensus-Based Clinical Practice 
Guidelines proposed by the Japan Society of Hepatology (JSH) [1] was adopted, and recent 
efforts have been made to produce a revised, updated version. Most members of JSH who 
specialize in liver cancer also belong to the Liver Cancer Study Group of Japan (LCSGJ); con-
sequently, a consensus meeting was held at the 50th Annual Meeting of the Liver Cancer 
Study Group of Japan (June 5–6, 2014, Kyoto) (Congress President: Prof. Masatoshi Kudo) 
to update these clinical practice guidelines as proposed by JSH. At the consensus meeting, 
members discussed revision of (1) the surveillance and diagnostic algorithm, (2) the treat-
ment algorithm, and (3) the definition of transarterial chemoembolization (TACE) failure. 
Approximately 350 experts in the diagnosis and treatment of liver cancer participated in 
this consensus development session. Items that were approved by at least 67% of experts 
through a voting system were included in the final version of the consensus-based guidelines. 
The Surveillance and Diagnostic Algorithm, Treatment Algorithm, and Definition of TACE 
Failure sections of the consensus-based guidelines were subsequently presented at The 4th 
International Kyoto Liver Cancer Symposium (4th IKLS; June 7–8, 2014, Kyoto) (Congress 
President: Prof. Masatoshi Kudo), and more than two-thirds of participants at this inter-
national symposium agreed the 2014 update of the Clinical Practice Guidelines proposed 
by the JSH-LCSGJ. Thus, the new versions of the surveillance and diagnostic algorithm, the 
treatment algorithm, and the definition of TACE failure are also recognized internationally.

Surveillance and Diagnostic Algorithm

Major changes were made to this section of the guidelines compared to the 2010 ver-
sion. Revisions were based on the surveillance and diagnostic algorithm created primarily 
by Prof. Osamu Matsui as part of a research project supported by the Japanese Ministry of 
Health, Labour and Welfare (Primary Investigator: Prof. Shigeki Arii) [2]. Various studies 
have verified the usefulness of gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid (Gd-EOB-DTPA)-enhanced magnetic resonance imaging (Gd-EOB-DTPA-MRI) in the di-
agnosis of hepatocellular carcinoma (HCC) [2–89], although this method is not yet included 
in the guidelines of the American Association for the Study of Liver Diseases [90], the Eu-
ropean Association for the Study of the Liver [91], or the Asian Pacific Association for the 
Study of the Liver [92] guidelines [93, 94]. Only the updated JSH-LCSGJ diagnostic algorithm 
includes Gd-EOB-DTPA-MRI as a first-line surveillance and diagnostic tool for HCC. While 
surveillance of patients at super-high risk for HCC (i.e., those with hepatitis B or C cirrho-
sis) and patients at high risk for HCC (i.e., those with chronic hepatitis B/C or cirrhosis of 
another etiology) is essentially performed using ultrasonography (US) or tumor markers 
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according to the JSH guideline [1, 95], it is recommended that super-high risk patients also 
undergo dynamic multidetector computed tomography (MDCT) or MRI every 6–12 months 
to pick up small HCC even when US shows no evidence of such a tumor [1, 95]. At institutions 
specializing in liver cancer in Japan, it is recommended that Gd-EOB-DTPA-MRI be used in-
stead of dynamic MDCT even when no tumor is detected on US. If Gd-EOB-DTPA-MRI shows 
a hypervascular mass with venous washout, a definitive diagnosis of HCC can be made. If 
Gd-EOB-DTPA-MRI shows a hypervascular mass without venous washout, a diagnosis of HCC 
can be made if the mass shows hypointensity in the hepatobiliary phase of Gd-EOB-DTPA-
MRI. Also, in this case, high-flow type hemangioma should be ruled out by using another 
modality because it can exhibit similar characteristics. If the mass is isointense or hyperin-
tense in the hepatobiliary phase of Gd-EOB-DTPA-MRI, biopsy is necessary to confirm the 
diagnosis. Hypovascular masses on Gd-EOB-DTPA-MRI that are isointense or hyperintense 
in the hepatobiliary phase can enter the routine surveillance protocol. However, hypoin-
tense masses in the hepatobiliary phase have a high potential for malignant transformation 
[9, 11, 18, 22, 23, 37, 40, 41, 54, 55, 59, 86, 96–102], and therefore contrast-enhanced ultraso-
nography (CEUS) using Sonazoid (Sonazoid CEUS) is strongly recommended. HCC can be cor-
rectly diagnosed by Sonazoid CEUS if hypervascularity and/or a defect in the Kupffer phase 
[103] is observed. Even when a mass is hypovascular on CEUS and there is no defect in the 
Kupffer phase, hypointensity in the hepatobiliary phase of Gd-EOB-DTPA-MRI is highly sug-
gestive of malignancy [7]. Accordingly, biopsy is recommended for small nodules of 1–1.5 cm 
or larger for differential diagnosis between early HCC [103] and a dysplastic nodule (DN). If 
a mass is diagnosed as a DN or a borderline lesion, intensive follow-up every 3 to 6 months 
with GD-EOB-DTPA-MRI (or dynamic MDCT) is recommended. The intensive follow-up is also 
recommended for small nodules of less than 1–1.5 cm (fig. 1).

Of course, institutions that cannot perform GD-EOB-DTPA-MRI every 6–12 months as the 
first-line modality may use dynamic MDCT as the first step of screening when no nodule is 
evident on US, but it is absolutely essential to perform GD-EOB-DTPA-MRI or Sonazoid CEUS 
when dynamic MDCT does not show hallmark of HCC (i.e., arterial enhancement with venous 
washout) in the mass detected by MDCT. This algorithm was approved by more than 90% 
of participants and is, therefore, now the new surveillance and diagnostic algorithm recom-
mended by the JSH and LCSGJ (fig. 1).

Treatment Algorithm

No new treatments or molecular targeted agents have been developed for HCC since the 
2010 JSH consensus-based treatment algorithm [1, 104] was adopted, so few changes were 
made to this section.

Decreased uptake in the Kupffer phase on CEUS was added to the third item of the an-
notations as an indicative finding in the diagnosis of early HCC [103]. In addition, although 
sorafenib is recommended for patients with minor portal vein invasion or portal invasion at 
the first portal branch (Vp1-3), the new algorithm reflects the consensus that it is not recom-
mended for patients with portal invasion at the main portal branch (Vp4) due to the risk of 
hepatic failure. However, hepatic arterial infusion chemotherapy (HAIC) is still strongly rec-
ommended for patients with Vp4, and therefore recommendations regarding HAIC were left 
unchanged [105]. Moreover, because locoregional therapy for Child-Pugh C patients is now 
widely used and many studies have reported its survival benefits, it is now described as a 
“well accepted treatment” rather than an “experimental treatment” in the revised algorithm 
(fig. 2) [106–110].
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Liver Cancer Study Group of Japan. Three important items have been updated: the surveil-
lance and diagnostic algorithm, the treatment algorithm, and the definition of transarterial 
chemoembolization (TACE) failure/refractoriness. The most important update to the diag-
nostic algorithm is the inclusion of gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid-enhanced magnetic resonance imaging as a first line surveillance/diagnostic tool. An-
other significant update concerns removal of the term “lipiodol” from the definition of TACE 
failure/refractoriness. Copyright © 2014 S. Karger AG, Basel

Introduction

Four years have passed since the 2010 version of the Consensus-Based Clinical Practice 
Guidelines proposed by the Japan Society of Hepatology (JSH) [1] was adopted, and recent 
efforts have been made to produce a revised, updated version. Most members of JSH who 
specialize in liver cancer also belong to the Liver Cancer Study Group of Japan (LCSGJ); con-
sequently, a consensus meeting was held at the 50th Annual Meeting of the Liver Cancer 
Study Group of Japan (June 5–6, 2014, Kyoto) (Congress President: Prof. Masatoshi Kudo) 
to update these clinical practice guidelines as proposed by JSH. At the consensus meeting, 
members discussed revision of (1) the surveillance and diagnostic algorithm, (2) the treat-
ment algorithm, and (3) the definition of transarterial chemoembolization (TACE) failure. 
Approximately 350 experts in the diagnosis and treatment of liver cancer participated in 
this consensus development session. Items that were approved by at least 67% of experts 
through a voting system were included in the final version of the consensus-based guidelines. 
The Surveillance and Diagnostic Algorithm, Treatment Algorithm, and Definition of TACE 
Failure sections of the consensus-based guidelines were subsequently presented at The 4th 
International Kyoto Liver Cancer Symposium (4th IKLS; June 7–8, 2014, Kyoto) (Congress 
President: Prof. Masatoshi Kudo), and more than two-thirds of participants at this inter-
national symposium agreed the 2014 update of the Clinical Practice Guidelines proposed 
by the JSH-LCSGJ. Thus, the new versions of the surveillance and diagnostic algorithm, the 
treatment algorithm, and the definition of TACE failure are also recognized internationally.

Surveillance and Diagnostic Algorithm

Major changes were made to this section of the guidelines compared to the 2010 ver-
sion. Revisions were based on the surveillance and diagnostic algorithm created primarily 
by Prof. Osamu Matsui as part of a research project supported by the Japanese Ministry of 
Health, Labour and Welfare (Primary Investigator: Prof. Shigeki Arii) [2]. Various studies 
have verified the usefulness of gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid (Gd-EOB-DTPA)-enhanced magnetic resonance imaging (Gd-EOB-DTPA-MRI) in the di-
agnosis of hepatocellular carcinoma (HCC) [2–89], although this method is not yet included 
in the guidelines of the American Association for the Study of Liver Diseases [90], the Eu-
ropean Association for the Study of the Liver [91], or the Asian Pacific Association for the 
Study of the Liver [92] guidelines [93, 94]. Only the updated JSH-LCSGJ diagnostic algorithm 
includes Gd-EOB-DTPA-MRI as a first-line surveillance and diagnostic tool for HCC. While 
surveillance of patients at super-high risk for HCC (i.e., those with hepatitis B or C cirrho-
sis) and patients at high risk for HCC (i.e., those with chronic hepatitis B/C or cirrhosis of 
another etiology) is essentially performed using ultrasonography (US) or tumor markers 
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according to the JSH guideline [1, 95], it is recommended that super-high risk patients also 
undergo dynamic multidetector computed tomography (MDCT) or MRI every 6–12 months 
to pick up small HCC even when US shows no evidence of such a tumor [1, 95]. At institutions 
specializing in liver cancer in Japan, it is recommended that Gd-EOB-DTPA-MRI be used in-
stead of dynamic MDCT even when no tumor is detected on US. If Gd-EOB-DTPA-MRI shows 
a hypervascular mass with venous washout, a definitive diagnosis of HCC can be made. If 
Gd-EOB-DTPA-MRI shows a hypervascular mass without venous washout, a diagnosis of HCC 
can be made if the mass shows hypointensity in the hepatobiliary phase of Gd-EOB-DTPA-
MRI. Also, in this case, high-flow type hemangioma should be ruled out by using another 
modality because it can exhibit similar characteristics. If the mass is isointense or hyperin-
tense in the hepatobiliary phase of Gd-EOB-DTPA-MRI, biopsy is necessary to confirm the 
diagnosis. Hypovascular masses on Gd-EOB-DTPA-MRI that are isointense or hyperintense 
in the hepatobiliary phase can enter the routine surveillance protocol. However, hypoin-
tense masses in the hepatobiliary phase have a high potential for malignant transformation 
[9, 11, 18, 22, 23, 37, 40, 41, 54, 55, 59, 86, 96–102], and therefore contrast-enhanced ultraso-
nography (CEUS) using Sonazoid (Sonazoid CEUS) is strongly recommended. HCC can be cor-
rectly diagnosed by Sonazoid CEUS if hypervascularity and/or a defect in the Kupffer phase 
[103] is observed. Even when a mass is hypovascular on CEUS and there is no defect in the 
Kupffer phase, hypointensity in the hepatobiliary phase of Gd-EOB-DTPA-MRI is highly sug-
gestive of malignancy [7]. Accordingly, biopsy is recommended for small nodules of 1–1.5 cm 
or larger for differential diagnosis between early HCC [103] and a dysplastic nodule (DN). If 
a mass is diagnosed as a DN or a borderline lesion, intensive follow-up every 3 to 6 months 
with GD-EOB-DTPA-MRI (or dynamic MDCT) is recommended. The intensive follow-up is also 
recommended for small nodules of less than 1–1.5 cm (fig. 1).

Of course, institutions that cannot perform GD-EOB-DTPA-MRI every 6–12 months as the 
first-line modality may use dynamic MDCT as the first step of screening when no nodule is 
evident on US, but it is absolutely essential to perform GD-EOB-DTPA-MRI or Sonazoid CEUS 
when dynamic MDCT does not show hallmark of HCC (i.e., arterial enhancement with venous 
washout) in the mass detected by MDCT. This algorithm was approved by more than 90% 
of participants and is, therefore, now the new surveillance and diagnostic algorithm recom-
mended by the JSH and LCSGJ (fig. 1).

Treatment Algorithm

No new treatments or molecular targeted agents have been developed for HCC since the 
2010 JSH consensus-based treatment algorithm [1, 104] was adopted, so few changes were 
made to this section.

Decreased uptake in the Kupffer phase on CEUS was added to the third item of the an-
notations as an indicative finding in the diagnosis of early HCC [103]. In addition, although 
sorafenib is recommended for patients with minor portal vein invasion or portal invasion at 
the first portal branch (Vp1-3), the new algorithm reflects the consensus that it is not recom-
mended for patients with portal invasion at the main portal branch (Vp4) due to the risk of 
hepatic failure. However, hepatic arterial infusion chemotherapy (HAIC) is still strongly rec-
ommended for patients with Vp4, and therefore recommendations regarding HAIC were left 
unchanged [105]. Moreover, because locoregional therapy for Child-Pugh C patients is now 
widely used and many studies have reported its survival benefits, it is now described as a 
“well accepted treatment” rather than an “experimental treatment” in the revised algorithm 
(fig. 2) [106–110].
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Definition of TACE Failure/Refractoriness

In the 2010 version of the JSH consensus-based treatment algorithm [1], TACE failure/
refractoriness was defined assuming the use of superselective lipiodol TACE—which has 
been widely used worldwide and particularly in Japan—and areas with lipiodol deposition 
were considered to be necrotic. However, this concept is not well accepted internationally 
[111]. Furthermore, following the approval in Japan in February 2014 of emolic drug-eluting 
beads, an embolic material that does not use lipiodol, the phrase needed to be changed from 
“lipiodol deposition” to “necrotic lesion or viable lesion.” Accordingly, the section was re-
vised to define TACE failure as an ineffective response after two or more consecutive TACE 
procedures that is evident on response evaluation CT or MRI after 1–3 months, even after 
chemotherapeutic agents are changed and/or the feeding artery is reanalyzed. In addition, 
the appearance of more lesions in the liver than the number of lesions recorded at the pre-
vious TACE procedure (other than the nodule being treated) was added definition of TACE 
failure/refractoriness. Following discussion of the other issues concerning continuous el-
evation of tumor markers, vascular invasion, and extrahepatic spread, descriptions similar 
to those in the previous version were approved (table 1). The revision of these TACE failure 
definitions were approved by more than 85% of HCC experts.

Fig. 1.  Surveillance and Diagnostic Algorithm of HCC (Proposed by the Liver Cancer Study Group of Ja-
pan 2014).  SPIO=superparamagnetic iron oxide; CTAP=computed tomographic arterial portography;  
CTHA=computed tomographic hepatic arteriography.
aCavernous hemangioma may show hypointensity on equilibrium (transitional) phase of dynamic Gd-
EOB-DTPA MRI (pseudo-washout). It should be excluded by other sequences of MRI and/or other imaging 
modalities. bCavernous hemangioma usually shows hypointensity on hepatobiliary phase of Gd-EOB-DT-
PA MRI. It should be excluded by other sequences of MRI and/or other imaging modalities. cBiopsy may be 
considered for confirmation.
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Fig. 2.  JSH-LCSGJ Consensus-based Treatment Algorithm for Hepatocellular Carcinoma revised in 2014. 
aTreatment should be performed as if extrahepatic spread is negative when extrahepatic spread is not 
regarded as a prognostic factor. bSorafenib is the first choice of treatment in this setting as a standard 
of care. cIntensive follow-up observation is recommended for hypovascular nodules by the Japanese Evi-
dence-Based Clinical Practice Guidelines. However, local ablation therapy is frequently performed in the 
following cases: 1) when the nodule is diagnosed pathologically as early HCC, 2) when the nodules show 
decreased uptake on hepatobiliary phase Gd-EOB-DTPA-MRI, 3) when the nodules show decreased portal 
flow by CTAP or 4) decreased uptake is shown on Kupffer phase of Sonazoid enhanced US, since these nod-
ules are known to frequently progress to the typical hypervascular HCC. dEven for HCC nodules exceeding 
3 cm in diameter, combination therapy of TACE and ablation is frequently performed when resection is 
not indicated. eTranscatheter arterial chemoembolization (TACE) is the first choice of treatment in this 
setting. Hepatic arterial infusion chemotherapy (HAIC) using reservoir system is also recommended for 
TACE refractory patients. The regimen for this treatment is usually low-dose FP (5FU+CDDP) or 5FU infu-
sion combined with systemic interferon therapy. Sorafenib is also a treatment of choice for TACE refrac-
tory patients with Child Pugh A liver function. fResection is sometimes performed even when the number 
of nodules is greater than 4. Furthermore, ablation is sometimes performed in combination with TACE.
gMilan criteria: Tumor size ≤ 3 cm and tumor number ≤ 3; or solitary tumor ≤ 5 cm. Even when liver func-
tion is good (Child-Pugh A/B), transplantation is sometimes considered for frequently recurring HCC pa-
tients. hSorafenib and HAIC are recommended for HCC patients with Vp1,2 (minor portal vein invasion) or 
Vp3 (portal invasion at the 1st portal branch). Sorafenib is not recommended for HCC patients with Vp4 
(portal invasion at the main portal branch), whereas HAIC is recommended for such patients with tumor 
thrombus in the main portal branch. iResection and TACE is frequently performed when portal invasion 
is minor such as Vp1 (portal invasion at the 3rd or more peripheral portal branch) or Vp2 (portal inva-
sion at the 2nd portal branch). jEven in Child-Pugh A/B patients, transplantation is sometimes performed 
for relatively younger patients with frequently or early recurring HCC after curative treatments. kLocal 
ablation therapy or subsegmental TACE is performed even for Child-Pugh C patients (CP score 10 and 
11) within Milan criteria when transplantation is not indicated. In the case, patients with no hepatic en-
cephalopathy, no uncontrollable ascites, and a low bilirubin level (< 3.0mg/dl) are selected for treatment.  
Although these are well-accepted treatments in the routine clinical setting, there is no high-level evidence 
of its survival benefit in Child-Pugh C patients.  A prospective study is necessary to clarify this issue. 
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Definition of TACE Failure/Refractoriness

In the 2010 version of the JSH consensus-based treatment algorithm [1], TACE failure/
refractoriness was defined assuming the use of superselective lipiodol TACE—which has 
been widely used worldwide and particularly in Japan—and areas with lipiodol deposition 
were considered to be necrotic. However, this concept is not well accepted internationally 
[111]. Furthermore, following the approval in Japan in February 2014 of emolic drug-eluting 
beads, an embolic material that does not use lipiodol, the phrase needed to be changed from 
“lipiodol deposition” to “necrotic lesion or viable lesion.” Accordingly, the section was re-
vised to define TACE failure as an ineffective response after two or more consecutive TACE 
procedures that is evident on response evaluation CT or MRI after 1–3 months, even after 
chemotherapeutic agents are changed and/or the feeding artery is reanalyzed. In addition, 
the appearance of more lesions in the liver than the number of lesions recorded at the pre-
vious TACE procedure (other than the nodule being treated) was added definition of TACE 
failure/refractoriness. Following discussion of the other issues concerning continuous el-
evation of tumor markers, vascular invasion, and extrahepatic spread, descriptions similar 
to those in the previous version were approved (table 1). The revision of these TACE failure 
definitions were approved by more than 85% of HCC experts.

Fig. 1.  Surveillance and Diagnostic Algorithm of HCC (Proposed by the Liver Cancer Study Group of Ja-
pan 2014).  SPIO=superparamagnetic iron oxide; CTAP=computed tomographic arterial portography;  
CTHA=computed tomographic hepatic arteriography.
aCavernous hemangioma may show hypointensity on equilibrium (transitional) phase of dynamic Gd-
EOB-DTPA MRI (pseudo-washout). It should be excluded by other sequences of MRI and/or other imaging 
modalities. bCavernous hemangioma usually shows hypointensity on hepatobiliary phase of Gd-EOB-DT-
PA MRI. It should be excluded by other sequences of MRI and/or other imaging modalities. cBiopsy may be 
considered for confirmation.
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Fig. 2.  JSH-LCSGJ Consensus-based Treatment Algorithm for Hepatocellular Carcinoma revised in 2014. 
aTreatment should be performed as if extrahepatic spread is negative when extrahepatic spread is not 
regarded as a prognostic factor. bSorafenib is the first choice of treatment in this setting as a standard 
of care. cIntensive follow-up observation is recommended for hypovascular nodules by the Japanese Evi-
dence-Based Clinical Practice Guidelines. However, local ablation therapy is frequently performed in the 
following cases: 1) when the nodule is diagnosed pathologically as early HCC, 2) when the nodules show 
decreased uptake on hepatobiliary phase Gd-EOB-DTPA-MRI, 3) when the nodules show decreased portal 
flow by CTAP or 4) decreased uptake is shown on Kupffer phase of Sonazoid enhanced US, since these nod-
ules are known to frequently progress to the typical hypervascular HCC. dEven for HCC nodules exceeding 
3 cm in diameter, combination therapy of TACE and ablation is frequently performed when resection is 
not indicated. eTranscatheter arterial chemoembolization (TACE) is the first choice of treatment in this 
setting. Hepatic arterial infusion chemotherapy (HAIC) using reservoir system is also recommended for 
TACE refractory patients. The regimen for this treatment is usually low-dose FP (5FU+CDDP) or 5FU infu-
sion combined with systemic interferon therapy. Sorafenib is also a treatment of choice for TACE refrac-
tory patients with Child Pugh A liver function. fResection is sometimes performed even when the number 
of nodules is greater than 4. Furthermore, ablation is sometimes performed in combination with TACE.
gMilan criteria: Tumor size ≤ 3 cm and tumor number ≤ 3; or solitary tumor ≤ 5 cm. Even when liver func-
tion is good (Child-Pugh A/B), transplantation is sometimes considered for frequently recurring HCC pa-
tients. hSorafenib and HAIC are recommended for HCC patients with Vp1,2 (minor portal vein invasion) or 
Vp3 (portal invasion at the 1st portal branch). Sorafenib is not recommended for HCC patients with Vp4 
(portal invasion at the main portal branch), whereas HAIC is recommended for such patients with tumor 
thrombus in the main portal branch. iResection and TACE is frequently performed when portal invasion 
is minor such as Vp1 (portal invasion at the 3rd or more peripheral portal branch) or Vp2 (portal inva-
sion at the 2nd portal branch). jEven in Child-Pugh A/B patients, transplantation is sometimes performed 
for relatively younger patients with frequently or early recurring HCC after curative treatments. kLocal 
ablation therapy or subsegmental TACE is performed even for Child-Pugh C patients (CP score 10 and 
11) within Milan criteria when transplantation is not indicated. In the case, patients with no hepatic en-
cephalopathy, no uncontrollable ascites, and a low bilirubin level (< 3.0mg/dl) are selected for treatment.  
Although these are well-accepted treatments in the routine clinical setting, there is no high-level evidence 
of its survival benefit in Child-Pugh C patients.  A prospective study is necessary to clarify this issue. 
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Conclusion

We report here the 2014 updated versions of the Surveillance and Diagnostic Algorithm, 
Treatment Algorithm, and Definition of TACE Failure/Refractoriness sections of the 2010 
Consensus-Based Clinical Practice Guidelines proposed by JSH that were discussed and ap-
proved at the consensus meeting held at the 50th Annual Meeting of the Liver Cancer Study 
Group of Japan (June 5–6, 2014, Kyoto).
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Conclusion

We report here the 2014 updated versions of the Surveillance and Diagnostic Algorithm, 
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  To continue the success of previous symposiums, the 
topic for the 4th IKLS was selected as ‘Emerging Strate-
gies to HCC’, with attention being paid to the emerging 
topic of molecular targeted therapy in this field. This 
theme was chosen given that most of the world’s HCC 
cases (80%) occur in Asian countries and there is an ur-
gent need to create a global consensus for developing sur-
veillance, diagnostic and treatment strategies in the re-
gion. The 4th IKLS was planned to disseminate the latest 
knowledge in HCC management among an international 
audience.

  The 4th IKLS was held in Kyoto on June 7–8, 2014 
(Congress President: Prof. Masatoshi Kudo) in conjunc-
tion with the 50th Liver Cancer Study Group of Japan 
(LCSGJ) Congress (Congress President: Prof. Masatoshi 
Kudo). Several HCC experts from around the world were 
invited to this academic meeting ( table 1 ). On the first day 
of the event, during session I entitled ‘Surveillance of 
HCC’  [1, 2] , attendees debated whether or not Sonazoid TM  
is also useful for surveillance during contrast ultrasound 
examination or whether tumor markers are required, and 
whether the surveillance period for patients with liver cir-
rhosis should be shortened. During session II entitled ‘Di-
agnosis of Pathological Early HCC’, the pathology in ear-
ly HCC was discussed  [3] , with presenters from various 
countries explaining the clear usefulness of gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid mag-

 The 4th International Kyoto Liver Cancer Symposium 
(4th IKLS) was recently held in Kyoto. The event, attend-
ed by 350 participants, focused on the management of 
hepatocellular carcinoma (HCC) and was, like its prede-
cessor meetings, a resounding success.

  The IKLS has an auspicious history. It started in 2005 
as a biannual event for discussing recent progress in the 
management of HCC. The 1st IKLS was held on Awaji 
Island, Kobe in 2005 in conjunction with the 4th Single 
Topic Conference sponsored by the Japan Society of Hep-
atology (JSH) and focused on ‘Hepatocellular Carcinoma: 
International Consensus and Controversies’. Details of 
the session were published as a supplementary issue of 
 Hepatology Research  (vol. 37, 2007). The 2nd IKLS was 
held in Kobe in 2007. The main theme of this meeting was 
‘Recent Progress in Hepatocellular Carcinoma 2007’ and 
details were published in  Oncology  (vol. 72, suppl. 1, 
2007). The 3rd IKLS, held in 2009 in conjunction with the 
International Liver Cancer Association (ILCA) and the 
45th Annual Conference of the JSH, had as its main theme 
‘From Prevention to Molecular Targeted Therapy’, with 
a summary of the discussions published in  Oncology  (vol. 
78, suppl. 1, 2010). Hepatologists, surgeons, radiologists, 
pathologists and basic researchers from all over the world 
who attended these IKLS meetings have helped make the 
meetings, with their unique topics, landmarks in HCC 
research and practice.

 Masatoshi Kudo, MD, PhD 
 Department of Gastroenterology and Hepatology 
 Kinki University School of Medicine 
 377-2, Ohno-Higashi, Osaka-Sayama, Osaka 589-8511 (Japan) 
 E-Mail m-kudo   @   med.kindai.ac.jp 

 © 2014 S. Karger AG, Basel
0257–2753/14/0326–0655$39.50/0 
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netic resonance imaging for the diagnosis of early HCC 
 [4–7] . During session III entitled ‘Diagnostic Algorithm 
of HCC’  [8, 9] , the topic for discussion was whether the 
American Association for the Study of Liver Diseases 
(AASLD) and the European Association for the Study of 
the Liver (EASL) guidelines should include contrast-en-
hanced ultrasonography. The Japanese diagnostic algo-
rithm pertaining to hypervascular and hypovascular tu-
mors in particular was then introduced. The South Ko-
rean diagnostic guideline was also explained. Discussion 
then moved to a new algorithm proposed by the JSH  [10] . 
During session IV entitled ‘Pathologic Diversity of HCC’, 
the discussion topics were mixed pattern HCC and cancer 
stem cells  [11, 12] . Subclasses in the classification of HCC 
were also discussed. Session V, ‘Controversial Issues in 
Surgical Treatment’, focused on controversial points dur-
ing surgical techniques  [13–16] .

  On the morning of the second day, four topics were 
discussed at the ‘Early Morning Breakfast Workshop’: (1) 

‘Surgical Treatment’, (2) ‘Liver Transplantation’  [13, 17–
20] , (3) ‘Carcinogenesis, Genomics, Pathways, and Tar-
gets’, and (4) ‘Radiation Therapy’  [21, 22] . An intensive 
and extremely valuable discussion was conducted by spe-
cialists in the respective fields. Session VI focused on ra-
diofrequency ablation (RFA). In this session, entitled 
‘Controversial Issues in RFA: How to Obtain a Sufficient 
Safety Margin?’, differences between Japan and other 
countries in the technical aspects of RFA were discussed. 
In Japan, it is standard to perform RFA until 100% necro-
sis is achieved and a safety margin is obtained; in the 
United States and Europe, RFA is performed once and 
treatment effectiveness is evaluated 1 month later, so the 
necrosis rate is reported to be around 80%. Similar to Ja-
pan, extensive RFA procedures to obtain satisfactory 
safety margins are applied in Taiwan  [23] . In addition, 
how a sufficient safety margin can be achieved with cer-
tainty was discussed in relation to the most recent fusion 
techniques from Japan. During session VII, on ‘Treat-

Table 1.  Invited speakers and chairs at the 4th IKLS

Western physicians Non-Japanese Asian physicians Japanese physicians

1 Luigi Bolondi (Bologna) 1 Yee Chao (Taipei) 1 Yasuaki Arai (Tokyo) 30 Takamichi Murakami (Osaka)
2 Brian I. Carr (Bari) 2 Pei-Jer Chen (Taipei) 2 Shigeki Arii (Shizuoka) 31 Yasushi Nagata (Hiroshima)
3 Laura Crocetti (Pisa) 3 Jason Chia-Hsien Cheng 3 Shunichi Ariizumi (Tokyo) 32 Hiroaki Nagano (Osaka)
4 Richard S. Finn (Los Angeles) (Seoul) 4 Junji Furuse (Tokyo) 33 Masayuki Nakano (Kanagawa)
5 Peter R. Galle (Mainz) 4 Young-Hwa Chung (Seoul) 5 Etsuro Hatano (Kyoto) 34 Osamu Nakashima (Fukuoka)
6 Rita Golfieri (Bologna) 5 Byung Ihn Choi (Seoul) 6 Takafumi Ichida (Kanagawa) 35 Naoshi Nishida (Osaka)
7 Josep M. Llovet (Barcelona/ 6 Moon Seok Choi (Seoul) 7 Tomoaki Ichikawa (Yamanashi) 36 Kazuto Nishio (Osaka)

New York) 7 Pierce K.H. Chow (Singapore) 8 Hiroko Iijima (Hyogo) 37 Kazushi Numata (Kanagawa)
8 Markus Peck-Radosavljevic 8 GuoHong Han (Xi’an) 9 Kenji Ikeda (Tokyo) 38 Shuntaro Obi (Tokyo)

(Vienna) 9 Kwang-Hyub Han (Seoul) 10 Masafumi Ikeda (Chiba) 39 Hiroko Oka (Osaka)
9 Fabio Piscaglia (Bologna) 10 Shiu-Feng Huang (Zhunan) 11 Yasuharu Imai (Osaka) 40 Toshiyuki Okumura (Ibaraki)

10 Jean-Luc Raoul (Marseille) 11 Chih-Hung Hsu (Taipei) 12 Hiroshi Imamura (Tokyo) 41 Takuji Okusaka (Tokyo)
11 Tania Roskams (Leuven) 12 Shin Hwang (Seoul) 13 Satoru Imura (Tokushima) 42 Yukio Osaki (Osaka)
12 Myron E. Schwartz 13 Jae Young Jang (Seoul) 14 Tatsuo Inoue (Osaka) 43 Michiie Sakamoto (Tokyo)

(New York) 14 Do Young Kim (Seoul) 15 Namiki Izumi (Tokyo) 44 Toshiharu Sakurai (Osaka)
13 Morris Sherman (Toronto) 15 Jeong Min Lee (Seoul) 16 Toshimi Kaido (Kyoto) 45 Yutaka Sasaki (Kumamoto)
14 Andrew X. Zhu (Boston) 16 Shi-Ming Lin (Taipei/Taoyuan) 17 Shuichi Kaneko (Ishikawa) 46 Shuichiro Shiina (Tokyo)

17 Ming-De Lu (Guangzhou/ 18 Seiji Kawasaki (Tokyo) 47 Ken Shirabe (Fukuoka)
Beijing) 19 Soo Ryang Kim (Hyogo) 48 Yasuhiko Sugawara (Tokyo)

18 Hee Chul Park (Seoul) 20 Tomomi Kogiso (Tokyo) 49 Hironori Tanaka (Hyogo)
19 Young Nyun Park (Seoul) 21 Kazuhiko Koike (Tokyo) 50 Masatoshi Tanaka (Fukuoka)
20 Mi-Suk Park (Seoul) 22 Fukuo Kondo (Tokyo) 51 Shinji Tanaka (Tokyo)
21 Joong-Won Park (Goyang) 23 Yonson Ku (Hyogo) 52 Ryosuke Tateishi (Tokyo)
22 Ronnie T. Poon (Hong Kong) 24 Shoji Kubo (Osaka) 53 Takuji Torimura (Fukuoka)
23 Jinsil Seong (Seoul) 25 Takashi Kumada (Gifu) 54 Kaoru Tsuchiya (Tokyo)
24 Sheng-Long Ye (Shanghai) 26 Masayuki Kurosaki (Tokyo/ 55 Shinji Uemoto (Kyoto)
25 Jung-Hwan Yoon (Seoul) Yamanashi) 56 Koichiro Yamakado (Mie)
26 Seung Kew Yoon (Seoul) 27 Koichi Matsuda (Tokyo) 57 Masakazu Yamamoto (Tokyo)

28 Osamu Matsui (Ishikawa) 58 Taro Yamashita (Ishikawa)
29 Masashi Mizokami (Tokyo) 59 Hitoshi Yoshiji (Nara)
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of HCC’  [8, 9] , the topic for discussion was whether the 
American Association for the Study of Liver Diseases 
(AASLD) and the European Association for the Study of 
the Liver (EASL) guidelines should include contrast-en-
hanced ultrasonography. The Japanese diagnostic algo-
rithm pertaining to hypervascular and hypovascular tu-
mors in particular was then introduced. The South Ko-
rean diagnostic guideline was also explained. Discussion 
then moved to a new algorithm proposed by the JSH  [10] . 
During session IV entitled ‘Pathologic Diversity of HCC’, 
the discussion topics were mixed pattern HCC and cancer 
stem cells  [11, 12] . Subclasses in the classification of HCC 
were also discussed. Session V, ‘Controversial Issues in 
Surgical Treatment’, focused on controversial points dur-
ing surgical techniques  [13–16] .

  On the morning of the second day, four topics were 
discussed at the ‘Early Morning Breakfast Workshop’: (1) 

‘Surgical Treatment’, (2) ‘Liver Transplantation’  [13, 17–
20] , (3) ‘Carcinogenesis, Genomics, Pathways, and Tar-
gets’, and (4) ‘Radiation Therapy’  [21, 22] . An intensive 
and extremely valuable discussion was conducted by spe-
cialists in the respective fields. Session VI focused on ra-
diofrequency ablation (RFA). In this session, entitled 
‘Controversial Issues in RFA: How to Obtain a Sufficient 
Safety Margin?’, differences between Japan and other 
countries in the technical aspects of RFA were discussed. 
In Japan, it is standard to perform RFA until 100% necro-
sis is achieved and a safety margin is obtained; in the 
United States and Europe, RFA is performed once and 
treatment effectiveness is evaluated 1 month later, so the 
necrosis rate is reported to be around 80%. Similar to Ja-
pan, extensive RFA procedures to obtain satisfactory 
safety margins are applied in Taiwan  [23] . In addition, 
how a sufficient safety margin can be achieved with cer-
tainty was discussed in relation to the most recent fusion 
techniques from Japan. During session VII, on ‘Treat-

Table 1.  Invited speakers and chairs at the 4th IKLS

Western physicians Non-Japanese Asian physicians Japanese physicians
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ment Strategies for Intermediate Stage HCC’, discussion 
focused on the heterogeneous nature of intermediate 
stage HCC and on the outcomes of treatments for inter-
mediate stage HCC, namely the surgical treatments, su-
perselective transcatheter arterial chemoembolization 
(TACE) with use of Lipiodol, and TACE using drug-elut-
ing beads, molecular targeted agents and molecular tar-
geted agents combined with TACE (SPACE trial). The 
discussion topics of session VIII included ‘How to Define 
TACE Failure/Refractoriness?’ and the EASL definition 
 [24]  and the Korean definition were introduced. The As-
sessment for Retreatment with TACE (ART) score, a dis-
continuation rule for TACE, was also introduced. The 
session ended with a presentation of the LCSGJ’s updated 
version of the JSH TACE failure/refractoriness criteria, 
and finally participants voted using a voting system on 
the best definition of TACE failure/refractoriness  [10] . 
The definition put forward by the LCSGJ was agreed to 
be the best. This result may have been influenced by the 
fact that 60% or more of the participants were Japanese. 

Session IX, ‘How to Manage Advanced HCC with Vascu-
lar Invasion?’, involved a discussion of reports on various 
treatment modalities, including resection, radiation ther-
apy, hepatic arterial infusion chemotherapy  [25] , intra-
arterial radiotherapy and systemic therapy. In session X, 
‘Predictive Biomarkers of Molecular Targeted Therapy 
for HCC’, biomarkers were presented and discussed  [26] . 
In the final session, session XI entitled ‘Emerging Strate-
gies and Novel Trials for Advanced HCC’, reports were 
presented on newly introduced molecular targeted agents 
and ongoing trials.

  The 4th IKLS, therefore, covered a wide range of topics 
important to the surveillance, diagnosis and treatment of 
HCC, and contributions from experts from around the 
world helped make this another valuable event in the field 
of HCC management.

  In this special issue of  Digestive Diseases , discussions 
held at the 4th IKLS are summarized. We believe this will 
be a valuable compilation for readers who specialize in 
liver cancer management.
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cated within promoter regions and CpG islands (p < 0.0001). 
The association between methylation profiles of DM-CpGs 
and tumor size was statistically significant, especially in hep-
atitis C virus (HCV)-positive cases (p = 0.0001).  Conclusions:  
We clarified the unique characteristics of DM-CpGs in human 
HCCs. The stepwise progression of alterations in DNA meth-
ylation was a common feature of HCV-related hepatocar-
cinogenesis.  © 2014 S. Karger AG, Basel 
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 Hepatocellular carcinoma (HCC) is a common malig-
nancy worldwide, and the at-risk population is still grow-
ing  [1, 2] . Several reports have suggested that hepatocar-
cinogenesis involves multiple molecular pathways with 
the accumulation of genetic and epigenetic alterations, 
including point mutations and abnormal DNA methyla-
tion  [3–6] .
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ment Strategies for Intermediate Stage HCC’, discussion 
focused on the heterogeneous nature of intermediate 
stage HCC and on the outcomes of treatments for inter-
mediate stage HCC, namely the surgical treatments, su-
perselective transcatheter arterial chemoembolization 
(TACE) with use of Lipiodol, and TACE using drug-elut-
ing beads, molecular targeted agents and molecular tar-
geted agents combined with TACE (SPACE trial). The 
discussion topics of session VIII included ‘How to Define 
TACE Failure/Refractoriness?’ and the EASL definition 
 [24]  and the Korean definition were introduced. The As-
sessment for Retreatment with TACE (ART) score, a dis-
continuation rule for TACE, was also introduced. The 
session ended with a presentation of the LCSGJ’s updated 
version of the JSH TACE failure/refractoriness criteria, 
and finally participants voted using a voting system on 
the best definition of TACE failure/refractoriness  [10] . 
The definition put forward by the LCSGJ was agreed to 
be the best. This result may have been influenced by the 
fact that 60% or more of the participants were Japanese. 

Session IX, ‘How to Manage Advanced HCC with Vascu-
lar Invasion?’, involved a discussion of reports on various 
treatment modalities, including resection, radiation ther-
apy, hepatic arterial infusion chemotherapy  [25] , intra-
arterial radiotherapy and systemic therapy. In session X, 
‘Predictive Biomarkers of Molecular Targeted Therapy 
for HCC’, biomarkers were presented and discussed  [26] . 
In the final session, session XI entitled ‘Emerging Strate-
gies and Novel Trials for Advanced HCC’, reports were 
presented on newly introduced molecular targeted agents 
and ongoing trials.

  The 4th IKLS, therefore, covered a wide range of topics 
important to the surveillance, diagnosis and treatment of 
HCC, and contributions from experts from around the 
world helped make this another valuable event in the field 
of HCC management.

  In this special issue of  Digestive Diseases , discussions 
held at the 4th IKLS are summarized. We believe this will 
be a valuable compilation for readers who specialize in 
liver cancer management.
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otic DNA, including human DNA, and carries important 
epigenetic information required for proper gene function 
 [7] . For example, DNA methylation contributes to the 
regulation of gene transcription as well as the stabiliza-
tion of chromosomes  [8] . It is well known that the pattern 
of DNA methylation found in normal cells is handed 
down to the daughter cells during mature cell division. 
However, alterations in the DNA methylation profile of 
mature cells are frequently observed in many types of hu-
man cancers, including HCC  [9] . The regional hyper-
methylation of a gene promoter is typically associated 
with transcriptional inactivation of corresponding tumor 
suppressor genes, while global hypomethylation can in-
duce genomic instability, a process that can play an im-
portant role in carcinogenesis  [3] . Therefore, it is neces-
sary to identify differences in the DNA methylation status 
between HCCs and noncancerous livers to understand 
the contribution of epigenetic instability on the initiation 
and progression of HCC.

  To clarify the genome-wide DNA methylation profiles 
in HCC, we used an Infinium HumanMethylation450 
BeadChip array that can analyze >485,000 CpG sites dis-
tributed throughout the genome using a large number of 
human HCCs and noncancerous livers  [10] . In addition, 
alterations in DNA methylation at each stage of tumor 
progression were also analyzed. We describe the unique 
distribution of CpG sites that had altered DNA methyla-
tion in HCC tissues, and describe the stepwise accumula-
tion of abnormal DNA methylation during human hepa-
tocarcinogenesis.

  Materials and Methods 

 Patients 
 HCCs from 59 patients and 58 paired, noncancerous liver tis-

sues were analyzed in this study. The tumors and paired noncan-
cerous liver tissues were frozen immediately after surgical remov-
al and stored at –80   °   C until DNA extraction. The clinical profiles 
of the patients are as follows: median age (25th–75th percentiles) 
was 65 years (59–72), 43 patients were male and 16 were female, 
15 patients were positive for hepatitis B surface antigen (HBV pos-
itive), 23 were positive for hepatitis C virus (HCV) antibody (HCV 
positive), and 21 were negative for both HBV and HCV (virus neg-
ative). Four patients had liver fibrosis stage F0–F1, 7 had F2, 10 had 
F3, and 38 had F4. The median tumor size (25th–75th percentiles) 
was 3.0 cm (2.0–4.5). Written informed consent was obtained from 
all patients, and necessary approvals were obtained from the insti-
tutional review boards of the institution involved.

  DNA Extraction/Bisulfite Treatment 
 Genomic DNA was extracted from frozen tissues using 

QIAamp DNA Mini Kits (Qiagen, Inc., Valencia, Calif., USA). De-

tails of DNA extraction were described previously. After confirm-
ing DNA quality and concentration, 1 μg of genomic DNA was 
subjected to bisulfite treatment using the EZ DNA Methylation Kit 
(Zymo Research Corporation, Irvine, Calif., USA).

  Methylation Analysis Using HumanMethylation450 BeadChip 
 Genome-wide DNA methylation profiles were assayed using a 

HumanMethylation450 BeadChip (Illumina, San Diego, Calif., 
USA) that contains probes covering >485,000 loci  [10] . Whole ge-
nome amplification of DNA, enzymatic fragmentation, isopropa-
nol precipitation and resuspension were performed followed by 
hybridization onto the BeadChips for 23 h. After washing away the 
unhybridized and nonspecific DNA and incorporation of the flu-
orescence-labeled oligonucleotide, images were obtained using the 
Illumina iScan SQ scanner (iScan Control v.3.2.45 software) and 
intensities of the images were extracted using GenomeStudio 
(v.2011.1) and Methylation Module (v.1.9.0) software. The ob-
tained data were normalized with the background subtracted and 
to internal controls.

  The methylation level was computed as a β value according to 
the normalized probe fluorescence intensity ratios between meth-
ylated and unmethylated signals: β value = signal intensity of the 
methylated allele/(sum of signal intensity of the unmethylated and 
methylated allele + 100). To evaluate the fidelity of the obtained β 
value and remove noise, each β value was accompanied by a detec-
tion p value indicating signals significantly greater than back-
ground. Probes containing single nucleotide polymorphisms or 
accompanied by single nucleotide polymorphisms within 10 bp 
from the 3 ′  end of the probe, and the probes on sex chromosomes 
were eliminated from the analysis to avoid methylation bias due to 
single nucleotide polymorphism and gender differences  [11] .

  Extraction of Differentially Methylated CpGs and Statistics 
 Extraction of differentially methylated CpGs (DM-CpGs) from 

HCCs and surrounding noncancerous livers was performed as fol-
lows. First, we selected the CpG sites that had methylation differ-
ences between HCCs and noncancerous livers with a mean differ-
ence in the β value  ≥ 0.15. Then, the Mann-Whitney U test and the 
false discovery rate control (Benjamini-Hochberg procedure) were 
applied for multiple comparisons. For the characterization of the 
DM-CpGs, we selected the 38,330 CpG sites showing a corrected 
value of p < 1.0 × 10 –13 . The Mann-Whitney U test was also per-
formed to identify differences in the distribution between DM-
CpGs and all CpGs on the BeadChip. For this purpose, the percent-
age of CpGs located within 1,500 bps of a transcription start site 
(TSS1500), 200 bp of a transcription start site (TSS200), 1st exon, 
5 ′  untranslated region (UTR), body and 3 ′ UTR were determined 
to identify differences in the distribution of CpGs in relation to 
gene structures. Similarly, to determine differences in the distribu-
tion in relation to CpG islands, the percentages of CpGs within a 
CpG island, CpG island shore (up to 2 kb away from islands), CpG 
island shelf (2–4 kb away from islands) and open sea (regions with 
isolated CpGs in the genome) were calculated. For the classifica-
tion of tissues based on their methylation profile, we applied hier-
archical clustering analysis using the β value of the top 1,000 DM-
CpGs showing large methylation differences between HCCs and 
noncancerous livers. A principal component analysis (PCA) was 
also applied using the β value of these top 1,000 DM-CpGs. The χ 2  
test was employed for comparisons of categorical variables. Stu-
dent’s t test was used for comparisons of two continuous variables.
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  All p values were two sided, and p < 0.05 was considered to be 
statistically significant. All statistical analyses were conducted us-
ing the R language (www.r-project.org) and JMP version 9.0 soft-
ware (SAS Institute Inc., Cary, N.C., USA).

  Results 

 Characteristics of DM-CpGs between HCCs and 
Noncancerous Livers 
 To determine differences in the methylation status be-

tween HCCs and noncancerous livers, we analyzed the 
distribution of 38,330 DM-CpGs. Among the 38,330 

DM-CpGs, 35,279 (92%) showed decreased methylation 
in HCC tissues compared to the noncancerous liver tis-
sues (hypomethylated DM-CpGs). Increased methyla-
tion in HCCs was observed at only 3,051 DM-CpGs (hy-
permethylated DM-CpGs: 8%). However, the absolute 
difference in the β value between HCCs and noncancer-
ous livers was significantly larger at the hypermethylated 
DM-CpGs than the hypomethylated DM-CpGs (mean 
difference and 95% confidence interval, CI, were 0.285 
and 0.283–0.287 for hypermethylated DM-CpGs, and 
0.266 and 0.266–0.267 for hypomethylated DM-CpGs, 
respectively; p < 0.0001, Student’s t test).
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  Fig. 1.  Differences in the distribution of DM-CpGs and all CpGs 
on BeadChip arrays. DM-CpG and overall CpG distribution in re-
lation to gene structure ( a ) and CpG islands ( b ). Hypermethylated 
DM-CpG and overall CpG distribution in relation to gene struc-
ture ( c ) and CpG islands ( d ). The bars indicate the distribution of 
DM-CpGs and all CpGs on the BeadChip ( a ,  b ) and the distribu-
tion of hypermethylated DM-CpGs and all CpGs ( c ,  d ). The y-

axis shows the percentage of CpGs within each region among the 
CpGs analyzed. The p value was calculated using the Mann-Whit-
ney U test for all comparisons. DM-CpGs were predominantly dis-
tributed within the intergenic regions ( a ) and open sea ( b ). On the 
other hand, hypermethylated DM-CpGs were distributed prefer-
entially near the transcription start site ( c ) and within CpG islands 
( d ).  
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otic DNA, including human DNA, and carries important 
epigenetic information required for proper gene function 
 [7] . For example, DNA methylation contributes to the 
regulation of gene transcription as well as the stabiliza-
tion of chromosomes  [8] . It is well known that the pattern 
of DNA methylation found in normal cells is handed 
down to the daughter cells during mature cell division. 
However, alterations in the DNA methylation profile of 
mature cells are frequently observed in many types of hu-
man cancers, including HCC  [9] . The regional hyper-
methylation of a gene promoter is typically associated 
with transcriptional inactivation of corresponding tumor 
suppressor genes, while global hypomethylation can in-
duce genomic instability, a process that can play an im-
portant role in carcinogenesis  [3] . Therefore, it is neces-
sary to identify differences in the DNA methylation status 
between HCCs and noncancerous livers to understand 
the contribution of epigenetic instability on the initiation 
and progression of HCC.

  To clarify the genome-wide DNA methylation profiles 
in HCC, we used an Infinium HumanMethylation450 
BeadChip array that can analyze >485,000 CpG sites dis-
tributed throughout the genome using a large number of 
human HCCs and noncancerous livers  [10] . In addition, 
alterations in DNA methylation at each stage of tumor 
progression were also analyzed. We describe the unique 
distribution of CpG sites that had altered DNA methyla-
tion in HCC tissues, and describe the stepwise accumula-
tion of abnormal DNA methylation during human hepa-
tocarcinogenesis.

  Materials and Methods 

 Patients 
 HCCs from 59 patients and 58 paired, noncancerous liver tis-

sues were analyzed in this study. The tumors and paired noncan-
cerous liver tissues were frozen immediately after surgical remov-
al and stored at –80   °   C until DNA extraction. The clinical profiles 
of the patients are as follows: median age (25th–75th percentiles) 
was 65 years (59–72), 43 patients were male and 16 were female, 
15 patients were positive for hepatitis B surface antigen (HBV pos-
itive), 23 were positive for hepatitis C virus (HCV) antibody (HCV 
positive), and 21 were negative for both HBV and HCV (virus neg-
ative). Four patients had liver fibrosis stage F0–F1, 7 had F2, 10 had 
F3, and 38 had F4. The median tumor size (25th–75th percentiles) 
was 3.0 cm (2.0–4.5). Written informed consent was obtained from 
all patients, and necessary approvals were obtained from the insti-
tutional review boards of the institution involved.

  DNA Extraction/Bisulfite Treatment 
 Genomic DNA was extracted from frozen tissues using 

QIAamp DNA Mini Kits (Qiagen, Inc., Valencia, Calif., USA). De-

tails of DNA extraction were described previously. After confirm-
ing DNA quality and concentration, 1 μg of genomic DNA was 
subjected to bisulfite treatment using the EZ DNA Methylation Kit 
(Zymo Research Corporation, Irvine, Calif., USA).

  Methylation Analysis Using HumanMethylation450 BeadChip 
 Genome-wide DNA methylation profiles were assayed using a 

HumanMethylation450 BeadChip (Illumina, San Diego, Calif., 
USA) that contains probes covering >485,000 loci  [10] . Whole ge-
nome amplification of DNA, enzymatic fragmentation, isopropa-
nol precipitation and resuspension were performed followed by 
hybridization onto the BeadChips for 23 h. After washing away the 
unhybridized and nonspecific DNA and incorporation of the flu-
orescence-labeled oligonucleotide, images were obtained using the 
Illumina iScan SQ scanner (iScan Control v.3.2.45 software) and 
intensities of the images were extracted using GenomeStudio 
(v.2011.1) and Methylation Module (v.1.9.0) software. The ob-
tained data were normalized with the background subtracted and 
to internal controls.

  The methylation level was computed as a β value according to 
the normalized probe fluorescence intensity ratios between meth-
ylated and unmethylated signals: β value = signal intensity of the 
methylated allele/(sum of signal intensity of the unmethylated and 
methylated allele + 100). To evaluate the fidelity of the obtained β 
value and remove noise, each β value was accompanied by a detec-
tion p value indicating signals significantly greater than back-
ground. Probes containing single nucleotide polymorphisms or 
accompanied by single nucleotide polymorphisms within 10 bp 
from the 3 ′  end of the probe, and the probes on sex chromosomes 
were eliminated from the analysis to avoid methylation bias due to 
single nucleotide polymorphism and gender differences  [11] .

  Extraction of Differentially Methylated CpGs and Statistics 
 Extraction of differentially methylated CpGs (DM-CpGs) from 

HCCs and surrounding noncancerous livers was performed as fol-
lows. First, we selected the CpG sites that had methylation differ-
ences between HCCs and noncancerous livers with a mean differ-
ence in the β value  ≥ 0.15. Then, the Mann-Whitney U test and the 
false discovery rate control (Benjamini-Hochberg procedure) were 
applied for multiple comparisons. For the characterization of the 
DM-CpGs, we selected the 38,330 CpG sites showing a corrected 
value of p < 1.0 × 10 –13 . The Mann-Whitney U test was also per-
formed to identify differences in the distribution between DM-
CpGs and all CpGs on the BeadChip. For this purpose, the percent-
age of CpGs located within 1,500 bps of a transcription start site 
(TSS1500), 200 bp of a transcription start site (TSS200), 1st exon, 
5 ′  untranslated region (UTR), body and 3 ′ UTR were determined 
to identify differences in the distribution of CpGs in relation to 
gene structures. Similarly, to determine differences in the distribu-
tion in relation to CpG islands, the percentages of CpGs within a 
CpG island, CpG island shore (up to 2 kb away from islands), CpG 
island shelf (2–4 kb away from islands) and open sea (regions with 
isolated CpGs in the genome) were calculated. For the classifica-
tion of tissues based on their methylation profile, we applied hier-
archical clustering analysis using the β value of the top 1,000 DM-
CpGs showing large methylation differences between HCCs and 
noncancerous livers. A principal component analysis (PCA) was 
also applied using the β value of these top 1,000 DM-CpGs. The χ 2  
test was employed for comparisons of categorical variables. Stu-
dent’s t test was used for comparisons of two continuous variables.
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  All p values were two sided, and p < 0.05 was considered to be 
statistically significant. All statistical analyses were conducted us-
ing the R language (www.r-project.org) and JMP version 9.0 soft-
ware (SAS Institute Inc., Cary, N.C., USA).

  Results 

 Characteristics of DM-CpGs between HCCs and 
Noncancerous Livers 
 To determine differences in the methylation status be-

tween HCCs and noncancerous livers, we analyzed the 
distribution of 38,330 DM-CpGs. Among the 38,330 

DM-CpGs, 35,279 (92%) showed decreased methylation 
in HCC tissues compared to the noncancerous liver tis-
sues (hypomethylated DM-CpGs). Increased methyla-
tion in HCCs was observed at only 3,051 DM-CpGs (hy-
permethylated DM-CpGs: 8%). However, the absolute 
difference in the β value between HCCs and noncancer-
ous livers was significantly larger at the hypermethylated 
DM-CpGs than the hypomethylated DM-CpGs (mean 
difference and 95% confidence interval, CI, were 0.285 
and 0.283–0.287 for hypermethylated DM-CpGs, and 
0.266 and 0.266–0.267 for hypomethylated DM-CpGs, 
respectively; p < 0.0001, Student’s t test).
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  Fig. 1.  Differences in the distribution of DM-CpGs and all CpGs 
on BeadChip arrays. DM-CpG and overall CpG distribution in re-
lation to gene structure ( a ) and CpG islands ( b ). Hypermethylated 
DM-CpG and overall CpG distribution in relation to gene struc-
ture ( c ) and CpG islands ( d ). The bars indicate the distribution of 
DM-CpGs and all CpGs on the BeadChip ( a ,  b ) and the distribu-
tion of hypermethylated DM-CpGs and all CpGs ( c ,  d ). The y-

axis shows the percentage of CpGs within each region among the 
CpGs analyzed. The p value was calculated using the Mann-Whit-
ney U test for all comparisons. DM-CpGs were predominantly dis-
tributed within the intergenic regions ( a ) and open sea ( b ). On the 
other hand, hypermethylated DM-CpGs were distributed prefer-
entially near the transcription start site ( c ) and within CpG islands 
( d ).  
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   Figure 1 a shows the distribution of the 38,330 DM-
CpGs compared to all CpGs on the BeadChip. DM-CpGs 
occur more often in intergenic regions compared to
all CpGs (16,507/38,330; 43% for DM-CpGs and 
119,717/485,577; 24.7% for all CpGs). On the other hand, 
the proportion of DM-CpGs within the regions near the 
transcription start site is smaller than that for all CpGs 
(9.0, 4.0, 3.0 and 5.1% within TSS1500, TSS200, 1st exon 
and 5 ′ UTR for DM-CpGs, and 14.2, 10.8, 4.7 and 8.8% 
within TSS1500, TSS200, 1st exon and 5 ′ UTR for all 
CpGs, respectively). The difference in distributions be-
tween DM-CpGs and all CpGs on the BeadChip array was 
statistically significant (p < 0.0001, Mann-Whitney U 
test). Similarly, DM-CpGs were more often observed 
within open sea compared to all CpGs (p < 0.0001, Mann-
Whitney U test;  fig. 1 b). When only the 3,051 hypermeth-
ylated DM-CpGs were considered, they were more often 
observed within regions near the transcription start site 
(13.3, 13.2, 8.8 and 10.0% within TSS1500, TSS200, 1st 
exon and 5 ′ UTR, respectively) compared to all CpGs 
(14.2, 10.8, 4.7 and 8.8% within TSS1500, TSS200, 1st 
exon and 5 ′ UTR, respectively; p < 0.0001, Mann-Whit-
ney U test;  fig. 1 c). The distribution of hypermethylated 
DM-CpGs was also prominent within CpG islands and 
rare within open sea compared to all CpGs (75.2% within 
CpG islands and 6.5% within open sea for hypermethyl-
ated DM-CpGs vs. 30.9% within CpG islands and 36.3% 
within open sea for all CpGs; p < 0.0001, Mann-Whitney 
U test;  fig. 1 d).

  Methylation Profile of DM-CpGs and Progression of 
HCC 
 We also determined the background factors of HCC 

that were associated with the methylation profile of the 
tumors. For this purpose, we selected the top 1,000 DM-
CpGs showing large methylation differences between 
HCC and noncancerous liver tissues, and conducted a hi-
erarchical clustering analysis using the β value of the top 
1,000 DM-CpGs ( fig.  2 a). We examined the following 
clinical factors for this association: age ( ≥ 70 vs.  < 70 
years), sex, etiology (HBV positive vs. HCV positive vs. 
virus negative), F-stage (F0–2 vs. F3–4), differentiation 
(well vs. moderately and poorly) and tumor size (>2.0 vs. 
 ≤ 2.0 cm). Among them, tumor size had a significant as-
sociation with the methylation profile of the selected 
1,000 DM-CpGs, with tumors  ≤ 2.0 cm associated with 
higher methylation levels (p = 0.0028, χ 2  test). Although 
not statistically significant, etiology classified by the pres-
ence of hepatitis virus also showed an association with the 
methylation-based classification (p = 0.0540, χ 2  test; data 

not shown). Therefore, we separated the HBV-positive, 
HCV-positive and virus-negative HCCs, and conducted 
PCA for each group using the β value of the top 1,000 
DM-CpGs. Among the HCV-positive tumors, the first 
three principal components seemed to distinguish tu-
mors  ≤ 2.0 cm in size, which were distributed closer to 
noncancerous liver tissues, from tumors >2.0 cm.  Figure 
2 b shows the 3D scatter diagram of PCA for HCV-posi-
tive liver tissues. However, the principal components 
failed to distinguish the tumors by their size in HBV-pos-
itive and virus-negative cases (data not shown). We fur-
ther classified the HCV-positive liver tissues using a hier-
archical clustering analysis ( fig. 2 c). HCV-positive liver 
tissues were clearly classified into two clusters with all 
HCCs in one cluster (cluster A) and all noncancerous liv-
er tissue in the other cluster (cluster B). The HCC cluster 
could be further subdivided into A1 and A2. Interesting-
ly, 4 of 5 HCCs (80.0%) in cluster A2 had a tumor size 
 ≤ 2.0 cm. In contrast, only 3 of 18 HCCs (16.7%) in cluster 
A1 had a tumor size  ≤ 2.0 cm. The association between 
methylation profile and tumor size was statistically sig-
nificant for HCV-positive cases (p = 0.0001, χ 2  test;  
fig. 2 d ) .

  Discussion 

 It is well known that carcinogenesis is a multistep pro-
cess involving mutation and subsequent clonal expansion 
of the mutated cells, and the accumulation of genetic and 
epigenetic alterations are hallmarks of the cancer ge-
nome, including HCC  [3, 6] . In this study, we tried to 
clarify alterations in DNA methylation in HCC, one of 
the characteristics of epigenetic alterations, using the Hu-
manMethylation450 BeadChip array. We clarified the 
characteristics of CpGs that showed differences in meth-
ylation levels between HCC and noncancerous liver tis-
sues using a large number of samples. We also identified 
stepwise progression of DNA methylation changes dur-
ing the development of HCC, especially in HCV-related 
hepatocarcinogenesis.

  In this study, we comprehensively characterized CpGs 
that were differentially methylated between HCC and 
noncancerous liver tissues of HCC patients. As reported 
previously, >90% of DM-CpGs showed hypomethylation 
in cancer  [12] . Our analyses also identified that the DM-
CpGs were predominantly located within intergenic re-
gions. In addition, DM-CpGs in the genome were prom-
inent within the open sea, the region showing isolated 
CpGs. From this point of view, DNA hypomethylation in 
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HCC might contribute to hepatocarcinogenesis through 
the activation of transcription in non-protein-coding re-
gions, such as noncoding RNA and transposable ele-
ments  [13] . We also found that global hypomethylation 
in HCC was associated with chromosomal instability 
 [14] , suggesting that the DNA hypomethylation could in-
duce chromosomal fragility and play a role in human he-
patocarcinogenesis. In contrast, hypermethylated DM-
CpGs were mainly located within the region from TSS200 
to the 1st exon, in close proximity to the gene promoter, 

and were predominantly observed within CpG islands. 
As the promoters within CpG islands generally regulate 
gene transcription by DNA methylation  [9, 15] , it is pos-
sible that hypermethylation of DNA could be responsible 
for HCC emergence mainly through the transcriptional 
inactivation of tumor suppressor genes.

  DM-CpGs clearly discriminated HCCs from noncan-
cerous livers by PCA and hierarchical clustering analysis. 
Interestingly, in HCC tissues, PCA and hierarchical clus-
tering analysis using β values of DM-CpGs classified 
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  Fig. 2.  Methylation profiles of noncancerous livers and HCCs clas-
sified by tumor size (colors are available in the only version only). 
 a . Hierarchical clustering analysis of HCCs using the β value of
the top 1,000 DM-CpGs. Tumors  ≤ 2.0 cm were more frequent
in the groups with higher methylation levels (p = 0.0028, χ 2  test).
Heat map: green = decreased methylation density; red = increased 
methylation density; black = unchanged. Red arrows show HCCs 
 ≤ 2.0 cm.  b  3D scatter diagram of PCA for HCV-positive liver tis-
sues using the β value of the top 1,000 DM-CpGs. Blue dots repre-
sent noncancerous livers, red dots HCCs  ≤ 2.0 cm and black dots 

HCCs >2.0 cm.  c  Hierarchical clustering analysis for HCV-positive 
liver tissues. The clusters are divided into A1, A2 and B. Blue ar-
rows show noncancerous livers and red arrows HCCs  ≤ 2.0 cm. 
The samples without an arrow denote HCCs >2.0 cm.  d  Associa-
tion between classifications based upon methylation profile and 
tumor size in HCV-positive liver tissues. A1, A2 and B correspond 
to the classification shown in  c . Blue bars denote the distribution 
of noncancerous liver tissue (NT), red bars HCCs  ≤ 2.0 cm and 
green bars HCCs >2.0 cm. p < 0.0001 (χ 2  test). 
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   Figure 1 a shows the distribution of the 38,330 DM-
CpGs compared to all CpGs on the BeadChip. DM-CpGs 
occur more often in intergenic regions compared to
all CpGs (16,507/38,330; 43% for DM-CpGs and 
119,717/485,577; 24.7% for all CpGs). On the other hand, 
the proportion of DM-CpGs within the regions near the 
transcription start site is smaller than that for all CpGs 
(9.0, 4.0, 3.0 and 5.1% within TSS1500, TSS200, 1st exon 
and 5 ′ UTR for DM-CpGs, and 14.2, 10.8, 4.7 and 8.8% 
within TSS1500, TSS200, 1st exon and 5 ′ UTR for all 
CpGs, respectively). The difference in distributions be-
tween DM-CpGs and all CpGs on the BeadChip array was 
statistically significant (p < 0.0001, Mann-Whitney U 
test). Similarly, DM-CpGs were more often observed 
within open sea compared to all CpGs (p < 0.0001, Mann-
Whitney U test;  fig. 1 b). When only the 3,051 hypermeth-
ylated DM-CpGs were considered, they were more often 
observed within regions near the transcription start site 
(13.3, 13.2, 8.8 and 10.0% within TSS1500, TSS200, 1st 
exon and 5 ′ UTR, respectively) compared to all CpGs 
(14.2, 10.8, 4.7 and 8.8% within TSS1500, TSS200, 1st 
exon and 5 ′ UTR, respectively; p < 0.0001, Mann-Whit-
ney U test;  fig. 1 c). The distribution of hypermethylated 
DM-CpGs was also prominent within CpG islands and 
rare within open sea compared to all CpGs (75.2% within 
CpG islands and 6.5% within open sea for hypermethyl-
ated DM-CpGs vs. 30.9% within CpG islands and 36.3% 
within open sea for all CpGs; p < 0.0001, Mann-Whitney 
U test;  fig. 1 d).

  Methylation Profile of DM-CpGs and Progression of 
HCC 
 We also determined the background factors of HCC 

that were associated with the methylation profile of the 
tumors. For this purpose, we selected the top 1,000 DM-
CpGs showing large methylation differences between 
HCC and noncancerous liver tissues, and conducted a hi-
erarchical clustering analysis using the β value of the top 
1,000 DM-CpGs ( fig.  2 a). We examined the following 
clinical factors for this association: age ( ≥ 70 vs.  < 70 
years), sex, etiology (HBV positive vs. HCV positive vs. 
virus negative), F-stage (F0–2 vs. F3–4), differentiation 
(well vs. moderately and poorly) and tumor size (>2.0 vs. 
 ≤ 2.0 cm). Among them, tumor size had a significant as-
sociation with the methylation profile of the selected 
1,000 DM-CpGs, with tumors  ≤ 2.0 cm associated with 
higher methylation levels (p = 0.0028, χ 2  test). Although 
not statistically significant, etiology classified by the pres-
ence of hepatitis virus also showed an association with the 
methylation-based classification (p = 0.0540, χ 2  test; data 

not shown). Therefore, we separated the HBV-positive, 
HCV-positive and virus-negative HCCs, and conducted 
PCA for each group using the β value of the top 1,000 
DM-CpGs. Among the HCV-positive tumors, the first 
three principal components seemed to distinguish tu-
mors  ≤ 2.0 cm in size, which were distributed closer to 
noncancerous liver tissues, from tumors >2.0 cm.  Figure 
2 b shows the 3D scatter diagram of PCA for HCV-posi-
tive liver tissues. However, the principal components 
failed to distinguish the tumors by their size in HBV-pos-
itive and virus-negative cases (data not shown). We fur-
ther classified the HCV-positive liver tissues using a hier-
archical clustering analysis ( fig. 2 c). HCV-positive liver 
tissues were clearly classified into two clusters with all 
HCCs in one cluster (cluster A) and all noncancerous liv-
er tissue in the other cluster (cluster B). The HCC cluster 
could be further subdivided into A1 and A2. Interesting-
ly, 4 of 5 HCCs (80.0%) in cluster A2 had a tumor size 
 ≤ 2.0 cm. In contrast, only 3 of 18 HCCs (16.7%) in cluster 
A1 had a tumor size  ≤ 2.0 cm. The association between 
methylation profile and tumor size was statistically sig-
nificant for HCV-positive cases (p = 0.0001, χ 2  test;  
fig. 2 d ) .

  Discussion 

 It is well known that carcinogenesis is a multistep pro-
cess involving mutation and subsequent clonal expansion 
of the mutated cells, and the accumulation of genetic and 
epigenetic alterations are hallmarks of the cancer ge-
nome, including HCC  [3, 6] . In this study, we tried to 
clarify alterations in DNA methylation in HCC, one of 
the characteristics of epigenetic alterations, using the Hu-
manMethylation450 BeadChip array. We clarified the 
characteristics of CpGs that showed differences in meth-
ylation levels between HCC and noncancerous liver tis-
sues using a large number of samples. We also identified 
stepwise progression of DNA methylation changes dur-
ing the development of HCC, especially in HCV-related 
hepatocarcinogenesis.

  In this study, we comprehensively characterized CpGs 
that were differentially methylated between HCC and 
noncancerous liver tissues of HCC patients. As reported 
previously, >90% of DM-CpGs showed hypomethylation 
in cancer  [12] . Our analyses also identified that the DM-
CpGs were predominantly located within intergenic re-
gions. In addition, DM-CpGs in the genome were prom-
inent within the open sea, the region showing isolated 
CpGs. From this point of view, DNA hypomethylation in 
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HCC might contribute to hepatocarcinogenesis through 
the activation of transcription in non-protein-coding re-
gions, such as noncoding RNA and transposable ele-
ments  [13] . We also found that global hypomethylation 
in HCC was associated with chromosomal instability 
 [14] , suggesting that the DNA hypomethylation could in-
duce chromosomal fragility and play a role in human he-
patocarcinogenesis. In contrast, hypermethylated DM-
CpGs were mainly located within the region from TSS200 
to the 1st exon, in close proximity to the gene promoter, 

and were predominantly observed within CpG islands. 
As the promoters within CpG islands generally regulate 
gene transcription by DNA methylation  [9, 15] , it is pos-
sible that hypermethylation of DNA could be responsible 
for HCC emergence mainly through the transcriptional 
inactivation of tumor suppressor genes.

  DM-CpGs clearly discriminated HCCs from noncan-
cerous livers by PCA and hierarchical clustering analysis. 
Interestingly, in HCC tissues, PCA and hierarchical clus-
tering analysis using β values of DM-CpGs classified 
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  Fig. 2.  Methylation profiles of noncancerous livers and HCCs clas-
sified by tumor size (colors are available in the only version only). 
 a . Hierarchical clustering analysis of HCCs using the β value of
the top 1,000 DM-CpGs. Tumors  ≤ 2.0 cm were more frequent
in the groups with higher methylation levels (p = 0.0028, χ 2  test).
Heat map: green = decreased methylation density; red = increased 
methylation density; black = unchanged. Red arrows show HCCs 
 ≤ 2.0 cm.  b  3D scatter diagram of PCA for HCV-positive liver tis-
sues using the β value of the top 1,000 DM-CpGs. Blue dots repre-
sent noncancerous livers, red dots HCCs  ≤ 2.0 cm and black dots 

HCCs >2.0 cm.  c  Hierarchical clustering analysis for HCV-positive 
liver tissues. The clusters are divided into A1, A2 and B. Blue ar-
rows show noncancerous livers and red arrows HCCs  ≤ 2.0 cm. 
The samples without an arrow denote HCCs >2.0 cm.  d  Associa-
tion between classifications based upon methylation profile and 
tumor size in HCV-positive liver tissues. A1, A2 and B correspond 
to the classification shown in  c . Blue bars denote the distribution 
of noncancerous liver tissue (NT), red bars HCCs  ≤ 2.0 cm and 
green bars HCCs >2.0 cm. p < 0.0001 (χ 2  test). 
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HCCs into two subgroups according to tumor size ( ≤ 2.0 
vs. >2.0 cm). The methylation profiles of smaller tumors 
were relatively similar to those of noncancerous livers 
compared to the methylation profiles of larger tumors. 
Therefore, stepwise progression of methylation altera-
tions may take place during the development of HCC. 
Many studies have reported that DNA hypomethylation 
in tumors is associated with aggressive tumors showing 
rapid growth  [16, 17] . We previously reported that the 
number of genes with hypermethylation increased with 
tumor progression  [18] . From this point of view, accumu-
lation of epigenetic alterations could be important for the 
progression of HCC, especially in HCV-positive cases 
 [19] . However, we could not detect an association be-

tween methylation progression and tumor size in HBV-
positive and virus-negative tumors. Further analyses us-
ing a large number of HCCs should clarify the accumula-
tion of methylation events in HBV-positive and virus-
negative hepatocarcinogenesis.

  In this study, we clarified the characteristic feature of 
CpGs that had differences in methylation levels between 
HCCs and noncancerous livers. Furthermore, progres-
sive alterations in DNA methylation were observed in 
HCV-related hepatocarcinogenesis. The comprehensive 
data on DNA methylation obtained here should be of im-
portance to better understand the molecular mechanisms 
of multistep progression of epigenetic alterations during 
human hepatocarcinogenesis.
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been developed to prolong survival in unresectable HCC 
patients over the past few decades  [1–4] .

  In particular, RFA is commonly applied in the treat-
ment of HCC because it is a relatively easy procedure to 
perform and has proven safety and efficacy in the treat-
ment of this cancer. In randomized controlled trials com-
paring RFA with percutaneous ethanol injection therapy, 
RFA has shown better response and survival rates  [5, 6] . 
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HCCs into two subgroups according to tumor size ( ≤ 2.0 
vs. >2.0 cm). The methylation profiles of smaller tumors 
were relatively similar to those of noncancerous livers 
compared to the methylation profiles of larger tumors. 
Therefore, stepwise progression of methylation altera-
tions may take place during the development of HCC. 
Many studies have reported that DNA hypomethylation 
in tumors is associated with aggressive tumors showing 
rapid growth  [16, 17] . We previously reported that the 
number of genes with hypermethylation increased with 
tumor progression  [18] . From this point of view, accumu-
lation of epigenetic alterations could be important for the 
progression of HCC, especially in HCV-positive cases 
 [19] . However, we could not detect an association be-

tween methylation progression and tumor size in HBV-
positive and virus-negative tumors. Further analyses us-
ing a large number of HCCs should clarify the accumula-
tion of methylation events in HBV-positive and virus-
negative hepatocarcinogenesis.

  In this study, we clarified the characteristic feature of 
CpGs that had differences in methylation levels between 
HCCs and noncancerous livers. Furthermore, progres-
sive alterations in DNA methylation were observed in 
HCV-related hepatocarcinogenesis. The comprehensive 
data on DNA methylation obtained here should be of im-
portance to better understand the molecular mechanisms 
of multistep progression of epigenetic alterations during 
human hepatocarcinogenesis.
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In addition, RFA is much less invasive and associated 
with lower mortality and shorter hospital stays than liver 
resection  [7] . Small solitary HCC lesions <2 cm in diam-
eter are referred to as ‘early (stage A)’ or ‘very early (stage 
0)’ stages in the Barcelona Clinic Liver Cancer system  [8] . 
Accordingly, surgical resection (SR)  [9, 10]  or RFA were 
considered as curative therapies for stage 0-A HCC if the 
patients also had good liver function  [11] . Thus, RFA is a 
very important treatment in the management of HCC. 
However, tumor recurrence rates after curative therapy is 
a recognized issue  [7, 12–14] , and previous studies have 
reported cumulative tumor recurrence rates after RFA of 
18–20.4, 37–43.4, 59.8 and 65.9% at 1, 2, 3 and 4 years, 
respectively  [7] . Tumor size, Child-Pugh classification, 
alpha-fetoprotein (AFP) level, ablation margin and tu-
mor number are generally considered the major causes of 
local recurrence after RFA  [7, 11, 12, 14] .

  RFA therapy is often chosen as an initial treatment 
based on considerations of cost-effectiveness and the fact 
that it is less invasive for patients than SR. However, in 
terms of selecting a curative therapy, SR may be more re-
liable  [15] .

  Recent reports have compared the efficacy of SR and 
percutaneous local ablative therapy in the treatment of 
HCC. Although some reports revealed no differences be-
tween the two therapies  [16] , others reported that SR was 

a more effective treatment compared with percutaneous 
local ablative therapy  [15] , although the cost-effective-
ness of RFA in HCCs measuring  ≤ 2 cm was superior to 
that of SR  [17] . At present, whether SR is more effective 
than RFA in the treatment for HCCs measuring  ≤ 2 cm 
remains controversial. However, it might be better to se-
lect SR, even for HCCs measuring  ≤ 2 cm, in order to re-
duce local tumor recurrence, because an initial treatment 
response is essential for improving survival  [11, 15, 18] .

  In this study, we first evaluated the outcome of RFA 
for HCCs measuring  ≤ 2 cm and analyzed the predictive 
factors for local recurrence. Second, we analyzed which 
cases should be selected for SR as an initial treatment by 
evaluating their characteristics.

  Patients and Methods 

 Between April 2007 and July 2014, 427 patients were admitted 
to Kinki University Hospital to receive treatment for HCC. Of 
these 427 patients, 21 were excluded because they had metastatic 
liver tumors and 46 were excluded because they were lost to follow-
up or had been transferred to another hospital. A further 126 pa-
tients were excluded because the tumor was >2 cm; thus, we inves-
tigated 234 patients with 274 HCCs measuring  ≤ 2 cm ( fig. 1 ). Of 
these 274 HCCs, 227 received RFA alone, 41 received transcatheter 
arterial chemoembolization (TACE) and 6 received transcatheter 
arterial infusion before RFA.

HCCs measuring 2 cm
(n = 274, 234 patients)

Liver tumor 3 cm in diameter and patient allocated curative RFA as
primary treatment (n = 511, 427 patients) 

Early-stage HCC 3 cm in diameter
(n = 490, 406 patients) 

Early-stage HCC 3 cm in diameter, with
post-treatment follow-up with CT or US

(n = 425, 360 patients)   

Metastasis
(n = 21, 21 patients)

Without follow-up or
hospital transfer

(n = 65, 46 patients)  

Early-stage HCC >2 cm in diameter
(n = 151, 126 patients)

Single HCC
(n = 203, 203 patients)

Multiple HCCs
(n = 71, 31 patients)

  Fig. 1.  Study design. 
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  Fig. 2.  Representative cases of local recurrence after RFA.  a  A 
68-year-old woman diagnosed as SN type HCC by CECT. HCC 
location S8, not in the liver surface area (arrow).  b  After RFA, we 
assessed the treatment effect as SM-negative on CECT. Severe pain 
and high fever continued after RFA, so additional RFA was not 
performed.  c  Arterial phase of CECT, 9 months after RFA, showed 
local recurrence at the periphery of the ablation zone (arrow).  d  A 
70-year-old man diagnosed as non-SN type HCC, not located in 
the liver surface area, on CECT (arrow).  e  Two days after ablation, 

we assessed the treatment effect as SM-negative on CECT. As the 
vessel was situated near the ablation area, we decided it would be 
too difficult to perform additional RFA.  f  Arterial phase of CECT, 
11 months after RFA, showed local recurrence at the periphery of 
the ablation zone (arrow).  g  A 69-year-old man diagnosed as SN 
type HCC by CECT located on S7 liver surface area (arrow).  h  Af-
ter ablation, we assessed the treatment effect as SM-positive on 
CECT.  i  Arterial phase of CECT, 7 months after RFA, showed local 
recurrence at the peripheral ablation zone (arrow). 
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In addition, RFA is much less invasive and associated 
with lower mortality and shorter hospital stays than liver 
resection  [7] . Small solitary HCC lesions <2 cm in diam-
eter are referred to as ‘early (stage A)’ or ‘very early (stage 
0)’ stages in the Barcelona Clinic Liver Cancer system  [8] . 
Accordingly, surgical resection (SR)  [9, 10]  or RFA were 
considered as curative therapies for stage 0-A HCC if the 
patients also had good liver function  [11] . Thus, RFA is a 
very important treatment in the management of HCC. 
However, tumor recurrence rates after curative therapy is 
a recognized issue  [7, 12–14] , and previous studies have 
reported cumulative tumor recurrence rates after RFA of 
18–20.4, 37–43.4, 59.8 and 65.9% at 1, 2, 3 and 4 years, 
respectively  [7] . Tumor size, Child-Pugh classification, 
alpha-fetoprotein (AFP) level, ablation margin and tu-
mor number are generally considered the major causes of 
local recurrence after RFA  [7, 11, 12, 14] .

  RFA therapy is often chosen as an initial treatment 
based on considerations of cost-effectiveness and the fact 
that it is less invasive for patients than SR. However, in 
terms of selecting a curative therapy, SR may be more re-
liable  [15] .

  Recent reports have compared the efficacy of SR and 
percutaneous local ablative therapy in the treatment of 
HCC. Although some reports revealed no differences be-
tween the two therapies  [16] , others reported that SR was 

a more effective treatment compared with percutaneous 
local ablative therapy  [15] , although the cost-effective-
ness of RFA in HCCs measuring  ≤ 2 cm was superior to 
that of SR  [17] . At present, whether SR is more effective 
than RFA in the treatment for HCCs measuring  ≤ 2 cm 
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  In this study, we first evaluated the outcome of RFA 
for HCCs measuring  ≤ 2 cm and analyzed the predictive 
factors for local recurrence. Second, we analyzed which 
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evaluating their characteristics.

  Patients and Methods 

 Between April 2007 and July 2014, 427 patients were admitted 
to Kinki University Hospital to receive treatment for HCC. Of 
these 427 patients, 21 were excluded because they had metastatic 
liver tumors and 46 were excluded because they were lost to follow-
up or had been transferred to another hospital. A further 126 pa-
tients were excluded because the tumor was >2 cm; thus, we inves-
tigated 234 patients with 274 HCCs measuring  ≤ 2 cm ( fig. 1 ). Of 
these 274 HCCs, 227 received RFA alone, 41 received transcatheter 
arterial chemoembolization (TACE) and 6 received transcatheter 
arterial infusion before RFA.

HCCs measuring 2 cm
(n = 274, 234 patients)

Liver tumor 3 cm in diameter and patient allocated curative RFA as
primary treatment (n = 511, 427 patients) 

Early-stage HCC 3 cm in diameter
(n = 490, 406 patients) 

Early-stage HCC 3 cm in diameter, with
post-treatment follow-up with CT or US

(n = 425, 360 patients)   

Metastasis
(n = 21, 21 patients)

Without follow-up or
hospital transfer

(n = 65, 46 patients)  

Early-stage HCC >2 cm in diameter
(n = 151, 126 patients)

Single HCC
(n = 203, 203 patients)

Multiple HCCs
(n = 71, 31 patients)

  Fig. 1.  Study design. 
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a b c

d e f
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  Fig. 2.  Representative cases of local recurrence after RFA.  a  A 
68-year-old woman diagnosed as SN type HCC by CECT. HCC 
location S8, not in the liver surface area (arrow).  b  After RFA, we 
assessed the treatment effect as SM-negative on CECT. Severe pain 
and high fever continued after RFA, so additional RFA was not 
performed.  c  Arterial phase of CECT, 9 months after RFA, showed 
local recurrence at the periphery of the ablation zone (arrow).  d  A 
70-year-old man diagnosed as non-SN type HCC, not located in 
the liver surface area, on CECT (arrow).  e  Two days after ablation, 

we assessed the treatment effect as SM-negative on CECT. As the 
vessel was situated near the ablation area, we decided it would be 
too difficult to perform additional RFA.  f  Arterial phase of CECT, 
11 months after RFA, showed local recurrence at the periphery of 
the ablation zone (arrow).  g  A 69-year-old man diagnosed as SN 
type HCC by CECT located on S7 liver surface area (arrow).  h  Af-
ter ablation, we assessed the treatment effect as SM-positive on 
CECT.  i  Arterial phase of CECT, 7 months after RFA, showed local 
recurrence at the peripheral ablation zone (arrow). 
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  Diagnosis of HCC 
 The diagnosis of HCC was based on the presence of typical

tumor features on contrast-enhanced computed tomography 
(CECT), Sonazoid-enhanced ultrasonography (US) (Daiichi-San-
kyo, Tokyo, Japan; GE Health Care, Oslo, Norway) and gadolini-
um-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced 
magnetic resonance imaging (Gd-EOB-DTPA MRI) (Primovist; 
Bayer Schering Pharma, Berlin, Germany). The tumor was diag-
nosed as HCC if it showed typical appearance on at least one of 
these modalities: appearance of hyperattenuations in the arterial 
phase and hypoattenuations in the portal phase on CECT (Light 
Speed VCT; GE Medical Systems, Milwaukee, Wisc., USA); hyper-
enhancement in the early vascular phase followed by a defect in the 
Kupffer phase or defect in the Kupffer phase with a positive defect 
reperfusion by contrast-enhanced US using one of the following 
US units: GE LOGIQ 7, LOGIQ 9 (GE Medical Systems) or EUB 
8500 (Hitachi, Tokyo, Japan)  [19] ; hyperintensity in the arterial 
dominant phase or washout of contrast material in the portal ve-
nous or low intensity area in the hepatobiliary phase on Gd-EOB-
DTPA MRI  [20–22]  (Gyroscan Intera Nova [1.5 T] or an Achieva 
[3 T] series; Philips Medical System, Best, The Netherlands).

  Definition of Safety Ablative Margin, Gross Type and HCC 
Location 
 Complete response was defined as the absence of enhanced tu-

moral areas reflecting complete tissue necrosis as assessed by fol-
low-up imaging modalities within 1 week after RFA. We judged 
that a safety margin (SM) was positive if there was a complete cir-
cumferential ablative margin of  ≥ 5 mm, based on a comparison of 
CT or MRI images obtained before and after RFA in a side-by-side 
manner. Conversely, a negative SM was a circumferential ablative 
margin of <5 mm  [14] . All HCCs were subclassified by imaging 
into the following three gross types: single nodular (SN) type, sin-
gle nodular type with extranodular growth (SNEG), and confluent 
multinodular (CM) type  [23] . In this study, we divided the HCCs 
into two groups, SN type and non-SN type. In other words, SN was 
defined as SN type, whereas SNEG and CM were defined as non-
SN type. For the diagnosis of gross type, we evaluated the imaging 
findings of CECT or Gd-EOB-DTPA MRI. Two experienced hep-
atologists reviewed the equilibrium phase on CECT or in the he-
patocyte phase on Gd-EOB-DTPA MRI. These reviewers were 
blinded to any other information regarding the patients, and the 
reviewers discussed all the patients until they reached consensus 
on the diagnosis.

  Regarding the determination of the location of HCC, tumors 
located at the edge of the liver or within 5 mm from the liver sur-
face by imaging modalities were classified as liver surface HCCs. 
Otherwise, they were classified as non-liver surface HCCs ( fig. 2 ).

  RFA Technique 
 All RFAs were performed percutaneously by experienced hep-

atologists, each of whom had more than 5 years of experience in 
US-guided interventional procedures and RFA. The treatments 
were performed under local anesthesia and conscious sedation. 
Patients were treated with a cooled-tip needle RFA system (Cooltip, 
Covidien, Dublin, Ireland), which is a 480-kHz alternative current 
generator that can produce a maximum power of 180 W through 
a 17-gauge monopolar cooled-tip needle electrode. A single 2-cm 
exposed tip was selected for nodules <2 cm in diameter. CECT was 
performed 1–3 days after RFA to evaluate its effectiveness. We rou-

tinely performed additional RFA treatment until we had con-
firmed that the ablative margin surrounded the entire outer cir-
cumference of the tumor by more than 5 mm, provided that pa-
tient consent had been given. If we were not able to acquire consent 
from the patient or if the patient was judged to be at high risk if 
given additional treatment, no further RFA treatment was given. 
When applying RFA, fusion imaging was used in 32 patients with 
42 HCCs  [24, 25] , Sonazoid-enhanced US in 21 patients with 27 
HCCs  [26, 27]  and artificial pleural effusion in 12 patients with 13 
HCCs  [28] .

  Follow-Up Study and Assessment of Local Recurrence 
 After initial RFA therapy, each patient was followed up every 3 

months with blood tests for liver function and tumor markers, as 
well as either CECT or Gd-EOB-DTPA MRI. When such modali-
ties showed an enhancing area within or at the periphery of the 
ablated lesion, this was designated as local tumor recurrence  [13]  
( fig. 2 ).

 Table 1.  Baseline characteristics of RFA patients (n = 274, 234 pa-
tients)

Age, years 69 (41 – 89)
Sex, male/female 168/66
Location

S1
S2
S3
S4
S5
S6
S7
S8

3
16
18
28
46
52
35
76

Etiology of liver disease
Hepatitis C
Hepatitis B
Hepatitis C + hepatitis B
Others

173
21

3
37

Serum bilirubin, mg/dl 0.959 (0.2 – 3.7)
Serum albumin, g/dl 3.68 (1.9 – 5.2)
Prothrombin time 80.72 (46.5 – 120)
Platelet count (×104/μl) 11.43 (2.3 – 32.1)
AFP, ng/dl 64.94 (1 – 1,772)
AFP-L3, % 7.01 (0 – 274)
Des-γ-carboxyprothrombin, mAU/ml 133.02 (0.5 – 4,870)
Tumor size, cm 1.478 (0.5 – 2.0)
Observation period, days 829.1 (4 – 2,413)
SM-positive/SM-negative 145/129
Number of puncture times 1.4 (1 – 3)
Stage 0/A/B/C/D 177/57/0/0/0
Liver surface/non-liver surface 145/129
Child-Pugh classification A/B/C 203/31/0
SN type/non-SN type 267/7

 Data are expressed as numbers or median values (range) unless 
specified otherwise.
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  Statistical Analysis 
 Cumulative local recurrence rates were calculated using the

Kaplan-Meier method and assessed using the log-rank test. The 
Cox regression hazard model was used to examine the effect of
the initial curative RFA treatment. Factors for analysis included 
age, sex, etiology of liver disease, serum bilirubin, serum albumin, 
prothrombin time, platelet counts, AFP, AFP-L3, des-γ-
carboxyprothrombin, tumor size, local recurrence period, SM, 
number of puncture times, stage, tumor location (liver surface or 
non-liver surface), Child-Pugh classification and gross type. p val-
ues <0.05 were considered to be statistically significant. Statistical 
analysis was performed using SPSS software, version 11.5J (SPSS, 
Chicago, Ill., USA).

  Results 

 Clinical Characteristics 
 The baseline patient characteristics are shown in  ta-

ble 1 . No patient had major complications after RFA. The 
median tumor size and observation period were 1.478 cm 
and 829 days, respectively. 145 HCCs were located on the 
liver surface (53%) and 7 cases were classified as non-SN 
type (3%).

  Assessment of Treatment Efficacy of RFA 
 In the present study, 145 HCCs (53%) were judged to 

be SM-positive and the remaining 129 HCCs as SM-neg-
ative.

  Local Tumor Recurrence 
 The cumulative local tumor recurrence rate in all pa-

tients at 1, 2 and 3 years was 9, 19 and 19%, respectively 
( fig. 3 a). Among the 145 patients with complete circum-
ferential ablation (SM-positive), only 4 cases developed 
local tumor recurrence, and the cumulative rates of local 
tumor recurrence at 1, 2 and 3 years were 2, 3 and 3%, 
respectively ( fig. 3 b). In the 129 patients with incomplete 
circumferential ablation (SM-negative), 34 developed lo-
cal tumor recurrence, and the cumulative rates of local 
tumor progression at 1, 2 and 3 years were 14, 36 and 36%, 
respectively. The local tumor progression rate was sig-
nificantly lower in SM-positive versus SM-negative pa-
tients (p < 0.001).

  Prognostic Factors of Local Recurrence by Univariate 
and Multivariate Analysis 
  Table 2  shows the results of univariate and multivari-

ate analysis of the prognostic factors for local recurrence. 
Univariate analysis showed that SM-negative, liver sur-
face, gross type (non-SN type) lesions were risk factors for 
local recurrence. Multivariate analysis showed that SM-
negative (p = 0.000; relative risk [RR] 10.24; 95% confi-
dence interval [CI] 3.96–26.46), liver surface (p = 0.015; 
RR 2.77; 95% CI 1.37–5.59), gross type (non-SN type; p = 
0.000; RR 6.18; 95% CI 2.16–17.67) lesions were risk fac-
tors for local recurrence ( fig. 3 b–d).

Factors  Local recurrence rates

p, univ ariate analysis p, multivariate analysis 
(RR, 95% CI)

Age 0.715
Sex (male vs. female) 0.859
Etiology of liver disease 0.585
Serum bilirubin 0.863
Serum albumin 0.849
Prothrombin time 0.444
Platelet count 0.171
AFP 0.855
AFP-L3 0.280
Des-γ-carboxyprothrombin 0.789
Tumor size 0.603
SM 0.000 0.000 (10.24, 3.96 – 26.46) 
Number of puncture times 0.516
Liver surface 0.004 0.015 (2.77, 1.37 – 5.59) 
Child-Pugh classification 0.522 0.252
Gross type 0.001 0.000 (6.18, 2.16 – 17.67) 

 Table 2.  Results of Cox regression 
analysis for local recurrence (n = 274, 
234 patients)
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  Diagnosis of HCC 
 The diagnosis of HCC was based on the presence of typical

tumor features on contrast-enhanced computed tomography 
(CECT), Sonazoid-enhanced ultrasonography (US) (Daiichi-San-
kyo, Tokyo, Japan; GE Health Care, Oslo, Norway) and gadolini-
um-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced 
magnetic resonance imaging (Gd-EOB-DTPA MRI) (Primovist; 
Bayer Schering Pharma, Berlin, Germany). The tumor was diag-
nosed as HCC if it showed typical appearance on at least one of 
these modalities: appearance of hyperattenuations in the arterial 
phase and hypoattenuations in the portal phase on CECT (Light 
Speed VCT; GE Medical Systems, Milwaukee, Wisc., USA); hyper-
enhancement in the early vascular phase followed by a defect in the 
Kupffer phase or defect in the Kupffer phase with a positive defect 
reperfusion by contrast-enhanced US using one of the following 
US units: GE LOGIQ 7, LOGIQ 9 (GE Medical Systems) or EUB 
8500 (Hitachi, Tokyo, Japan)  [19] ; hyperintensity in the arterial 
dominant phase or washout of contrast material in the portal ve-
nous or low intensity area in the hepatobiliary phase on Gd-EOB-
DTPA MRI  [20–22]  (Gyroscan Intera Nova [1.5 T] or an Achieva 
[3 T] series; Philips Medical System, Best, The Netherlands).

  Definition of Safety Ablative Margin, Gross Type and HCC 
Location 
 Complete response was defined as the absence of enhanced tu-

moral areas reflecting complete tissue necrosis as assessed by fol-
low-up imaging modalities within 1 week after RFA. We judged 
that a safety margin (SM) was positive if there was a complete cir-
cumferential ablative margin of  ≥ 5 mm, based on a comparison of 
CT or MRI images obtained before and after RFA in a side-by-side 
manner. Conversely, a negative SM was a circumferential ablative 
margin of <5 mm  [14] . All HCCs were subclassified by imaging 
into the following three gross types: single nodular (SN) type, sin-
gle nodular type with extranodular growth (SNEG), and confluent 
multinodular (CM) type  [23] . In this study, we divided the HCCs 
into two groups, SN type and non-SN type. In other words, SN was 
defined as SN type, whereas SNEG and CM were defined as non-
SN type. For the diagnosis of gross type, we evaluated the imaging 
findings of CECT or Gd-EOB-DTPA MRI. Two experienced hep-
atologists reviewed the equilibrium phase on CECT or in the he-
patocyte phase on Gd-EOB-DTPA MRI. These reviewers were 
blinded to any other information regarding the patients, and the 
reviewers discussed all the patients until they reached consensus 
on the diagnosis.

  Regarding the determination of the location of HCC, tumors 
located at the edge of the liver or within 5 mm from the liver sur-
face by imaging modalities were classified as liver surface HCCs. 
Otherwise, they were classified as non-liver surface HCCs ( fig. 2 ).

  RFA Technique 
 All RFAs were performed percutaneously by experienced hep-

atologists, each of whom had more than 5 years of experience in 
US-guided interventional procedures and RFA. The treatments 
were performed under local anesthesia and conscious sedation. 
Patients were treated with a cooled-tip needle RFA system (Cooltip, 
Covidien, Dublin, Ireland), which is a 480-kHz alternative current 
generator that can produce a maximum power of 180 W through 
a 17-gauge monopolar cooled-tip needle electrode. A single 2-cm 
exposed tip was selected for nodules <2 cm in diameter. CECT was 
performed 1–3 days after RFA to evaluate its effectiveness. We rou-

tinely performed additional RFA treatment until we had con-
firmed that the ablative margin surrounded the entire outer cir-
cumference of the tumor by more than 5 mm, provided that pa-
tient consent had been given. If we were not able to acquire consent 
from the patient or if the patient was judged to be at high risk if 
given additional treatment, no further RFA treatment was given. 
When applying RFA, fusion imaging was used in 32 patients with 
42 HCCs  [24, 25] , Sonazoid-enhanced US in 21 patients with 27 
HCCs  [26, 27]  and artificial pleural effusion in 12 patients with 13 
HCCs  [28] .

  Follow-Up Study and Assessment of Local Recurrence 
 After initial RFA therapy, each patient was followed up every 3 

months with blood tests for liver function and tumor markers, as 
well as either CECT or Gd-EOB-DTPA MRI. When such modali-
ties showed an enhancing area within or at the periphery of the 
ablated lesion, this was designated as local tumor recurrence  [13]  
( fig. 2 ).

 Table 1.  Baseline characteristics of RFA patients (n = 274, 234 pa-
tients)
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Hepatitis C
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Prothrombin time 80.72 (46.5 – 120)
Platelet count (×104/μl) 11.43 (2.3 – 32.1)
AFP, ng/dl 64.94 (1 – 1,772)
AFP-L3, % 7.01 (0 – 274)
Des-γ-carboxyprothrombin, mAU/ml 133.02 (0.5 – 4,870)
Tumor size, cm 1.478 (0.5 – 2.0)
Observation period, days 829.1 (4 – 2,413)
SM-positive/SM-negative 145/129
Number of puncture times 1.4 (1 – 3)
Stage 0/A/B/C/D 177/57/0/0/0
Liver surface/non-liver surface 145/129
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  Statistical Analysis 
 Cumulative local recurrence rates were calculated using the

Kaplan-Meier method and assessed using the log-rank test. The 
Cox regression hazard model was used to examine the effect of
the initial curative RFA treatment. Factors for analysis included 
age, sex, etiology of liver disease, serum bilirubin, serum albumin, 
prothrombin time, platelet counts, AFP, AFP-L3, des-γ-
carboxyprothrombin, tumor size, local recurrence period, SM, 
number of puncture times, stage, tumor location (liver surface or 
non-liver surface), Child-Pugh classification and gross type. p val-
ues <0.05 were considered to be statistically significant. Statistical 
analysis was performed using SPSS software, version 11.5J (SPSS, 
Chicago, Ill., USA).

  Results 

 Clinical Characteristics 
 The baseline patient characteristics are shown in  ta-

ble 1 . No patient had major complications after RFA. The 
median tumor size and observation period were 1.478 cm 
and 829 days, respectively. 145 HCCs were located on the 
liver surface (53%) and 7 cases were classified as non-SN 
type (3%).

  Assessment of Treatment Efficacy of RFA 
 In the present study, 145 HCCs (53%) were judged to 

be SM-positive and the remaining 129 HCCs as SM-neg-
ative.

  Local Tumor Recurrence 
 The cumulative local tumor recurrence rate in all pa-

tients at 1, 2 and 3 years was 9, 19 and 19%, respectively 
( fig. 3 a). Among the 145 patients with complete circum-
ferential ablation (SM-positive), only 4 cases developed 
local tumor recurrence, and the cumulative rates of local 
tumor recurrence at 1, 2 and 3 years were 2, 3 and 3%, 
respectively ( fig. 3 b). In the 129 patients with incomplete 
circumferential ablation (SM-negative), 34 developed lo-
cal tumor recurrence, and the cumulative rates of local 
tumor progression at 1, 2 and 3 years were 14, 36 and 36%, 
respectively. The local tumor progression rate was sig-
nificantly lower in SM-positive versus SM-negative pa-
tients (p < 0.001).

  Prognostic Factors of Local Recurrence by Univariate 
and Multivariate Analysis 
  Table 2  shows the results of univariate and multivari-

ate analysis of the prognostic factors for local recurrence. 
Univariate analysis showed that SM-negative, liver sur-
face, gross type (non-SN type) lesions were risk factors for 
local recurrence. Multivariate analysis showed that SM-
negative (p = 0.000; relative risk [RR] 10.24; 95% confi-
dence interval [CI] 3.96–26.46), liver surface (p = 0.015; 
RR 2.77; 95% CI 1.37–5.59), gross type (non-SN type; p = 
0.000; RR 6.18; 95% CI 2.16–17.67) lesions were risk fac-
tors for local recurrence ( fig. 3 b–d).

Factors  Local recurrence rates

p, univ ariate analysis p, multivariate analysis 
(RR, 95% CI)

Age 0.715
Sex (male vs. female) 0.859
Etiology of liver disease 0.585
Serum bilirubin 0.863
Serum albumin 0.849
Prothrombin time 0.444
Platelet count 0.171
AFP 0.855
AFP-L3 0.280
Des-γ-carboxyprothrombin 0.789
Tumor size 0.603
SM 0.000 0.000 (10.24, 3.96 – 26.46) 
Number of puncture times 0.516
Liver surface 0.004 0.015 (2.77, 1.37 – 5.59) 
Child-Pugh classification 0.522 0.252
Gross type 0.001 0.000 (6.18, 2.16 – 17.67) 

 Table 2.  Results of Cox regression 
analysis for local recurrence (n = 274, 
234 patients)
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  Fig. 3.   a  Overall cumulative local recurrence curve after RFA in all 
patients (Kaplan-Meier analysis).  b  Overall cumulative local re-
currence curve by SM subgroups. The SM-negative group (blue 
line) was associated with a higher local recurrence rate than the 
SM-positive group (green line) (Kaplan-Meier analysis).  c  Cumu-
lative local recurrence curves by tumor location subgroups. The 

liver surface group (green line) was associated with a higher local 
recurrence rate than the non-liver surface group (blue line) (Kap-
lan-Meier analysis).  d  Overall cumulative local recurrence curve 
by gross type subgroup. The non-SN type (green line) was associ-
ated with a higher local recurrence rate than the SN type (blue line) 
(Kaplan-Meier analysis). Colors in online version only.           
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  Discussion 

 In the present study, we clarified the risk factors for local 
recurrence in patients with HCCs measuring  ≤ 2 cm. The 
importance of achieving an adequate SM has already been 
reported as linked to the reduction in tumor recurrence, 
findings which were repeated in our study  [14] . However, 
in the present study, local recurrence due to an inadequate 
SM occurred in 34 cases. Normally, these cases should have 
received additional RFA because a sufficient ablative mar-
gin was not obtained. The reasons we did not attempt to 
perform additional RFA, and the number of cases involved, 
were as follows: (1) the doctor decided it was too difficult to 
perform additional RFA at a location near a vessel (12 cas-
es); (2) there was no space for performing additional RFA 
because the HCC was located at the liver surface (14 cases); 
(3) additional RFA was difficult to perform because HCC 
could not be identified by US or there was poor visibility 
owing to the patients’ inability to hold their breath (3 cases); 
(4) complications such as high fever or continuing severe 
pain occurred (2 cases); (5) there was difficulty in judging 
reactive hyperemia in tissue surrounding the ablated lesion, 
iatrogenic arterioportal shunting or remaining small resid-
ual HCC at follow-up imaging using CECT (3 cases). For 
the 3 cases in reason 5, we could have achieved the SM by 
using fusion imaging of Sonazoid-enhanced US with CECT 
or virtual CT sonography with magnetic navigation  [24, 25] . 
These two methods can evaluate the ablated area during the 
procedure, and if additional ablation is needed, RFA can be 
re-performed, which would result in sufficient ablation. 
Furthermore, additional TACE before RFA has been re-
ported to increase the volume of coagulation diameter  [29] . 
In addition, the good therapeutic effect of TACE, the im-
proved overall survival and the ease in recognizing SM by 
evaluating the accumulation of iodized oil on CECT help us 
to arrive at the correct assessment of treatment effect  [30] .

  In the present study, gross type (non-SN type) had a sig-
nificantly higher local recurrence rate than SN type. Oku-
saka et al.  [31]  reported that small satellite nodules were 
found in the lesion within 0.5–1 cm of the main tumor and 
12% of HCC nodules  ≤ 3.0 cm in diameter had satellite le-
sions that were detected during pretreatment evaluation, 
and 19% of HCC nodules were not detected during pre-
treatment evaluation. They also concluded that macroscop-
ic type and tumor differentiation were significantly associ-
ated with the prevalence of satellite lesions, even with small 
HCCs. Furthermore, Shimada et al.  [23]  and Roayaie et al. 
 [32]  reported that the percentage of poorly differentiated 
HCC increases in SNEG type and even more in CM type 
(non-SN type). A lower grade of tumor differentiation 

tended to be associated with invasion of the larger vascular 
and portal veins and was associated with a prevalence of 
satellite lesions and vascular invasion  [32] . In this study, the 
non-SN type was associated with risk factors for local recur-
rence and the local recurrence rate was 71% (5/7). Taking 
this into account, the assessment of tumor gross type before 
treatment is important, even in small HCCs, and we should 
re-evaluate the indication of SR to get an adequate, suffi-
cient margin  [15, 31, 33] . In the present study, the HCCs 
located on the border to within 5 mm of the liver surface 
were a significant risk factor for local recurrence. Hori et al. 
 [34]  demonstrated that both tumor size and location rela-
tive to the liver surface affect local recurrence compared 
with tumors situated deep within the liver. They mentioned 
that it was difficult to insert the RFA electrode into a tumor 
located on the liver surface, and this was the main reason 
for the higher rate of local recurrence. Other speculations 
why location at or within 5 mm of the liver surface was as-
sociated with risk for local recurrence in the present study 
were as follows. (1) To evaluate the SM by comparing CT 
or MRI images obtained before and after RFA in a side-by-
side manner was sometimes difficult, especially in the liver 
surface area, because there were no large vessels and bile 
ducts to compare on imaging modalities obtained before 
and after RFA, with the result that there was a lack of preci-
sion in the evaluation of treatment. (2) Hemodynamic 
change at the liver surface area might have influenced the 
increase in satellite nodules in this region  [35] .

  The principal limitation of this study is its retrospective 
nature, which inherently decreases the statistical strength. 
Another limitation is its preliminary nature, leading to a 
relatively small number of patients and short follow-up 
time. Further prospective studies of this technique with a 
larger number of patients are warranted. In conclusion, 
even for HCCs measuring  ≤ 2 cm, location on the liver sur-
face and gross type (non-SN type) were significantly associ-
ated with local recurrence. For such HCCs, SR should be 
considered as the initial treatment.
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  Fig. 3.   a  Overall cumulative local recurrence curve after RFA in all 
patients (Kaplan-Meier analysis).  b  Overall cumulative local re-
currence curve by SM subgroups. The SM-negative group (blue 
line) was associated with a higher local recurrence rate than the 
SM-positive group (green line) (Kaplan-Meier analysis).  c  Cumu-
lative local recurrence curves by tumor location subgroups. The 

liver surface group (green line) was associated with a higher local 
recurrence rate than the non-liver surface group (blue line) (Kap-
lan-Meier analysis).  d  Overall cumulative local recurrence curve 
by gross type subgroup. The non-SN type (green line) was associ-
ated with a higher local recurrence rate than the SN type (blue line) 
(Kaplan-Meier analysis). Colors in online version only.           
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  Discussion 

 In the present study, we clarified the risk factors for local 
recurrence in patients with HCCs measuring  ≤ 2 cm. The 
importance of achieving an adequate SM has already been 
reported as linked to the reduction in tumor recurrence, 
findings which were repeated in our study  [14] . However, 
in the present study, local recurrence due to an inadequate 
SM occurred in 34 cases. Normally, these cases should have 
received additional RFA because a sufficient ablative mar-
gin was not obtained. The reasons we did not attempt to 
perform additional RFA, and the number of cases involved, 
were as follows: (1) the doctor decided it was too difficult to 
perform additional RFA at a location near a vessel (12 cas-
es); (2) there was no space for performing additional RFA 
because the HCC was located at the liver surface (14 cases); 
(3) additional RFA was difficult to perform because HCC 
could not be identified by US or there was poor visibility 
owing to the patients’ inability to hold their breath (3 cases); 
(4) complications such as high fever or continuing severe 
pain occurred (2 cases); (5) there was difficulty in judging 
reactive hyperemia in tissue surrounding the ablated lesion, 
iatrogenic arterioportal shunting or remaining small resid-
ual HCC at follow-up imaging using CECT (3 cases). For 
the 3 cases in reason 5, we could have achieved the SM by 
using fusion imaging of Sonazoid-enhanced US with CECT 
or virtual CT sonography with magnetic navigation  [24, 25] . 
These two methods can evaluate the ablated area during the 
procedure, and if additional ablation is needed, RFA can be 
re-performed, which would result in sufficient ablation. 
Furthermore, additional TACE before RFA has been re-
ported to increase the volume of coagulation diameter  [29] . 
In addition, the good therapeutic effect of TACE, the im-
proved overall survival and the ease in recognizing SM by 
evaluating the accumulation of iodized oil on CECT help us 
to arrive at the correct assessment of treatment effect  [30] .

  In the present study, gross type (non-SN type) had a sig-
nificantly higher local recurrence rate than SN type. Oku-
saka et al.  [31]  reported that small satellite nodules were 
found in the lesion within 0.5–1 cm of the main tumor and 
12% of HCC nodules  ≤ 3.0 cm in diameter had satellite le-
sions that were detected during pretreatment evaluation, 
and 19% of HCC nodules were not detected during pre-
treatment evaluation. They also concluded that macroscop-
ic type and tumor differentiation were significantly associ-
ated with the prevalence of satellite lesions, even with small 
HCCs. Furthermore, Shimada et al.  [23]  and Roayaie et al. 
 [32]  reported that the percentage of poorly differentiated 
HCC increases in SNEG type and even more in CM type 
(non-SN type). A lower grade of tumor differentiation 

tended to be associated with invasion of the larger vascular 
and portal veins and was associated with a prevalence of 
satellite lesions and vascular invasion  [32] . In this study, the 
non-SN type was associated with risk factors for local recur-
rence and the local recurrence rate was 71% (5/7). Taking 
this into account, the assessment of tumor gross type before 
treatment is important, even in small HCCs, and we should 
re-evaluate the indication of SR to get an adequate, suffi-
cient margin  [15, 31, 33] . In the present study, the HCCs 
located on the border to within 5 mm of the liver surface 
were a significant risk factor for local recurrence. Hori et al. 
 [34]  demonstrated that both tumor size and location rela-
tive to the liver surface affect local recurrence compared 
with tumors situated deep within the liver. They mentioned 
that it was difficult to insert the RFA electrode into a tumor 
located on the liver surface, and this was the main reason 
for the higher rate of local recurrence. Other speculations 
why location at or within 5 mm of the liver surface was as-
sociated with risk for local recurrence in the present study 
were as follows. (1) To evaluate the SM by comparing CT 
or MRI images obtained before and after RFA in a side-by-
side manner was sometimes difficult, especially in the liver 
surface area, because there were no large vessels and bile 
ducts to compare on imaging modalities obtained before 
and after RFA, with the result that there was a lack of preci-
sion in the evaluation of treatment. (2) Hemodynamic 
change at the liver surface area might have influenced the 
increase in satellite nodules in this region  [35] .

  The principal limitation of this study is its retrospective 
nature, which inherently decreases the statistical strength. 
Another limitation is its preliminary nature, leading to a 
relatively small number of patients and short follow-up 
time. Further prospective studies of this technique with a 
larger number of patients are warranted. In conclusion, 
even for HCCs measuring  ≤ 2 cm, location on the liver sur-
face and gross type (non-SN type) were significantly associ-
ated with local recurrence. For such HCCs, SR should be 
considered as the initial treatment.
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Hepatocellular Carcinoma: A Review of 
Current Evidence 

 Yasunori Minami    Masatoshi Kudo 
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there have been no studies comparing fusion imaging guid-
ance and contrast-enhanced sonography, CT or MRI guid-
ance in ablation. Fusion imaging-guided RFA has proved to 
be effective for HCCs that are poorly defined on not only 
conventional B-mode sonography but also contrast-en-
hanced sonography. In addition, fusion imaging could be 
useful to assess the treatment response of RFA because of 
three-dimensional information. Here, we give an overview 
of the current status of ultrasound fusion imaging for clini-
cal application in the liver.  © 2014 S. Karger AG, Basel 

 Introduction 

 Multiplanar reconstruction (MPR) is a method of dis-
playing three-dimensional (3D) datasets and plays an im-
portant role in the interpretation of the 3D anatomical 
location or extent of disease. Multi-detector raw CT or 
thin-section MRI has facilitated better images with thin-
ner slice thickness, which has allowed more MPR images 
to be evaluated in greater detail  [1, 2] . Additionally, a fast 
and accurate magnetic position and orientation tracking 
method has been developed. By integrating special infor-
mation between ultrasonic transducer and volume data, 
two-dimensional (2D) MPR images can display simulta-

 Key Words 
 Hepatocellular carcinoma · Magnetic navigation · 
Multiplanar reconstruction images · Radiofrequency 
ablation · Ultrasound fusion imaging 

 Abstract 
 With advances in technology, imaging techniques that en-
tail fusion of sonography and CT or MRI have been intro-
duced in clinical practice. Ultrasound fusion imaging pro-
vides CT or MRI cross-sectional multiplanar images that cor-
respond to the sonographic images, and fusion imaging of 
B-mode sonography and CT or MRI can be displayed simul-
taneously and in real time according to the angle of the 
transducer. Ultrasound fusion imaging helps us understand 
the three-dimensional relationship between the liver vascu-
lature and tumors, and can detect small liver tumors with 
poor conspicuity. This fusion imaging is attracting the atten-
tion of operators who perform radiofrequency ablation 
(RFA) for the treatment of hepatic malignancies because 
this real-time, multimodality comparison can increase mon-
itoring and targeting confidence during the procedure. 
When RFA with fusion imaging was performed on small he-
patocellular carcinomas (HCCs) with poor conspicuity, it 
was reported that the rates of technical success and local 
tumor progression were 94.4–100% and 0–8.3%. However, 
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there have been no studies comparing fusion imaging guid-
ance and contrast-enhanced sonography, CT or MRI guid-
ance in ablation. Fusion imaging-guided RFA has proved to 
be effective for HCCs that are poorly defined on not only 
conventional B-mode sonography but also contrast-en-
hanced sonography. In addition, fusion imaging could be 
useful to assess the treatment response of RFA because of 
three-dimensional information. Here, we give an overview 
of the current status of ultrasound fusion imaging for clini-
cal application in the liver.  © 2014 S. Karger AG, Basel 

 Introduction 

 Multiplanar reconstruction (MPR) is a method of dis-
playing three-dimensional (3D) datasets and plays an im-
portant role in the interpretation of the 3D anatomical 
location or extent of disease. Multi-detector raw CT or 
thin-section MRI has facilitated better images with thin-
ner slice thickness, which has allowed more MPR images 
to be evaluated in greater detail  [1, 2] . Additionally, a fast 
and accurate magnetic position and orientation tracking 
method has been developed. By integrating special infor-
mation between ultrasonic transducer and volume data, 
two-dimensional (2D) MPR images can display simulta-

 Key Words 
 Hepatocellular carcinoma · Magnetic navigation · 
Multiplanar reconstruction images · Radiofrequency 
ablation · Ultrasound fusion imaging 

 Abstract 
 With advances in technology, imaging techniques that en-
tail fusion of sonography and CT or MRI have been intro-
duced in clinical practice. Ultrasound fusion imaging pro-
vides CT or MRI cross-sectional multiplanar images that cor-
respond to the sonographic images, and fusion imaging of 
B-mode sonography and CT or MRI can be displayed simul-
taneously and in real time according to the angle of the 
transducer. Ultrasound fusion imaging helps us understand 
the three-dimensional relationship between the liver vascu-
lature and tumors, and can detect small liver tumors with 
poor conspicuity. This fusion imaging is attracting the atten-
tion of operators who perform radiofrequency ablation 
(RFA) for the treatment of hepatic malignancies because 
this real-time, multimodality comparison can increase mon-
itoring and targeting confidence during the procedure. 
When RFA with fusion imaging was performed on small he-
patocellular carcinomas (HCCs) with poor conspicuity, it 
was reported that the rates of technical success and local 
tumor progression were 94.4–100% and 0–8.3%. However, 
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neously in the same plane as sonography. Thus, ultra-
sound fusion imaging known as virtual sonography has 
emerged in radiology.

  Percutaneous radiofrequency ablation (RFA) has been 
widely implemented in the management of small hepato-
cellular carcinomas (HCCs)  [3–9] . The local efficacy of 
RFA for small HCCs (i.e. <2 cm) has been shown to be 
comparable to that of surgical outcomes  [10–16] . How-
ever, multiple sessions of RFA therapy are required in dif-
ficult cases such as small HCCs with poor conspicuity 
 [17–19] . Lee et al.  [20]  reported that the most common 
cause of mistargeting was confusion with cirrhotic nod-
ules, followed by poor conspicuity, a poor sonic window, 
a poor electrode path and/or inaccurate electrode place-
ment. Inconspicuous HCC on B-mode sonography ac-
counted for 5.2–38.8% of the total nodules treated with 
percutaneous ablation  [21–23] . Indeed, the primary suc-
cess of percutaneous ablation therapies depends on cor-
rect targeting via an imaging technique, and local control 
is optimized by accurate electrode placement. Various 
techniques to overcome this problem, such as contrast-
enhanced sonography  [24]  and ultrasound fusion imag-
ing, are also powerful for the detection of hepatic nodules 
poorly defined with B-mode sonography. This article 
summarizes the principles, clinical applications and tech-
nique of ultrasound fusion imaging.

  Background 

 The idea of virtual sonography was initiated by Oshio 
and Shinmoto in 1996  [25] . At that time, single-slice heli-
cal CT with a single detector was the only available mo-
dality. Obtaining CT images required a long time to scan 
the whole liver because helical CT allowed only one chan-
nel of image information to be recorded for each rotation 
of the gantry. Although MPR resembled sonographic im-
ages after reconstruction, it could not offer adequate CT 
image quality for clinical use because of low spatial reso-
lution in the z direction. Multi-detector raw CT now of-
fers rapid scanning of large longitudinal volumes and 
scan volumes over a large range within a short time with 
thin-slice images. Advances in volumetric image acquisi-
tion capabilities and computer graphics have permitted 
remarkable improvements in spatial resolution and inter-
active 3D image-processing techniques  [26–28] . Cross-
sectional MPR images of the liver from almost isovoxel 
volume data allow virtual sonographic visualization, and 
a powerful personal computer can perform the opera-
tions quickly  [29–31] .

  Magnetic tracking techniques are based on accurate 
mapping of a 3D magnetic field. When using ultra-
sound fusion imaging, spatial information can be ob-
tained from the relationship between the magnetic field 
generator and a magnetic sensor attached to a trans-
ducer. The low-frequency pulsed direct current fields 
are unaffected by body tissues and most non-ferrous 
metals.

  Matrix Transformation on Fusion Imaging 

 The ultrasound fusion imaging system is mainly com-
posed of the sonography machine with a built-in mag-
netic location detector unit, magnetic field generator and 
magnetic sensor. The field generator is set up beside the 
patient, and then the magnetic sensor is attached to the 
sonographic transducer connected to the magnetic loca-
tion detector unit  [32] . Generally, 3D special coordinates 
transformation can be calculated by a matrix transform 
as below:

11 12 13 0
21 22 23 0

X Y Z 1 X Y Z1
31 32 33 0

1

r r r
r r r
r r r
Dx Dy Dz

� � �

  X, Y, Z represent the coordinate before transformation, 
X ′ , Y ′ , Z ′  the coordinate after transformation,  r 11– r 33 the 
rotating components, and  Dx ,  Dy ,  Dz  the parallel transla-
tion components. 

 The four coordinate systems of the CT volume, mag-
netic generator, magnetic sensor and ultrasonic trans-
ducer are needed to make calculations ( fig. 1 ). In order to 
reconstruct the ultrasound fusion image, the following 
transformation matrixes are required: (i) transformation 
matrix US from the coordinates of the ultrasonic imaging 
plane to those of the magnetic sensor (US), (ii) transfor-
mation matrix SG from the coordinates of the magnetic 
sensor to those of the field generator (SG), and (iii) trans-
formation matrix GC from the coordinates of the field 
generator to those of the CT volume data (GC).

  The matrix (UC) that transforms the coordinates of 
the ultrasonography plane into those of the CT volume 
data can be expressed by the following equation:

  UC = US × SG × GC

  According to this equation, GC can be expressed as

  GC = SG –1  × US –1  × UC
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  Therefore, transformation matrix SG can be acquired 
from the magnetic sensor data, and transformation ma-
trix US can be calculated from the geometrical position. 
Since the field generator will not be moved during a diag-
nosis with this system, transformation matrix GC can be 
treated as a constant matrix. Transformation matrix GC 
can thus be calculated if transformation matrix UC is 
evaluated by performing a calibration with a reference 
point set after the installation of the magnetic generator. 
Therefore, ultrasound fusion imaging can be synchro-
nized by manually registering the live ultrasound image 
to the corresponding image area of the CT/MRI data. 

 Clinical Uses 

 Ultrasound Training 
 The training guidelines established by the American 

College of Radiology (ACR) and the American Institute 
of Ultrasound in Medicine (AIUM) for physicians who 
interpret diagnostic sonographic examinations require at 
least 3 months of sonographic training during the resi-
dency program and involvement in a minimum of 300–
500 sonographic examinations during the training peri-
od. It is essential not only to demonstrate clear 2D im-
ages but also to understand the 3D relationship on 
abdominal sonographic examination. Sonographic im-
ages, which depend on the transducer angle and location, 
can be changed to produce various cross-sectional im-
ages according to the aiming of the operator. This is one 
of the advantages of sonography. Nevertheless, it is not 
easy to grasp the 3D vascular anatomy of the liver on so-
nography from contrast CT information with 2D trans-
verse images  [33, 34] . However, by using ultrasound fu-

sion imaging, it is easy to compare the MPR images with 
B-mode images because the sonographic monitor shows 
them side-by-side. Okamoto et al.  [35]  reported that the 
sensitivity of detecting hepatic nodules on fusion imaging 
increased from 50.7 to 83.57% compared with using con-
ventional B-mode sonography.

  Guidance in RFA 
 Accurate localization and targeting of small HCCs 

with poor ultrasound conspicuity is critical to successful 
RFA. However, ultrasound-guided RFA is often difficult 
when a target lesion is sonographically obscure. More-
over, when there are regenerating or dysplastic nodules 
around a small HCC within a cirrhotic liver, incorrect 
targeting can occur when using ultrasound guidance due 
to the similarity in appearance of these nearby nodules on 
sonography. To overcome these limitations of ultrasound 
guidance, several alternatives such as CT or MRI guid-
ance have been used. However, both imaging modalities 
have their own weaknesses: CT guidance takes longer and 
exposes the subject to radiation  [30, 36] , while MRI guid-
ance is complicated by interference between MRI scan-
ners and RFA systems  [37, 38] . Contrast-enhanced so-
nography is another alternative, but the enhancement ef-
fect of commercially available ultrasound contrast agents 
is not of sufficient duration to clearly visualize an obscure 
target lesion throughout the RFA procedure  [24, 39] .

  Fusion imaging-guided RFA has been used for HCCs 
with poor conspicuity on conventional sonography 
( fig. 2 ). This technique can increase operator confidence, 
the accuracy of the procedure and technical success. When 
RFA with fusion imaging was performed on small HCCs 
with poor conspicuity, the rates of technical success and 
local tumor progression were 94.4–100% and 0–8.3%  [40–

Magnetic
generator Transducer

Sonographic
plane

CT volume

  Fig. 1.  3D special coordinate transforma-
tions in ultrasound fusion imaging. The 
four coordinate systems of the CT volume 
(black), magnetic generator (red), magnetic 
sensor (blue) and ultrasonic probe (green) 
are shown (colors in online version). Ultra-
sound fusion imaging between sonography 
and MPR images are required the transfor-
mation matrixes in turn. Therefore, syn-
chronous imaging can be demonstrated for 
each movement of the transducer. 
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neously in the same plane as sonography. Thus, ultra-
sound fusion imaging known as virtual sonography has 
emerged in radiology.

  Percutaneous radiofrequency ablation (RFA) has been 
widely implemented in the management of small hepato-
cellular carcinomas (HCCs)  [3–9] . The local efficacy of 
RFA for small HCCs (i.e. <2 cm) has been shown to be 
comparable to that of surgical outcomes  [10–16] . How-
ever, multiple sessions of RFA therapy are required in dif-
ficult cases such as small HCCs with poor conspicuity 
 [17–19] . Lee et al.  [20]  reported that the most common 
cause of mistargeting was confusion with cirrhotic nod-
ules, followed by poor conspicuity, a poor sonic window, 
a poor electrode path and/or inaccurate electrode place-
ment. Inconspicuous HCC on B-mode sonography ac-
counted for 5.2–38.8% of the total nodules treated with 
percutaneous ablation  [21–23] . Indeed, the primary suc-
cess of percutaneous ablation therapies depends on cor-
rect targeting via an imaging technique, and local control 
is optimized by accurate electrode placement. Various 
techniques to overcome this problem, such as contrast-
enhanced sonography  [24]  and ultrasound fusion imag-
ing, are also powerful for the detection of hepatic nodules 
poorly defined with B-mode sonography. This article 
summarizes the principles, clinical applications and tech-
nique of ultrasound fusion imaging.

  Background 

 The idea of virtual sonography was initiated by Oshio 
and Shinmoto in 1996  [25] . At that time, single-slice heli-
cal CT with a single detector was the only available mo-
dality. Obtaining CT images required a long time to scan 
the whole liver because helical CT allowed only one chan-
nel of image information to be recorded for each rotation 
of the gantry. Although MPR resembled sonographic im-
ages after reconstruction, it could not offer adequate CT 
image quality for clinical use because of low spatial reso-
lution in the z direction. Multi-detector raw CT now of-
fers rapid scanning of large longitudinal volumes and 
scan volumes over a large range within a short time with 
thin-slice images. Advances in volumetric image acquisi-
tion capabilities and computer graphics have permitted 
remarkable improvements in spatial resolution and inter-
active 3D image-processing techniques  [26–28] . Cross-
sectional MPR images of the liver from almost isovoxel 
volume data allow virtual sonographic visualization, and 
a powerful personal computer can perform the opera-
tions quickly  [29–31] .

  Magnetic tracking techniques are based on accurate 
mapping of a 3D magnetic field. When using ultra-
sound fusion imaging, spatial information can be ob-
tained from the relationship between the magnetic field 
generator and a magnetic sensor attached to a trans-
ducer. The low-frequency pulsed direct current fields 
are unaffected by body tissues and most non-ferrous 
metals.

  Matrix Transformation on Fusion Imaging 

 The ultrasound fusion imaging system is mainly com-
posed of the sonography machine with a built-in mag-
netic location detector unit, magnetic field generator and 
magnetic sensor. The field generator is set up beside the 
patient, and then the magnetic sensor is attached to the 
sonographic transducer connected to the magnetic loca-
tion detector unit  [32] . Generally, 3D special coordinates 
transformation can be calculated by a matrix transform 
as below:

11 12 13 0
21 22 23 0

X Y Z 1 X Y Z1
31 32 33 0

1

r r r
r r r
r r r
Dx Dy Dz

� � �

  X, Y, Z represent the coordinate before transformation, 
X ′ , Y ′ , Z ′  the coordinate after transformation,  r 11– r 33 the 
rotating components, and  Dx ,  Dy ,  Dz  the parallel transla-
tion components. 

 The four coordinate systems of the CT volume, mag-
netic generator, magnetic sensor and ultrasonic trans-
ducer are needed to make calculations ( fig. 1 ). In order to 
reconstruct the ultrasound fusion image, the following 
transformation matrixes are required: (i) transformation 
matrix US from the coordinates of the ultrasonic imaging 
plane to those of the magnetic sensor (US), (ii) transfor-
mation matrix SG from the coordinates of the magnetic 
sensor to those of the field generator (SG), and (iii) trans-
formation matrix GC from the coordinates of the field 
generator to those of the CT volume data (GC).

  The matrix (UC) that transforms the coordinates of 
the ultrasonography plane into those of the CT volume 
data can be expressed by the following equation:

  UC = US × SG × GC

  According to this equation, GC can be expressed as

  GC = SG –1  × US –1  × UC
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  Therefore, transformation matrix SG can be acquired 
from the magnetic sensor data, and transformation ma-
trix US can be calculated from the geometrical position. 
Since the field generator will not be moved during a diag-
nosis with this system, transformation matrix GC can be 
treated as a constant matrix. Transformation matrix GC 
can thus be calculated if transformation matrix UC is 
evaluated by performing a calibration with a reference 
point set after the installation of the magnetic generator. 
Therefore, ultrasound fusion imaging can be synchro-
nized by manually registering the live ultrasound image 
to the corresponding image area of the CT/MRI data. 

 Clinical Uses 

 Ultrasound Training 
 The training guidelines established by the American 

College of Radiology (ACR) and the American Institute 
of Ultrasound in Medicine (AIUM) for physicians who 
interpret diagnostic sonographic examinations require at 
least 3 months of sonographic training during the resi-
dency program and involvement in a minimum of 300–
500 sonographic examinations during the training peri-
od. It is essential not only to demonstrate clear 2D im-
ages but also to understand the 3D relationship on 
abdominal sonographic examination. Sonographic im-
ages, which depend on the transducer angle and location, 
can be changed to produce various cross-sectional im-
ages according to the aiming of the operator. This is one 
of the advantages of sonography. Nevertheless, it is not 
easy to grasp the 3D vascular anatomy of the liver on so-
nography from contrast CT information with 2D trans-
verse images  [33, 34] . However, by using ultrasound fu-

sion imaging, it is easy to compare the MPR images with 
B-mode images because the sonographic monitor shows 
them side-by-side. Okamoto et al.  [35]  reported that the 
sensitivity of detecting hepatic nodules on fusion imaging 
increased from 50.7 to 83.57% compared with using con-
ventional B-mode sonography.

  Guidance in RFA 
 Accurate localization and targeting of small HCCs 

with poor ultrasound conspicuity is critical to successful 
RFA. However, ultrasound-guided RFA is often difficult 
when a target lesion is sonographically obscure. More-
over, when there are regenerating or dysplastic nodules 
around a small HCC within a cirrhotic liver, incorrect 
targeting can occur when using ultrasound guidance due 
to the similarity in appearance of these nearby nodules on 
sonography. To overcome these limitations of ultrasound 
guidance, several alternatives such as CT or MRI guid-
ance have been used. However, both imaging modalities 
have their own weaknesses: CT guidance takes longer and 
exposes the subject to radiation  [30, 36] , while MRI guid-
ance is complicated by interference between MRI scan-
ners and RFA systems  [37, 38] . Contrast-enhanced so-
nography is another alternative, but the enhancement ef-
fect of commercially available ultrasound contrast agents 
is not of sufficient duration to clearly visualize an obscure 
target lesion throughout the RFA procedure  [24, 39] .

  Fusion imaging-guided RFA has been used for HCCs 
with poor conspicuity on conventional sonography 
( fig. 2 ). This technique can increase operator confidence, 
the accuracy of the procedure and technical success. When 
RFA with fusion imaging was performed on small HCCs 
with poor conspicuity, the rates of technical success and 
local tumor progression were 94.4–100% and 0–8.3%  [40–

Magnetic
generator Transducer

Sonographic
plane

CT volume

  Fig. 1.  3D special coordinate transforma-
tions in ultrasound fusion imaging. The 
four coordinate systems of the CT volume 
(black), magnetic generator (red), magnetic 
sensor (blue) and ultrasonic probe (green) 
are shown (colors in online version). Ultra-
sound fusion imaging between sonography 
and MPR images are required the transfor-
mation matrixes in turn. Therefore, syn-
chronous imaging can be demonstrated for 
each movement of the transducer. 
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44] . No studies have compared fusion imaging guidance 
and contrast-enhanced sonography guidance in ablation. 
However, fusion imaging-guided RFA has proved to be 
effective for HCCs that are poorly defined on not only 
conventional B-mode sonography but also contrast-en-
hanced sonography. In addition, it could be used for fu-
sion imaging guidance comparing MPR images and con-
trast-enhanced sonography. On the other hand, it has 
been reported that fusion imaging occasionally could not 
show coincident images. This imaging incompatibility 
could be attributed to variance in the depth of breath-
holding at CT and ultrasound examination, and may in-
crease with the distance between the magnetic sensor at-

tached to the ultrasonic transducer and the field genera-
tor. However, this imaging incompatibility has been 
reducing by enhanced performance of magnetic sensors.

  Fusion imaging can be considered to have an accept-
able registration error and to be an efficacious tool for 
overcoming the limitations of ultrasound-guided RFA, 
which include sonographically obscure nodule issues and 
confounding nodule issues.

  Treatment Response Assessment 
 Axial images of CT/MRI are mainly used in the evalu-

ation of the therapeutic response of HCCs after RFA  [45–
47] . However, some HCC patients showed local tumor 
progression a few months after first ablation because of 
residual tumors that went unnoticed on axial images. It 
used to be difficult to distinguish between small residual 
HCCs and hyperemia lesions because they both showed 
arterial enhancement. The problem of the partial volume 
effect cannot be resolved by using MPR. However, multi-
angle images using MPR might be able to show the re-
sidual HCC as circular enhancement because the shape of 
enhanced lesions can help diagnose small residual HCC 
or hyperemia  [48–50] . In addition, multi-angle images 
might be highly sensitive for assessing the 5-mm safety 
margin around the whole tumor. Assessment of RFA with 
3D information could have higher accuracy than with 2D 
information  [48] .

  Conclusion 

 Ultrasound fusion imaging has three important fea-
tures for clinical application. The first is compatibility. 
The virtual sonographic images obtained using MPR can 
easily be compared with B-mode sonographic images be-
cause the monitor can show them side-by-side. The sec-
ond is its swift response. With a powerful computer, the 
fusion imaging can be displayed smoothly for each move-
ment of the transducer in real time. The third feature is 
synchronicity. This technique contributes to immediate 
feedback when identifying small hepatic nodules. Ultra-
sound fusion imaging can indicate the 3D relationship 
between the liver vasculature and tumors. Fusion imag-
ing can be an efficacious tool in the management of HCCs 
that have poor ultrasound conspicuity.

  Disclosure Statement 

 The authors have no conflicts of interest to disclose.
 

b

a

  Fig. 2.  A 64-year-old man with a 1.7-cm HCC in right hepatic 
dome.  a  The MPR image (right) corresponding to the sonograph-
ic image from intercostal view after synchronization shows a typi-
cal HCC nodule (arrow). B-mode sonography (left) shows the ra-
diofrequency electrode needle (arrowheads) inserted into a low-
echoic nodule of HCC (dotted circle).  b  During the percutaneous 
RFA procedure, air bubbles (dotted circle) obscured the HCC nod-
ule on B-mode sonography (left). 
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44] . No studies have compared fusion imaging guidance 
and contrast-enhanced sonography guidance in ablation. 
However, fusion imaging-guided RFA has proved to be 
effective for HCCs that are poorly defined on not only 
conventional B-mode sonography but also contrast-en-
hanced sonography. In addition, it could be used for fu-
sion imaging guidance comparing MPR images and con-
trast-enhanced sonography. On the other hand, it has 
been reported that fusion imaging occasionally could not 
show coincident images. This imaging incompatibility 
could be attributed to variance in the depth of breath-
holding at CT and ultrasound examination, and may in-
crease with the distance between the magnetic sensor at-

tached to the ultrasonic transducer and the field genera-
tor. However, this imaging incompatibility has been 
reducing by enhanced performance of magnetic sensors.

  Fusion imaging can be considered to have an accept-
able registration error and to be an efficacious tool for 
overcoming the limitations of ultrasound-guided RFA, 
which include sonographically obscure nodule issues and 
confounding nodule issues.

  Treatment Response Assessment 
 Axial images of CT/MRI are mainly used in the evalu-

ation of the therapeutic response of HCCs after RFA  [45–
47] . However, some HCC patients showed local tumor 
progression a few months after first ablation because of 
residual tumors that went unnoticed on axial images. It 
used to be difficult to distinguish between small residual 
HCCs and hyperemia lesions because they both showed 
arterial enhancement. The problem of the partial volume 
effect cannot be resolved by using MPR. However, multi-
angle images using MPR might be able to show the re-
sidual HCC as circular enhancement because the shape of 
enhanced lesions can help diagnose small residual HCC 
or hyperemia  [48–50] . In addition, multi-angle images 
might be highly sensitive for assessing the 5-mm safety 
margin around the whole tumor. Assessment of RFA with 
3D information could have higher accuracy than with 2D 
information  [48] .

  Conclusion 

 Ultrasound fusion imaging has three important fea-
tures for clinical application. The first is compatibility. 
The virtual sonographic images obtained using MPR can 
easily be compared with B-mode sonographic images be-
cause the monitor can show them side-by-side. The sec-
ond is its swift response. With a powerful computer, the 
fusion imaging can be displayed smoothly for each move-
ment of the transducer in real time. The third feature is 
synchronicity. This technique contributes to immediate 
feedback when identifying small hepatic nodules. Ultra-
sound fusion imaging can indicate the 3D relationship 
between the liver vasculature and tumors. Fusion imag-
ing can be an efficacious tool in the management of HCCs 
that have poor ultrasound conspicuity.

  Disclosure Statement 

 The authors have no conflicts of interest to disclose.
 

b

a

  Fig. 2.  A 64-year-old man with a 1.7-cm HCC in right hepatic 
dome.  a  The MPR image (right) corresponding to the sonograph-
ic image from intercostal view after synchronization shows a typi-
cal HCC nodule (arrow). B-mode sonography (left) shows the ra-
diofrequency electrode needle (arrowheads) inserted into a low-
echoic nodule of HCC (dotted circle).  b  During the percutaneous 
RFA procedure, air bubbles (dotted circle) obscured the HCC nod-
ule on B-mode sonography (left). 
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months in the long SD and 17.9 months in the CR + PR group. 
Although the duration of OS was significantly longer in the 
long SD group than the short SD group, no difference in OS 
was detected between the patients with CR + PR and pa-
tients with long SD. The impact of long SD on OS could be as 
strong as that of CR + PR.  Conclusion:  Achievement of long 
SD is one of the important goals for improving survival in 
patients with HCC treated with sorafenib. 

 © 2014 S. Karger AG, Basel 
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 Hepatocellular carcinoma (HCC) is the third most 
common cause of cancer death worldwide and causes sig-
nificant public health problems, especially in association 
with chronic hepatitis B or C  [1–3] . Because most patients 
are diagnosed with advanced disease, only 30% of pa-
tients receive potentially curative therapies, such as surgi-
cal resection  [4, 5] , transplantation  [6, 7]  or percutaneous 
ablation  [8–10] . The majority of patients with unresect-
able HCC usually undergo palliative treatment, such as 
transarterial chemoembolization (TACE)  [11] , hepatic 
arterial infusion chemotherapy  [12]  and systemic chemo-
therapy, including molecular-targeting agents  [12–17] .
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 Abstract 
  Background:  Sorafenib is a molecular-targeting agent show-
ing improved overall survival (OS) for advanced hepatocel-
lular carcinoma (HCC). Although tumor dormancy, charac-
terized by stable tumor status or stable disease (SD) without 
tumor regression, is a unique feature of sorafenib treatment, 
the contribution of SD to OS remains debatable. This study 
aimed to clarify the correlation between SD periods and OS 
in patients with HCC treated with sorafenib.  Methods:  From 
May 2009 to January 2013, 269 patients with advanced-
stage HCC were treated with sorafenib at the Kinki Univer-
sity Hospital. The antitumor response of sorafenib was evalu-
ated in 158 patients using the modified Response Evaluation 
Criteria in Solid Tumors, and patients with SD were divided 
into two subgroups according to the median duration of SD: 
short SD (<3 months) and long SD ( ≥ 3 months). The relation-
ship between the duration of SD and OS was analyzed 
among patients with complete (CR) and partial response 
(PR), and long and short SD using the Kaplan-Meier method. 
 Results:  The median OS was 5.7 months in the short SD, 20.8 
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SD is one of the important goals for improving survival in 
patients with HCC treated with sorafenib. 
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  Sorafenib is a multitarget tyrosine kinase inhibitor 
that suppresses tumor proliferation and angiogenesis. 
This agent carries a mild-to-moderate toxicity profile 
and exhibits antitumor activity against various solid
tumors  [18] . Administration of sorafenib is currently 
the only systemic, first-line therapy for patients with 
HCC who failed to respond to TACE  [19]  and present 
vascular invasion or extrahepatic spread  [19–21] . In
the Sorafenib HCC Assessment Randomized Protocol 
(SHARP) study, progression-free survival and overall 
survival (OS) were significantly longer with sorafenib 
than placebo, with a median OS of 10.7 months in the 
sorafenib group compared to 7.9 months in the placebo 
group  [20] . Median time to progression (TTP) was also 
longer in the sorafenib group than the placebo group 
 [20] . The improvement in median OS and TTP with 
sorafenib was also confirmed by another study from the 
Asian-Pacific region  [21] . Interestingly, although both 
studies revealed improvements in OS and TTP, the re-
sponse rate of HCC patients treated with sorafenib was 
quite low, with only 2.3 and 3.3% of patients achieving 
a partial response (PR) in the SHARP and the Asia-Pa-
cific trials, respectively  [20, 21] . Thus, it is conceivable 
to speculate that sorafenib may delay disease progres-
sion and contribute to an improvement in survival. To 
date, however, no reports have shown how achievement 
and maintenance of stable disease (SD) improve the OS 
of patients with HCC treated with this drug. Here, we 
addressed the unique association between the duration 
of SD and OS, and we clarified the importance of keep-
ing tumor growth under control, even for cases of tumor 
regression, during sorafenib therapy.

  Patients and Methods 

 Patients 
 Between May 2009 and November 2012, 269 patients with ad-

vanced HCC were treated with sorafenib at the Kinki University 
Hospital. Among these patients, 158 met the inclusion criteria list-
ed below and were enrolled in the study. The diagnosis of HCC was 
made by histology or radiological findings using contrast-en-
hanced computed tomography (CE-CT) and/or dynamic magnet-
ic resonance imaging (MRI). Informed consent was obtained from 
all patients, and the study was approved by the ethics review board 
of the institution involved.

  Inclusion criteria for this study were: (1) HCC diagnosed by 
histological examination or typical radiological findings (early en-
hancement followed by late washout on CE-CT or dynamic MRI) 
and HCC refractory to radiofrequency ablation and TACE based 
on the indications for sorafenib, (2) continuous administration of 
sorafenib >1 month, (3) performance status of 0 or 1 and (4) Child-
Pugh class A or B. Exclusion criteria were: (1) concomitant anti-

neoplastic treatment, (2) TACE or radiofrequency ablation per-
formed within 3 months of initiation of sorafenib and (3) lack of 
response evaluation using CE-CT or dynamic MRI during the fol-
low-up period. Patient characteristics are summarized in online 
supplementary table  1 (for all online suppl. material, see www.
karger.com/doi/10.1159/000368006).

  Initial and Follow-Up Assessments 
 Liver function and tumor stage were evaluated before the ini-

tiation of sorafenib therapy using the Child-Pugh, Barcelona Clin-
ic for Liver Cancer (BCLC) and Cancer of the Liver Italian Pro-
gram classifications. CE-CT images were obtained during the arte-
rial (40 s) and portal (70 s) phases using 120 ml of iomeprol at a 
flow rate of 3 ml/s. Dynamic MRI was performed using gadolini-
um-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-
DTPA) enhancement during the arterial (22–35 s after injection) 
and portal venous (70 s after injection) phases. A T1-weighted 
high-resolution sequence was obtained during a single breath 
hold. CE-CT and Gd-EOB-DTPA-MRI were reviewed by two in-
dependent radiologists. The response to sorafenib was assessed ev-
ery 4–6 weeks using the modified Response Evaluation Criteria in 
Solid Tumors (mRECIST) according to the interval change in tu-
mor size and vascularity after the initiation of treatment. Two ex-
perienced radiologists retrospectively reviewed each CE-CT and 
Gd-EOB-DTPA-MRI, and tumor response was evaluated in a 
nonblinded fashion  [22] . For all patients, the target lesions were 
defined by two experienced hepatologists using the CT and/or 
MRI scans before treatment. Extrahepatic lesions were assessed as 
required by chest X-ray, bone scintigraphy or fluorodeoxyglucose 
positron emission tomography, and tumor markers were mea-
sured at 4- to 12-week intervals to assess the tumor status. The 
criteria for discontinuing sorafenib were (1) detection of progres-
sive disease (PD), such as obvious tumor progression and/or onset 
of a new lesion (based on the mRECIST criteria); (2) grade 3 or 
higher adverse reactions that could not be well controlled by dose 
reduction or interruption (based on the Common Terminology 
Criteria for Adverse Events, version 4.0; http://ctep.cancer.gov/
protocolDevelopment/electronic_applications/docs/ctcaev3.pdf), 
and (3) noncompliance to oral drug treatment and/or follow-up 
visits.

  Definitions of Tumor Response 
 Complete response (CR) was defined as the disappearance of 

any arterial enhancement within all target lesions. PR was defined 
as  ≥ 30% reduction in tumor size. Tumor size was determined by 
the sum of the diameters of target lesions, which were estimated 
using unidirectional measurement. PD was defined as  ≥ 20% in-
crease in tumor size determined by the sum of the maximal dimen-
sions of the target lesions. mRECIST defines SD as the absence of 
either PR or PD; it defines response rate (PR) as the percentage of 
CR + PR among all cases, and disease control rate as the percent-
age of cases achieving CR, PR or SD. We further classified patients 
with SD into two subgroups: the long SD group was defined as 
continuous SD for  ≥ 3 months, and the short SD group was defined 
as SD periods <3 months. The first estimation of response was per-
formed 4–6 weeks after the initiation of sorafenib, and the second 
estimation was performed after 8–12 weeks. Therefore, we used 
the drug administration period of 3 months to separate patients 
into groups of short and long SD ( fig. 1 ). 
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  Statistical Analysis 
 Survival curves were estimated using the Kaplan-Meier meth-

od with the primary endpoint of death for analysis of OS. Patients 
who did not meet the endpoint were censored at the time of the 
last follow-up visit. Survival rates were compared among the 
groups and differences were analyzed using the log-rank test; for 
categorical variables, the χ 2  test was used. For multiple compari-
sons, the Bonferroni correction was applied. A value of p < 0.05 
was considered statistically significant. All analyses were per-
formed using SAS statistical software (version 8.2; SAS Institute, 
Cary, N.C., USA) or the SPSS Medical Pack for Windows (version 
10.0; SPSS, Inc., Chicago, Ill., USA).

  Results 

 HCC Response to Sorafenib 
 Median OS of the entire cohort was 15.6 months 

(range, 9.9–21.3 months). According to mRECIST crite-
ria, 6 patients had CR and 30 patients PR; these 36 pa-
tients with a decrease in tumor size comprised the CR + 
PR group. Similarly, according to estimates taken 1 month 
after the start of sorafenib, 52 and 70 cases were classified 
as having SD and PD, respectively. Response and disease 
control rates were 23.4 and 54.5%, respectively. 

  In the SD group, the median duration of SD was 4.6 
months (range, 1.9–17.5 months). Among these patients, 
26 (54.1%) were positive for anti-hepatitis C virus anti-
body, 9 (18.8%) were positive for hepatitis B virus surface 
antigen, and 17 (35.4%) were negative for both. The SD 
group was further subclassified into short and long SD 
subgroups according to the criteria described in the Ma-
terials and Methods. Representative patients with short 
and long SD are described in online supplementary figure 
1. Among the four study groups (CR + PR, PD, short SD 
and long SD), there were statistically significant differ-
ences in BCLC stage, total dose of sorafenib, administra-
tion period, and serum levels of des-γ-carboxyprothrom-
bin (DCP) and AST (online suppl. table 1).

  OS according to Response to Sorafenib 
 We compared OS among the CR + PR, long SD, 

short SD and PD groups using Kaplan-Meier estimates. 
Comparisons of the survival curves showed that the 
median OS was 25.4 months (95% confidence interval, 
CI, 13.4–37.4) in the CR + PR group, 20.8 months (95% 
CI, 14.5–27.0) in the long SD group, 6.3 months (95% 
CI, 5.5–7.1) in the short SD group and 7.3 months (95% 
CI, 5.3–9.4) in the PD group (p < 0.001;  fig. 2 ). Pairwise 
comparisons verified a significantly longer OS in the 
CR + PR group than the short SD groups (p < 0.001, 
log-rank test). Similarly, OS was significantly longer in 

PD: 70 cases

PD: 70 cases

SD: 52 cases

Long SD: 31 cases Short SD: 
21 cases

PR: 30 cases

CR + PR: 36 cases

CR: 6 cases

50403020100

1.0

0.8

0.6

0.4

0.2

0

CR + PR (n = 36)

Short SD (n = 21)

PD (n = 70)

  Fig. 1.  Response evaluation by mRECIST 
criteria: OS was compared among the study 
groups with CR + PR, long and short SD, 
and PD. 

  Fig. 2.  Kaplan-Meier curves for OS of the 158 patients based on 
response to sorafenib therapy estimated by mRECIST criteria. The 
median OS of the patients classified as having CR + PR, long and 
short SD, and PD were 25.4 months (95% CI, 13.4–37.4), 20.8 
months (95% CI, 14.5–27.0), 5.7 months (95% CI, 4.9–6.6) and 7.3 
months (95% CI, 5.3–9.4), respectively (p < 0.001, log-rank test). 
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and exhibits antitumor activity against various solid
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HCC who failed to respond to TACE  [19]  and present 
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than placebo, with a median OS of 10.7 months in the 
sorafenib group compared to 7.9 months in the placebo 
group  [20] . Median time to progression (TTP) was also 
longer in the sorafenib group than the placebo group 
 [20] . The improvement in median OS and TTP with 
sorafenib was also confirmed by another study from the 
Asian-Pacific region  [21] . Interestingly, although both 
studies revealed improvements in OS and TTP, the re-
sponse rate of HCC patients treated with sorafenib was 
quite low, with only 2.3 and 3.3% of patients achieving 
a partial response (PR) in the SHARP and the Asia-Pa-
cific trials, respectively  [20, 21] . Thus, it is conceivable 
to speculate that sorafenib may delay disease progres-
sion and contribute to an improvement in survival. To 
date, however, no reports have shown how achievement 
and maintenance of stable disease (SD) improve the OS 
of patients with HCC treated with this drug. Here, we 
addressed the unique association between the duration 
of SD and OS, and we clarified the importance of keep-
ing tumor growth under control, even for cases of tumor 
regression, during sorafenib therapy.

  Patients and Methods 

 Patients 
 Between May 2009 and November 2012, 269 patients with ad-

vanced HCC were treated with sorafenib at the Kinki University 
Hospital. Among these patients, 158 met the inclusion criteria list-
ed below and were enrolled in the study. The diagnosis of HCC was 
made by histology or radiological findings using contrast-en-
hanced computed tomography (CE-CT) and/or dynamic magnet-
ic resonance imaging (MRI). Informed consent was obtained from 
all patients, and the study was approved by the ethics review board 
of the institution involved.

  Inclusion criteria for this study were: (1) HCC diagnosed by 
histological examination or typical radiological findings (early en-
hancement followed by late washout on CE-CT or dynamic MRI) 
and HCC refractory to radiofrequency ablation and TACE based 
on the indications for sorafenib, (2) continuous administration of 
sorafenib >1 month, (3) performance status of 0 or 1 and (4) Child-
Pugh class A or B. Exclusion criteria were: (1) concomitant anti-

neoplastic treatment, (2) TACE or radiofrequency ablation per-
formed within 3 months of initiation of sorafenib and (3) lack of 
response evaluation using CE-CT or dynamic MRI during the fol-
low-up period. Patient characteristics are summarized in online 
supplementary table  1 (for all online suppl. material, see www.
karger.com/doi/10.1159/000368006).

  Initial and Follow-Up Assessments 
 Liver function and tumor stage were evaluated before the ini-

tiation of sorafenib therapy using the Child-Pugh, Barcelona Clin-
ic for Liver Cancer (BCLC) and Cancer of the Liver Italian Pro-
gram classifications. CE-CT images were obtained during the arte-
rial (40 s) and portal (70 s) phases using 120 ml of iomeprol at a 
flow rate of 3 ml/s. Dynamic MRI was performed using gadolini-
um-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-
DTPA) enhancement during the arterial (22–35 s after injection) 
and portal venous (70 s after injection) phases. A T1-weighted 
high-resolution sequence was obtained during a single breath 
hold. CE-CT and Gd-EOB-DTPA-MRI were reviewed by two in-
dependent radiologists. The response to sorafenib was assessed ev-
ery 4–6 weeks using the modified Response Evaluation Criteria in 
Solid Tumors (mRECIST) according to the interval change in tu-
mor size and vascularity after the initiation of treatment. Two ex-
perienced radiologists retrospectively reviewed each CE-CT and 
Gd-EOB-DTPA-MRI, and tumor response was evaluated in a 
nonblinded fashion  [22] . For all patients, the target lesions were 
defined by two experienced hepatologists using the CT and/or 
MRI scans before treatment. Extrahepatic lesions were assessed as 
required by chest X-ray, bone scintigraphy or fluorodeoxyglucose 
positron emission tomography, and tumor markers were mea-
sured at 4- to 12-week intervals to assess the tumor status. The 
criteria for discontinuing sorafenib were (1) detection of progres-
sive disease (PD), such as obvious tumor progression and/or onset 
of a new lesion (based on the mRECIST criteria); (2) grade 3 or 
higher adverse reactions that could not be well controlled by dose 
reduction or interruption (based on the Common Terminology 
Criteria for Adverse Events, version 4.0; http://ctep.cancer.gov/
protocolDevelopment/electronic_applications/docs/ctcaev3.pdf), 
and (3) noncompliance to oral drug treatment and/or follow-up 
visits.

  Definitions of Tumor Response 
 Complete response (CR) was defined as the disappearance of 

any arterial enhancement within all target lesions. PR was defined 
as  ≥ 30% reduction in tumor size. Tumor size was determined by 
the sum of the diameters of target lesions, which were estimated 
using unidirectional measurement. PD was defined as  ≥ 20% in-
crease in tumor size determined by the sum of the maximal dimen-
sions of the target lesions. mRECIST defines SD as the absence of 
either PR or PD; it defines response rate (PR) as the percentage of 
CR + PR among all cases, and disease control rate as the percent-
age of cases achieving CR, PR or SD. We further classified patients 
with SD into two subgroups: the long SD group was defined as 
continuous SD for  ≥ 3 months, and the short SD group was defined 
as SD periods <3 months. The first estimation of response was per-
formed 4–6 weeks after the initiation of sorafenib, and the second 
estimation was performed after 8–12 weeks. Therefore, we used 
the drug administration period of 3 months to separate patients 
into groups of short and long SD ( fig. 1 ). 
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  Statistical Analysis 
 Survival curves were estimated using the Kaplan-Meier meth-

od with the primary endpoint of death for analysis of OS. Patients 
who did not meet the endpoint were censored at the time of the 
last follow-up visit. Survival rates were compared among the 
groups and differences were analyzed using the log-rank test; for 
categorical variables, the χ 2  test was used. For multiple compari-
sons, the Bonferroni correction was applied. A value of p < 0.05 
was considered statistically significant. All analyses were per-
formed using SAS statistical software (version 8.2; SAS Institute, 
Cary, N.C., USA) or the SPSS Medical Pack for Windows (version 
10.0; SPSS, Inc., Chicago, Ill., USA).

  Results 

 HCC Response to Sorafenib 
 Median OS of the entire cohort was 15.6 months 

(range, 9.9–21.3 months). According to mRECIST crite-
ria, 6 patients had CR and 30 patients PR; these 36 pa-
tients with a decrease in tumor size comprised the CR + 
PR group. Similarly, according to estimates taken 1 month 
after the start of sorafenib, 52 and 70 cases were classified 
as having SD and PD, respectively. Response and disease 
control rates were 23.4 and 54.5%, respectively. 

  In the SD group, the median duration of SD was 4.6 
months (range, 1.9–17.5 months). Among these patients, 
26 (54.1%) were positive for anti-hepatitis C virus anti-
body, 9 (18.8%) were positive for hepatitis B virus surface 
antigen, and 17 (35.4%) were negative for both. The SD 
group was further subclassified into short and long SD 
subgroups according to the criteria described in the Ma-
terials and Methods. Representative patients with short 
and long SD are described in online supplementary figure 
1. Among the four study groups (CR + PR, PD, short SD 
and long SD), there were statistically significant differ-
ences in BCLC stage, total dose of sorafenib, administra-
tion period, and serum levels of des-γ-carboxyprothrom-
bin (DCP) and AST (online suppl. table 1).

  OS according to Response to Sorafenib 
 We compared OS among the CR + PR, long SD, 

short SD and PD groups using Kaplan-Meier estimates. 
Comparisons of the survival curves showed that the 
median OS was 25.4 months (95% confidence interval, 
CI, 13.4–37.4) in the CR + PR group, 20.8 months (95% 
CI, 14.5–27.0) in the long SD group, 6.3 months (95% 
CI, 5.5–7.1) in the short SD group and 7.3 months (95% 
CI, 5.3–9.4) in the PD group (p < 0.001;  fig. 2 ). Pairwise 
comparisons verified a significantly longer OS in the 
CR + PR group than the short SD groups (p < 0.001, 
log-rank test). Similarly, OS was significantly longer in 

PD: 70 cases

PD: 70 cases

SD: 52 cases

Long SD: 31 cases Short SD: 
21 cases

PR: 30 cases

CR + PR: 36 cases

CR: 6 cases

50403020100

1.0

0.8

0.6

0.4

0.2

0

CR + PR (n = 36)

Short SD (n = 21)

PD (n = 70)

  Fig. 1.  Response evaluation by mRECIST 
criteria: OS was compared among the study 
groups with CR + PR, long and short SD, 
and PD. 

  Fig. 2.  Kaplan-Meier curves for OS of the 158 patients based on 
response to sorafenib therapy estimated by mRECIST criteria. The 
median OS of the patients classified as having CR + PR, long and 
short SD, and PD were 25.4 months (95% CI, 13.4–37.4), 20.8 
months (95% CI, 14.5–27.0), 5.7 months (95% CI, 4.9–6.6) and 7.3 
months (95% CI, 5.3–9.4), respectively (p < 0.001, log-rank test). 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 8

:2
3:

29
 A

M

— 303 —



 Arizumi et al.
 

Dig Dis 2014;32:705–710
DOI: 10.1159/000368006

708

the CR + PR group than the PD group (p < 0.001), sig-
nificantly longer in the long SD group than the PD 
group (p = 0.004) and significantly longer in the long 
SD group than the short SD group (p = 0.003). In con-
trast, no significant differences in OS were detected be-
tween the CR + PR and long SD groups (p = 0.44) or 
between the short SD and PD groups (p = 0.79). 

  Prognostic Factors of SD Patients with HCC Treated 
with Sorafenib  
 We analyzed the baseline patient characteristics to 

identify factors that affect OS after sorafenib therapy. 
Univariate analysis revealed statistically significant dif-
ferences in OS for the following variables: DCP level
(p  =  0.018), starting dose of sorafenib (p = 0.027) and 

 Table 1.  Uni- and multivariate analyses of prognostic factors in the 52 patients with HCC treated with sorafenib

Variable n OS, months p value
(log-rank)

 Multivariate analysis

median 95% CI H R 95% CI p value

Gender male 37 16.3 13.8 – 18.8
female 15 20.8 6.8 – 34.8 0.339

Age <73 years 18 16.3 4.8 – 27.8
≥73 years 34 17.4 5.1 – 29.7 0.812

Child-Pugh 
stage

A 40 17.4 11.0 – 23.8
B 12 9.2 6.2 – 12.2 0.334

Etiology HCV 26 11.3 0.0 – 22.6
others 26 20.8 16.5 – 25.0 0.0285

BCLC stage A or B 21 18.8 7.5 – 30.1
C 31 9.2 5.0 – 13.4 0.124

Serum AST <54 mAU/ml 27 18.8 13.6 – 24.0
≥54 mAU/ml 25 10.3 5.7 – 14.9 0.234

Serum ALT <33 mAU/ml 25 20.8 13.1 – 28.4
≥33 mAU/ml 27 10.3 7.9 – 12.7 0.061

Serum 
platelets

<14 × 104 AU/ml 26 15.6 7.7 – 23.6
≥14 × 104 AU/ml 26 18.8 4.1 – 33.5 0.971

Serum AFP <128 ng/ml 26 18.8 13.5 – 24.1
≥128 ng/ml 26 10.3 4.9 – 15.7 0.157

Serum DCP <389 mAU/ml 26 24.7 13.1 – 36.3 1
≥389 mAU/ml 26 9.1 1.4 – 16.9 0.018 1.281 0.458 – 3.580 0.637

Starting dose 
of sorafenib

≤400 mg 23 25.1 12.4 – 37.8 1
800 mg 29 11.3 0.0 – 23.4 0.027 1.738 0.751 – 4.021 0.196

Total dose 
of sorafenib 

<71 g 26 18.6 0.0 – 38.4
≥71 g 26 16.3 13.7 – 18.9 0.863

Administra-
tion period

<153 days 24 7.2 0.0 – 23.8
≥153 days 28 17.4 12.6 – 22.2 0.266

Grade 3/4 
of AE

yes 17 15.6 6.4 – 24.8
no 35 24.7 13.8 – 35.6 0.392

SD period long 31 20.8 14.5 – 27.0 1
short 21 5.7 4.9 – 6.6 0.002 3.244 1.46 – 7.18 0.004

 AFP = α-Fetoprotein; HCV = hepatitis C virus.
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duration of SD (p = 0.002) at the initiation of sorafenib 
therapy. Multivariate analysis revealed that duration of 
SD was the only independent factor contributing to OS, 
with the long SD group having longer OS than the short 
SD group (odds ratio, 3.244; 95% CI, 1.46–7.18; p = 0.004; 
 table 1 ).

  Adverse Effects of Sorafenib and Duration of SD  
 Sorafenib was discontinued in 6 of the 21 patients in 

the short SD group due to sorafenib-related adverse events 
(AEs); 1 patient had hand-foot reaction, 1 patient had an-
orexia, 3 had hepatopathy, and 1 had hypertension. Dis-
continuation of sorafenib unrelated to AEs included 2 
deaths due to ruptured HCC and 1 death from pneumo-
nia. One patient refused treatment, and 12 patients dis-
continued treatment due to PD and received other thera-
pies. Sorafenib was discontinued in 26 patients in the CR 
+ PR group; 14 of these patients had PD, 10 died from 
HCC progression, and 2 withdrew from treatment. 
Sorafenib was discontinued in 28 of the 31 patients in the 
long SD group; 17 of these patients had PD, 4 patients died 
from HCC progression, 1 rejected continuation of treat-
ment, and 6 had sorafenib-related AEs, including hand-
foot reaction, diarrhea, hepatopathy, thrombocytopenia, 
hypoalbuminemia and interstitial pneumonia (online 
suppl. table  2). The median administration period of 
sorafenib for patients with therapy discontinuation due to 
sorafenib-related AEs was 70 days in the short SD group 
and 190 days in the long SD group (online suppl. table 3).

  Characteristics of the Patients in the Long SD Group 
 Comparing characteristics between patients in the 

long and short SD groups, statistically significant differ-
ences between the two groups were found in the duration 
of treatment with sorafenib (p = 0.014) and α-fetoprotein 
(p = 0.020) and DCP levels (p = 0.001). Multivariate anal-
ysis revealed that the duration of sorafenib treatment and 
the level of DCP were important independent factors 

(odds ratio, 7.294; 95% CI, 1.757–30.282; p = 0.006, and 
odds ratio, 9.609; 95% CI, 1.944–47.506; p = 0.006, re-
spectively;  table 2 ).

  Discussion 

 In this study, we demonstrated that in patients who 
achieved a long SD with sorafenib treatment OS was com-
parable to that of patients with a CR + PR, suggesting that 
achieving long SD may improve OS, even without tumor 
resolution and reduction. 

  The clinical utility of sorafenib has been demonstrated 
in the SHARP study  [20]  and in the Asia-Pacific study 
 [21] . However, because the response rate for sorafenib 
treatment was low in both studies, it is conceivable to be-
lieve that sorafenib might induce tumor dormancy and 
thereby prolong the SD period.

  In terms of the patients’ clinical presentation, a sig-
nificant difference was observed in treatment duration, 
but not in total dose, between the long and short SD 
groups. It is possible that patients in the long SD group 
receive longer treatment because of a longer SD duration. 
However, the increased treatment duration was not as-
sociated with an increased total dose of sorafenib, prob-
ably because treatment interruptions and/or sorafenib 
dose reductions were frequent in the long SD group; this 
may also account for the control of adverse drug reactions 
in the long SD group. In the short SD group, 6 patients 
discontinued treatment with sorafenib due to sorafenib-
related AEs. It is possible that successful control of AEs 
leads to the long SD in patients with sorafenib-related 
AEs. Among the AEs of sorafenib observed in this study, 
hand-foot reaction, diarrhea, hypertension and anorexia 
were the major AEs, and these might be prevented with 
appropriate measures such as adjustment of the sorafenib 
dosage and additional medications. From this point of 
view, intensive care and early detection of AEs is critical 
to avoid the discontinuation of sorafenib and attain an 
adequate treatment period. 

  According to our analyses, the administration period 
of sorafenib and the serum DCP level could predict the 
achievement of long SD. Several reports have shown that 
the serum DCP level reflects aggressive tumor behavior, 
and this might be related to the refractory character of 
tumors resistant to antitumor agents  [23, 24] . However, 
multivariate analysis failed to identify serum DCP as an 
independent factor associated with long SD. Further 
studies are required to confirm the role of DCP in predict-
ing the effectiveness of sorafenib.

 Table 2.  Multivariate analysis of factors associated with long SD in 
patients with HCC treated with sorafenib

p 
value

Hazard
ratio

95% CI

α-Fetoprotein 0.403 1.927 0.414 – 8.958
DCP 0.006 9.609 1.944 – 47.506
Administration period of

sorafenib 0.006 7.293 1.757 – 30.282

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 8

:2
3:

29
 A

M

— 304 —



 Arizumi et al.
 

Dig Dis 2014;32:705–710
DOI: 10.1159/000368006

708

the CR + PR group than the PD group (p < 0.001), sig-
nificantly longer in the long SD group than the PD 
group (p = 0.004) and significantly longer in the long 
SD group than the short SD group (p = 0.003). In con-
trast, no significant differences in OS were detected be-
tween the CR + PR and long SD groups (p = 0.44) or 
between the short SD and PD groups (p = 0.79). 

  Prognostic Factors of SD Patients with HCC Treated 
with Sorafenib  
 We analyzed the baseline patient characteristics to 

identify factors that affect OS after sorafenib therapy. 
Univariate analysis revealed statistically significant dif-
ferences in OS for the following variables: DCP level
(p  =  0.018), starting dose of sorafenib (p = 0.027) and 

 Table 1.  Uni- and multivariate analyses of prognostic factors in the 52 patients with HCC treated with sorafenib

Variable n OS, months p value
(log-rank)

 Multivariate analysis

median 95% CI H R 95% CI p value

Gender male 37 16.3 13.8 – 18.8
female 15 20.8 6.8 – 34.8 0.339

Age <73 years 18 16.3 4.8 – 27.8
≥73 years 34 17.4 5.1 – 29.7 0.812

Child-Pugh 
stage

A 40 17.4 11.0 – 23.8
B 12 9.2 6.2 – 12.2 0.334

Etiology HCV 26 11.3 0.0 – 22.6
others 26 20.8 16.5 – 25.0 0.0285

BCLC stage A or B 21 18.8 7.5 – 30.1
C 31 9.2 5.0 – 13.4 0.124

Serum AST <54 mAU/ml 27 18.8 13.6 – 24.0
≥54 mAU/ml 25 10.3 5.7 – 14.9 0.234

Serum ALT <33 mAU/ml 25 20.8 13.1 – 28.4
≥33 mAU/ml 27 10.3 7.9 – 12.7 0.061

Serum 
platelets

<14 × 104 AU/ml 26 15.6 7.7 – 23.6
≥14 × 104 AU/ml 26 18.8 4.1 – 33.5 0.971

Serum AFP <128 ng/ml 26 18.8 13.5 – 24.1
≥128 ng/ml 26 10.3 4.9 – 15.7 0.157

Serum DCP <389 mAU/ml 26 24.7 13.1 – 36.3 1
≥389 mAU/ml 26 9.1 1.4 – 16.9 0.018 1.281 0.458 – 3.580 0.637

Starting dose 
of sorafenib

≤400 mg 23 25.1 12.4 – 37.8 1
800 mg 29 11.3 0.0 – 23.4 0.027 1.738 0.751 – 4.021 0.196

Total dose 
of sorafenib 

<71 g 26 18.6 0.0 – 38.4
≥71 g 26 16.3 13.7 – 18.9 0.863

Administra-
tion period

<153 days 24 7.2 0.0 – 23.8
≥153 days 28 17.4 12.6 – 22.2 0.266

Grade 3/4 
of AE

yes 17 15.6 6.4 – 24.8
no 35 24.7 13.8 – 35.6 0.392

SD period long 31 20.8 14.5 – 27.0 1
short 21 5.7 4.9 – 6.6 0.002 3.244 1.46 – 7.18 0.004

 AFP = α-Fetoprotein; HCV = hepatitis C virus.
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duration of SD (p = 0.002) at the initiation of sorafenib 
therapy. Multivariate analysis revealed that duration of 
SD was the only independent factor contributing to OS, 
with the long SD group having longer OS than the short 
SD group (odds ratio, 3.244; 95% CI, 1.46–7.18; p = 0.004; 
 table 1 ).

  Adverse Effects of Sorafenib and Duration of SD  
 Sorafenib was discontinued in 6 of the 21 patients in 

the short SD group due to sorafenib-related adverse events 
(AEs); 1 patient had hand-foot reaction, 1 patient had an-
orexia, 3 had hepatopathy, and 1 had hypertension. Dis-
continuation of sorafenib unrelated to AEs included 2 
deaths due to ruptured HCC and 1 death from pneumo-
nia. One patient refused treatment, and 12 patients dis-
continued treatment due to PD and received other thera-
pies. Sorafenib was discontinued in 26 patients in the CR 
+ PR group; 14 of these patients had PD, 10 died from 
HCC progression, and 2 withdrew from treatment. 
Sorafenib was discontinued in 28 of the 31 patients in the 
long SD group; 17 of these patients had PD, 4 patients died 
from HCC progression, 1 rejected continuation of treat-
ment, and 6 had sorafenib-related AEs, including hand-
foot reaction, diarrhea, hepatopathy, thrombocytopenia, 
hypoalbuminemia and interstitial pneumonia (online 
suppl. table  2). The median administration period of 
sorafenib for patients with therapy discontinuation due to 
sorafenib-related AEs was 70 days in the short SD group 
and 190 days in the long SD group (online suppl. table 3).

  Characteristics of the Patients in the Long SD Group 
 Comparing characteristics between patients in the 

long and short SD groups, statistically significant differ-
ences between the two groups were found in the duration 
of treatment with sorafenib (p = 0.014) and α-fetoprotein 
(p = 0.020) and DCP levels (p = 0.001). Multivariate anal-
ysis revealed that the duration of sorafenib treatment and 
the level of DCP were important independent factors 

(odds ratio, 7.294; 95% CI, 1.757–30.282; p = 0.006, and 
odds ratio, 9.609; 95% CI, 1.944–47.506; p = 0.006, re-
spectively;  table 2 ).

  Discussion 

 In this study, we demonstrated that in patients who 
achieved a long SD with sorafenib treatment OS was com-
parable to that of patients with a CR + PR, suggesting that 
achieving long SD may improve OS, even without tumor 
resolution and reduction. 

  The clinical utility of sorafenib has been demonstrated 
in the SHARP study  [20]  and in the Asia-Pacific study 
 [21] . However, because the response rate for sorafenib 
treatment was low in both studies, it is conceivable to be-
lieve that sorafenib might induce tumor dormancy and 
thereby prolong the SD period.

  In terms of the patients’ clinical presentation, a sig-
nificant difference was observed in treatment duration, 
but not in total dose, between the long and short SD 
groups. It is possible that patients in the long SD group 
receive longer treatment because of a longer SD duration. 
However, the increased treatment duration was not as-
sociated with an increased total dose of sorafenib, prob-
ably because treatment interruptions and/or sorafenib 
dose reductions were frequent in the long SD group; this 
may also account for the control of adverse drug reactions 
in the long SD group. In the short SD group, 6 patients 
discontinued treatment with sorafenib due to sorafenib-
related AEs. It is possible that successful control of AEs 
leads to the long SD in patients with sorafenib-related 
AEs. Among the AEs of sorafenib observed in this study, 
hand-foot reaction, diarrhea, hypertension and anorexia 
were the major AEs, and these might be prevented with 
appropriate measures such as adjustment of the sorafenib 
dosage and additional medications. From this point of 
view, intensive care and early detection of AEs is critical 
to avoid the discontinuation of sorafenib and attain an 
adequate treatment period. 

  According to our analyses, the administration period 
of sorafenib and the serum DCP level could predict the 
achievement of long SD. Several reports have shown that 
the serum DCP level reflects aggressive tumor behavior, 
and this might be related to the refractory character of 
tumors resistant to antitumor agents  [23, 24] . However, 
multivariate analysis failed to identify serum DCP as an 
independent factor associated with long SD. Further 
studies are required to confirm the role of DCP in predict-
ing the effectiveness of sorafenib.

 Table 2.  Multivariate analysis of factors associated with long SD in 
patients with HCC treated with sorafenib

p 
value

Hazard
ratio

95% CI

α-Fetoprotein 0.403 1.927 0.414 – 8.958
DCP 0.006 9.609 1.944 – 47.506
Administration period of

sorafenib 0.006 7.293 1.757 – 30.282
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  Our study showed an increase in OS compared to OS 
values observed in the SHARP and Asia-Pacific studies, 
and this increase is likely attributable to the establish-
ment of effective control of AEs and the decrease in treat-
ment discontinuation due to adverse drug reactions. 
Furthermore, patients developing PD during sorafenib 
treatment were managed actively with additional treat-
ment, such as hepatic arterial infusion chemotherapy. 
These approaches may improve the OS of patients treat-
ed with sorafenib compared to the results of previous 
analyses.

  Although the number of patients analyzed in this study 
was adequate, the retrospective design of the study might 
have led to bias in patient selection. To address these lim-
itations and independently validate the results of this 
study, we are currently designing a prospective multi-
center study investigating the significance of long SD in a 
larger patient cohort. 

  In conclusion, even in SD cases, prolonged sorafenib 
treatment improves OS to levels comparable to CR or PR. 
Therefore, achievement of long SD should be an impor-
tant issue in the treatment of HCC with sorafenib.
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fectively stratify HCC patients. The aim of this study was to 
evaluate the performance of these three staging systems for 
prognostic prediction.  Methods:  A total of 4,649 HCC pa-
tients were included in this study. A multivariate analysis 
identified the independent risk factors associated with over-
all survival. The stratification ability and the suitability as a 
prognostic model of the three staging systems were com-
pared.  Results:  Multivariate analysis revealed that male sex, 
higher Child-Pugh score, tumor size >2.0 cm, multiple tu-
mors, vascular invasion, higher alpha-fetoprotein (AFP) lev-
el, higher des-gamma-carboxyprothrombin level, higher 
 Lens culinaris  agglutinin-reactive AFP level, and a perfor-
mance status of 3–4 were independent risk factors in HCC. 
The independent homogenizing ability and stratification 
value of the bm-JIS score were higher than those of the c-JIS 
score and the BCLC system (χ 2  = 972.7581, 758.1041 and 
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  Our study showed an increase in OS compared to OS 
values observed in the SHARP and Asia-Pacific studies, 
and this increase is likely attributable to the establish-
ment of effective control of AEs and the decrease in treat-
ment discontinuation due to adverse drug reactions. 
Furthermore, patients developing PD during sorafenib 
treatment were managed actively with additional treat-
ment, such as hepatic arterial infusion chemotherapy. 
These approaches may improve the OS of patients treat-
ed with sorafenib compared to the results of previous 
analyses.

  Although the number of patients analyzed in this study 
was adequate, the retrospective design of the study might 
have led to bias in patient selection. To address these lim-
itations and independently validate the results of this 
study, we are currently designing a prospective multi-
center study investigating the significance of long SD in a 
larger patient cohort. 

  In conclusion, even in SD cases, prolonged sorafenib 
treatment improves OS to levels comparable to CR or PR. 
Therefore, achievement of long SD should be an impor-
tant issue in the treatment of HCC with sorafenib.
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679.6832, respectively). Moreover, the bm-JIS score had the 
lowest Akaike Information Criteria value, followed by the c-
JIS score and the BCLC system (9,844.278, 10,054.93 and 
10,131.35, respectively).  Conclusions:  Our results suggest 
that the bm-JIS score offers good stratification ability and is 
a better prognostic predictor than the c-JIS score and the 
BCLC system.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common malignancies worldwide and the second leading 
cause of cancer death  [1, 2] . Clinical staging is very im-
portant for optimal therapeutic strategy selection and 
prognostic prediction. Especially in HCC patients, prog-
nosis is defined by not only tumor status but also liver 
function. Therefore, it is essential to establish and validate 
the best clinical staging method for HCC. Several staging 
systems have been proposed for the classification and 
prognostic prediction of HCC patients  [3–8] . They main-
ly consider liver function (i.e., Child-Pugh score, serum 
albumin, serum total bilirubin, ascites, etc.) and tumor 
status (i.e., tumor size, number of tumors, tumor-node-
metastasis [TNM] stage, portal vein thrombosis, etc.).

  Among these, the Barcelona Clinic Liver Cancer 
(BCLC) staging system has been validated and used 
worldwide. It is also well known as the best system for 
HCC treatment guidance  [9] . However, the BCLC system 
strictly offers treatment selection staging instead of a 
prognostic predictive value, whereas it is necessary to 
consider patient prognosis when selecting the treatment 
strategy.

  The Japan Integrated Staging (JIS) score  [4]  consists of 
the Child-Pugh score and TNM staging by the Liver Can-
cer Study Group of Japan (LCSGJ)  [10] . The convention-
al JIS (c-JIS) score is widely used in Japan and Asian coun-
tries, and several reports have validated the effectiveness 
of the c-JIS score despite its simplicity  [11–14] .

  The biomarker-combined JIS (bm-JIS) score  [5]  in-
cludes three tumor markers  [15] , alpha-fetoprotein 
(AFP),  Lens culinaris  agglutinin-reactive alpha-fetopro-
tein (AFP-L3) fraction  [16]  and des-gamma-carboxypro-
thrombin (DCP), specific for HCC. It has been shown to 
offer better stratification ability and prognostic predictive 
power than the c-JIS score, the Cancer of the Liver Italian 
Program (CLIP) score  [6]  and the BALAD score  [17] . 
One of the reasons for such an advantage is that the bm-
JIS score evaluates not only tumor morphology and liver 

function but also biological factors as it consists of TNM 
stage, the Child-Pugh score and three tumor markers 
(AFP, AFP-L3 and DCP). However, the bm-JIS score is 
used less often and has not been validated worldwide.

  The aim of this study was to identify the independent 
prognostic predictors for overall survival (OS) in HCC 
and compare the stratification ability and suitability as a 
prognostic model of the c-JIS score, the bm-JIS score and 
the BCLC system by using data from a nationwide survey 
by the LCSGJ.

  Patients and Methods 

 Patient Characteristics 
 Between January 2004 and December 2005, there were 19,499 

patients registered in the database of a nationwide survey by the 
LCSGJ as newly diagnosed with HCC. Of these, 4,649 were eligible 
for this analysis owing to the availability of all required data (i.e., 
albumin, bilirubin, prothrombin time, hepatic encephalopathy, 
ascites, Child-Pugh score, AFP, AFP-L3, DCP, tumor size, number 
of tumors, metastasis, performance status and portal hyperten-
sion). All eligible patients were restaged according to the c-JIS 
score, the bm-JIS score and the BCLC system. Data collection and 
registration of the HCC patients included in this analysis were per-
formed with the approval of each participating institution. Pa-
tients’ informed consent was not required owing to the retrospec-
tive design of the study.

  Definitions of c-JIS Score and bm-JIS Score 
 The c-JIS score was obtained via the summation of Child-Pugh 

score and TNM stage by the LCSGJ. The bm-JIS score was the sum-
mation of the c-JIS score and the levels of the three tumor markers 
using the following cut-off values: AFP 400 ng/ml, AFP-L3 15% 
and DCP 100 mAU/ml. Regarding these tumor markers, a score of 
0 was allocated if none of the AFP, AFP-L3 and DCP markers were 
positive. Similarly, a score of 1 was assigned when any of the three 
tumor markers was positive and a score of 2 was given when any 
two of the three markers were positive. The definitions of c-JIS and 
bm-JIS scores are shown in  table 1 .

 Table 1.  Definitions of the c-JIS score and the bm-JIS score

Variable  Score

 0 1 2 3

Child-Pugh stage A B C } c-JIS
scoreTNM stage by the LCSGJa I II III IV

Elevated tumor markers 0 1 2 or 3

 a Stage I: T1 (fulfilling 3 T factors) N0 M0. Stage II: T2 (fulfill-
ing 2 T factors) N0 M0. Stage III: T3 (fulfilling 1 T factor) N0 M0. 
Stage IV: T4 (fulfilling 0 T factor) N0 M0 or any T N0 – 1 M1.
T factor: I. single, II. <2 cm, III. no vascular involvement.
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  Statistical Analysis 
 To compare the OS of patients categorized according to each 

staging system, univariate survival curves were estimated using 
the Kaplan-Meier method, and intergroup differences in survival 
rates were compared using the log-rank test. OS was the only end-
point used in the analysis. Survival was defined as the time interval 
between HCC diagnosis and death or the last follow-up. Variables 
with a p value <0.05 on univariate analysis were subjected to mul-
tivariate analysis using the Cox proportional hazards regression 
model. The likelihood ratio test was calculated using the Cox re-
gression model to evaluate the homogeneity of each staging sys-
tem with small differences among the patients classified into the 
same group by each system. In addition, the test was employed to 
estimate gradient monotonicity, as the mean survival time of pa-
tients who are classified as having favorable prognosis by a system 
is always longer than that of patients with a less favorable progno-

sis. The Akaike Information Criteria (AIC)  [18]  were also used to 
evaluate the discriminatory ability of a given model. All analyses 
were performed using the statistical software program R version 
2.13.0 (the Comprehensive R Archive Network) or the SPSS Med-
ical Pack for Windows (version 19.0; SPSS Inc., Chicago, Ill., 
USA).

  Results 

 Patient Characteristics 
  Table 2  shows the characteristics of the 4,649 enrolled 

patients. The median age was 68.9 years, and male was the 
dominant sex (69.3%). The most common cause of HCC 

 Table 2.  Patient characteristics (n = 4,649)

Variable n %

Age, years
Median ± SD 68.9 ± 9.3
Range 25.4 – 93.1

Sex
Male 3,224 69.3
Female 1,425 30.7

Cause of parenchymal disorder
HCV 3,500 75.3
HBV 558 12.0
HCV + HBV 79 1.7
Non-B, non-C 512 11.0

Child-Pugh stage
A 3,362 72.3
B 1,059 22.8
C 228 4.9

TNM stage by the LCSGJ
I 870 18.7
II 1,398 30.1
III 1,421 30.6
IV 960 20.6

Initial treatment modality
No 199 4.3
Yes

Surgery 1,166 25.1
Percutaneous ablation therapy 1,829 39.3
TACE 1,184 25.5
Chemolipiodolization 260 5.6
Other 11 0.2

Positivity of tumor markers
AFP (>400 ng/ml) 874 18.7
AFP-L3 (>15%) 1,338 28.7
DCP (>100 mAU/ml) 1,762 37.9

 HBV = Hepatitis B virus; HCV = hepatitis C virus; SD = stan-
dard deviation; TACE = transcatheter arterial chemoembolization.

 Table 3.  Results of univariate and multivariate analysis

Variable Univariate  Multivariate

p value HR 95% CI p value

Age, years
≥60
<60 0.001 0.938 0.782 – 1.124 0.487

Sex
Female
Male <0.0001 1.31 1.088 – 1.577 0.004

Child-Pugh score
C
B 0.371 0.290 – 0.474
A <0.0001 0.163 0.128 – 0.206 <0.0001

Maximum tumor size, cm
>2.0
≤2.0 <0.0001 0.571 0.432 – 0.754 <0.0001

Number of tumors
Multiple
Solitary <0.0001 0.772 0.649 – 0.917 0.003

Vascular invasion
Positive
Negative <0.0001 0.318 0.265 – 0.382 <0.0001

AFP, ng/ml
>400
≤400 <0.0001 0.491 0.407 – 0.594 <0.0001

AFP-L3, %
>15
≤15 <0.0001 0.676 0.563 – 0.812 <0.0001

DCP, mAU/ml
>100
≤100 <0.0001 0.52 0.429 – 0.629 <0.0001

Performance status
3 – 4
0 – 2 <0.0001 0.348 0.230 – 0.527 <0.0001

CI = Confidence interval; HR = hazard ratio.
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679.6832, respectively). Moreover, the bm-JIS score had the 
lowest Akaike Information Criteria value, followed by the c-
JIS score and the BCLC system (9,844.278, 10,054.93 and 
10,131.35, respectively).  Conclusions:  Our results suggest 
that the bm-JIS score offers good stratification ability and is 
a better prognostic predictor than the c-JIS score and the 
BCLC system.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common malignancies worldwide and the second leading 
cause of cancer death  [1, 2] . Clinical staging is very im-
portant for optimal therapeutic strategy selection and 
prognostic prediction. Especially in HCC patients, prog-
nosis is defined by not only tumor status but also liver 
function. Therefore, it is essential to establish and validate 
the best clinical staging method for HCC. Several staging 
systems have been proposed for the classification and 
prognostic prediction of HCC patients  [3–8] . They main-
ly consider liver function (i.e., Child-Pugh score, serum 
albumin, serum total bilirubin, ascites, etc.) and tumor 
status (i.e., tumor size, number of tumors, tumor-node-
metastasis [TNM] stage, portal vein thrombosis, etc.).

  Among these, the Barcelona Clinic Liver Cancer 
(BCLC) staging system has been validated and used 
worldwide. It is also well known as the best system for 
HCC treatment guidance  [9] . However, the BCLC system 
strictly offers treatment selection staging instead of a 
prognostic predictive value, whereas it is necessary to 
consider patient prognosis when selecting the treatment 
strategy.

  The Japan Integrated Staging (JIS) score  [4]  consists of 
the Child-Pugh score and TNM staging by the Liver Can-
cer Study Group of Japan (LCSGJ)  [10] . The convention-
al JIS (c-JIS) score is widely used in Japan and Asian coun-
tries, and several reports have validated the effectiveness 
of the c-JIS score despite its simplicity  [11–14] .

  The biomarker-combined JIS (bm-JIS) score  [5]  in-
cludes three tumor markers  [15] , alpha-fetoprotein 
(AFP),  Lens culinaris  agglutinin-reactive alpha-fetopro-
tein (AFP-L3) fraction  [16]  and des-gamma-carboxypro-
thrombin (DCP), specific for HCC. It has been shown to 
offer better stratification ability and prognostic predictive 
power than the c-JIS score, the Cancer of the Liver Italian 
Program (CLIP) score  [6]  and the BALAD score  [17] . 
One of the reasons for such an advantage is that the bm-
JIS score evaluates not only tumor morphology and liver 

function but also biological factors as it consists of TNM 
stage, the Child-Pugh score and three tumor markers 
(AFP, AFP-L3 and DCP). However, the bm-JIS score is 
used less often and has not been validated worldwide.

  The aim of this study was to identify the independent 
prognostic predictors for overall survival (OS) in HCC 
and compare the stratification ability and suitability as a 
prognostic model of the c-JIS score, the bm-JIS score and 
the BCLC system by using data from a nationwide survey 
by the LCSGJ.

  Patients and Methods 

 Patient Characteristics 
 Between January 2004 and December 2005, there were 19,499 

patients registered in the database of a nationwide survey by the 
LCSGJ as newly diagnosed with HCC. Of these, 4,649 were eligible 
for this analysis owing to the availability of all required data (i.e., 
albumin, bilirubin, prothrombin time, hepatic encephalopathy, 
ascites, Child-Pugh score, AFP, AFP-L3, DCP, tumor size, number 
of tumors, metastasis, performance status and portal hyperten-
sion). All eligible patients were restaged according to the c-JIS 
score, the bm-JIS score and the BCLC system. Data collection and 
registration of the HCC patients included in this analysis were per-
formed with the approval of each participating institution. Pa-
tients’ informed consent was not required owing to the retrospec-
tive design of the study.

  Definitions of c-JIS Score and bm-JIS Score 
 The c-JIS score was obtained via the summation of Child-Pugh 

score and TNM stage by the LCSGJ. The bm-JIS score was the sum-
mation of the c-JIS score and the levels of the three tumor markers 
using the following cut-off values: AFP 400 ng/ml, AFP-L3 15% 
and DCP 100 mAU/ml. Regarding these tumor markers, a score of 
0 was allocated if none of the AFP, AFP-L3 and DCP markers were 
positive. Similarly, a score of 1 was assigned when any of the three 
tumor markers was positive and a score of 2 was given when any 
two of the three markers were positive. The definitions of c-JIS and 
bm-JIS scores are shown in  table 1 .

 Table 1.  Definitions of the c-JIS score and the bm-JIS score

Variable  Score

 0 1 2 3

Child-Pugh stage A B C } c-JIS
scoreTNM stage by the LCSGJa I II III IV

Elevated tumor markers 0 1 2 or 3

 a Stage I: T1 (fulfilling 3 T factors) N0 M0. Stage II: T2 (fulfill-
ing 2 T factors) N0 M0. Stage III: T3 (fulfilling 1 T factor) N0 M0. 
Stage IV: T4 (fulfilling 0 T factor) N0 M0 or any T N0 – 1 M1.
T factor: I. single, II. <2 cm, III. no vascular involvement.
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  Statistical Analysis 
 To compare the OS of patients categorized according to each 

staging system, univariate survival curves were estimated using 
the Kaplan-Meier method, and intergroup differences in survival 
rates were compared using the log-rank test. OS was the only end-
point used in the analysis. Survival was defined as the time interval 
between HCC diagnosis and death or the last follow-up. Variables 
with a p value <0.05 on univariate analysis were subjected to mul-
tivariate analysis using the Cox proportional hazards regression 
model. The likelihood ratio test was calculated using the Cox re-
gression model to evaluate the homogeneity of each staging sys-
tem with small differences among the patients classified into the 
same group by each system. In addition, the test was employed to 
estimate gradient monotonicity, as the mean survival time of pa-
tients who are classified as having favorable prognosis by a system 
is always longer than that of patients with a less favorable progno-

sis. The Akaike Information Criteria (AIC)  [18]  were also used to 
evaluate the discriminatory ability of a given model. All analyses 
were performed using the statistical software program R version 
2.13.0 (the Comprehensive R Archive Network) or the SPSS Med-
ical Pack for Windows (version 19.0; SPSS Inc., Chicago, Ill., 
USA).

  Results 

 Patient Characteristics 
  Table 2  shows the characteristics of the 4,649 enrolled 

patients. The median age was 68.9 years, and male was the 
dominant sex (69.3%). The most common cause of HCC 

 Table 2.  Patient characteristics (n = 4,649)

Variable n %

Age, years
Median ± SD 68.9 ± 9.3
Range 25.4 – 93.1

Sex
Male 3,224 69.3
Female 1,425 30.7

Cause of parenchymal disorder
HCV 3,500 75.3
HBV 558 12.0
HCV + HBV 79 1.7
Non-B, non-C 512 11.0

Child-Pugh stage
A 3,362 72.3
B 1,059 22.8
C 228 4.9

TNM stage by the LCSGJ
I 870 18.7
II 1,398 30.1
III 1,421 30.6
IV 960 20.6

Initial treatment modality
No 199 4.3
Yes

Surgery 1,166 25.1
Percutaneous ablation therapy 1,829 39.3
TACE 1,184 25.5
Chemolipiodolization 260 5.6
Other 11 0.2

Positivity of tumor markers
AFP (>400 ng/ml) 874 18.7
AFP-L3 (>15%) 1,338 28.7
DCP (>100 mAU/ml) 1,762 37.9

 HBV = Hepatitis B virus; HCV = hepatitis C virus; SD = stan-
dard deviation; TACE = transcatheter arterial chemoembolization.

 Table 3.  Results of univariate and multivariate analysis

Variable Univariate  Multivariate

p value HR 95% CI p value

Age, years
≥60
<60 0.001 0.938 0.782 – 1.124 0.487

Sex
Female
Male <0.0001 1.31 1.088 – 1.577 0.004

Child-Pugh score
C
B 0.371 0.290 – 0.474
A <0.0001 0.163 0.128 – 0.206 <0.0001

Maximum tumor size, cm
>2.0
≤2.0 <0.0001 0.571 0.432 – 0.754 <0.0001

Number of tumors
Multiple
Solitary <0.0001 0.772 0.649 – 0.917 0.003

Vascular invasion
Positive
Negative <0.0001 0.318 0.265 – 0.382 <0.0001

AFP, ng/ml
>400
≤400 <0.0001 0.491 0.407 – 0.594 <0.0001

AFP-L3, %
>15
≤15 <0.0001 0.676 0.563 – 0.812 <0.0001

DCP, mAU/ml
>100
≤100 <0.0001 0.52 0.429 – 0.629 <0.0001

Performance status
3 – 4
0 – 2 <0.0001 0.348 0.230 – 0.527 <0.0001

CI = Confidence interval; HR = hazard ratio.
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was hepatitis C virus infection (75.3%). Approximately 
72.3% of the patients were classified as Child-Pugh stage 
A. Most patients (95.6%) received some kind of treat-
ment. In total, 874 patients (18.7%) were positive for AFP, 
1,338 patients (28.7%) for AFP-L3, and 1,762 patients 
(37.9%) for DCP, with positivity being defined as a level 
above the cut-off value.

  Clinical Factors Associated with Survival in HCC 
Patients 
 Univariate and multivariate analyses were performed 

to determine the factors contributing to an improved OS 
in HCC patients, and the results are shown in  table  3 . 
Multivariate analysis revealed that male sex, higher Child-
Pugh score, tumor size >2.0 cm, multiple tumors, vascu-

0.8

0.6

0.4

0.2

1.0

0

Su
rv

iv
al

 ra
te

1.51.00.50 2.0
Years

c-JIS score
Score 0
Score 1

Score 2

Score 3

Score 4

Score 5

a

0.8

0.6

0.4

0.2

1.0

0

Su
rv

iv
al

 ra
te

1.51.00.50 2.0
Years

bm-JIS score
Score 0
Score 1
Score 2

Score 3

Score 4

Score 5

Score 6
Score 7

b

0.8

0.6

0.4

0.2

1.0

0

Su
rv

iv
al

 ra
te

1.51.00.50 2.0
Years

BCLC system
Stage 0

Stage A

Stage B

Stage C

Stage D

c

  Fig. 1.  OS rates according to the c-JIS score ( a ), the bm-JIS score 
( b ) and the BCLC system ( c ) in 4,649 patients. Statistically signifi-
cant differences in OS were observed among all c-JIS score groups 
(p = 0.004 for scores of 0–1 and p < 0.0001 for each score from 1 
to 5). Similarly, HCC patients with different bm-JIS scores had 
significantly different OS (p = 0.011 for scores of 1–2 and p < 
0.0001 for each score from 2 to 7), except for scores of 0–1 (p = 
0.076). Furthermore, statistically significant differences in OS were 
observed among all BCLC stages (p < 0.0001). 
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lar invasion, higher AFP level, higher DCP level, higher 
AFP-L3 level and a performance status of 3–4 were inde-
pendent risk factors (p = 0.004 for sex, p = 0.003 for num-
ber of tumors and p < 0.0001 for all other variables).

  Patient Distribution, Survival and Stratification 
Ability of the c-JIS Score, the bm-JIS Score and the 
BCLC System 
 Comparisons of OS according to the three staging sys-

tems are shown in  figure 1 . Statistically significant differ-
ences in OS were observed among all c-JIS score groups 
(p = 0.004 for scores of 0–1 and p < 0.0001 for each score 
from 1 to 5). Similarly, HCC patients with different bm-
JIS scores had significantly different OS (p = 0.011 for 
scores of 1–2 and p < 0.0001 for each score from 2 to 7), 
except for scores of 0–1 (p = 0.076). Furthermore, statisti-
cally significant differences in OS were observed among 
all BCLC stages (p < 0.0001). These results indicated good 
stratification ability of the three staging systems and their 
effective predictive value of OS. However, when the Kap-

lan-Meier curves for the worst prognostic subgroups (i.e., 
c-JIS score of 5, bm-JIS score of 7 and BCLC stage D) were 
compared, there were significant differences between the 
bm-JIS score and the BCLC system as well as the c-JIS 
score and the BCLC system (p < 0.0001 for each compar-
ison;  fig. 2 ). Furthermore, when BCLC stage D was com-
pared with the second worst bm-JIS score of 6, significant 
differences were also observed (p < 0.0001). Patient dis-
tribution, 2-year survival rate and median survival time 
according to the bm-JIS score, the c-JIS score and the 
BCLC system are shown in  table 4 . The median follow-up 
period was 9 months (range 1–24 months, from January 
2004 to December 2005). The 2-year survival rates of the 
worst bm-JIS, c-JIS and BCLC subgroups were 11.4, 15.3 
and 33.4%, respectively, whereas the corresponding me-
dian survival times were 4.8, 5.9 and 12.3 months, respec-
tively.

   Table 5  presents the independent homogenizing abil-
ity and stratification value of the c-JIS score, the bm-JIS 
score and the BCLC system as determined by the likeli-
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 Table 4.  Patient distribution, 2-year survival rate and mean sur-
vival time according to the bm-JIS score, the c-JIS score and the 
BCLC system (n = 4,649)

Staging
system

n % 2-year 
survival rate

Mean 
survival

bm-JIS score
0 511 11.0 96.5% 22.7 months
1 871 18.8 92.8% 22.4 months
2 964 20.7 86.4% 21.9 months
3 839 18.0 75.0% 20.3 months
4 711 15.3 54.5% 18.1 months
5 517 11.1 38.6% 13.7 months
6 177 3.8 17.7% 8.2 months
7 59 1.3 11.4% 4.8 months

c-JIS score
0 661 14.2 94.5% 22.6 months
1 1,222 26.3 88.9% 22.0 months
2 1,348 29.0 78.2% 20.6 months
3 1,038 22.3 52.7% 16.9 months
4 302 6.5 30.3% 12.1 months
5 79 1.7 15.3% 5.9 months

BCLC system
0 601 13.0 96.1% 22.7 months
A 1,535 33.0 88.6% 22.1 months
B 916 19.7 76.9% 20.1 months
C 1,317 28.3 52.3% 16.5 months
D 280 6.0 33.4% 12.3 months

  Fig. 2.  When the Kaplan-Meier curves for the worst prognostic 
subgroups (i.e., c-JIS score of 5, bm-JIS score of 7 and BCLC stage 
D) were compared, there were significant differences between the 
bm-JIS score and the BCLC system as well as the c-JIS score and 
the BCLC system (p < 0.0001 for each comparison). Furthermore, 
when BCLC stage D was compared with the second worst bm-JIS 
score of 6, significant differences were also observed (p < 0.0001). 
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was hepatitis C virus infection (75.3%). Approximately 
72.3% of the patients were classified as Child-Pugh stage 
A. Most patients (95.6%) received some kind of treat-
ment. In total, 874 patients (18.7%) were positive for AFP, 
1,338 patients (28.7%) for AFP-L3, and 1,762 patients 
(37.9%) for DCP, with positivity being defined as a level 
above the cut-off value.

  Clinical Factors Associated with Survival in HCC 
Patients 
 Univariate and multivariate analyses were performed 

to determine the factors contributing to an improved OS 
in HCC patients, and the results are shown in  table  3 . 
Multivariate analysis revealed that male sex, higher Child-
Pugh score, tumor size >2.0 cm, multiple tumors, vascu-
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  Fig. 1.  OS rates according to the c-JIS score ( a ), the bm-JIS score 
( b ) and the BCLC system ( c ) in 4,649 patients. Statistically signifi-
cant differences in OS were observed among all c-JIS score groups 
(p = 0.004 for scores of 0–1 and p < 0.0001 for each score from 1 
to 5). Similarly, HCC patients with different bm-JIS scores had 
significantly different OS (p = 0.011 for scores of 1–2 and p < 
0.0001 for each score from 2 to 7), except for scores of 0–1 (p = 
0.076). Furthermore, statistically significant differences in OS were 
observed among all BCLC stages (p < 0.0001). 
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lar invasion, higher AFP level, higher DCP level, higher 
AFP-L3 level and a performance status of 3–4 were inde-
pendent risk factors (p = 0.004 for sex, p = 0.003 for num-
ber of tumors and p < 0.0001 for all other variables).

  Patient Distribution, Survival and Stratification 
Ability of the c-JIS Score, the bm-JIS Score and the 
BCLC System 
 Comparisons of OS according to the three staging sys-

tems are shown in  figure 1 . Statistically significant differ-
ences in OS were observed among all c-JIS score groups 
(p = 0.004 for scores of 0–1 and p < 0.0001 for each score 
from 1 to 5). Similarly, HCC patients with different bm-
JIS scores had significantly different OS (p = 0.011 for 
scores of 1–2 and p < 0.0001 for each score from 2 to 7), 
except for scores of 0–1 (p = 0.076). Furthermore, statisti-
cally significant differences in OS were observed among 
all BCLC stages (p < 0.0001). These results indicated good 
stratification ability of the three staging systems and their 
effective predictive value of OS. However, when the Kap-

lan-Meier curves for the worst prognostic subgroups (i.e., 
c-JIS score of 5, bm-JIS score of 7 and BCLC stage D) were 
compared, there were significant differences between the 
bm-JIS score and the BCLC system as well as the c-JIS 
score and the BCLC system (p < 0.0001 for each compar-
ison;  fig. 2 ). Furthermore, when BCLC stage D was com-
pared with the second worst bm-JIS score of 6, significant 
differences were also observed (p < 0.0001). Patient dis-
tribution, 2-year survival rate and median survival time 
according to the bm-JIS score, the c-JIS score and the 
BCLC system are shown in  table 4 . The median follow-up 
period was 9 months (range 1–24 months, from January 
2004 to December 2005). The 2-year survival rates of the 
worst bm-JIS, c-JIS and BCLC subgroups were 11.4, 15.3 
and 33.4%, respectively, whereas the corresponding me-
dian survival times were 4.8, 5.9 and 12.3 months, respec-
tively.

   Table 5  presents the independent homogenizing abil-
ity and stratification value of the c-JIS score, the bm-JIS 
score and the BCLC system as determined by the likeli-
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 Table 4.  Patient distribution, 2-year survival rate and mean sur-
vival time according to the bm-JIS score, the c-JIS score and the 
BCLC system (n = 4,649)

Staging
system

n % 2-year 
survival rate

Mean 
survival

bm-JIS score
0 511 11.0 96.5% 22.7 months
1 871 18.8 92.8% 22.4 months
2 964 20.7 86.4% 21.9 months
3 839 18.0 75.0% 20.3 months
4 711 15.3 54.5% 18.1 months
5 517 11.1 38.6% 13.7 months
6 177 3.8 17.7% 8.2 months
7 59 1.3 11.4% 4.8 months

c-JIS score
0 661 14.2 94.5% 22.6 months
1 1,222 26.3 88.9% 22.0 months
2 1,348 29.0 78.2% 20.6 months
3 1,038 22.3 52.7% 16.9 months
4 302 6.5 30.3% 12.1 months
5 79 1.7 15.3% 5.9 months

BCLC system
0 601 13.0 96.1% 22.7 months
A 1,535 33.0 88.6% 22.1 months
B 916 19.7 76.9% 20.1 months
C 1,317 28.3 52.3% 16.5 months
D 280 6.0 33.4% 12.3 months

  Fig. 2.  When the Kaplan-Meier curves for the worst prognostic 
subgroups (i.e., c-JIS score of 5, bm-JIS score of 7 and BCLC stage 
D) were compared, there were significant differences between the 
bm-JIS score and the BCLC system as well as the c-JIS score and 
the BCLC system (p < 0.0001 for each comparison). Furthermore, 
when BCLC stage D was compared with the second worst bm-JIS 
score of 6, significant differences were also observed (p < 0.0001). 
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hood ratio test using the Cox proportional hazards re-
gression model. The bm-JIS score had a higher χ 2  value 
(χ 2  = 972.7581) than the c-JIS score (χ 2  = 758.1041) and 
the BCLC system (χ 2  = 679.6832). Furthermore, a lower 
AIC value was obtained for the bm-JIS score (9,844.278) 
than for the c-JIS score (10,054.93) and the BCLC system 
(10,131.35), suggesting that the bm-JIS score was a better 
prognostic model than the c-JIS score and the BCLC sys-
tem.

  Discussion 

 In the prognostic assessment of HCC, the utilization 
of AFP, AFP-L3 and DCP for the detection and evalua-
tion of tumor progression has been reported. AFP is a 
tumor marker that is routinely and most widely used for 
HCC surveillance and the evaluation of treatment effi-
cacy  [19–21] . On the other hand, AFP-L3 and DCP are 
well known to have an influence of malignancy grading. 
AFP-L3 production is largely related to the degree of bio-
logical malignancy of HCC  [16, 22] . Moreover, a high lev-
el (>100 mAU/ml) of DCP is a risk factor for microvas-
cular invasion  [23] . The combination of AFP, AFP-L3 
and DCP has also been proposed to be more useful than 
the use of each marker alone  [15, 24] . In addition, positiv-
ity of these three tumor markers has clinical implications 
for advanced planning and appropriate management of 
HCC patients. Although several staging systems have 
been proposed to classify and estimate the prognosis of 
HCC patients, some of them, such as the Okuda classifi-
cation, the BCLC system  [3]  and the c-JIS score  [4] , do 
not include tumor markers. Furthermore, the CLIP score 
 [6] , the GRETCH (Groupe d’Etude et de Traitement du 

Carcinome Hépatocellulaire) score  [7]  and the Chinese 
University Prognostic Index (CUPI)  [8]  only include 
AFP. These staging systems mainly combine liver func-
tion (i.e., Child-Pugh score: albumin, bilirubin, pro-
thrombin time, hepatic encephalopathy and ascites), 
grade of cancer (i.e., tumor staging: number of tumors, 
tumor size, portal invasion, distant metastasis, tumor 
markers, etc.) and other factors (performance status, por-
tal hypertension, etc.). In the present study, multivariate 
analysis revealed that higher AFP, AFP-L3 and DCP lev-
els, besides others, were independent risk factors for OS. 
Such a result suggested that the measurement of these 
three tumor markers should be included in a staging sys-
tem for HCC. Nonetheless, a possibly ideal system might 
need to consider not only the above-mentioned markers 
but also liver function as well as tumor status, as we pre-
viously reported  [25] .

  In the worst subgroup analysis of this study, the bm-
JIS score showed better stratification ability than the 
BCLC system. When the subgroups with bm-JIS scores of 
6 and 7 were compared with that of BCLC stage D, sig-
nificant differences were observed for each comparison. 
On the other hand, there were no significant differences 
between the subgroups with a bm-JIS score of 5 and BCLC 
stage D. Such a result indicated that the bm-JIS score eval-
uated patient prognosis more precisely than the BCLC 
system, especially in subgroups with poor prognosis. 
Likewise, the c-JIS score also evaluated patient prognosis 
more precisely than the BCLC system. We speculated that 
there might be two reasons for such findings. First, in the 
BCLC system, stage D was defined as the terminal stage 
(Child-Pugh score C or performance status of 3–4) re-
gardless of tumor status. Therefore, patients classified 
into BCLC stage D were recommended the best support-
ive care. However, even in cases of very poor liver func-
tion, the utility of locoregional treatments (i.e., radiofre-
quency ablation and transcatheter arterial chemoemboli-
zation) has recently been reported from Japan  [26, 27] . In 
fact, locoregional treatments for some HCC patients with 
decompensated cirrhosis were performed in Japan. The 
differences in treatment guidelines were part of the rea-
son for such a result  [28] . Second, several papers have re-
ported difficulties to accurately diagnose minimal intra-
hepatic metastasis, microscopic portal invasion and dis-
tant metastasis by using imaging modalities  [29, 30] . 
Therefore, the malignancy of a tumor might not be fully 
reflected on imaging findings alone. From this point of 
view, the bm-JIS score may stratify and predict the OS of 
HCC patients more accurately by evaluating three tumor 
markers as a useful index for malignancy grading.

 Table 5.  Evaluation of homogeneity and prognostic stratification 
according to the c-JIS score, the bm-JIS score and the BCLC system 
(all patients, n = 4,649)

Mode Likelihood
ratio (χ2)

AIC

c-JIS score 972.7581 9,844.278
bm-JIS score 758.1041 10,054.93
BCLC system 679.6832 10,131.35

 The model with a higher χ2 value by the likelihood ratio test was 
considered the better model for discriminatory ability, homo-
geneity and monotonicity of gradients. Furthermore, lower values 
for AIC were considered better for discriminatory ability.
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  In the present study, the c-JIS score, the bm-JIS score 
and the BCLC system showed good performance in ac-
curately predicting patient survival. Moreover, the bm-
JIS score also had better likelihood ratio test and AIC val-
ues, indicating its superior stratification ability and prog-
nostic predictive power. Thus, our results suggest that the 
bm-JIS score was definitely the better staging model than 
the c-JIS score and the BCLC system.

  However, there are some limitations in this study. 
First, the follow-up period was very short as this retro-
spective analysis used only data from the 18th annual na-
tionwide survey. Therefore, it did not suffice to assess pa-
tients’ OS especially in the early stage of the three staging 
systems. Second, there were inevitable selection biases 

owing to the retrospective nature of the study. Approxi-
mately three fourth of the available patients were exclud-
ed due to missing data (the variables needed for the bm-
JIS score, the c-JIS score and the BCLC system staging). 
Further studies will be required to confirm our findings 
and validate them in different populations.

  In conclusion, the bm-JIS score offered better stratifi-
cation ability and prognostic predictive power than the 
c-JIS score and the BCLC system. Therefore, residual liv-
er function, cancer grade and these three tumor markers 
should preferably be considered in a clinical staging sys-
tem to more accurately predict the prognosis of HCC pa-
tients.
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hood ratio test using the Cox proportional hazards re-
gression model. The bm-JIS score had a higher χ 2  value 
(χ 2  = 972.7581) than the c-JIS score (χ 2  = 758.1041) and 
the BCLC system (χ 2  = 679.6832). Furthermore, a lower 
AIC value was obtained for the bm-JIS score (9,844.278) 
than for the c-JIS score (10,054.93) and the BCLC system 
(10,131.35), suggesting that the bm-JIS score was a better 
prognostic model than the c-JIS score and the BCLC sys-
tem.

  Discussion 

 In the prognostic assessment of HCC, the utilization 
of AFP, AFP-L3 and DCP for the detection and evalua-
tion of tumor progression has been reported. AFP is a 
tumor marker that is routinely and most widely used for 
HCC surveillance and the evaluation of treatment effi-
cacy  [19–21] . On the other hand, AFP-L3 and DCP are 
well known to have an influence of malignancy grading. 
AFP-L3 production is largely related to the degree of bio-
logical malignancy of HCC  [16, 22] . Moreover, a high lev-
el (>100 mAU/ml) of DCP is a risk factor for microvas-
cular invasion  [23] . The combination of AFP, AFP-L3 
and DCP has also been proposed to be more useful than 
the use of each marker alone  [15, 24] . In addition, positiv-
ity of these three tumor markers has clinical implications 
for advanced planning and appropriate management of 
HCC patients. Although several staging systems have 
been proposed to classify and estimate the prognosis of 
HCC patients, some of them, such as the Okuda classifi-
cation, the BCLC system  [3]  and the c-JIS score  [4] , do 
not include tumor markers. Furthermore, the CLIP score 
 [6] , the GRETCH (Groupe d’Etude et de Traitement du 

Carcinome Hépatocellulaire) score  [7]  and the Chinese 
University Prognostic Index (CUPI)  [8]  only include 
AFP. These staging systems mainly combine liver func-
tion (i.e., Child-Pugh score: albumin, bilirubin, pro-
thrombin time, hepatic encephalopathy and ascites), 
grade of cancer (i.e., tumor staging: number of tumors, 
tumor size, portal invasion, distant metastasis, tumor 
markers, etc.) and other factors (performance status, por-
tal hypertension, etc.). In the present study, multivariate 
analysis revealed that higher AFP, AFP-L3 and DCP lev-
els, besides others, were independent risk factors for OS. 
Such a result suggested that the measurement of these 
three tumor markers should be included in a staging sys-
tem for HCC. Nonetheless, a possibly ideal system might 
need to consider not only the above-mentioned markers 
but also liver function as well as tumor status, as we pre-
viously reported  [25] .

  In the worst subgroup analysis of this study, the bm-
JIS score showed better stratification ability than the 
BCLC system. When the subgroups with bm-JIS scores of 
6 and 7 were compared with that of BCLC stage D, sig-
nificant differences were observed for each comparison. 
On the other hand, there were no significant differences 
between the subgroups with a bm-JIS score of 5 and BCLC 
stage D. Such a result indicated that the bm-JIS score eval-
uated patient prognosis more precisely than the BCLC 
system, especially in subgroups with poor prognosis. 
Likewise, the c-JIS score also evaluated patient prognosis 
more precisely than the BCLC system. We speculated that 
there might be two reasons for such findings. First, in the 
BCLC system, stage D was defined as the terminal stage 
(Child-Pugh score C or performance status of 3–4) re-
gardless of tumor status. Therefore, patients classified 
into BCLC stage D were recommended the best support-
ive care. However, even in cases of very poor liver func-
tion, the utility of locoregional treatments (i.e., radiofre-
quency ablation and transcatheter arterial chemoemboli-
zation) has recently been reported from Japan  [26, 27] . In 
fact, locoregional treatments for some HCC patients with 
decompensated cirrhosis were performed in Japan. The 
differences in treatment guidelines were part of the rea-
son for such a result  [28] . Second, several papers have re-
ported difficulties to accurately diagnose minimal intra-
hepatic metastasis, microscopic portal invasion and dis-
tant metastasis by using imaging modalities  [29, 30] . 
Therefore, the malignancy of a tumor might not be fully 
reflected on imaging findings alone. From this point of 
view, the bm-JIS score may stratify and predict the OS of 
HCC patients more accurately by evaluating three tumor 
markers as a useful index for malignancy grading.

 Table 5.  Evaluation of homogeneity and prognostic stratification 
according to the c-JIS score, the bm-JIS score and the BCLC system 
(all patients, n = 4,649)

Mode Likelihood
ratio (χ2)

AIC

c-JIS score 972.7581 9,844.278
bm-JIS score 758.1041 10,054.93
BCLC system 679.6832 10,131.35

 The model with a higher χ2 value by the likelihood ratio test was 
considered the better model for discriminatory ability, homo-
geneity and monotonicity of gradients. Furthermore, lower values 
for AIC were considered better for discriminatory ability.
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  In the present study, the c-JIS score, the bm-JIS score 
and the BCLC system showed good performance in ac-
curately predicting patient survival. Moreover, the bm-
JIS score also had better likelihood ratio test and AIC val-
ues, indicating its superior stratification ability and prog-
nostic predictive power. Thus, our results suggest that the 
bm-JIS score was definitely the better staging model than 
the c-JIS score and the BCLC system.

  However, there are some limitations in this study. 
First, the follow-up period was very short as this retro-
spective analysis used only data from the 18th annual na-
tionwide survey. Therefore, it did not suffice to assess pa-
tients’ OS especially in the early stage of the three staging 
systems. Second, there were inevitable selection biases 

owing to the retrospective nature of the study. Approxi-
mately three fourth of the available patients were exclud-
ed due to missing data (the variables needed for the bm-
JIS score, the c-JIS score and the BCLC system staging). 
Further studies will be required to confirm our findings 
and validate them in different populations.

  In conclusion, the bm-JIS score offered better stratifi-
cation ability and prognostic predictive power than the 
c-JIS score and the BCLC system. Therefore, residual liv-
er function, cancer grade and these three tumor markers 
should preferably be considered in a clinical staging sys-
tem to more accurately predict the prognosis of HCC pa-
tients.
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change, decrease and disappearance), the OS of each group 
was compared using the Kaplan-Meier method.  Results:  Sta-
tistically significant differences in OS were observed among 
the three groups (p < 0.001). A decrease or disappearance of 
arterial enhancement was significantly associated with im-
proved OS compared to patients with no change in arterial 
enhancement; the median OS was 19.9 months (95% confi-
dence interval, CI, 16.4–24.5 months) and 6.0 months (95% 
CI, 4.0–8.8 months), respectively (p < 0.001). However, there 
was no difference in OS between the decrease and disap-
pearance groups (p = 0.88).  Conclusion:  We conclude that 
decreased arterial enhancement during sorafenib treatment 
was associated with the longest OS and could therefore re-
flect an effective response.  © 2014 S. Karger AG, Basel 
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CI, 4.0–8.8 months), respectively (p < 0.001). However, there 
was no difference in OS between the decrease and disap-
pearance groups (p = 0.88).  Conclusion:  We conclude that 
decreased arterial enhancement during sorafenib treatment 
was associated with the longest OS and could therefore re-
flect an effective response.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is currently ranked 
as the fifth most common cancer and the third leading 
cause of cancer-related death worldwide  [1, 2] . Because 

 Key Words 
 Arterial blood flow · Hepatocellular carcinoma · Overall 
survival · Sorafenib · Tumor staining 

 Abstract 
  Background:  Sorafenib is a multikinase inhibitor targeting 
Raf and protein tyrosine kinases, which are involved in cell 
growth and tumor angiogenesis. Sorafenib administration 
induces temporary inhibition of tumor growth and a de-
crease in arterial blood flow in a considerable number of he-
patocellular carcinoma (HCC) patients. We retrospectively 
evaluated the association between decreased blood flow 
and the overall survival (OS) of HCC patients after the initia-
tion of sorafenib therapy.  Patients and Methods:  Therapeu-
tic responses of 158 advanced HCC patients with hypervas-
cular tumors who had received sorafenib for more than 1 
month were analyzed. To assess their therapeutic response, 
patients underwent radiological evaluation before and ev-
ery 4–6 weeks after the initiation of sorafenib treatment. Af-
ter the classification of patients into three groups based on 
the change in arterial enhancement during treatment (no 

 Masatoshi Kudo, MD, PhD 
 Department of Gastroenterology and Hepatology 
 Kinki University Faculty of Medicine 
 377-2 Ohno-Higashi, Osaka-Sayama 589-8511 (Japan) 
 E-Mail m-kudo   @   med.kindai.ac.jp 

 © 2014 S. Karger AG, Basel
0257–2753/14/0326–0733$39.50/0 

 www.karger.com/ddi 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 8

:4
9:

50
 A

M

— 315 —



 Arizumi et al.
 

Dig Dis 2014;32:733–739
DOI: 10.1159/000368013

734

most patients are diagnosed at advanced stages, only 
about 30% of patients presenting with early-stage tumors 
undergo potentially curative therapies, such as surgical 
resection  [3, 4] , transplantation  [5, 6]  or percutaneous ab-
lation  [7–9] . In contrast, patients with unresectable HCC 
usually receive palliative treatments, such as transarterial 
chemoembolization (TACE)  [10] , radiotherapy  [11, 12]  
or conventional chemotherapy  [13] , and some patients 
participate in clinical trials  [10, 14–17] . Among these op-
tions, only TACE has been shown to lead to survival ben-
efits  [18, 19] . However, its application is often limited due 
to the presence of vascular invasion or extrahepatic spread 
 [20–23] .

  Sorafenib, a small-molecule multikinase inhibitor  [24] , 
was the first systemic agent that was proven to prolong 
survival in patients with advanced HCC in two phase III 
trials  [25, 26] , and it is now the standard of care for sys-
temically treated patients  [13, 22, 27–30] . Sorafenib in-
hibits Raf protein kinase and receptor tyrosine kinases, 
including platelet-derived growth factor receptor and 
vascular endothelial growth factor receptor, which is in-
volved in the neovascularization of HCC. In addition, 
sorafenib also inhibits Flt-3 and c-KIT, which are both 
involved in neovascularization and cellular growth  [31–
33] . However, because both trials were assessed using the 
Response Evaluation Criteria in Solid Tumors 1.1 (RE-
CIST1.1), altered arterial enhancement and its associa-
tion with overall survival (OS) in sorafenib-treated pa-
tients has not been evaluated thus far  [34] .

  We reported that the modified RECIST (mRECIST) 
and the Response Evaluation Criteria in Cancer of the 
Liver (RECICL), which include the assessment of arterial 
tumor enhancement, are useful for evaluating therapeutic 
effects for HCC patients  [35, 36] . Indeed, it has been re-
ported that for patients treated with sorafenib, OS is bet-
ter reflected by mRECIST than RECIST1.1  [37, 38] , sug-
gesting that a consequence of effective treatment may be 
the disappearance of tumor staining. Therefore, the as-
sociation between decreased arterial enhancement and 
OS should be clarified.

  In this study, we retrospectively examined the rela-
tionship between alterations in arterial enhancement de-
termined by imaging and the survival of HCC patients 
who presented with hypervascular tumors and received 
sorafenib treatment. We demonstrated that patients with 
decreased tumor enhancement clearly demonstrated bet-
ter OS than patients whose tumor staining remained un-
changed. Therefore, a change in tumor enhancement 
should be a surrogate marker of tumor response after the 
initiation of sorafenib therapy.

  Patients and Methods 

 Patients 
 Between May 2009 and November 2012, 269 patients with ad-

vanced HCC were treated with sorafenib at the Kinki University 
Hospital, and 158 patients who had received continuous sorafenib 
administration and met the inclusion criteria were selected for this 
retrospective study. Their response to sorafenib had been exam-
ined at least once using contrast-enhanced computed tomography 
(CE-CT) and/or dynamic magnetic resonance imaging (MRI).

  The inclusion criteria for this study were: (1) a diagnosis of 
HCC based on histological examination or radiological findings 
showing early enhancement, followed by late washout on CE-CT 
or dynamic MRI in conjunction with HCC refractory to radiofre-
quency ablation and TACE based on the indications for sorafenib; 
(2) a performance status of 0 or 1, and (3) Child-Pugh class A or 
B. Exclusion criteria were: (1) concomitant antineoplastic treat-
ment; (2) prior treatment with TACE or radiofrequency ablation 
less than 3 months before initiation of sorafenib treatment, and (3) 
lack of a response, which was assessed using CE-CT or dynamic 
MRI during the follow-up period.

  Initial and Follow-Up Assessments 
 Liver function and tumor stage were evaluated using the Child-

Pugh and Barcelona Clinic for Liver Cancer (BCLC) classifica-
tions. CE-CT images were obtained during the arterial (40 s) and 
portal (70 s) phases using 120 ml of iomeprol at a flow rate of 3 
ml/s. Dynamic MRI scans were performed with gadolinium-eth-
oxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) 
enhancement during the arterial (22–35 s after injection) and por-
tal venous (70 s after injection) phases using a T1-weighted high-
resolution sequence in a single breath hold. The CE-CT and Gd-
EOB-DTPA-MRI scans were reviewed by two independent radi-
ologists, and the size and arterial enhancement of the tumors were 
evaluated every 4–6 weeks during and after treatment. Every CT 
and Gd-EOB-DTPA-MRI scan was reviewed retrospectively by 
two independent hepatologists. Responses after initiation of treat-
ment were evaluated separately according to mRECIST in a non-
blinded fashion (online suppl. table 1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000368013)  [35] . The tar-
get lesions were defined by both physicians for all patients on their 
CT and/or MRI scans before treatment. Extrahepatic lesions were 
assessed, as required, by chest radiography, bone scintigraphy or 
fluorodeoxyglucose positron emission tomography. Tumor mark-
ers were also measured every 4–6 weeks to assess tumor growth. 
OS analysis ended at the time of death or was censored at the time 
of the last follow-up visit. The criteria for sorafenib discontinua-
tion were: (1) determination of progressive disease (PD) based on 
mRECIST, such as obvious tumor progression and/or onset of a 
new lesion; (2) grade 3 or greater adverse reactions that could not 
be controlled for by dose reduction or interruption based on the 
Common Terminology Criteria for Adverse Events, version 4.0 
(http://ctep.cancer.gov/protocolDevelopment/electronic_appli-
cations/docs/ctcaev3.pdf), and (3) noncompliance with oral drug 
treatment and/or follow-up visits.

  Tumor Classification Based on Arterial Enhancement 
 The lesions analyzed in this study were a maximum of five le-

sions when more than five intrahepatic lesions were present. For 
the classification based on alterations in arterial enhancement, the 
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decrease group (DEC) was defined as patients showing a clear de-
crease in part or the entire area of tumor staining after the admin-
istration of sorafenib, while the disappearance group (DA) com-
prised patients showing disappearance of tumor staining within a 
part of the tumor area or a complete disappearance of tumor stain-
ing in all phases (i.e. the arterial, portal and late phases). The DEC 
group was defined as a >15% decrease in tumor density in the ear-
ly phase using CT. The no change (NC) group did not meet the 
criteria of the DEC and DA groups regarding tumor density on a 
CT scan. The NC group comprised patients with neither a clear 
decrease nor a disappearance of tumor staining after sorafenib ad-
ministration. We compared OS among these three groups. The 
response group consists of patients showing DEC or DA. We com-
pared OS among the previously mentioned three groups, as well as 
between the response and NC groups.

  Statistical Analysis 
 Univariate survival curves were estimated using the Kaplan-

Meier method. Survival rates among groups were compared using 
the log-rank test, and categorical variables were compared using 
the χ 2  test. For multiple comparisons, the Bonferroni correction 
was applied. The level of significance was set at p < 0.05. All analy-

ses were performed using SAS statistical software (version 8.2; SAS 
Institute, Cary, N.C., USA) or the SPSS Medical Pack for Windows 
(version 10.0; SPSS, Inc., Chicago, Ill., USA).

  Results 

 Characteristics of the Patients Enrolled in the Study 
 The median OS of the entire cohort was 16.7 months 

(95% confidence interval, CI, 10.6–22.8 months). The 
numbers of patients with a complete response (CR), par-
tial response (PR), stable disease (SD) and PD were 6, 30, 
52 and 70, respectively. The response rate and disease 
control rate (DCR) estimated by mRECIST were 23.4 and 
54.5%, respectively. Eighty-five patients (53.8%) were 
positive for anti-hepatitis C virus (HCV) antibody and 
were thus considered to have HCV-related HCC, while 
26 patients (16.5%) had tested positive for hepatitis B vi-

 Table 1.  Comparison of characteristics of patients in the NC, DA and DEC groups

NC
group

DA
group

DEC
group

p
value

Median age (25 – 75%), years 71 (64 – 77) 73 (65 – 77) 73 (68 – 77) 0.63
Gender

Male 47 47 26
Female 14 11 13 0.25

ECOG performance status
0 60 58 38
1 1 0 1 0.71

Child-Pugh class
A 51 44 33
B 10 14 6 0.24

Virus status1

HBV 12 8 6
HCV 30 37 18
NBNC 19 13 15 0.52

BCLC stage
A 6 12 10
B 16 15 10
C 39 31 19 0.15

Starting dose of sorafenib 
200 mg 3 1 1
400 mg 25 20 18
800 mg 33 37 20 0.38

Median serum AFP level (25 – 75%), ng/ml 324 (24 – 4,732) 99 (11 – 4,614) 131 (8 – 297) 0.52
Median serum DCP (25 – 75%), mAU/ml 1,703 (172 – 11,800) 859 (58 – 4,794) 579 (44 – 8,153) 0.52

 ECOG = Eastern Cooperative Oncology Group; AFP = α-fetoprotein; DCP = des-γ-carboxyprothrombin. 
1Patients testing positive for HBV surface antigen were regarded as cases of HBV-related HCC and patients tes-
ting positive for HCV antibody were regarded as cases of HCV-related HCC.
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most patients are diagnosed at advanced stages, only 
about 30% of patients presenting with early-stage tumors 
undergo potentially curative therapies, such as surgical 
resection  [3, 4] , transplantation  [5, 6]  or percutaneous ab-
lation  [7–9] . In contrast, patients with unresectable HCC 
usually receive palliative treatments, such as transarterial 
chemoembolization (TACE)  [10] , radiotherapy  [11, 12]  
or conventional chemotherapy  [13] , and some patients 
participate in clinical trials  [10, 14–17] . Among these op-
tions, only TACE has been shown to lead to survival ben-
efits  [18, 19] . However, its application is often limited due 
to the presence of vascular invasion or extrahepatic spread 
 [20–23] .

  Sorafenib, a small-molecule multikinase inhibitor  [24] , 
was the first systemic agent that was proven to prolong 
survival in patients with advanced HCC in two phase III 
trials  [25, 26] , and it is now the standard of care for sys-
temically treated patients  [13, 22, 27–30] . Sorafenib in-
hibits Raf protein kinase and receptor tyrosine kinases, 
including platelet-derived growth factor receptor and 
vascular endothelial growth factor receptor, which is in-
volved in the neovascularization of HCC. In addition, 
sorafenib also inhibits Flt-3 and c-KIT, which are both 
involved in neovascularization and cellular growth  [31–
33] . However, because both trials were assessed using the 
Response Evaluation Criteria in Solid Tumors 1.1 (RE-
CIST1.1), altered arterial enhancement and its associa-
tion with overall survival (OS) in sorafenib-treated pa-
tients has not been evaluated thus far  [34] .

  We reported that the modified RECIST (mRECIST) 
and the Response Evaluation Criteria in Cancer of the 
Liver (RECICL), which include the assessment of arterial 
tumor enhancement, are useful for evaluating therapeutic 
effects for HCC patients  [35, 36] . Indeed, it has been re-
ported that for patients treated with sorafenib, OS is bet-
ter reflected by mRECIST than RECIST1.1  [37, 38] , sug-
gesting that a consequence of effective treatment may be 
the disappearance of tumor staining. Therefore, the as-
sociation between decreased arterial enhancement and 
OS should be clarified.

  In this study, we retrospectively examined the rela-
tionship between alterations in arterial enhancement de-
termined by imaging and the survival of HCC patients 
who presented with hypervascular tumors and received 
sorafenib treatment. We demonstrated that patients with 
decreased tumor enhancement clearly demonstrated bet-
ter OS than patients whose tumor staining remained un-
changed. Therefore, a change in tumor enhancement 
should be a surrogate marker of tumor response after the 
initiation of sorafenib therapy.

  Patients and Methods 

 Patients 
 Between May 2009 and November 2012, 269 patients with ad-

vanced HCC were treated with sorafenib at the Kinki University 
Hospital, and 158 patients who had received continuous sorafenib 
administration and met the inclusion criteria were selected for this 
retrospective study. Their response to sorafenib had been exam-
ined at least once using contrast-enhanced computed tomography 
(CE-CT) and/or dynamic magnetic resonance imaging (MRI).

  The inclusion criteria for this study were: (1) a diagnosis of 
HCC based on histological examination or radiological findings 
showing early enhancement, followed by late washout on CE-CT 
or dynamic MRI in conjunction with HCC refractory to radiofre-
quency ablation and TACE based on the indications for sorafenib; 
(2) a performance status of 0 or 1, and (3) Child-Pugh class A or 
B. Exclusion criteria were: (1) concomitant antineoplastic treat-
ment; (2) prior treatment with TACE or radiofrequency ablation 
less than 3 months before initiation of sorafenib treatment, and (3) 
lack of a response, which was assessed using CE-CT or dynamic 
MRI during the follow-up period.

  Initial and Follow-Up Assessments 
 Liver function and tumor stage were evaluated using the Child-

Pugh and Barcelona Clinic for Liver Cancer (BCLC) classifica-
tions. CE-CT images were obtained during the arterial (40 s) and 
portal (70 s) phases using 120 ml of iomeprol at a flow rate of 3 
ml/s. Dynamic MRI scans were performed with gadolinium-eth-
oxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) 
enhancement during the arterial (22–35 s after injection) and por-
tal venous (70 s after injection) phases using a T1-weighted high-
resolution sequence in a single breath hold. The CE-CT and Gd-
EOB-DTPA-MRI scans were reviewed by two independent radi-
ologists, and the size and arterial enhancement of the tumors were 
evaluated every 4–6 weeks during and after treatment. Every CT 
and Gd-EOB-DTPA-MRI scan was reviewed retrospectively by 
two independent hepatologists. Responses after initiation of treat-
ment were evaluated separately according to mRECIST in a non-
blinded fashion (online suppl. table 1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000368013)  [35] . The tar-
get lesions were defined by both physicians for all patients on their 
CT and/or MRI scans before treatment. Extrahepatic lesions were 
assessed, as required, by chest radiography, bone scintigraphy or 
fluorodeoxyglucose positron emission tomography. Tumor mark-
ers were also measured every 4–6 weeks to assess tumor growth. 
OS analysis ended at the time of death or was censored at the time 
of the last follow-up visit. The criteria for sorafenib discontinua-
tion were: (1) determination of progressive disease (PD) based on 
mRECIST, such as obvious tumor progression and/or onset of a 
new lesion; (2) grade 3 or greater adverse reactions that could not 
be controlled for by dose reduction or interruption based on the 
Common Terminology Criteria for Adverse Events, version 4.0 
(http://ctep.cancer.gov/protocolDevelopment/electronic_appli-
cations/docs/ctcaev3.pdf), and (3) noncompliance with oral drug 
treatment and/or follow-up visits.

  Tumor Classification Based on Arterial Enhancement 
 The lesions analyzed in this study were a maximum of five le-

sions when more than five intrahepatic lesions were present. For 
the classification based on alterations in arterial enhancement, the 
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decrease group (DEC) was defined as patients showing a clear de-
crease in part or the entire area of tumor staining after the admin-
istration of sorafenib, while the disappearance group (DA) com-
prised patients showing disappearance of tumor staining within a 
part of the tumor area or a complete disappearance of tumor stain-
ing in all phases (i.e. the arterial, portal and late phases). The DEC 
group was defined as a >15% decrease in tumor density in the ear-
ly phase using CT. The no change (NC) group did not meet the 
criteria of the DEC and DA groups regarding tumor density on a 
CT scan. The NC group comprised patients with neither a clear 
decrease nor a disappearance of tumor staining after sorafenib ad-
ministration. We compared OS among these three groups. The 
response group consists of patients showing DEC or DA. We com-
pared OS among the previously mentioned three groups, as well as 
between the response and NC groups.

  Statistical Analysis 
 Univariate survival curves were estimated using the Kaplan-

Meier method. Survival rates among groups were compared using 
the log-rank test, and categorical variables were compared using 
the χ 2  test. For multiple comparisons, the Bonferroni correction 
was applied. The level of significance was set at p < 0.05. All analy-

ses were performed using SAS statistical software (version 8.2; SAS 
Institute, Cary, N.C., USA) or the SPSS Medical Pack for Windows 
(version 10.0; SPSS, Inc., Chicago, Ill., USA).

  Results 

 Characteristics of the Patients Enrolled in the Study 
 The median OS of the entire cohort was 16.7 months 

(95% confidence interval, CI, 10.6–22.8 months). The 
numbers of patients with a complete response (CR), par-
tial response (PR), stable disease (SD) and PD were 6, 30, 
52 and 70, respectively. The response rate and disease 
control rate (DCR) estimated by mRECIST were 23.4 and 
54.5%, respectively. Eighty-five patients (53.8%) were 
positive for anti-hepatitis C virus (HCV) antibody and 
were thus considered to have HCV-related HCC, while 
26 patients (16.5%) had tested positive for hepatitis B vi-

 Table 1.  Comparison of characteristics of patients in the NC, DA and DEC groups

NC
group

DA
group

DEC
group

p
value

Median age (25 – 75%), years 71 (64 – 77) 73 (65 – 77) 73 (68 – 77) 0.63
Gender

Male 47 47 26
Female 14 11 13 0.25

ECOG performance status
0 60 58 38
1 1 0 1 0.71

Child-Pugh class
A 51 44 33
B 10 14 6 0.24

Virus status1

HBV 12 8 6
HCV 30 37 18
NBNC 19 13 15 0.52

BCLC stage
A 6 12 10
B 16 15 10
C 39 31 19 0.15

Starting dose of sorafenib 
200 mg 3 1 1
400 mg 25 20 18
800 mg 33 37 20 0.38

Median serum AFP level (25 – 75%), ng/ml 324 (24 – 4,732) 99 (11 – 4,614) 131 (8 – 297) 0.52
Median serum DCP (25 – 75%), mAU/ml 1,703 (172 – 11,800) 859 (58 – 4,794) 579 (44 – 8,153) 0.52

 ECOG = Eastern Cooperative Oncology Group; AFP = α-fetoprotein; DCP = des-γ-carboxyprothrombin. 
1Patients testing positive for HBV surface antigen were regarded as cases of HBV-related HCC and patients tes-
ting positive for HCV antibody were regarded as cases of HCV-related HCC.
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rus (HBV) surface antigen and 47 patients (29.7%) had 
tested negative for both HCV antibody and HBV surface 
antigen. One hundred fifty-six patients were asymptom-
atic (performance status 0) and 69 patients (43.7%) were 
classified as BCLC stage A or B. One hundred twenty-
eight patients (81.0%) were Child-Pugh class A.

  Classification of Patients according to Alterations in 
Tumor Staining after the Initiation of Sorafenib 
 Sixty-one patients showed no change in tumor stain-

ing (NC group), while 97 patients showed a decrease in 
the entire area or part of the area of tumor staining. Of 
these 97 patients, 58 showed a complete disappearance of 
tumor staining in the arterial, portal and late phases (DA 
group), while 39 patients showed decreased tumor stain-
ing in terms of staining intensity compared to the staining 
before sorafenib administration in the arterial phase 
(DEC group). The characteristics of the patients in the 
three groups are summarized in  table 1 . The NC group 
consisted of 47 men and 14 women with a median age of 
71 years; 51 were Child-Pugh class A and 10 Child-Pugh 
class B. From the NC group, 12, 30 and 19 patients had 
HBV-, HCV- and non-B, non-C (NBNC)-related HCC, 
respectively. The DEC group consisted of 26 men and 13 
women with a median age of 73 years; 33 patients had 
liver cirrhosis of Child-Pugh class A and 6 patients were 
Child-Pugh grade B. From the DEC group, 6, 18 and 15 
patients had HBV-, HCV- and NBNC-related HCC, re-
spectively. The DC group consisted of 47 men and 11 
women with a median age of 73 years; 44 patients were 
Child-Pugh class A and 14 patients Child-Pugh class B, 
while 8, 37 and 13 patients had HBV-, HCV- and NBNC-
related HCC, respectively. With regard to patient charac-
teristics, there were no statistically significant differences 
among the three groups. Among the patients analyzed, 
tumor responses were classified using the mRECIST sys-
tem and were as follows: CR = 0, PR = 4, SD = 20 and
PD = 37 patients in the NC group; CR = 2, PR = 7, SD = 
18 and PD = 12 patients in the DEC group, and CR = 4, 
PR = 19, SD = 14 and PD = 21 patients in the DA group. 
According to RECICL, tumor response was classified as 
CR in 0, PR in 4, SD in 19 and PD in 38 patients in the NC 
group; as CR in 2, PR in 7, SD in 17 and PD in 13 patients 
in the DEC group, and as CR in 4, PR in 22, SD in 14 and 
PD in 18 patients in the DA group. When evaluated by 
mRECIST and RECICL systems, both the DEC and the 
DA group were associated with a higher objective re-
sponse rate (ORR) and DCR compared to the NC group. 
Among the three groups, the highest ORR was observed 
in the DA group ( table 2 ).

  Relationship between Disappearance/Decrease of 
Tumor Staining and OS 
 The median OS was 6 months (95% CI, 4.0–8.8 

months) in the NC group, 20.8 months (95% CI, 11.8–
29.8 months) in the DEC group and 18.8 months (95% 
CI, 14.8–22.8 months) in the DA group. These differenc-
es between the groups were statistically significant. Pa-
tients of the NC group showed significantly shorter OS 
than patients of the DA group (p < 0.001) and the DEC 
group (p = 0.003). No difference in OS was detected be-
tween patients of the DEC and DA groups (p = 0.88; 
 fig. 1 a).

  To further clarify the impact of altered enhancement 
during sorafenib treatment, we combined the DEC and 
DA groups as the response group and compared the OS 
of this group with that of the NC group. The response 
group comprised 73 men and 24 women with a median 
age of 73 years; 76 patients were Child-Pugh class A and 
20 were Child-Pugh class B; 14, 55 and 28 patients had 
HBV-, HCV- and NBNC-related HCC, respectively. 
There were no statistically significant differences in pa-
tient characteristics between the NC group and the re-
sponse group (online suppl. table  2). According to the 
mRECIST system, 6 patients had CR, 26 patients had PR, 
32 patients had SD and 33 patients had PD in the response 
group. Both ORR and DCR were increased in the re-
sponse group compared to the NC group when evaluated 
by mRECIST and RECICL. OS of the response group was 
significantly different from that of the NC group (p < 

 Table 2.  Classification of the response to sorafenib by mRECIST 
and RECICL

CR PR SD PD Total ORR, % DCR, %

mRECIST
DA 4 19 14 21 58 39.7 63.8
DEC 2 7 18 12 39 23.1 69.2
NC 0 4 20 37 61 6.6 39.3
Total 6 30 52 70 158 23.4 54.5

RECICL
DA 4 22 14 18 58 44.8 69.0
DEC 2 7 17 13 39 23.1 66.7
NC 0 4 19 38 61 6.6 37.7
Total 6 33 50 69 158 24.7 56.3

 The number of patients classified as CR, PR, SD and PD using 
each system are shown. ORR is the percentage of patients evalu-
ated as CR or PR. DCR is the percentage of patients evaluated as 
CR, PR or SD.
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0.001), with a median OS of 19.9 months (95% CI, 16.4–
23.5 months) in the response group and 20.8 months 
(95% CI, 11.8–29.8 months) in the NC group ( fig. 1 b).

  Relationship between Disappearance/Decrease of 
Tumor Staining and OS in Patients Evaluated as PD 
by mRECIST 
 According to mRECIST, tumor response was classified 

as CR in 6 and PR in 30 (objective response, OR), SD in 52 
and PD in 70 patients. We further classified the patients 
with PD into two subgroups: the response PD was defined 
as patients with PD but a clear decrease or disappearance 
of tumor enhancement after sorafenib administration, 
while the no-response PD group consisted of patients 
without any change in tumor enhancement. Comparisons 
of the survival curves showed that the median OS was 25.4 
months (95% CI, 13.4–37.4 months) in the tumor re-
sponse group, 20.8 months (95% CI, 12.7–28.9 months) in 
the SD group, 11.4 months (95% CI, 8.1–14.7 months) in 
the response PD group and 5.4 months (95% CI, 4.3–6.5 
months) in the no-response PD group. The no-response 

PD group showed significantly shorter OS than both the 
SD group (p < 0.001) and the response PD group (p = 
0.002). Although the response PD group showed shorter 
OS than the SD group, OS was not significantly different 
between the two groups (p = 0.050;  fig. 2 ).

  Discussion 

 In this study, patients who showed complete disap-
pearance of tumor staining, which reflects necrosis of 
HCC lesions, showed better OS than the patients of the 
NC group. In addition, a better OS was also observed in 
the DEC group compared to the NC group, suggesting 
that a decreased arterial blood flow could be a partial ef-
fect of sorafenib. On the other hand, OS did not differ 
between DA and DEC groups. Based on the results of the 
present analyses, a decrease in arterial blood flow could 
lead to partial treatment effects in terms of OS compared 
to patients with disappearance of enhancement, where 
tumor necrosis was expected.
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  Fig. 1.    a  Kaplan-Meier curves of OS for 158 patients treated with 
sorafenib are shown for the DA, DEC and NC groups. The median 
OS of the DA, DEC and NC groups were 18.8 months (95% CI, 
14.8–22.8 months), 20.8 months (95% CI, 11.8–29.8 months), and 
6.0 months (95% CI, 4.0–8.8 months), respectively (p < 0.001). The 
differences between the NC group and both the DA and DEC 
groups were statistically significant (p = 0.002 and p < 0.001, re-

spectively). The difference between the DA and DEC groups was 
nonsignificant (p = 0.88).  b  Kaplan-Meier curves of OS for 158 
patients treated with sorafenib are shown for the response and NC 
groups. The median OS of the response group was 19.9 months 
(95% CI, 16.4–24.5 months). The difference in OS between the NC 
and response groups was statistically significant (p < 0.001). 
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rus (HBV) surface antigen and 47 patients (29.7%) had 
tested negative for both HCV antibody and HBV surface 
antigen. One hundred fifty-six patients were asymptom-
atic (performance status 0) and 69 patients (43.7%) were 
classified as BCLC stage A or B. One hundred twenty-
eight patients (81.0%) were Child-Pugh class A.

  Classification of Patients according to Alterations in 
Tumor Staining after the Initiation of Sorafenib 
 Sixty-one patients showed no change in tumor stain-

ing (NC group), while 97 patients showed a decrease in 
the entire area or part of the area of tumor staining. Of 
these 97 patients, 58 showed a complete disappearance of 
tumor staining in the arterial, portal and late phases (DA 
group), while 39 patients showed decreased tumor stain-
ing in terms of staining intensity compared to the staining 
before sorafenib administration in the arterial phase 
(DEC group). The characteristics of the patients in the 
three groups are summarized in  table 1 . The NC group 
consisted of 47 men and 14 women with a median age of 
71 years; 51 were Child-Pugh class A and 10 Child-Pugh 
class B. From the NC group, 12, 30 and 19 patients had 
HBV-, HCV- and non-B, non-C (NBNC)-related HCC, 
respectively. The DEC group consisted of 26 men and 13 
women with a median age of 73 years; 33 patients had 
liver cirrhosis of Child-Pugh class A and 6 patients were 
Child-Pugh grade B. From the DEC group, 6, 18 and 15 
patients had HBV-, HCV- and NBNC-related HCC, re-
spectively. The DC group consisted of 47 men and 11 
women with a median age of 73 years; 44 patients were 
Child-Pugh class A and 14 patients Child-Pugh class B, 
while 8, 37 and 13 patients had HBV-, HCV- and NBNC-
related HCC, respectively. With regard to patient charac-
teristics, there were no statistically significant differences 
among the three groups. Among the patients analyzed, 
tumor responses were classified using the mRECIST sys-
tem and were as follows: CR = 0, PR = 4, SD = 20 and
PD = 37 patients in the NC group; CR = 2, PR = 7, SD = 
18 and PD = 12 patients in the DEC group, and CR = 4, 
PR = 19, SD = 14 and PD = 21 patients in the DA group. 
According to RECICL, tumor response was classified as 
CR in 0, PR in 4, SD in 19 and PD in 38 patients in the NC 
group; as CR in 2, PR in 7, SD in 17 and PD in 13 patients 
in the DEC group, and as CR in 4, PR in 22, SD in 14 and 
PD in 18 patients in the DA group. When evaluated by 
mRECIST and RECICL systems, both the DEC and the 
DA group were associated with a higher objective re-
sponse rate (ORR) and DCR compared to the NC group. 
Among the three groups, the highest ORR was observed 
in the DA group ( table 2 ).

  Relationship between Disappearance/Decrease of 
Tumor Staining and OS 
 The median OS was 6 months (95% CI, 4.0–8.8 

months) in the NC group, 20.8 months (95% CI, 11.8–
29.8 months) in the DEC group and 18.8 months (95% 
CI, 14.8–22.8 months) in the DA group. These differenc-
es between the groups were statistically significant. Pa-
tients of the NC group showed significantly shorter OS 
than patients of the DA group (p < 0.001) and the DEC 
group (p = 0.003). No difference in OS was detected be-
tween patients of the DEC and DA groups (p = 0.88; 
 fig. 1 a).

  To further clarify the impact of altered enhancement 
during sorafenib treatment, we combined the DEC and 
DA groups as the response group and compared the OS 
of this group with that of the NC group. The response 
group comprised 73 men and 24 women with a median 
age of 73 years; 76 patients were Child-Pugh class A and 
20 were Child-Pugh class B; 14, 55 and 28 patients had 
HBV-, HCV- and NBNC-related HCC, respectively. 
There were no statistically significant differences in pa-
tient characteristics between the NC group and the re-
sponse group (online suppl. table  2). According to the 
mRECIST system, 6 patients had CR, 26 patients had PR, 
32 patients had SD and 33 patients had PD in the response 
group. Both ORR and DCR were increased in the re-
sponse group compared to the NC group when evaluated 
by mRECIST and RECICL. OS of the response group was 
significantly different from that of the NC group (p < 

 Table 2.  Classification of the response to sorafenib by mRECIST 
and RECICL

CR PR SD PD Total ORR, % DCR, %

mRECIST
DA 4 19 14 21 58 39.7 63.8
DEC 2 7 18 12 39 23.1 69.2
NC 0 4 20 37 61 6.6 39.3
Total 6 30 52 70 158 23.4 54.5

RECICL
DA 4 22 14 18 58 44.8 69.0
DEC 2 7 17 13 39 23.1 66.7
NC 0 4 19 38 61 6.6 37.7
Total 6 33 50 69 158 24.7 56.3

 The number of patients classified as CR, PR, SD and PD using 
each system are shown. ORR is the percentage of patients evalu-
ated as CR or PR. DCR is the percentage of patients evaluated as 
CR, PR or SD.
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0.001), with a median OS of 19.9 months (95% CI, 16.4–
23.5 months) in the response group and 20.8 months 
(95% CI, 11.8–29.8 months) in the NC group ( fig. 1 b).

  Relationship between Disappearance/Decrease of 
Tumor Staining and OS in Patients Evaluated as PD 
by mRECIST 
 According to mRECIST, tumor response was classified 

as CR in 6 and PR in 30 (objective response, OR), SD in 52 
and PD in 70 patients. We further classified the patients 
with PD into two subgroups: the response PD was defined 
as patients with PD but a clear decrease or disappearance 
of tumor enhancement after sorafenib administration, 
while the no-response PD group consisted of patients 
without any change in tumor enhancement. Comparisons 
of the survival curves showed that the median OS was 25.4 
months (95% CI, 13.4–37.4 months) in the tumor re-
sponse group, 20.8 months (95% CI, 12.7–28.9 months) in 
the SD group, 11.4 months (95% CI, 8.1–14.7 months) in 
the response PD group and 5.4 months (95% CI, 4.3–6.5 
months) in the no-response PD group. The no-response 

PD group showed significantly shorter OS than both the 
SD group (p < 0.001) and the response PD group (p = 
0.002). Although the response PD group showed shorter 
OS than the SD group, OS was not significantly different 
between the two groups (p = 0.050;  fig. 2 ).

  Discussion 

 In this study, patients who showed complete disap-
pearance of tumor staining, which reflects necrosis of 
HCC lesions, showed better OS than the patients of the 
NC group. In addition, a better OS was also observed in 
the DEC group compared to the NC group, suggesting 
that a decreased arterial blood flow could be a partial ef-
fect of sorafenib. On the other hand, OS did not differ 
between DA and DEC groups. Based on the results of the 
present analyses, a decrease in arterial blood flow could 
lead to partial treatment effects in terms of OS compared 
to patients with disappearance of enhancement, where 
tumor necrosis was expected.
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  Fig. 1.    a  Kaplan-Meier curves of OS for 158 patients treated with 
sorafenib are shown for the DA, DEC and NC groups. The median 
OS of the DA, DEC and NC groups were 18.8 months (95% CI, 
14.8–22.8 months), 20.8 months (95% CI, 11.8–29.8 months), and 
6.0 months (95% CI, 4.0–8.8 months), respectively (p < 0.001). The 
differences between the NC group and both the DA and DEC 
groups were statistically significant (p = 0.002 and p < 0.001, re-

spectively). The difference between the DA and DEC groups was 
nonsignificant (p = 0.88).  b  Kaplan-Meier curves of OS for 158 
patients treated with sorafenib are shown for the response and NC 
groups. The median OS of the response group was 19.9 months 
(95% CI, 16.4–24.5 months). The difference in OS between the NC 
and response groups was statistically significant (p < 0.001). 
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  Currently, RECIST1.1, mRECIST and RECICL are 
mainly used to evaluate tumor response during treatment 
of HCC. RECIST1.1 are the simplest criteria where tumor 
necrosis is not taken into consideration and only the larg-
est tumor diameter is assessed. However, as OS was better 
in patients showing a disappearance or decrease of tumor 
blood flow, alterations in tumor enhancement apparently 
reflect tumor response in HCC treatment. As our results 
suggest that decreased blood flow is of prognostic signif-
icance, it is conceivable to speculate that applying the as-
sessment of tumor enhancement is more important than 
evaluating the decrease in tumor size during sorafenib 
treatment.

  When treating advanced HCC patients with sorafenib, 
complete disappearance of tumor staining is considered 

to reflect tumor necrosis, while decreased tumor stain-
ing may represent the presence of variable tumors due 
to the presence of blood flow. While the disappearance 
or lack of disappearance of blood flow is included in the 
evaluation criteria in mRECIST and RECICL, decreased 
blood flow is not taken into consideration among these 
criteria. In this study, OS was longer in patients of the 
response group in terms of tumor enhancement. The 
decrease in blood flow could induce temporary inhibi-
tion of tumor growth, thereby suppressing HCC pro-
gression. In addition, among patients showing PD, those 
with response PD had better OS than those with no-re-
sponse PD. From this point of view, patients with re-
sponse PD should not stop sorafenib treatment even if 
they were regarded as PD according to the conventional 
criteria.

  In this study, we also encountered patients who 
showed decreased tumor staining with administration of 
sorafenib, but still showed tumor enlargement. Although 
improvement in OS was observed in the group showing 
a decrease or disappearance of tumor enhancement, 
some patients with decreased tumor blood flow still 
showed a short survival (<6 months). It is also known 
that poorly differentiated HCC can sometimes represent 
the decrease in arterial blood flow that reflects arterial 
abnormalities  [39] . Because the decrease in tumor blood 
flow is sometimes associated with malignant transforma-
tion, the clinical course must be carefully followed even 
if patients display disappearance or decrease of enhance-
ment during treatment.

  This study has two major limitations that may reduce 
the generalizability of our results to other populations 
with advanced HCC. First, because the determination of 
tumor enhancement is not quantitative, it might reflect 
interphysician differences in terms of image interpreta-
tions. The measurement of tumor enhancement might 
also be affected by the timing of the imaging. Second, due 
to the retrospective nature of the study, there could be a 
bias regarding patient selection. To address these limita-
tions and independently validate the results of this inves-
tigation, we are currently designing a prospective multi-
center study in a larger patient cohort.

  In conclusion, even if tumor blood flow has not com-
pletely disappeared, prolonged survival of patients with 
advanced HCC can be expected with sorafenib treatment 
if the tumor blood flow decreases, even when tumor ne-
crosis is not achieved. This result should be of importance 
for the management of HCC patients receiving sorafenib 
treatment.
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  Fig. 2.  Kaplan-Meier curves of OS for 158 patients treated with 
sorafenib are shown for the OR, SD, response PD and no-response 
PD groups. The median OS of the OR, SD, response PD and no-
response PD groups were 25.4 months (95% CI, 13.4–37.4 months), 
20.8 months (95% CI, 12.7–28.9 months), 11.4 months (95% CI, 
8.1–14.7 months) and 5.4 months (95% CI, 4.3–6.5 months), re-
spectively. Differences between the no-response PD group and 
both the SD and response PD groups were statistically significant 
(p < 0.001 and p = 0.002, respectively). Differences between the SD 
and response PD groups, and between the OR and SD groups were 
nonsignificant (p = 0.050 and 0.245, respectively). 
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  Currently, RECIST1.1, mRECIST and RECICL are 
mainly used to evaluate tumor response during treatment 
of HCC. RECIST1.1 are the simplest criteria where tumor 
necrosis is not taken into consideration and only the larg-
est tumor diameter is assessed. However, as OS was better 
in patients showing a disappearance or decrease of tumor 
blood flow, alterations in tumor enhancement apparently 
reflect tumor response in HCC treatment. As our results 
suggest that decreased blood flow is of prognostic signif-
icance, it is conceivable to speculate that applying the as-
sessment of tumor enhancement is more important than 
evaluating the decrease in tumor size during sorafenib 
treatment.

  When treating advanced HCC patients with sorafenib, 
complete disappearance of tumor staining is considered 

to reflect tumor necrosis, while decreased tumor stain-
ing may represent the presence of variable tumors due 
to the presence of blood flow. While the disappearance 
or lack of disappearance of blood flow is included in the 
evaluation criteria in mRECIST and RECICL, decreased 
blood flow is not taken into consideration among these 
criteria. In this study, OS was longer in patients of the 
response group in terms of tumor enhancement. The 
decrease in blood flow could induce temporary inhibi-
tion of tumor growth, thereby suppressing HCC pro-
gression. In addition, among patients showing PD, those 
with response PD had better OS than those with no-re-
sponse PD. From this point of view, patients with re-
sponse PD should not stop sorafenib treatment even if 
they were regarded as PD according to the conventional 
criteria.

  In this study, we also encountered patients who 
showed decreased tumor staining with administration of 
sorafenib, but still showed tumor enlargement. Although 
improvement in OS was observed in the group showing 
a decrease or disappearance of tumor enhancement, 
some patients with decreased tumor blood flow still 
showed a short survival (<6 months). It is also known 
that poorly differentiated HCC can sometimes represent 
the decrease in arterial blood flow that reflects arterial 
abnormalities  [39] . Because the decrease in tumor blood 
flow is sometimes associated with malignant transforma-
tion, the clinical course must be carefully followed even 
if patients display disappearance or decrease of enhance-
ment during treatment.

  This study has two major limitations that may reduce 
the generalizability of our results to other populations 
with advanced HCC. First, because the determination of 
tumor enhancement is not quantitative, it might reflect 
interphysician differences in terms of image interpreta-
tions. The measurement of tumor enhancement might 
also be affected by the timing of the imaging. Second, due 
to the retrospective nature of the study, there could be a 
bias regarding patient selection. To address these limita-
tions and independently validate the results of this inves-
tigation, we are currently designing a prospective multi-
center study in a larger patient cohort.

  In conclusion, even if tumor blood flow has not com-
pletely disappeared, prolonged survival of patients with 
advanced HCC can be expected with sorafenib treatment 
if the tumor blood flow decreases, even when tumor ne-
crosis is not achieved. This result should be of importance 
for the management of HCC patients receiving sorafenib 
treatment.
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  Fig. 2.  Kaplan-Meier curves of OS for 158 patients treated with 
sorafenib are shown for the OR, SD, response PD and no-response 
PD groups. The median OS of the OR, SD, response PD and no-
response PD groups were 25.4 months (95% CI, 13.4–37.4 months), 
20.8 months (95% CI, 12.7–28.9 months), 11.4 months (95% CI, 
8.1–14.7 months) and 5.4 months (95% CI, 4.3–6.5 months), re-
spectively. Differences between the no-response PD group and 
both the SD and response PD groups were statistically significant 
(p < 0.001 and p = 0.002, respectively). Differences between the SD 
and response PD groups, and between the OR and SD groups were 
nonsignificant (p = 0.050 and 0.245, respectively). 
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selected. Of the 213 genes, 45 genes were upregulated in 3 
or more HCC cell lines with multiplier value of differences 
 ≥ 2.0 after 5-Aza-dC and TSA treatment.  Conclusions:  We 
identified several potential TSGs that participate in tran-
scription inactivation through epigenetic interactions in 
HCC. The results of this study are important for the under-
standing of functionally important epigenetic alterations in 
HCC.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the most common 
type of liver cancer  [1] . Several risk factors contribute to 
the development of HCC, including chronic infection 
due to hepatitis virus, alcohol intake, nonalcoholic fatty 
liver disease, hemochromatosis, α 1 -antitrypsin deficien-
cy, Wilson’s disease and aflatoxin exposure. Regardless of 
the etiology, chronic liver damage causes genetic and epi-
genetic alterations, which play an important role in hepa-
tocarcinogenesis  [2] .

 Key Words 
 DNA methylation · Epigenetic alterations · Gene 
hypermethylation · Methylation profiling · Tumor 
suppressor genes 

 Abstract 
  Objectives:  DNA methylation-dependent transcriptional in-
activation of tumor suppressor genes (TSGs) is critical for the 
pathogenesis of hepatocellular carcinoma (HCC). This study 
identifies potential TSGs in HCCs using methylation profiling 
and pharmacological unmasking of methylated TSGs.  Meth-
ods:  Methylation profiling was performed on 22 pairs of 
HCCs and their corresponding noncancerous liver tissues us-
ing the Infinium HumanMethylation27 BeadChip. We also 
determined the gene reexpression after treatment with 
5-aza-2 ′ -deoxycytidine (5-Aza-dC) and trichostatin A (TSA) in 
5 HCC cell lines.  Results:  We selected CpGs that exhibited a 
significant increase in methylation in HCC tissues compared 
with that of the noncancerous control group. Two hundred 
and thirteen CpGs on different gene promoters with a mean 
difference in the β value  ≥ 0.15 and a value of p < 0.05 were 
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  Recent technical advancement in genomic sequencing 
and comprehensive methylation analyses give us a pro-
found insight into the molecular events that drive carci-
nogenesis, including HCC  [3–8] . Several studies have 
noted abnormal DNA methylation in HCC; DNA meth-
ylation of specific sequences on the promoters of tumor 
suppressor genes (TSGs) is a key epigenetic alteration 
that marks HCC pathogenesis  [2, 9] . Therefore, it is es-
sential to determine unique methylation events that are 
linked to transcriptional inactivation and HCC patholo-
gy. Currently, the correlation between individual DNA 
methylation and transcription of its corresponding genes 
has not been fully clarified in HCC. Understanding this 
phenomenon will provide important insights into HCC 
pathology  [10]  and may provide a venue for novel thera-
peutics  [11] . 

  In this study, we have addressed this issue by perform-
ing a comprehensive analysis of hypermethylated genes 
within HCC promoters. To achieve this, we used the In-
finium HumanMethylation27 BeadChip (Illumina, San 
Diego, Calif., USA) to target 27,578 CpGs within the pro-
moters of 14,474 genes in patients with HCC, and com-
pared the results with those of their corresponding non-
cancerous control group. Using pharmacological agents, 
we also determined the genes that were upregulated due to 
DNA demethylation and histone acetylation in HCC cell 
lines. Here, we report a systematic and integrative analysis 
of epigenetically inactivated genes in human HCC.

  Materials and Methods 

 Patients 
 In this study, 22 pairs of HCCs and their corresponding non-

cancerous liver tissues were taken from 19 men and 3 women rang-
ing in age from 53 to 79 years (median, 71 years). The patient co-
hort had different etiological profiles. Of the 22 study patients, 1 
patient was positive for hepatitis B virus surface antigen, 9 were 
positive for hepatitis C virus antibody, and 12 patients were nega-
tive for both. Among these 12 patients, 4 patients consumed alco-
hol (>20 g/day). One, 5, 7 and 9 patients had stage F1, F2, F3 and 
F4 liver fibrosis, respectively. The median tumor size was 3.0 cm 
(25th–75th percentiles: 2.6–8.0 cm). The tumors were at different 
stages of differentiation. Of the 22 tumor samples, 9 tumors were 
well differentiated, 12 were moderately differentiated, and 1 was 
poorly differentiated. Written informed consent was obtained 
from all patients, and necessary approvals were obtained from the 
institutional review boards of the institution involved. 

  Methylation Analysis Using HumanMethylation27 BeadChip 
 Genomic DNA was extracted from frozen tissues as described 

previously  [12] . After confirming the quality and concentration of 
DNA, 1 μg of genomic DNA was treated with bisulfite using the EZ 
DNA Methylation Kit (Zymo Research Corporation, Irvine, Calif., 

USA). Whole genome amplification of DNA, enzymatic fragmen-
tation and isopropanol precipitation were performed according 
to the manufacturer’s instructions (Infinium Methylation Assay, 
Manual Protocol, Rev.A). The DNA fragment was applied onto the 
HumanMethylation27 BeadChip array and hybridized overnight. 
Then, the array was scanned with the Illumina iScan SQ scanner 
(iScan Control software v.3.3.28) and the intensities of the images 
were captured using GenomeStudio (v.2011.1) and Methylation 
Module (v.1.9.0) software. The β value representing the methyla-
tion levels was calculated as the ratio of the signal intensity of the 
methylated allele divided by the sum of the signal intensity of the 
unmethylated and methylated allele + 100. Each β value was accom-
panied by a detection p value, which indicated statistical signifi-
cance against the background. Only β values with a detection value 
of p < 0.05 were included in the data analysis. All samples showed 
a CpG coverage of >95% in this analysis.

  Cell Culture and 5-Aza-2-Deoxycytidine and Trichostatin A 
Treatment  
 HCC, HLE, HLF, HepG2, Huh7 and PLC/PRF/5 cell lines were 

purchased from the Japanese Collection of Research Bioresources 
Bank at the National Institute of Biomedical Innovation (Osaka, 
Japan) and American Type Culture Collection (Manassas, Va., 
USA). To perform the pharmacological unmasking procedure, 
1–5 × 10 5  cells were cultured in Dulbecco’s modified Eagle’s me-
dium (Sigma-Aldrich, St. Louis, Mo., USA) with either 5 or 10% 
fetal bovine serum (Gibco, Life Sciences Technologies, St. Clara, 
Calif., USA) in 10-cm culture dishes for 24 h. The cell lines were 
then treated with 1 μ M  5-aza-2 ′ -deoxycytidine (5-Aza-dC; Sigma) 
for 72 h, followed by an additional 24-hour treatment with 100 n M  
trichostatin A (TSA; Wako, Osaka, Japan). Finally, the cells were 
harvested and studied for DNA methylation and RNA expression.

  DNA and RNA Extraction, Combined Bisulfite Restriction 
Analysis and Array-Based Analysis of Reactivated Genes 
 DNA and RNA extraction was performed using the QIAamp 

DNA Mini Kit (Qiagen Inc., Valencia, Calif., USA) and RNeasy 
Mini Kit (Qiagen), respectively. To confirm DNA demethylation 
in response to 5-Aza-dC and TSA treatment, we performed
COBRA (combined bisulfite restriction analysis) to determine
the methylation status of the promoters on the  CDKN2A, GSTP1, 
HIC1, RIZ1, SOCS1  and  RASSF1A  genes  [12, 13] .

  To elucidate the effects of DNA demethylation on transcription 
further, before and after 5-Aza-dC and TSA treatment, RNA sam-
ples were subjected to expression microarray analysis using Agi-
lent SurePrint G3 human GE 8x60K v2 (Agilent Technology, St. 
Clara, Calif., USA). This system targets about 50,599 transcripts 
including 11,912 large intergenic noncoding RNAs and transcripts 
with uncertain coding potential. Data were analyzed with Agilent 
Feature Extraction software and the multiples of differentially ex-
pressed genes before and after treatment were calculated. Multi-
plier values of differences  ≥ 2.0 were scored as upregulated genes, 
while those of differences  ≤ 0.5 represented downregulated genes. 
The value between 0.5 and 2.0 was considered insignificant or un-
altered gene expression. 

  Selection of Differentially Methylated and Reactivated Genes 
after 5-Aza-dC and TSA Treatment 
 Initially, we selected CpGs within promoters that showed in-

creased methylation in HCC tissues compared with those in the 
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selected. Of the 213 genes, 45 genes were upregulated in 3 
or more HCC cell lines with multiplier value of differences 
 ≥ 2.0 after 5-Aza-dC and TSA treatment.  Conclusions:  We 
identified several potential TSGs that participate in tran-
scription inactivation through epigenetic interactions in 
HCC. The results of this study are important for the under-
standing of functionally important epigenetic alterations in 
HCC.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the most common 
type of liver cancer  [1] . Several risk factors contribute to 
the development of HCC, including chronic infection 
due to hepatitis virus, alcohol intake, nonalcoholic fatty 
liver disease, hemochromatosis, α 1 -antitrypsin deficien-
cy, Wilson’s disease and aflatoxin exposure. Regardless of 
the etiology, chronic liver damage causes genetic and epi-
genetic alterations, which play an important role in hepa-
tocarcinogenesis  [2] .

 Key Words 
 DNA methylation · Epigenetic alterations · Gene 
hypermethylation · Methylation profiling · Tumor 
suppressor genes 

 Abstract 
  Objectives:  DNA methylation-dependent transcriptional in-
activation of tumor suppressor genes (TSGs) is critical for the 
pathogenesis of hepatocellular carcinoma (HCC). This study 
identifies potential TSGs in HCCs using methylation profiling 
and pharmacological unmasking of methylated TSGs.  Meth-
ods:  Methylation profiling was performed on 22 pairs of 
HCCs and their corresponding noncancerous liver tissues us-
ing the Infinium HumanMethylation27 BeadChip. We also 
determined the gene reexpression after treatment with 
5-aza-2 ′ -deoxycytidine (5-Aza-dC) and trichostatin A (TSA) in 
5 HCC cell lines.  Results:  We selected CpGs that exhibited a 
significant increase in methylation in HCC tissues compared 
with that of the noncancerous control group. Two hundred 
and thirteen CpGs on different gene promoters with a mean 
difference in the β value  ≥ 0.15 and a value of p < 0.05 were 
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  Recent technical advancement in genomic sequencing 
and comprehensive methylation analyses give us a pro-
found insight into the molecular events that drive carci-
nogenesis, including HCC  [3–8] . Several studies have 
noted abnormal DNA methylation in HCC; DNA meth-
ylation of specific sequences on the promoters of tumor 
suppressor genes (TSGs) is a key epigenetic alteration 
that marks HCC pathogenesis  [2, 9] . Therefore, it is es-
sential to determine unique methylation events that are 
linked to transcriptional inactivation and HCC patholo-
gy. Currently, the correlation between individual DNA 
methylation and transcription of its corresponding genes 
has not been fully clarified in HCC. Understanding this 
phenomenon will provide important insights into HCC 
pathology  [10]  and may provide a venue for novel thera-
peutics  [11] . 

  In this study, we have addressed this issue by perform-
ing a comprehensive analysis of hypermethylated genes 
within HCC promoters. To achieve this, we used the In-
finium HumanMethylation27 BeadChip (Illumina, San 
Diego, Calif., USA) to target 27,578 CpGs within the pro-
moters of 14,474 genes in patients with HCC, and com-
pared the results with those of their corresponding non-
cancerous control group. Using pharmacological agents, 
we also determined the genes that were upregulated due to 
DNA demethylation and histone acetylation in HCC cell 
lines. Here, we report a systematic and integrative analysis 
of epigenetically inactivated genes in human HCC.

  Materials and Methods 

 Patients 
 In this study, 22 pairs of HCCs and their corresponding non-

cancerous liver tissues were taken from 19 men and 3 women rang-
ing in age from 53 to 79 years (median, 71 years). The patient co-
hort had different etiological profiles. Of the 22 study patients, 1 
patient was positive for hepatitis B virus surface antigen, 9 were 
positive for hepatitis C virus antibody, and 12 patients were nega-
tive for both. Among these 12 patients, 4 patients consumed alco-
hol (>20 g/day). One, 5, 7 and 9 patients had stage F1, F2, F3 and 
F4 liver fibrosis, respectively. The median tumor size was 3.0 cm 
(25th–75th percentiles: 2.6–8.0 cm). The tumors were at different 
stages of differentiation. Of the 22 tumor samples, 9 tumors were 
well differentiated, 12 were moderately differentiated, and 1 was 
poorly differentiated. Written informed consent was obtained 
from all patients, and necessary approvals were obtained from the 
institutional review boards of the institution involved. 

  Methylation Analysis Using HumanMethylation27 BeadChip 
 Genomic DNA was extracted from frozen tissues as described 

previously  [12] . After confirming the quality and concentration of 
DNA, 1 μg of genomic DNA was treated with bisulfite using the EZ 
DNA Methylation Kit (Zymo Research Corporation, Irvine, Calif., 

USA). Whole genome amplification of DNA, enzymatic fragmen-
tation and isopropanol precipitation were performed according 
to the manufacturer’s instructions (Infinium Methylation Assay, 
Manual Protocol, Rev.A). The DNA fragment was applied onto the 
HumanMethylation27 BeadChip array and hybridized overnight. 
Then, the array was scanned with the Illumina iScan SQ scanner 
(iScan Control software v.3.3.28) and the intensities of the images 
were captured using GenomeStudio (v.2011.1) and Methylation 
Module (v.1.9.0) software. The β value representing the methyla-
tion levels was calculated as the ratio of the signal intensity of the 
methylated allele divided by the sum of the signal intensity of the 
unmethylated and methylated allele + 100. Each β value was accom-
panied by a detection p value, which indicated statistical signifi-
cance against the background. Only β values with a detection value 
of p < 0.05 were included in the data analysis. All samples showed 
a CpG coverage of >95% in this analysis.

  Cell Culture and 5-Aza-2-Deoxycytidine and Trichostatin A 
Treatment  
 HCC, HLE, HLF, HepG2, Huh7 and PLC/PRF/5 cell lines were 

purchased from the Japanese Collection of Research Bioresources 
Bank at the National Institute of Biomedical Innovation (Osaka, 
Japan) and American Type Culture Collection (Manassas, Va., 
USA). To perform the pharmacological unmasking procedure, 
1–5 × 10 5  cells were cultured in Dulbecco’s modified Eagle’s me-
dium (Sigma-Aldrich, St. Louis, Mo., USA) with either 5 or 10% 
fetal bovine serum (Gibco, Life Sciences Technologies, St. Clara, 
Calif., USA) in 10-cm culture dishes for 24 h. The cell lines were 
then treated with 1 μ M  5-aza-2 ′ -deoxycytidine (5-Aza-dC; Sigma) 
for 72 h, followed by an additional 24-hour treatment with 100 n M  
trichostatin A (TSA; Wako, Osaka, Japan). Finally, the cells were 
harvested and studied for DNA methylation and RNA expression.

  DNA and RNA Extraction, Combined Bisulfite Restriction 
Analysis and Array-Based Analysis of Reactivated Genes 
 DNA and RNA extraction was performed using the QIAamp 

DNA Mini Kit (Qiagen Inc., Valencia, Calif., USA) and RNeasy 
Mini Kit (Qiagen), respectively. To confirm DNA demethylation 
in response to 5-Aza-dC and TSA treatment, we performed
COBRA (combined bisulfite restriction analysis) to determine
the methylation status of the promoters on the  CDKN2A, GSTP1, 
HIC1, RIZ1, SOCS1  and  RASSF1A  genes  [12, 13] .

  To elucidate the effects of DNA demethylation on transcription 
further, before and after 5-Aza-dC and TSA treatment, RNA sam-
ples were subjected to expression microarray analysis using Agi-
lent SurePrint G3 human GE 8x60K v2 (Agilent Technology, St. 
Clara, Calif., USA). This system targets about 50,599 transcripts 
including 11,912 large intergenic noncoding RNAs and transcripts 
with uncertain coding potential. Data were analyzed with Agilent 
Feature Extraction software and the multiples of differentially ex-
pressed genes before and after treatment were calculated. Multi-
plier values of differences  ≥ 2.0 were scored as upregulated genes, 
while those of differences  ≤ 0.5 represented downregulated genes. 
The value between 0.5 and 2.0 was considered insignificant or un-
altered gene expression. 

  Selection of Differentially Methylated and Reactivated Genes 
after 5-Aza-dC and TSA Treatment 
 Initially, we selected CpGs within promoters that showed in-

creased methylation in HCC tissues compared with those in the 
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noncancerous livers, with the mean difference in a β value  ≥ 0.15. 
The final data were analyzed with the Mann-Whitney U test with 
the false discovery rate controlled with the Benjamini-Hochberg 
procedure. The extracted CpGs in the hypermethylated promoters 
(corrected p < 0.05) were considered differentially methylated (hy-
permethylated DM-CpGs).

  To determine the genes inactivated through DNA methylation, 
we performed pharmacological unmasking in HCC cell lines. 
Gene expression levels that increased over 2-fold in response to 
5-Aza-dC and TSA treatment (multiplier value of differences 
 ≥ 2.0) in at least 3 cell lines were considered as reactivated genes. 
Thus, genes with hypermethylated DM-CpGs that were transcrip-
tionally reactivated through 5-Aza-dC and TSA treatment are can-
didates for genes that are inactivated through epigenetic mecha-
nisms in human HCC. 

  All statistical analyses were conducted using the JMP version 
9.0 software (SAS Institute Inc., Cary, N.C., USA). After calculat-
ing two-sided p values, p < 0.05 was considered statistically sig-
nificant. 

  Results 

 Identification of Hypermethylated Genes That Were 
Reactivated after 5-Aza-dC and TSA Treatment in 
HCC 
 We selected hypermethylated CpGs based on the two 

criteria. First, CpGs must show increased methylation 
compared with noncancerous livers, with a difference in 
the β value  ≥ 0.15. Second, the increase must be statisti-
cally significant (corrected p < 0.05) after the Mann-
Whitney U test with the false discovery rate control. 
Overall, 213 CpGs in 213 different gene promoters met 
the above criteria. The mean distance of the location of 
the selected CpGs from the transcription start site was 
269.5 bp (95% confidence interval 232.2–306.8 bp). We 
also performed an epigenetic unmasking procedure 
with 5-Aza-dC and TSA treatment, which induced DNA 
demethylation and histone acetylation in the 5 liver can-
cer cell lines. The optimal treatment conditions were de-
termined by analyzing the demethylation status of 6 
TSG promoters,  CDKN2A, GSTP1, HIC1, RIZ1, SOCS1  
and  RASSF1A , which were known to carry abnormal 
methylation in human HCC, after treatment ( fig.  1 ) 
 [12] . Then, we selected the transcripts that were upregu-
lated (multiplier value of differences  ≥ 2.0) after 5-Aza-
dC and TSA treatment. In total, 2,412 transcripts were 
upregulated in at least 3 HCC cell lines. Of these, 317 
transcripts were upregulated in all 5 cell lines, 711 tran-
scripts were upregulated in 4 cell lines, and 1,384 tran-
scripts were upregulated in 3 cell lines. Furthermore, 
among the 2,412 upregulated transcripts, 45 transcripts 
were derived from the genes carrying hypermethylated 

CpGs within the promoters in human HCC tissues. De-
tailed information regarding these 45 genes is listed in 
 table 1 .

  Discussion 

 TSG inactivation through DNA methylation is one of 
the most important mechanisms that drive human hepa-
tocarcinogenesis  [14] . In this study, we comprehensively 
analyzed alterations in promoter DNA methylation of 
human HCCs and integrated these results with those ob-
tained from the pharmacological unmasking of 5 differ-
ent HCC cell lines. We have successfully identified a set 
of genes that are strong candidates for epigenetically in-
activated TSGs in HCCs. 

  At first, we obtained the methylation profile of HCCs 
and their corresponding noncancerous liver tissues with 
the Infinium HumanMethylation27 BeadChip array. 
Through this analysis, we selected the hypermethylated 

CDKN2A

Treatment

GSTP1

HIC1

RIZ1

SOCS1

RASSF1A

– + – + – + – + – +

HLE HLF HepG2 Huh7
PLC/
PRF/5

Cont.

  Fig. 1.  DNA methylation status of 5 HCC cell lines before and after 
treatment with 5-Aza-dC and TSA by COBRA. – = Before treat-
ment with 5-Aza-dC and TSA; + = after treatment with 5-Aza-dC 
and TSA; Cont. = a positive control of methylated DNA sample 
that was treated with CpG methylase (CpGenome TM  universal 
methylated DNA; Chemicon International, Inc., Temecula, Calif., 
USA). The solid and dashed arrows indicate the methylated and 
unmethylated allele, respectively. 
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Ch. Gene symbol Annotation Gene product UCSC
RefGene

β value
difference

19 ZNF154 zinc ion binding; transcription factor zinc finger protein 154 ZNF154 0.2910

1 9 TNFSF9 tumor necrosis factor receptor binding tumor necrosis factor superfamily; member 9 TNFSF9 0.2239

13 EFNB2 ephrin receptor binding; cell differentiation; 
cell-cell signaling; nervous system development

ephrin B2 EFNB2 0.2146

11 FLJ33790 hypothetical protein LOC283212 KLHL35 0.2097

2 LOXL3 copper ion binding; oxidoreductase activity; 
scavenger receptor activity

lysyl oxidase-like 3 precursor LOXL3 0.2053

11 OVOL1 putative transcription factor: zinc ion binding OVO-like 1 binding protein OVOL1 0.2031

10 NKX6-2 transcription factor activity NK6 transcription factor related; locus 2 NKX6-2 0.2009

11 LRFN4 leucine-rich repeat and fibronectin type-III 
domain-containing 4 variant

leucine-rich repeat and fibronectin type-III 
domain-containing 4

LRFN4 0.2007

3 RBP1 retinol binding; vitamin A metabolism retinol binding protein 1; cellular RBP1 0.1994

X FLJ14503 catalytic activity hypothetical protein LOC256714 MAP7D2 0.1930

1 TRIM58 synonyms: BIA2; DKFZp434C091 tripartite motif-containing 58 TRIM58 0.1924

11 MAPK8IP1 mitogen-activated protein kinase scaffold 
activity; protein kinase inhibitor activity; 
regulation of the JNK cascade

mitogen-activated protein kinase 8-
interacting protein 1

MAPK8IP1 0.1897

4 AFAP actin filament-associated protein; 110 kDa actin filament-associated protein AFAP1 0.1866

5 APC β-catenin binding; Wnt receptor signaling 
pathway

adenomatosis polyposis coli APC 0.1842

2 FRZB cell differentiation; negative regulation of Wnt 
receptor signaling pathway

frizzled-related protein FRZB 0.1838

17 RND2 small GTPase-mediated signal transduction Rho family GTPase 2 RND2 0.1807

2 TACSTD1 human epithelial glycoprotein-2; surface marker tumor-associated calcium signal transducer 1 
precursor

EPCAM 0.1789

6 BMP6 transforming growth factor-β; growth factor 
activity; cell differentiation

bone morphogenetic protein 6 precursor BMP6 0.1784

14 SLC22A17 potent brain-type organic ion transporter solute carrier family 22 (organic cation 
transporter); member 17 isoform a

SLC22A17 0.1748

11 UCP2 mitochondrial transport uncoupling protein 2 UCP2 0.1726

X SYN1 actin binding; transporter activity; go_process: 
neurotransmitter secretion

synapsin I isoform Ib SYN1 0.1725

2 BOLL RNA binding; spermatogenesis; cell 
differentiation; regulation of translation

boule isoform 2 BOLL 0.1710

19 ZNF177 negative regulation of transcription from RNA 
polymerase II promoter

zinc finger protein 177 ZNF177 0.1679

10 ALOX5 oxidoreductase activity; arachidonate 
5-lipoxygenase activity; inflammatory response

arachidonate 5-lipoxygenase ALOX5 0.1663

3 CLDN11 tight junction; calcium-independent cell-cell 
adhesion

claudin 11 CLDN11 0.1657

3 MCF2L2 synonyms: FLJ42509; KIAA0861 Rho family guanine-nucleotide exchange factor MCF2L2 0.1640

7 AEBP1 transcription factor activity; cell adhesion; 
muscle development

adipocyte enhancer binding protein 1 
precursor

AEBP1 0.1636

 Table 1.  Candidate genes with transcriptional inactivation through DNA methylation in HCC
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noncancerous livers, with the mean difference in a β value  ≥ 0.15. 
The final data were analyzed with the Mann-Whitney U test with 
the false discovery rate controlled with the Benjamini-Hochberg 
procedure. The extracted CpGs in the hypermethylated promoters 
(corrected p < 0.05) were considered differentially methylated (hy-
permethylated DM-CpGs).

  To determine the genes inactivated through DNA methylation, 
we performed pharmacological unmasking in HCC cell lines. 
Gene expression levels that increased over 2-fold in response to 
5-Aza-dC and TSA treatment (multiplier value of differences 
 ≥ 2.0) in at least 3 cell lines were considered as reactivated genes. 
Thus, genes with hypermethylated DM-CpGs that were transcrip-
tionally reactivated through 5-Aza-dC and TSA treatment are can-
didates for genes that are inactivated through epigenetic mecha-
nisms in human HCC. 

  All statistical analyses were conducted using the JMP version 
9.0 software (SAS Institute Inc., Cary, N.C., USA). After calculat-
ing two-sided p values, p < 0.05 was considered statistically sig-
nificant. 

  Results 

 Identification of Hypermethylated Genes That Were 
Reactivated after 5-Aza-dC and TSA Treatment in 
HCC 
 We selected hypermethylated CpGs based on the two 

criteria. First, CpGs must show increased methylation 
compared with noncancerous livers, with a difference in 
the β value  ≥ 0.15. Second, the increase must be statisti-
cally significant (corrected p < 0.05) after the Mann-
Whitney U test with the false discovery rate control. 
Overall, 213 CpGs in 213 different gene promoters met 
the above criteria. The mean distance of the location of 
the selected CpGs from the transcription start site was 
269.5 bp (95% confidence interval 232.2–306.8 bp). We 
also performed an epigenetic unmasking procedure 
with 5-Aza-dC and TSA treatment, which induced DNA 
demethylation and histone acetylation in the 5 liver can-
cer cell lines. The optimal treatment conditions were de-
termined by analyzing the demethylation status of 6 
TSG promoters,  CDKN2A, GSTP1, HIC1, RIZ1, SOCS1  
and  RASSF1A , which were known to carry abnormal 
methylation in human HCC, after treatment ( fig.  1 ) 
 [12] . Then, we selected the transcripts that were upregu-
lated (multiplier value of differences  ≥ 2.0) after 5-Aza-
dC and TSA treatment. In total, 2,412 transcripts were 
upregulated in at least 3 HCC cell lines. Of these, 317 
transcripts were upregulated in all 5 cell lines, 711 tran-
scripts were upregulated in 4 cell lines, and 1,384 tran-
scripts were upregulated in 3 cell lines. Furthermore, 
among the 2,412 upregulated transcripts, 45 transcripts 
were derived from the genes carrying hypermethylated 

CpGs within the promoters in human HCC tissues. De-
tailed information regarding these 45 genes is listed in 
 table 1 .

  Discussion 

 TSG inactivation through DNA methylation is one of 
the most important mechanisms that drive human hepa-
tocarcinogenesis  [14] . In this study, we comprehensively 
analyzed alterations in promoter DNA methylation of 
human HCCs and integrated these results with those ob-
tained from the pharmacological unmasking of 5 differ-
ent HCC cell lines. We have successfully identified a set 
of genes that are strong candidates for epigenetically in-
activated TSGs in HCCs. 

  At first, we obtained the methylation profile of HCCs 
and their corresponding noncancerous liver tissues with 
the Infinium HumanMethylation27 BeadChip array. 
Through this analysis, we selected the hypermethylated 

CDKN2A

Treatment

GSTP1

HIC1

RIZ1

SOCS1

RASSF1A

– + – + – + – + – +

HLE HLF HepG2 Huh7
PLC/
PRF/5

Cont.

  Fig. 1.  DNA methylation status of 5 HCC cell lines before and after 
treatment with 5-Aza-dC and TSA by COBRA. – = Before treat-
ment with 5-Aza-dC and TSA; + = after treatment with 5-Aza-dC 
and TSA; Cont. = a positive control of methylated DNA sample 
that was treated with CpG methylase (CpGenome TM  universal 
methylated DNA; Chemicon International, Inc., Temecula, Calif., 
USA). The solid and dashed arrows indicate the methylated and 
unmethylated allele, respectively. 
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Ch. Gene symbol Annotation Gene product UCSC
RefGene

β value
difference

19 ZNF154 zinc ion binding; transcription factor zinc finger protein 154 ZNF154 0.2910

1 9 TNFSF9 tumor necrosis factor receptor binding tumor necrosis factor superfamily; member 9 TNFSF9 0.2239

13 EFNB2 ephrin receptor binding; cell differentiation; 
cell-cell signaling; nervous system development

ephrin B2 EFNB2 0.2146

11 FLJ33790 hypothetical protein LOC283212 KLHL35 0.2097

2 LOXL3 copper ion binding; oxidoreductase activity; 
scavenger receptor activity

lysyl oxidase-like 3 precursor LOXL3 0.2053

11 OVOL1 putative transcription factor: zinc ion binding OVO-like 1 binding protein OVOL1 0.2031

10 NKX6-2 transcription factor activity NK6 transcription factor related; locus 2 NKX6-2 0.2009

11 LRFN4 leucine-rich repeat and fibronectin type-III 
domain-containing 4 variant

leucine-rich repeat and fibronectin type-III 
domain-containing 4

LRFN4 0.2007

3 RBP1 retinol binding; vitamin A metabolism retinol binding protein 1; cellular RBP1 0.1994

X FLJ14503 catalytic activity hypothetical protein LOC256714 MAP7D2 0.1930

1 TRIM58 synonyms: BIA2; DKFZp434C091 tripartite motif-containing 58 TRIM58 0.1924

11 MAPK8IP1 mitogen-activated protein kinase scaffold 
activity; protein kinase inhibitor activity; 
regulation of the JNK cascade

mitogen-activated protein kinase 8-
interacting protein 1

MAPK8IP1 0.1897

4 AFAP actin filament-associated protein; 110 kDa actin filament-associated protein AFAP1 0.1866

5 APC β-catenin binding; Wnt receptor signaling 
pathway

adenomatosis polyposis coli APC 0.1842

2 FRZB cell differentiation; negative regulation of Wnt 
receptor signaling pathway

frizzled-related protein FRZB 0.1838

17 RND2 small GTPase-mediated signal transduction Rho family GTPase 2 RND2 0.1807

2 TACSTD1 human epithelial glycoprotein-2; surface marker tumor-associated calcium signal transducer 1 
precursor

EPCAM 0.1789

6 BMP6 transforming growth factor-β; growth factor 
activity; cell differentiation

bone morphogenetic protein 6 precursor BMP6 0.1784

14 SLC22A17 potent brain-type organic ion transporter solute carrier family 22 (organic cation 
transporter); member 17 isoform a

SLC22A17 0.1748

11 UCP2 mitochondrial transport uncoupling protein 2 UCP2 0.1726

X SYN1 actin binding; transporter activity; go_process: 
neurotransmitter secretion

synapsin I isoform Ib SYN1 0.1725

2 BOLL RNA binding; spermatogenesis; cell 
differentiation; regulation of translation

boule isoform 2 BOLL 0.1710

19 ZNF177 negative regulation of transcription from RNA 
polymerase II promoter

zinc finger protein 177 ZNF177 0.1679

10 ALOX5 oxidoreductase activity; arachidonate 
5-lipoxygenase activity; inflammatory response

arachidonate 5-lipoxygenase ALOX5 0.1663

3 CLDN11 tight junction; calcium-independent cell-cell 
adhesion

claudin 11 CLDN11 0.1657

3 MCF2L2 synonyms: FLJ42509; KIAA0861 Rho family guanine-nucleotide exchange factor MCF2L2 0.1640

7 AEBP1 transcription factor activity; cell adhesion; 
muscle development

adipocyte enhancer binding protein 1 
precursor

AEBP1 0.1636

 Table 1.  Candidate genes with transcriptional inactivation through DNA methylation in HCC
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genes with a mean β value  ≥ 1.5 in HCCs compared to that 
of noncancerous liver tissues. To obtain differentially meth-
ylated genes, the β values between the two groups were as-
sessed with the Mann-Whitney U test with false discovery 
rate controlled using the Benjamini-Hochberg procedure. 
To confirm the reactivation of hypermethylated genes after 

pharmacological unmasking, we performed a comprehen-
sive analysis of gene reactivation after 5-Aza-dC and TSA 
treatment in human HCC. In conclusion, the 45 hyper-
methylated genes that turned on transcription in 3 or more 
HCC cell lines were considered as key candidates for epige-
netically inactivated genes during hepatocarcinogenesis.

Table 1 (continued)

Ch. Gene symbol Annotation Gene product UCSC
RefGene

β value
difference

19 PBX4 embryonic development; regulation of 
transcription

pre-B cell leukemia transcription factor 4 PBX4 0.1631

16 SMPD3 sphingomyelin phosphodiesterase activity; cell 
cycle

sphingomyelin phosphodiesterase 3; neutral 
membrane

SMPD3 0.1624

11 THY1 T cell receptor signaling pathway; negative 
regulation of apoptosis, cell migration, protein 
kinase activity, T cell receptor signaling pathway

Thy-1 cell surface antigen THY1 0.1621

7 FSCN1 cell proliferation; actin cytoskeleton 
organization

fascin 1 FSCN1 0.1617

8 RBM35A nucleic acid binding hypothetical protein LOC54845 isoform 1 ESRP1 0.1614

10 ADAM8 metalloendopeptidase activity ADAM metallopeptidase domain 8 precursor ADAM8 0.1613

2 NRP2 vascular endothelial growth factor receptor 
activity; cell adhesion; cell differentiation; 
nervous system development

neuropilin 2 isoform 2 precursor NRP2 0.1611

12 WIF1 Wnt receptor signaling pathway Wnt inhibitory factor-1 precursor WIF1 0.1608

16 SOCS1 negative regulation of JAK-STAT cascade suppressor of cytokine signaling 1 SOCS1 0.1589

14 CHGA calcium ion binding; blood pressure regulation chromogranin A precursor CHGA 0.1579

1 KIF17 microtubule motor activity; microtubule-based 
movement

kinesin family member 17 KIF17 0.1575

11 CDKN1C p57KIP2; Beckwith-Wiedemann syndrome; 
cyclin-dependent protein kinase inhibitor 
activity

cyclin-dependent kinase inhibitor 1C CDKN1C 0.1574

20 C20orf100 regulation of transcription chromosome 20 open reading frame 100 TOX2 0.1571

20 SALL4 sal (Drosophila)-like 4; zinc ion binding; 
go_function: metal ion binding; regulation of 
transcription

sal-like 4 SALL4 0.1568

20 GDAP1L1 synonyms: dJ881L22.1; DKFZp761K228; 
dJ995J12.1.1

ganglioside-induced differentiation-associated 
protein 1-like 1

GDAP1L1 0.1549

2 TFCP2L1 transcription factor activity; regulation of 
transcription from RNA polymerase II 
promoter

LBP-9 TFCP2L1 0.1533

9 CDKN2A cyclin-dependent kinase 4 inhibitor p16-INK4; 
cyclin-dependent kinase inhibitor 2A; p14ARF

cyclin-dependent kinase inhibitor 2A isoform 3 CDKN2A 0.1513

X TMSL8 thymosin β; cytoskeleton; actin binding thymosin-like 8 TMSB15A 0.1504

 The 45 genes that showed upregulation in 3 or more cell lines and hyper-
methylation on the promoters in human HCCs were listed. The β value 
differ ence denotes the difference in the mean β value between HCCs and 
noncancerous livers. Ch. = Chromosome; Annotation = the gene annotation 

provided by the National Center for Biotechnology Information (NCBI); 
Product = the name of the gene product by the NCBI; UCSC RefGene = the 
gene names by the University of California, Santa Cruz (UCSC) Genome 
Bioinformatics. 
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  Previously, we have reported that a set of 8 TSGs 
showed abnormal methylation in early HCC  [15] . The 
number of these methylated TSGs in the hepatitis tissue 
correlated with the time to HCC occurrence in chronic 
hepatitis C patients. Among the 8 TSGs, the  APC ,  
CDKN2A  and SOCS1 genes were also identified as tran-
scriptionally inactivated TSGs by DNA methylation 
through the presented selection. In addition, a recent
report identified  sphingomyelin phosphodiesterase 3  
( SMPD3 ) as a TSG in HCC using HumanMethylation27 
BeadChip and array-based reexpression profiling  [16] . 
Another gene called the  Wnt inhibitory factor-1 precursor  
 (WIF1)  also reportedly undergoes epigenetic silencing in 
HCC  [17] . Notably, both of these genes were selected as 
epigenetically inactivated in HCC through our analysis. 
Together, these studies validate the robustness our data 
and methodology used to obtain the present data. 

  Interestingly, several potential TSGs, which were iden-
tified as epigenetically inactivated genes in this study, 
have not been reported in human HCCs but in other can-
cers. For example, the  frizzled-related protein   (FRZB)  
gene that regulates Wnt signaling shows hypermethyl-
ation in bladder cancer  [18] . More importantly, our anal-
ysis identified  FRZB  as a potential TSG in HCC as indi-
cated by its inactivation through DNA methylation.
Another gene,  claudin 11   (CLDN11)  – an epigenetic bio-
marker of melanoma  [19, 20]  – was found having a hy-
permethylated promoter in our study. We have also iden-
tified the  cyclin-dependent kinase inhibitor 1C  ( CDKN1C)  
as an epigenetically inactivated gene in HCCs. The loss of 
the  CDKN1C  gene product, p57(KIP2), correlates with a 
poor prognosis in HCC patients  [21] . Therefore, it is pos-
sible that p57(KIP2) downregulation in HCCs may be 
due to an epigenetic interaction. 

  Our analyses have also revealed that increased meth-
ylation occurs in certain genes coding stem cell markers 
such as the  Sal-like protein 4 (SALL4)  and the  tumor-as-

sociated calcium signal transducer 1 (TACSTD1 / EPCAM)  
in a subset of HCCs. Studies have shown that increased 
expression of hepatic progenitor markers such as SALL4 
and TACSTD1 are associated with a poor prognosis for 
cancer, including HCC  [22, 23] . Until now, the biological 
implication of the hypermethylation of these progenitor 
cell markers in HCC was controversial owing to the re-
ported lack of SALL4 expression in noncancerous liver 
 [24] . However, we observed an increase in both SALL4 
and TACSTD1 expression levels after the pharmacologi-
cal unmasking procedure in HCC cell lines. Hypermeth-
ylated SALL4 reactivates in response to 5-Aza-dC treat-
ment in the acute promyelocytic leukemia cell line and is 
responsible for aggressive tumors  [25] . These studies in-
dicate that further analyses of the epigenetic regulation of 
SALL4 and TACSTD1 in HCC should be required for the 
development of epigenetic-based therapies for HCC.

  In this study, we identified several potential TSGs that 
are inactivated by epigenetic interactions in HCC. Since 
we analyzed a limited number of cell lines for pharmaco-
logical unmasking, many other epigenetically inactivated 
TSGs in HCC still need to be discovered  [26, 27] . For ex-
ample, the  GSTP1  and  RUNX3  genes, which have abnor-
mal methylation in HCCs, were not listed because only 
1–2 cell lines out of the 5 HCC cell lines analyzed showed 
abnormal methylation of these genes  [15] . Nonetheless, 
the data presented here are important to understand what 
kinds of TSGs are inactivated through epigenetic mecha-
nisms during HCC onset and progression.
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genes with a mean β value  ≥ 1.5 in HCCs compared to that 
of noncancerous liver tissues. To obtain differentially meth-
ylated genes, the β values between the two groups were as-
sessed with the Mann-Whitney U test with false discovery 
rate controlled using the Benjamini-Hochberg procedure. 
To confirm the reactivation of hypermethylated genes after 

pharmacological unmasking, we performed a comprehen-
sive analysis of gene reactivation after 5-Aza-dC and TSA 
treatment in human HCC. In conclusion, the 45 hyper-
methylated genes that turned on transcription in 3 or more 
HCC cell lines were considered as key candidates for epige-
netically inactivated genes during hepatocarcinogenesis.

Table 1 (continued)

Ch. Gene symbol Annotation Gene product UCSC
RefGene

β value
difference

19 PBX4 embryonic development; regulation of 
transcription

pre-B cell leukemia transcription factor 4 PBX4 0.1631

16 SMPD3 sphingomyelin phosphodiesterase activity; cell 
cycle

sphingomyelin phosphodiesterase 3; neutral 
membrane

SMPD3 0.1624

11 THY1 T cell receptor signaling pathway; negative 
regulation of apoptosis, cell migration, protein 
kinase activity, T cell receptor signaling pathway

Thy-1 cell surface antigen THY1 0.1621

7 FSCN1 cell proliferation; actin cytoskeleton 
organization

fascin 1 FSCN1 0.1617

8 RBM35A nucleic acid binding hypothetical protein LOC54845 isoform 1 ESRP1 0.1614

10 ADAM8 metalloendopeptidase activity ADAM metallopeptidase domain 8 precursor ADAM8 0.1613

2 NRP2 vascular endothelial growth factor receptor 
activity; cell adhesion; cell differentiation; 
nervous system development

neuropilin 2 isoform 2 precursor NRP2 0.1611

12 WIF1 Wnt receptor signaling pathway Wnt inhibitory factor-1 precursor WIF1 0.1608

16 SOCS1 negative regulation of JAK-STAT cascade suppressor of cytokine signaling 1 SOCS1 0.1589

14 CHGA calcium ion binding; blood pressure regulation chromogranin A precursor CHGA 0.1579

1 KIF17 microtubule motor activity; microtubule-based 
movement

kinesin family member 17 KIF17 0.1575

11 CDKN1C p57KIP2; Beckwith-Wiedemann syndrome; 
cyclin-dependent protein kinase inhibitor 
activity

cyclin-dependent kinase inhibitor 1C CDKN1C 0.1574

20 C20orf100 regulation of transcription chromosome 20 open reading frame 100 TOX2 0.1571

20 SALL4 sal (Drosophila)-like 4; zinc ion binding; 
go_function: metal ion binding; regulation of 
transcription

sal-like 4 SALL4 0.1568

20 GDAP1L1 synonyms: dJ881L22.1; DKFZp761K228; 
dJ995J12.1.1

ganglioside-induced differentiation-associated 
protein 1-like 1

GDAP1L1 0.1549

2 TFCP2L1 transcription factor activity; regulation of 
transcription from RNA polymerase II 
promoter

LBP-9 TFCP2L1 0.1533

9 CDKN2A cyclin-dependent kinase 4 inhibitor p16-INK4; 
cyclin-dependent kinase inhibitor 2A; p14ARF

cyclin-dependent kinase inhibitor 2A isoform 3 CDKN2A 0.1513

X TMSL8 thymosin β; cytoskeleton; actin binding thymosin-like 8 TMSB15A 0.1504

 The 45 genes that showed upregulation in 3 or more cell lines and hyper-
methylation on the promoters in human HCCs were listed. The β value 
differ ence denotes the difference in the mean β value between HCCs and 
noncancerous livers. Ch. = Chromosome; Annotation = the gene annotation 

provided by the National Center for Biotechnology Information (NCBI); 
Product = the name of the gene product by the NCBI; UCSC RefGene = the 
gene names by the University of California, Santa Cruz (UCSC) Genome 
Bioinformatics. 
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  Previously, we have reported that a set of 8 TSGs 
showed abnormal methylation in early HCC  [15] . The 
number of these methylated TSGs in the hepatitis tissue 
correlated with the time to HCC occurrence in chronic 
hepatitis C patients. Among the 8 TSGs, the  APC ,  
CDKN2A  and SOCS1 genes were also identified as tran-
scriptionally inactivated TSGs by DNA methylation 
through the presented selection. In addition, a recent
report identified  sphingomyelin phosphodiesterase 3  
( SMPD3 ) as a TSG in HCC using HumanMethylation27 
BeadChip and array-based reexpression profiling  [16] . 
Another gene called the  Wnt inhibitory factor-1 precursor  
 (WIF1)  also reportedly undergoes epigenetic silencing in 
HCC  [17] . Notably, both of these genes were selected as 
epigenetically inactivated in HCC through our analysis. 
Together, these studies validate the robustness our data 
and methodology used to obtain the present data. 

  Interestingly, several potential TSGs, which were iden-
tified as epigenetically inactivated genes in this study, 
have not been reported in human HCCs but in other can-
cers. For example, the  frizzled-related protein   (FRZB)  
gene that regulates Wnt signaling shows hypermethyl-
ation in bladder cancer  [18] . More importantly, our anal-
ysis identified  FRZB  as a potential TSG in HCC as indi-
cated by its inactivation through DNA methylation.
Another gene,  claudin 11   (CLDN11)  – an epigenetic bio-
marker of melanoma  [19, 20]  – was found having a hy-
permethylated promoter in our study. We have also iden-
tified the  cyclin-dependent kinase inhibitor 1C  ( CDKN1C)  
as an epigenetically inactivated gene in HCCs. The loss of 
the  CDKN1C  gene product, p57(KIP2), correlates with a 
poor prognosis in HCC patients  [21] . Therefore, it is pos-
sible that p57(KIP2) downregulation in HCCs may be 
due to an epigenetic interaction. 

  Our analyses have also revealed that increased meth-
ylation occurs in certain genes coding stem cell markers 
such as the  Sal-like protein 4 (SALL4)  and the  tumor-as-

sociated calcium signal transducer 1 (TACSTD1 / EPCAM)  
in a subset of HCCs. Studies have shown that increased 
expression of hepatic progenitor markers such as SALL4 
and TACSTD1 are associated with a poor prognosis for 
cancer, including HCC  [22, 23] . Until now, the biological 
implication of the hypermethylation of these progenitor 
cell markers in HCC was controversial owing to the re-
ported lack of SALL4 expression in noncancerous liver 
 [24] . However, we observed an increase in both SALL4 
and TACSTD1 expression levels after the pharmacologi-
cal unmasking procedure in HCC cell lines. Hypermeth-
ylated SALL4 reactivates in response to 5-Aza-dC treat-
ment in the acute promyelocytic leukemia cell line and is 
responsible for aggressive tumors  [25] . These studies in-
dicate that further analyses of the epigenetic regulation of 
SALL4 and TACSTD1 in HCC should be required for the 
development of epigenetic-based therapies for HCC.

  In this study, we identified several potential TSGs that 
are inactivated by epigenetic interactions in HCC. Since 
we analyzed a limited number of cell lines for pharmaco-
logical unmasking, many other epigenetically inactivated 
TSGs in HCC still need to be discovered  [26, 27] . For ex-
ample, the  GSTP1  and  RUNX3  genes, which have abnor-
mal methylation in HCCs, were not listed because only 
1–2 cell lines out of the 5 HCC cell lines analyzed showed 
abnormal methylation of these genes  [15] . Nonetheless, 
the data presented here are important to understand what 
kinds of TSGs are inactivated through epigenetic mecha-
nisms during HCC onset and progression.
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 Introduction 

 Chronic infection with hepatitis B virus (HBV) and 
hepatitis C virus (HCV) is a life-threatening disease that 
causes progressive liver damage including liver cirrhosis 
and hepatocellular carcinoma  [1, 2] . In addition, several 
extrahepatic manifestations may develop during the clin-
ical course of chronic hepatitis  [3, 4] . Among them, vas-
culitis is a significant complication of chronic HBV and 
HCV infection  [5] . The onset of this condition is gener-
ally attributed to host immune response triggered by hep-
atitis virus infection  [6] . However, the presence of the vi-
rus in immune and endothelial cells might also be associ-
ated with the pathogenesis of hepatitis virus-related 
vasculitis. Interestingly, the profile and condition of vas-
culitis differs between HBV- and HCV-related disease. 
For example, polyarteritis nodosa (PAN) is more fre-
quently reported in patients with HBV infection than in 
those with HCV infection  [7] . In contrast, cryoglobulin-
emia is one of the major extrahepatic manifestations of 
chronic HCV infection. Renal involvement and vasculitis 
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 Introduction 

 Chronic infection with hepatitis B virus (HBV) and 
hepatitis C virus (HCV) is a life-threatening disease that 
causes progressive liver damage including liver cirrhosis 
and hepatocellular carcinoma  [1, 2] . In addition, several 
extrahepatic manifestations may develop during the clin-
ical course of chronic hepatitis  [3, 4] . Among them, vas-
culitis is a significant complication of chronic HBV and 
HCV infection  [5] . The onset of this condition is gener-
ally attributed to host immune response triggered by hep-
atitis virus infection  [6] . However, the presence of the vi-
rus in immune and endothelial cells might also be associ-
ated with the pathogenesis of hepatitis virus-related 
vasculitis. Interestingly, the profile and condition of vas-
culitis differs between HBV- and HCV-related disease. 
For example, polyarteritis nodosa (PAN) is more fre-
quently reported in patients with HBV infection than in 
those with HCV infection  [7] . In contrast, cryoglobulin-
emia is one of the major extrahepatic manifestations of 
chronic HCV infection. Renal involvement and vasculitis 
can also be related to hepatitis virus infection. HCV is a 
known risk for membranoproliferative glomerulonephri-
tis (MPGN), whereas HBV may cause membranous ne-
phropathy (MN)  [8] . In the present review, we focus on 
hepatitis virus-related vasculitis and the necessity for ear-
ly diagnosis and treatment.

 Key Words 
 Viral hepatitis · Polyarteritis nodosa · Cryoglobulinemia · 
Nephropathy · Vascular disorders 

 Abstract 
 Hepatitis virus infections can be accompanied by extrahe-
patic manifestations that may be caused by the host’s im-
mune reaction to the viral infection. Vascular involvement is 
one of these manifestations and is occasionally associated 
with life-threatening conditions due to systemic organ fail-
ure. The unique profile of hepatitis-related vascular involve-
ment is associated with infection by different types of hepa-
titis viruses. For example, polyarteritis nodosa is more fre-
quently reported in patients with chronic hepatitis B than 
those with chronic hepatitis C. Similarly, membranous ne-
phropathy is a notable manifestation among hepatitis B
virus-positive patients. In contrast, patients infected with 
hepatitis C virus are at risk for cryoglobulinemia and mem-
branoproliferative glomerulonephritis. Antiviral therapy is 
necessary to control these kinds of vasculitis related to hep-
atitis virus infections; however, immunosuppressive agents 
may be required to treat severe cases. New antiviral drugs for 
viral hepatitis could improve the prognosis of vascular and 
renal involvement.  © 2014 S. Karger AG, Basel 

 Naoshi Nishida, MD 
 Department of Gastroenterology and Hepatology 
 Kinki University Faculty of Medicine 
 337-2 Ohno-Higashi, Osaka-Sayama, Osaka 589-8511 (Japan) 
 E-Mail naoshi   @   med.kindai.ac.jp 

 © 2014 S. Karger AG, Basel
0257–2753/14/0326–0786$39.50/0 

 www.karger.com/ddi 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 8

:5
2:

41
 A

M

— 329 —



 Vascular Involvement Related to Hepatitis Dig Dis 2014;32:786–790
DOI: 10.1159/000368023

787

  Cryoglobulinemia Associated with Hepatitis Virus 
Infection 

 Cryoglobulins are abnormal proteins, generally im-
munoglobulins, which precipitate from plasma at tem-
peratures below 37   °   C and dissolve again if the blood is 
heated. These abnormal blood proteins are observed in 
several pathological conditions such as infection, auto-
immune disease and malignant tumors. Cryoglobulins 
can cause organ damage through coagulation within pe-
ripheral vessels, which leads to vascular damage through 
immune reactions  [9] . Cryoglobulinemia is classified by 
the types of immunoglobulin involved and the clonality. 
Type I is most commonly encountered in patients with 
plasma cell dyscrasia. The abnormal proteins involved 
are monoclonal IgM or IgG. Type II cryoglobulinemia is 
associated with monoclonal IgM and polyclonal IgG. 
The monoclonal IgM protein has rheumatoid factor ac-
tivity and may react with the Fc region of IgG. Type III 
involves polyclonal IgM and IgG and is strongly associ-
ated with autoimmune disease such as systemic lupus 
erythematosus and rheumatoid arthritis. Types II and III 
carry both IgG and IgM components and are called 
mixed cryoglobulinemia (MC). The latter two types of 
cryoglobulinemia are associated with HCV infection, 
particularly with type II cryoglobulinemia  [6] . However, 
HBV infection may also be involved in the pathogenesis 
of this complication  [10] , although the prevalence of 
HBV in MC patients is not as high  [11] . A case of cryo-
globulinemia onset after HBV vaccination has also been 
reported  [12] .

  Onset of cryoglobulinemia may be asymptomatic or 
may lead to a MC syndrome or to a more severe vasculitis 
 [13] . The frequency of cryoglobulinemia in HCV-posi-
tive patients is varied among the reports, which might be 
attributed to the duration of HCV infection and the stage 
of liver fibrosis  [14] . The proportion of HCV-positive 
cases in MC patients ranges from 30 to 100% among stud-
ies. However, the occurrence of MC among HCV-posi-
tive patients was reported to be approximately 3%  [9] . It 
has also been reported that the association of HCV enve-
lope glycoprotein E2 with B cell CD81 receptors could 
trigger the monoclonal expansion of B cells and induce 
the production of monoclonal IgM  [15] . This type of 
monoclonal protein could react with the HCV core pro-
tein and associate with IgG antibodies against several 
HCV-derived proteins  [16] . These immune complexes 
may lead to vasculitis through the activation of the com-
plement system.

  Treatment of Hepatitis Virus-Related 
Cryoglobulinemia 
 Although the treatment of HCV-related MC depends 

on the severity of the disease, antiviral therapy against 
HCV is essential. Corticosteroids are used to control the 
acute phase of moderate to severe vasculitis  [9] . Immu-
nosuppressant therapy and plasma exchange might be re-
quired to remove cryoglobulins in life-threatening cases. 
Rituximab is also administered to suppress the expansion 
of B cells that could be a source of cryoglobulins. A com-
bination therapy involving rituximab and antiviral agents 
against HCV has been reported to be more effective than 
antiviral therapy alone, and has shown a shorter mean 
time to clinical remission, better renal response rates and 
higher rates of cryoglobulin clearance  [17] .

  In contrast to B cell proliferation, patients with HCV-
related vasculitis reportedly present with reduction of 
regulatory T cells, and resolution of the HCV infection 
correlates with vasculitis resolution and recovery of regu-
latory T cell levels. Interestingly, administration of low-
dose interleukin-2 led to restoration of regulatory T cells, 
reduction of cryoglobulinemia and concomitant clinical 
improvement in patients with HCV-induced vasculitis 
 [6] .

  HBV Infection and PAN 

 The association between HBV infection and onset of 
PAN was first reported in the early 1970s  [7] . This rare 
complication is reported more frequently in North Amer-
ica and Europe than in Asia  [8] . According to previous 
reports, PAN was preceded by HBV infection  [18] . Al-
though the carrier rate of HBV among patients with all 
types of vasculitis was <1%, almost one-third of PAN cas-
es yielded positive results for HBV markers  [18] . How-
ever, the prevalence of PAN decreased with increased 
vaccination against HBV  [19] .

  Generally, since the immune reaction responsible for 
PAN occurs within 6 months of infection by HBV, vascu-
litis may be symptomatic before the onset of hepatitis. 
Although the detailed mechanisms of HBV-related PAN 
are still controversial, the majority of HBV-related PAN 
cases carried wild-type HBV characterized by hepatitis B 
envelope (HBe) antigenemia and high HBV replication. 
This supports the theory that the deposition of viral anti-
gen-antibody complexes, possibly involving HBeAg, 
might be responsible for the onset of PAN  [18] . However, 
some HBV-related PAN cases showed a precore muta-
tion, which abrogates the formation of HBeAg  [20] . 
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Therefore, it is also possible that an undefined circulating 
HBV-related protein is involved in the pathogenesis of 
PAN.

  The activity of HBV-related PAN has been associated 
with the proliferation of HBV. On the other hand, serum 
levels of hepatitis B surface antigen (HBsAg) were not re-
lated to the activity of vasculitis, and remission of PAN 
was noted even in cases with high HBsAg titer.

  The frequent complications reported in HBV-related 
PAN are gastrointestinal involvement followed by malig-
nant hypertension, renal infarction, orchitis and epididy-
mitis. The frequencies of these complications are similar 
to those of non-HBV PAN  [18] . Generally, hepatic man-
ifestations, such as elevated alanine and aspartate trans-
aminase levels and icterus, are mild.

  Treatment of HBV-Related PAN 
 PAN has generally been treated with corticosteroids 

and immunosuppressive agents  [18] . This treatment 
combination might be effective in the active phase of 
PAN  [21] ; however, immunosuppression therapy may 
induce reactivation of HBV and lead to de novo HBV-
related fulminant hepatitis, which is a serious condition 
with high mortality rates  [22] . It is also known that the 
activity of HBV-related PAN decreases after seroconver-
sion of HBeAg and reduction of serum HBV levels  [21] . 
From this point of view, antiviral therapy using nucleo-
tide analogs is necessary to treat HBV-related PAN. For 
severe cases of vasculitis, immunosuppression and re-
moval of immune complexes using corticosteroids and 
plasma exchange are applied, followed by long-term sup-
pression of HBV using nucleotide analogs  [21] .

  Rare cases of PAN with HCV have also been reported; 
however, the association between HCV and PAN remains 
controversial  [18] .

  Nephropathy Associated with Hepatitis Virus 
Infection 

 HBV-Related Nephropathy 
 Combes et al.  [23]  first reported nephropathy associat-

ed with HBV in 1971. Deposition of anti-HBV antibodies 
in immune complexes and complement in the glomerulus 
was observed in cases with HBV-related nephropathy.

  MN is the most common condition with renal involve-
ment among HBV-related nephropathy and more fre-
quent in children than adults. However, MPGN and IgA 
nephropathy are sometimes observed in adults  [8] . Plas-
ma complement C3 and C4 in HBV-related MN patients 

were significantly lower than in idiopathic MN patients. 
In addition, segmental glomerular damage, mesangial 
cell proliferation and tubulointerstitial damage were 
more common in HBV-related MN than in idiopathic 
cases. Immunofluorescence staining of polyclonal immu-
noglobulin and polytypic complement immunoglobulin 
was frequently noted in HBV-related MN cases; however, 
no differences in prognosis between HBV-related MN 
and idiopathic cases were reported  [24] . Deposits of IgG, 
complement 3 and HBeAg were observed in the glomer-
ular capillary walls in the MN cases  [25] . However, de-
posits of HBsAg were observed in the intraglomerular 
mesangial cell in cases of adult MPGN  [8] .

  As described above, deposition of several HBV-related 
proteins and immunoglobulins is detected at the base-
ment membrane of the capillary wall of the glomerulus in 
HBV-positive cases with renal involvement. The immune 
complex, with a molecular weight of <1,000 kDa, could 
reportedly trigger nephropathy; a positively charged im-
mune complex of this size could pass through the capil-
lary wall’s basement membrane and deposit under the 
negatively charged glomerular epithelial cells. From this 
point of view, HBeAg could be a pivotal antigen respon-
sible for HBV-related nephropathy  [25] . The deposition 
of such an immune complex could lead to damage to the 
glomerulus through the activation of the complement 
system, platelet aggregation, infiltration of leucocytes, in-
traglomerular coagulation and fibrin deposition  [26] . 
HBV DNA is also observed in renal tubules and mesan-
gial cells and is associated with disease activity of ne-
phropathy.

  Treatment of HBV-Related Nephropathy 
 Corticosteroid and immunosuppressant therapy has 

been used for the treatment of MN. However, in HBV-
related disease, immunosuppression should induce reac-
tivation of HBV and cause severe hepatitis. In addition, 
since the response to corticosteroids might be insufficient 
in cases with HBV-related MN, they are not recommend-
ed for the treatment of this type of renal complication 
 [26] . Reduction of viral protein using antiviral therapies, 
such as nucleotide analogs, is required for clinical remis-
sion. Lamivudine treatment has been reported to im-
prove renal outcome in HBV carriers with MN  [27] . 
However, dose adjustment of nucleotide analogs is re-
quired for cases with renal dysfunction  [28] .

  Generally, HBV-related nephropathy could be im-
proved after seroconversion and reduction of HBeAg lev-
els. The prognosis of HBV-related nephropathy varies 
among geographic regions, probably due to the differ-
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  Cryoglobulinemia Associated with Hepatitis Virus 
Infection 

 Cryoglobulins are abnormal proteins, generally im-
munoglobulins, which precipitate from plasma at tem-
peratures below 37   °   C and dissolve again if the blood is 
heated. These abnormal blood proteins are observed in 
several pathological conditions such as infection, auto-
immune disease and malignant tumors. Cryoglobulins 
can cause organ damage through coagulation within pe-
ripheral vessels, which leads to vascular damage through 
immune reactions  [9] . Cryoglobulinemia is classified by 
the types of immunoglobulin involved and the clonality. 
Type I is most commonly encountered in patients with 
plasma cell dyscrasia. The abnormal proteins involved 
are monoclonal IgM or IgG. Type II cryoglobulinemia is 
associated with monoclonal IgM and polyclonal IgG. 
The monoclonal IgM protein has rheumatoid factor ac-
tivity and may react with the Fc region of IgG. Type III 
involves polyclonal IgM and IgG and is strongly associ-
ated with autoimmune disease such as systemic lupus 
erythematosus and rheumatoid arthritis. Types II and III 
carry both IgG and IgM components and are called 
mixed cryoglobulinemia (MC). The latter two types of 
cryoglobulinemia are associated with HCV infection, 
particularly with type II cryoglobulinemia  [6] . However, 
HBV infection may also be involved in the pathogenesis 
of this complication  [10] , although the prevalence of 
HBV in MC patients is not as high  [11] . A case of cryo-
globulinemia onset after HBV vaccination has also been 
reported  [12] .

  Onset of cryoglobulinemia may be asymptomatic or 
may lead to a MC syndrome or to a more severe vasculitis 
 [13] . The frequency of cryoglobulinemia in HCV-posi-
tive patients is varied among the reports, which might be 
attributed to the duration of HCV infection and the stage 
of liver fibrosis  [14] . The proportion of HCV-positive 
cases in MC patients ranges from 30 to 100% among stud-
ies. However, the occurrence of MC among HCV-posi-
tive patients was reported to be approximately 3%  [9] . It 
has also been reported that the association of HCV enve-
lope glycoprotein E2 with B cell CD81 receptors could 
trigger the monoclonal expansion of B cells and induce 
the production of monoclonal IgM  [15] . This type of 
monoclonal protein could react with the HCV core pro-
tein and associate with IgG antibodies against several 
HCV-derived proteins  [16] . These immune complexes 
may lead to vasculitis through the activation of the com-
plement system.

  Treatment of Hepatitis Virus-Related 
Cryoglobulinemia 
 Although the treatment of HCV-related MC depends 

on the severity of the disease, antiviral therapy against 
HCV is essential. Corticosteroids are used to control the 
acute phase of moderate to severe vasculitis  [9] . Immu-
nosuppressant therapy and plasma exchange might be re-
quired to remove cryoglobulins in life-threatening cases. 
Rituximab is also administered to suppress the expansion 
of B cells that could be a source of cryoglobulins. A com-
bination therapy involving rituximab and antiviral agents 
against HCV has been reported to be more effective than 
antiviral therapy alone, and has shown a shorter mean 
time to clinical remission, better renal response rates and 
higher rates of cryoglobulin clearance  [17] .

  In contrast to B cell proliferation, patients with HCV-
related vasculitis reportedly present with reduction of 
regulatory T cells, and resolution of the HCV infection 
correlates with vasculitis resolution and recovery of regu-
latory T cell levels. Interestingly, administration of low-
dose interleukin-2 led to restoration of regulatory T cells, 
reduction of cryoglobulinemia and concomitant clinical 
improvement in patients with HCV-induced vasculitis 
 [6] .

  HBV Infection and PAN 

 The association between HBV infection and onset of 
PAN was first reported in the early 1970s  [7] . This rare 
complication is reported more frequently in North Amer-
ica and Europe than in Asia  [8] . According to previous 
reports, PAN was preceded by HBV infection  [18] . Al-
though the carrier rate of HBV among patients with all 
types of vasculitis was <1%, almost one-third of PAN cas-
es yielded positive results for HBV markers  [18] . How-
ever, the prevalence of PAN decreased with increased 
vaccination against HBV  [19] .

  Generally, since the immune reaction responsible for 
PAN occurs within 6 months of infection by HBV, vascu-
litis may be symptomatic before the onset of hepatitis. 
Although the detailed mechanisms of HBV-related PAN 
are still controversial, the majority of HBV-related PAN 
cases carried wild-type HBV characterized by hepatitis B 
envelope (HBe) antigenemia and high HBV replication. 
This supports the theory that the deposition of viral anti-
gen-antibody complexes, possibly involving HBeAg, 
might be responsible for the onset of PAN  [18] . However, 
some HBV-related PAN cases showed a precore muta-
tion, which abrogates the formation of HBeAg  [20] . 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 8

:5
2:

41
 A

M

 Nishida/Kudo

 

Dig Dis 2014;32:786–790
DOI: 10.1159/000368023

788

Therefore, it is also possible that an undefined circulating 
HBV-related protein is involved in the pathogenesis of 
PAN.

  The activity of HBV-related PAN has been associated 
with the proliferation of HBV. On the other hand, serum 
levels of hepatitis B surface antigen (HBsAg) were not re-
lated to the activity of vasculitis, and remission of PAN 
was noted even in cases with high HBsAg titer.

  The frequent complications reported in HBV-related 
PAN are gastrointestinal involvement followed by malig-
nant hypertension, renal infarction, orchitis and epididy-
mitis. The frequencies of these complications are similar 
to those of non-HBV PAN  [18] . Generally, hepatic man-
ifestations, such as elevated alanine and aspartate trans-
aminase levels and icterus, are mild.

  Treatment of HBV-Related PAN 
 PAN has generally been treated with corticosteroids 

and immunosuppressive agents  [18] . This treatment 
combination might be effective in the active phase of 
PAN  [21] ; however, immunosuppression therapy may 
induce reactivation of HBV and lead to de novo HBV-
related fulminant hepatitis, which is a serious condition 
with high mortality rates  [22] . It is also known that the 
activity of HBV-related PAN decreases after seroconver-
sion of HBeAg and reduction of serum HBV levels  [21] . 
From this point of view, antiviral therapy using nucleo-
tide analogs is necessary to treat HBV-related PAN. For 
severe cases of vasculitis, immunosuppression and re-
moval of immune complexes using corticosteroids and 
plasma exchange are applied, followed by long-term sup-
pression of HBV using nucleotide analogs  [21] .

  Rare cases of PAN with HCV have also been reported; 
however, the association between HCV and PAN remains 
controversial  [18] .

  Nephropathy Associated with Hepatitis Virus 
Infection 
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 Combes et al.  [23]  first reported nephropathy associat-

ed with HBV in 1971. Deposition of anti-HBV antibodies 
in immune complexes and complement in the glomerulus 
was observed in cases with HBV-related nephropathy.

  MN is the most common condition with renal involve-
ment among HBV-related nephropathy and more fre-
quent in children than adults. However, MPGN and IgA 
nephropathy are sometimes observed in adults  [8] . Plas-
ma complement C3 and C4 in HBV-related MN patients 

were significantly lower than in idiopathic MN patients. 
In addition, segmental glomerular damage, mesangial 
cell proliferation and tubulointerstitial damage were 
more common in HBV-related MN than in idiopathic 
cases. Immunofluorescence staining of polyclonal immu-
noglobulin and polytypic complement immunoglobulin 
was frequently noted in HBV-related MN cases; however, 
no differences in prognosis between HBV-related MN 
and idiopathic cases were reported  [24] . Deposits of IgG, 
complement 3 and HBeAg were observed in the glomer-
ular capillary walls in the MN cases  [25] . However, de-
posits of HBsAg were observed in the intraglomerular 
mesangial cell in cases of adult MPGN  [8] .

  As described above, deposition of several HBV-related 
proteins and immunoglobulins is detected at the base-
ment membrane of the capillary wall of the glomerulus in 
HBV-positive cases with renal involvement. The immune 
complex, with a molecular weight of <1,000 kDa, could 
reportedly trigger nephropathy; a positively charged im-
mune complex of this size could pass through the capil-
lary wall’s basement membrane and deposit under the 
negatively charged glomerular epithelial cells. From this 
point of view, HBeAg could be a pivotal antigen respon-
sible for HBV-related nephropathy  [25] . The deposition 
of such an immune complex could lead to damage to the 
glomerulus through the activation of the complement 
system, platelet aggregation, infiltration of leucocytes, in-
traglomerular coagulation and fibrin deposition  [26] . 
HBV DNA is also observed in renal tubules and mesan-
gial cells and is associated with disease activity of ne-
phropathy.

  Treatment of HBV-Related Nephropathy 
 Corticosteroid and immunosuppressant therapy has 

been used for the treatment of MN. However, in HBV-
related disease, immunosuppression should induce reac-
tivation of HBV and cause severe hepatitis. In addition, 
since the response to corticosteroids might be insufficient 
in cases with HBV-related MN, they are not recommend-
ed for the treatment of this type of renal complication 
 [26] . Reduction of viral protein using antiviral therapies, 
such as nucleotide analogs, is required for clinical remis-
sion. Lamivudine treatment has been reported to im-
prove renal outcome in HBV carriers with MN  [27] . 
However, dose adjustment of nucleotide analogs is re-
quired for cases with renal dysfunction  [28] .

  Generally, HBV-related nephropathy could be im-
proved after seroconversion and reduction of HBeAg lev-
els. The prognosis of HBV-related nephropathy varies 
among geographic regions, probably due to the differ-
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ences of the immune response and clinical course caused 
by different HBV genotypes. Renal failure should be pos-
sible, particularly in adult patients  [8] .

  HCV-Related Nephropathy 
 MPGN is the most common nephropathy among 

HCV-positive cases  [29] . One report noted that MPGN 
was present in 12 of 963 renal biopsies; 4 of these cases 
(4/12; 33%) were also positive for HCVAg  [30] . HCV-
related nephropathy is frequently accompanied by cryo-
globulinemia, where IgG, IgM and complements are ob-
served in mesangial cells and capillary walls  [8] . A de-
crease in serum complement, particularly component 4, 
has been observed, and cryoglobulin-like structures are 
seen in glomerular epithelial cells using electron micros-
copy  [8] . Antiviral therapy for HCV is administered to 
treat nephropathy and is effective for proteinuria. How-
ever, in cases with limited response, recurrence after an-
tiviral therapy is possible. Recent advancement of antivi-
ral therapy with or without interferon administration 
would lead to the complete elimination of HCV, which 
should also improve the extrahepatic manifestation of 
chronic hepatitis C, including nephropathy.

  Conclusion 

 In this review, we describe several types of vascular in-
volvement that may be triggered by hepatitis virus infec-
tion, and present accumulating evidence that antiviral 
therapy is critical to control this complication. Recent ad-
vances in antiviral therapy for hepatitis B and C have 
achieved considerable response rates for both HBV and 
HCV. These new therapeutic agents could improve the 
prognosis of vascular and renal involvement in cases with 
chronic viral hepatitis.
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ences of the immune response and clinical course caused 
by different HBV genotypes. Renal failure should be pos-
sible, particularly in adult patients  [8] .

  HCV-Related Nephropathy 
 MPGN is the most common nephropathy among 

HCV-positive cases  [29] . One report noted that MPGN 
was present in 12 of 963 renal biopsies; 4 of these cases 
(4/12; 33%) were also positive for HCVAg  [30] . HCV-
related nephropathy is frequently accompanied by cryo-
globulinemia, where IgG, IgM and complements are ob-
served in mesangial cells and capillary walls  [8] . A de-
crease in serum complement, particularly component 4, 
has been observed, and cryoglobulin-like structures are 
seen in glomerular epithelial cells using electron micros-
copy  [8] . Antiviral therapy for HCV is administered to 
treat nephropathy and is effective for proteinuria. How-
ever, in cases with limited response, recurrence after an-
tiviral therapy is possible. Recent advancement of antivi-
ral therapy with or without interferon administration 
would lead to the complete elimination of HCV, which 
should also improve the extrahepatic manifestation of 
chronic hepatitis C, including nephropathy.

  Conclusion 

 In this review, we describe several types of vascular in-
volvement that may be triggered by hepatitis virus infec-
tion, and present accumulating evidence that antiviral 
therapy is critical to control this complication. Recent ad-
vances in antiviral therapy for hepatitis B and C have 
achieved considerable response rates for both HBV and 
HCV. These new therapeutic agents could improve the 
prognosis of vascular and renal involvement in cases with 
chronic viral hepatitis.
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 Accuracy of Real-Time Tissue Elastography for 
the Evaluation of Hepatic Fibrosis in Patients with 
Chronic Hepatitis B: A Prospective Multicenter 
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 Materials and Methods:  RTE was performed in 747 prospec-
tively enrolled patients with chronic hepatitis B (CHB) or cir-
rhosis from 8 centers in China; 375 patients were analyzed as 
the training set, and 372 patients were evaluated as the val-
idation set. The fibrosis stage was diagnosed from patho-
logical specimens obtained by ultrasound-guided liver bi-
opsy. Nine image features were measured from strain im-
ages, and the new formula for the BLFI was obtained by 
combining the nine imaging features of the RTE images us-
ing multiple regression analysis of the training set. The BLFI 
and LFI were compared with the pathological fibrosis stage 
at diagnosis, and the diagnostic performances of the indexes 
were compared.  Results:  The Spearman correlation coeffi-
cient between the BLFI and hepatic fibrosis stages was sig-
nificantly positive (r = 0.711, p < 0.001), and significant dif-
ferences were present between all disease stages. The areas 

 Key Words 
 Chronic hepatitis B · Hepatic fibrosis · Real-time tissue 
elastography 

 Abstract 
  Background:  The prognosis and management of hepatic fi-
brosis are closely related to the stage of the disease. The lim-
itations of liver biopsy, which is the gold standard for treat-
ment, include its invasiveness and sampling error. Ultra-
sound elasticity might be the most promising imaging 
technology for the noninvasive and accurate assessment of 
hepatic fibrosis. Real-time tissue elastography (RTE) mea-
sures the relative stiffness of the tissue in the region of inter-
est caused by the heartbeat. Many studies have verified that 
RTE is useful for the diagnosis of hepatic fibrosis in patients 
with chronic hepatitis C (CHC).  Purpose:  To determine the 
formula of the liver fibrosis index for chronic hepatitis B 
(BLFI) and to validate the diagnostic accuracy of the BLFI for 
hepatic fibrosis compared with the liver fibrosis index (LFI). 
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under the receiver-operating characteristic (AUROC) curves 
of the BLFI and LFI for predicting significant fibrosis (S0–S1 
vs. S2–S4) were 0.858 and 0.858, respectively. For cirrhosis 
(S0–S3 vs. S4), the AUROC curves of the BLFI and LFI were 
0.868 and 0.862, respectively.  Conclusion:  The results of this 
large, multicenter study confirmed that RTE is valuable for 
the diagnosis of hepatic fibrosis in patients with CHB. How-
ever, the diagnostic efficiencies of the new BLFI and the orig-
inal LFI, which were based on CHC, for the assessment of CHB 
hepatic fibrosis were similar; thus, the LFI has the potential 
to be used to directly evaluate the extent of hepatic fibrosis 
in patients with CHB.  © 2014 S. Karger AG, Basel 

 Introduction 

 Chronic viral hepatitis infection increases liver fibrosis 
and stiffness and is an important cause of liver cirrhosis 
and hepatocellular carcinoma  [1–6] . Liver biopsy re-
mains the gold standard for the diagnosis of hepatic 
fibrosis; however, a biopsy is an invasive procedure asso-
ciated with discomfort and adverse events  [7] . Moreover, 
the evaluation of liver biopsies could be influenced by 
sampling errors and by intra- and interobserver variabil-
ity  [8, 9] . Thus, noninvasive diagnostic methods for the 
assessment of hepatic fibrosis are urgently needed. Ultra-
sound (US) elastography has been considered a promis-
ing noninvasive and accurate modality for the assessment 
of hepatic fibrosis in several studies; it includes many 
forms, such as sonographic transient elastography (Fi-
broScan; EchoSens, London, UK) and acoustic radiation 
force impulse imaging. Results have shown that FibroScan 
measurements of the velocity of the shear wave correlated 
well with the stage of fibrosis  [10, 11] , and this method 
has been recommended for use by the European Associa-
tion for the Study of the Liver  [2, 12] . However, the Fi-
broScan has its limitations, including the lack of 2D im-
age guidance and difficulties in evaluating certain types 
of patients with thick, fat tissue under the skin and ascites 
 [13, 14] .

  Real-time tissue elastography (RTE) belongs to the 
category of strain elastography, which is different from 
the FibroScan. RTE measures the relative stiffness of the 
tissue in the region of interest (ROI) caused by the heart-
beat using a combined autocorrelation method  [14–17] . 
RTE displays the stiffness by overlying the B-mode image 
in the ROI with a color; the colors range from blue to red 
and indicate the relative softness and hardness of the area, 
respectively. This method is less affected by the body mass 

index and ascites than the FibroScan  [18] . Studies have 
demonstrated that RTE is useful for the diagnosis of he-
patic fibrosis. However, evaluation indexes for the diag-
nosis of liver fibrosis in current reports are different, and 
some indexes are calculated manually and subjectively 
 [16–22] . Recently, Fujimoto et al.  [16]  reported a novel 
image analysis method using RTE for the evaluation of 
hepatic fibrosis in patients with chronic hepatitis C 
(CHC). The authors extracted 9 image features to quan-
tify the patchy pattern of the RTE images and used these 
features to characterize the image; the authors correlated 
these features with fibrosis staging. To improve the accu-
racy of estimating the extent of hepatic fibrosis and to 
make the method more convenient, they performed a 
multiple regression analysis that used the 9 image fea-
tures. Thus, they obtained an index of the liver fibrosis 
index (LFI) from a multiple regression equation which 
correlated highly with the stages of hepatic fibrosis and 
also reflected the underlying hepatic fibrosis accurately 
 [16] .

  However, published studies have demonstrated differ-
ent results regarding liver stiffness in patients with CHC 
and chronic hepatitis B (CHB)  [23–25] . A meta-analysis 
of FibroScan data indicated that different liver diseases 
influence the diagnostic performance of significant 
fibrosis  [10] . The diagnostic performance of hepatic 
fibrosis assessment in patients with CHC and CHB might 
be different using this impressive and quantitative image 
analysis method. Estimates have indicated that there are 
more individuals with CHB (approx. 120 millions) than 
individuals with CHC in China; approximately 300,000 
CHB patients die annually of liver cirrhosis and hepato-
cellular carcinoma  [1] . Thus, the aims of this large, pro-
spective, multicenter study in patients with CHB were (1) 
to obtain a new liver fibrosis index (BLFI), which is cal-
culated from the image features of RTE images using a 
new multiple regression equation to examine the clinical 
data of our cases with CHB rather than CHC and (2) to 
explore the effectiveness of this new BLFI in the diagnosis 
of hepatic fibrosis and to compare these results with the 
LFI computed from the original multiple regression equa-
tion based on the data from CHC patients.

  Patients and Methods 

 Patients 
 The study protocol was approved by the independent ethics 

committees of our institutions, and written informed consent was 
obtained from the participants. This prospective, multicenter, cross-
sectional study was conducted at eight hospitals in China: the Third 
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under the receiver-operating characteristic (AUROC) curves 
of the BLFI and LFI for predicting significant fibrosis (S0–S1 
vs. S2–S4) were 0.858 and 0.858, respectively. For cirrhosis 
(S0–S3 vs. S4), the AUROC curves of the BLFI and LFI were 
0.868 and 0.862, respectively.  Conclusion:  The results of this 
large, multicenter study confirmed that RTE is valuable for 
the diagnosis of hepatic fibrosis in patients with CHB. How-
ever, the diagnostic efficiencies of the new BLFI and the orig-
inal LFI, which were based on CHC, for the assessment of CHB 
hepatic fibrosis were similar; thus, the LFI has the potential 
to be used to directly evaluate the extent of hepatic fibrosis 
in patients with CHB.  © 2014 S. Karger AG, Basel 

 Introduction 

 Chronic viral hepatitis infection increases liver fibrosis 
and stiffness and is an important cause of liver cirrhosis 
and hepatocellular carcinoma  [1–6] . Liver biopsy re-
mains the gold standard for the diagnosis of hepatic 
fibrosis; however, a biopsy is an invasive procedure asso-
ciated with discomfort and adverse events  [7] . Moreover, 
the evaluation of liver biopsies could be influenced by 
sampling errors and by intra- and interobserver variabil-
ity  [8, 9] . Thus, noninvasive diagnostic methods for the 
assessment of hepatic fibrosis are urgently needed. Ultra-
sound (US) elastography has been considered a promis-
ing noninvasive and accurate modality for the assessment 
of hepatic fibrosis in several studies; it includes many 
forms, such as sonographic transient elastography (Fi-
broScan; EchoSens, London, UK) and acoustic radiation 
force impulse imaging. Results have shown that FibroScan 
measurements of the velocity of the shear wave correlated 
well with the stage of fibrosis  [10, 11] , and this method 
has been recommended for use by the European Associa-
tion for the Study of the Liver  [2, 12] . However, the Fi-
broScan has its limitations, including the lack of 2D im-
age guidance and difficulties in evaluating certain types 
of patients with thick, fat tissue under the skin and ascites 
 [13, 14] .

  Real-time tissue elastography (RTE) belongs to the 
category of strain elastography, which is different from 
the FibroScan. RTE measures the relative stiffness of the 
tissue in the region of interest (ROI) caused by the heart-
beat using a combined autocorrelation method  [14–17] . 
RTE displays the stiffness by overlying the B-mode image 
in the ROI with a color; the colors range from blue to red 
and indicate the relative softness and hardness of the area, 
respectively. This method is less affected by the body mass 

index and ascites than the FibroScan  [18] . Studies have 
demonstrated that RTE is useful for the diagnosis of he-
patic fibrosis. However, evaluation indexes for the diag-
nosis of liver fibrosis in current reports are different, and 
some indexes are calculated manually and subjectively 
 [16–22] . Recently, Fujimoto et al.  [16]  reported a novel 
image analysis method using RTE for the evaluation of 
hepatic fibrosis in patients with chronic hepatitis C 
(CHC). The authors extracted 9 image features to quan-
tify the patchy pattern of the RTE images and used these 
features to characterize the image; the authors correlated 
these features with fibrosis staging. To improve the accu-
racy of estimating the extent of hepatic fibrosis and to 
make the method more convenient, they performed a 
multiple regression analysis that used the 9 image fea-
tures. Thus, they obtained an index of the liver fibrosis 
index (LFI) from a multiple regression equation which 
correlated highly with the stages of hepatic fibrosis and 
also reflected the underlying hepatic fibrosis accurately 
 [16] .

  However, published studies have demonstrated differ-
ent results regarding liver stiffness in patients with CHC 
and chronic hepatitis B (CHB)  [23–25] . A meta-analysis 
of FibroScan data indicated that different liver diseases 
influence the diagnostic performance of significant 
fibrosis  [10] . The diagnostic performance of hepatic 
fibrosis assessment in patients with CHC and CHB might 
be different using this impressive and quantitative image 
analysis method. Estimates have indicated that there are 
more individuals with CHB (approx. 120 millions) than 
individuals with CHC in China; approximately 300,000 
CHB patients die annually of liver cirrhosis and hepato-
cellular carcinoma  [1] . Thus, the aims of this large, pro-
spective, multicenter study in patients with CHB were (1) 
to obtain a new liver fibrosis index (BLFI), which is cal-
culated from the image features of RTE images using a 
new multiple regression equation to examine the clinical 
data of our cases with CHB rather than CHC and (2) to 
explore the effectiveness of this new BLFI in the diagnosis 
of hepatic fibrosis and to compare these results with the 
LFI computed from the original multiple regression equa-
tion based on the data from CHC patients.

  Patients and Methods 

 Patients 
 The study protocol was approved by the independent ethics 

committees of our institutions, and written informed consent was 
obtained from the participants. This prospective, multicenter, cross-
sectional study was conducted at eight hospitals in China: the Third 
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Affiliated Hospital (Sun Yat-sen University), Guangdong General 
Hospital, Beijing Youan Hospital (Capital Medical University), First 
Affiliated Hospital (Guangxi Medical University), West China Hos-
pital (Sichuan University), Jiangsu Province Hospital, Second Af-
filiated Hospital (Kunming Medical University) and Tongji Hospi-
tal (Tongji University). We selected 747 consecutive patients with 
CHB or cirrhosis who underwent percutaneous US-guided liver bi-
opsy between June 2010 and July 2013 ( table 1 ). In these patients, 
CHB was defined as the presence of hepatitis B surface antigen and 
the absence of anti-hepatitis C virus antibodies in the serum. Eighty-
nine patients were excluded from the study. The 747 eligible patients 
were divided into two groups based on the included date and the 
stage of hepatic fibrosis. Three hundred seventy-five patients were 
studied in the training set to estimate the new multiple regression 
equation for the computation of the LFI for CHB; the remaining 
patients were included in the validation set (n = 372) to evaluate the 
effectiveness of the BLFI in the assessment of hepatic fibrosis and to 
compare the results between the BLFI and LFI.

  Liver Histology Assessment 
 A US-guided percutaneous liver biopsy (1.2-mm-diameter and 

160-mm-long needle, cutting technique) was performed within 1 
week prior to the RTE examination. If the liver biopsy samples 
were less than 12 mm long, a second liver biopsy was performed to 
obtain longer samples in order to avoid sampling error in the iden-
tification of liver fibrosis  [8] . The liver biopsy samples were fixed 
in formalin and embedded in paraffin. Slices (3 μm thick) were 
stained with hematoxylin-eosin and argyrophilic proteins. Fibro-
sis was staged by a single pathologist, who had more than 15 years 
of experience and was blinded to all patient characteristics.

  Liver fibrosis was staged on a four-point scale from S0 to S4 ac-
cording to the Scheuer scoring system as follows  [26] : S0, no fibro-
sis; S1, enlarged, fibrotic portal tracts; S2, periportal or portal-por-
tal septa, but intact architecture; S3, fibrosis with architectural dis-
tortion, but no obvious cirrhosis, and S4, probable or definite 
cirrhosis.

  Measurement of Liver Stiffness 
 All study patients underwent RTE examinations using ultraso-

nography (HI-VISION Ascendus; Hitachi Aloka Medical, Tokyo, 
Japan) and the EUP-L52 linear probe (3–7 MHz; Hitachi Aloka 
Medical). The patients were examined in the supine position with 
the right arm elevated above the head to widen the intercostal 
space. The examinations were performed on the right lobe of the 
liver through the intercostal spaces while holding the transducer 
lightly against the skin without vibration to obtain RTE images 
that were displayed in the direction of the heart. The appropriate 
position was selected where the B-mode images were devoid of 
artifacts, and the position in which the hepatic parenchyma moves 
in a lateral direction as a result of cardiac motion was not appro-
priate for this study. While the patient was holding his breath, we 
ensured that the strain images were shown periodically by cardiac 
motion. The ROI of the strain image was 2.5 × 2.5 cm and was 
placed more than 1 cm below the surface of the liver. Additionally, 
to obtain accurate and reliable images, the ROI should avoid large 
vessels and attenuation by the lungs or ribs. Regions deep inside 
the liver are not suitable because they often appear blue because of 
poor US penetration. The best RTE images were selected for the 
final analysis. An average of the best 3–5 images for each patient 
was used in the multiple regression analysis and to calculate the 

BLFI  [16] . In July 2012, we provided RTE education and training 
regarding the operation procedure, which was combined with pre-
vious experience. The RTE images that included horizontal slip-
ping by cardiac movement, images that contained artifacts and 
images with poor penetration of the US were rejected; when the 
number of suitable RTE images for the patient was not sufficient, 
the patient was excluded.

  We extracted the following 9 image features to quantify the 
variable pattern of the RTE images: mean relative strain value 
(MEAN); standard deviation of the relative strain value (SD); per-
centage of low strain area (percentage of blue color area: %AREA); 
complexity of low strain area (calculated as perimeter squared/
area: COMP); skewness (SKEW); kurtosis (KURT); entropy 
(ENT); inverse difference moment (IDM) and angular second mo-
ment (ASM). A multiple regression analysis was performed to im-
prove the diagnostic accuracy for hepatic fibrosis by combining 
these 9 image features rather than by a diagnosis using individual 
image features. The BLFI was assessed using these 9 image features 
as independent variables and the hepatic fibrosis stage as a depen-
dent variable, and the multiple regression equation was estimated 
from the training set. The BLFI was applied to estimate the stage 
of hepatic fibrosis and to validate the diagnostic accuracy of the 
BLFI for hepatic fibrosis in the validation set. Moreover, the LFI 
was computed from the original multiple regression equation 
based on data from CHC patients as follows:

  LFI = –0.009 × MEAN – 0.005 × SD + 0.023 × %AREA + 0.025 
× COMP + 0.775 × SKEW – 0.281 × KURT + 2.083 × ENT + 3.042 
× IDM + 39.979 × ASM – 5.542.

  The effectiveness of the BLFI and LFI in the evaluation of fibro-
sis staging was compared.

  Statistical Analysis 
 The BLFI equation was calculated using multiple regression 

analysis. The 9 image features comprised the independent vari-
ables, and the hepatic fibrosis stage comprised the dependent vari-
able. For comparisons between included and excluded cases at the 
different times, the χ 2  test was employed. The stiffness measure-
ments were not normally distributed. Therefore, the measure-
ments were compared with the categories of the consensus fibrosis 
stage using the nonparametric Mann-Whitney U test. Correlations 

 Table 1.  Clinical characteristics of and laboratory information on 
the study patients

Male/female ratio 472/275
Age, years 38.102 ± 13.01

Range 18 – 72
Body mass index 21.787 ± 2.820
AST, IU/l 60.502 ± 77.747
ALT, IU/l 83.908 ± 123.976
Albumin, g/dl 42.152 ± 4.535
Total bilirubin, mg/dl 25.680 ± 45.396
GGT, IU/l 137.757 ± 249.299
ALP, IU/l 123.201 ± 144.937
Platelet count, ×104/l 197.538 ± 63.414
Prothrombin time, % 103.393 ± 15.464
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between the measurements and the histologic fibrosis stage were 
analyzed by Spearman’s correlation coefficients.

  Receiver operating characteristic (ROC) curves were con-
structed, and the areas under the ROC (AUROC) curves were cal-
culated using the trapezoidal rule. The optimal cutoff value for 
hepatic fibrosis was calculated according to the Youden index, 
which represents the best combination of sensitivity and specificity. 
The diagnostic performance for hepatic fibrosis was determined in 
terms of sensitivity, specificity and diagnostic accuracy using cut-
off values obtained from the ROC curves. z scores were applied to 
compare AUROC curves between the BLFI and LFI  [27] .

  p < 0.05 was considered statistically significant. Analyses were 
performed using SPSS Statistics 20 (IBM, Armonk, N.Y., USA) and 
MedCalc (version 12.7.0; MedCalc Software, Mariakerke, Belgium).

  Results 

 Patients 
 We performed RTE in 836 patients between June 2010 

and July 2013, and we excluded 89 patients from our 
study. The majority of the exclusions were related to the 

 Table 3.  Stages of hepatic fibrosis in the training and validation sets

Stage Training
set, n

Validation
set, n

Total, n

S0 86 (23%) 85 (23%) 171 (23%)
S1 126 (34%) 126 (34%) 252 (34%)
S2 70 (19%) 69 (19%) 139 (19%)
S3 58 (15%) 57 (15%) 115 (15%)
S4 35 (9%) 35 (9%) 70 (9%)

Total 375 (100%) 372 (100%) 747 (100%)
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 Table 2.  Number of cases recruited during the study 

Study period Eligible
cases, n

Excluded 
cases, n 

Total 
cases, n

June 2010 to July 2012 420 73 (14.8%)* 493
August 2012 to July 2013 327 16 (4.7%)* 343

Total 747 89 (10.6%) 836

* The 2 exclusion rates differed significantly (p < 0.001).

  Fig. 1.  Relationships between hepatic fibrosis stages and the MEAN, SD, %AREA and COMP in the combined 
data set. There was a high correlation between the MEAN, SD, %AREA and COMP and the stages of hepatic fi-
brosis. 
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Affiliated Hospital (Sun Yat-sen University), Guangdong General 
Hospital, Beijing Youan Hospital (Capital Medical University), First 
Affiliated Hospital (Guangxi Medical University), West China Hos-
pital (Sichuan University), Jiangsu Province Hospital, Second Af-
filiated Hospital (Kunming Medical University) and Tongji Hospi-
tal (Tongji University). We selected 747 consecutive patients with 
CHB or cirrhosis who underwent percutaneous US-guided liver bi-
opsy between June 2010 and July 2013 ( table 1 ). In these patients, 
CHB was defined as the presence of hepatitis B surface antigen and 
the absence of anti-hepatitis C virus antibodies in the serum. Eighty-
nine patients were excluded from the study. The 747 eligible patients 
were divided into two groups based on the included date and the 
stage of hepatic fibrosis. Three hundred seventy-five patients were 
studied in the training set to estimate the new multiple regression 
equation for the computation of the LFI for CHB; the remaining 
patients were included in the validation set (n = 372) to evaluate the 
effectiveness of the BLFI in the assessment of hepatic fibrosis and to 
compare the results between the BLFI and LFI.

  Liver Histology Assessment 
 A US-guided percutaneous liver biopsy (1.2-mm-diameter and 

160-mm-long needle, cutting technique) was performed within 1 
week prior to the RTE examination. If the liver biopsy samples 
were less than 12 mm long, a second liver biopsy was performed to 
obtain longer samples in order to avoid sampling error in the iden-
tification of liver fibrosis  [8] . The liver biopsy samples were fixed 
in formalin and embedded in paraffin. Slices (3 μm thick) were 
stained with hematoxylin-eosin and argyrophilic proteins. Fibro-
sis was staged by a single pathologist, who had more than 15 years 
of experience and was blinded to all patient characteristics.

  Liver fibrosis was staged on a four-point scale from S0 to S4 ac-
cording to the Scheuer scoring system as follows  [26] : S0, no fibro-
sis; S1, enlarged, fibrotic portal tracts; S2, periportal or portal-por-
tal septa, but intact architecture; S3, fibrosis with architectural dis-
tortion, but no obvious cirrhosis, and S4, probable or definite 
cirrhosis.

  Measurement of Liver Stiffness 
 All study patients underwent RTE examinations using ultraso-

nography (HI-VISION Ascendus; Hitachi Aloka Medical, Tokyo, 
Japan) and the EUP-L52 linear probe (3–7 MHz; Hitachi Aloka 
Medical). The patients were examined in the supine position with 
the right arm elevated above the head to widen the intercostal 
space. The examinations were performed on the right lobe of the 
liver through the intercostal spaces while holding the transducer 
lightly against the skin without vibration to obtain RTE images 
that were displayed in the direction of the heart. The appropriate 
position was selected where the B-mode images were devoid of 
artifacts, and the position in which the hepatic parenchyma moves 
in a lateral direction as a result of cardiac motion was not appro-
priate for this study. While the patient was holding his breath, we 
ensured that the strain images were shown periodically by cardiac 
motion. The ROI of the strain image was 2.5 × 2.5 cm and was 
placed more than 1 cm below the surface of the liver. Additionally, 
to obtain accurate and reliable images, the ROI should avoid large 
vessels and attenuation by the lungs or ribs. Regions deep inside 
the liver are not suitable because they often appear blue because of 
poor US penetration. The best RTE images were selected for the 
final analysis. An average of the best 3–5 images for each patient 
was used in the multiple regression analysis and to calculate the 

BLFI  [16] . In July 2012, we provided RTE education and training 
regarding the operation procedure, which was combined with pre-
vious experience. The RTE images that included horizontal slip-
ping by cardiac movement, images that contained artifacts and 
images with poor penetration of the US were rejected; when the 
number of suitable RTE images for the patient was not sufficient, 
the patient was excluded.

  We extracted the following 9 image features to quantify the 
variable pattern of the RTE images: mean relative strain value 
(MEAN); standard deviation of the relative strain value (SD); per-
centage of low strain area (percentage of blue color area: %AREA); 
complexity of low strain area (calculated as perimeter squared/
area: COMP); skewness (SKEW); kurtosis (KURT); entropy 
(ENT); inverse difference moment (IDM) and angular second mo-
ment (ASM). A multiple regression analysis was performed to im-
prove the diagnostic accuracy for hepatic fibrosis by combining 
these 9 image features rather than by a diagnosis using individual 
image features. The BLFI was assessed using these 9 image features 
as independent variables and the hepatic fibrosis stage as a depen-
dent variable, and the multiple regression equation was estimated 
from the training set. The BLFI was applied to estimate the stage 
of hepatic fibrosis and to validate the diagnostic accuracy of the 
BLFI for hepatic fibrosis in the validation set. Moreover, the LFI 
was computed from the original multiple regression equation 
based on data from CHC patients as follows:

  LFI = –0.009 × MEAN – 0.005 × SD + 0.023 × %AREA + 0.025 
× COMP + 0.775 × SKEW – 0.281 × KURT + 2.083 × ENT + 3.042 
× IDM + 39.979 × ASM – 5.542.

  The effectiveness of the BLFI and LFI in the evaluation of fibro-
sis staging was compared.

  Statistical Analysis 
 The BLFI equation was calculated using multiple regression 

analysis. The 9 image features comprised the independent vari-
ables, and the hepatic fibrosis stage comprised the dependent vari-
able. For comparisons between included and excluded cases at the 
different times, the χ 2  test was employed. The stiffness measure-
ments were not normally distributed. Therefore, the measure-
ments were compared with the categories of the consensus fibrosis 
stage using the nonparametric Mann-Whitney U test. Correlations 

 Table 1.  Clinical characteristics of and laboratory information on 
the study patients

Male/female ratio 472/275
Age, years 38.102 ± 13.01

Range 18 – 72
Body mass index 21.787 ± 2.820
AST, IU/l 60.502 ± 77.747
ALT, IU/l 83.908 ± 123.976
Albumin, g/dl 42.152 ± 4.535
Total bilirubin, mg/dl 25.680 ± 45.396
GGT, IU/l 137.757 ± 249.299
ALP, IU/l 123.201 ± 144.937
Platelet count, ×104/l 197.538 ± 63.414
Prothrombin time, % 103.393 ± 15.464
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between the measurements and the histologic fibrosis stage were 
analyzed by Spearman’s correlation coefficients.

  Receiver operating characteristic (ROC) curves were con-
structed, and the areas under the ROC (AUROC) curves were cal-
culated using the trapezoidal rule. The optimal cutoff value for 
hepatic fibrosis was calculated according to the Youden index, 
which represents the best combination of sensitivity and specificity. 
The diagnostic performance for hepatic fibrosis was determined in 
terms of sensitivity, specificity and diagnostic accuracy using cut-
off values obtained from the ROC curves. z scores were applied to 
compare AUROC curves between the BLFI and LFI  [27] .

  p < 0.05 was considered statistically significant. Analyses were 
performed using SPSS Statistics 20 (IBM, Armonk, N.Y., USA) and 
MedCalc (version 12.7.0; MedCalc Software, Mariakerke, Belgium).

  Results 

 Patients 
 We performed RTE in 836 patients between June 2010 

and July 2013, and we excluded 89 patients from our 
study. The majority of the exclusions were related to the 

 Table 3.  Stages of hepatic fibrosis in the training and validation sets

Stage Training
set, n

Validation
set, n

Total, n

S0 86 (23%) 85 (23%) 171 (23%)
S1 126 (34%) 126 (34%) 252 (34%)
S2 70 (19%) 69 (19%) 139 (19%)
S3 58 (15%) 57 (15%) 115 (15%)
S4 35 (9%) 35 (9%) 70 (9%)

Total 375 (100%) 372 (100%) 747 (100%)
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 Table 2.  Number of cases recruited during the study 

Study period Eligible
cases, n

Excluded 
cases, n 

Total 
cases, n

June 2010 to July 2012 420 73 (14.8%)* 493
August 2012 to July 2013 327 16 (4.7%)* 343

Total 747 89 (10.6%) 836

* The 2 exclusion rates differed significantly (p < 0.001).

  Fig. 1.  Relationships between hepatic fibrosis stages and the MEAN, SD, %AREA and COMP in the combined 
data set. There was a high correlation between the MEAN, SD, %AREA and COMP and the stages of hepatic fi-
brosis. 
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inexperienced RTE skill level of the radiologists. The ex-
clusion rate was significantly reduced from 14.8 to 4.7% 
(p < 0.001) after RTE education and training sessions 
were provided in July 2012 ( table 2 ). The clinical charac-
teristics of and laboratory information on the 747 patients 
are shown in  table 1 . The hepatic fibrosis stages of the 
cases, which were confirmed by liver histology assess-
ment, are displayed in  table 3 .

  Correlation between Features and Pathological 
Hepatic Fibrosis in All Sets 
 In our study, we extracted 9 image features and the 

LFI to quantify the RTE images. Correlation coeffi-
cients between the quantitative parameters of the RTE 
images, such as the MEAN, SD, %AREA, COMP, 
SKEW, KURT, ENT, IDM and ASM, and the hepatic 
fibrosis stage in all included patients were –0.627, 0.607, 
0.656, 0.615, 0.482, –0.180, 0.278, 0.123 and 0.221, re-

spectively ( fig. 1 ). The MEAN, SD, %AREA and COMP 
were highly correlated with the stage of hepatic fibrosis. 
Characteristic RTE images for each fibrosis stage are 
shown in  figure 2 .

  Equation for BLFI in the Training Set 
 The BLFI was estimated by combining the 9 image fea-

tures using the multiple regression analysis of the training 
set. The multiple regression equation of BLFI was calcu-
lated using multiple regression analysis:

  BLFI = –0.0475 × MEAN + 0.0222 × SD – 0.00555 × 
AREA + 0.0151 × COMP + 31.1 × ASM + 4.27 × ENT + 
11 × IDM – 0.0326 × SKEW + 0.215 × KURT – 12.9.

  There were some differences compared with the origi-
nal multiple regression equation for the LFI based on 
CHC patients described in the report of Fujimoto et al. 
 [16] .

a b

c d

e

  Fig. 2.  RTE images for each fibrosis stage in 
patients with CHB. The blue areas (see on-
line version for colors) of the RTE image 
gradually increased with the progression of 
liver fibrosis: stage 0 ( a ), stage 1 ( b ), stage 
2 ( c ), stage 3 ( d ) and stage 4 ( e ). 

Co
lo

r v
er

si
on

 a
va

ila
bl

e 
on

lin
e

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 8

:5
4:

05
 A

M

 Wu    et al.
 

Dig Dis 2014;32:791–799
DOI: 10.1159/000368024

796

  Diagnostic Performance of Fibrosis Staging by the 
BLFI in the Validation Set 
  Figure 3  shows the box-and-whisker plots for the BLFI 

in the validation set calculated from the 9 image features 
using the multiple regression analysis of the training set 
for each fibrosis stage. When the histologic liver fibrosis 
stages and the BLFI were compared, there was a high cor-
relation between increased BLFI and increased hepatic 
fibrosis stages. The Spearman correlation coefficient be-
tween the BLFI and hepatic fibrosis stages was signifi-
cantly positive (r = 0.711, p < 0.001), and significant dif-
ferences existed between the different stages. The ROC 
curve analysis identified cutoff values of the BLFI as high 
as 1.603 for  ≥ stage 2 and 2.062 for stage 4 ( fig. 4 ). The 
corresponding AUROC, sensitivity, specificity and accu-
racy data are shown in  table 4 .

  Comparison of the BLFI and LFI in the Validation 
Set 
 In the validation set, assessments of diagnostic accu-

racy for each fibrosis stage were performed using the BLFI 
and LFI. Comparisons of the correlation coefficients of 
the BLFI and the LFI showed that there were no signifi-
cant differences between the variables (p > 0.05). The AU-
ROC curves of the BLFI and LFI for predicting significant 
fibrosis (S0–S1 vs. S2–S4) were 0.858 and 0.858, respec-

tively. For cirrhosis (S0–S3 vs. S4), the AUROC curves of 
the BLFI and LFI were 0.868 and 0.862, respectively ( ta-
ble 4 ). Comparisons of the AUROC curves of the two in-
dex values indicated that there was no significant differ-
ence between the values ( fig. 5 ;   p > 0.05).
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  Fig. 3.  Relationships between the hepatic fibrosis stages and the 
BLFI in the validation set. The graph shows the BLFI for each 
fibrosis stage. The bottom and top of each box represent the 25th 
and 75th percentiles, respectively. The horizontal line represents 
the median, and the vertical line represents the range. Significant 
differences were observed between the hepatic fibrosis stage and 
the BLFI ( *  p < 0.05,  *  *  *  *  p < 0.001).           
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  Fig. 4.  ROC curves for the diagnosis of hepatic fibrosis with the 
BLFI in the validation set. ROC analysis differentiating S2–S4 from 
S0–S1 (           a ) and S4 from S0–S3 ( b ) using the BLFI.       
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inexperienced RTE skill level of the radiologists. The ex-
clusion rate was significantly reduced from 14.8 to 4.7% 
(p < 0.001) after RTE education and training sessions 
were provided in July 2012 ( table 2 ). The clinical charac-
teristics of and laboratory information on the 747 patients 
are shown in  table 1 . The hepatic fibrosis stages of the 
cases, which were confirmed by liver histology assess-
ment, are displayed in  table 3 .

  Correlation between Features and Pathological 
Hepatic Fibrosis in All Sets 
 In our study, we extracted 9 image features and the 

LFI to quantify the RTE images. Correlation coeffi-
cients between the quantitative parameters of the RTE 
images, such as the MEAN, SD, %AREA, COMP, 
SKEW, KURT, ENT, IDM and ASM, and the hepatic 
fibrosis stage in all included patients were –0.627, 0.607, 
0.656, 0.615, 0.482, –0.180, 0.278, 0.123 and 0.221, re-

spectively ( fig. 1 ). The MEAN, SD, %AREA and COMP 
were highly correlated with the stage of hepatic fibrosis. 
Characteristic RTE images for each fibrosis stage are 
shown in  figure 2 .

  Equation for BLFI in the Training Set 
 The BLFI was estimated by combining the 9 image fea-

tures using the multiple regression analysis of the training 
set. The multiple regression equation of BLFI was calcu-
lated using multiple regression analysis:

  BLFI = –0.0475 × MEAN + 0.0222 × SD – 0.00555 × 
AREA + 0.0151 × COMP + 31.1 × ASM + 4.27 × ENT + 
11 × IDM – 0.0326 × SKEW + 0.215 × KURT – 12.9.

  There were some differences compared with the origi-
nal multiple regression equation for the LFI based on 
CHC patients described in the report of Fujimoto et al. 
 [16] .
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  Fig. 2.  RTE images for each fibrosis stage in 
patients with CHB. The blue areas (see on-
line version for colors) of the RTE image 
gradually increased with the progression of 
liver fibrosis: stage 0 ( a ), stage 1 ( b ), stage 
2 ( c ), stage 3 ( d ) and stage 4 ( e ). 
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  Diagnostic Performance of Fibrosis Staging by the 
BLFI in the Validation Set 
  Figure 3  shows the box-and-whisker plots for the BLFI 

in the validation set calculated from the 9 image features 
using the multiple regression analysis of the training set 
for each fibrosis stage. When the histologic liver fibrosis 
stages and the BLFI were compared, there was a high cor-
relation between increased BLFI and increased hepatic 
fibrosis stages. The Spearman correlation coefficient be-
tween the BLFI and hepatic fibrosis stages was signifi-
cantly positive (r = 0.711, p < 0.001), and significant dif-
ferences existed between the different stages. The ROC 
curve analysis identified cutoff values of the BLFI as high 
as 1.603 for  ≥ stage 2 and 2.062 for stage 4 ( fig. 4 ). The 
corresponding AUROC, sensitivity, specificity and accu-
racy data are shown in  table 4 .

  Comparison of the BLFI and LFI in the Validation 
Set 
 In the validation set, assessments of diagnostic accu-

racy for each fibrosis stage were performed using the BLFI 
and LFI. Comparisons of the correlation coefficients of 
the BLFI and the LFI showed that there were no signifi-
cant differences between the variables (p > 0.05). The AU-
ROC curves of the BLFI and LFI for predicting significant 
fibrosis (S0–S1 vs. S2–S4) were 0.858 and 0.858, respec-

tively. For cirrhosis (S0–S3 vs. S4), the AUROC curves of 
the BLFI and LFI were 0.868 and 0.862, respectively ( ta-
ble 4 ). Comparisons of the AUROC curves of the two in-
dex values indicated that there was no significant differ-
ence between the values ( fig. 5 ;   p > 0.05).
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  Fig. 3.  Relationships between the hepatic fibrosis stages and the 
BLFI in the validation set. The graph shows the BLFI for each 
fibrosis stage. The bottom and top of each box represent the 25th 
and 75th percentiles, respectively. The horizontal line represents 
the median, and the vertical line represents the range. Significant 
differences were observed between the hepatic fibrosis stage and 
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  Discussion 

 In our study, we showed that the parameters measured 
by RTE are useful predictive features for the determina-
tion of the hepatic fibrosis stage in patients with CHB. 

The MEAN, SD, %AREA and COMP showed a high cor-
relation with the hepatic fibrosis stage; these results were 
similar to those of Fujimoto et al.  [16] . The %AREA was 
the best indicator of the individual image features in all 
patients because the %AREA represents an area of low 
strain (blue) within the ROI; as hepatic fibrosis progress-
es, liver stiffness increases, with a corresponding increase 
in the area of low strain. Additionally, the BLFI is a com-
prehensive quantitative indicator of 9 image features that 
was developed using multiple regression analysis. It in-
cludes the most abundant information in the RTE images 
and highly correlates with the stages of hepatic fibro -
sis (r = 0.711, p < 0.001): significant differences in the 
BLFI were identified between each stage. Moreover, the 
AUROC and accuracy for predicting significant fibrosis 
and cirrhosis were as high as 0.858 and 0.770 and 0.868 
and 0.800, respectively.

  We compared the diagnostic performance of the new 
BLFI in the validation set with the LFI obtained from pa-
tients with CHC  [16] . The AUROC and accuracy of the 
BLFI for the diagnosis of significant fibrosis and cirrhosis 
were similar to the LFI ( table 4 ), and there was no sig-
nificant difference between the values; this similarity 
might have been caused by the similar basic morphologic 
changes that occur during the pathology of CHB and 
CHC  [26] . However, the epidemiology is different be-
tween CHB and CHC  [1] , and the necroinflammatory ac-
tivity observed during HBV infection may differ with 
time, which makes patients with CHB prone to transam-
inase fluctuations  [24] . Transient elastography is affected 
by inflammation, which might overestimate the degree of 
hepatic fibrosis. Studies have shown that the correlation 
coefficient between liver stiffness measured by transient 

 Table 4.  Diagnostic performance of the cutoff values of the BLFI 
and LFI for predicting  significant fibrosis (S0–S1 vs. S2–S4) and 
cirrhosis (S0–S3 vs. S4)

S0–S1/S2–S4  S0–S3/S4

BLFI LFI B LFI LFI

AUROC 0.858 0.858 0.868 0.862
Cutoff value 1.603 2.099 2.062 2.511
Sensitivity, % 77.0 77.0 80.0 74.3
Specificity, % 77.3 76.8 77.4 79.8 
Accuracy, % 77.2 76.9 77.7 79.3 

 There was no significant difference in the AUROC between the 
BLFI and LFI (p > 0.05).
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  Fig. 5.  ROC curves for the diagnosis of hepatic fibrosis with the LFI 
in the validation set. ROC analysis differentiating S2–S4 from S0–
S1 (           a ) and S4 from S0–S3 ( b ) using the LFI.       
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elastography and the stages of hepatic fibrosis in patients 
with CHC was higher compared with patients with CHB 
 [10, 24] . However, our study showed that the diagnostic 
performances of the BLFI and LFI were similar, perhaps 
because the RTE might reflect the actual degree of hepat-
ic fibrosis not affected by inflammation. The diagnostic 
performance of the BLFI for the assessment of hepatic 
fibrosis in CHB patients was not significantly better than 
the LFI; the BLFI did not achieve its expected purpose. 
Therefore, it might be possible to continue to use the LFI 
to evaluate hepatic fibrosis, as is done for CHB patients. 
The LFI is automatically calculated by the machine, which 
is convenient and widely accepted by clinicians.

  In our study, we excluded 89 patients from our analy-
sis, which accounted for 10.6% of the total cases; however, 
the exclusion rate was significantly reduced after comple-
tion of the RTE education and training sessions. The 
main reason for the exclusions was the examiners’ lack of 
skill and experience, which might have an impact on the 
final outcome. It is necessary to further discuss the meth-
odology of RTE in the future and to propose unified op-
erational procedures for the training of examiners; these 
training procedures would be conducive to improving the 
acquisition rate and popularizing the applications of this 
technology.

  Previous studies regarding RTE have shown that RTE 
is a useful and valuable tool for the assessment of hepatic 
fibrosis  [16–22] . The subjects of these studies were pri-
marily patients with CHC or chronic viral hepatitis, and 
there were only two reports regarding patients with CHB. 
Xie et al.  [21]  and Wang et al.  [22]  included patients with 
CHB; however, their evaluation indicators included the 
elastic strain ratio and elastic index, respectively. The LFI 
used in the study of Fujimoto et al.  [16]  contained abun-
dant image information regarding the RTE, and the LFI 
was simple to use, which made it easier for clinicians to 
accept and further popularize and apply this technology. 
Our study was a large, multicenter prospective study of 
patients with CHB in China; we challenged a new index 
for evaluating hepatic fibrosis and explored whether this 
new index is suitable for patients suffering from CHB. 
Moreover, according to the diagnostic test method, we 
divided the patients into two groups: a training set for 
obtaining the new formula of the BLFI and a validation 
set for verifying the accuracy of the formula. This ap-
proach could make the results more convincing. Further-
more, we compared the results of the new BLFI with the 
LFI computed from the original multiple regression 
equation based on data from CHC patients, which has not 
been previously reported in any study.

  We used the Scheuer scoring system as the gold stan-
dard of hepatic fibrosis in our study because this system 
has been generally applied and accepted, recommended 
by the Chinese Society of Hepatology and used in previ-
ous studies  [21] . Furthermore, the staging criteria of the 
Scheuer scoring system are similar to the METAVIR Sys-
tem  [26] . For these reasons, the Scheuer scoring system 
would not affect the judgment of our results. In our study, 
the number of CHB patients in S2–S4 was low and only 
accounted for 43% of the total cases (324/747), whereas 
in the study by Fujimoto et al.  [16] , CHC patients with 
F2–F4 accounted for 71% of the total cases (211/295), 
which had a more balanced distribution. To obtain a 
more accurate diagnostic threshold of hepatic fibrosis for 
patients with CHB, it is necessary to increase the number 
of S2–S4 cases to reduce the offset. Some of our study re-
sults were obtained only by comparisons with the previ-
ous literature  [16] . The best method may be based on a 
comparison of two patient groups with different causes of 
fibrosis, which would increase the reliability of the results. 
Because the inflammation stage of some cases was miss-
ing during the data collection, we are unable to discuss 
the related research regarding inflammation in our study.

  Conclusion 

 The results of this large, multicenter study confirmed 
that RTE is a valuable tool for the diagnosis of hepatic fi-
brosis in patients with CHB. However, the diagnostic ef-
ficiencies of the new BLFI and the original LFI, which was 
based on CHC patients, in assessing CHB hepatic fibrosis 
were similar. Thus, we might be able to use the LFI di-
rectly to evaluate the extent of hepatic fibrosis in patients 
with CHB.
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  Discussion 

 In our study, we showed that the parameters measured 
by RTE are useful predictive features for the determina-
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patients because the %AREA represents an area of low 
strain (blue) within the ROI; as hepatic fibrosis progress-
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  We compared the diagnostic performance of the new 
BLFI in the validation set with the LFI obtained from pa-
tients with CHC  [16] . The AUROC and accuracy of the 
BLFI for the diagnosis of significant fibrosis and cirrhosis 
were similar to the LFI ( table 4 ), and there was no sig-
nificant difference between the values; this similarity 
might have been caused by the similar basic morphologic 
changes that occur during the pathology of CHB and 
CHC  [26] . However, the epidemiology is different be-
tween CHB and CHC  [1] , and the necroinflammatory ac-
tivity observed during HBV infection may differ with 
time, which makes patients with CHB prone to transam-
inase fluctuations  [24] . Transient elastography is affected 
by inflammation, which might overestimate the degree of 
hepatic fibrosis. Studies have shown that the correlation 
coefficient between liver stiffness measured by transient 

 Table 4.  Diagnostic performance of the cutoff values of the BLFI 
and LFI for predicting  significant fibrosis (S0–S1 vs. S2–S4) and 
cirrhosis (S0–S3 vs. S4)

S0–S1/S2–S4  S0–S3/S4

BLFI LFI B LFI LFI

AUROC 0.858 0.858 0.868 0.862
Cutoff value 1.603 2.099 2.062 2.511
Sensitivity, % 77.0 77.0 80.0 74.3
Specificity, % 77.3 76.8 77.4 79.8 
Accuracy, % 77.2 76.9 77.7 79.3 

 There was no significant difference in the AUROC between the 
BLFI and LFI (p > 0.05).
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  Fig. 5.  ROC curves for the diagnosis of hepatic fibrosis with the LFI 
in the validation set. ROC analysis differentiating S2–S4 from S0–
S1 (           a ) and S4 from S0–S3 ( b ) using the LFI.       
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elastography and the stages of hepatic fibrosis in patients 
with CHC was higher compared with patients with CHB 
 [10, 24] . However, our study showed that the diagnostic 
performances of the BLFI and LFI were similar, perhaps 
because the RTE might reflect the actual degree of hepat-
ic fibrosis not affected by inflammation. The diagnostic 
performance of the BLFI for the assessment of hepatic 
fibrosis in CHB patients was not significantly better than 
the LFI; the BLFI did not achieve its expected purpose. 
Therefore, it might be possible to continue to use the LFI 
to evaluate hepatic fibrosis, as is done for CHB patients. 
The LFI is automatically calculated by the machine, which 
is convenient and widely accepted by clinicians.

  In our study, we excluded 89 patients from our analy-
sis, which accounted for 10.6% of the total cases; however, 
the exclusion rate was significantly reduced after comple-
tion of the RTE education and training sessions. The 
main reason for the exclusions was the examiners’ lack of 
skill and experience, which might have an impact on the 
final outcome. It is necessary to further discuss the meth-
odology of RTE in the future and to propose unified op-
erational procedures for the training of examiners; these 
training procedures would be conducive to improving the 
acquisition rate and popularizing the applications of this 
technology.

  Previous studies regarding RTE have shown that RTE 
is a useful and valuable tool for the assessment of hepatic 
fibrosis  [16–22] . The subjects of these studies were pri-
marily patients with CHC or chronic viral hepatitis, and 
there were only two reports regarding patients with CHB. 
Xie et al.  [21]  and Wang et al.  [22]  included patients with 
CHB; however, their evaluation indicators included the 
elastic strain ratio and elastic index, respectively. The LFI 
used in the study of Fujimoto et al.  [16]  contained abun-
dant image information regarding the RTE, and the LFI 
was simple to use, which made it easier for clinicians to 
accept and further popularize and apply this technology. 
Our study was a large, multicenter prospective study of 
patients with CHB in China; we challenged a new index 
for evaluating hepatic fibrosis and explored whether this 
new index is suitable for patients suffering from CHB. 
Moreover, according to the diagnostic test method, we 
divided the patients into two groups: a training set for 
obtaining the new formula of the BLFI and a validation 
set for verifying the accuracy of the formula. This ap-
proach could make the results more convincing. Further-
more, we compared the results of the new BLFI with the 
LFI computed from the original multiple regression 
equation based on data from CHC patients, which has not 
been previously reported in any study.

  We used the Scheuer scoring system as the gold stan-
dard of hepatic fibrosis in our study because this system 
has been generally applied and accepted, recommended 
by the Chinese Society of Hepatology and used in previ-
ous studies  [21] . Furthermore, the staging criteria of the 
Scheuer scoring system are similar to the METAVIR Sys-
tem  [26] . For these reasons, the Scheuer scoring system 
would not affect the judgment of our results. In our study, 
the number of CHB patients in S2–S4 was low and only 
accounted for 43% of the total cases (324/747), whereas 
in the study by Fujimoto et al.  [16] , CHC patients with 
F2–F4 accounted for 71% of the total cases (211/295), 
which had a more balanced distribution. To obtain a 
more accurate diagnostic threshold of hepatic fibrosis for 
patients with CHB, it is necessary to increase the number 
of S2–S4 cases to reduce the offset. Some of our study re-
sults were obtained only by comparisons with the previ-
ous literature  [16] . The best method may be based on a 
comparison of two patient groups with different causes of 
fibrosis, which would increase the reliability of the results. 
Because the inflammation stage of some cases was miss-
ing during the data collection, we are unable to discuss 
the related research regarding inflammation in our study.

  Conclusion 

 The results of this large, multicenter study confirmed 
that RTE is a valuable tool for the diagnosis of hepatic fi-
brosis in patients with CHB. However, the diagnostic ef-
ficiencies of the new BLFI and the original LFI, which was 
based on CHC patients, in assessing CHB hepatic fibrosis 
were similar. Thus, we might be able to use the LFI di-
rectly to evaluate the extent of hepatic fibrosis in patients 
with CHB.
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Carcinoma’, to celebrate the breakthrough made by Prof. 
Honjo as well as the numerous breakthroughs in treat-
ments for liver cancer made in the intervening 50 years. 
The congress program was packed with special features: 

 The 50th Liver Cancer Study Group of Japan (LCSGJ) 
Congress (Congress President: Prof. Masatoshi Kudo) 
was held in Kyoto, Japan, on June 5–6, 2014. The LCSGJ 
is an academic society which was founded in 1967 by Dr. 
Ichio Honjo, Professor of the Department of Surgery at 
Kyoto University. On March 7, 1949, while working at 
Kokura Memorial Hospital, Prof. Honjo ( fig. 1 ), at the 
young age of 35, became the first surgeon in the world to 
successfully perform an anatomical right lobectomy. Al-
though the Japanese journal  Shujutsu  ( Operation)  pub-
lished   this breakthrough in 1950  [1] , because it was not 
published in an English language journal until 1955  [2] , 
there was a period in which articles cited the surgical 
technique performed by Lortat-Jacob  [3]  as the world’s 
first anatomical right lobectomy. However, in the global 
history of liver surgery, Prof. Honjo is now well recog-
nized as the pioneer who successfully completed the pro-
cedure first ( fig.  2 ,  3 )  [4] . Prof. Honjo subsequently 
founded the LCSGJ and served as its first president 
in 1967. Largely due to the historical background, the 
LCSGJ maintained a head office at Kyoto University un-
til 2008, when it moved to its current location, the De-
partment of Gastroenterology and Hepatology at Kinki 
University (Head Office Representative: Prof. Masatoshi 
Kudo).

  The theme of the 50th LCSGJ Congress was selected 
as ‘Breakthroughs in the Management of Hepatocellular 
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  Fig. 1.  Prof. Ichio Honjo (1913–1987), Professor Emeritus, Kyoto 
University School of Medicine (courtesy of Prof. Ryuji Mizumoto, 
Professor Emeritus, Mie University School of Medicine). 
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Carcinoma’, to celebrate the breakthrough made by Prof. 
Honjo as well as the numerous breakthroughs in treat-
ments for liver cancer made in the intervening 50 years. 
The congress program was packed with special features: 

 The 50th Liver Cancer Study Group of Japan (LCSGJ) 
Congress (Congress President: Prof. Masatoshi Kudo) 
was held in Kyoto, Japan, on June 5–6, 2014. The LCSGJ 
is an academic society which was founded in 1967 by Dr. 
Ichio Honjo, Professor of the Department of Surgery at 
Kyoto University. On March 7, 1949, while working at 
Kokura Memorial Hospital, Prof. Honjo ( fig. 1 ), at the 
young age of 35, became the first surgeon in the world to 
successfully perform an anatomical right lobectomy. Al-
though the Japanese journal  Shujutsu  ( Operation)  pub-
lished   this breakthrough in 1950  [1] , because it was not 
published in an English language journal until 1955  [2] , 
there was a period in which articles cited the surgical 
technique performed by Lortat-Jacob  [3]  as the world’s 
first anatomical right lobectomy. However, in the global 
history of liver surgery, Prof. Honjo is now well recog-
nized as the pioneer who successfully completed the pro-
cedure first ( fig.  2 ,  3 )  [4] . Prof. Honjo subsequently 
founded the LCSGJ and served as its first president 
in 1967. Largely due to the historical background, the 
LCSGJ maintained a head office at Kyoto University un-
til 2008, when it moved to its current location, the De-
partment of Gastroenterology and Hepatology at Kinki 
University (Head Office Representative: Prof. Masatoshi 
Kudo).

  The theme of the 50th LCSGJ Congress was selected 
as ‘Breakthroughs in the Management of Hepatocellular 
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  Fig. 1.  Prof. Ichio Honjo (1913–1987), Professor Emeritus, Kyoto 
University School of Medicine (courtesy of Prof. Ryuji Mizumoto, 
Professor Emeritus, Mie University School of Medicine). 
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two special lectures, one education lecture, one round-
table-style commemorative session on the LCSGJ’s his-
tory, three symposia, seven panel discussions, nine work-
shops, six video sessions, six difficult clinical case study 
sessions, and two consensus meetings ( table 1 ).

  In Symposium 1 entitled ‘Basic Aspect, Diagnosis, 
Treatment, and Prognosis of Early Hepatocellular Carci-
noma’, discussions were held on next-generation se-
quencing analysis and diagnostic imaging for early hepa-
tocellular carcinoma (HCC)  [5] , diagnosis by Sonazoid-
enhanced ultrasonography and gadolinium ethoxybenzyl 
diethylenetriamine pentaacetic acid MRI, issues associ-
ated with pathological diagnosis, and the timing of treat-
ment. Symposium 2 provided a forum for discussion in 
line with the session ‘Treatment Strategies for Advanced 
and Large Liver Cancer’ and particularly the attempts to 

  Fig. 2.  Extracted sentences from an article published in  Archives of 
Surgery   [4] . Dr. Foster clearly states that Prof. Honjo performed 
the world’s first anatomic right hepatectomy in Japan in 1949. 

a

  Fig. 3.  Extracts from the textbook by Dr. Foster and Dr. Berman (courtesy of Prof. Ryuji Mizumoto)    [30] . 
 a  Cover picture of Solid Liver Tumors. 
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combine surgery and chemotherapy to treat vascular in-
vasion, bile duct invasion, and large liver cancer. In Sym-
posium 3, the heterogeneity of intermediate stage HCC, 
the attempt to subgroup heterogeneous intermediate 
stage HCC, the definition of transarterial chemoemboli-
zation (TACE) failure/refractoriness, and the treatment 
options for TACE failure/refractoriness cases were dis-
cussed under the title ‘Treatment Strategies, Efficacy, and 
Prognosis of Intermediate Stage Liver Cancer’.

  Latest diagnostic imaging modalities  [6–9]  were in-
troduced in Panel Discussion 1, entitled ‘Innovation in 
Diagnostic Imaging for Liver Cancer’, while basic re-
search approaches using, for example, oncogenes and 
methylation were discussed in Panel Discussion 2 on 
‘Future Prospects in Liver Cancer Treatment Based on 
Genome/Epigenome Data’. In Panel Discussion 3 on 
‘Future Perspectives on Molecular Targeted Therapy 
for Liver Cancer’, discussions centered around the ap-
plication of molecular targeted therapy, for which 
sorafenib is currently the only approved drug, the com-
bination of sorafenib with conventional locoregional 
treatments  [10–18] , and other emerging targeted agents. 
In Panel Discussion 4, entitled ‘Current Situation and 
Ongoing Challenges in Liver Transplantation for Pa-
tients with Hepatocellular Carcinoma’, current issues 
associated with liver transplantation were addressed, 
while in Panel Discussion 5, ‘Diagnosis and Pathology 
of Cystic Liver Tumor’, new concepts such as intraduct-
al papillary neoplasm of the intrahepatic bile duct and 
mucinous cystic neoplasm were reviewed. In Panel Dis-
cussion 6, pathological features were debated under the 
theme ‘Pathology and Diagnosis of Combined Hepato-
cellular and Cholangiocellular Carcinoma’. Lastly, in 
Panel Discussion 7 on ‘Various Issues Associated with 
Hepatocellular Adenoma and Focal Nodular Hyperpla-
sia’, the subgroups of hepatocellular adenomas, which 
have been attracting attention in recent years, and the 
imaging findings of focal nodular hyperplasia were re-
viewed.

  Nine workshops were held at the congress. In Work-
shop 1 on ‘Treatment for Child-Pugh C Liver Cancer’, it 
was verified that locoregional therapy confers survival 
benefit to a specific subgroup of liver cancer patients 
with Child-Pugh C liver function. The discussions in 
Workshop 2 entitled ‘Treatment Strategies for Recur-
rent Liver Cancer after Liver Transplantation’ focused 
on recurrence, the most serious problem caused by liver 
transplantation  [19–23] . In Workshop 3, the mecha-
nism of and clinical approach to nonalcoholic steato-
hepatitis (NASH)-induced liver cancer were discussed 
under the theme of ‘Basic and Clinical Aspects of NASH-
Induced Liver Cancer: Including Diagnostic Criteria’ 
 [24] . Workshop 4 on ‘Long-term Survival Cases ( ≥ 3 
Years) of Advanced Hepatocellular Carcinoma after the 
Initiation of Molecular Targeted Therapy’ focused on 
the characteristics of long-term survival cases after treat-
ment with sorafenib. In Workshop 5 on ‘Treatment 
Strategy for Intrahepatic Cholangiocarcinoma’, surgical 
outcome of intrahepatic cholangiocarcinoma and the 
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  Fig. 3.  Extracts from the textbook by Dr. Foster and Dr. Berman 
(courtesy of Prof. Ryuji Mizumoto)    [30] .  b  Exracted sentences 
from the textbook. Dr. Foster clearly states ‘Honjo and Araki’s op-
eration may well have preceeded that of the French’. 
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two special lectures, one education lecture, one round-
table-style commemorative session on the LCSGJ’s his-
tory, three symposia, seven panel discussions, nine work-
shops, six video sessions, six difficult clinical case study 
sessions, and two consensus meetings ( table 1 ).

  In Symposium 1 entitled ‘Basic Aspect, Diagnosis, 
Treatment, and Prognosis of Early Hepatocellular Carci-
noma’, discussions were held on next-generation se-
quencing analysis and diagnostic imaging for early hepa-
tocellular carcinoma (HCC)  [5] , diagnosis by Sonazoid-
enhanced ultrasonography and gadolinium ethoxybenzyl 
diethylenetriamine pentaacetic acid MRI, issues associ-
ated with pathological diagnosis, and the timing of treat-
ment. Symposium 2 provided a forum for discussion in 
line with the session ‘Treatment Strategies for Advanced 
and Large Liver Cancer’ and particularly the attempts to 

  Fig. 2.  Extracted sentences from an article published in  Archives of 
Surgery   [4] . Dr. Foster clearly states that Prof. Honjo performed 
the world’s first anatomic right hepatectomy in Japan in 1949. 

a

  Fig. 3.  Extracts from the textbook by Dr. Foster and Dr. Berman (courtesy of Prof. Ryuji Mizumoto)    [30] . 
 a  Cover picture of Solid Liver Tumors. 
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combine surgery and chemotherapy to treat vascular in-
vasion, bile duct invasion, and large liver cancer. In Sym-
posium 3, the heterogeneity of intermediate stage HCC, 
the attempt to subgroup heterogeneous intermediate 
stage HCC, the definition of transarterial chemoemboli-
zation (TACE) failure/refractoriness, and the treatment 
options for TACE failure/refractoriness cases were dis-
cussed under the title ‘Treatment Strategies, Efficacy, and 
Prognosis of Intermediate Stage Liver Cancer’.

  Latest diagnostic imaging modalities  [6–9]  were in-
troduced in Panel Discussion 1, entitled ‘Innovation in 
Diagnostic Imaging for Liver Cancer’, while basic re-
search approaches using, for example, oncogenes and 
methylation were discussed in Panel Discussion 2 on 
‘Future Prospects in Liver Cancer Treatment Based on 
Genome/Epigenome Data’. In Panel Discussion 3 on 
‘Future Perspectives on Molecular Targeted Therapy 
for Liver Cancer’, discussions centered around the ap-
plication of molecular targeted therapy, for which 
sorafenib is currently the only approved drug, the com-
bination of sorafenib with conventional locoregional 
treatments  [10–18] , and other emerging targeted agents. 
In Panel Discussion 4, entitled ‘Current Situation and 
Ongoing Challenges in Liver Transplantation for Pa-
tients with Hepatocellular Carcinoma’, current issues 
associated with liver transplantation were addressed, 
while in Panel Discussion 5, ‘Diagnosis and Pathology 
of Cystic Liver Tumor’, new concepts such as intraduct-
al papillary neoplasm of the intrahepatic bile duct and 
mucinous cystic neoplasm were reviewed. In Panel Dis-
cussion 6, pathological features were debated under the 
theme ‘Pathology and Diagnosis of Combined Hepato-
cellular and Cholangiocellular Carcinoma’. Lastly, in 
Panel Discussion 7 on ‘Various Issues Associated with 
Hepatocellular Adenoma and Focal Nodular Hyperpla-
sia’, the subgroups of hepatocellular adenomas, which 
have been attracting attention in recent years, and the 
imaging findings of focal nodular hyperplasia were re-
viewed.

  Nine workshops were held at the congress. In Work-
shop 1 on ‘Treatment for Child-Pugh C Liver Cancer’, it 
was verified that locoregional therapy confers survival 
benefit to a specific subgroup of liver cancer patients 
with Child-Pugh C liver function. The discussions in 
Workshop 2 entitled ‘Treatment Strategies for Recur-
rent Liver Cancer after Liver Transplantation’ focused 
on recurrence, the most serious problem caused by liver 
transplantation  [19–23] . In Workshop 3, the mecha-
nism of and clinical approach to nonalcoholic steato-
hepatitis (NASH)-induced liver cancer were discussed 
under the theme of ‘Basic and Clinical Aspects of NASH-
Induced Liver Cancer: Including Diagnostic Criteria’ 
 [24] . Workshop 4 on ‘Long-term Survival Cases ( ≥ 3 
Years) of Advanced Hepatocellular Carcinoma after the 
Initiation of Molecular Targeted Therapy’ focused on 
the characteristics of long-term survival cases after treat-
ment with sorafenib. In Workshop 5 on ‘Treatment 
Strategy for Intrahepatic Cholangiocarcinoma’, surgical 
outcome of intrahepatic cholangiocarcinoma and the 
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  Fig. 3.  Extracts from the textbook by Dr. Foster and Dr. Berman 
(courtesy of Prof. Ryuji Mizumoto)    [30] .  b  Exracted sentences 
from the textbook. Dr. Foster clearly states ‘Honjo and Araki’s op-
eration may well have preceeded that of the French’. 
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characteristics of recurrence were discussed with a focus 
on hepatectomy. Workshop 6 focused on ‘Radiation 
Therapy for Hepatocellular Carcinoma’, and the partic-
ipants discussed treatment directed solely at vascular in-
vasion or the main lesion of HCC itself and proton and 
particle therapy  [25, 26] . In addition, under the theme 
‘Treatment Strategy for Colorectal Liver Metastasis’ in 
Workshop 7, the participants engaged in an active dis-
cussion of systemic chemotherapy, surgical approaches, 
microwave coagulation therapy, radiofrequency abla-
tion (RFA), or particle therapy as locoreginal treatments. 

The main focus in Workshop 8, entitled ‘Current Situa-
tion and Recent Advances in RFA’ was bipolar RFA, and 
new RFA techniques including fusion image-guided 
RFA were also discussed  [27] . Lastly, in Workshop 9 en-
titled ‘New Developments in TACE: How to Apply 
Beads TACE and cTACE Differently’, the participants 
discussed the differential application of conventional 
TACE  [28]  and beads (microsphere) TACE, the latter of 
which was introduced to Japan in January 2014.

  In Video Session 1 entitled ‘State-of-the-Art Con-
trast-Enhanced Ultrasonography’, the significance of 

 Table 1.  The 50th LCSGJ Congress: Special Programs

Special Lecture 1 Full Lifecycle Aquaculture of Bluefin Tuna: 32-Year Trajectory, by Prof. Hidemi Kumai
2 Management of Liver Cancer – Why We Do What We Do in Europe, by Prof. Markus Peck-Radosavljevic

Memorial Roundtable Looking Back on the 50-Year History of the Liver Cancer Study Group of Japan

Education Lecture Biomarkers in Molecular Targeted Therapy for Liver Cancer, by Prof. Kazuto Nishio

Symposium 1 Basic Aspect, Diagnosis, Treatment, and Prognosis of Early Hepatocellular Carcinoma
2 Treatment Strategies for Advanced and Large Liver Cancer
3 Treatment Strategies, Efficacy, and Prognosis of Intermediate Stage Liver Cancer

Panel Discussion 1 Innovation in Diagnostic Imaging for Liver Cancer
2 Future Prospects in Liver Cancer Treatment Based on Genome/Epigenome Data
3 Future Perspectives on Molecular Targeted Therapy for Liver Cancer
4 Current Situation and Ongoing Challenges in Liver Transplantation for Patients with Hepatocellular Carcinoma
5 Diagnosis and Pathology of Cystic Liver Tumor
6 Pathology and Diagnosis of Combined Hepatocellular and Cholangiocellular Carcinoma
7 Various Issues Associated with Hepatocellular Adenoma and Focal Nodular 

Hyperplasia

Consensus Meeting 1 A Diagnostic Algorithm for Liver Cancer
2 Updating the JSH Definition of TACE Failure/Refractoriness

Workshop 1 Treatment for Child-Pugh C Liver Cancer
2 Treatment Strategies for Recurrent Liver Cancer after Liver Transplantation
3 Basic and Clinical Aspects of NASH-Induced Liver Cancer: Including Diagnostic Criteria
4 Long-term Survival Cases (≥3 Years) of Advanced Hepatocellular Carcinoma after the Initiation of Molecular Targeted 

Therapy
5 Treatment Strategy for Intrahepatic Cholangiocarcinoma
6 Radiation Therapy for Hepatocellular Carcinoma
7 Treatment Strategy for Colorectal Liver Metastasis
8 Current Situation and Recent Advances in RFA
9 New Developments in TACE: How to Apply Beads TACE and cTACE Differently

Video Session 1 State-of-the-Art Contrast-Enhanced Ultrasonography 
2 Advances in Simulation Imaging (Including 3- and 4-Dimensional Imaging) of Liver Cancer Treatment
3 Resection of Hepatocellular Carcinoma: Highly Technical Surgical Procedures
4 Technological Advances in TACE
5 The Frontline of Laparoscopic Therapy for Hepatocellular Carcinoma
6 Technological Advances in RFA Therapy (Including Fusion Imaging)

Difficult Clinical Case 1 Diagnosis 1
Study Sessions 2 Diagnosis 2

3 Diagnosis 3
4 Treatment 1
5 Treatment 2
6 Treatment 3
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this imaging modality for treatment guidance was dis-
cussed, as was its value in fusion imaging, in pretreat-
ment diagnosis of malignant grade, in establishing treat-
ment indications, and in selecting an appropriate treat-
ment approach. Video Session 2 featured ‘Advances in 
Simulation Imaging (Including 3- and 4-Dimensional 
Imaging) of Liver Cancer Treatment’ and their applica-
tions. Extremely difficult surgical methods in liver resec-
tion were introduced and debated in Video Session 3 en-
titled ‘Resection of Hepatocellular Carcinoma: Highly 
Technical Surgical Procedures’, while ‘Technological 
Advances in TACE’ (e.g., beads TACE, balloon occlud-
ed-TACE, and FlightPlan) was the theme in Video Ses-
sion 4. Video Session 5 on ‘The Frontline of Laparoscop-
ic Therapy for Hepatocellular Carcinoma’ covered lapa-
roscope-assisted treatment and robotic surgery with the 
da Vinci surgical system. Lastly, Video Session 6 entitled 
‘Technological Advances in RFA Therapy (Including 
Fusion Imaging)’ introduced various recent advances in 
RFA. The six Difficult Clinical Case Study Sessions com-
prised three sessions on diagnosis and three on treat-
ment, all of which were conducted with a moderator who 
was either a hepatologist, a surgeon, a pathologist, or a 
radiologist. In each session, a difficult case in terms of 
diagnosis or treatment was introduced, and the diagno-
sis or treatment approach in question was actively de-
bated.

  As a special program, a roundtable-style presentation 
was held under the title ‘Looking Back on the 50-Year 
History of the Liver Cancer Study Group of Japan’, and 
eight professors who had led the LCSGJ through the last 
50 years introduced the history of the LCSGJ to the 

younger generation of LCSGJ members. This special 
program also provided a great opportunity to think 
about how we should develop the LCSGJ over the next 
50 years.

  In the Education Lecture, Prof. Kazuto Nishio gave a 
speech about ‘Biomarkers in Molecular Targeted Thera-
py for Liver Cancer’, which provided up-to-date informa-
tion on biomarkers. In addition, Prof. Hidemi Kumai and 
Prof. Markus Peck presented highly relevant Special Lec-
tures on ‘Full Lifecycle Aquaculture of Bluefin Tuna: 32-
Year Trajectory’ and ‘Management of Liver Cancer – 
Why We Do What We Do in Europe’, respectively.

  Two consensus meetings organized by the LCSGJ 
turned out to be the highlight of the 50th Congress. In 
Consensus Meeting 1 on ‘A Diagnostic Algorithm for 
Liver Cancer’, liver cancer experts used a voting system to 
decide on an updated version of the consensus-based di-
agnostic algorithm proposed by the Japan Society of Hep-
atology (JSH)  [29] . In Consensus Meeting 2 on ‘Updating 
the JSH Definition of TACE Failure/Refractoriness’, ex-
perts decided to revise the definition  [29] . 

  The 50th LCSGJ Congress drew over 1,200 attendees 
over 2 days and was a great success. In this supplemen-
tary issue of  Oncology , some of the articles discuss the ses-
sions held at the congress, making it an extremely valu-
able special issue for readers specializing in liver cancer.

  Disclosure Statement 

 The author declares that no financial or other conflicts of inter-
est exist in relation to the content of this article.
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characteristics of recurrence were discussed with a focus 
on hepatectomy. Workshop 6 focused on ‘Radiation 
Therapy for Hepatocellular Carcinoma’, and the partic-
ipants discussed treatment directed solely at vascular in-
vasion or the main lesion of HCC itself and proton and 
particle therapy  [25, 26] . In addition, under the theme 
‘Treatment Strategy for Colorectal Liver Metastasis’ in 
Workshop 7, the participants engaged in an active dis-
cussion of systemic chemotherapy, surgical approaches, 
microwave coagulation therapy, radiofrequency abla-
tion (RFA), or particle therapy as locoreginal treatments. 

The main focus in Workshop 8, entitled ‘Current Situa-
tion and Recent Advances in RFA’ was bipolar RFA, and 
new RFA techniques including fusion image-guided 
RFA were also discussed  [27] . Lastly, in Workshop 9 en-
titled ‘New Developments in TACE: How to Apply 
Beads TACE and cTACE Differently’, the participants 
discussed the differential application of conventional 
TACE  [28]  and beads (microsphere) TACE, the latter of 
which was introduced to Japan in January 2014.

  In Video Session 1 entitled ‘State-of-the-Art Con-
trast-Enhanced Ultrasonography’, the significance of 
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4 Long-term Survival Cases (≥3 Years) of Advanced Hepatocellular Carcinoma after the Initiation of Molecular Targeted 

Therapy
5 Treatment Strategy for Intrahepatic Cholangiocarcinoma
6 Radiation Therapy for Hepatocellular Carcinoma
7 Treatment Strategy for Colorectal Liver Metastasis
8 Current Situation and Recent Advances in RFA
9 New Developments in TACE: How to Apply Beads TACE and cTACE Differently
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2 Advances in Simulation Imaging (Including 3- and 4-Dimensional Imaging) of Liver Cancer Treatment
3 Resection of Hepatocellular Carcinoma: Highly Technical Surgical Procedures
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Difficult Clinical Case 1 Diagnosis 1
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this imaging modality for treatment guidance was dis-
cussed, as was its value in fusion imaging, in pretreat-
ment diagnosis of malignant grade, in establishing treat-
ment indications, and in selecting an appropriate treat-
ment approach. Video Session 2 featured ‘Advances in 
Simulation Imaging (Including 3- and 4-Dimensional 
Imaging) of Liver Cancer Treatment’ and their applica-
tions. Extremely difficult surgical methods in liver resec-
tion were introduced and debated in Video Session 3 en-
titled ‘Resection of Hepatocellular Carcinoma: Highly 
Technical Surgical Procedures’, while ‘Technological 
Advances in TACE’ (e.g., beads TACE, balloon occlud-
ed-TACE, and FlightPlan) was the theme in Video Ses-
sion 4. Video Session 5 on ‘The Frontline of Laparoscop-
ic Therapy for Hepatocellular Carcinoma’ covered lapa-
roscope-assisted treatment and robotic surgery with the 
da Vinci surgical system. Lastly, Video Session 6 entitled 
‘Technological Advances in RFA Therapy (Including 
Fusion Imaging)’ introduced various recent advances in 
RFA. The six Difficult Clinical Case Study Sessions com-
prised three sessions on diagnosis and three on treat-
ment, all of which were conducted with a moderator who 
was either a hepatologist, a surgeon, a pathologist, or a 
radiologist. In each session, a difficult case in terms of 
diagnosis or treatment was introduced, and the diagno-
sis or treatment approach in question was actively de-
bated.

  As a special program, a roundtable-style presentation 
was held under the title ‘Looking Back on the 50-Year 
History of the Liver Cancer Study Group of Japan’, and 
eight professors who had led the LCSGJ through the last 
50 years introduced the history of the LCSGJ to the 

younger generation of LCSGJ members. This special 
program also provided a great opportunity to think 
about how we should develop the LCSGJ over the next 
50 years.

  In the Education Lecture, Prof. Kazuto Nishio gave a 
speech about ‘Biomarkers in Molecular Targeted Thera-
py for Liver Cancer’, which provided up-to-date informa-
tion on biomarkers. In addition, Prof. Hidemi Kumai and 
Prof. Markus Peck presented highly relevant Special Lec-
tures on ‘Full Lifecycle Aquaculture of Bluefin Tuna: 32-
Year Trajectory’ and ‘Management of Liver Cancer – 
Why We Do What We Do in Europe’, respectively.

  Two consensus meetings organized by the LCSGJ 
turned out to be the highlight of the 50th Congress. In 
Consensus Meeting 1 on ‘A Diagnostic Algorithm for 
Liver Cancer’, liver cancer experts used a voting system to 
decide on an updated version of the consensus-based di-
agnostic algorithm proposed by the Japan Society of Hep-
atology (JSH)  [29] . In Consensus Meeting 2 on ‘Updating 
the JSH Definition of TACE Failure/Refractoriness’, ex-
perts decided to revise the definition  [29] . 

  The 50th LCSGJ Congress drew over 1,200 attendees 
over 2 days and was a great success. In this supplemen-
tary issue of  Oncology , some of the articles discuss the ses-
sions held at the congress, making it an extremely valu-
able special issue for readers specializing in liver cancer.

  Disclosure Statement 

 The author declares that no financial or other conflicts of inter-
est exist in relation to the content of this article.
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namic findings using dynamic CT/MRI and biopsy findings. 
A consensus meeting regarding the JSH surveillance and di-
agnostic algorithm was held at the 50th Liver Cancer Study 
Group of Japan Congress, and a 2014 update of the algo-
rithm was completed. The new algorithm reaffirms the very 
important role of EOB-MRI and Sonazoid CEUS in the surveil-
lance and diagnosis of liver cancer and is more sophisticated 
than those currently used in the United States and Europe. 
This is now an optimized algorithm that can be used to 
 diagnose early-stage to classical HCC easily and highly accu-
rately.  © 2014 S. Karger AG, Basel 
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Hepatology (JSH) algorithm in the JSH Consensus-Based 
Clinical Practice Guideline for hepatocellular carcinoma 
(HCC) is described in considerable detail  [3] . The latter 
guideline recommends the following in relation to sur-
veillance: super high-risk patients (with hepatitis B/C cir-
rhosis) should be screened by performing ultrasound 
(US) examinations and measuring the levels of 3 tumor 
markers (AFP, AFP L-3, and PIVKA-II) every 3–4 months 
and by performing dynamic CT/MRI every 6–12 months. 
High-risk patients (with chronic hepatitis B/C or cirrho-
sis of another origin) should be screened by performing 
US examinations and measuring the levels of the 3 tumor 
markers every 6 months  [3–6] .

  The aforementioned diagnostic guidelines for HCC in 
the United States and Europe mention the diagnosis of 
HCC solely based on hemodynamic findings. However, 
the surveillance and diagnostic algorithms in the HCC 
guideline in Japan have traditionally included not only he-
modynamic diagnostic methods, but also functional diag-
nostic methods such as superparamagnetic iron oxide 
MRI (SPIO-MRI), gadolinium ethoxybenzyl diethylene-
triamine pentaacetic acid-enhanced MRI (EOB-MRI), and 
Sonazoid contrast-enhanced ultrasound (CEUS)  [7, 8] .

  Recently, a consensus meeting has been held at the 50th 
Liver Cancer Study Group of Japan (LCSGJ) Congress 
(June 5–6, 2014, Kyoto) (Congress president: Prof. Masa-
toshi Kudo) to decide on an updated surveillance and di-
agnostic algorithm that incorporates the latest advances in 
the field  [9] . The meeting began with a brief overview of 
the existing guidelines and debate over issues and was fol-
lowed by a discussion of the roles and significance of EOB-
MRI, dynamic CT, and Sonazoid CEUS in the diagnostic 
algorithm. The meeting concluded with members reach-
ing a consensus and agreeing on an updated algorithm 
with the use of a voting system. The consensus process and 
the updated algorithm are described here.

  Surveillance and Diagnostic Algorithm in the 
East and West 

 JSH Guidelines 
 Evidence-Based Surveillance and Diagnostic 
Algorithm 
 The surveillance and diagnostic algorithms for HCC 

proposed by the JSH are the surveillance and diagnostic 
algorithm introduced in the ‘2013 Scientific Evidence-
Based Clinical Practice Guidelines for Liver Cancer’  [5] , 
which is an evidence-based algorithm, as well as the diag-
nostic algorithm for hypervascular and hypovascular he-

patocellular nodules  [3] , which is a consensus-based al-
gorithm.

  The algorithm in the JSH guidelines separates patients 
into a high-risk group (patients with chronic hepatitis 
B/C or cirrhosis) and a super high-risk group (patients 
with hepatitis B/C cirrhosis). For the super high-risk 
group, it is recommended that dynamic CT/MRI be per-
formed every 6–12 months. If a nodule is observed on 
routine US, dynamic CT/MRI should be performed and 
the nodule classified based on presence/absence of early 
contrast enhancement, presence/absence of late-phase 
washout, and tumor diameter. The tumor diameter cutoff 
that indicates whether more precise testing should be per-
formed is 1 cm if there is early contrast enhancement but 
no late-phase washout on dynamic CT/MRI and 1.5 cm 
if there is no early contrast enhancement. Additionally, if 
the size exceeds the relevant cutoff value, then CEUS, tu-
mor biopsy, CT during hepatic arteriography (CTHA), 
and CT during arterial portography (CTAP) are recom-
mended as optional tests  [5] .

  Consensus-Based Diagnostic Algorithm 
 In the consensus-based diagnostic algorithm, dynamic 

CT, dynamic MRI, and CEUS is performed after detecting 
a nodule on US, and a diagnosis is made according to the 
diagnostic algorithm for hypervascular nodules if contrast 
enhancement is observed in the early arterial phase. If it is 
not observed, the diagnostic algorithm for hypovascular 
nodules is applied. In the diagnostic algorithm for hyper-
vascular nodules, a diagnosis of HCC can be made when 
washout is observed in the portal venous phase and the 
equilibrium phase. When washout is not observed, the 
presence/absence of uptake in the hepatobiliary phase of 
EOB-MRI or in the Kupffer phase of Sonazoid CEUS is 
assessed. In the diagnostic algorithm for hypovascular 
nodules, EOB-MRI/Sonazoid CEUS is performed and a 
diagnosis of well-differentiated HCC can be made if de-
creased uptake is observed with both modalities. Howev-
er, when decreased uptake is observed on EOB-MRI only, 
a tumor biopsy is performed to diagnose the nodule as 
either well-differentiated HCC or a precancerous or bor-
derline lesion if the tumor diameter corresponds to the 
 ≥ 1.5 cm cutoff. If the tumor diameter is <1.5 cm, intensive 
follow-up is recommended. When decreased uptake is ob-
served on Sonazoid CEUS only, regardless of the tumor 
diameter, a tumor biopsy is typically performed to diag-
nose the nodule as either well-differentiated HCC or a 
precancerous or borderline lesion. Furthermore, if uptake 
is seen on both modalities, the next workup is determined 
based on a tumor diameter cutoff of 1.5 cm. The algo-
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rithms for hyper- and hypovascular nodules both suggest 
that for institutions capable of performing CTHA/CTAP, 
these should be selected as optional tests  [3] .

  With the recent recognition that EOB-MRI is useful 
for diagnosing HCC, particularly hypovascular early 
HCC, the current HCC diagnostic algorithm needed to be 
updated in order to put slightly more emphasis on EOB-
MRI, and thus this section was updated in the consensus 
meeting.

  Diagnostic Algorithm in the AASLD Practice 
Guidelines 
 Diagnostic algorithms for HCC that have been pro-

posed outside of Japan include the ‘AASLD Practice 
Guidelines’  [1]  and the ‘EASL-EORTC Clinical Practice 
Guidelines’  [2] .

  The 2011 updated version of the AASLD diagnostic al-
gorithm states that nodules found in cirrhotic patients 
should first be classified based on their diameter. If the 
nodule diameter is <1 cm, surveillance should be per-
formed every 3 months because the diagnosis of such nod-
ules is difficult. If the size does not change, surveillance 
every 3 months should be continued; if the diameter 
changes, the nodule should be diagnosed according to its 
size. If the diameter is  ≥ 1 cm, a diagnosis of HCC is made 
when early enhancement is observed in the arterial phase 
and washout is observed in the portal venous phase on 
dynamic CT/MRI. If these findings are not observed, he-
modynamics should be evaluated with a dynamic study 
that has not been used before, and a diagnosis of HCC is 
made if dynamic CT and dynamic MRI ultimately reveal 
these findings, whereas a biopsy is performed if they do 
not. As outlined above, this is a simple algorithm, which 
proposes that a diagnosis should be made based solely on 
hemodynamic information. Problems with this algorithm 
include that it does not mention functional diagnostic 
methods such as EOB-MRI or Sonazoid CEUS, that it re-
quires biopsy more frequently, and that it would be diffi-
cult to make a diagnosis of early HCC by imaging  [10] .

  Diagnostic Algorithm in the EASL-EORTC Clinical 
Practice Guidelines 
 The EASL-EORTC diagnostic algorithm proposes a 

fundamentally similar one to the AASLD algorithm for 
nodules <1 cm in diameter. However, it differs in that it 
proposes a different diagnostic flow for nodules  ≥ 1 cm, 
namely, for nodules of 1–2 cm and >2 cm. If the nodule 
diameter is 1–2 cm, early enhancement in the arterial 
phase and washout in the portal venous phase must be 
seen on both dynamic CT and dynamic MRI (except if 

one imaging technique only is recommended in centers 
of excellence with high-end radiological equipment). If 
the nodule diameter is >2 cm, a diagnosis of HCC is made 
when these findings are seen on one of the two modalities. 
However, as it is actually still possible to diagnose a nod-
ule as HCC if arterial enhancement with portal venous 
washout is observed on one modality even without high-
end radiological equipment, the abovementioned anno-
tation appears to have no meaning. This is a very simple 
algorithm because, as described above, it essentially con-
siders radiologic hallmarks on one modality as an index 
that allows for a diagnosis of HCC to be made. Further-
more, neither the AASLD diagnostic algorithm nor the 
EASL-EORTC diagnostic algorithm is appropriate for di-
agnosing early HCC, and these algorithms are also prob-
lematic in that they do not actively promote the use of 
noninvasive diagnostic methods since they state that a 
biopsy must be performed for all nodules when early en-
hancement in the arterial phase and washout in the portal 
venous phase are not observed  [2] .

  Diagnostic Algorithm for HCC Proposed by the Arii 
Research Group for the Japanese Ministry of Health, 
Labour and Welfare (2012 Updated Version) 
 The diagnostic algorithm for hepatocellular carcinoma 

proposed by the Arii Research Group as part of a research 
project funded by a 2008–2010 grant from the Japanese 
Ministry of Health, Labour and Welfare (principal investi-
gator: Prof. Shigeki Arii) is an algorithm that was mainly 
compiled by Prof. Osamu Matsui as the group’s final report. 
This is an easy-to-use algorithm centered on EOB-MRI  [11, 
12] , which can detect and diagnose hyper- and hypovascu-
lar HCC with high performance, has strong diagnostic per-
formance for differentiating between liver masses, and 
which has excellent objectivity and reproducibility. Minor 
updates were made to this algorithm at a consensus meet-
ing held at the 48th LCSGJ Congress in 2012  [13] .

  Before the 2014 consensus meeting, HCC experts gath-
ered to create an updated version of the diagnostic algo-
rithm for HCC that was used to spark a discussion at the 
meeting. First, after surveillance with US and tumor mark-
ers, it is recommended that dynamic EOB-MRI should be 
performed (or dynamic CT for institutions unable to use 
MRI as the first-line modality) and that nodules are classi-
fied as ‘hypervascular with washout’, ‘hypervascular with-
out washout’, or ‘hypovascular’. Nodules that are hyper-
vascular with washout are diagnosed as HCC. However, 
although cavernous hemangiomas usually do not exhibit 
washout in the equilibrium phase of dynamic CT, they can 
exhibit findings resembling washout (pseudo-washout) in 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 9

:0
3:

18
 A

M

— 350 —



 Kudo    et al.
 

Oncology 2014;87(suppl 1):7–21
DOI: 10.1159/000368141

8

Hepatology (JSH) algorithm in the JSH Consensus-Based 
Clinical Practice Guideline for hepatocellular carcinoma 
(HCC) is described in considerable detail  [3] . The latter 
guideline recommends the following in relation to sur-
veillance: super high-risk patients (with hepatitis B/C cir-
rhosis) should be screened by performing ultrasound 
(US) examinations and measuring the levels of 3 tumor 
markers (AFP, AFP L-3, and PIVKA-II) every 3–4 months 
and by performing dynamic CT/MRI every 6–12 months. 
High-risk patients (with chronic hepatitis B/C or cirrho-
sis of another origin) should be screened by performing 
US examinations and measuring the levels of the 3 tumor 
markers every 6 months  [3–6] .

  The aforementioned diagnostic guidelines for HCC in 
the United States and Europe mention the diagnosis of 
HCC solely based on hemodynamic findings. However, 
the surveillance and diagnostic algorithms in the HCC 
guideline in Japan have traditionally included not only he-
modynamic diagnostic methods, but also functional diag-
nostic methods such as superparamagnetic iron oxide 
MRI (SPIO-MRI), gadolinium ethoxybenzyl diethylene-
triamine pentaacetic acid-enhanced MRI (EOB-MRI), and 
Sonazoid contrast-enhanced ultrasound (CEUS)  [7, 8] .

  Recently, a consensus meeting has been held at the 50th 
Liver Cancer Study Group of Japan (LCSGJ) Congress 
(June 5–6, 2014, Kyoto) (Congress president: Prof. Masa-
toshi Kudo) to decide on an updated surveillance and di-
agnostic algorithm that incorporates the latest advances in 
the field  [9] . The meeting began with a brief overview of 
the existing guidelines and debate over issues and was fol-
lowed by a discussion of the roles and significance of EOB-
MRI, dynamic CT, and Sonazoid CEUS in the diagnostic 
algorithm. The meeting concluded with members reach-
ing a consensus and agreeing on an updated algorithm 
with the use of a voting system. The consensus process and 
the updated algorithm are described here.

  Surveillance and Diagnostic Algorithm in the 
East and West 

 JSH Guidelines 
 Evidence-Based Surveillance and Diagnostic 
Algorithm 
 The surveillance and diagnostic algorithms for HCC 

proposed by the JSH are the surveillance and diagnostic 
algorithm introduced in the ‘2013 Scientific Evidence-
Based Clinical Practice Guidelines for Liver Cancer’  [5] , 
which is an evidence-based algorithm, as well as the diag-
nostic algorithm for hypervascular and hypovascular he-

patocellular nodules  [3] , which is a consensus-based al-
gorithm.

  The algorithm in the JSH guidelines separates patients 
into a high-risk group (patients with chronic hepatitis 
B/C or cirrhosis) and a super high-risk group (patients 
with hepatitis B/C cirrhosis). For the super high-risk 
group, it is recommended that dynamic CT/MRI be per-
formed every 6–12 months. If a nodule is observed on 
routine US, dynamic CT/MRI should be performed and 
the nodule classified based on presence/absence of early 
contrast enhancement, presence/absence of late-phase 
washout, and tumor diameter. The tumor diameter cutoff 
that indicates whether more precise testing should be per-
formed is 1 cm if there is early contrast enhancement but 
no late-phase washout on dynamic CT/MRI and 1.5 cm 
if there is no early contrast enhancement. Additionally, if 
the size exceeds the relevant cutoff value, then CEUS, tu-
mor biopsy, CT during hepatic arteriography (CTHA), 
and CT during arterial portography (CTAP) are recom-
mended as optional tests  [5] .

  Consensus-Based Diagnostic Algorithm 
 In the consensus-based diagnostic algorithm, dynamic 

CT, dynamic MRI, and CEUS is performed after detecting 
a nodule on US, and a diagnosis is made according to the 
diagnostic algorithm for hypervascular nodules if contrast 
enhancement is observed in the early arterial phase. If it is 
not observed, the diagnostic algorithm for hypovascular 
nodules is applied. In the diagnostic algorithm for hyper-
vascular nodules, a diagnosis of HCC can be made when 
washout is observed in the portal venous phase and the 
equilibrium phase. When washout is not observed, the 
presence/absence of uptake in the hepatobiliary phase of 
EOB-MRI or in the Kupffer phase of Sonazoid CEUS is 
assessed. In the diagnostic algorithm for hypovascular 
nodules, EOB-MRI/Sonazoid CEUS is performed and a 
diagnosis of well-differentiated HCC can be made if de-
creased uptake is observed with both modalities. Howev-
er, when decreased uptake is observed on EOB-MRI only, 
a tumor biopsy is performed to diagnose the nodule as 
either well-differentiated HCC or a precancerous or bor-
derline lesion if the tumor diameter corresponds to the 
 ≥ 1.5 cm cutoff. If the tumor diameter is <1.5 cm, intensive 
follow-up is recommended. When decreased uptake is ob-
served on Sonazoid CEUS only, regardless of the tumor 
diameter, a tumor biopsy is typically performed to diag-
nose the nodule as either well-differentiated HCC or a 
precancerous or borderline lesion. Furthermore, if uptake 
is seen on both modalities, the next workup is determined 
based on a tumor diameter cutoff of 1.5 cm. The algo-
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rithms for hyper- and hypovascular nodules both suggest 
that for institutions capable of performing CTHA/CTAP, 
these should be selected as optional tests  [3] .

  With the recent recognition that EOB-MRI is useful 
for diagnosing HCC, particularly hypovascular early 
HCC, the current HCC diagnostic algorithm needed to be 
updated in order to put slightly more emphasis on EOB-
MRI, and thus this section was updated in the consensus 
meeting.

  Diagnostic Algorithm in the AASLD Practice 
Guidelines 
 Diagnostic algorithms for HCC that have been pro-

posed outside of Japan include the ‘AASLD Practice 
Guidelines’  [1]  and the ‘EASL-EORTC Clinical Practice 
Guidelines’  [2] .

  The 2011 updated version of the AASLD diagnostic al-
gorithm states that nodules found in cirrhotic patients 
should first be classified based on their diameter. If the 
nodule diameter is <1 cm, surveillance should be per-
formed every 3 months because the diagnosis of such nod-
ules is difficult. If the size does not change, surveillance 
every 3 months should be continued; if the diameter 
changes, the nodule should be diagnosed according to its 
size. If the diameter is  ≥ 1 cm, a diagnosis of HCC is made 
when early enhancement is observed in the arterial phase 
and washout is observed in the portal venous phase on 
dynamic CT/MRI. If these findings are not observed, he-
modynamics should be evaluated with a dynamic study 
that has not been used before, and a diagnosis of HCC is 
made if dynamic CT and dynamic MRI ultimately reveal 
these findings, whereas a biopsy is performed if they do 
not. As outlined above, this is a simple algorithm, which 
proposes that a diagnosis should be made based solely on 
hemodynamic information. Problems with this algorithm 
include that it does not mention functional diagnostic 
methods such as EOB-MRI or Sonazoid CEUS, that it re-
quires biopsy more frequently, and that it would be diffi-
cult to make a diagnosis of early HCC by imaging  [10] .

  Diagnostic Algorithm in the EASL-EORTC Clinical 
Practice Guidelines 
 The EASL-EORTC diagnostic algorithm proposes a 

fundamentally similar one to the AASLD algorithm for 
nodules <1 cm in diameter. However, it differs in that it 
proposes a different diagnostic flow for nodules  ≥ 1 cm, 
namely, for nodules of 1–2 cm and >2 cm. If the nodule 
diameter is 1–2 cm, early enhancement in the arterial 
phase and washout in the portal venous phase must be 
seen on both dynamic CT and dynamic MRI (except if 

one imaging technique only is recommended in centers 
of excellence with high-end radiological equipment). If 
the nodule diameter is >2 cm, a diagnosis of HCC is made 
when these findings are seen on one of the two modalities. 
However, as it is actually still possible to diagnose a nod-
ule as HCC if arterial enhancement with portal venous 
washout is observed on one modality even without high-
end radiological equipment, the abovementioned anno-
tation appears to have no meaning. This is a very simple 
algorithm because, as described above, it essentially con-
siders radiologic hallmarks on one modality as an index 
that allows for a diagnosis of HCC to be made. Further-
more, neither the AASLD diagnostic algorithm nor the 
EASL-EORTC diagnostic algorithm is appropriate for di-
agnosing early HCC, and these algorithms are also prob-
lematic in that they do not actively promote the use of 
noninvasive diagnostic methods since they state that a 
biopsy must be performed for all nodules when early en-
hancement in the arterial phase and washout in the portal 
venous phase are not observed  [2] .

  Diagnostic Algorithm for HCC Proposed by the Arii 
Research Group for the Japanese Ministry of Health, 
Labour and Welfare (2012 Updated Version) 
 The diagnostic algorithm for hepatocellular carcinoma 

proposed by the Arii Research Group as part of a research 
project funded by a 2008–2010 grant from the Japanese 
Ministry of Health, Labour and Welfare (principal investi-
gator: Prof. Shigeki Arii) is an algorithm that was mainly 
compiled by Prof. Osamu Matsui as the group’s final report. 
This is an easy-to-use algorithm centered on EOB-MRI  [11, 
12] , which can detect and diagnose hyper- and hypovascu-
lar HCC with high performance, has strong diagnostic per-
formance for differentiating between liver masses, and 
which has excellent objectivity and reproducibility. Minor 
updates were made to this algorithm at a consensus meet-
ing held at the 48th LCSGJ Congress in 2012  [13] .

  Before the 2014 consensus meeting, HCC experts gath-
ered to create an updated version of the diagnostic algo-
rithm for HCC that was used to spark a discussion at the 
meeting. First, after surveillance with US and tumor mark-
ers, it is recommended that dynamic EOB-MRI should be 
performed (or dynamic CT for institutions unable to use 
MRI as the first-line modality) and that nodules are classi-
fied as ‘hypervascular with washout’, ‘hypervascular with-
out washout’, or ‘hypovascular’. Nodules that are hyper-
vascular with washout are diagnosed as HCC. However, 
although cavernous hemangiomas usually do not exhibit 
washout in the equilibrium phase of dynamic CT, they can 
exhibit findings resembling washout (pseudo-washout) in 
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the equilibrium phase (transitional phase) of dynamic 
EOB-MRI. Thus, this possibility must be ruled out using 
another imaging modality or diagnostic method. Further-
more, nodules that are hypervascular without washout are 
diagnosed as HCC if they are hypointense in the hepato-
biliary phase of EOB-MRI. However, the abovementioned 
issue with hemangiomas necessitates the cautionary nota-
tion that cavernous hemangiomas are usually hypointense 
in the hepatobiliary phase of EOB-MRI and thus should be 
ruled out using other sequences of MRI and/or other im-
aging modalities. Nodules that are hypovascular and hy-
pointense in the hepatobiliary phase of EOB-MRI are fur-
ther evaluated with Sonazoid CEUS and diagnosed as clas-
sical HCC if they are hypervascular on that modality. 
Furthermore, nodules that show a defect in the Kupffer 
phase of Sonazoid CEUS are diagnosed as early HCC. 
However, for nodules that are hypovascular with no defect 
in the Kupffer phase of Sonazoid CEUS, it is recommend-
ed that a biopsy be performed to differentiate between ear-
ly HCC and dysplastic nodules (DN) or borderline lesions 
if the diameter is  ≥ 1 cm, and that intensive follow-up with 
EOB-MRI be performed every 6 months if the diameter is 
<1 cm. During the 2014 consensus meeting, LCSGJ experts 
discussed the updated Arii Research Group algorithm to 
form a consensus for the new LCSGJ algorithm.

  Diagnostic Algorithm 

 Role of Sonazoid CEUS 
 Sonazoid CEUS serves two roles in the diagnostic algo-

rithm for HCC. First, it can be used to evaluate hypervas-
cularity even in nodules that dynamic EOB-MRI or dy-
namic multidetector CT (MDCT) cannot determine to be 
hypervascular because CEUS can capture arterial blood 
flow within the nodule with high sensitivity without miss-
ing the timing of arterial blood flow due to its excellent 
real-time imaging capabilities. Therefore, CEUS should 
be performed to actively evaluate the arterial vascularity 
within the nodule, even for nodules determined to be hy-
povascular by dynamic EOB-MRI or dynamic MDCT. 
Second, it has been discovered that hypovascular nodules 
that are hypointense in the hepatobiliary phase of EOB-
MRI and show decreased uptake in the Kupffer phase of 
Sonazoid CEUS are at high risk of malignancy and have a 
high rate of progression to hypervascular typical HCC. 
Therefore, hypovascular nodules that are hypointense in 
the hepatobiliary phase of EOB-MRI and hypoechoic in 
the Kupffer phase of Sonazoid CEUS can almost always be 
diagnosed as early HCC even without biopsy.

  Role of Dynamic CT and CT Angiography 
 Findings of early enhancement in the arterial phase 

and washout in the portal venous phase on CT have been 
considered typical of HCC and have been widely used in 
its diagnosis  [14] . However, some types of HCC such as 
‘moderately differentiated HCC with fat deposition’ and 
‘highly malignant poorly differentiated HCC’ do not 
show clear early enhancement in the arterial phase, and 
thus are considered difficult to diagnose with dynamic 
CT  [14] . Furthermore, the lag in scan timing in the arte-
rial phase of dynamic CT may decrease its ability to detect 
hypervascular lesions, and it is therefore necessary to ei-
ther improve time resolution or strictly control scan tim-
ing. In addition, the enhancing effect of iodine contrast 
medium used in dynamic CT is weaker than that of gado-
linium used in dynamic MRI, which means that it may 
not depict lesions detected by dynamic MRI.

  However, dynamic CT has high spatial resolution and 
thus can also depict portal vein tumor thrombi that are 
not depicted in the hepatobiliary phase of EOB-MRI. In 
addition, EOB-MRI is actually more prone to artifacts 
with proper scan timing, whereas artifacts appear rela-
tively infrequent on dynamic CT. Dynamic CT is also 
more reliable than EOB-MRI for differentiating HCC 
from hemangiomas. Therefore, dynamic CT plays a com-
plementary role to EOB-MRI as it compensates for the 
shortcomings of EOB-MRI in diagnosing HCC.

  The malignancy of hepatocellular nodules in multistep 
hepatocarcinogenesis has been shown to be correlated 
with the composition of arterial and portal vein blood 
flow, so an examination of that composition on CTAP and 
CTHA images has become the gold standard diagnostic 
method for estimating the malignancy grade  [15, 16] . This 
diagnostic method can be used to evaluate the malignancy 
grade of hepatocellular nodules in the process of multistep 
hepatocarcinogenesis from DN to moderately differenti-
ated HCC based on CTAP and CTHA findings.

  In addition, although a nodule that shows enhance-
ment in the early phase of CTHA could be an arteriopor-
tal (AP) shunt rather than HCC, HCC can be confirmed 
if corona enhancement is shown in the late phase  [17] . 
Therefore, it is possible to differentiate HCC from AP 
shunts by taking late-phase CTHA images and determin-
ing whether there is corona enhancement.

  These characteristics give CT angiography excellent 
diagnostic performance for HCC, and it can also reduce 
the risk of overlooking lesions when used to screen for 
hepatic lesions before surgery, making it a useful preop-
erative test as well. However, CT angiography is highly 
invasive as it requires arterial puncture and therefore is 
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categorized as an optional test in the JSH diagnostic algo-
rithm for HCC. Actually, the need to perform diagnostic 
CTHA and CTAP in the routine clinical setting has de-
creased considerably since the emergence of EOB-MRI.

  Role of EOB-MRI 
 Ability of EOB-MRI to Detect HCC 
 The sensitivity and Az values from alternative free-re-

sponse receiver operating characteristic (AFROC) analy-
sis of EOB-MRI for detecting HCC are significantly high-
er than those for MDCT, and the ability of EOB-MRI to 
detect small hypervascular HCC is particularly superior. 
It has actually become common to encounter cases where 
hypervascular HCC or nodule-in-nodule HCC that is un-
detectable by MDCT is detected in a routine screening by 
EOB-MRI because of early enhancement in the arterial 
phase or clear hypointensity in the hepatobiliary phase 
 [11, 18–103] . Furthermore, studies comparing the diag-
nostic performance of EOB-MRI and MDCT for hyper-
vascular HCC have shown that EOB-MRI is superior or, 
at the very least, that the two are equivalent.

  EOB-MRI is also considered useful for diagnosing ear-
ly HCC because hypovascular and well-differentiated 
HCC that cannot be detected by CTHA, CTAP, MDCT, 
or SPIO-MRI are depicted as hypointense in the hepato-
biliary phase of EOB-MRI  [10, 75, 76, 84, 89] .

  In a study of the diagnostic performance of various 
modalities for early HCC, Sano et al.  [89]  found that 
among the many findings with 100% specificity, the only 
finding with close to 100% sensitivity was hypointensity 
in the hepatobiliary phase of EOB-MRI (97%); this and 
other findings have now made it clear that the hepatobi-
liary phase of EOB-MRI is the superior modality for the 
diagnosis of early HCC  [10, 21] .

  Moreover, when comparing the detection rates of pro-
gressed HCC, early HCC, and DN in the hepatobiliary 
phase of EOB-MRI with those in the Kupffer phase of Son-
azoid CEUS, T1-, T2-, and diffusion-weighted images, the 
detection rate of progressed HCC with EOB-MRI was 
93%; the remaining 7% were hyperintense typical HCC, so 
the actual detection rate was 100%. Furthermore, the de-
tection rate of early HCC was also as high as 95%. In ad-
dition, 33% of DN were detected as faintly hypointense. 
The detection rate in the Kupffer phase of Sonazoid CEUS 
was 100% for progressed HCC but just 11% for early HCC, 
which indicates that the hepatobiliary phase of EOB-MRI 
is the superior modality for detecting early HCC. Further-
more, the EOB-MRI protocol also includes T1-, T2-, and 
diffusion-weighted images, so another advantage of EOB-
MRI is that it can obtain these findings.

  Risk Factors for Hypervascular Change of 
Hypovascular Nodules 
 In many Japanese studies that have discussed the risk 

of hypervascular change of hypovascular nodules that are 
hypointense in the hepatobiliary phase of EOB-MRI  [23, 
25, 32, 36, 37, 51, 55, 56, 69, 70, 74, 100, 104–110] , tumor 
diameter and nodule growth speed have been reported as 
risk factors for hypervascularization; these characteris-
tics are therefore important in predicting the hypervas-
cularization of hypovascular nodules. It should be noted 
that the tumor diameter cutoff in these studies was often 
around 1 cm. Actually, intensive follow-up of hypovas-
cular nodules that are hypointense in the hepatobiliary 
phase of EOB-MRI has shown that nodules with a higher 
growth speed are more prone to develop into hypervas-
cular nodules  [56] , which suggests that nodule growth 
speed might be included in the algorithm as well. How-
ever, intensive follow-up by EOB-MRI should ensure 
that hypervascularization is detected at an early stage. In 
addition, the median tumor diameter of hypovascular 
nodules that are hypointense in the hepatobiliary phase 
of EOB-MRI but become hypervascular during the 
course of intensive follow-up is 1.2 cm, and many hypo-
vascular nodules become hypervascular when they are 
 ≤ 1 cm.

  EOB-MRI has high diagnostic performance for both 
hypervascular HCC and early HCC compared with other 
modalities, so it should be considered the first choice for 
use after US screening in the HCC diagnostic algorithm.

  Consensus Voting Results 

 A consensus meeting involving 350 liver cancer ex-
perts was held at the 50th LCSGJ Congress to discuss cur-
rent issues concerning diagnostic algorithm for hepato-
cellular carcinoma. Participants’ responses to each ques-
tion were collected through a voting system, and the items 
which two-thirds (67%) of the participants agreed on 
were included in the new algorithm. These items are list-
ed at the end of this paper as consensus statements. In 
addition, the items on which at least 50% of the partici-
pants agreed are also listed at the end of this paper as in-
formative statements.

  Participants’ Backgrounds 
 The most common specialty of the physicians who 

participated in the consensus meeting was hepatology at 
70%, followed by surgery at 12%, radiology at 7%, pathol-
ogy at 4%, and medical oncology at 1%. In addition, 18% 
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the equilibrium phase (transitional phase) of dynamic 
EOB-MRI. Thus, this possibility must be ruled out using 
another imaging modality or diagnostic method. Further-
more, nodules that are hypervascular without washout are 
diagnosed as HCC if they are hypointense in the hepato-
biliary phase of EOB-MRI. However, the abovementioned 
issue with hemangiomas necessitates the cautionary nota-
tion that cavernous hemangiomas are usually hypointense 
in the hepatobiliary phase of EOB-MRI and thus should be 
ruled out using other sequences of MRI and/or other im-
aging modalities. Nodules that are hypovascular and hy-
pointense in the hepatobiliary phase of EOB-MRI are fur-
ther evaluated with Sonazoid CEUS and diagnosed as clas-
sical HCC if they are hypervascular on that modality. 
Furthermore, nodules that show a defect in the Kupffer 
phase of Sonazoid CEUS are diagnosed as early HCC. 
However, for nodules that are hypovascular with no defect 
in the Kupffer phase of Sonazoid CEUS, it is recommend-
ed that a biopsy be performed to differentiate between ear-
ly HCC and dysplastic nodules (DN) or borderline lesions 
if the diameter is  ≥ 1 cm, and that intensive follow-up with 
EOB-MRI be performed every 6 months if the diameter is 
<1 cm. During the 2014 consensus meeting, LCSGJ experts 
discussed the updated Arii Research Group algorithm to 
form a consensus for the new LCSGJ algorithm.

  Diagnostic Algorithm 

 Role of Sonazoid CEUS 
 Sonazoid CEUS serves two roles in the diagnostic algo-

rithm for HCC. First, it can be used to evaluate hypervas-
cularity even in nodules that dynamic EOB-MRI or dy-
namic multidetector CT (MDCT) cannot determine to be 
hypervascular because CEUS can capture arterial blood 
flow within the nodule with high sensitivity without miss-
ing the timing of arterial blood flow due to its excellent 
real-time imaging capabilities. Therefore, CEUS should 
be performed to actively evaluate the arterial vascularity 
within the nodule, even for nodules determined to be hy-
povascular by dynamic EOB-MRI or dynamic MDCT. 
Second, it has been discovered that hypovascular nodules 
that are hypointense in the hepatobiliary phase of EOB-
MRI and show decreased uptake in the Kupffer phase of 
Sonazoid CEUS are at high risk of malignancy and have a 
high rate of progression to hypervascular typical HCC. 
Therefore, hypovascular nodules that are hypointense in 
the hepatobiliary phase of EOB-MRI and hypoechoic in 
the Kupffer phase of Sonazoid CEUS can almost always be 
diagnosed as early HCC even without biopsy.

  Role of Dynamic CT and CT Angiography 
 Findings of early enhancement in the arterial phase 

and washout in the portal venous phase on CT have been 
considered typical of HCC and have been widely used in 
its diagnosis  [14] . However, some types of HCC such as 
‘moderately differentiated HCC with fat deposition’ and 
‘highly malignant poorly differentiated HCC’ do not 
show clear early enhancement in the arterial phase, and 
thus are considered difficult to diagnose with dynamic 
CT  [14] . Furthermore, the lag in scan timing in the arte-
rial phase of dynamic CT may decrease its ability to detect 
hypervascular lesions, and it is therefore necessary to ei-
ther improve time resolution or strictly control scan tim-
ing. In addition, the enhancing effect of iodine contrast 
medium used in dynamic CT is weaker than that of gado-
linium used in dynamic MRI, which means that it may 
not depict lesions detected by dynamic MRI.

  However, dynamic CT has high spatial resolution and 
thus can also depict portal vein tumor thrombi that are 
not depicted in the hepatobiliary phase of EOB-MRI. In 
addition, EOB-MRI is actually more prone to artifacts 
with proper scan timing, whereas artifacts appear rela-
tively infrequent on dynamic CT. Dynamic CT is also 
more reliable than EOB-MRI for differentiating HCC 
from hemangiomas. Therefore, dynamic CT plays a com-
plementary role to EOB-MRI as it compensates for the 
shortcomings of EOB-MRI in diagnosing HCC.

  The malignancy of hepatocellular nodules in multistep 
hepatocarcinogenesis has been shown to be correlated 
with the composition of arterial and portal vein blood 
flow, so an examination of that composition on CTAP and 
CTHA images has become the gold standard diagnostic 
method for estimating the malignancy grade  [15, 16] . This 
diagnostic method can be used to evaluate the malignancy 
grade of hepatocellular nodules in the process of multistep 
hepatocarcinogenesis from DN to moderately differenti-
ated HCC based on CTAP and CTHA findings.

  In addition, although a nodule that shows enhance-
ment in the early phase of CTHA could be an arteriopor-
tal (AP) shunt rather than HCC, HCC can be confirmed 
if corona enhancement is shown in the late phase  [17] . 
Therefore, it is possible to differentiate HCC from AP 
shunts by taking late-phase CTHA images and determin-
ing whether there is corona enhancement.

  These characteristics give CT angiography excellent 
diagnostic performance for HCC, and it can also reduce 
the risk of overlooking lesions when used to screen for 
hepatic lesions before surgery, making it a useful preop-
erative test as well. However, CT angiography is highly 
invasive as it requires arterial puncture and therefore is 
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categorized as an optional test in the JSH diagnostic algo-
rithm for HCC. Actually, the need to perform diagnostic 
CTHA and CTAP in the routine clinical setting has de-
creased considerably since the emergence of EOB-MRI.

  Role of EOB-MRI 
 Ability of EOB-MRI to Detect HCC 
 The sensitivity and Az values from alternative free-re-

sponse receiver operating characteristic (AFROC) analy-
sis of EOB-MRI for detecting HCC are significantly high-
er than those for MDCT, and the ability of EOB-MRI to 
detect small hypervascular HCC is particularly superior. 
It has actually become common to encounter cases where 
hypervascular HCC or nodule-in-nodule HCC that is un-
detectable by MDCT is detected in a routine screening by 
EOB-MRI because of early enhancement in the arterial 
phase or clear hypointensity in the hepatobiliary phase 
 [11, 18–103] . Furthermore, studies comparing the diag-
nostic performance of EOB-MRI and MDCT for hyper-
vascular HCC have shown that EOB-MRI is superior or, 
at the very least, that the two are equivalent.

  EOB-MRI is also considered useful for diagnosing ear-
ly HCC because hypovascular and well-differentiated 
HCC that cannot be detected by CTHA, CTAP, MDCT, 
or SPIO-MRI are depicted as hypointense in the hepato-
biliary phase of EOB-MRI  [10, 75, 76, 84, 89] .

  In a study of the diagnostic performance of various 
modalities for early HCC, Sano et al.  [89]  found that 
among the many findings with 100% specificity, the only 
finding with close to 100% sensitivity was hypointensity 
in the hepatobiliary phase of EOB-MRI (97%); this and 
other findings have now made it clear that the hepatobi-
liary phase of EOB-MRI is the superior modality for the 
diagnosis of early HCC  [10, 21] .

  Moreover, when comparing the detection rates of pro-
gressed HCC, early HCC, and DN in the hepatobiliary 
phase of EOB-MRI with those in the Kupffer phase of Son-
azoid CEUS, T1-, T2-, and diffusion-weighted images, the 
detection rate of progressed HCC with EOB-MRI was 
93%; the remaining 7% were hyperintense typical HCC, so 
the actual detection rate was 100%. Furthermore, the de-
tection rate of early HCC was also as high as 95%. In ad-
dition, 33% of DN were detected as faintly hypointense. 
The detection rate in the Kupffer phase of Sonazoid CEUS 
was 100% for progressed HCC but just 11% for early HCC, 
which indicates that the hepatobiliary phase of EOB-MRI 
is the superior modality for detecting early HCC. Further-
more, the EOB-MRI protocol also includes T1-, T2-, and 
diffusion-weighted images, so another advantage of EOB-
MRI is that it can obtain these findings.

  Risk Factors for Hypervascular Change of 
Hypovascular Nodules 
 In many Japanese studies that have discussed the risk 

of hypervascular change of hypovascular nodules that are 
hypointense in the hepatobiliary phase of EOB-MRI  [23, 
25, 32, 36, 37, 51, 55, 56, 69, 70, 74, 100, 104–110] , tumor 
diameter and nodule growth speed have been reported as 
risk factors for hypervascularization; these characteris-
tics are therefore important in predicting the hypervas-
cularization of hypovascular nodules. It should be noted 
that the tumor diameter cutoff in these studies was often 
around 1 cm. Actually, intensive follow-up of hypovas-
cular nodules that are hypointense in the hepatobiliary 
phase of EOB-MRI has shown that nodules with a higher 
growth speed are more prone to develop into hypervas-
cular nodules  [56] , which suggests that nodule growth 
speed might be included in the algorithm as well. How-
ever, intensive follow-up by EOB-MRI should ensure 
that hypervascularization is detected at an early stage. In 
addition, the median tumor diameter of hypovascular 
nodules that are hypointense in the hepatobiliary phase 
of EOB-MRI but become hypervascular during the 
course of intensive follow-up is 1.2 cm, and many hypo-
vascular nodules become hypervascular when they are 
 ≤ 1 cm.

  EOB-MRI has high diagnostic performance for both 
hypervascular HCC and early HCC compared with other 
modalities, so it should be considered the first choice for 
use after US screening in the HCC diagnostic algorithm.

  Consensus Voting Results 

 A consensus meeting involving 350 liver cancer ex-
perts was held at the 50th LCSGJ Congress to discuss cur-
rent issues concerning diagnostic algorithm for hepato-
cellular carcinoma. Participants’ responses to each ques-
tion were collected through a voting system, and the items 
which two-thirds (67%) of the participants agreed on 
were included in the new algorithm. These items are list-
ed at the end of this paper as consensus statements. In 
addition, the items on which at least 50% of the partici-
pants agreed are also listed at the end of this paper as in-
formative statements.

  Participants’ Backgrounds 
 The most common specialty of the physicians who 

participated in the consensus meeting was hepatology at 
70%, followed by surgery at 12%, radiology at 7%, pathol-
ogy at 4%, and medical oncology at 1%. In addition, 18% 
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saw <5 patients per month, 44% saw 6–25 patients, 13% 
saw 26–50 patients, 14% saw 51–100 patients, and 11% 
saw  ≥ 101 patients per month.

  HCC Surveillance  
 The responses to questions regarding the use of imaging 

diagnostics for HCC were as follows: in answer to the ques-
tion ‘Following the JSH guideline, is dynamic CT/MRI 
performed 1–2 times per year for virus-related cirrhotic 
patients at your institution?’, 84% responded affirmatively 
and 15% responded negatively, revealing that institutions 
are following the guideline and actively performing dy-
namic CT/MRI screening of super high-risk patients 
( fig. 1 ). When asked about the frequency of screening, 84% 
indicated that they performed screening 1–2 times a year 
(45% once a year and 39% twice a year;  fig. 2 ).

  When asked ‘Which modality is the first-line tool for 
surveillance of HCC by dynamic CT/MRI every 6–12 
months for virus-related cirrhotic patients at your insti-
tution?’, 58% responded dynamic CT, 40% responded 
dynamic EOB-MRI, and 1% responded conventional dy-
namic MRI (with extracellular contrast medium) ( fig. 3 ). 
Dynamic CT was the most common modality used, but 
it appears that dynamic EOB-MRI is becoming more 
commonly used as well. Next, when asked ‘Is it possible 
to perform dynamic EOB-MRI every 6–12 months for 
surveillance of HCC in patients with virus-related cir-
rhosis at your institution?’, 54% responded it was possi-
ble and now routinely performed, while 39% responded 
it was possible but not performed at present, indicating 
that the majority of institutions are currently capable of 
routinely performing EOB-MRI ( fig. 4 ). In answer to the 

1. Yes

2. No

84.0%

14.7%

Q1. Following the JSH guideline, is dynamic CT/MRI 
 performed 1–2 times per year for virus-related 
 cirrhotic patients at your institution?  

3. Other
1.3%

  Fig. 1.  Question 1 and answers on surveillance and diagnosis. 
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1. Once a year
44.6%

Q2. How often is dynamic CT/MRI performed for
 virus-related cirrhotic patients at your institution?

2. Twice a year
39.2%

3. At the initial visit only
1.4%

4. Only when a nodule is detected by US
14.9%

5. Not performed at all

0.0%

  Fig. 2.  Question 2 and answers on surveillance and diagnosis. 
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Q3. Which modality is the first-line tool for surveillance of HCC 
 by dynamic CT/MRI every 6–12 months for virus-related 
 cirrhotic patients at your institution? 

2. Dynamic EOB-MRI
40.3%

3. Conventional dynamic MRI
   with extracellular contrast medium  
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  Fig. 3.  Question 3 and answers on surveillance and diagnosis. 

1. Impossible
6.8%

Q4. Is it possible to perform dynamic EOB-MRI every
 6–12 months for surveillance of HCC in patients 
 with virus-related cirrhosis at your institution? 

2. Possible and now routinely performed
54.1%

3. Possible but not performed at present
39.2%

4. Other

0.0%

  Fig. 4.  Question 4 and answers on surveillance and diagnosis. 
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question ‘What is the second-line modality when nodu-
lar lesions are detected by US at your institution?’, 60% 
responded dynamic CT, 32% dynamic EOB-MRI, 8% 
CEUS, and 0% conventional dynamic MRI (with extra-
cellular contrast medium) or CT angiography (CTHA + 
CTAP) ( fig.  5 ). As expected, it appears that clinicians 
find dynamic CT to be an easier test than EOB-MRI to 
perform after US, due to throughput issues among other 
reasons. It was also confirmed that dynamic MRI with 
extracellular contrast medium has been completely re-
placed with dynamic EOB-MRI. When asked ‘Is it pos-
sible to routinely perform Sonazoid-enhanced US (Son-
azoid CEUS) when necessary at your institution?’, 92% 
responded affirmatively, 4% responded negatively, and 
4% responded ‘rarely yes’ ( fig. 6 ). The respondents were 
all physician members of the LCSGJ, so it is likely that 
many of their institutions were actively engaged in the 
diagnosis and treatment of HCC. These findings reveal 
that institutions across Japan are becoming equipped to 
perform CEUS.

  Role of CEUS and Need for Biopsy 
 The next item discussed at the consensus meeting was 

the ‘2014 Updated Diagnostic Algorithm for Hepatocel-
lular Carcinoma’ proposed by the LCSGJ. In this algo-
rithm, hypovascular nodules that are hypointense in the 
hepatobiliary phase of EOB-MRI are evaluated with Son-
azoid CEUS and those found to be hypervascular and/or 
those which show a defect in the Kupffer phase are diag-
nosed as HCC. However, it remains a point of contention 
whether nodules that are hypervascular and/or show a 

defect in the Kupffer phase of Sonazoid CEUS should be 
diagnosed as HCC without performing a biopsy.

  Therefore, when asked ‘Do you think Sonazoid CEUS 
should be performed if a nodule is not hypervascular in 
the arterial phase of EOB-MRI or on dynamic CT, espe-
cially when it is hypointense in the hepatobiliary phase of 
EOB-MRI, since Sonazoid CEUS is the most sensitive 
tool for depicting intranodular arterial vascularity?’, the 
vast majority (75%) were of the opinion that CEUS should 
be performed ( fig. 7 ). Next, participants were asked ‘Is it 
possible to confirm a nodule is HCC without biopsy if the 
nodule is hypovascular, hypointense in the hepatobiliary 
phase of EOB-MRI, and shows a defect in the Kupffer 
phase of Sonazoid CEUS?’. The majority (58%) respond-
ed it is possible, but 27% responded that biopsy is manda-
tory ( fig. 8 ). Although such nodules are uncommon, hy-
povascular nodules that are hypointense in the hepatobi-
liary phase of EOB-MRI and are hypervascular and/or 
show a defect in the Kupffer phase of Sonazoid CEUS may 
also be liver metastases or granulomatous nodules; thus, 
biopsy is considered necessary to rule out these possibili-
ties. In addition, the current diagnostic algorithm for 
HCC recommends biopsy for nodules determined to be 
hypervascular without washout on dynamic EOB-MRI 
and isointense to hyperintense in the hepatobiliary phase 
of EOB-MRI. However, in clinical practice, most HCC 
that are hyperintense in the hepatobiliary phase of EOB-
MRI have a capsule or mosaic structure and show radio-
logic hallmarks on dynamic CT, so biopsy is rarely neces-
sary. This implicates that biopsy should be an optional 
test. At the same time, although it is possible to diagnose 
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saw <5 patients per month, 44% saw 6–25 patients, 13% 
saw 26–50 patients, 14% saw 51–100 patients, and 11% 
saw  ≥ 101 patients per month.

  HCC Surveillance  
 The responses to questions regarding the use of imaging 

diagnostics for HCC were as follows: in answer to the ques-
tion ‘Following the JSH guideline, is dynamic CT/MRI 
performed 1–2 times per year for virus-related cirrhotic 
patients at your institution?’, 84% responded affirmatively 
and 15% responded negatively, revealing that institutions 
are following the guideline and actively performing dy-
namic CT/MRI screening of super high-risk patients 
( fig. 1 ). When asked about the frequency of screening, 84% 
indicated that they performed screening 1–2 times a year 
(45% once a year and 39% twice a year;  fig. 2 ).

  When asked ‘Which modality is the first-line tool for 
surveillance of HCC by dynamic CT/MRI every 6–12 
months for virus-related cirrhotic patients at your insti-
tution?’, 58% responded dynamic CT, 40% responded 
dynamic EOB-MRI, and 1% responded conventional dy-
namic MRI (with extracellular contrast medium) ( fig. 3 ). 
Dynamic CT was the most common modality used, but 
it appears that dynamic EOB-MRI is becoming more 
commonly used as well. Next, when asked ‘Is it possible 
to perform dynamic EOB-MRI every 6–12 months for 
surveillance of HCC in patients with virus-related cir-
rhosis at your institution?’, 54% responded it was possi-
ble and now routinely performed, while 39% responded 
it was possible but not performed at present, indicating 
that the majority of institutions are currently capable of 
routinely performing EOB-MRI ( fig. 4 ). In answer to the 
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 cirrhotic patients at your institution?  

3. Other
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  Fig. 1.  Question 1 and answers on surveillance and diagnosis. 
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  Fig. 2.  Question 2 and answers on surveillance and diagnosis. 
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  Fig. 3.  Question 3 and answers on surveillance and diagnosis. 
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  Fig. 4.  Question 4 and answers on surveillance and diagnosis. 
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question ‘What is the second-line modality when nodu-
lar lesions are detected by US at your institution?’, 60% 
responded dynamic CT, 32% dynamic EOB-MRI, 8% 
CEUS, and 0% conventional dynamic MRI (with extra-
cellular contrast medium) or CT angiography (CTHA + 
CTAP) ( fig.  5 ). As expected, it appears that clinicians 
find dynamic CT to be an easier test than EOB-MRI to 
perform after US, due to throughput issues among other 
reasons. It was also confirmed that dynamic MRI with 
extracellular contrast medium has been completely re-
placed with dynamic EOB-MRI. When asked ‘Is it pos-
sible to routinely perform Sonazoid-enhanced US (Son-
azoid CEUS) when necessary at your institution?’, 92% 
responded affirmatively, 4% responded negatively, and 
4% responded ‘rarely yes’ ( fig. 6 ). The respondents were 
all physician members of the LCSGJ, so it is likely that 
many of their institutions were actively engaged in the 
diagnosis and treatment of HCC. These findings reveal 
that institutions across Japan are becoming equipped to 
perform CEUS.

  Role of CEUS and Need for Biopsy 
 The next item discussed at the consensus meeting was 

the ‘2014 Updated Diagnostic Algorithm for Hepatocel-
lular Carcinoma’ proposed by the LCSGJ. In this algo-
rithm, hypovascular nodules that are hypointense in the 
hepatobiliary phase of EOB-MRI are evaluated with Son-
azoid CEUS and those found to be hypervascular and/or 
those which show a defect in the Kupffer phase are diag-
nosed as HCC. However, it remains a point of contention 
whether nodules that are hypervascular and/or show a 

defect in the Kupffer phase of Sonazoid CEUS should be 
diagnosed as HCC without performing a biopsy.

  Therefore, when asked ‘Do you think Sonazoid CEUS 
should be performed if a nodule is not hypervascular in 
the arterial phase of EOB-MRI or on dynamic CT, espe-
cially when it is hypointense in the hepatobiliary phase of 
EOB-MRI, since Sonazoid CEUS is the most sensitive 
tool for depicting intranodular arterial vascularity?’, the 
vast majority (75%) were of the opinion that CEUS should 
be performed ( fig. 7 ). Next, participants were asked ‘Is it 
possible to confirm a nodule is HCC without biopsy if the 
nodule is hypovascular, hypointense in the hepatobiliary 
phase of EOB-MRI, and shows a defect in the Kupffer 
phase of Sonazoid CEUS?’. The majority (58%) respond-
ed it is possible, but 27% responded that biopsy is manda-
tory ( fig. 8 ). Although such nodules are uncommon, hy-
povascular nodules that are hypointense in the hepatobi-
liary phase of EOB-MRI and are hypervascular and/or 
show a defect in the Kupffer phase of Sonazoid CEUS may 
also be liver metastases or granulomatous nodules; thus, 
biopsy is considered necessary to rule out these possibili-
ties. In addition, the current diagnostic algorithm for 
HCC recommends biopsy for nodules determined to be 
hypervascular without washout on dynamic EOB-MRI 
and isointense to hyperintense in the hepatobiliary phase 
of EOB-MRI. However, in clinical practice, most HCC 
that are hyperintense in the hepatobiliary phase of EOB-
MRI have a capsule or mosaic structure and show radio-
logic hallmarks on dynamic CT, so biopsy is rarely neces-
sary. This implicates that biopsy should be an optional 
test. At the same time, although it is possible to diagnose 
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hypovascular nodules that are hypointense in the hepato-
biliary phase of EOB-MRI and hypervascular and/or 
show a defect in the Kupffer phase of Sonazoid CEUS as 
HCC with almost complete certainty based on their ap-
pearance (e.g., capsule or mosaic structure) and dynamic 
CT findings, the need for biopsy still cannot be denied. 
Therefore, the consensus was to recommend biopsy as an 
optional test on a case-by-case basis.

  Tumor Diameter Cutoff Used to Determine Whether 
Biopsy Should Be Performed 
 The 2012 surveillance and diagnostic algorithm for he-

patocellular carcinoma (updated version of the Arii Re-
search Group algorithm)  [13]  states that hypovascular 
nodules that are hypointense in the hepatobiliary phase 
of EOB-MRI should be evaluated with Sonazoid CEUS 
and sets 1 cm as the tumor diameter cutoff that deter-
mines whether biopsy or intensive follow-up should be 
chosen when a nodule is not hypervascular and shows no 
defect in the Kupffer phase. The evidence for this is based 
on the data presented below.

  When the data from the pathological diagnoses of 147 
nonhypervascular nodules that were hypointense in the 
hepatobiliary phase of EOB-MRI were analyzed separately 
by tumor diameter, the percentage of HCC (early to poor-
ly differentiated) was found to be 82% among nodules 
 ≥ 1.5 cm and 87% among nodules <1.5 cm when using a 
cutoff size of 1.5 cm. When using a cutoff size of 1 cm, 86% 
of nodules  ≥ 1 cm and 81% of nodules <1 cm were HCC. 
Essentially, over 80% of nonhypervascular nodules that 

were hypointense in the hepatobiliary phase of EOB-MRI 
were HCC, regardless of the tumor diameter. Therefore, a 
tumor diameter cutoff of 1 cm was chosen because the risk 
of HCC is high even when the tumor diameter is 1 cm and 
in consideration of data indicating that the tumor dou-
bling time rapidly rises when the diameter is 1–1.5 cm.

  The conventional morphological cutoff for malignancy, 
however, was 1.5 cm; thus, many members were opposed 
to the 1-cm cutoff in the 2012 surveillance and diagnostic 
algorithm for hepatocellular carcinoma (updated version 
of the Arii Research Group algorithm). This issue was 
therefore included as a topic for debate at the consensus 
meeting this year. When asked ‘What size of nodule should 
be biopsied when it is hypovascular, hypointense in the 
hepatobiliary phase of EOB-MRI, and shows no defect in 
the Kupffer phase of Sonazoid CEUS?’, 55% responded  ≥ 1 
cm, 35% responded  ≥ 1.5 cm, 7% answered  ≥ 2 cm, and 0% 
all nodules regardless of size (including <1 cm). The ma-
jority of participants responded  ≥ 1 cm, but this was less 
than the 67% needed to reach a consensus ( fig. 9 ).

  The reason for supporting the tumor diameter cutoff of 
1.5 cm was that it is difficult to accurately collect tissue 
from a 1-cm nodule by biopsy, and thus the possibility of 
sampling errors would increase if nodules  ≥ 1 cm were con-
sidered candidates for biopsy. It was noted that neglecting 
intensive follow-up due to overlooking HCC that was too 
small to collect tissue from by biopsy would be more likely 
to delay diagnosis than if biopsy were only performed on 
nodules  ≥ 1.5 cm. It was also suggested that different tumor 
diameter cutoffs should be set for hypo- and hypervascular 
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  Fig. 7.  Question and answers on the role of Sonazoid CEUS. 
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nodules because it is not as urgent to treat the former com-
pared to the latter. As biopsy is invasive, its use should be 
carefully considered even when there is diagnostic evi-
dence for choosing it. There is certainly a problem with 
tumor doubling time, but some members felt that this 
could probably be monitored by intensive follow-up to a 
certain extent. When using data collected by the LCSGJ for 
6 years until 2005 to determine the percentage of hypo- and 
hypervascular nodules among single new nodules with  ≤ 3-
cm diameter divided into groups by diameter (at 5-mm 

intervals), it was found that the percentage of hypervascu-
lar nodules drastically increased around 1.5 cm. Further-
more, some members commented that a cutoff of 1.5 cm 
may not be appropriate as they had observed many hypo-
vascular lesions  ≤ 1.5 cm becoming hypervascular once 
they reached exactly 1.5 cm during follow-up. Therefore, 
since agreement with the cutoff points of  ≥ 1 cm and  ≥ 1.5 
cm totaled over 90%, the cutoff of ‘small nodules (1–1.5 
cm)’ was proposed to the members. Almost all members 
agreed by voting with a show of hands, so it was decided to 
adopt this cutoff size. Whether biopsy should actually be 
performed when nodules are in the 1–1.5 cm stage is left to 
the institutions themselves on a case-by-case basis.

  Intensive Follow-Up 
 Participants were first asked ‘How do you conduct fol-

low-up for a hypovascular nodule that is hypointense in 
the hepatobiliary phase of EOB-MRI and shows no defect 
in the Kupffer phase of Sonazoid CEUS or malignancy on 
biopsy?’. The most frequent response was periodic EOB-
MRI at 60%, followed by alternating dynamic CT and 
EOB-MRI at 25%, and routine surveillance similar to oth-
er cirrhotic patients at 6%. More than two-thirds of the 
respondents responded periodic EOB-MRI and alternat-
ing dynamic CT and EOB-MRI ( fig.  10 ). Next, when 
asked about the frequency of follow-up with EOB-MRI 
for this type of nodule, 56% of participants answered ev-
ery 3–4 months, 43% every 6 months, and 1% every 12 
months. The majority answered every 3–4 months, but 
the percentage was lower than the 67% required to reach 
a consensus ( fig. 11 ), and thus every 3–6 months was se-
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Q9. What size of nodule should be biopsied when it is hypovascular, 
 hypointense in the hepatobiliary phase of EOB-MRI, and
 shows no defect in the Kupffer phase on Sonazoid CEUS?  

2. 1.5 cm 

35.5%

3. 2 cm 

6.5%

4. All nodules regardless of the size (including <1 cm)

3.2%
5. Other
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  Fig. 9.  Question and answers on the adequate nodular size for bi-
opsy. 
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  Fig. 10.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (1). 
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4. Other
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  Fig. 11.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (2). 
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hypovascular nodules that are hypointense in the hepato-
biliary phase of EOB-MRI and hypervascular and/or 
show a defect in the Kupffer phase of Sonazoid CEUS as 
HCC with almost complete certainty based on their ap-
pearance (e.g., capsule or mosaic structure) and dynamic 
CT findings, the need for biopsy still cannot be denied. 
Therefore, the consensus was to recommend biopsy as an 
optional test on a case-by-case basis.

  Tumor Diameter Cutoff Used to Determine Whether 
Biopsy Should Be Performed 
 The 2012 surveillance and diagnostic algorithm for he-

patocellular carcinoma (updated version of the Arii Re-
search Group algorithm)  [13]  states that hypovascular 
nodules that are hypointense in the hepatobiliary phase 
of EOB-MRI should be evaluated with Sonazoid CEUS 
and sets 1 cm as the tumor diameter cutoff that deter-
mines whether biopsy or intensive follow-up should be 
chosen when a nodule is not hypervascular and shows no 
defect in the Kupffer phase. The evidence for this is based 
on the data presented below.

  When the data from the pathological diagnoses of 147 
nonhypervascular nodules that were hypointense in the 
hepatobiliary phase of EOB-MRI were analyzed separately 
by tumor diameter, the percentage of HCC (early to poor-
ly differentiated) was found to be 82% among nodules 
 ≥ 1.5 cm and 87% among nodules <1.5 cm when using a 
cutoff size of 1.5 cm. When using a cutoff size of 1 cm, 86% 
of nodules  ≥ 1 cm and 81% of nodules <1 cm were HCC. 
Essentially, over 80% of nonhypervascular nodules that 

were hypointense in the hepatobiliary phase of EOB-MRI 
were HCC, regardless of the tumor diameter. Therefore, a 
tumor diameter cutoff of 1 cm was chosen because the risk 
of HCC is high even when the tumor diameter is 1 cm and 
in consideration of data indicating that the tumor dou-
bling time rapidly rises when the diameter is 1–1.5 cm.

  The conventional morphological cutoff for malignancy, 
however, was 1.5 cm; thus, many members were opposed 
to the 1-cm cutoff in the 2012 surveillance and diagnostic 
algorithm for hepatocellular carcinoma (updated version 
of the Arii Research Group algorithm). This issue was 
therefore included as a topic for debate at the consensus 
meeting this year. When asked ‘What size of nodule should 
be biopsied when it is hypovascular, hypointense in the 
hepatobiliary phase of EOB-MRI, and shows no defect in 
the Kupffer phase of Sonazoid CEUS?’, 55% responded  ≥ 1 
cm, 35% responded  ≥ 1.5 cm, 7% answered  ≥ 2 cm, and 0% 
all nodules regardless of size (including <1 cm). The ma-
jority of participants responded  ≥ 1 cm, but this was less 
than the 67% needed to reach a consensus ( fig. 9 ).

  The reason for supporting the tumor diameter cutoff of 
1.5 cm was that it is difficult to accurately collect tissue 
from a 1-cm nodule by biopsy, and thus the possibility of 
sampling errors would increase if nodules  ≥ 1 cm were con-
sidered candidates for biopsy. It was noted that neglecting 
intensive follow-up due to overlooking HCC that was too 
small to collect tissue from by biopsy would be more likely 
to delay diagnosis than if biopsy were only performed on 
nodules  ≥ 1.5 cm. It was also suggested that different tumor 
diameter cutoffs should be set for hypo- and hypervascular 
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 phase of  EOB-MRI, since Sonazoid CEUS is the most sensitive 
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  Fig. 7.  Question and answers on the role of Sonazoid CEUS. 
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nodules because it is not as urgent to treat the former com-
pared to the latter. As biopsy is invasive, its use should be 
carefully considered even when there is diagnostic evi-
dence for choosing it. There is certainly a problem with 
tumor doubling time, but some members felt that this 
could probably be monitored by intensive follow-up to a 
certain extent. When using data collected by the LCSGJ for 
6 years until 2005 to determine the percentage of hypo- and 
hypervascular nodules among single new nodules with  ≤ 3-
cm diameter divided into groups by diameter (at 5-mm 

intervals), it was found that the percentage of hypervascu-
lar nodules drastically increased around 1.5 cm. Further-
more, some members commented that a cutoff of 1.5 cm 
may not be appropriate as they had observed many hypo-
vascular lesions  ≤ 1.5 cm becoming hypervascular once 
they reached exactly 1.5 cm during follow-up. Therefore, 
since agreement with the cutoff points of  ≥ 1 cm and  ≥ 1.5 
cm totaled over 90%, the cutoff of ‘small nodules (1–1.5 
cm)’ was proposed to the members. Almost all members 
agreed by voting with a show of hands, so it was decided to 
adopt this cutoff size. Whether biopsy should actually be 
performed when nodules are in the 1–1.5 cm stage is left to 
the institutions themselves on a case-by-case basis.

  Intensive Follow-Up 
 Participants were first asked ‘How do you conduct fol-

low-up for a hypovascular nodule that is hypointense in 
the hepatobiliary phase of EOB-MRI and shows no defect 
in the Kupffer phase of Sonazoid CEUS or malignancy on 
biopsy?’. The most frequent response was periodic EOB-
MRI at 60%, followed by alternating dynamic CT and 
EOB-MRI at 25%, and routine surveillance similar to oth-
er cirrhotic patients at 6%. More than two-thirds of the 
respondents responded periodic EOB-MRI and alternat-
ing dynamic CT and EOB-MRI ( fig.  10 ). Next, when 
asked about the frequency of follow-up with EOB-MRI 
for this type of nodule, 56% of participants answered ev-
ery 3–4 months, 43% every 6 months, and 1% every 12 
months. The majority answered every 3–4 months, but 
the percentage was lower than the 67% required to reach 
a consensus ( fig. 11 ), and thus every 3–6 months was se-
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1. 1 cm  

54.8%

Q9. What size of nodule should be biopsied when it is hypovascular, 
 hypointense in the hepatobiliary phase of EOB-MRI, and
 shows no defect in the Kupffer phase on Sonazoid CEUS?  

2. 1.5 cm 

35.5%

3. 2 cm 

6.5%

4. All nodules regardless of the size (including <1 cm)

3.2%
5. Other

0.0%

  Fig. 9.  Question and answers on the adequate nodular size for bi-
opsy. 

1. Routine surveillance similar to other cirrhotic patients
8.0%

Q10. How do you follow up a hypovascular nodule, which is
  hypointense in the hepatobiliary phase of EOB-MRI and 
  shows no defect in the Kupffer phase of Sonazoid CEUS 
  or malignancy on biopsy?  

2. Periodic EOB-MRI 
59.8%

3. Conventional dynamic MRI  

1.1%

4. Alternating dynamic CT and EOB-MRI
25.3%

5. Contrast-enhanced US (to depict early vascularization)

5.7%

6. Other
0.0%

  Fig. 10.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (1). 

1. Every 3–4 months 

55.6%

Q11. How often do you follow up by EOB-MRI a hypovascular 
 nodule that is hypointense in the hepatobiliary  phase of 
 EOB-MRI and shows no defect in the Kupffer phase of 
 Sonazoid CEUS and no malignancy on biopsy?   

2. Every 6 months

43.3%

3. Every 12 months

1.1%

4. Other

0.0%

  Fig. 11.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (2). 
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lected (99%). When asked about the frequency of follow-
up with dynamic CT for this type of nodule, most respon-
dents (54%) answered every 6 months, followed by every 
3–4 months (41%) and every 12 months (6%) ( fig. 12 ). In 
addition, when asked about the frequency of performing 
each modality when using alternating dynamic CT and 
EOB-MRI for follow-up of this type of nodule, most re-
spondents (57%) again answered every 6 months, fol-
lowed by every 3–4 months (37%) and every 12 months 

(6%) ( fig. 13 ). Therefore, follow-up every 3–6 months was 
also recommended for this method (94%).

  Finally, when asked how often this type of nodule was 
followed up by Sonazoid CEUS to evaluate hypervascu-
larization in its early stages, most respondents (50%) 
again answered every 6 months, followed by every 3–4 
months (42%), CEUS is not performed (6%), and every 
12 months (1%) ( fig. 14 ). In addition, almost all partici-
pants agreed that follow-up every 3–6 months with EOB-
MRI or dynamic CT should be performed for hypovascu-
lar small nodules <1–1.5 cm that are hypointense in the 
hepatobiliary phase.

  Summary 
 The following updates to the 2012 surveillance and di-

agnostic algorithm for hepatocellular carcinoma (updat-
ed version of the Arii Research Group algorithm)’  [13]  of 
the LCSGJ surveillance and diagnostic algorithm appear 
in the latest 2014 updated algorithm ( fig. 15 ):
  • The need for biopsy is mentioned as an optional test 

for hypovascular nodules that are hypointense in the 
hepatobiliary phase of EOB-MRI and are hypervascu-
lar and/or show a defect in the Kupffer phase of Son-
azoid CEUS. 

 • ‘Small nodules (1–1.5 cm)’ is defined as the cutoff size 
that determines whether biopsy or intensive follow-up 
should be performed for hypovascular nodules that are 
hypointense in the hepatobiliary phase of EOB-MRI 
and are hypovascular with no defect in the Kupffer 
phase of Sonazoid CEUS. 

1. Every 3–4 months 

40.5%

Q12. How often do you follow up by dynamic CT a hypovascular 
 nodule that is hypointense on the hepatobiliary phase of 
 EOB-MRI and shows no defect in the Kupffer phase of 
 Sonazoid CEUS and no malignancy on biopsy? 

2. Every 6 months

53.6%

3. Every 12 months

6.0%

4. Other

0.0%

  Fig. 12.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (3). 

1. Every 3–4 months

37.2%

Q13. How often do you perform each modality when follow-up
 involves alternating dynamic CT and EOB-MRI for a 
 hypovascular nodule that is hypointense in the hepatobiliary 
 phase of EOB-MRI and shows no defect in the Kupffer phase 
 of Sonazoid CEUS and no malignancy on biopsy?  

2. Every 6 months

57.0%

3. Every 12 months

5.8%

4. Other

0.0%

  Fig. 13.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (4). 

1. Every 3–4 months

42.3%

Q14. How often do you follow up by Sonazoid CEUS, in order to 
 detect early hypervascularization, a hypovascular nodule 
 that is hypointense in the hepatobiliary phase of EOB-MRI 
 and shows no defect in the Kupffer phase of Sonazoid CEUS 
 and no malignancy on biopsy? 

2. Every 6 months

50.0%

3. Every 12 months

1.3%

4. CEUS is not performed
6.4%

  Fig. 14.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (5). 

Co
lo

r v
er

si
on

 a
va

ila
bl

e 
on

lin
e

Co
lo

r v
er

si
on

 a
va

ila
bl

e 
on

lin
e

Co
lo

r v
er

si
on

 a
va

ila
bl

e 
on

lin
e

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 9

:0
3:

18
 A

M

  Surveillance and Diagnostic Algorithm for 
HCC  

Oncology 2014;87(suppl 1):7–21
DOI: 10.1159/000368141

17

 • Intensive follow-up ‘every 3–6 months’ with EOB-
MRI (or dynamic CT) should be performed for hypo-
vascular nodules that are hypointense in the hepatobi-
liary phase of EOB-MRI and show no defect in the 
Kupffer phase of Sonazoid CEUS when malignancy 
cannot be ruled out by biopsy. 

 Diagnostic Algorithm Updated by the Consensus 
Reached among the LCSGJ Members 

 Consensus Statements ( ≥ 67% Agreement) 
 (1) Dynamic CT or dynamic MRI is routinely per-

formed 1–2 times per year for surveillance of HCC in pa-
tients with Child-Pugh A or B liver function in clinical 
settings in Japan (84%; percentages indicate the agree-
ment ratio among 350 participants).

  (2) Dynamic CT and dynamic EOB-MRI carried out 
1–2 times per year are the most frequently performed mo-

Super high-risk: US, tumor marker measurement, every 3–4 months, dynamic CT or MRI, 6–12 months
High-risk: US, tumor marker measurement, every 6 months 

Dynamic EOB-MRI  

Hypervascular
with washout

 
 

Hypervascular
without washout 

Hypovascular 

Dynamic MDCT
(When MRI is not available)

HCC 

1
EOB-MRI

Hepatobiliary phase

Hypointense 

HCC

HCC

 

2 

Iso- or hyperintense 

Biopsy 

EOB-MRI
Hepatobiliary phase

Hypointense Iso- or hyperintense

CEUS
 (Sonazoid) 

Hypervascular
and/or defect in
Kuppfer phase 

Hypovascular
and no defect in
Kuppfer phase 

Small nodule
( 1–1.5 cm)

Small nodule
(<1–1.5 cm)

Biopsy 

Early HCC DN borderline 

EOB-MRI
(dynamic CT) every
3–6 months 

• SPIO MRI
• Angiography-assisted CT
 (CTAP, CTHA) 
• Highly sensitive tumor 
 marker measurement  

Optional exam (when necessary)

3 

dalities in the surveillance of HCC in patients with Child-
Pugh A or B liver function (98%).

  (3) Conventional dynamic MRI has been completely 
replaced by dynamic EOB-MRI for confirmation of HCC 
when nodules are detected by US (100%).

  (4) Sonazoid CEUS can be performed whenever neces-
sary in the majority of institutions in Japan (92%).

  (5) When arterial hypervascularity is not depicted on 
dynamic EOB-MRI or dynamic CT, CEUS should be per-
formed since the sensitivity of CEUS in detecting intra-
nodular arterial vascularity is the highest among the exist-
ing imaging modalities (75%).

  (6) In order to differentiate HCC from a dysplastic 
nodule, biopsy is mandatory for a small hypovascular 
nodule ( ≤ 1–1.5 cm) that is hypointense in the hepatobi-
liary phase of EOB-MRI and shows no defect in the 
Kupffer phase of Sonazoid CEUS (90%).

  (7) Intensive follow-up by dynamic EOB-MRI (60%) 
or alternating dynamic EOB-MRI and dynamic CT (25%) 

  Fig. 15.  Surveillance and Diagnostic Algorithm for HCC, proposed 
by the LCSGJ in 2014. 1 =   Cavernous hemangioma may show hy-
pointensity in the equilibrium (transitional) phase of dynamic 
EOB-MRI (pseudo-washout). It should be excluded by other se-
quences of MRI and/or other imaging modalities. 2 = Cavernous 

hemangioma usually shows hypointensity in the hepatobiliary 
phase of EOB-MRI. It should be excluded by other sequences of 
MRI and/or other imaging modalities. 3 = Biopsy may be consid-
ered for confirmation. 
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lected (99%). When asked about the frequency of follow-
up with dynamic CT for this type of nodule, most respon-
dents (54%) answered every 6 months, followed by every 
3–4 months (41%) and every 12 months (6%) ( fig. 12 ). In 
addition, when asked about the frequency of performing 
each modality when using alternating dynamic CT and 
EOB-MRI for follow-up of this type of nodule, most re-
spondents (57%) again answered every 6 months, fol-
lowed by every 3–4 months (37%) and every 12 months 

(6%) ( fig. 13 ). Therefore, follow-up every 3–6 months was 
also recommended for this method (94%).

  Finally, when asked how often this type of nodule was 
followed up by Sonazoid CEUS to evaluate hypervascu-
larization in its early stages, most respondents (50%) 
again answered every 6 months, followed by every 3–4 
months (42%), CEUS is not performed (6%), and every 
12 months (1%) ( fig. 14 ). In addition, almost all partici-
pants agreed that follow-up every 3–6 months with EOB-
MRI or dynamic CT should be performed for hypovascu-
lar small nodules <1–1.5 cm that are hypointense in the 
hepatobiliary phase.

  Summary 
 The following updates to the 2012 surveillance and di-

agnostic algorithm for hepatocellular carcinoma (updat-
ed version of the Arii Research Group algorithm)’  [13]  of 
the LCSGJ surveillance and diagnostic algorithm appear 
in the latest 2014 updated algorithm ( fig. 15 ):
  • The need for biopsy is mentioned as an optional test 

for hypovascular nodules that are hypointense in the 
hepatobiliary phase of EOB-MRI and are hypervascu-
lar and/or show a defect in the Kupffer phase of Son-
azoid CEUS. 

 • ‘Small nodules (1–1.5 cm)’ is defined as the cutoff size 
that determines whether biopsy or intensive follow-up 
should be performed for hypovascular nodules that are 
hypointense in the hepatobiliary phase of EOB-MRI 
and are hypovascular with no defect in the Kupffer 
phase of Sonazoid CEUS. 

1. Every 3–4 months 

40.5%

Q12. How often do you follow up by dynamic CT a hypovascular 
 nodule that is hypointense on the hepatobiliary phase of 
 EOB-MRI and shows no defect in the Kupffer phase of 
 Sonazoid CEUS and no malignancy on biopsy? 

2. Every 6 months

53.6%

3. Every 12 months

6.0%

4. Other

0.0%

  Fig. 12.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (3). 

1. Every 3–4 months

37.2%

Q13. How often do you perform each modality when follow-up
 involves alternating dynamic CT and EOB-MRI for a 
 hypovascular nodule that is hypointense in the hepatobiliary 
 phase of EOB-MRI and shows no defect in the Kupffer phase 
 of Sonazoid CEUS and no malignancy on biopsy?  

2. Every 6 months

57.0%

3. Every 12 months

5.8%

4. Other

0.0%

  Fig. 13.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (4). 

1. Every 3–4 months

42.3%

Q14. How often do you follow up by Sonazoid CEUS, in order to 
 detect early hypervascularization, a hypovascular nodule 
 that is hypointense in the hepatobiliary phase of EOB-MRI 
 and shows no defect in the Kupffer phase of Sonazoid CEUS 
 and no malignancy on biopsy? 

2. Every 6 months

50.0%

3. Every 12 months

1.3%

4. CEUS is not performed
6.4%

  Fig. 14.  Question and answers on intensive follow-up for a hypoin-
tense nodule in the hepatobiliary phase of EOB-MRI (5). 
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 • Intensive follow-up ‘every 3–6 months’ with EOB-
MRI (or dynamic CT) should be performed for hypo-
vascular nodules that are hypointense in the hepatobi-
liary phase of EOB-MRI and show no defect in the 
Kupffer phase of Sonazoid CEUS when malignancy 
cannot be ruled out by biopsy. 

 Diagnostic Algorithm Updated by the Consensus 
Reached among the LCSGJ Members 

 Consensus Statements ( ≥ 67% Agreement) 
 (1) Dynamic CT or dynamic MRI is routinely per-

formed 1–2 times per year for surveillance of HCC in pa-
tients with Child-Pugh A or B liver function in clinical 
settings in Japan (84%; percentages indicate the agree-
ment ratio among 350 participants).

  (2) Dynamic CT and dynamic EOB-MRI carried out 
1–2 times per year are the most frequently performed mo-

Super high-risk: US, tumor marker measurement, every 3–4 months, dynamic CT or MRI, 6–12 months
High-risk: US, tumor marker measurement, every 6 months 

Dynamic EOB-MRI  

Hypervascular
with washout

 
 

Hypervascular
without washout 

Hypovascular 

Dynamic MDCT
(When MRI is not available)

HCC 

1
EOB-MRI

Hepatobiliary phase

Hypointense 

HCC

HCC

 

2 

Iso- or hyperintense 

Biopsy 

EOB-MRI
Hepatobiliary phase

Hypointense Iso- or hyperintense

CEUS
 (Sonazoid) 

Hypervascular
and/or defect in
Kuppfer phase 

Hypovascular
and no defect in
Kuppfer phase 

Small nodule
( 1–1.5 cm)

Small nodule
(<1–1.5 cm)

Biopsy 

Early HCC DN borderline 

EOB-MRI
(dynamic CT) every
3–6 months 

• SPIO MRI
• Angiography-assisted CT
 (CTAP, CTHA) 
• Highly sensitive tumor 
 marker measurement  

Optional exam (when necessary)

3 

dalities in the surveillance of HCC in patients with Child-
Pugh A or B liver function (98%).

  (3) Conventional dynamic MRI has been completely 
replaced by dynamic EOB-MRI for confirmation of HCC 
when nodules are detected by US (100%).

  (4) Sonazoid CEUS can be performed whenever neces-
sary in the majority of institutions in Japan (92%).

  (5) When arterial hypervascularity is not depicted on 
dynamic EOB-MRI or dynamic CT, CEUS should be per-
formed since the sensitivity of CEUS in detecting intra-
nodular arterial vascularity is the highest among the exist-
ing imaging modalities (75%).

  (6) In order to differentiate HCC from a dysplastic 
nodule, biopsy is mandatory for a small hypovascular 
nodule ( ≤ 1–1.5 cm) that is hypointense in the hepatobi-
liary phase of EOB-MRI and shows no defect in the 
Kupffer phase of Sonazoid CEUS (90%).

  (7) Intensive follow-up by dynamic EOB-MRI (60%) 
or alternating dynamic EOB-MRI and dynamic CT (25%) 

  Fig. 15.  Surveillance and Diagnostic Algorithm for HCC, proposed 
by the LCSGJ in 2014. 1 =   Cavernous hemangioma may show hy-
pointensity in the equilibrium (transitional) phase of dynamic 
EOB-MRI (pseudo-washout). It should be excluded by other se-
quences of MRI and/or other imaging modalities. 2 = Cavernous 

hemangioma usually shows hypointensity in the hepatobiliary 
phase of EOB-MRI. It should be excluded by other sequences of 
MRI and/or other imaging modalities. 3 = Biopsy may be consid-
ered for confirmation. 
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should be performed for a hypovascular nodule that is 
hypointense in the hepatobiliary phase of EOB-MRI and 
shows no defect in the Kupffer phase of Sonazoid CEUS 
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by dynamic EOB-MRI for the nodule described in (7) is 
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val: 43%; total: 99%).

  (9) The recommended interval of intensive follow-up 
by alternating dynamic EOB-MRI and dynamic CT for 
the nodule described in (7) is recommended to be 3–6 
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  Informative Statements ( ≥ 50% Agreement) 
 (1) Dynamic CT is more frequently performed as a 

first-line screening tool (58%; percentages indicate the 
agreement ratio among 350 participants) than dynamic 
EOB-MRI (40%).
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MRI (32%) for confirming the diagnosis of a nodule de-
tected by US.
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Based Clinical Practice Guideline.
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Japan, the phrase ‘lipiodol deposition’ needed to be changed 
to ‘necrotic lesion or viable lesion’. Accordingly, the respec-
tive section in the JSH guidelines was revised to define TACE 
failure as an insufficient response after  ≥ 2 consecutive TACE 
procedures that is evident on response evaluation comput-
ed tomography or magnetic resonance imaging after 1–3 
months, even after chemotherapeutic agents have been 
changed and/or the feeding artery has been reanalyzed. In 
addition, the appearance of a higher number of lesions in the 
liver than that recorded at the previous TACE procedure (oth-
er than the nodule being treated) was added to the definition 
of TACE failure/refractoriness. Following the discussion of 
other issues concerning the continuous elevation of tumor 
markers, vascular invasion, and extrahepatic spread, descrip-
tions similar to those in the previous version were approved. 
The revision of these TACE failure definitions was approved 
by over 85% of HCC experts.  © 2014 S. Karger AG, Basel 
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 In the 2010 version of the Japan Society of Hepatology (JSH) 
consensus-based treatment algorithm for the management 
of hepatocellular carcinoma (HCC), transarterial chemoem-
bolization (TACE) failure/refractoriness was defined assum-
ing the use of superselective lipiodol TACE, which has been 
widely used worldwide and particularly in Japan, and areas 
with lipiodol deposition were considered to be necrotic. 
However, this concept is not well accepted internationally. 
Furthermore, following the approval of microspheres, an em-
bolic material that does not use lipiodol, in February 2014 in 

 Published online: November 22, 2014 

 Prof. Masatoshi Kudo 
 Department of Gastroenterology and Hepatology 
 Kinki University School of Medicine 
 377-2 Ohno-Higashi, Osaka-Sayama, Osaka 589-8511 (Japan) 
 E-Mail m-kudo   @   med.kindai.ac.jp 

 © 2014 S. Karger AG, Basel
0030–2414/14/0877–0022$39.50/0 

 www.karger.com/ocl 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 9

:0
2:

06
 A

M

  Transarterial Chemoembolization 
Failure/Refractoriness  

Oncology 2014;87(suppl 1):22–31
DOI: 10.1159/000368142

23

 Introduction 

 Transarterial chemoembolization (TACE)  [1, 2]  is 
the standard treatment for intermediate-stage hepato-
cellular carcinoma (HCC) and benefits patients in two 
ways: providing a treatment response and minimizing 
liver function damage ( fig. 1 ). However, when repeated, 
TACE loses its efficacy at some point and patients enter 
the so-called state of TACE failure/refractoriness  [3] . 
When this is the case, multifocal nodules are common-
ly seen scattered in both lobes or as a huge HCC mass, 
and the noncancerous liver tissue will have deteriorated 
due to the damage caused by TACE, resulting in a re-
duced survival time ( fig. 2 ). As a result, it has become 
apparent in recent years that the treatment modality 
should be switched before patients enter this state. The 
concept of TACE refractoriness was first proposed in 
the clinical practice guidelines proposed by the Japan 
Society of Hepatology (JSH)  [4]  and then appeared in 
criteria published in Korea  [5] , criteria established by 
the European Association for the Study of the Liver 
(EASL)  [3] , and in the Assessment for Retreatment 
(ART) score system  [6, 7] , although the definition in the 
latter is slightly different from that for TACE refractori-
ness. In addition, other studies recommend the use of 
discontinuation rules or a scoring system, such as the 
Hepatoma Arterial-Embolisation Prognostic (HAP) 
score  [8] , to decide whether TACE should be contin-
ued. However, it should be noted that in Japan, HCC 
cases indicated for TACE generally involve only a lim-
ited number of small nodules because of a well-estab-
lished nationwide surveillance program for HCC  [9] . 
On the other hand, in the United States, Europe, and 
some Asian countries, patients already tend to have a 
huge tumor or multifocal bilobar intermediate-stage 
HCCs at the time of their first TACE treatment  [10] . 
These patients should be further subclassified and treat-
ed as subgroups of individuals who would either re-
spond or not respond favorably to TACE. To improve 
the prognosis of patients, the JSH criteria for TACE re-
fractoriness recommend recognizing the time point of 
TACE refractoriness at the intermediate stage of the 
disease after having repeated TACE several times or 
even  ≥ 10 times and having switched the treatment 
strategy to preserve residual liver function ( fig. 2 ).

  At the 50th Liver Cancer Study Group of Japan (LCSGJ) 
Congress (congress president: Prof. Masatoshi Kudo) held 
on June 5–6, 2014 in Kyoto, Japan, the definition of TACE 
refractoriness was updated by HCC experts, and a consen-
sus meeting was convened to evaluate the proposed defini-

tion  [11] . At this meeting, appropriate treatments for cases 
of TACE failure or refractoriness were also discussed. 
Moreover, during a session entitled ‘The Definition of 
TACE Refractoriness’ held at the 4th International Kyoto 
Liver Cancer Symposium (IKLS; congress president: Prof. 
Masatoshi Kudo) on June 7–8, 2014 in Kyoto, Japan, a vot-
ing system was used in a debate of the criteria. In this ar-
ticle, we report the updated JSH-LCSGJ criteria for TACE 
failure/refractoriness and the results of the meetings.

  Consensus Meeting 

 Approximately 140 HCC experts, of which 51% were 
hepatologists, 6% surgeons, 6% oncologists, and 9% ra-
diologists, used a voting system at the consensus meeting 
on TACE failure/refractoriness. The monthly number of 
cancer patients treated by the experts (proportion of ex-
perts) was as follows: <5 patients (16% of experts), 6–25 
patients (46%), 26–50 patients (20%), 51–100 patients 
(9%), and  ≥ 101 patients (9%). When asked which de-
partment performs TACE, 51% of experts answered in-
ternal medicine, 47% radiology, and 1% surgery. When 
asked about the number of patients they treated in a 
month, 30% of experts answered <5 patients, 11% 6–50 
patients, and 4% answered  ≥ 51 patients. Furthermore, 
when asked what primary embolic agent they used in 
TACE, 46% answered lipiodol, 35% porous gelatin 
sponge, 6% gelatin sponge, and 13% microspheres 
(beads). The primary anticancer agents used in TACE 
were, in descending order, epirubicin (44%), miriplatin 
(26%), cisplatin (24%), doxorubicin (4%), and mitomy-
cin (3%). In addition, 56% of experts agreed and 17% 
disagreed with the question ‘Do you think a scoring sys-

Patient benefits (survival) 

Treatment response by TACE 

Decline in liver function 

  Fig. 1.  Benefits of TACE for patients. 
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procedures that is evident on response evaluation comput-
ed tomography or magnetic resonance imaging after 1–3 
months, even after chemotherapeutic agents have been 
changed and/or the feeding artery has been reanalyzed. In 
addition, the appearance of a higher number of lesions in the 
liver than that recorded at the previous TACE procedure (oth-
er than the nodule being treated) was added to the definition 
of TACE failure/refractoriness. Following the discussion of 
other issues concerning the continuous elevation of tumor 
markers, vascular invasion, and extrahepatic spread, descrip-
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 Transarterial chemoembolization (TACE)  [1, 2]  is 
the standard treatment for intermediate-stage hepato-
cellular carcinoma (HCC) and benefits patients in two 
ways: providing a treatment response and minimizing 
liver function damage ( fig. 1 ). However, when repeated, 
TACE loses its efficacy at some point and patients enter 
the so-called state of TACE failure/refractoriness  [3] . 
When this is the case, multifocal nodules are common-
ly seen scattered in both lobes or as a huge HCC mass, 
and the noncancerous liver tissue will have deteriorated 
due to the damage caused by TACE, resulting in a re-
duced survival time ( fig. 2 ). As a result, it has become 
apparent in recent years that the treatment modality 
should be switched before patients enter this state. The 
concept of TACE refractoriness was first proposed in 
the clinical practice guidelines proposed by the Japan 
Society of Hepatology (JSH)  [4]  and then appeared in 
criteria published in Korea  [5] , criteria established by 
the European Association for the Study of the Liver 
(EASL)  [3] , and in the Assessment for Retreatment 
(ART) score system  [6, 7] , although the definition in the 
latter is slightly different from that for TACE refractori-
ness. In addition, other studies recommend the use of 
discontinuation rules or a scoring system, such as the 
Hepatoma Arterial-Embolisation Prognostic (HAP) 
score  [8] , to decide whether TACE should be contin-
ued. However, it should be noted that in Japan, HCC 
cases indicated for TACE generally involve only a lim-
ited number of small nodules because of a well-estab-
lished nationwide surveillance program for HCC  [9] . 
On the other hand, in the United States, Europe, and 
some Asian countries, patients already tend to have a 
huge tumor or multifocal bilobar intermediate-stage 
HCCs at the time of their first TACE treatment  [10] . 
These patients should be further subclassified and treat-
ed as subgroups of individuals who would either re-
spond or not respond favorably to TACE. To improve 
the prognosis of patients, the JSH criteria for TACE re-
fractoriness recommend recognizing the time point of 
TACE refractoriness at the intermediate stage of the 
disease after having repeated TACE several times or 
even  ≥ 10 times and having switched the treatment 
strategy to preserve residual liver function ( fig. 2 ).

  At the 50th Liver Cancer Study Group of Japan (LCSGJ) 
Congress (congress president: Prof. Masatoshi Kudo) held 
on June 5–6, 2014 in Kyoto, Japan, the definition of TACE 
refractoriness was updated by HCC experts, and a consen-
sus meeting was convened to evaluate the proposed defini-

tion  [11] . At this meeting, appropriate treatments for cases 
of TACE failure or refractoriness were also discussed. 
Moreover, during a session entitled ‘The Definition of 
TACE Refractoriness’ held at the 4th International Kyoto 
Liver Cancer Symposium (IKLS; congress president: Prof. 
Masatoshi Kudo) on June 7–8, 2014 in Kyoto, Japan, a vot-
ing system was used in a debate of the criteria. In this ar-
ticle, we report the updated JSH-LCSGJ criteria for TACE 
failure/refractoriness and the results of the meetings.

  Consensus Meeting 

 Approximately 140 HCC experts, of which 51% were 
hepatologists, 6% surgeons, 6% oncologists, and 9% ra-
diologists, used a voting system at the consensus meeting 
on TACE failure/refractoriness. The monthly number of 
cancer patients treated by the experts (proportion of ex-
perts) was as follows: <5 patients (16% of experts), 6–25 
patients (46%), 26–50 patients (20%), 51–100 patients 
(9%), and  ≥ 101 patients (9%). When asked which de-
partment performs TACE, 51% of experts answered in-
ternal medicine, 47% radiology, and 1% surgery. When 
asked about the number of patients they treated in a 
month, 30% of experts answered <5 patients, 11% 6–50 
patients, and 4% answered  ≥ 51 patients. Furthermore, 
when asked what primary embolic agent they used in 
TACE, 46% answered lipiodol, 35% porous gelatin 
sponge, 6% gelatin sponge, and 13% microspheres 
(beads). The primary anticancer agents used in TACE 
were, in descending order, epirubicin (44%), miriplatin 
(26%), cisplatin (24%), doxorubicin (4%), and mitomy-
cin (3%). In addition, 56% of experts agreed and 17% 
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Point of TACE failure/refractoriness 
Death

         

 

  Fig. 2.  Treatment strategy to prolong pa-
tient survival according to a TACE discon-
tinuation and switching rule in patients 
with TACE failure/refractoriness. OS = 
Overall survival. 
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 the indication of repeated TACE in Japan?  
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  Fig. 3.  Votes cast on the need for a scoring system for a TACE dis-
continuation rule. 
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sponder subgroups. 
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  Fig. 6.  Question and answers on whether there are some charac-
teristic features in poor responders to TACE. 
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tem such as the ART score or HAP score should be cre-
ated and standardized for the indication of repeated 
TACE in Japan?’ ( fig. 3 ).

  Voting Results 

 Heterogeneity of Intermediate-Stage HCC 
 To the question asking if it is necessary on account of 

their heterogeneous nature to subgroup intermediate-
stage HCCs (equivalent to stage B on the Barcelona Clinic 
Liver Cancer staging system), for which TACE is the stan-
dard treatment, 79% of experts agreed and 10% disagreed 
( fig. 4 ), suggesting that many experts are well aware of the 
extremely wide range of features of intermediate-stage 
HCCs, i.e. multifocal HCCs without vascular invasion or 
extrahepatic spread. In fact, 98% of experts agreed with 
the statement that some HCC cases respond well to TACE 
while others respond poorly to it ( fig. 5 ). In addition, 64% 
of experts thought that HCCs which respond poorly to 
TACE exhibit specific features, indicating that many ex-
perts encounter such cases in clinical practice ( fig.  6 ). 
When asked about the characteristic features of HCCs 
that respond poorly to TACE, experts mentioned equal-
ly the size, number, location, spread, and macroscopic 
morphology/pathological differentiation grade of HCCs 
( fig. 7 ). With regard to the size of HCC associated with a 
poor TACE efficacy, 5–7 cm was mentioned by 33% of 
experts, 7–10 cm by 36%, and  ≥ 10 cm by 21%, suggesting 
that the efficacy of TACE decreases as the size of HCC in-

creases ( fig. 8 ). With regard to the number of HCC lesions 
associated with a poor TACE efficacy, 23, 42, and 32% of 
experts answered 4–6, 7–10, and  ≥ 10, respectively ( fig. 9 ). 
When asked about the extent of HCC that affects the 
TACE efficacy, 29 and 69% answered HCC spread over 
‘multiple segments’ and ‘both lobes’, respectively (data not 
shown). As expected, 72% agreed that poorly differenti-
ated HCCs respond poorly to TACE ( fig. 10 ).

  Contraindications of TACE 
 The following four contraindications for TACE are 

stated in the 2010 version of the JSH consensus-based 
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  Fig. 7.  Question and answers on the characteristic features of poor 
responders to TACE. 
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  Fig. 8.  Question and answers on the tumor size related to a poor 
response to TACE. 
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  Fig. 9.  Question and answers on the tumor number related to a 
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tem such as the ART score or HAP score should be cre-
ated and standardized for the indication of repeated 
TACE in Japan?’ ( fig. 3 ).

  Voting Results 

 Heterogeneity of Intermediate-Stage HCC 
 To the question asking if it is necessary on account of 

their heterogeneous nature to subgroup intermediate-
stage HCCs (equivalent to stage B on the Barcelona Clinic 
Liver Cancer staging system), for which TACE is the stan-
dard treatment, 79% of experts agreed and 10% disagreed 
( fig. 4 ), suggesting that many experts are well aware of the 
extremely wide range of features of intermediate-stage 
HCCs, i.e. multifocal HCCs without vascular invasion or 
extrahepatic spread. In fact, 98% of experts agreed with 
the statement that some HCC cases respond well to TACE 
while others respond poorly to it ( fig. 5 ). In addition, 64% 
of experts thought that HCCs which respond poorly to 
TACE exhibit specific features, indicating that many ex-
perts encounter such cases in clinical practice ( fig.  6 ). 
When asked about the characteristic features of HCCs 
that respond poorly to TACE, experts mentioned equal-
ly the size, number, location, spread, and macroscopic 
morphology/pathological differentiation grade of HCCs 
( fig. 7 ). With regard to the size of HCC associated with a 
poor TACE efficacy, 5–7 cm was mentioned by 33% of 
experts, 7–10 cm by 36%, and  ≥ 10 cm by 21%, suggesting 
that the efficacy of TACE decreases as the size of HCC in-

creases ( fig. 8 ). With regard to the number of HCC lesions 
associated with a poor TACE efficacy, 23, 42, and 32% of 
experts answered 4–6, 7–10, and  ≥ 10, respectively ( fig. 9 ). 
When asked about the extent of HCC that affects the 
TACE efficacy, 29 and 69% answered HCC spread over 
‘multiple segments’ and ‘both lobes’, respectively (data not 
shown). As expected, 72% agreed that poorly differenti-
ated HCCs respond poorly to TACE ( fig. 10 ).

  Contraindications of TACE 
 The following four contraindications for TACE are 

stated in the 2010 version of the JSH consensus-based 
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  Fig. 7.  Question and answers on the characteristic features of poor 
responders to TACE. 
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  Fig. 8.  Question and answers on the tumor size related to a poor 
response to TACE. 
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  Fig. 9.  Question and answers on the tumor number related to a 
poor response to TACE. 
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practice guidelines  [4] , and no major amendments to 
these contraindications were made at the recent meet-
ing.
  • Blood vessels involved in treatment cannot be used 

and feeding vessels are unavailable for catheterization 
because of the damage caused by repeated TACE. 

 • Residual liver function graded as Child-Pugh C due to 
repeated treatment. 

 • HCC that has spread to the major branches of the por-
tal vein (Vp3) or the portal trunk (Vp4). 

 • A large arterioportal shunt. 
 Poor Responders to TACE
  In the question and answer session, experts agreed that 

>7 HCCs of >4 cm in size constitute an HCC subgroup 

that responds poorly to TACE. These criteria were ad-
opted based on the findings of Yamakado et al.  [12] , stat-
ing that patients with tumors of >4 cm in size seldom 
benefit from TACE due to their poor response to the 
treatment and subsequent decline in residual liver func-
tion. Yamakado et al.’s criteria gained agreement from 
51% of experts, indicating that >7 HCCs of >4 cm in size 
is essentially accepted as criterion defining a subgroup of 
patients responding poorly to TACE ( fig. 11 ).

  Good Responders to TACE 
 The meeting also revealed that a subgroup of patients 

with intermediate-stage HCCs who would benefit from 
TACE comprises individuals with 4–7 nodules of 3–4 cm 
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 response to TACE?
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  Fig. 10.  Question and answers on the pathological grade related to 
a poor response to TACE. 

Q9. Do you think Yamakado et al.’s criteria (>7 tumors, 
 >4 cm) is adequate to predict poor responders to TACE?  
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1. I agree 

2. I do not agree 

3. No opinion 

  Fig. 11.  Question and answers on Yamakado et al.’s  [12]  criteria. 
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  Fig. 12.  Heterogeneity of intermediate-
stage HCC. The green fields indicate good 
responders to TACE and the pink fields 
poor responders (colors refer to the online 
version only). RFA = Radiofrequency abla-
tion.   
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in size ( fig. 12 ). When TACE has a high treatment effi-
cacy and keeps the decline in residual liver function to a 
minimum, it is beneficial to HCC patients in this sub-
group and makes long-term survival possible ( fig.  1 ). 
Subsequently, even if HCC is still in the intermediate 
stage, it is extremely important to find out the time point 
of TACE failure as early as possible and switch the treat-
ment strategy from that point on ( fig. 2 ).

  JSH TACE Failure/Refractoriness Criteria Updated by 
the LCSGJ in 2014 

 At the time of the consensus voting on TACE failure/
refractoriness, when asked about the specific features of 
HCC cases that indicate a poor response to TACE even 
when repeated, 33% of experts answered insufficient ne-
crosis (rate of lipiodol deposition), 28% answered the ap-
pearance of a new lesion within 3 months of TACE, and 
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1. Necrotic area (lipiodol deposition area) 

Q10. What features suggest a poor response to TACE
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3. Appearance of local recurrence within 3 months of TACE

4. Tumor number and size  

5. Elevated tumor markers  

6. Interval from previous TACE  

  Fig. 13.  Question and answers on factors related to a poor response 
to TACE.   
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  Fig. 14.  Question and answers on the timing for evaluating TACE 
failure/refractoriness.   
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  Fig. 15.  Question and answers on the number of consecutive 
TACE procedures to evaluate TACE failure/refractoriness.   
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4. AFP-L3 fraction >15% 
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  Fig. 16.  Question and answers on the tumor marker levels related 
to TACE failure/refractoriness.   
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practice guidelines  [4] , and no major amendments to 
these contraindications were made at the recent meet-
ing.
  • Blood vessels involved in treatment cannot be used 

and feeding vessels are unavailable for catheterization 
because of the damage caused by repeated TACE. 

 • Residual liver function graded as Child-Pugh C due to 
repeated treatment. 

 • HCC that has spread to the major branches of the por-
tal vein (Vp3) or the portal trunk (Vp4). 

 • A large arterioportal shunt. 
 Poor Responders to TACE
  In the question and answer session, experts agreed that 

>7 HCCs of >4 cm in size constitute an HCC subgroup 

that responds poorly to TACE. These criteria were ad-
opted based on the findings of Yamakado et al.  [12] , stat-
ing that patients with tumors of >4 cm in size seldom 
benefit from TACE due to their poor response to the 
treatment and subsequent decline in residual liver func-
tion. Yamakado et al.’s criteria gained agreement from 
51% of experts, indicating that >7 HCCs of >4 cm in size 
is essentially accepted as criterion defining a subgroup of 
patients responding poorly to TACE ( fig. 11 ).

  Good Responders to TACE 
 The meeting also revealed that a subgroup of patients 

with intermediate-stage HCCs who would benefit from 
TACE comprises individuals with 4–7 nodules of 3–4 cm 
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  Fig. 10.  Question and answers on the pathological grade related to 
a poor response to TACE. 

Q9. Do you think Yamakado et al.’s criteria (>7 tumors, 
 >4 cm) is adequate to predict poor responders to TACE?  
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stage HCC. The green fields indicate good 
responders to TACE and the pink fields 
poor responders (colors refer to the online 
version only). RFA = Radiofrequency abla-
tion.   
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in size ( fig. 12 ). When TACE has a high treatment effi-
cacy and keeps the decline in residual liver function to a 
minimum, it is beneficial to HCC patients in this sub-
group and makes long-term survival possible ( fig.  1 ). 
Subsequently, even if HCC is still in the intermediate 
stage, it is extremely important to find out the time point 
of TACE failure as early as possible and switch the treat-
ment strategy from that point on ( fig. 2 ).

  JSH TACE Failure/Refractoriness Criteria Updated by 
the LCSGJ in 2014 

 At the time of the consensus voting on TACE failure/
refractoriness, when asked about the specific features of 
HCC cases that indicate a poor response to TACE even 
when repeated, 33% of experts answered insufficient ne-
crosis (rate of lipiodol deposition), 28% answered the ap-
pearance of a new lesion within 3 months of TACE, and 
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3. Appearance of local recurrence within 3 months of TACE

4. Tumor number and size  

5. Elevated tumor markers  

6. Interval from previous TACE  

  Fig. 13.  Question and answers on factors related to a poor response 
to TACE.   
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17% answered local recurrence within 3 months of TACE 
( fig. 13 ). Furthermore, the largest proportion of experts 
(53%) answered ‘1 month’ to the question on the interval 
between the previous TACE procedure and the appear-
ance of a new lesion or local recurrence that indicates 
TACE failure/refractoriness ( fig. 14 ). To the question ask-
ing at what point they consider TACE to be ineffective for 
HCC when observing the appearance of new lesions or no 
necrosis after TACE, 71% answered they would think it is 
ineffective when a similar treatment outcome occurs twice 
( fig. 15 ). About 75% of experts consider TACE failure/re-
fractoriness to be the case when the level of any of 3 tumor 
markers continues to increase after TACE, even if they 
show a slight short-term decrease ( fig. 16 ). Based on the 

answers to these questions, the definition of TACE failure/
refractoriness after treatment was revised.

   Table 1  shows the JSH criteria for TACE failure/refrac-
toriness updated at the 50th LCSGJ Congress in 2014. 
Since 84% of experts agreed that the updated criteria are 
appropriate, they are now recommended for the assess-
ment of TACE failure/refractoriness ( fig. 17 ).

  Treatment Options after TACE Failure/Refractoriness 

 Before the session on treatment options after TACE 
failure/refractoriness, 67% of experts reported that con-
tinuous hepatic arterial infusion chemotherapy (HAIC) 
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1. I strongly agree  

Q14. Do you think the criteria for TACE failure/refractoriness 
   proposed in the LCSGJ 2014 guideline update is adequate? 

2. I agree 

3. I do not agree in part 

4. I do not agree 

5. I strongly do not agree 

6. Other 

  Fig. 17.  The most important question asked, regarding whether the 
criteria for TACE failure/refractoriness updated in 2014 by the 
 LCSGJ are adequate or not.   
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1. Yes 

Q15. Is continuous hepatic arterial infusion chemotherapy 
 (HAIC) a standard of care in your institution? 

2. No 

3. Refer on to optimal institution  

4. Other  

  Fig. 18.  Question and answers on continuous HAIC.   

 Table 1.  Definition of TACE failure/refractoriness (LCSGJ)

(1) Intrahepatic lesion
i Two or more consecutive insufficient responses of the treated tumor (viable lesion >50%) even after changing the 

chemotherapeutic agents and/or reanalysis of the feeding artery seen on response evaluation CT/MRI at 1–3 months after 
having adequately performed selective TACE

ii Two or more consecutive progressions in the liver (tumor number increases as compared to tumor number before the 
previous TACE procedure) even after having changed the chemotherapeutic agents and/or reanalysis of the feeding artery 
seen on response evaluation CT/MRI at 1–3 months after having adequately performed selective TACE

(2) Continuous elevation of tumor markers immediately after TACE even though slight transient decrease is observed

(3) Appearance of vascular invasion

(4) Appearance of extrahepatic spread
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 [13]  is the routinely performed treatment modality at 
their institution, indicating its widespread use in Japan 
( fig. 18 ). When asked what their treatment of choice is in 
TACE failure/refractoriness cases (Q16), 48% of experts 
answered sorafenib and 23% answered HAIC ( fig. 19 ). 
However, when asked what their treatment of choice is 
in cases of major portal vein thrombus after TACE (Q17), 
30% answered sorafenib and 44% answered HAIC 
( fig. 20 ). On the contrary, for TACE failure/refractori-

ness cases with minor portal vein thrombus and Child-
Pugh A liver function, 43 and 36% of experts stated that 
sorafenib and HAIC, respectively, was their treatment of 
choice ( fig. 21 ). The difference in the answers to Q16 and 
Q17 reflects the potential risk that sorafenib administra-
tion can lead to liver failure in HCC cases with major 
portal vein thrombus. In contrast, HAIC is indicated 
even in cases of major portal tumor thrombus. Lastly, 
100% of experts answered that sorafenib is their treat-
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  Fig. 19.  Question and answers on the general treatment strategy 
after TACE failure/refractoriness.   
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  Fig. 20.  Question and answers on the treatment strategy after TACE 
failure/refractoriness in patients with major portal tumor thrombus.   
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  Fig. 21.  Question and answers on the treatment strategy after 
TACE failure/refractoriness in patients with minor portal tumor 
thrombus.   
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  Fig. 22.  Question and answers on the treatment strategy after 
TACE failure/refractoriness in patients with extrahepatic spread.   
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17% answered local recurrence within 3 months of TACE 
( fig. 13 ). Furthermore, the largest proportion of experts 
(53%) answered ‘1 month’ to the question on the interval 
between the previous TACE procedure and the appear-
ance of a new lesion or local recurrence that indicates 
TACE failure/refractoriness ( fig. 14 ). To the question ask-
ing at what point they consider TACE to be ineffective for 
HCC when observing the appearance of new lesions or no 
necrosis after TACE, 71% answered they would think it is 
ineffective when a similar treatment outcome occurs twice 
( fig. 15 ). About 75% of experts consider TACE failure/re-
fractoriness to be the case when the level of any of 3 tumor 
markers continues to increase after TACE, even if they 
show a slight short-term decrease ( fig. 16 ). Based on the 

answers to these questions, the definition of TACE failure/
refractoriness after treatment was revised.

   Table 1  shows the JSH criteria for TACE failure/refrac-
toriness updated at the 50th LCSGJ Congress in 2014. 
Since 84% of experts agreed that the updated criteria are 
appropriate, they are now recommended for the assess-
ment of TACE failure/refractoriness ( fig. 17 ).

  Treatment Options after TACE Failure/Refractoriness 

 Before the session on treatment options after TACE 
failure/refractoriness, 67% of experts reported that con-
tinuous hepatic arterial infusion chemotherapy (HAIC) 
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  Fig. 17.  The most important question asked, regarding whether the 
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 LCSGJ are adequate or not.   
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Q15. Is continuous hepatic arterial infusion chemotherapy 
 (HAIC) a standard of care in your institution? 

2. No 

3. Refer on to optimal institution  

4. Other  

  Fig. 18.  Question and answers on continuous HAIC.   

 Table 1.  Definition of TACE failure/refractoriness (LCSGJ)

(1) Intrahepatic lesion
i Two or more consecutive insufficient responses of the treated tumor (viable lesion >50%) even after changing the 

chemotherapeutic agents and/or reanalysis of the feeding artery seen on response evaluation CT/MRI at 1–3 months after 
having adequately performed selective TACE

ii Two or more consecutive progressions in the liver (tumor number increases as compared to tumor number before the 
previous TACE procedure) even after having changed the chemotherapeutic agents and/or reanalysis of the feeding artery 
seen on response evaluation CT/MRI at 1–3 months after having adequately performed selective TACE

(2) Continuous elevation of tumor markers immediately after TACE even though slight transient decrease is observed

(3) Appearance of vascular invasion

(4) Appearance of extrahepatic spread
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 [13]  is the routinely performed treatment modality at 
their institution, indicating its widespread use in Japan 
( fig. 18 ). When asked what their treatment of choice is in 
TACE failure/refractoriness cases (Q16), 48% of experts 
answered sorafenib and 23% answered HAIC ( fig. 19 ). 
However, when asked what their treatment of choice is 
in cases of major portal vein thrombus after TACE (Q17), 
30% answered sorafenib and 44% answered HAIC 
( fig. 20 ). On the contrary, for TACE failure/refractori-

ness cases with minor portal vein thrombus and Child-
Pugh A liver function, 43 and 36% of experts stated that 
sorafenib and HAIC, respectively, was their treatment of 
choice ( fig. 21 ). The difference in the answers to Q16 and 
Q17 reflects the potential risk that sorafenib administra-
tion can lead to liver failure in HCC cases with major 
portal vein thrombus. In contrast, HAIC is indicated 
even in cases of major portal tumor thrombus. Lastly, 
100% of experts answered that sorafenib is their treat-

2.3% 

48.4% 

23.4% 

16.4% 

7.0% 

1. Sorafenib 

Q16. What is the treatment option after TACE failure/refractoriness? 

2. Hepatic arterial infusion chemotherapy

3. Repeat conventional TACE  

4. Beads TACE  

5. Other systemic therapy  

6. Best supportive care  

2.3% 

  Fig. 19.  Question and answers on the general treatment strategy 
after TACE failure/refractoriness.   

22.3% 

30.1% 

43.7% 

1.0% 

1.0% 

1. Sorafenib 

Q17. Which treatment modality would you select when major 
 portal tumor thrombus (thrombi in main portal branch 
 or 1st branch of portal vein) appears after TACE?  

2. Hepatic arterial infusion chemotherapy  

3. Repeat conventional TACE  

4. Beads TACE  

5. Other systemic therapy  

6. Best supportive care  
1.9% 

  Fig. 20.  Question and answers on the treatment strategy after TACE 
failure/refractoriness in patients with major portal tumor thrombus.   

7.1% 

42.9% 

35.7% 

5.1% 

9.2% 

1. Sorafenib  

Q18. Which treatment modality would you select when minor 
 portal tumor thrombus (thrombi in 2nd or 3rd branch 
 of portal vein) appears after TACE?  

2. Hepatic arterial infusion chemotherapy  

3. Repeat conventional TACE  

4. Beads TACE  

5. Other systemic therapy  

6. Best supportive care  
0.0% 

  Fig. 21.  Question and answers on the treatment strategy after 
TACE failure/refractoriness in patients with minor portal tumor 
thrombus.   

0.0% 

100.0%

0.0% 

1. Sorafenib 

Q18. Which treatment modality would you select when 
 extrahepatic spread appears after TACE in patients 
 with Child-Pugh A liver function?   

2. Hepatic arterial infusion chemotherapy

3. Repeat conventional TACE  

4. Beads TACE  

5. Other systemic therapy  

6. Best supportive care  
0.0% 

0.0% 

0.0% 

  Fig. 22.  Question and answers on the treatment strategy after 
TACE failure/refractoriness in patients with extrahepatic spread.   
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ment of choice for extrahepatic spread developed after 
TACE in HCC patients with Child-Pugh A liver function 
( fig. 22 ).

  Also, at the 4th IKLS, 96% of HCC experts (60% from 
Japan, 20% from other Asian countries, and 20% from 
Europe or the USA) agreed that the criteria for TACE 
failure/refractoriness proposed at the 50th LCSGJ Con-
gress were appropriate ( table 1 ;  fig. 23 a). To the ques-
tion on which definition/criteria for TACE failure/re-
fractoriness the experts thought was the best, 84% an-
swered the revised JSH criteria proposed by the LCSGJ 
( fig. 23 b).

  Conclusion 

 The definition of TACE failure in the JSH clinical prac-
tice guidelines has been updated based on agreement 
from 84% of HCC experts attending a consensus meeting 
held at the 50th LCSGJ Congress in 2014. The updated 
criteria also obtained 96% approval at the 4th IKLS. 

  To prolong the survival of HCC patients, it is impor-
tant to switch treatment from TACE to, for example, 
sorafenib or HAIC as soon as the criteria for TACE fail-
ure/refractoriness are fulfilled, even if HCC is still in the 
intermediate stage. HAIC is the first treatment choice in 

1. Yes 

2. No 

95.8% 

4.2% 

Q19. Do you think the Japanese definition (LCSGJ Consensus) 
 for TACE failure is suitable? 

a

Q20. Which definition/criteria for TACE failure do you think is 
 the best? 

4.0% 

8.0% 

4.0% 

84.0% 

1. EASL criteria  

2. Korean criteria  

3. LCSGJ criteria (Japan)  

4. Other 

b

  Fig. 23.  Question and answers at the 4th IKLS on the suitability of the updated TACE failure/refractoriness criteria agreed upon at the 
LCSGJ consensus meeting ( a ) and on which definitions/criteria for TACE failure/refractoriness are the best ( b ). Of the experts present, 
60% were from Japan, 20% from other Asian countries, and 20% from Europe and the USA.   

TACE failure

Portal invasion Extrahepatic spread 

Major Minor

Progression of intrahepatic lesion
or

continuous elevation of tumor marker 

 

Sorafenib or HAIC 

Stage progression

HAIC Sorafenib  

HAIC  

Sorafenib  

Sorafenib  
  Fig. 24.  Treatment strategy after TACE 
failure/refractoriness.       
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TACE failure/refractoriness cases with stage progression 
or major portal vein infiltration, whereas sorafenib is rec-
ommended in TACE failure/refractoriness cases with mi-
nor portal vein infiltration ( fig. 24 ). Further studies are 
needed to determine the efficacy of microsphere TACE, 
such as drug-eluting beads TACE, in cases of TACE fail-
ure/refractoriness.

  Consensus Statement ( ≥ 67% Agreement) 
 (1) Intermediate-stage HCC is a heterogeneous dis-

ease and therefore should be subgrouped (79%).
  (2) There are 2 subgroups in the intermediate stage of 

HCC: good responders to TACE and poor responders to 
TACE (98%).

  (3) Intrahepatic lesions not responding to TACE show 
insufficient necrosis (33%), the appearance of new lesions 
within 3 months (28%), or local recurrence within 3 
months after TACE (17%) (total: 78%).

  (4) Incomplete control of intrahepatic lesions within 
1–3 months of TACE initiation should be included in the 
TACE failure criteria (96%).

  (5) Timing of the judgment of TACE failure is after 
1–3 months (96%).

  (6) Two consecutive poor responses to TACE is an ad-
equate criterion for TACE failure (71%).

  (7) Continuous increase in any tumor marker should 
be included in the TACE failure criteria (75%).

  (8) Continuous HAIC is widely performed in Japan 
(67%).

  (9) When extrahepatic spread emerges during repeat-
ed TACE sessions, the treatment strategy should be 
changed to sorafenib (100%).

  (10) The 2014 updated JSH criteria for TACE failure/
refractoriness are adequate (84% at the 50th LCSGJ Con-
gress and 96% at the 4th IKLS).

  Informative Statement ( ≥ 50% Agreement) 
 (1) There are characteristic features of HCC that do 

not respond to TACE (64%).
  (2) Yamakado et al.’s  [12]  criteria (HCC >4 cm and >7 

nodules) are accepted as criteria for poor responders to 
TACE (51%).

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.
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ment of choice for extrahepatic spread developed after 
TACE in HCC patients with Child-Pugh A liver function 
( fig. 22 ).

  Also, at the 4th IKLS, 96% of HCC experts (60% from 
Japan, 20% from other Asian countries, and 20% from 
Europe or the USA) agreed that the criteria for TACE 
failure/refractoriness proposed at the 50th LCSGJ Con-
gress were appropriate ( table 1 ;  fig. 23 a). To the ques-
tion on which definition/criteria for TACE failure/re-
fractoriness the experts thought was the best, 84% an-
swered the revised JSH criteria proposed by the LCSGJ 
( fig. 23 b).

  Conclusion 

 The definition of TACE failure in the JSH clinical prac-
tice guidelines has been updated based on agreement 
from 84% of HCC experts attending a consensus meeting 
held at the 50th LCSGJ Congress in 2014. The updated 
criteria also obtained 96% approval at the 4th IKLS. 

  To prolong the survival of HCC patients, it is impor-
tant to switch treatment from TACE to, for example, 
sorafenib or HAIC as soon as the criteria for TACE fail-
ure/refractoriness are fulfilled, even if HCC is still in the 
intermediate stage. HAIC is the first treatment choice in 

1. Yes 

2. No 

95.8% 

4.2% 

Q19. Do you think the Japanese definition (LCSGJ Consensus) 
 for TACE failure is suitable? 

a

Q20. Which definition/criteria for TACE failure do you think is 
 the best? 

4.0% 

8.0% 

4.0% 

84.0% 

1. EASL criteria  

2. Korean criteria  

3. LCSGJ criteria (Japan)  

4. Other 

b

  Fig. 23.  Question and answers at the 4th IKLS on the suitability of the updated TACE failure/refractoriness criteria agreed upon at the 
LCSGJ consensus meeting ( a ) and on which definitions/criteria for TACE failure/refractoriness are the best ( b ). Of the experts present, 
60% were from Japan, 20% from other Asian countries, and 20% from Europe and the USA.   

TACE failure

Portal invasion Extrahepatic spread 

Major Minor

Progression of intrahepatic lesion
or

continuous elevation of tumor marker 

 

Sorafenib or HAIC 

Stage progression

HAIC Sorafenib  

HAIC  

Sorafenib  

Sorafenib  
  Fig. 24.  Treatment strategy after TACE 
failure/refractoriness.       
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TACE failure/refractoriness cases with stage progression 
or major portal vein infiltration, whereas sorafenib is rec-
ommended in TACE failure/refractoriness cases with mi-
nor portal vein infiltration ( fig. 24 ). Further studies are 
needed to determine the efficacy of microsphere TACE, 
such as drug-eluting beads TACE, in cases of TACE fail-
ure/refractoriness.

  Consensus Statement ( ≥ 67% Agreement) 
 (1) Intermediate-stage HCC is a heterogeneous dis-

ease and therefore should be subgrouped (79%).
  (2) There are 2 subgroups in the intermediate stage of 

HCC: good responders to TACE and poor responders to 
TACE (98%).

  (3) Intrahepatic lesions not responding to TACE show 
insufficient necrosis (33%), the appearance of new lesions 
within 3 months (28%), or local recurrence within 3 
months after TACE (17%) (total: 78%).

  (4) Incomplete control of intrahepatic lesions within 
1–3 months of TACE initiation should be included in the 
TACE failure criteria (96%).

  (5) Timing of the judgment of TACE failure is after 
1–3 months (96%).

  (6) Two consecutive poor responses to TACE is an ad-
equate criterion for TACE failure (71%).

  (7) Continuous increase in any tumor marker should 
be included in the TACE failure criteria (75%).

  (8) Continuous HAIC is widely performed in Japan 
(67%).

  (9) When extrahepatic spread emerges during repeat-
ed TACE sessions, the treatment strategy should be 
changed to sorafenib (100%).

  (10) The 2014 updated JSH criteria for TACE failure/
refractoriness are adequate (84% at the 50th LCSGJ Con-
gress and 96% at the 4th IKLS).

  Informative Statement ( ≥ 50% Agreement) 
 (1) There are characteristic features of HCC that do 

not respond to TACE (64%).
  (2) Yamakado et al.’s  [12]  criteria (HCC >4 cm and >7 

nodules) are accepted as criteria for poor responders to 
TACE (51%).

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.
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controlled, TACE should not be repeated. The result of this 
study supports the definition of TACE failure or refractoriness 
proposed by the LCSGJ.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is a leading cause of 
cancer-related deaths worldwide  [1–4] . In Japan, HCC is 
currently the third leading cause of cancer-related deaths 
among both male and female patients, with a mortality rate 
of >33,000 patients per year  [5] . HCC may develop at mul-
tiple sites on the liver and can give rise to numerous tumors 
with the potential to spread throughout the organ. Trans-
catheter arterial chemoembolization (TACE) is currently 
the standard of care for patients with multinodular HCC. 
TACE results in relatively preserved liver function without 
the risk of vascular invasion or extrahepatic spread  [6–12] . 
Sorafenib, a molecular targeting agent, is presently the 
first-line agent for the treatment of unresectable HCC 
worldwide  [13, 14] . Indications for the use of sorafenib in 
Japan include HCC with extrahepatic spread, vascular in-
vasion, and TACE failure or refractoriness  [15] . Accepted 
criteria for the classification of TACE failure or refractori-
ness are contentious in the field of hepatology. The Japan 
Society of Hepatology (JSH) and the Liver Cancer Study 

 Key Words 
 Hepatocellular carcinoma · Transcatheter arterial 
chemoembolization failure · Sorafenib 

 Abstract 
  Background:  Transcatheter arterial chemoembolization 
(TACE) failure or refractoriness is an indication for sorafenib 
therapy in patients with advanced hepatocellular carcinoma. 
The study evaluated the validity of the definition of TACE fail-
ure or refractoriness as proposed by the Liver Cancer Study 
Group of Japan (LCSGJ) through a retrospective analysis of 
sorafenib treatment.  Methods:  Out of 265 patients with ad-
vanced hepatocellular carcinoma who were treated with 
sorafenib at our hospital, 45 experienced TACE failure or refrac-
toriness and were included in this study and retrospectively 
analyzed.  Results:  Multivariate analysis only identified the 
number of ineffective TACE procedures performed before 
starting sorafenib treatment as significant factors. Overall sur-
vival (OS) after starting sorafenib was statistically longer in 
patients treated with  ≤ 2 consecutive ineffective TACE proce-
dures before sorafenib administration than in patients treated 
with  ≥ 3 consecutive ineffective TACE procedures (p < 0.005). 
This result matched the LCSGJ criteria.  Conclusion:  In patients 
treated with sorafenib, OS was extended with  ≤ 2 consecutive 
ineffective TACE procedures compared to that with  ≥ 3 con-
secutive ineffective TACE procedures. Thus, if tumors are un-
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Group of Japan (LCSGJ) have thus proposed a clear defini-
tion of TACE failure or refractoriness as described below.

  The first criterion applies to intrahepatic lesions, 
where TACE failure is defined as  ≥ 2 consecutive ineffec-
tive responses of treated tumors (viable lesions >50%) 
or  ≥ 2 consecutive progressive increases in total tumor 
counts, despite a prior change in the choice of chemo-
therapeutic agent or reanalysis of the feeding artery. Inef-
fective responses are evaluated by computed tomography 
(CT)/magnetic resonance (MR) imaging 1–3 months af-
ter an adequately performed selective TACE procedure. 
Further criteria for the classification of TACE failure in-
clude the continuous elevation of tumor marker levels 
immediately after TACE (although a transient minor de-
crease may be observed) and the appearance of vascular 
invasion and extrahepatic spread  [9, 16] . In other coun-
tries, ineffective TACE is considered a progressive disease 
based on the results of both the first and second TACE 
procedures. When the response is shown to be ineffective 
after 2 consecutive TACE procedures, sorafenib therapy 
is recommended  [17, 18] . International opinions are di-
vided as to whether the number of consecutive TACE fail-
ures should be defined as n = 2. In this study, we present 
a retrospective case analysis of sorafenib treatment out-
comes and further examine the currently accepted defini-
tions of TACE failure or refraction.

  Materials and Methods 

 Patients 
 Between May 2009 and December 2012, 265 patients with ad-

vanced HCC were treated with sorafenib therapy at Kinki Univer-
sity Hospital, Osakasayama, Japan. Of these, 45 patients were treat-
ed with sorafenib monotherapy following the failure or refractori-
ness of TACE. This study did not require institutional approval or 
informed consent for the retrospective review of patient records or 
images. The research content was posted in our outpatient depart-
ment and on our institution’s website, and patients were given the 
right to refuse to participate in the study.

  The study’s inclusion criteria comprised the following: diagno-
sis of HCC based on histological results or radiological findings 
indicating early enhancement in conjunction with late wash-out 
with dynamic CT or dynamic MR imaging, a performance status of 
0 or 1, a Child-Pugh score of 5–7 points indicating liver cirrhosis, 
and TACE failure or refractoriness where curability of intrahepatic 
lesions with locoregional therapy was not feasible. The exclusion 
criteria were defined as concomitant antineoplastic treatment as 
well as any other therapies undertaken during the period extending 
from the final TACE procedure up to the introduction of sorafenib.

  Assessments 
 Contrast-enhanced CT (CECT) scans were obtained 4–8 weeks 

following the TACE procedure. If the tumor was well enhanced 
without lipiodol deposition, an additional TACE procedure was 

performed. If sufficient lipiodol deposition was observed with no 
evidence of tumor enhancement, CECT imaging was performed at 
the follow-up examination at intervals of approximately 8–12 
weeks. TACE was performed as needed in the case of lipiodol 
wash-out or when new lesions appeared on the liver. If a patient 
exhibited a poor response to a previous TACE procedure, the sub-
sequent procedure was performed within a 3-month period. In this 
study, ineffective TACE was defined as an interval of <3 months 
before the next procedure was performed.

  Statistical Analysis 
 Univariate analysis was used to identify predictors of survival 

using the Kaplan-Meier method, and comparisons were per-
formed using the log-rank test. Multivariate analysis was investi-
gated using the Cox proportional hazard model. A p value of <0.05 

 Table 1.  Characteristics of HCC patients treated with sorafenib

Cases, n

Age 
Median (25 – 75%) 75 (68.5 – 78.5)*

Gender
Male 38 (84.4)
Female 7 (15.6)

ECOG performance status
0 45 (100)
1 0 (0)

Child-Pugh class
A 37 (82.2)
B 8 (17.8)

Virus status†

HBV 4 (8.9)
HCV 33 (73.3)

Both negative 8 (17.8)
Barcelona Clinic for Liver Cancer stage

A 7 (15.6)
B 38 (84.4)

Starting dose of sorafenib, mg
 200 8 (17.8)
400 16 (35.5)
800 21 (46.7)

Serum AST level, ng/ml
Median (25 – 75%) 57 (40 – 74.8)*

Serum ALT level, mAU/ml
Median (25 – 75%) 39.5 (27.5 – 63.8)*

Serum AFP level, ng/ml
Median (25 – 75%) 206.5 (17.5 – 1,738.8)*

Serum DCP level, mAU/ml
Median (25 – 75%) 820 (51 – 4,840)*

 Values in parentheses are percentages unless otherwise indi-
cated. ECOG = Eastern Cooperative Oncology Group; AFP = al-
pha fetoprotein. * Dispersion variables are shown as median values 
(25 – 75%). † Cases positive for HBs-Ag were regarded as HBV-
related HCC cases and cases positive for HCV Ab were regarded 
as HCV-related HCC cases.
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controlled, TACE should not be repeated. The result of this 
study supports the definition of TACE failure or refractoriness 
proposed by the LCSGJ.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is a leading cause of 
cancer-related deaths worldwide  [1–4] . In Japan, HCC is 
currently the third leading cause of cancer-related deaths 
among both male and female patients, with a mortality rate 
of >33,000 patients per year  [5] . HCC may develop at mul-
tiple sites on the liver and can give rise to numerous tumors 
with the potential to spread throughout the organ. Trans-
catheter arterial chemoembolization (TACE) is currently 
the standard of care for patients with multinodular HCC. 
TACE results in relatively preserved liver function without 
the risk of vascular invasion or extrahepatic spread  [6–12] . 
Sorafenib, a molecular targeting agent, is presently the 
first-line agent for the treatment of unresectable HCC 
worldwide  [13, 14] . Indications for the use of sorafenib in 
Japan include HCC with extrahepatic spread, vascular in-
vasion, and TACE failure or refractoriness  [15] . Accepted 
criteria for the classification of TACE failure or refractori-
ness are contentious in the field of hepatology. The Japan 
Society of Hepatology (JSH) and the Liver Cancer Study 

 Key Words 
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chemoembolization failure · Sorafenib 

 Abstract 
  Background:  Transcatheter arterial chemoembolization 
(TACE) failure or refractoriness is an indication for sorafenib 
therapy in patients with advanced hepatocellular carcinoma. 
The study evaluated the validity of the definition of TACE fail-
ure or refractoriness as proposed by the Liver Cancer Study 
Group of Japan (LCSGJ) through a retrospective analysis of 
sorafenib treatment.  Methods:  Out of 265 patients with ad-
vanced hepatocellular carcinoma who were treated with 
sorafenib at our hospital, 45 experienced TACE failure or refrac-
toriness and were included in this study and retrospectively 
analyzed.  Results:  Multivariate analysis only identified the 
number of ineffective TACE procedures performed before 
starting sorafenib treatment as significant factors. Overall sur-
vival (OS) after starting sorafenib was statistically longer in 
patients treated with  ≤ 2 consecutive ineffective TACE proce-
dures before sorafenib administration than in patients treated 
with  ≥ 3 consecutive ineffective TACE procedures (p < 0.005). 
This result matched the LCSGJ criteria.  Conclusion:  In patients 
treated with sorafenib, OS was extended with  ≤ 2 consecutive 
ineffective TACE procedures compared to that with  ≥ 3 con-
secutive ineffective TACE procedures. Thus, if tumors are un-
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Group of Japan (LCSGJ) have thus proposed a clear defini-
tion of TACE failure or refractoriness as described below.

  The first criterion applies to intrahepatic lesions, 
where TACE failure is defined as  ≥ 2 consecutive ineffec-
tive responses of treated tumors (viable lesions >50%) 
or  ≥ 2 consecutive progressive increases in total tumor 
counts, despite a prior change in the choice of chemo-
therapeutic agent or reanalysis of the feeding artery. Inef-
fective responses are evaluated by computed tomography 
(CT)/magnetic resonance (MR) imaging 1–3 months af-
ter an adequately performed selective TACE procedure. 
Further criteria for the classification of TACE failure in-
clude the continuous elevation of tumor marker levels 
immediately after TACE (although a transient minor de-
crease may be observed) and the appearance of vascular 
invasion and extrahepatic spread  [9, 16] . In other coun-
tries, ineffective TACE is considered a progressive disease 
based on the results of both the first and second TACE 
procedures. When the response is shown to be ineffective 
after 2 consecutive TACE procedures, sorafenib therapy 
is recommended  [17, 18] . International opinions are di-
vided as to whether the number of consecutive TACE fail-
ures should be defined as n = 2. In this study, we present 
a retrospective case analysis of sorafenib treatment out-
comes and further examine the currently accepted defini-
tions of TACE failure or refraction.

  Materials and Methods 

 Patients 
 Between May 2009 and December 2012, 265 patients with ad-

vanced HCC were treated with sorafenib therapy at Kinki Univer-
sity Hospital, Osakasayama, Japan. Of these, 45 patients were treat-
ed with sorafenib monotherapy following the failure or refractori-
ness of TACE. This study did not require institutional approval or 
informed consent for the retrospective review of patient records or 
images. The research content was posted in our outpatient depart-
ment and on our institution’s website, and patients were given the 
right to refuse to participate in the study.

  The study’s inclusion criteria comprised the following: diagno-
sis of HCC based on histological results or radiological findings 
indicating early enhancement in conjunction with late wash-out 
with dynamic CT or dynamic MR imaging, a performance status of 
0 or 1, a Child-Pugh score of 5–7 points indicating liver cirrhosis, 
and TACE failure or refractoriness where curability of intrahepatic 
lesions with locoregional therapy was not feasible. The exclusion 
criteria were defined as concomitant antineoplastic treatment as 
well as any other therapies undertaken during the period extending 
from the final TACE procedure up to the introduction of sorafenib.

  Assessments 
 Contrast-enhanced CT (CECT) scans were obtained 4–8 weeks 

following the TACE procedure. If the tumor was well enhanced 
without lipiodol deposition, an additional TACE procedure was 

performed. If sufficient lipiodol deposition was observed with no 
evidence of tumor enhancement, CECT imaging was performed at 
the follow-up examination at intervals of approximately 8–12 
weeks. TACE was performed as needed in the case of lipiodol 
wash-out or when new lesions appeared on the liver. If a patient 
exhibited a poor response to a previous TACE procedure, the sub-
sequent procedure was performed within a 3-month period. In this 
study, ineffective TACE was defined as an interval of <3 months 
before the next procedure was performed.

  Statistical Analysis 
 Univariate analysis was used to identify predictors of survival 

using the Kaplan-Meier method, and comparisons were per-
formed using the log-rank test. Multivariate analysis was investi-
gated using the Cox proportional hazard model. A p value of <0.05 

 Table 1.  Characteristics of HCC patients treated with sorafenib

Cases, n

Age 
Median (25 – 75%) 75 (68.5 – 78.5)*

Gender
Male 38 (84.4)
Female 7 (15.6)

ECOG performance status
0 45 (100)
1 0 (0)

Child-Pugh class
A 37 (82.2)
B 8 (17.8)

Virus status†

HBV 4 (8.9)
HCV 33 (73.3)

Both negative 8 (17.8)
Barcelona Clinic for Liver Cancer stage

A 7 (15.6)
B 38 (84.4)

Starting dose of sorafenib, mg
 200 8 (17.8)
400 16 (35.5)
800 21 (46.7)

Serum AST level, ng/ml
Median (25 – 75%) 57 (40 – 74.8)*

Serum ALT level, mAU/ml
Median (25 – 75%) 39.5 (27.5 – 63.8)*

Serum AFP level, ng/ml
Median (25 – 75%) 206.5 (17.5 – 1,738.8)*

Serum DCP level, mAU/ml
Median (25 – 75%) 820 (51 – 4,840)*

 Values in parentheses are percentages unless otherwise indi-
cated. ECOG = Eastern Cooperative Oncology Group; AFP = al-
pha fetoprotein. * Dispersion variables are shown as median values 
(25 – 75%). † Cases positive for HBs-Ag were regarded as HBV-
related HCC cases and cases positive for HCV Ab were regarded 
as HCV-related HCC cases.
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was considered statistically significant. All analyses were per-
formed using the software package SPSS version 19.0 for Windows 
(IBM, New York, N.Y., USA).

  Results 

 Baseline Characteristics 
 Patient characteristics are summarized and presented 

in  table 1 . Thirty-three patients (73.3%) tested positive 

for the anti-hepatitis C virus antibody (HCV Ab), 4 pa-
tients (8.9%) tested positive for the hepatitis B virus 
(HBV) surface antigen (HBs-Ag), and 8 patients (17.8%) 
tested negative for both HCV Ab and HBs-Ag. All pa-
tients were asymptomatic with a performance status of 0, 
and 38 patients (84.4%) were classified as Barcelona 
Clinic for Liver Cancer Stage B with TACE failure. Thir-
ty-seven patients (82.2%) were classified as Child-Pugh 
class A. 

 Table 2. Univariate and multivariate analyses of the relationships between patient characteristics at the initiation 
of sorafenib therapy and OS after starting sorafenib therapy (n = 45)

 OS, months p valuea Multivariate analysis

media n 95% CI HR 95% CI p value

Gender
Male (n = 38) 15.6 1.9 – 29.3
Female (n = 7) – – 0.19
Body mass index
<25 (n = 34) 15.6 3.6 – 27.6
≥25 (n = 11) – – 0.26
Age, years
<75 (n = 20) 15.6 –
≥75 (n = 25) 21.6 6.4 – 36.8 0.74
Child-Pugh stage
A (n = 37) 21.6 –
B (n = 8) – – 0.79
Etiology
HCV (n = 33) 21.6 –
Others (n = 12) 20.8 – 0.65
Barcelona Clinic for Liver Cancer stage
A (n = 7) 21.6 0 – 43.4
B (n = 38) 20.8 – 0.56
AST, ng/ml
<40 (n = 11) – –
≥40 (n = 34) 11.4 3.8 – 18.9 0.027 4.6 0.87 – 24.53 0.072
ALT, mAU/ml
<40 (n = 23) – –
≥40 (n = 22) 9.6 6.2 – 13.1 0.036 2.2 0.49 – 10.08 0.30
AFP, ng/ml
<400 (n = 27) 21.6 –
≥400 (n = 18) 15.6 4.4 – 26.8 0.52
DCP, mAU/ml
<1,000 (n = 23) – –
≥1,000 (n = 22) 9.6 4.1 – 15.2 0.041 1.6 0.48 – 5.67 0.43
Ineffective TACE procedures, n
≤2 (n = 33) – –
≥3 (n = 12) 8.0 5.7 – 10.4 0.005 4.4 1.11 – 17.37 0.035
Sorafenib starting dose, mg
≤400 (n = 25) – –
800 (n = 20) 15.6 4.6 – 26.6 0.33

AFP = Alpha fetoprotein. a The p value was calculated with the log-rank test.
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  Overall Survival and Radiological Evaluation 
 In all patients, the median overall survival (OS) after 

starting sorafenib treatment was 20.7 months. The results 
of sorafenib therapy were as follows: 2 patients showed a 
clinically complete response, 5 patients showed a partial 
response, stable disease was observed in 7 patients, and 
progressive disease was observed in 12. Nine patients 
were not evaluated. Hypertension grade  ≥ 3 was observed 
in 3 patients, and hand-foot skin reactions grade  ≥ 3 in 4 
patients. After the diagnosis of progressive disease, the 12 
applicable patients underwent a subsequent TACE pro-
cedure, and 4 of them received hepatic arterial infusion 
chemotherapy. Eighteen patients were given best sup-
portive care, and the remaining patients were on sorafenib 
therapy at the time of study completion.

  Prognostic Factors 
 Baseline patient characteristics were analyzed in order 

to identify the factors influencing OS after treatment with 
sorafenib. Univariate analysis showed statistically signifi-
cant differences in OS for the following variables: number 

of ineffective TACE (p = 0.005) and serum total bilirubin 
(p = 0.017), aspartate aminotransferase (AST; p = 0.027), 
alanine aminotransferase (ALT; p = 0.036), and des-gam-
ma carboxyprothrombin (DCP; p = 0.041) at the initia-
tion of sorafenib therapy. The number of ineffective 
TACE procedures performed was shown to be the only 
significant and independent factor by multivariate analy-
sis [odds ratio, 4.396; 95% confidence interval (CI), 
1.112–17.374; p = 0.035;  table 2 ;  fig. 1 ].

  Discussion 

 TACE is widely used for the conventional intermedi-
ate-stage treatment of HCC. However, this course of 
therapy can be limited in terms of effectiveness as the 
tumor becomes refractory to TACE. Until the approval 
of sorafenib, ineffective TACE procedures were fre-
quently repeated. In 2008, the first global phase III study 
successfully demonstrated the effectiveness of sorafenib 
as a treatment for advanced-stage HCC, and its publica-
tion led to the first established treatment method for ad-
vanced-stage HCC  [13, 14] . An indication of sorafenib 
is unresectable HCC with distant metastases, vascular 
invasion, or TACE failure or refractoriness. In particu-
lar, the appropriate classification of TACE failure or re-
fractoriness is a controversial topic. In 2010, the JSH 
proposed a standard definition of TACE failure or re-
fractoriness  [9] , and this was subsequently revised in 
2014  [16] . One of the JSH definitions of TACE failure or 
refractoriness concerns intrahepatic lesions, where  ≥ 2 
consecutive ineffective responses of treated tumors (vi-
able lesions >50%) may be evaluated by CT/MRI imag-
ing 1–3 months following an adequately performed se-
lective TACE procedure, despite a prior change in the 
choice of chemotherapeutic agents or reanalysis of the 
feeding artery.

  Thus, it is implied that ineffective TACE should not 
be performed repeatedly, and the patient should imme-
diately be switched to an alternative therapy. In the 
present study, OS was prolonged in the group of pa-
tients not treated with  ≥ 2 repeated ineffective TACE 
procedures. The definition of TACE failure or refracto-
riness, as proposed by the JSH, is thus considered rea-
sonable, and the results of our multivariate analysis in-
dicated that the number of ineffective TACE proce-
dures performed prior to the initiation of sorafenib 
therapy was the sole determinant of OS. Short-term and 
frequently repeated TACE is known to worsen hepatic 
function. Ineffective TACE has a harmful and negative 
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  Fig. 1.  Kaplan-Meier curves of OS in 45 patients treated with 
sorafenib classified by the number of ineffective TACE procedures 
performed. The median OS of the patients treated with  ≥ 3 ineffec-
tive TACE procedures was 8.0 months (95% CI, 5.7–10.4; p = 
0.005). The median OS of the patients treated with  ≤ 2 ineffective 
TACE procedures was not calculated. 
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was considered statistically significant. All analyses were per-
formed using the software package SPSS version 19.0 for Windows 
(IBM, New York, N.Y., USA).

  Results 

 Baseline Characteristics 
 Patient characteristics are summarized and presented 

in  table 1 . Thirty-three patients (73.3%) tested positive 

for the anti-hepatitis C virus antibody (HCV Ab), 4 pa-
tients (8.9%) tested positive for the hepatitis B virus 
(HBV) surface antigen (HBs-Ag), and 8 patients (17.8%) 
tested negative for both HCV Ab and HBs-Ag. All pa-
tients were asymptomatic with a performance status of 0, 
and 38 patients (84.4%) were classified as Barcelona 
Clinic for Liver Cancer Stage B with TACE failure. Thir-
ty-seven patients (82.2%) were classified as Child-Pugh 
class A. 

 Table 2. Univariate and multivariate analyses of the relationships between patient characteristics at the initiation 
of sorafenib therapy and OS after starting sorafenib therapy (n = 45)

 OS, months p valuea Multivariate analysis

media n 95% CI HR 95% CI p value

Gender
Male (n = 38) 15.6 1.9 – 29.3
Female (n = 7) – – 0.19
Body mass index
<25 (n = 34) 15.6 3.6 – 27.6
≥25 (n = 11) – – 0.26
Age, years
<75 (n = 20) 15.6 –
≥75 (n = 25) 21.6 6.4 – 36.8 0.74
Child-Pugh stage
A (n = 37) 21.6 –
B (n = 8) – – 0.79
Etiology
HCV (n = 33) 21.6 –
Others (n = 12) 20.8 – 0.65
Barcelona Clinic for Liver Cancer stage
A (n = 7) 21.6 0 – 43.4
B (n = 38) 20.8 – 0.56
AST, ng/ml
<40 (n = 11) – –
≥40 (n = 34) 11.4 3.8 – 18.9 0.027 4.6 0.87 – 24.53 0.072
ALT, mAU/ml
<40 (n = 23) – –
≥40 (n = 22) 9.6 6.2 – 13.1 0.036 2.2 0.49 – 10.08 0.30
AFP, ng/ml
<400 (n = 27) 21.6 –
≥400 (n = 18) 15.6 4.4 – 26.8 0.52
DCP, mAU/ml
<1,000 (n = 23) – –
≥1,000 (n = 22) 9.6 4.1 – 15.2 0.041 1.6 0.48 – 5.67 0.43
Ineffective TACE procedures, n
≤2 (n = 33) – –
≥3 (n = 12) 8.0 5.7 – 10.4 0.005 4.4 1.11 – 17.37 0.035
Sorafenib starting dose, mg
≤400 (n = 25) – –
800 (n = 20) 15.6 4.6 – 26.6 0.33

AFP = Alpha fetoprotein. a The p value was calculated with the log-rank test.
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  Overall Survival and Radiological Evaluation 
 In all patients, the median overall survival (OS) after 

starting sorafenib treatment was 20.7 months. The results 
of sorafenib therapy were as follows: 2 patients showed a 
clinically complete response, 5 patients showed a partial 
response, stable disease was observed in 7 patients, and 
progressive disease was observed in 12. Nine patients 
were not evaluated. Hypertension grade  ≥ 3 was observed 
in 3 patients, and hand-foot skin reactions grade  ≥ 3 in 4 
patients. After the diagnosis of progressive disease, the 12 
applicable patients underwent a subsequent TACE pro-
cedure, and 4 of them received hepatic arterial infusion 
chemotherapy. Eighteen patients were given best sup-
portive care, and the remaining patients were on sorafenib 
therapy at the time of study completion.

  Prognostic Factors 
 Baseline patient characteristics were analyzed in order 

to identify the factors influencing OS after treatment with 
sorafenib. Univariate analysis showed statistically signifi-
cant differences in OS for the following variables: number 

of ineffective TACE (p = 0.005) and serum total bilirubin 
(p = 0.017), aspartate aminotransferase (AST; p = 0.027), 
alanine aminotransferase (ALT; p = 0.036), and des-gam-
ma carboxyprothrombin (DCP; p = 0.041) at the initia-
tion of sorafenib therapy. The number of ineffective 
TACE procedures performed was shown to be the only 
significant and independent factor by multivariate analy-
sis [odds ratio, 4.396; 95% confidence interval (CI), 
1.112–17.374; p = 0.035;  table 2 ;  fig. 1 ].

  Discussion 

 TACE is widely used for the conventional intermedi-
ate-stage treatment of HCC. However, this course of 
therapy can be limited in terms of effectiveness as the 
tumor becomes refractory to TACE. Until the approval 
of sorafenib, ineffective TACE procedures were fre-
quently repeated. In 2008, the first global phase III study 
successfully demonstrated the effectiveness of sorafenib 
as a treatment for advanced-stage HCC, and its publica-
tion led to the first established treatment method for ad-
vanced-stage HCC  [13, 14] . An indication of sorafenib 
is unresectable HCC with distant metastases, vascular 
invasion, or TACE failure or refractoriness. In particu-
lar, the appropriate classification of TACE failure or re-
fractoriness is a controversial topic. In 2010, the JSH 
proposed a standard definition of TACE failure or re-
fractoriness  [9] , and this was subsequently revised in 
2014  [16] . One of the JSH definitions of TACE failure or 
refractoriness concerns intrahepatic lesions, where  ≥ 2 
consecutive ineffective responses of treated tumors (vi-
able lesions >50%) may be evaluated by CT/MRI imag-
ing 1–3 months following an adequately performed se-
lective TACE procedure, despite a prior change in the 
choice of chemotherapeutic agents or reanalysis of the 
feeding artery.

  Thus, it is implied that ineffective TACE should not 
be performed repeatedly, and the patient should imme-
diately be switched to an alternative therapy. In the 
present study, OS was prolonged in the group of pa-
tients not treated with  ≥ 2 repeated ineffective TACE 
procedures. The definition of TACE failure or refracto-
riness, as proposed by the JSH, is thus considered rea-
sonable, and the results of our multivariate analysis in-
dicated that the number of ineffective TACE proce-
dures performed prior to the initiation of sorafenib 
therapy was the sole determinant of OS. Short-term and 
frequently repeated TACE is known to worsen hepatic 
function. Ineffective TACE has a harmful and negative 
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  Fig. 1.  Kaplan-Meier curves of OS in 45 patients treated with 
sorafenib classified by the number of ineffective TACE procedures 
performed. The median OS of the patients treated with  ≥ 3 ineffec-
tive TACE procedures was 8.0 months (95% CI, 5.7–10.4; p = 
0.005). The median OS of the patients treated with  ≤ 2 ineffective 
TACE procedures was not calculated. 
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effect without the benefit of increased OS and should 
not be repeated.

  In conclusion, the OS of patients treated with sorafenib 
induced by TACE failure or refractoriness without extra-
hepatic spread or vascular invasion was prolonged in pa-
tients who received  ≤ 2 consecutive ineffective TACE 
procedures compared to patients who received  ≥ 3 con-
secutive ineffective TACE procedures. Thus, in the case 
of uncontrolled tumors, TACE should not be repeated 

and alternative treatments such as sorafenib are recom-
mended. The results of this study support the definition 
of TACE failure or refractoriness as proposed by the LC-
SGJ  [16] . 
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 Introduction 

 There are various types of benign hepatocellular nodu-
lar lesions, and their diagnostic criteria were formulated 
in detail. However, in 2010, the new World Health Orga-
nization (WHO) classification introduced immunohisto-
chemical diagnostic criteria for hepatocellular adenoma 
(HCA) reflecting molecular pathological properties, and 
HCA was classified into 4 subtypes. These criteria were 
truly useful for the diagnosis of HCA and its subtyping. 
They were also useful for the differentiation from focal 
nodular hyperplasia (FNH) in Japan. The introduction of 
this new diagnostic procedure is a great progress. How-
ever, the new WHO classification is based on principles 
that differ from those of conventional definitions. We 
sometimes encounter difficult cases that can be diagnosed 
as HCA or FNH depending on the different definitions. In 
order to solve this problem, we present a new perspective 
on the diagnosis of benign hepatocellular nodular lesions.
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tion is based on principles that differ from those of conven-
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differential diagnosis. Therefore, it has caused disagree-
ments in the diagnosis in some cases. Based on this back-
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benign hepatocellular nodular lesions.  © 2014 S. Karger AG, Basel 
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effect without the benefit of increased OS and should 
not be repeated.

  In conclusion, the OS of patients treated with sorafenib 
induced by TACE failure or refractoriness without extra-
hepatic spread or vascular invasion was prolonged in pa-
tients who received  ≤ 2 consecutive ineffective TACE 
procedures compared to patients who received  ≥ 3 con-
secutive ineffective TACE procedures. Thus, in the case 
of uncontrolled tumors, TACE should not be repeated 

and alternative treatments such as sorafenib are recom-
mended. The results of this study support the definition 
of TACE failure or refractoriness as proposed by the LC-
SGJ  [16] . 

  Disclosure Statement 
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 There are various types of benign hepatocellular nodu-
lar lesions, and their diagnostic criteria were formulated 
in detail. However, in 2010, the new World Health Orga-
nization (WHO) classification introduced immunohisto-
chemical diagnostic criteria for hepatocellular adenoma 
(HCA) reflecting molecular pathological properties, and 
HCA was classified into 4 subtypes. These criteria were 
truly useful for the diagnosis of HCA and its subtyping. 
They were also useful for the differentiation from focal 
nodular hyperplasia (FNH) in Japan. The introduction of 
this new diagnostic procedure is a great progress. How-
ever, the new WHO classification is based on principles 
that differ from those of conventional definitions. We 
sometimes encounter difficult cases that can be diagnosed 
as HCA or FNH depending on the different definitions. In 
order to solve this problem, we present a new perspective 
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  Detailed disease concepts, definitions and methods 
for the differential diagnosis have been developed for 
various types of benign hepatocellular nodular lesions 
 [1–16] . They have been applied effectively so far. Recent-
ly, however, the molecular pathological properties of 
HCA have been clarified, primarily by a French group, 
and immunohistochemical diagnostic methods reflect-
ing these findings have been introduced  [17–19] . They 
were truly excellent works. As a result, the 2010 WHO 
classification clearly described these diagnostic methods 
and disease types of HCA  [20] . Thereafter, the diagnostic 
methods were also introduced to Japan. Attempts to di-
agnose benign hepatocellular nodular lesions and to dis-
criminate them, particularly from FNH, have begun. 
However, the diagnoses based on these immunohisto-
chemical criteria have not always agreed with those based 
on conventional diagnostic criteria for HCA or FNH. In 
addition, benign hepatocellular nodular lesions include 
not only HCA and FNH but also various other nodular 
lesions. Therefore, lesions that are difficult to diagnose 

definitively have increased, causing considerable diffi-
culties in daily practice.

  In this article, we describe conventional disease con-
cepts and definitions of benign hepatocellular nodular le-
sions, diagnostic methods, and their changes. In addition, 
new diagnostic criteria are explained, and their new prob-
lems and measures to utilize them are discussed.

  Conventional Classification and Diagnostic Criteria 
for Benign Hepatocellular Nodular Lesions 

 Benign hepatocellular nodular lesions have been clas-
sified in detail according to clinical data, state of the 
background liver, and gross and histological findings of 
the nodules ( tables 1 ,  2 ;    fig. 1 )  [1–16] . Among these le-
sions, HCA is a benign neoplastic lesion  [1, 2] , and the 
large regenerative nodule (LRN) is a large nodule ob-
served in liver cirrhosis  [10] . In the International Work-
ing Party (IWP) classification, various nontypical le-

 Table 1.  Classification of various benign hepatocellular nodular lesions (cited from  [13]  with modification)

HCA FNH NRH PNT IPH LRN

Concept Benign hepato-cellular 
neoplasm

Hyperplastic nodule 
with central scar

Regenerative/
hyperplastic 
nodules are formed 
diffusely in the 
liver. No fibrous 
septa are observed.

Hyperplastic nodules 
of the hilar region 
often accompanied by 
portal hypertension.

Noncirrhotic portal 
hypertension 
fulfilling detailed 
diagnostic criteria 
for IPH.

Varies in the definition. A large 
regenerative nodule observed in 
cirrhotic liver by the Japanese 
General Rules for Clinical and 
Pathological Studies of Liver 
Cancer. Noncirrhotic nodules 
are also included in the 
International Working Party 
Classification.

Sites of 
nodules

Anywhere in 
the liver

Anywhere in the liver, 
but frequently in the 
periphery

Diffusely present 
over the whole liver

Hilar region Conceptually, a 
diffuse disease, but 
there are reports of 
nodule formation.

Anywhere in the liver

Number
and size of 
nodules

Single/(multiple)
A few centimeters

Single/(multiple)
A few centimeters

Multiple
Many are ≤1.5 cm

Single/(multiple) 
A few centimeters 
(occasionally occupies 
2/3 of the liver)

Single/(multiple) 
From several millimeters to a 
few centimeters

Coexistence 
with portal 
hypertension

Rare Infrequent Frequent Frequent Always Varies with definition

Coexistence 
with cirrhosis

None None None None None Varies in the definition

Problems – Not so often related to oral 
contraceptives in Japan as re-
ported in Western countries.
– Differentiation from FNH may 
pose a problem, particularly 
in patients showing central 
scar-like tissue.
– A benign tumoral lesion but 
may be difficult to differentiate 
from hyperplasia.

– Although a hyper-
plastic lesion, it may 
be difficult to differ-
entiate from HCA, a 
benign neoplastic 
lesion.
– Extranodular areas 
are considered nearly 
normal, but there 
may be NRH-like or 
IPH-like lesions.

– There may be 
large coexisting 
nodules, which may 
be HCA- or FNH-
like.
– Areas without 
nodules resemble 
IPH.

– Considered to be 
an entity closely 
resembling IPH. The 
disease concept is 
questioned by some.

– Differentiation 
from NRH may pose 
a problem in patients 
showing marked 
nodule formation.
– Some cases without 
clinical portal hyper-
tension histologically 
resemble IPH.

– Definition differs between the 
Japanese General Rules and the 
IWP classification.
– A large regenerative nodule in 
liver cirrhosis by the Japanese 
General Rules, but large regen-
erative nodules after extensive 
necrosis and FNH- or NR H-
like regenerative nodules may 
also be included in the IWP 
classification.
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sions of noncirrhotic benign hepatocellular nodules are 
also lumped together as LRN  [10] . By the way, FNH  [3, 
4] , nodular regenerative hyperplasia (NRH)  [5, 6] , par-
tial nodular transformation (PNT)  [7] , and benign hepa-
tocellular nodular lesions observed in idiopathic portal 
hypertension (IPH)  [8, 9]  are the lesions comprehen-
sively called hepatocellular nodules caused by abnormal 
intrahepatic circulation. Presently, there are two con-
cepts about FNH, NRH, PNT, and nodules in IPH. One 
is the conventional concept, namely, these are diseases 
caused by different etiological mechanisms: FNH is a hy-
perplastic lesion due to vascular malformation, NRH 
is characterized by small intrahepatic nodules formed 
by a compensatory regenerative mechanism induced 
primarily by secondary vascular disorders such as throm-
bosis and vasculitis, and IPH, the etiology of which re-

mains unclear, is regarded as a lesion of a different en-
tity  [1–10] . According to the other concept, these lesions 
are different subtypes or variants of the same disease 
with transitional or intermediate types  [11–13] . Their 
common cause is considered as vascular malformation 
 [11–13] .

  The second concept was formulated to solve the various 
problems with the conventional concepts as shown in  ta-
ble  1 . We encountered various difficult lesions when we 
used only the traditional concept. In the second concept, 
these lesions are considered analogous diseases forming the 
category of benign hepatocellular nodules caused by a com-
mon etiological mechanism, which is an anomaly of the 
components of the portal tract. Although the size and dis-
tribution of the nodular lesions are various, their interstitia, 
namely the portal tracts, show very similar features ( fig. 2 ).

 Table 2. Differential diagnosis of HCA and FNH (cited from  [15] )

FNH HCA

Definition Hyperplastic lesion caused by vascular malformation Benign neoplastic lesion
Background liver Normal Normal
Gross characteristics Central scar (+) Central scar (–)
Histological characteristics Anomalous blood vessels, anomalous portal tract Portal tract (–)
Clinical characteristics Associated with oral contraceptives (?) Associations with oral contraceptives, anabolic steroid 

hormone, glycogen storage disease, etc.
Malignant transformation (–), hemorrhage (–) Malignant transformation (+), hemorrhage (+)

a b

c d
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  Fig. 1.  Gross images of typical and nontyp-
ical benign hepatocellular nodular lesions 
(cited from  [12,   13,   15]  with modification). 
 a  FNH: a stellate central scar is clearly seen. 
 b  HCA: no central scar present. In both 
 a  and  b , the background liver is normal. 
 c  NRH: while small nodules are distributed 
diffusely over the entire liver, no fibrous 
septa such as those in liver cirrhosis are 
noted.  d  A nontypical nodule is shown in 
this cross section of the liver shown in  c . 
The background liver shows characteristics 
of NRH. The nodule indicated by the black 
arrow shows a clear central scar and closely 
resembles FNH. However, as the back-
ground liver is not normal, the lesion is not 
diagnosed as FNH according to the con-
ventional definition. The nodule indicated 
by the white arrow cannot be definitively 
diagnosed because there is no central scar. 
Unlike FNH, the diameter is too large for 
NRH, and, while it resembles HCA, there is 
no history of the use of oral contraceptives. 
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  Detailed disease concepts, definitions and methods 
for the differential diagnosis have been developed for 
various types of benign hepatocellular nodular lesions 
 [1–16] . They have been applied effectively so far. Recent-
ly, however, the molecular pathological properties of 
HCA have been clarified, primarily by a French group, 
and immunohistochemical diagnostic methods reflect-
ing these findings have been introduced  [17–19] . They 
were truly excellent works. As a result, the 2010 WHO 
classification clearly described these diagnostic methods 
and disease types of HCA  [20] . Thereafter, the diagnostic 
methods were also introduced to Japan. Attempts to di-
agnose benign hepatocellular nodular lesions and to dis-
criminate them, particularly from FNH, have begun. 
However, the diagnoses based on these immunohisto-
chemical criteria have not always agreed with those based 
on conventional diagnostic criteria for HCA or FNH. In 
addition, benign hepatocellular nodular lesions include 
not only HCA and FNH but also various other nodular 
lesions. Therefore, lesions that are difficult to diagnose 

definitively have increased, causing considerable diffi-
culties in daily practice.

  In this article, we describe conventional disease con-
cepts and definitions of benign hepatocellular nodular le-
sions, diagnostic methods, and their changes. In addition, 
new diagnostic criteria are explained, and their new prob-
lems and measures to utilize them are discussed.

  Conventional Classification and Diagnostic Criteria 
for Benign Hepatocellular Nodular Lesions 

 Benign hepatocellular nodular lesions have been clas-
sified in detail according to clinical data, state of the 
background liver, and gross and histological findings of 
the nodules ( tables 1 ,  2 ;    fig. 1 )  [1–16] . Among these le-
sions, HCA is a benign neoplastic lesion  [1, 2] , and the 
large regenerative nodule (LRN) is a large nodule ob-
served in liver cirrhosis  [10] . In the International Work-
ing Party (IWP) classification, various nontypical le-

 Table 1.  Classification of various benign hepatocellular nodular lesions (cited from  [13]  with modification)

HCA FNH NRH PNT IPH LRN

Concept Benign hepato-cellular 
neoplasm

Hyperplastic nodule 
with central scar

Regenerative/
hyperplastic 
nodules are formed 
diffusely in the 
liver. No fibrous 
septa are observed.

Hyperplastic nodules 
of the hilar region 
often accompanied by 
portal hypertension.

Noncirrhotic portal 
hypertension 
fulfilling detailed 
diagnostic criteria 
for IPH.

Varies in the definition. A large 
regenerative nodule observed in 
cirrhotic liver by the Japanese 
General Rules for Clinical and 
Pathological Studies of Liver 
Cancer. Noncirrhotic nodules 
are also included in the 
International Working Party 
Classification.

Sites of 
nodules

Anywhere in 
the liver

Anywhere in the liver, 
but frequently in the 
periphery

Diffusely present 
over the whole liver

Hilar region Conceptually, a 
diffuse disease, but 
there are reports of 
nodule formation.

Anywhere in the liver

Number
and size of 
nodules

Single/(multiple)
A few centimeters

Single/(multiple)
A few centimeters

Multiple
Many are ≤1.5 cm

Single/(multiple) 
A few centimeters 
(occasionally occupies 
2/3 of the liver)

Single/(multiple) 
From several millimeters to a 
few centimeters

Coexistence 
with portal 
hypertension

Rare Infrequent Frequent Frequent Always Varies with definition

Coexistence 
with cirrhosis

None None None None None Varies in the definition

Problems – Not so often related to oral 
contraceptives in Japan as re-
ported in Western countries.
– Differentiation from FNH may 
pose a problem, particularly 
in patients showing central 
scar-like tissue.
– A benign tumoral lesion but 
may be difficult to differentiate 
from hyperplasia.

– Although a hyper-
plastic lesion, it may 
be difficult to differ-
entiate from HCA, a 
benign neoplastic 
lesion.
– Extranodular areas 
are considered nearly 
normal, but there 
may be NRH-like or 
IPH-like lesions.

– There may be 
large coexisting 
nodules, which may 
be HCA- or FNH-
like.
– Areas without 
nodules resemble 
IPH.

– Considered to be 
an entity closely 
resembling IPH. The 
disease concept is 
questioned by some.

– Differentiation 
from NRH may pose 
a problem in patients 
showing marked 
nodule formation.
– Some cases without 
clinical portal hyper-
tension histologically 
resemble IPH.

– Definition differs between the 
Japanese General Rules and the 
IWP classification.
– A large regenerative nodule in 
liver cirrhosis by the Japanese 
General Rules, but large regen-
erative nodules after extensive 
necrosis and FNH- or NR H-
like regenerative nodules may 
also be included in the IWP 
classification.
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sions of noncirrhotic benign hepatocellular nodules are 
also lumped together as LRN  [10] . By the way, FNH  [3, 
4] , nodular regenerative hyperplasia (NRH)  [5, 6] , par-
tial nodular transformation (PNT)  [7] , and benign hepa-
tocellular nodular lesions observed in idiopathic portal 
hypertension (IPH)  [8, 9]  are the lesions comprehen-
sively called hepatocellular nodules caused by abnormal 
intrahepatic circulation. Presently, there are two con-
cepts about FNH, NRH, PNT, and nodules in IPH. One 
is the conventional concept, namely, these are diseases 
caused by different etiological mechanisms: FNH is a hy-
perplastic lesion due to vascular malformation, NRH 
is characterized by small intrahepatic nodules formed 
by a compensatory regenerative mechanism induced 
primarily by secondary vascular disorders such as throm-
bosis and vasculitis, and IPH, the etiology of which re-

mains unclear, is regarded as a lesion of a different en-
tity  [1–10] . According to the other concept, these lesions 
are different subtypes or variants of the same disease 
with transitional or intermediate types  [11–13] . Their 
common cause is considered as vascular malformation 
 [11–13] .

  The second concept was formulated to solve the various 
problems with the conventional concepts as shown in  ta-
ble  1 . We encountered various difficult lesions when we 
used only the traditional concept. In the second concept, 
these lesions are considered analogous diseases forming the 
category of benign hepatocellular nodules caused by a com-
mon etiological mechanism, which is an anomaly of the 
components of the portal tract. Although the size and dis-
tribution of the nodular lesions are various, their interstitia, 
namely the portal tracts, show very similar features ( fig. 2 ).

 Table 2. Differential diagnosis of HCA and FNH (cited from  [15] )

FNH HCA

Definition Hyperplastic lesion caused by vascular malformation Benign neoplastic lesion
Background liver Normal Normal
Gross characteristics Central scar (+) Central scar (–)
Histological characteristics Anomalous blood vessels, anomalous portal tract Portal tract (–)
Clinical characteristics Associated with oral contraceptives (?) Associations with oral contraceptives, anabolic steroid 

hormone, glycogen storage disease, etc.
Malignant transformation (–), hemorrhage (–) Malignant transformation (+), hemorrhage (+)
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  Fig. 1.  Gross images of typical and nontyp-
ical benign hepatocellular nodular lesions 
(cited from  [12,   13,   15]  with modification). 
 a  FNH: a stellate central scar is clearly seen. 
 b  HCA: no central scar present. In both 
 a  and  b , the background liver is normal. 
 c  NRH: while small nodules are distributed 
diffusely over the entire liver, no fibrous 
septa such as those in liver cirrhosis are 
noted.  d  A nontypical nodule is shown in 
this cross section of the liver shown in  c . 
The background liver shows characteristics 
of NRH. The nodule indicated by the black 
arrow shows a clear central scar and closely 
resembles FNH. However, as the back-
ground liver is not normal, the lesion is not 
diagnosed as FNH according to the con-
ventional definition. The nodule indicated 
by the white arrow cannot be definitively 
diagnosed because there is no central scar. 
Unlike FNH, the diameter is too large for 
NRH, and, while it resembles HCA, there is 
no history of the use of oral contraceptives. 
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  These lesions are called anomalous portal tract syn-
drome ( fig. 3 a)  [12] , and this concept is useful for the in-
terpretation of various nontypical cases. It is also useful 
for the evaluation of their relationships with hemangio-
mas of the liver, portal hypertension, congenital hepatic 
fibrosis, and bile duct malformation ( fig. 2 ,  3 ). Nontypical 
cases with hepatocellular hemangiomatous lesions can 
also be interpreted by this concept  [21] . Although this 
concept alone may not be sufficient to explain the etiol-
ogy of many lesions including IPH and NRH, it is recom-
mended to consider this concept when we encounter var-
ious difficult cases  [22] . Recently, the original concept 
( fig. 3 a) has been revised ( fig. 3 b) owing to the develop-
ment of the WHO classification. It is explained later in 
this study.

  At any rate, benign hepatocellular nodular lesions 
were conventionally classified into benign neoplastic le-
sions, various nonneoplastic nodules associated with ab-
normal circulation, and regenerative nodules in liver cir-
rhosis ( table 1 ).

  Diagnosis of HCA Based on the New WHO 
Classification and Its Differentiation from FNH 

 Recently, however, the 2010 WHO Classification of 
the Tumours of the Digestive System has been published, 
and HCA was classified into 4 subtypes based on the gen-
otype  [20] : (1) hepatocyte nuclear factor 1α (HNF1α) in-
activated type (H-HCA), (2) β-catenin activated type (b-

a b c d

e f g h

  Fig. 2.  Abnormalities of the portal tract observed in various nodu-
lar lesions and portal hypertension (cited from  [13, 14] ).  a ,  b  In-
tranodular area of FNH. In  a , the artery (a) occupies an abnor-
mally large proportion of the portal tract. The portal vein (p) is 
abnormally thin compared with the artery (a) or bile duct (b). In 
 b , the portal vein (p) is abnormally dilated.  c ,  d  An extranodular 
area of FNH is shown. Abnormal findings such as an abnormally 
thick artery, portal vein ( c ), and a dilated portal vein ( d ) are noted 
outside as well as inside the nodule. In  e  a central scar in FNH is 
shown. This tissue is also considered to be an abnormal portal tract 
that has grown into giant dimensions due to malformation from 
the presence of the portal vein (p), artery (a), and bile duct (b). 

 f  NRH: a very thick artery (a) and a narrowed portal vein (p) are 
observed in the portal tract, and the presence of the bile duct is 
unclear. These findings are difficult to explain by thrombosis and 
suggest a congenital malformation.  g  IPH: a thick artery (a) that 
occupies a large portion of the portal tract and a narrowed portal 
vein (p) are observed, but the bile duct is unclear. The findings re-
semble those in the extranodular area of FNH ( c ) and NRH ( f ). 
 h  A congenital hepatic fibrosis is shown. The portal tract not only 
shows fibrosis but also contains a large number of bile ducts. The 
portal vein is narrowed, and this is considered the cause of portal 
hypertension. The presence of multiple bile ducts suggests malfor-
mation of this portal tract. 
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HCA), (3) inflammatory HCA (I-HCA), and (4) the un-
classifiable type (u-HCA). Points of differentiation from 
FNH were also specified ( table 3 ,  fig. 4 ). It is indeed a great 
advance in hepatology.

  Concerning these 4 subtypes, the mutant gene, immu-
nohistochemical findings reflecting the mutations, gen-
der difference, histological characteristics, and character-
istic clinical findings have been clarified: (1) H-HCA is 
characterized by inactivation of HNF1α, immunohisto-
chemically, by a decrease in liver fatty acid-binding pro-
tein (L-FABP), a predominance in women, and, histo-
logically, fatty degeneration ( fig. 4 a, b) and is suggested to 
be related to oral contraceptives. (2) b-HCA is character-
ized by activation of β-catenin, immunohistochemically, 
intranuclear accumulation of β-catenin or diffuse posi-

tivity for glutamine synthetase (GS), a predominance in 
women, and, histologically, cellular atypia and is associ-
ated with a high risk of carcinogenesis (however, nuclear 
atypia was rare in the Japanese cases reported) ( fig. 4 c–e). 
(3) I-HCA is characterized by mutations of genes such as 
gp130, STAT3, and GNAS, immunohistochemically, by 
positivity for serum amyloid A (SAA) and C-reactive pro-
tein, and, histologically, inflammatory cell infiltration, 
ductular reactions, and sinusoid dilation and is consid-
ered to be closely related to drinking and obesity ( fig. 4 f, 
g). (4) u-HCA lacks gene mutations or immunohisto-
chemical findings, but is diagnosed as HCA from gross 
and histological findings. FNH shows no gene mutations 
or immunohistochemical characteristics described in (1) 
to (3), but is characterized immunohistochemically by a 

Mutation (–)

IPH

Hemangioma

Bile duct
malformation

Mutation
(–) (±) (+)

NRH Mutation
(–) (±) (+)

FNH Mutation
(–) (±) (+)

LRN
(HCA-like) Mutation

(–) (±) (+)

PNT Mutation
(–) (±) (+)

Anomaly of the portal tract

Focally (+) (+)

b

IPH

Hemangioma

Bile duct
malformation

NRH Mutation
(–) (±) (+)

FNH

LRN
(HCA-like)

PNT

Anomaly of the portal tracta

  Fig. 3.  Concept of anomalous portal tract 
syndrome (cited from  [12, 13, 14]  with 
modification).  a  The original concept is 
presented: various lesions are caused by 
congenital anomaly of the portal tract. Ab-
normal vasculature due to malformation 
causes various types of abnormal circula-
tion, and in addition, it causes various 
types of hyperplastic hepatocellular nodu-
lar lesions. Hemangioma and various types 
of bile duct malformation sometimes coex-
ist with these hepatocellular nodules be-
cause both blood vessels and bile ducts are 
components of the portal tract.  b  Revised 
concept after adjusting for the new WHO 
classification. The revised concept pre-
sumes the three stages in every lesion, i.e. 
nonmutated, focally mutated and entirely 
mutated stages.                         
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  These lesions are called anomalous portal tract syn-
drome ( fig. 3 a)  [12] , and this concept is useful for the in-
terpretation of various nontypical cases. It is also useful 
for the evaluation of their relationships with hemangio-
mas of the liver, portal hypertension, congenital hepatic 
fibrosis, and bile duct malformation ( fig. 2 ,  3 ). Nontypical 
cases with hepatocellular hemangiomatous lesions can 
also be interpreted by this concept  [21] . Although this 
concept alone may not be sufficient to explain the etiol-
ogy of many lesions including IPH and NRH, it is recom-
mended to consider this concept when we encounter var-
ious difficult cases  [22] . Recently, the original concept 
( fig. 3 a) has been revised ( fig. 3 b) owing to the develop-
ment of the WHO classification. It is explained later in 
this study.

  At any rate, benign hepatocellular nodular lesions 
were conventionally classified into benign neoplastic le-
sions, various nonneoplastic nodules associated with ab-
normal circulation, and regenerative nodules in liver cir-
rhosis ( table 1 ).

  Diagnosis of HCA Based on the New WHO 
Classification and Its Differentiation from FNH 

 Recently, however, the 2010 WHO Classification of 
the Tumours of the Digestive System has been published, 
and HCA was classified into 4 subtypes based on the gen-
otype  [20] : (1) hepatocyte nuclear factor 1α (HNF1α) in-
activated type (H-HCA), (2) β-catenin activated type (b-

a b c d

e f g h

  Fig. 2.  Abnormalities of the portal tract observed in various nodu-
lar lesions and portal hypertension (cited from  [13, 14] ).  a ,  b  In-
tranodular area of FNH. In  a , the artery (a) occupies an abnor-
mally large proportion of the portal tract. The portal vein (p) is 
abnormally thin compared with the artery (a) or bile duct (b). In 
 b , the portal vein (p) is abnormally dilated.  c ,  d  An extranodular 
area of FNH is shown. Abnormal findings such as an abnormally 
thick artery, portal vein ( c ), and a dilated portal vein ( d ) are noted 
outside as well as inside the nodule. In  e  a central scar in FNH is 
shown. This tissue is also considered to be an abnormal portal tract 
that has grown into giant dimensions due to malformation from 
the presence of the portal vein (p), artery (a), and bile duct (b). 

 f  NRH: a very thick artery (a) and a narrowed portal vein (p) are 
observed in the portal tract, and the presence of the bile duct is 
unclear. These findings are difficult to explain by thrombosis and 
suggest a congenital malformation.  g  IPH: a thick artery (a) that 
occupies a large portion of the portal tract and a narrowed portal 
vein (p) are observed, but the bile duct is unclear. The findings re-
semble those in the extranodular area of FNH ( c ) and NRH ( f ). 
 h  A congenital hepatic fibrosis is shown. The portal tract not only 
shows fibrosis but also contains a large number of bile ducts. The 
portal vein is narrowed, and this is considered the cause of portal 
hypertension. The presence of multiple bile ducts suggests malfor-
mation of this portal tract. 
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HCA), (3) inflammatory HCA (I-HCA), and (4) the un-
classifiable type (u-HCA). Points of differentiation from 
FNH were also specified ( table 3 ,  fig. 4 ). It is indeed a great 
advance in hepatology.

  Concerning these 4 subtypes, the mutant gene, immu-
nohistochemical findings reflecting the mutations, gen-
der difference, histological characteristics, and character-
istic clinical findings have been clarified: (1) H-HCA is 
characterized by inactivation of HNF1α, immunohisto-
chemically, by a decrease in liver fatty acid-binding pro-
tein (L-FABP), a predominance in women, and, histo-
logically, fatty degeneration ( fig. 4 a, b) and is suggested to 
be related to oral contraceptives. (2) b-HCA is character-
ized by activation of β-catenin, immunohistochemically, 
intranuclear accumulation of β-catenin or diffuse posi-

tivity for glutamine synthetase (GS), a predominance in 
women, and, histologically, cellular atypia and is associ-
ated with a high risk of carcinogenesis (however, nuclear 
atypia was rare in the Japanese cases reported) ( fig. 4 c–e). 
(3) I-HCA is characterized by mutations of genes such as 
gp130, STAT3, and GNAS, immunohistochemically, by 
positivity for serum amyloid A (SAA) and C-reactive pro-
tein, and, histologically, inflammatory cell infiltration, 
ductular reactions, and sinusoid dilation and is consid-
ered to be closely related to drinking and obesity ( fig. 4 f, 
g). (4) u-HCA lacks gene mutations or immunohisto-
chemical findings, but is diagnosed as HCA from gross 
and histological findings. FNH shows no gene mutations 
or immunohistochemical characteristics described in (1) 
to (3), but is characterized immunohistochemically by a 

Mutation (–)

IPH

Hemangioma

Bile duct
malformation

Mutation
(–) (±) (+)

NRH Mutation
(–) (±) (+)

FNH Mutation
(–) (±) (+)

LRN
(HCA-like) Mutation

(–) (±) (+)

PNT Mutation
(–) (±) (+)

Anomaly of the portal tract

Focally (+) (+)
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Hemangioma

Bile duct
malformation

NRH Mutation
(–) (±) (+)

FNH

LRN
(HCA-like)

PNT

Anomaly of the portal tracta

  Fig. 3.  Concept of anomalous portal tract 
syndrome (cited from  [12, 13, 14]  with 
modification).  a  The original concept is 
presented: various lesions are caused by 
congenital anomaly of the portal tract. Ab-
normal vasculature due to malformation 
causes various types of abnormal circula-
tion, and in addition, it causes various 
types of hyperplastic hepatocellular nodu-
lar lesions. Hemangioma and various types 
of bile duct malformation sometimes coex-
ist with these hepatocellular nodules be-
cause both blood vessels and bile ducts are 
components of the portal tract.  b  Revised 
concept after adjusting for the new WHO 
classification. The revised concept pre-
sumes the three stages in every lesion, i.e. 
nonmutated, focally mutated and entirely 
mutated stages.                         
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map-like distribution of GS ( fig. 4 h). It is also reported to 
show a central scar, inflammatory cell infiltration, ductu-
lar reaction, and sinusoid dilation as characteristic fea-
tures. However, as FNH occasionally shows no central 
scar, and as inflammatory cell infiltration, ductular reac-
tion as well as sinusoid dilation are also observed in I-
HCA, the map-like distribution of GS is useful for its di-
agnosis.

  Results in Japan 

 The new diagnostic methods and histological and clin-
ical findings observed above have been documented pri-
marily by a French group  [17–20] . Although they are ex-
cellent works, we had to examine whether or not these 
findings are directly applicable to Japanese patients. Race 
and clinical background are quite different between Japan 
and Europe. In Japan, there have been reports by Sasaki 
et al.  [23, 24]  and Soejima et al.  [25] .

  Soejima et al.  [25]  evaluated 35 nodules of HCA in 26 
patients (examined by surgery in 23, autopsy in 2, and 
biopsy in 1) consisting of 13 males and 13 females. None 
of them took oral contraceptives, and only 1 of them had 
glycogen storage disease. The clinical background of 
HCA in these Japanese patients markedly differed from 
that observed in reports from Western countries. How-
ever, 2 patients showed congenital absence of the portal 
vein, 1 showed IPH, 4 had complicating FNH, and a con-
siderable number of patients showed abnormal intrahe-
patic circulation. These lesions have been conventionally 
classified as hyperplastic lesions caused by abnormal cir-
culation or FNH-like lesions.

  In addition, of the 35 HCA nodules, 11 (31%) were clas-
sified by immunostaining as H-HCA, 7 (20%) as b-HCA, 

10 (29%) as I-HCA, and 7 (20%) as u-HCA. These per-
centages were similar to those in Western populations de-
spite differences in clinical background. Their work did 
not include patients with alcoholic abuse or viral cirrhosis.

  Moreover, the expression of OATP1B3 in various sub-
types was analyzed by immunostaining. It was attenuated 
in 6 of 8 (75%) of the H-HCAs, 0 of 6 (0%) of the b-HCAs, 
9 of 10 (90%) of the I-HCAs, and 4 of 6 (67%) of the u-
HCAs, compared with nonnodular areas. Five nodules 
were excluded from the study because their stainability 
was difficult to evaluate. The expression was frequently 
attenuated in H-HCA and I-HCA, but not in b-HCA. In 
addition, the OATP1B3 expression was maintained or 
enhanced in all 8 nodules that showed intranuclear ac-
cumulation of β-catenin (6 nodules of b-HCA and 2 nod-
ules of H-HCA). This indicates a close relationship be-
tween HCA subtypes (β-catenin gene mutation) and the 
OATP1B3 expression, as in hepatocellular carcinoma 
(HCC)  [26] .

  Fig. 4.  Histological and immunostaining findings of subtypes of 
HCA and FNH (cited from  [15]  with modification).  a  HE staining 
of H-HCA. T = Neoplastic area; NT = nonneoplastic area. Fatty 
degeneration is notable in the neoplastic area.  b  L-FABP immuno-
staining. The staining is clearly attenuated in the neoplastic area. 
 c  HE staining of the neoplastic area of b-HCA. No atypia as report-
ed from Western countries was noted in our patients.  d  GS immu-
nostaining. The neoplastic area (T) is diffusely and intensely posi-
tive. The nonneoplastic area (NT) shows a normal pattern, in which 
only the center of lobules is positive.  e  β-Catenin immunostaining 
shows that an intranuclear accumulation is evident.  f  HE staining 
of I-HCA shows that there are areas with marked inflammatory cell 
infiltration ( inset ).  g  SAA immunostaining shows that the neoplas-
tic area is diffusely positive.  h  GS immunostaining of FNH. A map-
like pattern is observed. Compared with the neoplastic area in  d , 
the contrast between the negative and positive areas is clear.         

 Table 3. Characteristics of HCA subtypes and FNH (cited from  [15] )

H-HCA b-HCA I-HCA u-HCA FNH

Gene mutations HNF1α β-catenin gp130, STAT3, GNAS
Immunostaining attenuation of L-FABP positive for GS, nucleus 

positive for β-catenin
positive for SAA positive for CRP map-like GS distribution

Gender difference predominant in women predominant in women
Histological features fatty degeneration cell atypia inflammatory cell infiltration, 

ductular reaction, sinusoid dilation
central scar, abnormal vasculature, 
ductular reaction, sinusoid dilation

Characteristic clinical 
findings

oral contraceptives oral contraceptives drinking, obesity central scar, abnormal vasculature 
demonstrated by imaging

Frequency in all adenoma
patients

35 – 40% 10 – 15% 45 – 60% 10%

Possibility of hemorrhage (+) (+) (+) (+) (–)
Possibility of canceration (+)? (+) frequent? (+)? (+)? (–)

(For figure see next page.)
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map-like distribution of GS ( fig. 4 h). It is also reported to 
show a central scar, inflammatory cell infiltration, ductu-
lar reaction, and sinusoid dilation as characteristic fea-
tures. However, as FNH occasionally shows no central 
scar, and as inflammatory cell infiltration, ductular reac-
tion as well as sinusoid dilation are also observed in I-
HCA, the map-like distribution of GS is useful for its di-
agnosis.

  Results in Japan 

 The new diagnostic methods and histological and clin-
ical findings observed above have been documented pri-
marily by a French group  [17–20] . Although they are ex-
cellent works, we had to examine whether or not these 
findings are directly applicable to Japanese patients. Race 
and clinical background are quite different between Japan 
and Europe. In Japan, there have been reports by Sasaki 
et al.  [23, 24]  and Soejima et al.  [25] .

  Soejima et al.  [25]  evaluated 35 nodules of HCA in 26 
patients (examined by surgery in 23, autopsy in 2, and 
biopsy in 1) consisting of 13 males and 13 females. None 
of them took oral contraceptives, and only 1 of them had 
glycogen storage disease. The clinical background of 
HCA in these Japanese patients markedly differed from 
that observed in reports from Western countries. How-
ever, 2 patients showed congenital absence of the portal 
vein, 1 showed IPH, 4 had complicating FNH, and a con-
siderable number of patients showed abnormal intrahe-
patic circulation. These lesions have been conventionally 
classified as hyperplastic lesions caused by abnormal cir-
culation or FNH-like lesions.

  In addition, of the 35 HCA nodules, 11 (31%) were clas-
sified by immunostaining as H-HCA, 7 (20%) as b-HCA, 

10 (29%) as I-HCA, and 7 (20%) as u-HCA. These per-
centages were similar to those in Western populations de-
spite differences in clinical background. Their work did 
not include patients with alcoholic abuse or viral cirrhosis.

  Moreover, the expression of OATP1B3 in various sub-
types was analyzed by immunostaining. It was attenuated 
in 6 of 8 (75%) of the H-HCAs, 0 of 6 (0%) of the b-HCAs, 
9 of 10 (90%) of the I-HCAs, and 4 of 6 (67%) of the u-
HCAs, compared with nonnodular areas. Five nodules 
were excluded from the study because their stainability 
was difficult to evaluate. The expression was frequently 
attenuated in H-HCA and I-HCA, but not in b-HCA. In 
addition, the OATP1B3 expression was maintained or 
enhanced in all 8 nodules that showed intranuclear ac-
cumulation of β-catenin (6 nodules of b-HCA and 2 nod-
ules of H-HCA). This indicates a close relationship be-
tween HCA subtypes (β-catenin gene mutation) and the 
OATP1B3 expression, as in hepatocellular carcinoma 
(HCC)  [26] .

  Fig. 4.  Histological and immunostaining findings of subtypes of 
HCA and FNH (cited from  [15]  with modification).  a  HE staining 
of H-HCA. T = Neoplastic area; NT = nonneoplastic area. Fatty 
degeneration is notable in the neoplastic area.  b  L-FABP immuno-
staining. The staining is clearly attenuated in the neoplastic area. 
 c  HE staining of the neoplastic area of b-HCA. No atypia as report-
ed from Western countries was noted in our patients.  d  GS immu-
nostaining. The neoplastic area (T) is diffusely and intensely posi-
tive. The nonneoplastic area (NT) shows a normal pattern, in which 
only the center of lobules is positive.  e  β-Catenin immunostaining 
shows that an intranuclear accumulation is evident.  f  HE staining 
of I-HCA shows that there are areas with marked inflammatory cell 
infiltration ( inset ).  g  SAA immunostaining shows that the neoplas-
tic area is diffusely positive.  h  GS immunostaining of FNH. A map-
like pattern is observed. Compared with the neoplastic area in  d , 
the contrast between the negative and positive areas is clear.         

 Table 3. Characteristics of HCA subtypes and FNH (cited from  [15] )

H-HCA b-HCA I-HCA u-HCA FNH

Gene mutations HNF1α β-catenin gp130, STAT3, GNAS
Immunostaining attenuation of L-FABP positive for GS, nucleus 

positive for β-catenin
positive for SAA positive for CRP map-like GS distribution

Gender difference predominant in women predominant in women
Histological features fatty degeneration cell atypia inflammatory cell infiltration, 

ductular reaction, sinusoid dilation
central scar, abnormal vasculature, 
ductular reaction, sinusoid dilation

Characteristic clinical 
findings

oral contraceptives oral contraceptives drinking, obesity central scar, abnormal vasculature 
demonstrated by imaging

Frequency in all adenoma
patients

35 – 40% 10 – 15% 45 – 60% 10%

Possibility of hemorrhage (+) (+) (+) (+) (–)
Possibility of canceration (+)? (+) frequent? (+)? (+)? (–)

(For figure see next page.)
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  Furthermore, when correlations between OATP1B3 
expression and gadolinium ethoxybenzyl diethylenetri-
amine pentaacetic acid MRI (EOB-MRI) findings  [27, 
28]  were evaluated in 10 HCA nodules in 7 patients, the 
8 nodules that showed attenuation of OATP1B3 expres-
sion were hypointense in the hepatocyte phase of EOB-
MRI, and 1 nodule with intranuclear accumulation of 
β-catenin was isointense, showing a significant associa-
tion in 9 (90%) of the 10 nodules. This suggests that HCA 
accompanied by intranuclear accumulation of β-catenin, 
such as b-HCA, which is reportedly at high risk of can-
ceration  [29] , may be diagnosed by EOB-MRI. However, 
atypia was not significant in b-HCA in our patients, un-
like in reports from Western countries. Additionally, the 
risk of malignant transformation of b-HCA needs to be 
evaluated further in a greater number of Japanese pa-
tients.

  Usefulness and Problems of the New WHO 
Classification 

 The new WHO classification has reached an epoch-
making progress. However, its usefulness and problems 
have to be precisely evaluated for further development.

  Usefulness 
 When the new WHO classification incorporating 

knowledge about gene mutations and their immunohis-
tochemical manifestations was applied to Japanese pa-
tients, it was confirmed to be very useful in the following 
respects. (1) The diagnosis of HCA was facilitated by evi-
dence obtained by simple procedures of immunohisto-

chemistry. (2) Each subtype was found to have character-
istic histological features, genotype, and immunostaining 
findings, and they were useful for the imaging diagnosis 
and for predicting prognosis.

  Problems 
 However, in interpreting the various lesions practi-

cally, the new WHO classification has the following 
problems. (i) There exist differences and contradictions 
compared with the conventional diagnostic criteria. (ii) 
Some patients with chronic liver diseases show positive 
immunohistochemical findings for HCA (HCA-like le-
sions with an abnormal background liver). (iii) Some 
lesions show immunohistochemically focal positive ar-
eas.

  Differences and Contradictions Compared with the 
Conventional Diagnostic Criteria 
  Figure 5  shows a macroscopical FNH-like lesion that 

exhibited immunohistochemical findings of H-HCA 
 [30] . A nodule of 2 cm in diameter was detected, which 
contained a thick portal tract and showed a structure re-
sembling a central scar. In a high magnification view, the 
3 elements of the portal tract, i.e., the artery (a), portal 
vein (p), and bile duct (b), are clearly observed. These 
findings widely deviate from the conventional diagnostic 
criteria for HCA. In addition, the patient showed abnor-
mal intrahepatic circulation (i.e., congenital absence of 
the portal vein) in the background liver. The images sug-
gested FNH rather than HCA. However, on L-FABP im-
munostaining, this nodule showed clear attenuation of 
staining compared with the background liver, and a diag-
nosis of H-HCA was made.
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  Fig. 5.  Nodule of H-HCA that contains a 
thick portal tract and resembles FNH is 
shown.    a  A nodular lesion of 2.0 cm in di-
ameter is shown. A very thick portal tract is 
present in the nodule. The  inset  is a high 
magnification view of the portal tract. The 
presence of the 3 components, namely, the 
artery (a), portal vein (p), and bile duct (b), 
is clear. Since this thick portal tract resem-
bles the central scar of FNH, the nodule is 
difficult to diagnose as HCA morphologi-
cally (Masson’s Trichrome staining).  b  On 
L-FABP immunostaining, the intensity of 
the staining is clearly attenuated in the 
nodule. This finding is consistent with H-
HCA (cited from  [28]  with modification).                       
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  HCA-Like Lesions with an Abnormal Background 
Liver 
  Figure 6  shows a nodular lesion of 1.5 cm in diameter 

detected in a patient with alcoholic liver cirrhosis  [24] . In 
this nodule, the presence of a central scar suggestive of 
FNH is grossly clear. However, on immunostaining, SAA 
was clearly positive, and the lesion was diagnosed as a 
nodule with properties similar to those of I-HCA. How-
ever, according to the conventional diagnostic criteria, 
HCA is considered to occur in the normal liver. If these 
criteria are strictly applied, the lesion cannot be defini-
tively diagnosed as I-HCA and is inevitably classified as an 
SAA-positive nodule present in a liver with alcoholic cir-
rhosis. In addition, nodular lesions in heavy drinkers have 
been reported to show characteristics resembling those of 
FNH  [31, 32] . In this respect, the diagnosis as HCA in this 
lesion contradicts with the past reports  [31, 32] .

  Presence of Focal Positive Areas 
  Figure 7 a shows a macroscopic finding of a nodule with 

focal SAA-positive areas.  Figure 7 b is a panoramic view of 
the SAA immunostaining, showing foci of positive stain-

ing in the nodule. This lesion was found in the same pa-
tient as the one shown in  figure 6   [24] . This patient had 7 
benign hepatocellular lesions, of which 3 were diffusely 
SAA positive, 2 were partially SAA positive, and 2 were 
SAA negative. The coexistence of nodules that exhibit dif-
ferent staining properties in the same liver suggests that 
SAA-positive foci may appear in SAA-negative nodules 
and spread further to all nodules. It also poses a new ques-
tion about how nodules showing focal SAA positivity 
should be definitively diagnosed. In our experience, it is 
not rare that SAA-positive foci are found in nodules. It has 
already been reported that SAA-positive microfoci are 
also present in the background liver  [33] . Further evalua-
tion is necessary to determine whether these focal SAA-
positive areas are microfoci or evidence of the develop-
ment of a neoplastic nodule (HCA) from a nonneoplastic 
nodule (FNH). A report has been published describing 
that HCA foci appeared in nodules of FNH  [34] . We have 
also encountered another patient in whom SAA-positive 
and GS-attenuated I-HCA-like areas appeared in SAA-
negative FNH-like nodules showing a map-like GS stain-
ing pattern  [35] .
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  Fig. 6.  An FNH-like SAA-positive nodule 
with a clear central scar (cited from  [24]  
with modification).  a  A nodular lesion of 
1.5 cm in diameter is shown. It contains a 
central scar and shows morphological fea-
tures consistent with FNH. However, the 
background liver shows alcoholic cirrhosis 
and is not normal (Masson’s Trichrome 
staining).  b  On SAA immunostaining, he-
patic parenchymal cells in the entire nod-
ule are diffusely positive. The findings are 
similar to those of H-HCA.                           

a b

  Fig. 7.  Nodule showing focal SAA-positive 
areas (cited from  [15]  with modification). 
 a  Gross image of a nodular lesion measur-
ing 8 × 5 mm.  b  SAA immunostaining. Fo-
cal positive areas are observed in the nod-
ule.                           
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  Furthermore, when correlations between OATP1B3 
expression and gadolinium ethoxybenzyl diethylenetri-
amine pentaacetic acid MRI (EOB-MRI) findings  [27, 
28]  were evaluated in 10 HCA nodules in 7 patients, the 
8 nodules that showed attenuation of OATP1B3 expres-
sion were hypointense in the hepatocyte phase of EOB-
MRI, and 1 nodule with intranuclear accumulation of 
β-catenin was isointense, showing a significant associa-
tion in 9 (90%) of the 10 nodules. This suggests that HCA 
accompanied by intranuclear accumulation of β-catenin, 
such as b-HCA, which is reportedly at high risk of can-
ceration  [29] , may be diagnosed by EOB-MRI. However, 
atypia was not significant in b-HCA in our patients, un-
like in reports from Western countries. Additionally, the 
risk of malignant transformation of b-HCA needs to be 
evaluated further in a greater number of Japanese pa-
tients.

  Usefulness and Problems of the New WHO 
Classification 

 The new WHO classification has reached an epoch-
making progress. However, its usefulness and problems 
have to be precisely evaluated for further development.

  Usefulness 
 When the new WHO classification incorporating 

knowledge about gene mutations and their immunohis-
tochemical manifestations was applied to Japanese pa-
tients, it was confirmed to be very useful in the following 
respects. (1) The diagnosis of HCA was facilitated by evi-
dence obtained by simple procedures of immunohisto-

chemistry. (2) Each subtype was found to have character-
istic histological features, genotype, and immunostaining 
findings, and they were useful for the imaging diagnosis 
and for predicting prognosis.

  Problems 
 However, in interpreting the various lesions practi-

cally, the new WHO classification has the following 
problems. (i) There exist differences and contradictions 
compared with the conventional diagnostic criteria. (ii) 
Some patients with chronic liver diseases show positive 
immunohistochemical findings for HCA (HCA-like le-
sions with an abnormal background liver). (iii) Some 
lesions show immunohistochemically focal positive ar-
eas.

  Differences and Contradictions Compared with the 
Conventional Diagnostic Criteria 
  Figure 5  shows a macroscopical FNH-like lesion that 

exhibited immunohistochemical findings of H-HCA 
 [30] . A nodule of 2 cm in diameter was detected, which 
contained a thick portal tract and showed a structure re-
sembling a central scar. In a high magnification view, the 
3 elements of the portal tract, i.e., the artery (a), portal 
vein (p), and bile duct (b), are clearly observed. These 
findings widely deviate from the conventional diagnostic 
criteria for HCA. In addition, the patient showed abnor-
mal intrahepatic circulation (i.e., congenital absence of 
the portal vein) in the background liver. The images sug-
gested FNH rather than HCA. However, on L-FABP im-
munostaining, this nodule showed clear attenuation of 
staining compared with the background liver, and a diag-
nosis of H-HCA was made.
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  Fig. 5.  Nodule of H-HCA that contains a 
thick portal tract and resembles FNH is 
shown.    a  A nodular lesion of 2.0 cm in di-
ameter is shown. A very thick portal tract is 
present in the nodule. The  inset  is a high 
magnification view of the portal tract. The 
presence of the 3 components, namely, the 
artery (a), portal vein (p), and bile duct (b), 
is clear. Since this thick portal tract resem-
bles the central scar of FNH, the nodule is 
difficult to diagnose as HCA morphologi-
cally (Masson’s Trichrome staining).  b  On 
L-FABP immunostaining, the intensity of 
the staining is clearly attenuated in the 
nodule. This finding is consistent with H-
HCA (cited from  [28]  with modification).                       
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  HCA-Like Lesions with an Abnormal Background 
Liver 
  Figure 6  shows a nodular lesion of 1.5 cm in diameter 

detected in a patient with alcoholic liver cirrhosis  [24] . In 
this nodule, the presence of a central scar suggestive of 
FNH is grossly clear. However, on immunostaining, SAA 
was clearly positive, and the lesion was diagnosed as a 
nodule with properties similar to those of I-HCA. How-
ever, according to the conventional diagnostic criteria, 
HCA is considered to occur in the normal liver. If these 
criteria are strictly applied, the lesion cannot be defini-
tively diagnosed as I-HCA and is inevitably classified as an 
SAA-positive nodule present in a liver with alcoholic cir-
rhosis. In addition, nodular lesions in heavy drinkers have 
been reported to show characteristics resembling those of 
FNH  [31, 32] . In this respect, the diagnosis as HCA in this 
lesion contradicts with the past reports  [31, 32] .

  Presence of Focal Positive Areas 
  Figure 7 a shows a macroscopic finding of a nodule with 

focal SAA-positive areas.  Figure 7 b is a panoramic view of 
the SAA immunostaining, showing foci of positive stain-

ing in the nodule. This lesion was found in the same pa-
tient as the one shown in  figure 6   [24] . This patient had 7 
benign hepatocellular lesions, of which 3 were diffusely 
SAA positive, 2 were partially SAA positive, and 2 were 
SAA negative. The coexistence of nodules that exhibit dif-
ferent staining properties in the same liver suggests that 
SAA-positive foci may appear in SAA-negative nodules 
and spread further to all nodules. It also poses a new ques-
tion about how nodules showing focal SAA positivity 
should be definitively diagnosed. In our experience, it is 
not rare that SAA-positive foci are found in nodules. It has 
already been reported that SAA-positive microfoci are 
also present in the background liver  [33] . Further evalua-
tion is necessary to determine whether these focal SAA-
positive areas are microfoci or evidence of the develop-
ment of a neoplastic nodule (HCA) from a nonneoplastic 
nodule (FNH). A report has been published describing 
that HCA foci appeared in nodules of FNH  [34] . We have 
also encountered another patient in whom SAA-positive 
and GS-attenuated I-HCA-like areas appeared in SAA-
negative FNH-like nodules showing a map-like GS stain-
ing pattern  [35] .
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  Fig. 6.  An FNH-like SAA-positive nodule 
with a clear central scar (cited from  [24]  
with modification).  a  A nodular lesion of 
1.5 cm in diameter is shown. It contains a 
central scar and shows morphological fea-
tures consistent with FNH. However, the 
background liver shows alcoholic cirrhosis 
and is not normal (Masson’s Trichrome 
staining).  b  On SAA immunostaining, he-
patic parenchymal cells in the entire nod-
ule are diffusely positive. The findings are 
similar to those of H-HCA.                           

a b

  Fig. 7.  Nodule showing focal SAA-positive 
areas (cited from  [15]  with modification). 
 a  Gross image of a nodular lesion measur-
ing 8 × 5 mm.  b  SAA immunostaining. Fo-
cal positive areas are observed in the nod-
ule.                           
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  Discussion on Difficult-to-Diagnose Lesions and 
Definitive Diagnosis of Individual Lesions 

 With the advent of the new WHO classification, the di-
agnosis of benign hepatocellular nodular lesions has en-
tered a new era. However, the classification often contra-
dicts the conventional diagnostic criteria, and consider-
able numbers of lesions are difficult to definitively diagnose. 
We should discuss how to cope with such difficult cases.

  Characteristics and Problems of the Conventional 
Diagnostic Criteria and New WHO Classification 
 First, the characteristics of and problems with the con-

ventional diagnostic criteria and new WHO classification 
are reviewed ( table 4 ). According to the conventional di-
agnostic criteria, as shown in  table 2 , the diagnosis is made 
by inferring a specific disease from, clinically, background 
factors related to HCA and, pathologically, characteristic 
gross and histological features. Its problems include the fol-
lowing: (1) there are no molecular biological grounds for 
regarding lesions as neoplasms, (2) it is sometimes difficult 
to differentiate clearly from nonneoplastic lesions such as 
FNH and from well-differentiated HCC, and (3) nontypical 
lesions increase if the definition of HCA is strictly applied.

  On the contrary, according to the new WHO criteria, 
diagnoses are made by demonstrating various gene muta-
tions using molecular biological techniques or based on 
immunohistochemical findings, which are indirect evi-
dence of such mutations. However, there are the follow-
ing problems: (1) the diagnoses based on the new WHO 
classification are not necessarily consistent with those 
based on the conventional diagnostic criteria, (2) gene 

mutation itself is not necessarily the definite evidence of 
the neoplastic nature, and (3) lesions showing multiple 
gene mutation patterns are difficult to subclassify.

  If the conventional diagnostic criteria and new WHO 
classification are summarized as in  table 4 , diagnostic in-
consistency is easily explained by the differences of their 
diagnostic grounds.

  Reevaluation of Disease Concepts 
 To solve such problems, adjustment between the con-

ventional disease concepts and the new WHO classifica-
tion is necessary. As mentioned above, some lesions 
showing HCA-related gene mutations and immunohis-
tochemical findings appear to deviate considerably from 
the conventional disease concept of HCA. Lesions in 
males, those with no HCA-related clinical background, 
such as the use of oral contraceptives, nodules containing 
an abnormally thick portal tract, and those closely resem-
bling FNH with a clear central scar are examples. The new 
WHO classification is considered to be a method to di-
rectly and indirectly demonstrate gene mutations of he-
patocytes, rather than digging out latent HCA consistent 
with the conventional disease concept. In addition, HCA 
and FNH are not the only benign hepatocellular nodular 
lesions, which vary widely, as shown in  table 1  and  figure 
3 . Since there are also SAA-positive foci in the nonnodu-
lar background liver  [33] , theoretically, gene mutations 
may occur in each lesion presented in  table 1 . Indeed, the 
background liver had congenital absence of the portal 
vein in the patient shown in  figure 5 . This vascular anom-
aly suggested that the nodule was a hyperplastic nodule 
caused by circulatory abnormality (FNH-like lesion) ac-

 Table 4. Characteristics and problems of the conventional diagnostic criteria for HCA and the new WHO classification

(A) Conventional diagnostic criteria
Characteristics

Diagnosed by inferring a specific disease state, clinically, from HCA-related background factors (oral contraceptives, glycogen storage 
disease, etc.) and, pathologically, from characteristic gross and histological features.

Problems
(1) No molecular biological evidence for being a neoplasm.
(2) Occasionally difficult to differentiate clearly from nonneoplastic lesions such as FNH and from well-differentiated HCC.
(3) Nontypical cases increase if definitions are strictly applied.

(B) Diagnostic criteria of the new WHO classification
Characteristics

Diagnosed based on gene mutations of hepatocytes or immunohistochemical findings, which are their indirect evidence.
Problems

(1) The diagnoses are not necessarily consistent with those based on the conventional criteria.
(2) Gene mutation itself is not necessarily the definite evidence of the neoplastic nature.
(3) Lesions showing multiple gene mutation patterns are difficult to subclassify.
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cording to the conventional concepts. The background 
liver in the patients presented in  figures 6  and  7  showed 
alcoholic cirrhosis. Therefore, the differential diagnoses 
of these nodules (particularly the nodule with no clear 
central scar shown in  fig.  7 ) are considered to include 
LRN- as well as FNH-like lesions.

  Reevaluation of the Classification of Disease Entities 
Based on Clinical Data and Histological Findings in 
the Background Liver 
 Classifying typical features of diseases in detail is use-

ful to some extent for understanding the diseases and 
their differential diagnosis. However, if such a classifica-
tion is applied with excessive rigidity, nontypical lesions 
increase, making the definitive diagnosis difficult. The 
definition that the background liver of HCA and FNH is 
normal can simply be a matter of probability. Chronic 
liver disease is not considered as the definite causative 
factor of HCA and FNH, while it is definitely related to 
hepatocarcinogenesis. There is no guarantee that patients 
with HCA or FNH are not infected by hepatitis virus or 

will not become heavy drinkers. In addition, not all pa-
tients with HCA have its risk factors.

  Flexible thinking is important in the diagnosis and in-
terpretation of the characteristics of each lesion.

  Definitive Diagnosis of Each Lesion 
 Personalized Diagnosis 
 From the above viewpoints, a tentative proposal for 

the definitive diagnosis of individual patients including 
those with nontypical HCAs is presented ( fig. 8 ; personal-
ized diagnosis or the three-dimensional diagnosis).

  The gross features of benign hepatocellular nodular le-
sions show a wide variation. They not only vary in the 
number of nodules, presence or absence of the capsule, 
and presence or absence of the central scar, but may also 
show incomplete patterns. In addition, in the background 
liver, there may be multiple clear nodules in some pa-
tients, but nodules are as obscure or difficult to recognize 
as nodules in others. The severity of the liver disorder also 
varies. Such morphological features are described in de-
tail and mapped along the horizontal axis (x-axis). As a 

Background factors
z-axis

y-axis

x-axis

HCA-like

Oral contraceptives,
glycogen storage diseases,
drinking history,
viral markers, etc.

Structure of the nodule
Various gross and histological findings
central scar + or –, portal tracts+ or –,
background liver

• Central scar (–)
• Normal
 background liver

Progress toward neoplasia
and malignancy

Marked atypia
Invasive growth

Accumulation of gene mutations
HNF1

Gp130 mutation (+), etc.

or, demonstration of their indirect
evidence by immunostaining such as
attenuation of L-FABP staining (+),

FNH-like

• Central scar (+)
• Normal
 background liver

NRH-like

• Nodules formed also
 in the background liver
• Nodules similar to
 those in the
 background liver

Nontypical

• Central scar?
• Unclear nodules in
 the background liver
• Difficult to classify
 this lesion

HCA-like FNH-like NRH-like Nontypical

HCA-like FNH-like NRH-like Nontypical

  Fig. 8.  Concept of the personalized diagnosis (three-dimensional diagnosis) (cited from  [15]  with modification). 
The x-axis shows various gross and histological findings. The y-axis shows the degree of progress toward neopla-
sia and malignancy. The z-axis shows various background factors.                               
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  Discussion on Difficult-to-Diagnose Lesions and 
Definitive Diagnosis of Individual Lesions 

 With the advent of the new WHO classification, the di-
agnosis of benign hepatocellular nodular lesions has en-
tered a new era. However, the classification often contra-
dicts the conventional diagnostic criteria, and consider-
able numbers of lesions are difficult to definitively diagnose. 
We should discuss how to cope with such difficult cases.

  Characteristics and Problems of the Conventional 
Diagnostic Criteria and New WHO Classification 
 First, the characteristics of and problems with the con-

ventional diagnostic criteria and new WHO classification 
are reviewed ( table 4 ). According to the conventional di-
agnostic criteria, as shown in  table 2 , the diagnosis is made 
by inferring a specific disease from, clinically, background 
factors related to HCA and, pathologically, characteristic 
gross and histological features. Its problems include the fol-
lowing: (1) there are no molecular biological grounds for 
regarding lesions as neoplasms, (2) it is sometimes difficult 
to differentiate clearly from nonneoplastic lesions such as 
FNH and from well-differentiated HCC, and (3) nontypical 
lesions increase if the definition of HCA is strictly applied.

  On the contrary, according to the new WHO criteria, 
diagnoses are made by demonstrating various gene muta-
tions using molecular biological techniques or based on 
immunohistochemical findings, which are indirect evi-
dence of such mutations. However, there are the follow-
ing problems: (1) the diagnoses based on the new WHO 
classification are not necessarily consistent with those 
based on the conventional diagnostic criteria, (2) gene 

mutation itself is not necessarily the definite evidence of 
the neoplastic nature, and (3) lesions showing multiple 
gene mutation patterns are difficult to subclassify.

  If the conventional diagnostic criteria and new WHO 
classification are summarized as in  table 4 , diagnostic in-
consistency is easily explained by the differences of their 
diagnostic grounds.

  Reevaluation of Disease Concepts 
 To solve such problems, adjustment between the con-

ventional disease concepts and the new WHO classifica-
tion is necessary. As mentioned above, some lesions 
showing HCA-related gene mutations and immunohis-
tochemical findings appear to deviate considerably from 
the conventional disease concept of HCA. Lesions in 
males, those with no HCA-related clinical background, 
such as the use of oral contraceptives, nodules containing 
an abnormally thick portal tract, and those closely resem-
bling FNH with a clear central scar are examples. The new 
WHO classification is considered to be a method to di-
rectly and indirectly demonstrate gene mutations of he-
patocytes, rather than digging out latent HCA consistent 
with the conventional disease concept. In addition, HCA 
and FNH are not the only benign hepatocellular nodular 
lesions, which vary widely, as shown in  table 1  and  figure 
3 . Since there are also SAA-positive foci in the nonnodu-
lar background liver  [33] , theoretically, gene mutations 
may occur in each lesion presented in  table 1 . Indeed, the 
background liver had congenital absence of the portal 
vein in the patient shown in  figure 5 . This vascular anom-
aly suggested that the nodule was a hyperplastic nodule 
caused by circulatory abnormality (FNH-like lesion) ac-

 Table 4. Characteristics and problems of the conventional diagnostic criteria for HCA and the new WHO classification

(A) Conventional diagnostic criteria
Characteristics

Diagnosed by inferring a specific disease state, clinically, from HCA-related background factors (oral contraceptives, glycogen storage 
disease, etc.) and, pathologically, from characteristic gross and histological features.

Problems
(1) No molecular biological evidence for being a neoplasm.
(2) Occasionally difficult to differentiate clearly from nonneoplastic lesions such as FNH and from well-differentiated HCC.
(3) Nontypical cases increase if definitions are strictly applied.

(B) Diagnostic criteria of the new WHO classification
Characteristics

Diagnosed based on gene mutations of hepatocytes or immunohistochemical findings, which are their indirect evidence.
Problems

(1) The diagnoses are not necessarily consistent with those based on the conventional criteria.
(2) Gene mutation itself is not necessarily the definite evidence of the neoplastic nature.
(3) Lesions showing multiple gene mutation patterns are difficult to subclassify.
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cording to the conventional concepts. The background 
liver in the patients presented in  figures 6  and  7  showed 
alcoholic cirrhosis. Therefore, the differential diagnoses 
of these nodules (particularly the nodule with no clear 
central scar shown in  fig.  7 ) are considered to include 
LRN- as well as FNH-like lesions.

  Reevaluation of the Classification of Disease Entities 
Based on Clinical Data and Histological Findings in 
the Background Liver 
 Classifying typical features of diseases in detail is use-

ful to some extent for understanding the diseases and 
their differential diagnosis. However, if such a classifica-
tion is applied with excessive rigidity, nontypical lesions 
increase, making the definitive diagnosis difficult. The 
definition that the background liver of HCA and FNH is 
normal can simply be a matter of probability. Chronic 
liver disease is not considered as the definite causative 
factor of HCA and FNH, while it is definitely related to 
hepatocarcinogenesis. There is no guarantee that patients 
with HCA or FNH are not infected by hepatitis virus or 

will not become heavy drinkers. In addition, not all pa-
tients with HCA have its risk factors.

  Flexible thinking is important in the diagnosis and in-
terpretation of the characteristics of each lesion.

  Definitive Diagnosis of Each Lesion 
 Personalized Diagnosis 
 From the above viewpoints, a tentative proposal for 

the definitive diagnosis of individual patients including 
those with nontypical HCAs is presented ( fig. 8 ; personal-
ized diagnosis or the three-dimensional diagnosis).

  The gross features of benign hepatocellular nodular le-
sions show a wide variation. They not only vary in the 
number of nodules, presence or absence of the capsule, 
and presence or absence of the central scar, but may also 
show incomplete patterns. In addition, in the background 
liver, there may be multiple clear nodules in some pa-
tients, but nodules are as obscure or difficult to recognize 
as nodules in others. The severity of the liver disorder also 
varies. Such morphological features are described in de-
tail and mapped along the horizontal axis (x-axis). As a 

Background factors
z-axis

y-axis

x-axis

HCA-like

Oral contraceptives,
glycogen storage diseases,
drinking history,
viral markers, etc.

Structure of the nodule
Various gross and histological findings
central scar + or –, portal tracts+ or –,
background liver

• Central scar (–)
• Normal
 background liver

Progress toward neoplasia
and malignancy

Marked atypia
Invasive growth

Accumulation of gene mutations
HNF1

Gp130 mutation (+), etc.

or, demonstration of their indirect
evidence by immunostaining such as
attenuation of L-FABP staining (+),

FNH-like

• Central scar (+)
• Normal
 background liver

NRH-like

• Nodules formed also
 in the background liver
• Nodules similar to
 those in the
 background liver

Nontypical

• Central scar?
• Unclear nodules in
 the background liver
• Difficult to classify
 this lesion

HCA-like FNH-like NRH-like Nontypical

HCA-like FNH-like NRH-like Nontypical

  Fig. 8.  Concept of the personalized diagnosis (three-dimensional diagnosis) (cited from  [15]  with modification). 
The x-axis shows various gross and histological findings. The y-axis shows the degree of progress toward neopla-
sia and malignancy. The z-axis shows various background factors.                               
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result, they can be classified roughly into HCA-like, FNH-
like, NRH-like, and nontypical.

  The presence or absence of gene mutations such as 
HNF1α inactivation (+), β-catenin activation (+), and 
gp130 mutation (+) and their accumulation is mapped 
along the vertical axis (y-axis). Attenuation of L-FABP 
(+), β-catenin (+), and SAA (+), which is indirect evi-
dence of the above mutations, may also be used. Thus, 
gene mutations occurring at 2 or more loci can also be 
automatically indicated. There is no need to force HCAs 
into 4 subtypes. If different gene mutations are discov-
ered in the future, they can also be dealt with by this meth-
od. Moreover, independently of the x- and y-axes, clinical 
background factors such as the history of the use of oral 
contraceptives, infection with hepatitis virus, IPH, and 
heavy alcohol intake are mapped along the z-axis. By such 
a combination of morphological features, gene muta-
tions, and clinical background factors, even nontypical 
lesions and lesions in which various factors are involved 
in a complex manner can be classified.

  For example, the patient with the nodule shown in  fig-
ure 6  was a heavy drinker. The gross and histological find-
ings of the nodule were compatible with FNH, but the 
nodule was SAA positive. A more accurate diagnosis than 
this is impossible.

  In addition, it is necessary to evaluate the degree of 
progress toward neoplasia and malignancy of the nodule. 
Conventionally, FNH and HCA were considered benign, 
but HCA has been reported to show malignant transfor-
mation. However, FNH has also been reported to be ma-
lignant in 2 of more than 800 cases  [36] . Moreover, as 
HCC arising in the normal liver is encountered not infre-
quently, the occurrence of precancerous lesions, namely, 
accumulation of various gene mutations, in FNH and 
various benign nodular lesions is sufficiently possible. In 
diagnosing various benign hepatocellular nodular le-
sions, we immunohistochemically examine heat shock 
protein 70 (HSP70) and glypican 3 (GPC3)  [37]  to evalu-
ate the possibility of well-differentiated HCC and precan-
cerous conditions, in addition to the above HCA-related 
immunohistochemical examinations. The histological 
assessment of the presence or absence of stromal invasion 
is also important  [37, 38] . The findings of the degree of 
malignancy are also mapped along the y-axis.

   Figure 8  presents a conceptual diagram of this classifi-
cation. By following this concept, various factors should 
be evaluated independently for the diagnosis of individu-
al cases (personalized diagnosis or three-dimensional di-
agnosis). Thus, we can discuss whether the lesion is typi-
cal or nontypical.

  Revised Concept of Anomalous Portal Tract 
Syndrome 
 We would like to reemphasize the usefulness of the re-

vised concept of anomalous portal tract syndrome 
( fig.  3 b). Although the original concept of anomalous 
portal tract syndrome was useful for the various nontyp-
ical lesions, it did not include the possibility of neoplastic 
change ( fig. 3 a). Owing to the development of the WHO 
classification, we added the three stages of mutation, i.e. 
nonmutated, focally mutated and entirely mutated, to 
each type of the nodule. The difficult cases such as those 
shown in the  figures 5–8  are well interpreted by this re-
vised concept. In Japanese cases, benign hepatocellular 
lesions accompany abnormal hepatic vasculature more 
frequently than oral contraceptives. They must have been 
caused by abnormal hepatic circulation rather than oral 
contraceptives. Especially for the interpretation of these 
Japanese cases, this revised concept is useful.

  Closing Remarks 

 The new WHO classification is a very useful system 
that has clarified various gene mutations and immuno-
staining findings of benign hepatocellular nodular le-
sions. We truly respect former studies. However, the clas-
sification is not necessarily perfect and presents some 
problems. We sincerely hope that this article is helpful to 
solve these problems.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.
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result, they can be classified roughly into HCA-like, FNH-
like, NRH-like, and nontypical.

  The presence or absence of gene mutations such as 
HNF1α inactivation (+), β-catenin activation (+), and 
gp130 mutation (+) and their accumulation is mapped 
along the vertical axis (y-axis). Attenuation of L-FABP 
(+), β-catenin (+), and SAA (+), which is indirect evi-
dence of the above mutations, may also be used. Thus, 
gene mutations occurring at 2 or more loci can also be 
automatically indicated. There is no need to force HCAs 
into 4 subtypes. If different gene mutations are discov-
ered in the future, they can also be dealt with by this meth-
od. Moreover, independently of the x- and y-axes, clinical 
background factors such as the history of the use of oral 
contraceptives, infection with hepatitis virus, IPH, and 
heavy alcohol intake are mapped along the z-axis. By such 
a combination of morphological features, gene muta-
tions, and clinical background factors, even nontypical 
lesions and lesions in which various factors are involved 
in a complex manner can be classified.

  For example, the patient with the nodule shown in  fig-
ure 6  was a heavy drinker. The gross and histological find-
ings of the nodule were compatible with FNH, but the 
nodule was SAA positive. A more accurate diagnosis than 
this is impossible.

  In addition, it is necessary to evaluate the degree of 
progress toward neoplasia and malignancy of the nodule. 
Conventionally, FNH and HCA were considered benign, 
but HCA has been reported to show malignant transfor-
mation. However, FNH has also been reported to be ma-
lignant in 2 of more than 800 cases  [36] . Moreover, as 
HCC arising in the normal liver is encountered not infre-
quently, the occurrence of precancerous lesions, namely, 
accumulation of various gene mutations, in FNH and 
various benign nodular lesions is sufficiently possible. In 
diagnosing various benign hepatocellular nodular le-
sions, we immunohistochemically examine heat shock 
protein 70 (HSP70) and glypican 3 (GPC3)  [37]  to evalu-
ate the possibility of well-differentiated HCC and precan-
cerous conditions, in addition to the above HCA-related 
immunohistochemical examinations. The histological 
assessment of the presence or absence of stromal invasion 
is also important  [37, 38] . The findings of the degree of 
malignancy are also mapped along the y-axis.

   Figure 8  presents a conceptual diagram of this classifi-
cation. By following this concept, various factors should 
be evaluated independently for the diagnosis of individu-
al cases (personalized diagnosis or three-dimensional di-
agnosis). Thus, we can discuss whether the lesion is typi-
cal or nontypical.

  Revised Concept of Anomalous Portal Tract 
Syndrome 
 We would like to reemphasize the usefulness of the re-

vised concept of anomalous portal tract syndrome 
( fig.  3 b). Although the original concept of anomalous 
portal tract syndrome was useful for the various nontyp-
ical lesions, it did not include the possibility of neoplastic 
change ( fig. 3 a). Owing to the development of the WHO 
classification, we added the three stages of mutation, i.e. 
nonmutated, focally mutated and entirely mutated, to 
each type of the nodule. The difficult cases such as those 
shown in the  figures 5–8  are well interpreted by this re-
vised concept. In Japanese cases, benign hepatocellular 
lesions accompany abnormal hepatic vasculature more 
frequently than oral contraceptives. They must have been 
caused by abnormal hepatic circulation rather than oral 
contraceptives. Especially for the interpretation of these 
Japanese cases, this revised concept is useful.

  Closing Remarks 

 The new WHO classification is a very useful system 
that has clarified various gene mutations and immuno-
staining findings of benign hepatocellular nodular le-
sions. We truly respect former studies. However, the clas-
sification is not necessarily perfect and presents some 
problems. We sincerely hope that this article is helpful to 
solve these problems.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.
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US examination with and without VINCENT (p = 0.0002, Stu-
dent’s t test). The rates for accurately detecting liver lesions 
were 100 and 76.2% (16/21) in US beginners with and with-
out VINCENT, respectively. Significantly higher detection 
rates were found in the US beginners who used VINCENT 
compared to those who did not use VINCENT (p = 0.047, 
Fisher’s exact test).  Conclusion:  Before US examination, a 
reference with VINCENT could contribute to the successful 
detection of liver lesions and could be time-saving for US 
beginners.  © 2014 S. Karger AG, Basel 

 Introduction 

 Multidetector CT has been in clinical use since the late 
1990s, and 3D imaging technology has markedly ad-
vanced. At the beginning of its clinical application, CT 
image reconstruction focused on displaying organs in 
real time  [1, 2] . Recently, 3D imaging analysis has diversi-
fied. The ease and speed of obtaining needed images from 
3D volume data have become important for the treatment 
of liver tumors, especially radiofrequency ablation for he-
patocellular carcinoma  [3, 4] . Especially in the liver, diag-

 Key Words 
 SYNAPSE VINCENT ®  · Ultrasound beginners · 
Virtual sonography 

 Abstract 
  Purpose:  To evaluate the usefulness of a virtual ultrasound 
(US) imaging device as a tool to assist novice sonographers. 
 Materials and Methods:  A prospective blinded pilot study 
was conducted involving patients with liver lesions. Two so-
nographers and 2 medical doctors with less than 5 years of 
experience performed US examinations. The time needed 
to detect liver lesions on US and the success rate for detect-
ing liver lesions with and without using the virtual US imag-
ing device SYNAPSE VINCENT ®  (Fujifilm Medical Co., Tokyo, 
Japan) before US examination were evaluated.  Results:  
Thirty-two patients with the following 42 liver lesions were 
included: liver cyst (n = 24), hemangioma (n = 8), hepatocel-
lular carcinoma (n = 6), and liver metastasis (n = 4). The max-
imal diameter of these lesions ranged from 0.3 to 1.5 cm 
(mean ± SD, 0.8 ± 0.4). The average time for detecting liver 
lesions on US was 47.8 s (range, 7–113) with VINCENT and 
112.9 s (range, 14–313) without VINCENT before US exami-
nation. There were significant differences in the duration of 
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nostic imaging offers diverse modalities, including non-
invasive evaluations  [5–14] . Many types of imaging soft-
wares using multiplanar reconstruction (MPR) have 
become available for the diagnosis and/or treatment 
guidance for liver cancers  [15–18] .

  Ultrasound (US) fusion imaging (Real-Time Virtual 
Sonography, HITACHI ALOKA Medical Systems, To-
kyo, Japan; Fusion, GE Healthcare, Chalfont St. Giles, 
UK; Smart Fusion, Toshiba Medical Systems, Tokyo, Ja-
pan) is a new system using MPR, and fusion imaging of 
B-mode US and CT/MRI can be displayed simultaneous-
ly and in real time according to the angle of the transduc-
er in the magnetic field  [19–22] . Fusion imaging can help 
us understand the 3D relationship between the liver vas-
culature and tumors. However, this system only operates 
with high-end US machines, and the fusion process is 
somewhat complex.

  The volume analyzer SYNAPSE VINCENT ®  (Fuji-
film Medical Co., Tokyo, Japan) is a 3D image analysis 
system that enables quick and easy access to high-defini-
tion 3D images of organs and vessels using previously 
captured CT or MRI, while also providing highly practi-
cal analysis functions at the workstation  [23] . In particu-
lar, this can also generate virtual sonographic images us-
ing MPR with a quick and easy operation. In this study, 
we evaluated the usefulness of SYNAPSE VINCENT, a 
virtual US imaging device,, as a tool to assist US begin-
ners.

  Materials and Methods 

 A prospective blinded pilot study was conducted involving pa-
tients with liver lesions. Two medical doctors and 2 sonographers 
with less than 5 years of experience performed US examinations. 
The primary objective was to compare the liver lesion detecting 
time on US and the success rate for detecting liver lesions with or 
without using the virtual US imaging device SYNAPSE VINCENT 
before US examination.

  Equipment 
 The local area network system is connected to a computer with 

SYNAPSE (Fujifilm Medical Co.), a medical imaging and informa-
tion management system, at the Takamatsu Red Cross Hospital. 
VINCENT is an application of imaging analyses using SYNAPSE 
and can display 2D MPR images as virtual sonography corre-
sponding to the angle in the plane of 3D volume image data. This 
angle of the plane can be operated quickly and freely at the work-
station for scanning in epigastric, subcostal, and intercostal posi-
tions.

  B-mode sonographic scans were obtained using LOGIQ E9 
(GE Healthcare) with a 2- to 5-MHz convex probe (C1–5D) and a 
4- to 9-MHz linear probe (9LD), an Ascendas (HITACHI ALOKA 
Medical Systems) with a 1- to 5-MHz convex probe (EUP C715) 

and a 3- to 7-MHz linear probe (EUP L52), or a Xario XG (Toshi-
ba Medical Systems) with a 3- to 6-MHz convex probe (PVT-
375BT).

  CT was performed using a 64-slice multidetector-row CT 
scanner (Aquilion 64, Toshiba Medical Systems) with the follow-
ing scan parameters: reconstructed slice thickness = 1 mm; rota-
tion time = 0.5 s; helical pitch = 23.0; pitch factor = 0.791; X-ray 
tube parameters = 120 kV, 300–400 mA. Triple-phase contrast-
enhanced CT was performed at 40, 70, and 180 s after initiating 
the injection of contrast media to obtain hepatic arterial, por-
tal venous, and equilibrium phase images, respectively. A total of 
100 ml of nonionic contrast material containing 300 mg of iodine 
per milliliter (Iopamidol, Bayer Yakuhin, Osaka, Japan) was in-
jected intravenously at a rate of 3 ml/s using an automatic power 
injector.

  Evaluation 
 Patients with liver tumors who have previously been diagnosed 

by dynamic CT or MRI were selected for this study. US beginners 
were permitted to obtain imaging information of some patients 
using VINCENT, whereas information on previous imaging re-
sults of other patients was withheld.

  The liver was examined first using a subcostal approach in sag-
ittal and paraxial planes. As a rule, the right hepatic lobe was also 
examined with a lateral approach through the intercostal space. 
Sonographic reports and images were reviewed in conjunction 
with CT/MRI to determine whether a determinate lesion shown 
on CT/MRI could be detected sonographically and to confirm le-
sion correspondence. Thereby, the detection rates and duration of 
detecting liver lesions on US were evaluated.

  Statistical Analysis 
 All values are expressed as the mean ± standard deviation (SD). 

Comparisons between the two groups were analyzed using Stu-
dent’s t test and Fisher’s exact test. p < 0.05 was considered sig-
nificant. Statistical analyses were performed using Microsoft Excel 
2013 for Windows.

  Results 

 This pilot study involved 32 patients undergoing rou-
tine US examinations. All patients with the following 42 
liver lesions were included: liver cyst (n = 24), heman-
gioma (n = 8), hepatocellular carcinoma (n = 6), and liv-
er metastasis (n = 4). The maximal diameter of these le-
sions ranged from 0.3 to 1.5 cm (mean ± SD, 0.8 ± 0.4) 
on CT.

  The average time for detecting liver lesions on US was 
47.8 s (range, 7–113) with VINCENT and 112.9 s (range, 
14–313) without VINCENT before US examination. 
There were significant differences in the duration of US 
examination with and without VINCENT (p = 0.0002, 
Student’s t test;  fig. 1 ).

  The rates for accurately detecting liver lesions were 
100% (21/21) and 76.2% (16/21) in US beginners with 
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rates were found in the US beginners who used VINCENT 
compared to those who did not use VINCENT (p = 0.047, 
Fisher’s exact test).  Conclusion:  Before US examination, a 
reference with VINCENT could contribute to the successful 
detection of liver lesions and could be time-saving for US 
beginners.  © 2014 S. Karger AG, Basel 
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1990s, and 3D imaging technology has markedly ad-
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image reconstruction focused on displaying organs in 
real time  [1, 2] . Recently, 3D imaging analysis has diversi-
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nostic imaging offers diverse modalities, including non-
invasive evaluations  [5–14] . Many types of imaging soft-
wares using multiplanar reconstruction (MPR) have 
become available for the diagnosis and/or treatment 
guidance for liver cancers  [15–18] .

  Ultrasound (US) fusion imaging (Real-Time Virtual 
Sonography, HITACHI ALOKA Medical Systems, To-
kyo, Japan; Fusion, GE Healthcare, Chalfont St. Giles, 
UK; Smart Fusion, Toshiba Medical Systems, Tokyo, Ja-
pan) is a new system using MPR, and fusion imaging of 
B-mode US and CT/MRI can be displayed simultaneous-
ly and in real time according to the angle of the transduc-
er in the magnetic field  [19–22] . Fusion imaging can help 
us understand the 3D relationship between the liver vas-
culature and tumors. However, this system only operates 
with high-end US machines, and the fusion process is 
somewhat complex.

  The volume analyzer SYNAPSE VINCENT ®  (Fuji-
film Medical Co., Tokyo, Japan) is a 3D image analysis 
system that enables quick and easy access to high-defini-
tion 3D images of organs and vessels using previously 
captured CT or MRI, while also providing highly practi-
cal analysis functions at the workstation  [23] . In particu-
lar, this can also generate virtual sonographic images us-
ing MPR with a quick and easy operation. In this study, 
we evaluated the usefulness of SYNAPSE VINCENT, a 
virtual US imaging device,, as a tool to assist US begin-
ners.

  Materials and Methods 

 A prospective blinded pilot study was conducted involving pa-
tients with liver lesions. Two medical doctors and 2 sonographers 
with less than 5 years of experience performed US examinations. 
The primary objective was to compare the liver lesion detecting 
time on US and the success rate for detecting liver lesions with or 
without using the virtual US imaging device SYNAPSE VINCENT 
before US examination.

  Equipment 
 The local area network system is connected to a computer with 

SYNAPSE (Fujifilm Medical Co.), a medical imaging and informa-
tion management system, at the Takamatsu Red Cross Hospital. 
VINCENT is an application of imaging analyses using SYNAPSE 
and can display 2D MPR images as virtual sonography corre-
sponding to the angle in the plane of 3D volume image data. This 
angle of the plane can be operated quickly and freely at the work-
station for scanning in epigastric, subcostal, and intercostal posi-
tions.

  B-mode sonographic scans were obtained using LOGIQ E9 
(GE Healthcare) with a 2- to 5-MHz convex probe (C1–5D) and a 
4- to 9-MHz linear probe (9LD), an Ascendas (HITACHI ALOKA 
Medical Systems) with a 1- to 5-MHz convex probe (EUP C715) 

and a 3- to 7-MHz linear probe (EUP L52), or a Xario XG (Toshi-
ba Medical Systems) with a 3- to 6-MHz convex probe (PVT-
375BT).

  CT was performed using a 64-slice multidetector-row CT 
scanner (Aquilion 64, Toshiba Medical Systems) with the follow-
ing scan parameters: reconstructed slice thickness = 1 mm; rota-
tion time = 0.5 s; helical pitch = 23.0; pitch factor = 0.791; X-ray 
tube parameters = 120 kV, 300–400 mA. Triple-phase contrast-
enhanced CT was performed at 40, 70, and 180 s after initiating 
the injection of contrast media to obtain hepatic arterial, por-
tal venous, and equilibrium phase images, respectively. A total of 
100 ml of nonionic contrast material containing 300 mg of iodine 
per milliliter (Iopamidol, Bayer Yakuhin, Osaka, Japan) was in-
jected intravenously at a rate of 3 ml/s using an automatic power 
injector.

  Evaluation 
 Patients with liver tumors who have previously been diagnosed 

by dynamic CT or MRI were selected for this study. US beginners 
were permitted to obtain imaging information of some patients 
using VINCENT, whereas information on previous imaging re-
sults of other patients was withheld.

  The liver was examined first using a subcostal approach in sag-
ittal and paraxial planes. As a rule, the right hepatic lobe was also 
examined with a lateral approach through the intercostal space. 
Sonographic reports and images were reviewed in conjunction 
with CT/MRI to determine whether a determinate lesion shown 
on CT/MRI could be detected sonographically and to confirm le-
sion correspondence. Thereby, the detection rates and duration of 
detecting liver lesions on US were evaluated.

  Statistical Analysis 
 All values are expressed as the mean ± standard deviation (SD). 

Comparisons between the two groups were analyzed using Stu-
dent’s t test and Fisher’s exact test. p < 0.05 was considered sig-
nificant. Statistical analyses were performed using Microsoft Excel 
2013 for Windows.

  Results 

 This pilot study involved 32 patients undergoing rou-
tine US examinations. All patients with the following 42 
liver lesions were included: liver cyst (n = 24), heman-
gioma (n = 8), hepatocellular carcinoma (n = 6), and liv-
er metastasis (n = 4). The maximal diameter of these le-
sions ranged from 0.3 to 1.5 cm (mean ± SD, 0.8 ± 0.4) 
on CT.

  The average time for detecting liver lesions on US was 
47.8 s (range, 7–113) with VINCENT and 112.9 s (range, 
14–313) without VINCENT before US examination. 
There were significant differences in the duration of US 
examination with and without VINCENT (p = 0.0002, 
Student’s t test;  fig. 1 ).

  The rates for accurately detecting liver lesions were 
100% (21/21) and 76.2% (16/21) in US beginners with 
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and without VINCENT, respectively. Significantly high-
er detection rates were found in the US beginners who 
used VINCENT compared to those who did not use 
 VINCENT (p = 0.047, Fisher’s exact test).

  Discussion 

 Preparation is a necessary ingredient for success, and 
even more so for beginners. This study demonstrated 
that pre-check imaging by SYNAPSE VINCENT could 
contribute to the successful detection of liver lesions and 
could be time-saving on US examination for beginners. 
In general, axial imaging on CT is common in clinical 
use, whereas US shows cross-sectional images with vari-
ous angles. In particular, an intercostal view of the liver 
on US provides quite a different image from usual CT 
images because the intercostal view is in a diagonal di-
rection against the body trunk. Therefore, it is often dif-
ficult for US beginners to understand the 3D anatomy of 
the liver and display available images with an intercostal 
view. Moreover, US images may differ from a familiar 
view because the shape of the liver changes after surgical 
liver resection. This could also lead to wasting time on 
US examination. However, SYNAPSE VINCENT has 
the potential to resolve these problems. VINCENT can 
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  Fig. 1.  The time needed to detect the liver lesions with and without 
VINCENT. 

a
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c

  Fig. 2.  Imaging of a 66-year-old man with liver cysts.  a  Transverse 
portal phase CT shows two cysts (arrows) in segment III and VI of 
the liver.  b  Screen shot shows setting windows for VINCENT. Up-
per images show the transverse, sagittal, and coronal views for the 
cyst in segment VI. The lower left image shows that the transduc-
er angle in the plane of the body trunk indicates images obtained 
from the subcostal view. The lower right image displays the vir-
tual US image and the cyst as low-density area.  c  B-mode US image 
corresponds to the virtual US image. The cyst is shown as low 
echoic area (arrow). Our US beginners missed this cyst without 
using VINCENT because the rib bone hid it. 
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simulate US examinations by virtual US imaging at a 
workstation  [23] . Preparation using VINCENT could 
promote an efficient and successful US examination 
( fig. 2 ).

  While the basic technical development depends on the 
frequency of US examination, successful experience 
would stimulate a US beginner’s growth. This study gives 
powerful support for the effectiveness of training in early-
phase US skill acquisition with the use of VINCENT. To 
perform US examination with competence, not only the 
sonographer, but also the medical doctor must have a 
good understanding of the abdominal anatomy. The use 
of various models and stimulators will help to understand 
the abdominal anatomy and shorten the learning curve. 
Therefore, a training program with the use of virtual US 
imaging would shorten the learning curve for US begin-
ners.

  However, virtual US devices such as VINCENT 
should provide reference images at a workstation. Vir-
tual US images do not completely correspond to US im-
ages. This imaging incompatibility could be attributed to 

variations in the depth of breath holding on CT and US 
examination  [20] . In addition, the liver is also rotated to 
varying degrees from the time when CT was previously 
captured.

  The principal limitation of this study is that it could 
suffer from selection bias because patients with liver le-
sions were enrolled according to the senior doctors’ sub-
jective selections. Second, it is a preliminary study with a 
relatively small number of patients. Further studies of 
this technique with a larger number of patients are war-
ranted.

  In summary, SYNAPSE VINCENT could display vir-
tual US images clearly and smoothly. Before US exami-
nation, a reference with VINCENT could contribute to 
the successful detection of liver lesions and could be time-
saving for US beginners.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.
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and without VINCENT, respectively. Significantly high-
er detection rates were found in the US beginners who 
used VINCENT compared to those who did not use 
 VINCENT (p = 0.047, Fisher’s exact test).

  Discussion 

 Preparation is a necessary ingredient for success, and 
even more so for beginners. This study demonstrated 
that pre-check imaging by SYNAPSE VINCENT could 
contribute to the successful detection of liver lesions and 
could be time-saving on US examination for beginners. 
In general, axial imaging on CT is common in clinical 
use, whereas US shows cross-sectional images with vari-
ous angles. In particular, an intercostal view of the liver 
on US provides quite a different image from usual CT 
images because the intercostal view is in a diagonal di-
rection against the body trunk. Therefore, it is often dif-
ficult for US beginners to understand the 3D anatomy of 
the liver and display available images with an intercostal 
view. Moreover, US images may differ from a familiar 
view because the shape of the liver changes after surgical 
liver resection. This could also lead to wasting time on 
US examination. However, SYNAPSE VINCENT has 
the potential to resolve these problems. VINCENT can 
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  Fig. 2.  Imaging of a 66-year-old man with liver cysts.  a  Transverse 
portal phase CT shows two cysts (arrows) in segment III and VI of 
the liver.  b  Screen shot shows setting windows for VINCENT. Up-
per images show the transverse, sagittal, and coronal views for the 
cyst in segment VI. The lower left image shows that the transduc-
er angle in the plane of the body trunk indicates images obtained 
from the subcostal view. The lower right image displays the vir-
tual US image and the cyst as low-density area.  c  B-mode US image 
corresponds to the virtual US image. The cyst is shown as low 
echoic area (arrow). Our US beginners missed this cyst without 
using VINCENT because the rib bone hid it. 
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simulate US examinations by virtual US imaging at a 
workstation  [23] . Preparation using VINCENT could 
promote an efficient and successful US examination 
( fig. 2 ).

  While the basic technical development depends on the 
frequency of US examination, successful experience 
would stimulate a US beginner’s growth. This study gives 
powerful support for the effectiveness of training in early-
phase US skill acquisition with the use of VINCENT. To 
perform US examination with competence, not only the 
sonographer, but also the medical doctor must have a 
good understanding of the abdominal anatomy. The use 
of various models and stimulators will help to understand 
the abdominal anatomy and shorten the learning curve. 
Therefore, a training program with the use of virtual US 
imaging would shorten the learning curve for US begin-
ners.

  However, virtual US devices such as VINCENT 
should provide reference images at a workstation. Vir-
tual US images do not completely correspond to US im-
ages. This imaging incompatibility could be attributed to 

variations in the depth of breath holding on CT and US 
examination  [20] . In addition, the liver is also rotated to 
varying degrees from the time when CT was previously 
captured.

  The principal limitation of this study is that it could 
suffer from selection bias because patients with liver le-
sions were enrolled according to the senior doctors’ sub-
jective selections. Second, it is a preliminary study with a 
relatively small number of patients. Further studies of 
this technique with a larger number of patients are war-
ranted.

  In summary, SYNAPSE VINCENT could display vir-
tual US images clearly and smoothly. Before US exami-
nation, a reference with VINCENT could contribute to 
the successful detection of liver lesions and could be time-
saving for US beginners.
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t test). During the follow-up period (1.1–85.3 months, mean 
± SD, 43.2 ± 59.5), the 3-year local tumor progression rates 
were 4.9, 7.2, and 5.9% in the CEUS guidance group, the fu-
sion imaging guidance group, and the combination guid-
ance group, respectively (p = 0.84, log-rank test).  Conclu-
sion:  In spite of selection bias, session frequency and local 
tumor progression were not different under the combina-
tion guidance with CEUS and fusion imaging in RFA. The 
combination of fusion imaging and CEUS guidance in RFA 
therapy is an effective treatment for HCC with poor conspi-
cuity on B-mode US and CEUS/fusion imaging. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Radiofrequency ablation (RFA) is widely performed as 
a percutaneous local treatment for unresectable hepatocel-
lular carcinoma (HCC). Extensive worldwide experience 
has supported the use of RFA as an excellent treatment op-
tion for small HCC (<3 cm), with 3-year disease control 
rates of up to 80–90%  [1–3] . Some centers adopt RFA as 
first-line treatment for single HCC nodules <3.0 cm in di-
ameter  [4–7] . Percutaneous RFA is performed by advanc-
ing a specially designed electrode into the tumor under re-

 Key Words 
 Contrast-enhanced US · Fusion imaging · Hepatocellular 
carcinoma · Poor conspicuity · Radiofrequency ablation · 
Sonazoid 

 Abstract 
  Purpose:  The purpose of this study was to evaluate the use-
fulness of the combination guidance of contrast-enhanced 
US (CEUS) and fusion imaging in radiofrequency ablation 
(RFA) for hepatocellular carcinoma (HCC) with poor conspi-
cuity on B-mode US and CEUS/fusion imaging.  Materials 
and Methods:  We conducted a retrospective cohort study, 
which included 356 patients with 556 HCCs that were incon-
spicuous on B-mode US. A total of 192 patients with 344 
HCCs, 123 patients with 155 HCCs, and 37 patients with 57 
HCCs underwent RFA under CEUS guidance, fusion imaging 
guidance, and the combination of CEUS and fusion imaging 
guidance.  Results:  The average number of treatment ses-
sions was 1.1 (range: 1–2) in the CEUS guidance group, 1.1 
(range: 1–2) in the fusion imaging guidance group, and 1.1 
(range: 1–3) in the combination of CEUS and fusion imaging 
guidance group. Treatment analysis did not reveal signifi-
cantly more RFA treatment sessions in the combination 
guidance group than in the other groups (p = 0.97, Student’s 
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ing a specially designed electrode into the tumor under re-
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 Abstract 
  Purpose:  The purpose of this study was to evaluate the use-
fulness of the combination guidance of contrast-enhanced 
US (CEUS) and fusion imaging in radiofrequency ablation 
(RFA) for hepatocellular carcinoma (HCC) with poor conspi-
cuity on B-mode US and CEUS/fusion imaging.  Materials 
and Methods:  We conducted a retrospective cohort study, 
which included 356 patients with 556 HCCs that were incon-
spicuous on B-mode US. A total of 192 patients with 344 
HCCs, 123 patients with 155 HCCs, and 37 patients with 57 
HCCs underwent RFA under CEUS guidance, fusion imaging 
guidance, and the combination of CEUS and fusion imaging 
guidance.  Results:  The average number of treatment ses-
sions was 1.1 (range: 1–2) in the CEUS guidance group, 1.1 
(range: 1–2) in the fusion imaging guidance group, and 1.1 
(range: 1–3) in the combination of CEUS and fusion imaging 
guidance group. Treatment analysis did not reveal signifi-
cantly more RFA treatment sessions in the combination 
guidance group than in the other groups (p = 0.97, Student’s 
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al-time sonographic guidance. The technical effectiveness 
of RFA depends on correct targeting on US and adequate 
placement of the RFA needle. However, difficult situations 
are sometimes encountered in which B-mode US cannot 
adequately visualize HCCs. For example, viable HCC could 
not be differentiated from dysplastic nodules in cirrhotic 
liver or ablated liver tissue due to previous RFA  [8, 9] .

  Contrast-enhanced US (CEUS) or fusion imaging of US 
with CT/MRI has been increasingly used for the detection, 
characterization and planning of therapeutic interventions 
for liver tumors  [10, 11] . Especially, CEUS or fusion imag-
ing has been reported to be useful for RFA guidance in dif-
ficult cases. CEUS is able to depict tumor vascularity sen-
sitively and accurately  [12–16] . In particular, when using 
only perfluorocarbon microbubbles (sonazoid), HCCs 
have been shown as defects during the Kupffer phase  [10, 
17–21] . These defect lesions could be used as targets for the 
insertion of a RFA needle  [22–28] . Moreover, a definitive 
diagnosis of HCC can be made by tumor staining in defect 
lesions after injecting an additional new dose of sonazoid 
 [21, 24] . On the contrary, a fusion imaging system enables 
the synchronized display of real-time US images and mul-
tiplanar reconstruction images of CT/MRI corresponding 
to the cross section of real-time US. The multiplanar re-
construction images are reconstructed based on CT/MR 
images and displayed as a reference with real-time US im-
ages side-by-side on the same monitor. Therefore, fusion 
imaging is also useful for the detection of HCC and safe 
RFA therapy of HCC  [29–36] . Occasionally, however, 
there are HCC cases which are more difficult to be detect-
ed even when using CEUS or fusion imaging  [37] .

  Incorrect targeting on imaging could cause inadequate 
placement of the RFA needle. This could lead to more 
treatment sessions or more frequent local recurrence af-
ter RFA. For those more difficult cases, we have attempt-
ed to conduct RFA under the combination of CEUS and 
fusion imaging guidance. The purpose of this study was 
to assess the value of the combination guidance of CEUS 
and fusion imaging in RFA for HCC with poor conspicu-
ity on B-mode US and CEUS/fusion imaging.

  Materials and Methods 

 Written informed consent to perform RFA was obtained from 
all patients before treatment. This cohort study was conducted as 
a retrospective analysis of a prospective database in a single institu-
tion in which RFAs are routinely performed.

  The records of HCC patients with poor conspicuity on B-mode 
US, who received RFA guided by CEUS, fusion imaging, or the 
combination of CEUS and fusion imaging, were reviewed. Be-
tween January 2007 and October 2013, 352 patients with 556 

HCCs were enrolled in this study. The first objective was to com-
pare the numbers of treatment sessions for technical effectiveness 
of ablation between the three guidance groups in RFA. The second 
objective was to compare the incidences of local tumor progression 
after RFA. The third objective was to investigate the occurrences 
of postprocedural complications.

  HCC was diagnosed based on three-phase contrast-enhanced 
CT findings such as positive enhancement in the arterial phase and 
washout in the equilibrium phase in patients with chronic liver dis-
ease. All patients met the following criteria for treatment with RFA: 
percutaneous accessibility of the tumors, absence of portal tumor 
thrombus and extrahepatic metastasis, prothrombin time ratio 
>50%, total bilirubin <4.0 mg/dl, and platelet count >30,000/μl.

  Equipment 
 B-mode sonographic scans were obtained using a LOGIQ 7 or 

E9 (GE Healthcare, Chalfont St. Giles, UK) with a 1–5-MHz con-
vex probe (4C). The acoustic power of contrast harmonic sonog-
raphy was set at the default setting with a mechanical index of 0.2. 
A single focus point was set at the deepest point of the monitor. 
The sonographic contrast agent was perfluorocarbon microbub-
bles of NC100100 (Sonazoid; Daiichi-Sankyo, Tokyo, Japan; GE 
Healthcare) with a median diameter of 2–3 μm. This contrast agent 
was reconstituted for injection with 2 ml sterile water for injection. 
The anticipated clinical dose for imaging of liver lesions was 0.010 
ml of encapsulated gas per kilogram of body weight.

  Fusion imaging using the fusion system by GE Healthcare was 
composed of a main unit in the US machine, a corresponding 
probe sensor, and a magnetic field generator. Additionally, dedi-
cated software must be installed on the US system. The probe sen-
sor is detected by a magnetic positioning system, which calculates 
the exact position of the sensor in the room. Standard Digital Im-
aging and Communications in Medicine (DICOM) data sets of all 
cross-sectional modalities (CT or MRI) are used for image fusion. 
The DICOM data are loaded in the US system, after which regis-
tration of the datasets takes place. This registration can be per-
formed based on a number of fixed reference points or by plane. 
After successful image fusion, the registered CT or MR images 
move simultaneously with the examined US imaging plane.

  Patients were treated by RFA (Cool-Tip RF Ablation System; 
Covidien, Boulder, Colo., USA). 20-cm long, 17-gauge monopolar 
internally cooled electrodes with 3- or 2-cm long exposed metallic 
tips were used to deliver radiofrequency energy. A 200-Watt, 480-
kHz monopolar radiofrequency generator regulated by impedance 
was used as the energy source.

  RFA Procedure for HCC with Poor Conspicuity 
 We have used LOGIQ E9 for RFA treatment since September 

2011 (before then LOGIQ 7 was used). Percutaneous RFA is main-
ly performed for clearly visualized HCC under B-mode US guid-
ance in our hospital. If necessary, it can also be used under the guid-
ance of CEUS or fusion imaging for HCC with poor conspicuity. 
The guidance selection in RFA is a complex decision involving 
many factors ( fig.  1 ). Sonazoid-enhanced US guidance could be 
an option because of visualization or qualitative diagnosis of HCC 
(n = 196). On the contrary, the fusion imaging guidance in RFA 
could be an option because of the detection of HCC (n = 123). 
Moreover, in patients having poorly inconspicuous HCC on fusion 
imaging, additional CEUS using sonazoid was performed in order 
to accurately localize the tumor at the time of the RFA procedure 
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(n = 24). The patients with poorly conspicuous HCC on CEUS 
 underwent additional fusion imaging during the RFA procedure 
(n = 13).

  In patients with the combination imaging guidance in RFA, 
HCCs were targeted on the Kupffer phase of the CEUS image, 
when the tumor was seen as a perfusion defect on CEUS at the cor-
responding site of the fused CT/MR image ( fig. 2 ). After the RF 
electrode penetrated the HCC using a fixed-angle guide attach-
ment, each ablation was performed for >8 min with >40 W at the 
beginning. Thereafter, the hyperechoic zone appeared and gradu-
ally increased at the ablated site. The ablation was continually 
monitored and was stopped when the HCC (including the safety 
margin) was completely covered by the zone of hyperechogenicity.

  Assessment of Technical Effectiveness and Follow-Up 
 A few days after treatment, the technical effectiveness of abla-

tion was assessed based on contrast-enhanced CT scan findings. 
A tumor was considered to have been successfully ablated when 
there were no longer any enhanced regions either within the entire 
tumor during the arterial phase or a >0.5-cm margin of appar-
ently normal hepatic tissue surrounding the tumor during the 
portal phase  [38] . Part of the tumor was diagnosed as remaining 
viable when images of the ablated area showed nodular periph-
eral enhancement. The residual portion was treated with addi-
tional RFA the next week. Any complications were recorded. If 
the follow-up CT images showed successful RFA and the absence 
of new tumors, three-phase dynamic CT scans were repeated at 
3-month intervals.

  Statistical Analysis 
 All values were expressed as means ± standard deviation (SD). 

Comparisons between the three groups were analyzed using the 
Student t test or Mann-Whitney U test. Local tumor progression 

rate curves of the three groups were compared by using a log-rank 
test. The χ 2  test was used to compare the rate of complications. 
p < 0.05 was considered statistically significant. Statistical analyses 
were performed using SPSS version 12.0 (SPSS, Chicago, Ill., USA).

  Results 

 Patient Characteristics 
 During the study period, we detected 556 HCCs that 

were inconspicuous on B-mode US. The patient popula-
tion included 252 men and 100 women (age range, 49–88 
years; 65.8 ± 27.6 years). The maximal diameter of the tu-
mors ranged from 0.5 to 6.0 cm (1.5 ± 0.9) on dynamic CT.

   Table 1  shows the characteristics of the three groups. 
The distributions of sex, age, viral etiology, platelet count 
and tumor location were not different between these 
groups. A total of 29 (78.4%), 6 (16.2%) and 2 (5.4%) pa-
tients in the combination guidance group were classified 
as Child-Pugh classes A, B and C liver function, respec-
tively. The proportions of patients with each Child-Pugh 
score and classification did not differ significantly. The 
mean tumor diameter was 1.5 ± 1.1 cm (range, 0.5–6.0) 
in the CEUS guidance group, 1.4 ± 0.6 cm (range, 0.5–4.0) 
in the fusion imaging guidance group and 1.3 ± 0.4 cm 
(range, 0.5–2.5) in the combination of CEUS and fusion 
imaging guidance group (p = 0.143).

Fusion imaging
(147 patients, 193 nodules)

CEUS
(205 patients, 363 nodules)

Fusion imaging and CEUS
(24 patients, 38 nodules) 

RFA with fusion imaging
(123 patients, 155 nodules)

CEUS and fusion imaging
(13 patients, 19 nodules)

RFA with CEUS
(192 patients, 344 nodules)

352 patients with 556 nodules with
poor conspicuity on B-mode US

RFA with CEUS and fusion imaging
(37 patients, 57 nodules)

Poorly Poorly WellWell

  Fig. 1.  Flow chart of the study. 
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al-time sonographic guidance. The technical effectiveness 
of RFA depends on correct targeting on US and adequate 
placement of the RFA needle. However, difficult situations 
are sometimes encountered in which B-mode US cannot 
adequately visualize HCCs. For example, viable HCC could 
not be differentiated from dysplastic nodules in cirrhotic 
liver or ablated liver tissue due to previous RFA  [8, 9] .

  Contrast-enhanced US (CEUS) or fusion imaging of US 
with CT/MRI has been increasingly used for the detection, 
characterization and planning of therapeutic interventions 
for liver tumors  [10, 11] . Especially, CEUS or fusion imag-
ing has been reported to be useful for RFA guidance in dif-
ficult cases. CEUS is able to depict tumor vascularity sen-
sitively and accurately  [12–16] . In particular, when using 
only perfluorocarbon microbubbles (sonazoid), HCCs 
have been shown as defects during the Kupffer phase  [10, 
17–21] . These defect lesions could be used as targets for the 
insertion of a RFA needle  [22–28] . Moreover, a definitive 
diagnosis of HCC can be made by tumor staining in defect 
lesions after injecting an additional new dose of sonazoid 
 [21, 24] . On the contrary, a fusion imaging system enables 
the synchronized display of real-time US images and mul-
tiplanar reconstruction images of CT/MRI corresponding 
to the cross section of real-time US. The multiplanar re-
construction images are reconstructed based on CT/MR 
images and displayed as a reference with real-time US im-
ages side-by-side on the same monitor. Therefore, fusion 
imaging is also useful for the detection of HCC and safe 
RFA therapy of HCC  [29–36] . Occasionally, however, 
there are HCC cases which are more difficult to be detect-
ed even when using CEUS or fusion imaging  [37] .

  Incorrect targeting on imaging could cause inadequate 
placement of the RFA needle. This could lead to more 
treatment sessions or more frequent local recurrence af-
ter RFA. For those more difficult cases, we have attempt-
ed to conduct RFA under the combination of CEUS and 
fusion imaging guidance. The purpose of this study was 
to assess the value of the combination guidance of CEUS 
and fusion imaging in RFA for HCC with poor conspicu-
ity on B-mode US and CEUS/fusion imaging.

  Materials and Methods 

 Written informed consent to perform RFA was obtained from 
all patients before treatment. This cohort study was conducted as 
a retrospective analysis of a prospective database in a single institu-
tion in which RFAs are routinely performed.

  The records of HCC patients with poor conspicuity on B-mode 
US, who received RFA guided by CEUS, fusion imaging, or the 
combination of CEUS and fusion imaging, were reviewed. Be-
tween January 2007 and October 2013, 352 patients with 556 

HCCs were enrolled in this study. The first objective was to com-
pare the numbers of treatment sessions for technical effectiveness 
of ablation between the three guidance groups in RFA. The second 
objective was to compare the incidences of local tumor progression 
after RFA. The third objective was to investigate the occurrences 
of postprocedural complications.

  HCC was diagnosed based on three-phase contrast-enhanced 
CT findings such as positive enhancement in the arterial phase and 
washout in the equilibrium phase in patients with chronic liver dis-
ease. All patients met the following criteria for treatment with RFA: 
percutaneous accessibility of the tumors, absence of portal tumor 
thrombus and extrahepatic metastasis, prothrombin time ratio 
>50%, total bilirubin <4.0 mg/dl, and platelet count >30,000/μl.

  Equipment 
 B-mode sonographic scans were obtained using a LOGIQ 7 or 

E9 (GE Healthcare, Chalfont St. Giles, UK) with a 1–5-MHz con-
vex probe (4C). The acoustic power of contrast harmonic sonog-
raphy was set at the default setting with a mechanical index of 0.2. 
A single focus point was set at the deepest point of the monitor. 
The sonographic contrast agent was perfluorocarbon microbub-
bles of NC100100 (Sonazoid; Daiichi-Sankyo, Tokyo, Japan; GE 
Healthcare) with a median diameter of 2–3 μm. This contrast agent 
was reconstituted for injection with 2 ml sterile water for injection. 
The anticipated clinical dose for imaging of liver lesions was 0.010 
ml of encapsulated gas per kilogram of body weight.

  Fusion imaging using the fusion system by GE Healthcare was 
composed of a main unit in the US machine, a corresponding 
probe sensor, and a magnetic field generator. Additionally, dedi-
cated software must be installed on the US system. The probe sen-
sor is detected by a magnetic positioning system, which calculates 
the exact position of the sensor in the room. Standard Digital Im-
aging and Communications in Medicine (DICOM) data sets of all 
cross-sectional modalities (CT or MRI) are used for image fusion. 
The DICOM data are loaded in the US system, after which regis-
tration of the datasets takes place. This registration can be per-
formed based on a number of fixed reference points or by plane. 
After successful image fusion, the registered CT or MR images 
move simultaneously with the examined US imaging plane.

  Patients were treated by RFA (Cool-Tip RF Ablation System; 
Covidien, Boulder, Colo., USA). 20-cm long, 17-gauge monopolar 
internally cooled electrodes with 3- or 2-cm long exposed metallic 
tips were used to deliver radiofrequency energy. A 200-Watt, 480-
kHz monopolar radiofrequency generator regulated by impedance 
was used as the energy source.

  RFA Procedure for HCC with Poor Conspicuity 
 We have used LOGIQ E9 for RFA treatment since September 

2011 (before then LOGIQ 7 was used). Percutaneous RFA is main-
ly performed for clearly visualized HCC under B-mode US guid-
ance in our hospital. If necessary, it can also be used under the guid-
ance of CEUS or fusion imaging for HCC with poor conspicuity. 
The guidance selection in RFA is a complex decision involving 
many factors ( fig.  1 ). Sonazoid-enhanced US guidance could be 
an option because of visualization or qualitative diagnosis of HCC 
(n = 196). On the contrary, the fusion imaging guidance in RFA 
could be an option because of the detection of HCC (n = 123). 
Moreover, in patients having poorly inconspicuous HCC on fusion 
imaging, additional CEUS using sonazoid was performed in order 
to accurately localize the tumor at the time of the RFA procedure 
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(n = 24). The patients with poorly conspicuous HCC on CEUS 
 underwent additional fusion imaging during the RFA procedure 
(n = 13).

  In patients with the combination imaging guidance in RFA, 
HCCs were targeted on the Kupffer phase of the CEUS image, 
when the tumor was seen as a perfusion defect on CEUS at the cor-
responding site of the fused CT/MR image ( fig. 2 ). After the RF 
electrode penetrated the HCC using a fixed-angle guide attach-
ment, each ablation was performed for >8 min with >40 W at the 
beginning. Thereafter, the hyperechoic zone appeared and gradu-
ally increased at the ablated site. The ablation was continually 
monitored and was stopped when the HCC (including the safety 
margin) was completely covered by the zone of hyperechogenicity.

  Assessment of Technical Effectiveness and Follow-Up 
 A few days after treatment, the technical effectiveness of abla-

tion was assessed based on contrast-enhanced CT scan findings. 
A tumor was considered to have been successfully ablated when 
there were no longer any enhanced regions either within the entire 
tumor during the arterial phase or a >0.5-cm margin of appar-
ently normal hepatic tissue surrounding the tumor during the 
portal phase  [38] . Part of the tumor was diagnosed as remaining 
viable when images of the ablated area showed nodular periph-
eral enhancement. The residual portion was treated with addi-
tional RFA the next week. Any complications were recorded. If 
the follow-up CT images showed successful RFA and the absence 
of new tumors, three-phase dynamic CT scans were repeated at 
3-month intervals.

  Statistical Analysis 
 All values were expressed as means ± standard deviation (SD). 

Comparisons between the three groups were analyzed using the 
Student t test or Mann-Whitney U test. Local tumor progression 

rate curves of the three groups were compared by using a log-rank 
test. The χ 2  test was used to compare the rate of complications. 
p < 0.05 was considered statistically significant. Statistical analyses 
were performed using SPSS version 12.0 (SPSS, Chicago, Ill., USA).

  Results 

 Patient Characteristics 
 During the study period, we detected 556 HCCs that 

were inconspicuous on B-mode US. The patient popula-
tion included 252 men and 100 women (age range, 49–88 
years; 65.8 ± 27.6 years). The maximal diameter of the tu-
mors ranged from 0.5 to 6.0 cm (1.5 ± 0.9) on dynamic CT.

   Table 1  shows the characteristics of the three groups. 
The distributions of sex, age, viral etiology, platelet count 
and tumor location were not different between these 
groups. A total of 29 (78.4%), 6 (16.2%) and 2 (5.4%) pa-
tients in the combination guidance group were classified 
as Child-Pugh classes A, B and C liver function, respec-
tively. The proportions of patients with each Child-Pugh 
score and classification did not differ significantly. The 
mean tumor diameter was 1.5 ± 1.1 cm (range, 0.5–6.0) 
in the CEUS guidance group, 1.4 ± 0.6 cm (range, 0.5–4.0) 
in the fusion imaging guidance group and 1.3 ± 0.4 cm 
(range, 0.5–2.5) in the combination of CEUS and fusion 
imaging guidance group (p = 0.143).

Fusion imaging
(147 patients, 193 nodules)

CEUS
(205 patients, 363 nodules)

Fusion imaging and CEUS
(24 patients, 38 nodules) 

RFA with fusion imaging
(123 patients, 155 nodules)

CEUS and fusion imaging
(13 patients, 19 nodules)

RFA with CEUS
(192 patients, 344 nodules)

352 patients with 556 nodules with
poor conspicuity on B-mode US

RFA with CEUS and fusion imaging
(37 patients, 57 nodules)

Poorly Poorly WellWell

  Fig. 1.  Flow chart of the study. 
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 Table 1. Patients’ characteristics of the CEUS guidance group, the fusion imaging guidance group and the combination of fusion imag-
ing and CEUS guidance group

CEUS guidance 
(n = 192 with 344 HCCs)

Fusion imaging guidance
(n = 123 with 155 HCCs)

Fusion imaging + CEU S guidance 
(n = 37 with 57 HCCs)

p value

Age, years 69.6 ± 8.8 70.9 ± 7.9 65.8 ± 8.5 0.088
Sex (male/female), n 138/54 91/32 23/14 0.441
HBV/HCV/no HBV no HCV, n 25/150/21 20/86/17 7/28/2 0.475
Child-Pugh score 5.7 ± 0.9 5.8 ± 1.0 5.6 ± 1.1 0.423
Platelet, ×105/μl 11.3 ± 5.6 11.4 ± 5.7 12.2 ± 5.5 0.475
Tumor size, cm 1.5 ± 1.1 1.4 ± 0.6 1.3 ± 0.4 0.143
Location S1/lat/med/ant/post 3/54/46/144/97 2/15/25/64/49 0/4/7/22/24 0.110

 HBV = Hepatic B virus; HCV = hepatic C virus; S1 = segment I; lat = lateral segment of the liver; med = medial segment of the liver; 
ant = anterior segment of the liver; post = posterior segment of the liver.

e

f

  Fig. 2.     Images of a 61-year-old man with a 1.2-cm local tumor pro-
gression of HCC after transcatheter arterial chemoembolization. 
 a  Local tumor progression of HCC as a defect lesion (arrow) in 
segment V of the liver is shown on a hepatobiliary phase image of 
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-
enhanced MRI.  b  B-mode US showing an area of segment V of the 
liver, but the HCC nodule cannot be clearly detected.  c  The right 
panel shows an oblique MR image with a HCC focus defect (ar-
row). The left panel shows a hypoechoic area (arrowhead) by 
CEUS using sonazoid.   d  A RFA needle (arrowhead) was inserted 
in the defect.  e  The hyperechoic area (arrow) covers the treated 
HCC after RFA.  f  An early-phase dynamic CT scan obtained 1 day 
after RFA therapy shows that the tumor and the surrounding area 
(arrow) are not enhanced. 
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Fusion imaging guidance
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p value
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Child-Pugh score 5.7 ± 0.9 5.8 ± 1.0 5.6 ± 1.1 0.423
Platelet, ×105/μl 11.3 ± 5.6 11.4 ± 5.7 12.2 ± 5.5 0.475
Tumor size, cm 1.5 ± 1.1 1.4 ± 0.6 1.3 ± 0.4 0.143
Location S1/lat/med/ant/post 3/54/46/144/97 2/15/25/64/49 0/4/7/22/24 0.110

 HBV = Hepatic B virus; HCV = hepatic C virus; S1 = segment I; lat = lateral segment of the liver; med = medial segment of the liver; 
ant = anterior segment of the liver; post = posterior segment of the liver.
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  Fig. 2.     Images of a 61-year-old man with a 1.2-cm local tumor pro-
gression of HCC after transcatheter arterial chemoembolization. 
 a  Local tumor progression of HCC as a defect lesion (arrow) in 
segment V of the liver is shown on a hepatobiliary phase image of 
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-
enhanced MRI.  b  B-mode US showing an area of segment V of the 
liver, but the HCC nodule cannot be clearly detected.  c  The right 
panel shows an oblique MR image with a HCC focus defect (ar-
row). The left panel shows a hypoechoic area (arrowhead) by 
CEUS using sonazoid.   d  A RFA needle (arrowhead) was inserted 
in the defect.  e  The hyperechoic area (arrow) covers the treated 
HCC after RFA.  f  An early-phase dynamic CT scan obtained 1 day 
after RFA therapy shows that the tumor and the surrounding area 
(arrow) are not enhanced. 
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  Technical Success of RFA Treatment 
 The technical success rates after a single session were 

92.2% (177/199), 91.1% (112/123) and 89.2% (33/37) 
for the CEUS guidance group, the fusion imaging guid-
ance group and the combination guidance group, re-
spectively. The average number of treatment sessions 
was 1.1 ± 0.2 (range: 1–2) in the CEUS guidance group, 
1.1 ± 0.3 (range: 1–2) in the fusion imaging guidance 
group, and 1.1 ± 0.4 (range: 1–3) in the combination of 
CEUS and fusion imaging guidance group. Treatment 
analysis revealed that the number of RFA treatment ses-
sions in the combination guidance group was not sig-
nificantly higher than in the other groups (p = 0.97, Stu-
dent’s t test).

  Local Tumor Progression 
 Follow-up time ranged from 1.1 to 85.3 months (43.2 

± 59.5). During the follow-up period, the 3-year local tu-
mor progression rates were 4.9, 7.2, and 5.9% in the CEUS 
guidance group, the fusion imaging guidance group, and 
the combination guidance group, respectively (p = 0.84, 
log-rank test)( fig. 3 ).

  Complications 
 No major complications were encountered in any of 

the guidance groups, and the overall rates of minor com-
plications were 15.1% (29/192) in the CEUS guidance 
group, 10.6% (13/123) in the fusion imaging guidance 
group, and 5.4% (2/37) in the combination of CEUS and 
fusion imaging guidance group ( table 2 ). There were no 
significant differences in incidence between the imaging 
guidance groups (p = 0.31, χ 2  test).

  Discussion 

 Small HCCs with poor sonographic conspicuity are 
difficult to localize for RFA therapy in patients with liver 
cirrhosis. These inconspicuous HCCs could be blindly 
ablated by placing an electrode into the expected area of 
the liver, but more frequent mistargeting or incomplete 
ablation would be induced. Patients with poor conspicu-
ity on B-mode US and CEUS/fusion imaging receive RFA 
treatment under the most difficult conditions, and we ex-
pected that more frequent sessions of RFA and/or local 
tumor progression would occur. However, there were no 
significant differences in the technical success rates of 
RFA therapy and the incidence of local tumor progres-
sion between the imaging guidance groups.

  By the combination guidance of CEUS and fusion im-
aging, we could place the RFA electrode close to incon-
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  Fig. 3.  A Kaplan-Meier curve of local tumor progression in HCC 
patients of the three imaging guidance groups undergoing RFA 
therapy is shown.             
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 Table 2. Complications of RFA guided by CEUS, fusion imaging and the combination of CEUS and fusion 
imaging

CEUS guidance, 
% (n = 192)

Fusion imaging guidance, 
% (n = 123)

Fusion imaging + CEUS 
guidance, % (n = 37)

Pleural effusion 6.8 (13/192) 7.3 (9/123) 0
Ascites 2.1 (4/192) 0.8 (1/123) 0
Hemothorax 1.6 (3/192) 1.6 (2/123) 0
Diaphragmatic injury 1.6 (3/192) 0.8 (1/123) 5.4 (2/37)
Pneumothorax 1.0 (2/192) 0 0
Hepatic infarction 0.5 (1/192) 0 0
Hemobilia 0.5 (1/192) 0 0

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 9

:0
9:

16
 A

M

   Contrast-Enhanced US and Fusion 
Imaging Guidance in RFA for HCC 

Oncology 2014;87(suppl 1):55–62
DOI: 10.1159/000368146

61

spicuous HCC under the most difficult conditions. In ad-
dition, a larger ablation zone would preclude incomplete 
ablation. These might explain the absence of differences 
in the technical success of the combination guidance 
group.

  In a strict and fair assessment of treatment response, a 
sufficient ablation margin can reduce the risk of local tu-
mor progression after RFA. Our database is prospective-
ly managed under the same criteria of treatment response 
assessment. Accordingly, it is unsurprising that there was 
no significant difference in the incidence of local tumor 
progression between the three imaging guidance groups. 
However, local tumor progression was observed in 3 pa-
tients with the combination of fusion imaging and CEUS 
guidance in RFA. In those patients, partial volume effects 
could have caused an underestimation of the tumor abla-
tion margin.

  There were several limitations in this study including 
its retrospective and single-center design. We are fully 
aware that this study suffered from selection bias because 

the imaging guidance method for RFA was chosen ac-
cording to the RFA operator’s subjectivity.

  In summary, poor conspicuity on B-mode US and 
CEUS/fusion imaging represents the most difficult con-
dition for percutaneous RFA. However, both increased 
frequency of RFA sessions and local tumor progression 
under the combination guidance with CEUS and fusion 
imaging in RFA did not occur in HCC patients with 
poor conspicuity on B-mode US and CEUS/fusion im-
aging. The combination of fusion imaging and CEUS 
guidance in RFA therapy is an effective treatment for 
poorly defined HCCs on B-mode US and CEUS/fusion 
imaging.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article. 
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  Technical Success of RFA Treatment 
 The technical success rates after a single session were 

92.2% (177/199), 91.1% (112/123) and 89.2% (33/37) 
for the CEUS guidance group, the fusion imaging guid-
ance group and the combination guidance group, re-
spectively. The average number of treatment sessions 
was 1.1 ± 0.2 (range: 1–2) in the CEUS guidance group, 
1.1 ± 0.3 (range: 1–2) in the fusion imaging guidance 
group, and 1.1 ± 0.4 (range: 1–3) in the combination of 
CEUS and fusion imaging guidance group. Treatment 
analysis revealed that the number of RFA treatment ses-
sions in the combination guidance group was not sig-
nificantly higher than in the other groups (p = 0.97, Stu-
dent’s t test).

  Local Tumor Progression 
 Follow-up time ranged from 1.1 to 85.3 months (43.2 

± 59.5). During the follow-up period, the 3-year local tu-
mor progression rates were 4.9, 7.2, and 5.9% in the CEUS 
guidance group, the fusion imaging guidance group, and 
the combination guidance group, respectively (p = 0.84, 
log-rank test)( fig. 3 ).

  Complications 
 No major complications were encountered in any of 

the guidance groups, and the overall rates of minor com-
plications were 15.1% (29/192) in the CEUS guidance 
group, 10.6% (13/123) in the fusion imaging guidance 
group, and 5.4% (2/37) in the combination of CEUS and 
fusion imaging guidance group ( table 2 ). There were no 
significant differences in incidence between the imaging 
guidance groups (p = 0.31, χ 2  test).

  Discussion 

 Small HCCs with poor sonographic conspicuity are 
difficult to localize for RFA therapy in patients with liver 
cirrhosis. These inconspicuous HCCs could be blindly 
ablated by placing an electrode into the expected area of 
the liver, but more frequent mistargeting or incomplete 
ablation would be induced. Patients with poor conspicu-
ity on B-mode US and CEUS/fusion imaging receive RFA 
treatment under the most difficult conditions, and we ex-
pected that more frequent sessions of RFA and/or local 
tumor progression would occur. However, there were no 
significant differences in the technical success rates of 
RFA therapy and the incidence of local tumor progres-
sion between the imaging guidance groups.

  By the combination guidance of CEUS and fusion im-
aging, we could place the RFA electrode close to incon-
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  Fig. 3.  A Kaplan-Meier curve of local tumor progression in HCC 
patients of the three imaging guidance groups undergoing RFA 
therapy is shown.             
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 Table 2. Complications of RFA guided by CEUS, fusion imaging and the combination of CEUS and fusion 
imaging

CEUS guidance, 
% (n = 192)

Fusion imaging guidance, 
% (n = 123)

Fusion imaging + CEUS 
guidance, % (n = 37)

Pleural effusion 6.8 (13/192) 7.3 (9/123) 0
Ascites 2.1 (4/192) 0.8 (1/123) 0
Hemothorax 1.6 (3/192) 1.6 (2/123) 0
Diaphragmatic injury 1.6 (3/192) 0.8 (1/123) 5.4 (2/37)
Pneumothorax 1.0 (2/192) 0 0
Hepatic infarction 0.5 (1/192) 0 0
Hemobilia 0.5 (1/192) 0 0
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spicuous HCC under the most difficult conditions. In ad-
dition, a larger ablation zone would preclude incomplete 
ablation. These might explain the absence of differences 
in the technical success of the combination guidance 
group.

  In a strict and fair assessment of treatment response, a 
sufficient ablation margin can reduce the risk of local tu-
mor progression after RFA. Our database is prospective-
ly managed under the same criteria of treatment response 
assessment. Accordingly, it is unsurprising that there was 
no significant difference in the incidence of local tumor 
progression between the three imaging guidance groups. 
However, local tumor progression was observed in 3 pa-
tients with the combination of fusion imaging and CEUS 
guidance in RFA. In those patients, partial volume effects 
could have caused an underestimation of the tumor abla-
tion margin.

  There were several limitations in this study including 
its retrospective and single-center design. We are fully 
aware that this study suffered from selection bias because 

the imaging guidance method for RFA was chosen ac-
cording to the RFA operator’s subjectivity.

  In summary, poor conspicuity on B-mode US and 
CEUS/fusion imaging represents the most difficult con-
dition for percutaneous RFA. However, both increased 
frequency of RFA sessions and local tumor progression 
under the combination guidance with CEUS and fusion 
imaging in RFA did not occur in HCC patients with 
poor conspicuity on B-mode US and CEUS/fusion im-
aging. The combination of fusion imaging and CEUS 
guidance in RFA therapy is an effective treatment for 
poorly defined HCCs on B-mode US and CEUS/fusion 
imaging.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article. 
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on the same day as the liver biopsy. Data mining was also 
performed to construct a decision tree, and its diagnos-
tic performance for assessing liver fibrosis was evaluated. 
 Results:  The LFI was higher in patients with chronic hepatitis 
C (CHC) than in those with chronic hepatitis B (CHB). When a 
decision tree was constructed by data mining of RTE and se-
rological findings, the diagnostic accuracy was very high for 
all fibrosis stages, with respective rates at F1, F2, F3, and F4 
of 94.4, 54.1, 38.7, and 81.3% for patients with CHC and of 
97.1, 50.0, 43.8, and 80.6% for patients with CHB.  Conclu-
sions:  The variation in LFI values between the different eti-
ologies appears to reflect the difference in the development 
style of liver fibrosis. The decision tree for assessing liver fi-
brosis constructed by data mining of both RTE and serologi-
cal findings had a high diagnostic performance in assessing 
liver fibrosis and shows promising clinical utility. 

 © 2014 S. Karger AG, Basel 
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  Objective:  Although liver biopsy is the gold standard for viral 
liver disease management, it is invasive and the sampling er-
ror rate is problematic. Real-time tissue elastography (RTE), 
a recently developed method of ultrasound elastography, 
can be used to assess liver fibrosis noninvasively but the 
overlap between fibrosis stages limits its ability to assess liv-
er fibrosis adequately when used alone.  Methods:  A multi-
center collaborative study involving 542 patients with 
chronic viral hepatitis and cirrhosis who were scheduled to 
undergo liver biopsy compared the image features obtained 
from RTE image analysis, the liver fibrosis index (LFI), and 
pathological diagnosis. RTE and a blood test were performed 
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on the same day as the liver biopsy. Data mining was also 
performed to construct a decision tree, and its diagnos-
tic performance for assessing liver fibrosis was evaluated. 
 Results:  The LFI was higher in patients with chronic hepatitis 
C (CHC) than in those with chronic hepatitis B (CHB). When a 
decision tree was constructed by data mining of RTE and se-
rological findings, the diagnostic accuracy was very high for 
all fibrosis stages, with respective rates at F1, F2, F3, and F4 
of 94.4, 54.1, 38.7, and 81.3% for patients with CHC and of 
97.1, 50.0, 43.8, and 80.6% for patients with CHB.  Conclu-
sions:  The variation in LFI values between the different eti-
ologies appears to reflect the difference in the development 
style of liver fibrosis. The decision tree for assessing liver fi-
brosis constructed by data mining of both RTE and serologi-
cal findings had a high diagnostic performance in assessing 
liver fibrosis and shows promising clinical utility. 
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overlap between fibrosis stages limits its ability to assess liv-
er fibrosis adequately when used alone.  Methods:  A multi-
center collaborative study involving 542 patients with 
chronic viral hepatitis and cirrhosis who were scheduled to 
undergo liver biopsy compared the image features obtained 
from RTE image analysis, the liver fibrosis index (LFI), and 
pathological diagnosis. RTE and a blood test were performed 

 Published online: November 22, 2014 

 Prof. Masatoshi Kudo 
 Department of Gastroenterology and Hepatology 
 Kinki University School of Medicine 
 377-2 Ohno-Higashi, Osaka-Sayama, Osaka 589-8511 (Japan) 
 E-Mail m-kudo   @   med.kindai.ac.jp 

 © 2014 S. Karger AG, Basel
0030–2414/14/0877–0063$39.50/0 

 www.karger.com/ocl 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 9

:1
0:

53
 A

M

— 405 —



 Yada et al.   

 

Oncology 2014;87(suppl 1):63–72
DOI: 10.1159/000368147

64

 Introduction 

 Spontaneous clearance of hepatitis C virus (HCV) al-
most never occurs once the infection has become chron-
ic, so liver fibrosis progresses year after year and ulti-
mately leads to cirrhosis in individuals with chronic hep-
atitis C (CHC) if they do not undergo antiviral therapy 
with agents such as interferons  [1] . Viral hepatitis is a 
cause of hepatocarcinogenesis, and the incidence of liver 
cancer significantly increases as liver fibrosis progresses 
in CHC  [2] . It is expected that the surveillance of liver 
cancer will improve detection rates of early-stage liver 
cancer and consequently improve prognosis through 
treatment, including local therapy, hepatectomy, and liv-
er transplantation  [3–9] . Liver fibrosis affects both the 
virus eradication rate and prognosis. Assessing liver fi-
brosis is therefore useful for determining the indication 
of treatment for viral hepatitis and predicting the risk of 
hepatocarcinogenesis, making it very important in clini-
cal practice. 

  Liver biopsy is regarded as the gold standard for as-
sessing liver fibrosis; however, it is an invasive technique 
that carries risks of bleeding and pain. Moreover, the bi-
opsy sample evaluated is small, representing only 1/50,000 
of the liver, so differences in assessment findings can arise 
depending on the site biopsied or the examining patholo-
gist’s judgment. One study that compared the pathologi-
cal findings of liver biopsy with those of hepatectomy 
found a variation rate of approximately 30%  [10] . 

  Another useful assessment technique is ultrasound 
elastography, which noninvasively measures liver stiff-
ness. Although liver stiffness is influenced by factors 
such as liver fibrosis and inflammation, it is correlated 
with the incidence of viral hepatocarcinogenesis, and 
studies have shown that the FibroScan is useful for the 
surveillance of liver cancer  [5, 11–13] . Real-time tissue 
elastography (RTE), an ultrasound elastography with 
another measurement principle, noninvasively depicts 
the distortion in liver tissue caused by beating of the 
heart in real time; as liver fibrosis progresses, the per-
centage of blue low-strain areas and the textural disorga-
nization increase  [14, 15] . A verification study using a 
mechanical model of liver fibrosis suggested that chang-
es in RTE images associated with the progression of liver 
fibrosis are seen because RTE is actually depicting liver 
fibrosis itself  [16] . In addition, the liver fibrosis index 
(LFI), which is a multiple regression equation for assess-
ing liver fibrosis using liver fibrosis estimates based on 
biopsy and RTE data obtained from patients with CHC 
and cirrhosis, is widely used as a technique for assessing 

liver fibrosis with RTE as it can be easily measured with 
RTE systems  [17–20] . However, the LFI was developed 
based on data from patients with CHC and cirrhosis, and 
its usefulness for other etiologies has not been sufficient-
ly discussed. Furthermore, the stage of fibrosis is often 
not completely clear when using the LFI in clinical prac-
tice, due to the large amount of overlap between the stag-
es, so an assessment method with greater diagnostic ac-
curacy is needed.

  Against this background, in this study we examined 
differences between patients with CHC and chronic hep-
atitis B (CHB) by comparing image features from RTE 
image analysis, the LFI, and serological tests. We also 
constructed a decision tree by data mining both RTE and 
serological findings and evaluated its diagnostic perfor-
mance for assessing liver fibrosis.

  Patients and Methods 

 Patients 
 This was a multicenter collaborative study conducted at Kin-

ki University Hospital, Osaka City University Hospital, Shimane 
University Hospital, Osaka Red Cross Hospital, Hitachi General 
Hospital, Kagawa University Hospital, Minami Wakayama Med-
ical Center, Kumamoto Shinto General Hospital, Nagoya City 
University Hospital, Wakayama Medical University Hospital, 
Osaka Medical Center for Cancer and Cardiovascular Diseases, 
Ehime University Hospital, Takamatsu Red Cross Hospital, Tot-
tori University Hospital, Yashiro General Hospital, Hyogo Col-
lege of Medicine Hospital, and PL Hospital. Only patients chron-
ically infected with either HCV or hepatitis B virus (HBV) were 
included (coinfected patients were excluded). The strain of hepa-
titis virus was determined based on whether a positive result was 
obtained when HCV-RNA and HBV-DNA were measured. Fur-
thermore, patients who consumed  ≥ 20 g of alcohol per day or 
had another type of chronic hepatitis such as primary biliary cir-
rhosis or autoimmune hepatitis were excluded. The study proto-
col conformed to the Declaration of Helsinki and was approved 
by the ethics committee of each participating institute. Informed 
consent to participate in the study was obtained from each pa-
tient.

  Clinical and Laboratory Assessments 
 A blood test and RTE were performed on the same day as the 

liver biopsy. Aspartate aminotransferase (AST), alanine amino-
transferase (ALT), gamma-glutamyl transpeptidase (GGT), total 
bilirubin (T-Bil), platelet count (PLT), prothrombin time (PT), in-
ternational normalized ratio (INR), hyaluronic acid (HA), type IV 
collagen, type IV collagen 7S domain, type III procollagen N-pep-
tide (P3P), and matrix metalloproteinase-3 (MMP3) were assessed 
using automated methods.

  Histological Assessment 
 Percutaneous ultrasound-guided liver biopsy was performed 

on the right lobe with a Tru-Cut semiautomatic 16- or 18-gauge 
needle apparatus. The liver biopsy specimens were fixed in for-
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malin, embedded in paraffin, and stained with hematoxylin and 
eosin, Masson’s trichrome or Azan. All biopsy specimens were 
examined by 3 liver pathology experts who were blinded to the 
patient characteristics. Liver fibrosis was scored by the new Inu-
yama classification, the Japanese criteria for the histological as-
sessment of chronic viral hepatitis  [21] . The 3 pathologists as-
sessed each case separately and differences in judgments were re-
solved by consensus. The stage of fibrosis was classified as follows: 
F0 = no fibrosis; F1 = fibrosis portal expansion; F2 = bridging 
fibrosis (portal-portal or portal-central linkage); F3 = bridging 
fibrosis with lobular distortion (disorganization), or F4 = cirrho-
sis.

  Real-Time Tissue Elastography 
 The principle of RTE has been already reported by us  [14, 15, 

18–20, 22, 23] . Briefly, RTE was performed using ultrasonogra-
phy (EUS-8500, HI-VISION 900, and HI-VISION Ascendus; 
Hitachi Aloka Medical, Tokyo, Japan) and the EUP-L52 linear 
probe (3–7 MHz; Hitachi Aloka Medical). Patients were exam-
ined in the spine position with the right arm in maximal abduc-
tion and were instructed to hold their breath. The examinations 
were performed on the right lobe through the intercostal spaces, 
with the transducer held firmly with no compression applied to 
the skin. The B-mode and static image superimposed on B-mode 
were both visualized in real time, enabling the optimal position 
to be easily selected. The region of interest of the strain image 
was 2.5 cm 2  and located about 1 cm below the surface of the 
liver. In addition, to obtain good images, scanning was per-
formed to avoid large vessels and attenuation by the lungs and 
ribs. Videos comprising stable RTE images over  ≥ 5 sequential 
heartbeats were saved 3 times. A reader blinded to patient char-
acteristics selected 10 appropriate images from the saved videos 
using the electrocardiogram and strain graph as references and 
analyzed those images. As RTE is a technique for depicting rela-
tive strain, artifacts within the region of interest affect the results 
and therefore the reader selected images with few artifacts and 
then analyzed the areas without artifacts in these images. From 
each RTE image, 11 image features were extracted: mean relative 
strain value (MEAN); standard deviation of relative strain value 
(SD); percentage of low strain area (percentage of the blue col-
ored area; %AREA); complexity of low strain area (calculated as 
square of perimeter divided by area; COM); skewness (SKEW); 
kurtosis (KURT); contrast (CON); entropy (ENT); textural 
complexity, inverse difference moment (IDM); angular second 
moment (ASM), and correlation (COR). LFI was calculated us-
ing a previously reported method  [17–19] .

  Statistical Analysis 
 Descriptive statistics are shown as median and quartile, or per-

centage as appropriate. Differences in findings by etiology were 
evaluated using the nonparametric Mann-Whitney U test. Differ-
ences in findings by fibrosis stage were evaluated by multiple com-
parisons with Tukey’s honestly significant difference test and 
trend analysis with the Jonckheere-Terpstra trend test. Differences 
were considered statistically significant at p < 0.05. The diagnostic 
performance for liver fibrosis was determined in terms of sensitiv-
ity, specificity, positive predictive value, negative predictive value, 
diagnostic accuracy, and area under the receiver operating charac-
teristic curve (AUROC). All analyses were performed using SPSS 
Statistics 20 (IBM, Armonk, N.Y., USA).

  Results 

 Demographics and Baseline Features 
 A total of 542 patients with good RTE images, good 

samples from liver biopsy, and with liver fibrosis were in-
cluded in the analysis. The pathological diagnosis was 
HCV in 414 patients (F1: 179, F2: 98, F3: 62, and F4: 75) 
and HBV in 128 patients (F1: 69, F2: 12, F3: 16, and F4: 
31).

  Comparison of Serological Markers and Pathological 
Diagnosis 
 In the HCV-infected patients, as the stage of fibrosis 

progressed, a significant increasing trend was seen for 
AST, ALT, GGT, T-Bil, INR, HA, type IV collagen, type 
IV collagen 7S, and P3P (p < 0.0001), a significant de-
creasing trend was seen for PLT (p < 0.0001), and no sig-
nificant trend was seen for MMP3 (p = 0.565). In the 
HBV-infected patients, as the stage of fibrosis progressed, 
a significant increasing trend was seen for GGT, INR, HA, 
type IV collagen, and type IV collagen 7S (p < 0.0001), a 
significant decreasing trend was seen for PLT (p < 0.0001), 
and no significant trend was seen for AST, ALT, T-Bil, 
P3P, and MMP3 (p = 0.565) ( tables 1 ,  2 ).

  Relationship between Liver Fibrosis Stage, RTE Image 
Features and LFI 
 As the stage of fibrosis progressed in the HCV-infected 

patients, a significant decreasing trend was seen for 
MEAN (p < 0.0001), a significant increasing trend was 
seen for SD, AREA, COM, CON, and SKEW (p < 0.0001), 
and no significant trend was seen for ASM, COR, ENT, 
IDM, and KURT. As the stage of fibrosis progressed in 
the HBV-infected patients, a significant decreasing trend 
was seen for MEAN (p < 0.0001), a significant increasing 
trend was seen for SD, AREA, COM, CON, and SKEW 
(p < 0.0001) as well as for KURT (p = 0.001), and no sig-
nificant trend was seen for ASM, COR, ENT, and IDM.

  A significant increasing trend was seen for the LFI in 
both HCV- and HBV-infected patients (p < 0.0001). Mul-
tiple comparisons between stages of fibrosis revealed a 
significant difference in the LFI between all stages of fi-
brosis in HCV-infected patients (F1 vs. F2, F1 vs. F3, F1 
vs. F4, F2 vs. F3, F2 vs. F4, and F3 vs. F4). In HBV-infect-
ed patients, however, the only significant differences were 
between F1/F4 and F2/F4 ( table 3 ).

  Comparison of the LFI between HCV and HBV 
 When the LFI was compared between HCV- and 

HBV-infected patients at each stage of fibrosis, it was 
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 Introduction 

 Spontaneous clearance of hepatitis C virus (HCV) al-
most never occurs once the infection has become chron-
ic, so liver fibrosis progresses year after year and ulti-
mately leads to cirrhosis in individuals with chronic hep-
atitis C (CHC) if they do not undergo antiviral therapy 
with agents such as interferons  [1] . Viral hepatitis is a 
cause of hepatocarcinogenesis, and the incidence of liver 
cancer significantly increases as liver fibrosis progresses 
in CHC  [2] . It is expected that the surveillance of liver 
cancer will improve detection rates of early-stage liver 
cancer and consequently improve prognosis through 
treatment, including local therapy, hepatectomy, and liv-
er transplantation  [3–9] . Liver fibrosis affects both the 
virus eradication rate and prognosis. Assessing liver fi-
brosis is therefore useful for determining the indication 
of treatment for viral hepatitis and predicting the risk of 
hepatocarcinogenesis, making it very important in clini-
cal practice. 

  Liver biopsy is regarded as the gold standard for as-
sessing liver fibrosis; however, it is an invasive technique 
that carries risks of bleeding and pain. Moreover, the bi-
opsy sample evaluated is small, representing only 1/50,000 
of the liver, so differences in assessment findings can arise 
depending on the site biopsied or the examining patholo-
gist’s judgment. One study that compared the pathologi-
cal findings of liver biopsy with those of hepatectomy 
found a variation rate of approximately 30%  [10] . 

  Another useful assessment technique is ultrasound 
elastography, which noninvasively measures liver stiff-
ness. Although liver stiffness is influenced by factors 
such as liver fibrosis and inflammation, it is correlated 
with the incidence of viral hepatocarcinogenesis, and 
studies have shown that the FibroScan is useful for the 
surveillance of liver cancer  [5, 11–13] . Real-time tissue 
elastography (RTE), an ultrasound elastography with 
another measurement principle, noninvasively depicts 
the distortion in liver tissue caused by beating of the 
heart in real time; as liver fibrosis progresses, the per-
centage of blue low-strain areas and the textural disorga-
nization increase  [14, 15] . A verification study using a 
mechanical model of liver fibrosis suggested that chang-
es in RTE images associated with the progression of liver 
fibrosis are seen because RTE is actually depicting liver 
fibrosis itself  [16] . In addition, the liver fibrosis index 
(LFI), which is a multiple regression equation for assess-
ing liver fibrosis using liver fibrosis estimates based on 
biopsy and RTE data obtained from patients with CHC 
and cirrhosis, is widely used as a technique for assessing 

liver fibrosis with RTE as it can be easily measured with 
RTE systems  [17–20] . However, the LFI was developed 
based on data from patients with CHC and cirrhosis, and 
its usefulness for other etiologies has not been sufficient-
ly discussed. Furthermore, the stage of fibrosis is often 
not completely clear when using the LFI in clinical prac-
tice, due to the large amount of overlap between the stag-
es, so an assessment method with greater diagnostic ac-
curacy is needed.

  Against this background, in this study we examined 
differences between patients with CHC and chronic hep-
atitis B (CHB) by comparing image features from RTE 
image analysis, the LFI, and serological tests. We also 
constructed a decision tree by data mining both RTE and 
serological findings and evaluated its diagnostic perfor-
mance for assessing liver fibrosis.

  Patients and Methods 

 Patients 
 This was a multicenter collaborative study conducted at Kin-

ki University Hospital, Osaka City University Hospital, Shimane 
University Hospital, Osaka Red Cross Hospital, Hitachi General 
Hospital, Kagawa University Hospital, Minami Wakayama Med-
ical Center, Kumamoto Shinto General Hospital, Nagoya City 
University Hospital, Wakayama Medical University Hospital, 
Osaka Medical Center for Cancer and Cardiovascular Diseases, 
Ehime University Hospital, Takamatsu Red Cross Hospital, Tot-
tori University Hospital, Yashiro General Hospital, Hyogo Col-
lege of Medicine Hospital, and PL Hospital. Only patients chron-
ically infected with either HCV or hepatitis B virus (HBV) were 
included (coinfected patients were excluded). The strain of hepa-
titis virus was determined based on whether a positive result was 
obtained when HCV-RNA and HBV-DNA were measured. Fur-
thermore, patients who consumed  ≥ 20 g of alcohol per day or 
had another type of chronic hepatitis such as primary biliary cir-
rhosis or autoimmune hepatitis were excluded. The study proto-
col conformed to the Declaration of Helsinki and was approved 
by the ethics committee of each participating institute. Informed 
consent to participate in the study was obtained from each pa-
tient.

  Clinical and Laboratory Assessments 
 A blood test and RTE were performed on the same day as the 

liver biopsy. Aspartate aminotransferase (AST), alanine amino-
transferase (ALT), gamma-glutamyl transpeptidase (GGT), total 
bilirubin (T-Bil), platelet count (PLT), prothrombin time (PT), in-
ternational normalized ratio (INR), hyaluronic acid (HA), type IV 
collagen, type IV collagen 7S domain, type III procollagen N-pep-
tide (P3P), and matrix metalloproteinase-3 (MMP3) were assessed 
using automated methods.

  Histological Assessment 
 Percutaneous ultrasound-guided liver biopsy was performed 

on the right lobe with a Tru-Cut semiautomatic 16- or 18-gauge 
needle apparatus. The liver biopsy specimens were fixed in for-
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malin, embedded in paraffin, and stained with hematoxylin and 
eosin, Masson’s trichrome or Azan. All biopsy specimens were 
examined by 3 liver pathology experts who were blinded to the 
patient characteristics. Liver fibrosis was scored by the new Inu-
yama classification, the Japanese criteria for the histological as-
sessment of chronic viral hepatitis  [21] . The 3 pathologists as-
sessed each case separately and differences in judgments were re-
solved by consensus. The stage of fibrosis was classified as follows: 
F0 = no fibrosis; F1 = fibrosis portal expansion; F2 = bridging 
fibrosis (portal-portal or portal-central linkage); F3 = bridging 
fibrosis with lobular distortion (disorganization), or F4 = cirrho-
sis.

  Real-Time Tissue Elastography 
 The principle of RTE has been already reported by us  [14, 15, 

18–20, 22, 23] . Briefly, RTE was performed using ultrasonogra-
phy (EUS-8500, HI-VISION 900, and HI-VISION Ascendus; 
Hitachi Aloka Medical, Tokyo, Japan) and the EUP-L52 linear 
probe (3–7 MHz; Hitachi Aloka Medical). Patients were exam-
ined in the spine position with the right arm in maximal abduc-
tion and were instructed to hold their breath. The examinations 
were performed on the right lobe through the intercostal spaces, 
with the transducer held firmly with no compression applied to 
the skin. The B-mode and static image superimposed on B-mode 
were both visualized in real time, enabling the optimal position 
to be easily selected. The region of interest of the strain image 
was 2.5 cm 2  and located about 1 cm below the surface of the 
liver. In addition, to obtain good images, scanning was per-
formed to avoid large vessels and attenuation by the lungs and 
ribs. Videos comprising stable RTE images over  ≥ 5 sequential 
heartbeats were saved 3 times. A reader blinded to patient char-
acteristics selected 10 appropriate images from the saved videos 
using the electrocardiogram and strain graph as references and 
analyzed those images. As RTE is a technique for depicting rela-
tive strain, artifacts within the region of interest affect the results 
and therefore the reader selected images with few artifacts and 
then analyzed the areas without artifacts in these images. From 
each RTE image, 11 image features were extracted: mean relative 
strain value (MEAN); standard deviation of relative strain value 
(SD); percentage of low strain area (percentage of the blue col-
ored area; %AREA); complexity of low strain area (calculated as 
square of perimeter divided by area; COM); skewness (SKEW); 
kurtosis (KURT); contrast (CON); entropy (ENT); textural 
complexity, inverse difference moment (IDM); angular second 
moment (ASM), and correlation (COR). LFI was calculated us-
ing a previously reported method  [17–19] .

  Statistical Analysis 
 Descriptive statistics are shown as median and quartile, or per-

centage as appropriate. Differences in findings by etiology were 
evaluated using the nonparametric Mann-Whitney U test. Differ-
ences in findings by fibrosis stage were evaluated by multiple com-
parisons with Tukey’s honestly significant difference test and 
trend analysis with the Jonckheere-Terpstra trend test. Differences 
were considered statistically significant at p < 0.05. The diagnostic 
performance for liver fibrosis was determined in terms of sensitiv-
ity, specificity, positive predictive value, negative predictive value, 
diagnostic accuracy, and area under the receiver operating charac-
teristic curve (AUROC). All analyses were performed using SPSS 
Statistics 20 (IBM, Armonk, N.Y., USA).

  Results 

 Demographics and Baseline Features 
 A total of 542 patients with good RTE images, good 

samples from liver biopsy, and with liver fibrosis were in-
cluded in the analysis. The pathological diagnosis was 
HCV in 414 patients (F1: 179, F2: 98, F3: 62, and F4: 75) 
and HBV in 128 patients (F1: 69, F2: 12, F3: 16, and F4: 
31).

  Comparison of Serological Markers and Pathological 
Diagnosis 
 In the HCV-infected patients, as the stage of fibrosis 

progressed, a significant increasing trend was seen for 
AST, ALT, GGT, T-Bil, INR, HA, type IV collagen, type 
IV collagen 7S, and P3P (p < 0.0001), a significant de-
creasing trend was seen for PLT (p < 0.0001), and no sig-
nificant trend was seen for MMP3 (p = 0.565). In the 
HBV-infected patients, as the stage of fibrosis progressed, 
a significant increasing trend was seen for GGT, INR, HA, 
type IV collagen, and type IV collagen 7S (p < 0.0001), a 
significant decreasing trend was seen for PLT (p < 0.0001), 
and no significant trend was seen for AST, ALT, T-Bil, 
P3P, and MMP3 (p = 0.565) ( tables 1 ,  2 ).

  Relationship between Liver Fibrosis Stage, RTE Image 
Features and LFI 
 As the stage of fibrosis progressed in the HCV-infected 

patients, a significant decreasing trend was seen for 
MEAN (p < 0.0001), a significant increasing trend was 
seen for SD, AREA, COM, CON, and SKEW (p < 0.0001), 
and no significant trend was seen for ASM, COR, ENT, 
IDM, and KURT. As the stage of fibrosis progressed in 
the HBV-infected patients, a significant decreasing trend 
was seen for MEAN (p < 0.0001), a significant increasing 
trend was seen for SD, AREA, COM, CON, and SKEW 
(p < 0.0001) as well as for KURT (p = 0.001), and no sig-
nificant trend was seen for ASM, COR, ENT, and IDM.

  A significant increasing trend was seen for the LFI in 
both HCV- and HBV-infected patients (p < 0.0001). Mul-
tiple comparisons between stages of fibrosis revealed a 
significant difference in the LFI between all stages of fi-
brosis in HCV-infected patients (F1 vs. F2, F1 vs. F3, F1 
vs. F4, F2 vs. F3, F2 vs. F4, and F3 vs. F4). In HBV-infect-
ed patients, however, the only significant differences were 
between F1/F4 and F2/F4 ( table 3 ).

  Comparison of the LFI between HCV and HBV 
 When the LFI was compared between HCV- and 

HBV-infected patients at each stage of fibrosis, it was 
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found to be significantly higher in HCV-infected patients 
at stages F1, F2, and F4 (F1: HCV = 181, HBV = 1.52, p = 
0.029; F2: HCV = 2.10, HBV = 1.61, p = 0.010; F4: 
HCV = 2.97, HBV = 2.66, p = 0.042) and marginally high-
er in HCV-infected patients at stage F3 (HCV = 2.47, 
HBV = 2.16, p = 0.051) ( table 4 ).

  AUROC Analysis 
 The LFI cutoff values for each stage of fibrosis were 

calculated by AUROC analysis to evaluate the diagnostic 
performance of the LFI for liver fibrosis assessment. In 
HCV-infected patients, the diagnostic accuracy was 73.2 
at F4, 72.2 at  ≥ F3, and 67.9 at  ≥ F2. In HBV-infected pa-
tients, the diagnostic accuracy was 73.4 at F4, 76.6 at  ≥ F3, 
and 69.5 at  ≥ F2 ( table 5 ).

  Data Mining Analysis 
 The LFI is the numerical value calculated from HCV. 

Therefore, by using the LFI and the serological findings 
for HCV as well as the 11 feature values of RTE and the 
serological findings for HBV, the decision tree was cal-
culated. The HCV decision tree, which comprises LFI, 
AST, ALT, GGT, T-Bil, PLT, HA, and type IV collagen, 
had a diagnostic accuracy of 94.4% for F1, 54.1% for F2, 
38.7% for F3, and 81.3% for F4. The HBV decision tree, 
which comprises COM, CON, IDM, ALT, PLT, INR, 
and HA, had a diagnostic accuracy of 97.1% for F1, 
50.0% for F2, 43.8% for F3, and 80.6% for F4 ( fig.  1 ; 
  table 6 ).

  Discussion 

 The LFI, which is a multiple regression equation for 
assessing liver fibrosis using liver fibrosis estimates from 
biopsy and RTE image feature values obtained from pa-
tients with CHC or cirrhosis, is widely used as the pri-

mary diagnostic technique with RTE as it can easily be 
measured with RTE diagnostic equipment. However, few 
studies have examined differences in RTE images or the 
LFI due to differences in etiology, and the usefulness of 
the LFI for etiologies other than HCV has not been suf-
ficiently discussed. In this study, we found that the LFI 
was significantly higher in HCV- than in HBV-infected 
patients with the same stage of fibrosis. This was likely 
influenced by differences in how fibrosis progresses in 
these etiologies. Specifically, HCV-infected patients de-
velop micronodular cirrhosis, whereas HBV-infected pa-
tients develop macronodular cirrhosis. However, in cri-
teria for evaluating pathological fibrosis in viral liver dis-
eases (e.g., the new Inuyama classification), the stage of 
fibrosis is based on the area where fibrosis develops rath-
er than the amount of fibrosis present. In essence, the 
amount of fibrosis per unit of area would be higher in 
HCV- than in HBV-infected patients with the same stage 
of fibrosis because the progression of HCV-related fibro-
sis is micronodular, thereby making the LFI higher as 
well. When using the LFI, the etiology of the patient must 
be confirmed before assessing the fibrosis stage.

  Although evaluation using AUROC yields a some-
what high diagnostic accuracy for liver fibrosis assess-
ment by the LFI, the stage of fibrosis when using LFI 
alone in clinical practice is often not exactly clear due 
to the large amount of overlap in the LFI between stag-
es. Whereas AUROC can be used only to evaluate the 
diagnostic performance of assessment between two 
choices, namely  ≥ F2/F1,  ≥ F3/ ≤ F2 or F4/ ≤ F3, the deci-
sion tree can assess the exact stage of fibrosis (i.e., F1, 
F2, F3 or F4). Furthermore, the decision tree construct-
ed in this study can be used to determine the specific 
stage of liver fibrosis based on etiology, serological find-
ings, and RTE findings with very high diagnostic accu-
racy of each fibrosis stage, suggesting its utility in clini-
cal practice as well. However, the sample size in the F2 

HCV HBV

F4 >F3 >F2 F4 >F3 >F2

AUROC 0.803 0.774 0.73 0.821 0.806 0.744
Cutoff 2.45 2.42 2.31 2.07 1.94 1.91
Positive predictive value 37.8 58.2 58.7 80.6 78.7 66.1
Negative predictive value 92.9 81.6 79.9 71.1 75.3 72.5
Intensity 74.7 65 79.3 47.2 64.9 67.2
Specificity 72.9 76.9 59.6 92 85.9 71.4
Accuracy 73.2 72.2 67.9 73.4 76.6 69.5

Table 5. Diagnostic performance of the 
LFI for liver fibrosis assessment
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found to be significantly higher in HCV-infected patients 
at stages F1, F2, and F4 (F1: HCV = 181, HBV = 1.52, p = 
0.029; F2: HCV = 2.10, HBV = 1.61, p = 0.010; F4: 
HCV = 2.97, HBV = 2.66, p = 0.042) and marginally high-
er in HCV-infected patients at stage F3 (HCV = 2.47, 
HBV = 2.16, p = 0.051) ( table 4 ).

  AUROC Analysis 
 The LFI cutoff values for each stage of fibrosis were 

calculated by AUROC analysis to evaluate the diagnostic 
performance of the LFI for liver fibrosis assessment. In 
HCV-infected patients, the diagnostic accuracy was 73.2 
at F4, 72.2 at  ≥ F3, and 67.9 at  ≥ F2. In HBV-infected pa-
tients, the diagnostic accuracy was 73.4 at F4, 76.6 at  ≥ F3, 
and 69.5 at  ≥ F2 ( table 5 ).

  Data Mining Analysis 
 The LFI is the numerical value calculated from HCV. 

Therefore, by using the LFI and the serological findings 
for HCV as well as the 11 feature values of RTE and the 
serological findings for HBV, the decision tree was cal-
culated. The HCV decision tree, which comprises LFI, 
AST, ALT, GGT, T-Bil, PLT, HA, and type IV collagen, 
had a diagnostic accuracy of 94.4% for F1, 54.1% for F2, 
38.7% for F3, and 81.3% for F4. The HBV decision tree, 
which comprises COM, CON, IDM, ALT, PLT, INR, 
and HA, had a diagnostic accuracy of 97.1% for F1, 
50.0% for F2, 43.8% for F3, and 80.6% for F4 ( fig.  1 ; 
  table 6 ).

  Discussion 

 The LFI, which is a multiple regression equation for 
assessing liver fibrosis using liver fibrosis estimates from 
biopsy and RTE image feature values obtained from pa-
tients with CHC or cirrhosis, is widely used as the pri-

mary diagnostic technique with RTE as it can easily be 
measured with RTE diagnostic equipment. However, few 
studies have examined differences in RTE images or the 
LFI due to differences in etiology, and the usefulness of 
the LFI for etiologies other than HCV has not been suf-
ficiently discussed. In this study, we found that the LFI 
was significantly higher in HCV- than in HBV-infected 
patients with the same stage of fibrosis. This was likely 
influenced by differences in how fibrosis progresses in 
these etiologies. Specifically, HCV-infected patients de-
velop micronodular cirrhosis, whereas HBV-infected pa-
tients develop macronodular cirrhosis. However, in cri-
teria for evaluating pathological fibrosis in viral liver dis-
eases (e.g., the new Inuyama classification), the stage of 
fibrosis is based on the area where fibrosis develops rath-
er than the amount of fibrosis present. In essence, the 
amount of fibrosis per unit of area would be higher in 
HCV- than in HBV-infected patients with the same stage 
of fibrosis because the progression of HCV-related fibro-
sis is micronodular, thereby making the LFI higher as 
well. When using the LFI, the etiology of the patient must 
be confirmed before assessing the fibrosis stage.

  Although evaluation using AUROC yields a some-
what high diagnostic accuracy for liver fibrosis assess-
ment by the LFI, the stage of fibrosis when using LFI 
alone in clinical practice is often not exactly clear due 
to the large amount of overlap in the LFI between stag-
es. Whereas AUROC can be used only to evaluate the 
diagnostic performance of assessment between two 
choices, namely  ≥ F2/F1,  ≥ F3/ ≤ F2 or F4/ ≤ F3, the deci-
sion tree can assess the exact stage of fibrosis (i.e., F1, 
F2, F3 or F4). Furthermore, the decision tree construct-
ed in this study can be used to determine the specific 
stage of liver fibrosis based on etiology, serological find-
ings, and RTE findings with very high diagnostic accu-
racy of each fibrosis stage, suggesting its utility in clini-
cal practice as well. However, the sample size in the F2 

HCV HBV

F4 >F3 >F2 F4 >F3 >F2

AUROC 0.803 0.774 0.73 0.821 0.806 0.744
Cutoff 2.45 2.42 2.31 2.07 1.94 1.91
Positive predictive value 37.8 58.2 58.7 80.6 78.7 66.1
Negative predictive value 92.9 81.6 79.9 71.1 75.3 72.5
Intensity 74.7 65 79.3 47.2 64.9 67.2
Specificity 72.9 76.9 59.6 92 85.9 71.4
Accuracy 73.2 72.2 67.9 73.4 76.6 69.5

Table 5. Diagnostic performance of the 
LFI for liver fibrosis assessment
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  Fig. 1.  Data mining for the diagnosis of the 
fibrosis stage in chronic viral hepatitis:  fi-
brosis diagnosis of CHC ( a ) and CHB ( b ). 
Each bar graph shows the percentage of 
cases. The pale blue, red, blue, and green 
bars represent F1, F2, F3, and F4 fibrosis 
stage, respectively (colors refer to the on-
line version only). T_Bil = Total bilirubin; 
Collagen4 = type IV collagen.     1  

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 9

:1
0:

53
 A

M

  Noninvasive Diagnosis of Liver Fibrosis  Oncology 2014;87(suppl 1):63–72
DOI: 10.1159/000368147

71

or F3 stage is too small both in HCV and HBV, which 
seems to be the reason of low accuracy of the F2 and F3 
fibrosis stage. 

  In this study, we used the gold standard method of as-
sessing liver fibrosis stage with samples obtained by liver 
biopsy, but, as mentioned previously, sampling error is 
more likely with an assessment by liver biopsy than with 
an assessment of hepatectomy specimens. Therefore, to 
construct a more accurate decision tree, it would be ideal 
to make the pathological diagnosis based on the hepatec-
tomy specimens. Furthermore, it is also necessary to try 
to eliminate discrepancies in assessment between readers, 
for example, by adding computer-aided pathological di-
agnosis. In light of these issues, further research must be 
conducted to enable ultrasound elastography to be used 
as a tool for obtaining a more accurate diagnosis in clini-
cal practice.
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 Table 6. Diagnostic performance of data mining with both ultrasound elastography and serological findings
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F1 F2 F3 F4 F1 F2 F3 F4

Pathological diagnosis
F1 169 (94.4) 8 (4.5) 0 2 (1.1) 67 (97.1) 0 0 2 (2.9)
F2 42 (42.9) 53 (54.1) 1 (1.0) 2 (2.0) 5 (41.7) 6 (50) 0 1 (8.3)
F3 10 (16.1) 10 (16.1) 24 (38.7) 18 (29.0) 6 (37.5) 0 7 (43.8) 3 (18.8)
F4 3 (4.0) 6 (8.0) 5 (6.7) 61 (81.3) 5 (16.1) 0 1 (3.2) 25 (80.6)

Values are presented as n (%).
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  Fig. 1.  Data mining for the diagnosis of the 
fibrosis stage in chronic viral hepatitis:  fi-
brosis diagnosis of CHC ( a ) and CHB ( b ). 
Each bar graph shows the percentage of 
cases. The pale blue, red, blue, and green 
bars represent F1, F2, F3, and F4 fibrosis 
stage, respectively (colors refer to the on-
line version only). T_Bil = Total bilirubin; 
Collagen4 = type IV collagen.     1  
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or F3 stage is too small both in HCV and HBV, which 
seems to be the reason of low accuracy of the F2 and F3 
fibrosis stage. 

  In this study, we used the gold standard method of as-
sessing liver fibrosis stage with samples obtained by liver 
biopsy, but, as mentioned previously, sampling error is 
more likely with an assessment by liver biopsy than with 
an assessment of hepatectomy specimens. Therefore, to 
construct a more accurate decision tree, it would be ideal 
to make the pathological diagnosis based on the hepatec-
tomy specimens. Furthermore, it is also necessary to try 
to eliminate discrepancies in assessment between readers, 
for example, by adding computer-aided pathological di-
agnosis. In light of these issues, further research must be 
conducted to enable ultrasound elastography to be used 
as a tool for obtaining a more accurate diagnosis in clini-
cal practice.
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plans. Among these, no-touch ablation was one of the 
most useful procedures in the treatment of HCC with the 
apparatus. In RFA therapy, a few assisting devices and tech-
niques were applied for convenience and improvement of 
the thermal ablation procedure. Contrast-enhanced ultra-
sonography and three-dimensional fusion imaging tech-
nique using volume data of CT or MRI could improve exact 
targeting and shorten the treatment time for RFA proce-
dures under ultrasonographic guidance. A more compli-
cated method using a workstation was also reported as be-
ing helpful in planning the ablated shape and volume in 
multineedle RFA. The effective use of sedatives and antian-
algesics as well as a novel microwave apparatus with a 
cooled-tip electrode was also discussed. 

 © 2014 S. Karger AG, Basel 
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 Abstract 
 In order to attain better ablation and more effective man-
agement of hepatocellular carcinoma (HCC), new ap-
proaches and devices in radiofrequency ablation (RFA) 
therapy were presented and discussed in a workshop at the 
50th Annual Meeting of the Liver Cancer Study Group of 
Japan. A novel bipolar RFA apparatus was introduced in 
Japan in January 2013. Hundreds of subjects with HCC 
were treated with multipolar RFA with varied devices and 
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plans. Among these, no-touch ablation was one of the 
most useful procedures in the treatment of HCC with the 
apparatus. In RFA therapy, a few assisting devices and tech-
niques were applied for convenience and improvement of 
the thermal ablation procedure. Contrast-enhanced ultra-
sonography and three-dimensional fusion imaging tech-
nique using volume data of CT or MRI could improve exact 
targeting and shorten the treatment time for RFA proce-
dures under ultrasonographic guidance. A more compli-
cated method using a workstation was also reported as be-
ing helpful in planning the ablated shape and volume in 
multineedle RFA. The effective use of sedatives and antian-
algesics as well as a novel microwave apparatus with a 
cooled-tip electrode was also discussed. 
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 Abstract 
 In order to attain better ablation and more effective man-
agement of hepatocellular carcinoma (HCC), new ap-
proaches and devices in radiofrequency ablation (RFA) 
therapy were presented and discussed in a workshop at the 
50th Annual Meeting of the Liver Cancer Study Group of 
Japan. A novel bipolar RFA apparatus was introduced in 
Japan in January 2013. Hundreds of subjects with HCC 
were treated with multipolar RFA with varied devices and 
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 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors worldwide, with an annual 
incidence of one million new cases  [1] . In about 90% of 
the patients, HCC is a late complication of cirrhosis. The 
5-year incidence of HCC in patients with cirrhosis is 
15–20%. The risk of developing HCC has been reported 
to be 0.5% per year for hepatitis B and 5% per year for 
hepatitis C patients. Consequently, HCC is now emerg-
ing as a major health concern for the next decades. Most 
patients develop few symptoms when the tumor is small 
and often present with multifocal disease only at a late 
stage. The natural course of HCC includes progressive 
tumor growth compromising the hepatic function, in-
trahepatic metastases and spread to distant sites. In gen-
eral, HCC has a poor prognosis, with a median survival 
of 3–6 months after the onset of symptoms. Nowadays, 
an increasing number of HCCs is discovered at an early 
stage because of an increasing awareness and screening 
of asymptomatic patients with cirrhosis  [2] . During the 
last decade, percutaneous locoregional therapy has be-
come the predominant treatment for a small HCC as-
sociated with cirrhosis because of poor liver function 
reserve and a high recurrence rate after surgical resec-
tion.

  Radiofrequency ablation (RFA) therapy  [3]  became 
available in 1999 in Japan, and turned into an indis-
pensable procedure for the management of small-sized 
HCC. RFA therapy is especially useful for patients with 
recurrent tumors, bilobar tumors and tumors located 
deep in the liver. It is also effective in elderly patients 
and in patients with other concomitant diseases and 
cardiac, renal, lung or neurological complications. In 
the last 15 years, many devices and studies have been 
described in order to better manage the early stages of 
HCC.

  At the 50th Annual Meeting of the Liver Cancer Study 
Group of Japan (congress president: Prof. Masatoshi 
Kudo), a workshop was conducted regarding the recent 
progress in RFA, which was presented and discussed by 
11 hepatology experts (for a summary, see below).

  Current Status of RFA 

 A complete tumor ablation rate of over 90% was 
achieved with RFA, and the remainder can usually be ab-
lated with additional RFA therapy. Although the tumor 
recurrence rate or the residual tumor rate is significantly 

higher after RFA compared with surgical resection, over-
all survival is generally regarded as not significantly dif-
ferent between RFA and surgery.

  Sunakozaka and colleagues compared the prognosis 
after surgical resection  [4, 5]  (n = 157) with that after 
RFA (n = 363) using propensity scores with the inverse 
probability of treatment weighting method. After selec-
tion bias regarding the treatment type (RFA or resection) 
was adjusted for to some extent, the survival rates be-
tween patients with RFA and resection were not different 
retrospectively. The odds ratio for survival of the propen-
sity score was 1.15 (favoring surgical resection, 95% CI 
0.56–2.28). These experts found that the survival period 
seemed prolonged when patients with decreased liver 
function received RFA therapy instead of surgery. A 
multicenter prospective randomized controlled trial (the 
SURF study) will show the real efficiency of RFA in re-
currence-free survival and overall survival in the Japa-
nese clinical setting.

  Some surgeons have reported that recurrent or re-
sidual tumor tissue after RFA might have malignant 
characteristics in the pathology of resected HCCs. Saito 
and colleagues analyzed the clinicopathological features 
of 10 HCC patients who showed local recurrence after 
RFA therapy. They selected retrospective patient data as 
well as searched at the surgical department for biased 
data and compared them with data of 78 HCC patients 
without previous RFA intervention. The incidence of 
poorly differentiated histology (4/10 vs. 72/78, p < 0.01) 
and portal vein invasion (8/10 vs. 13/78, p < 0.01) was 
significantly higher in the HCC patients with previous 
RFA therapy than in the treatment-naïve HCC patients. 
The survival rate was significantly lower (p = 0.03) and 
the disease-free survival rate lower (p = 0.01) in the pa-
tients undergoing RFA therapy. The investigators also 
noticed a high incidence of extrahepatic metastases 
(3/10 vs. 6/78, p < 0.05) after surgical resection of recur-
rent HCC after RFA therapy. They analyzed angiogen-
esis markers (HIF-1, VEGF), cancer stem cell markers 
(EpCAM, CD44)  [6, 7]  and epithelial-mesenchymal 
transition (EMT) markers (TGF-β, twist, snail-1, vi-
mentin) in RT-PCR of the patient serum and in immu-
nohistochemistry of the resected specimen. Since almost 
all angiogenesis markers, stem cell markers and EMT 
markers increased to some extent in HCC with previous 
RFA therapy, the investigators supposed that insuffi-
cient thermal ablation led to a malignant transformation 
with EMT. Since treatment-naïve and treatment-resis-
tant HCCs after the other modalities of therapy some-
times also show these malignant characteristics to some 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 9

:1
2:

39
 A

M

  Progress in RFA for HCC  Oncology 2014;87(suppl 1):73–77
 DOI: 10.1159/000368148 

75

extent, the analysis of the limited number of selected pa-
tients in the surgical department should be carefully in-
terpreted considering the presence of significant data 
bias.

  Monopolar and Bipolar Ablation 

 In Japan, monopolar RFA treatment (cooled-tip, 
LeVeen or RITA system) became available in 1999 and 
bipolar RFA treatment (CelonPOWER) in 2013. More 
than 50 institutions and hospitals currently use the bipo-
lar system.

  Kawamura and colleagues presented various advan-
tages of the bipolar RFA system, especially the no-touch 
ablation procedure. Treatment benefit is mostly obtained 
in subcapsular tumors  [8] , tumor nodules just behind 
major vascular structure, potentially poorly differenti-
ated tumors, and irregularly shaped nodules. Since other 
types of HCC nodules also showed a decreased dissemi-
nation risk with the treatment, 44 of 130 nodules (34%) 
were treated with no-touch ablation.

  Joko and colleagues reported on 174 patients under-
going bipolar RFA. More than 70% of the treatments 
were performed using 3 electrodes, and more than half 
of the nodules were treated with no-touch ablation. 
These experts revealed that current bipolar apparatus 
could treat tumors as large as 3.5 cm in diameter with the 
no-touch system using 3 needles (6 electrodes) around 
the nodules. They proposed to extend the indication for 
RFA to cases where multipolar ablation is performed ap-
propriately, except for small-sized HCC.

  On the contrary, Nasu and colleagues studied the 
ideal use of single-needle ablation with the bipolar RFA 
system. They tried to obtain a small and round ablative 
area for a small HCC nodule using a single 20-mm ap-
plicator (T20) and compared two types of radiofre-
quency output programs: a conventional protocol with 
constant 20-Watt output to 10 kJ energy (n = 9) and a 
step-up protocol with increasing power from 10 W to 
3 kJ, from 15 W to 6 kJ and from 20 W to 10 kJ (n = 6). 
The longitudinal length of the ablated area was the same 
in the two protocols; however, the transverse length was 
significantly longer in the step-up protocol (p = 0.0015). 
Although the step-up protocol required a longer treat-
ment time, the revised manner of output control gener-
ated a more round and larger necrotic area. Nasu and 
colleagues therefore recommended the step-up control 
of output for a small-sized HCC using a 20-mm appli-
cator.

  Nakanishi and colleagues reported the usefulness of 
bipolar RFA in a patient with a cardiac pacemaker com-
paring monopolar and bipolar ablation. The patient 
showed a significant decrease in blood pressure with mo-
nopolar ablation but did not show any blood pressure 
change with the bipolar RFA procedure.

  Application and Assisting Devices 

 When RFA is performed under ultrasonographic 
guidance, there are several reasons for the difficulty in 
targeting and inserting a needle to an exact point of an 
HCC nodule, e.g. a small lesion of less than 1 cm, invis-
ible or vague nodules, concomitant confusing or mis-
leading nodular lesions around the tumor and local tu-
mor progression of a previously ablated lesion. When a 
small nodular lesion is detected on CT or MRI during the 
follow-up period after ablation therapy or surgical resec-
tion, ultrasonography sometimes cannot demarcate the 
lesion.

  Uchino and colleagues studied patients with HCC tu-
mors that are hard to visualize on B-mode ultrasonogra-
phy. Sonazoid-enhanced ultrasonography was per-
formed in 107 patients with 140 lesions that were vague 
and invisible on ordinary ultrasound. A total of 140 ses-
sions of RFA therapy were performed under contrast-
enhanced ultrasound, and an electrode was inserted in 
the Kupffer phase in 109 sessions (77.9%), in the arterial 
phase in 14 sessions (10.0%), and in the ordinary B-mode 
in the remaining 17 sessions (12.1%). In 114 cases 
(88.4%), an effective enhancement was achieved at the 
first session of RFA, and in these complete ablation was 
attained in 97.4%. Sonazoid-enhanced ultrasonography 
was useful in small-sized lesions, subcapsular lesions, le-
sions neighboring previous ablated areas and lesions re-
quiring an additional ablation. On the contrary, sonazoid 
enhancement was often ineffective in obese patients and 
patients with a shrunk liver.

  Minami and colleagues retrospectively analyzed diffi-
cult-to-visualize tumors on B-mode ultrasonography. 
They compared fusion imaging assistance, enhanced ul-
trasonography assistance and both fusion imaging plus 
enhanced ultrasonography assistance in the treatment of 
RFA. Enhanced ultrasonography was additionally per-
formed when fusion imaging was ineffective in demar-
cating a tumor, and vice versa. Since the number of re-
quired treatment sessions, local tumor progression rate 
and incidence of adverse events were not different among 
the three treatment groups, fusion imaging and contrast-
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 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors worldwide, with an annual 
incidence of one million new cases  [1] . In about 90% of 
the patients, HCC is a late complication of cirrhosis. The 
5-year incidence of HCC in patients with cirrhosis is 
15–20%. The risk of developing HCC has been reported 
to be 0.5% per year for hepatitis B and 5% per year for 
hepatitis C patients. Consequently, HCC is now emerg-
ing as a major health concern for the next decades. Most 
patients develop few symptoms when the tumor is small 
and often present with multifocal disease only at a late 
stage. The natural course of HCC includes progressive 
tumor growth compromising the hepatic function, in-
trahepatic metastases and spread to distant sites. In gen-
eral, HCC has a poor prognosis, with a median survival 
of 3–6 months after the onset of symptoms. Nowadays, 
an increasing number of HCCs is discovered at an early 
stage because of an increasing awareness and screening 
of asymptomatic patients with cirrhosis  [2] . During the 
last decade, percutaneous locoregional therapy has be-
come the predominant treatment for a small HCC as-
sociated with cirrhosis because of poor liver function 
reserve and a high recurrence rate after surgical resec-
tion.

  Radiofrequency ablation (RFA) therapy  [3]  became 
available in 1999 in Japan, and turned into an indis-
pensable procedure for the management of small-sized 
HCC. RFA therapy is especially useful for patients with 
recurrent tumors, bilobar tumors and tumors located 
deep in the liver. It is also effective in elderly patients 
and in patients with other concomitant diseases and 
cardiac, renal, lung or neurological complications. In 
the last 15 years, many devices and studies have been 
described in order to better manage the early stages of 
HCC.

  At the 50th Annual Meeting of the Liver Cancer Study 
Group of Japan (congress president: Prof. Masatoshi 
Kudo), a workshop was conducted regarding the recent 
progress in RFA, which was presented and discussed by 
11 hepatology experts (for a summary, see below).

  Current Status of RFA 

 A complete tumor ablation rate of over 90% was 
achieved with RFA, and the remainder can usually be ab-
lated with additional RFA therapy. Although the tumor 
recurrence rate or the residual tumor rate is significantly 

higher after RFA compared with surgical resection, over-
all survival is generally regarded as not significantly dif-
ferent between RFA and surgery.

  Sunakozaka and colleagues compared the prognosis 
after surgical resection  [4, 5]  (n = 157) with that after 
RFA (n = 363) using propensity scores with the inverse 
probability of treatment weighting method. After selec-
tion bias regarding the treatment type (RFA or resection) 
was adjusted for to some extent, the survival rates be-
tween patients with RFA and resection were not different 
retrospectively. The odds ratio for survival of the propen-
sity score was 1.15 (favoring surgical resection, 95% CI 
0.56–2.28). These experts found that the survival period 
seemed prolonged when patients with decreased liver 
function received RFA therapy instead of surgery. A 
multicenter prospective randomized controlled trial (the 
SURF study) will show the real efficiency of RFA in re-
currence-free survival and overall survival in the Japa-
nese clinical setting.

  Some surgeons have reported that recurrent or re-
sidual tumor tissue after RFA might have malignant 
characteristics in the pathology of resected HCCs. Saito 
and colleagues analyzed the clinicopathological features 
of 10 HCC patients who showed local recurrence after 
RFA therapy. They selected retrospective patient data as 
well as searched at the surgical department for biased 
data and compared them with data of 78 HCC patients 
without previous RFA intervention. The incidence of 
poorly differentiated histology (4/10 vs. 72/78, p < 0.01) 
and portal vein invasion (8/10 vs. 13/78, p < 0.01) was 
significantly higher in the HCC patients with previous 
RFA therapy than in the treatment-naïve HCC patients. 
The survival rate was significantly lower (p = 0.03) and 
the disease-free survival rate lower (p = 0.01) in the pa-
tients undergoing RFA therapy. The investigators also 
noticed a high incidence of extrahepatic metastases 
(3/10 vs. 6/78, p < 0.05) after surgical resection of recur-
rent HCC after RFA therapy. They analyzed angiogen-
esis markers (HIF-1, VEGF), cancer stem cell markers 
(EpCAM, CD44)  [6, 7]  and epithelial-mesenchymal 
transition (EMT) markers (TGF-β, twist, snail-1, vi-
mentin) in RT-PCR of the patient serum and in immu-
nohistochemistry of the resected specimen. Since almost 
all angiogenesis markers, stem cell markers and EMT 
markers increased to some extent in HCC with previous 
RFA therapy, the investigators supposed that insuffi-
cient thermal ablation led to a malignant transformation 
with EMT. Since treatment-naïve and treatment-resis-
tant HCCs after the other modalities of therapy some-
times also show these malignant characteristics to some 
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extent, the analysis of the limited number of selected pa-
tients in the surgical department should be carefully in-
terpreted considering the presence of significant data 
bias.

  Monopolar and Bipolar Ablation 

 In Japan, monopolar RFA treatment (cooled-tip, 
LeVeen or RITA system) became available in 1999 and 
bipolar RFA treatment (CelonPOWER) in 2013. More 
than 50 institutions and hospitals currently use the bipo-
lar system.

  Kawamura and colleagues presented various advan-
tages of the bipolar RFA system, especially the no-touch 
ablation procedure. Treatment benefit is mostly obtained 
in subcapsular tumors  [8] , tumor nodules just behind 
major vascular structure, potentially poorly differenti-
ated tumors, and irregularly shaped nodules. Since other 
types of HCC nodules also showed a decreased dissemi-
nation risk with the treatment, 44 of 130 nodules (34%) 
were treated with no-touch ablation.

  Joko and colleagues reported on 174 patients under-
going bipolar RFA. More than 70% of the treatments 
were performed using 3 electrodes, and more than half 
of the nodules were treated with no-touch ablation. 
These experts revealed that current bipolar apparatus 
could treat tumors as large as 3.5 cm in diameter with the 
no-touch system using 3 needles (6 electrodes) around 
the nodules. They proposed to extend the indication for 
RFA to cases where multipolar ablation is performed ap-
propriately, except for small-sized HCC.

  On the contrary, Nasu and colleagues studied the 
ideal use of single-needle ablation with the bipolar RFA 
system. They tried to obtain a small and round ablative 
area for a small HCC nodule using a single 20-mm ap-
plicator (T20) and compared two types of radiofre-
quency output programs: a conventional protocol with 
constant 20-Watt output to 10 kJ energy (n = 9) and a 
step-up protocol with increasing power from 10 W to 
3 kJ, from 15 W to 6 kJ and from 20 W to 10 kJ (n = 6). 
The longitudinal length of the ablated area was the same 
in the two protocols; however, the transverse length was 
significantly longer in the step-up protocol (p = 0.0015). 
Although the step-up protocol required a longer treat-
ment time, the revised manner of output control gener-
ated a more round and larger necrotic area. Nasu and 
colleagues therefore recommended the step-up control 
of output for a small-sized HCC using a 20-mm appli-
cator.

  Nakanishi and colleagues reported the usefulness of 
bipolar RFA in a patient with a cardiac pacemaker com-
paring monopolar and bipolar ablation. The patient 
showed a significant decrease in blood pressure with mo-
nopolar ablation but did not show any blood pressure 
change with the bipolar RFA procedure.

  Application and Assisting Devices 

 When RFA is performed under ultrasonographic 
guidance, there are several reasons for the difficulty in 
targeting and inserting a needle to an exact point of an 
HCC nodule, e.g. a small lesion of less than 1 cm, invis-
ible or vague nodules, concomitant confusing or mis-
leading nodular lesions around the tumor and local tu-
mor progression of a previously ablated lesion. When a 
small nodular lesion is detected on CT or MRI during the 
follow-up period after ablation therapy or surgical resec-
tion, ultrasonography sometimes cannot demarcate the 
lesion.

  Uchino and colleagues studied patients with HCC tu-
mors that are hard to visualize on B-mode ultrasonogra-
phy. Sonazoid-enhanced ultrasonography was per-
formed in 107 patients with 140 lesions that were vague 
and invisible on ordinary ultrasound. A total of 140 ses-
sions of RFA therapy were performed under contrast-
enhanced ultrasound, and an electrode was inserted in 
the Kupffer phase in 109 sessions (77.9%), in the arterial 
phase in 14 sessions (10.0%), and in the ordinary B-mode 
in the remaining 17 sessions (12.1%). In 114 cases 
(88.4%), an effective enhancement was achieved at the 
first session of RFA, and in these complete ablation was 
attained in 97.4%. Sonazoid-enhanced ultrasonography 
was useful in small-sized lesions, subcapsular lesions, le-
sions neighboring previous ablated areas and lesions re-
quiring an additional ablation. On the contrary, sonazoid 
enhancement was often ineffective in obese patients and 
patients with a shrunk liver.

  Minami and colleagues retrospectively analyzed diffi-
cult-to-visualize tumors on B-mode ultrasonography. 
They compared fusion imaging assistance, enhanced ul-
trasonography assistance and both fusion imaging plus 
enhanced ultrasonography assistance in the treatment of 
RFA. Enhanced ultrasonography was additionally per-
formed when fusion imaging was ineffective in demar-
cating a tumor, and vice versa. Since the number of re-
quired treatment sessions, local tumor progression rate 
and incidence of adverse events were not different among 
the three treatment groups, fusion imaging and contrast-
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enhanced ultrasonography are regarded as mutually 
complementary and useful assisting devices in RFA ther-
apy. In addition, Nakanishi and colleagues stated that fu-
sion imaging and sonazoid-enhanced ultrasonography 
in RFA are helpful and improve the certainty of the abla-
tion procedure.

  Sano and colleagues proposed various devices to im-
prove RFA therapy with the bipolar system. The abla-
tion area and shape after treatment were evaluated 
three-dimensionally using workstation software, and 
simulation techniques seemed helpful in an appropriate 
bipolar ablation procedure even after treatment. The ul-
trasonography function of the Virtu-TRAX TM  (GE 
Healthcare) can indicate the exact depth of multiple in-
serted needles and helps to perform a sufficient and safe 
ablation.

  Analgesic Agents 

 In the treatment of RFA, most Japanese doctors use 
morphine, pethidine, pentazocine or fentanyl as antian-
algesics and midazolam or diazepam as sedatives instead 
of general anesthesia. The administration of these con-
ventional analgesics is sometimes associated with insuf-
ficient analgesic effects, and sedatives may cause serious 
or life-threatening breathing problems such as shallow, 
slowed or temporarily stopped breathing. Since benzo-
diazepine derivatives often induce a drowsy and uncon-
scious state followed by significant difficulty in ‘awake 
ablation’, following the operators’ instructions is man-
datory.

  Nagai and colleagues used dexmedetomidine, an al-
pha-2 adrenergic receptor agonist highly specific to the 
central nervous system. Its indication has recently been 
expanded to include nonintubated patients requiring 
sedation for surgery or short-term procedures. It is also 
useful as an adjunct for sedation and general anesthesia 
in certain operations and invasive medical procedures 
such as colonoscopy. The investigators performed mo-
nopolar or bipolar RFA therapy in 23 patients with 
HCC. The sedative ability of dexmedetomidine was 
evaluated with six grades using the Ramsay sedation 
score. During the median ablation period of 14 min, all 
patients were successfully treated with (n = 18) or with-
out (n = 5) additional analgesic agents. Although Nagai 
and colleagues added pentazocine or pethidine in some 
patients, they emphasized that dexmedetomidine was 
very safe during and after the procedure for elderly pa-
tients, and that its administration was easy to control.

  Novel Microwave Ablation 

 Noguchi and colleagues introduced a novel micro-
wave device, the cooled microwave antenna (CMA), 
which is already available in Western countries. The 
CMA system has been reported to ablate larger volumes 
of tissues than previous microwave devices without a tip-
cooling system. The investigators compared the ablation 
ability of the cooled-tip RFA system with that of the 
CMA device using ex vivo bovine liver. The median size 
of the ablation area was 46.2 × 34.0 mm after 12 min with 
the cooled-tip system (n = 5), whereas it was 56.0 × 35.8 
mm after 5 min and 69.0 × 48.6 mm after10 min with the 
CMA system (n = 5). The CMA system thus ablated a 
larger area in a shorter time, because high ablative power 
seemed to be provided to a wide range of liver tissues 
without heating the tip of the electrode. The experts em-
phasized that the use of the CMA system can result in 
both a shorter treatment time and a larger ablation vol-
ume in the treatment of HCC.

  Future Perspective of RFA 

 The recent development of RFA has expanded the 
range of treatments of HCC. The main characteristic of 
RFA therapy is the localized tumor destruction in situ 
with maximal preservation of the noncancerous part of 
the liver parenchyma, in contrast to the significant liver 
damage caused by other interventional therapies such as 
transcatheter arterial chemoembolization and intra-ar-
terial chemotherapeutic infusion  [9] .

  Future studies from the technical viewpoint should 
focus on (1) the development of optimal ablation tech-
niques for bipolar and multipolar systems that can gener-
ate optimal volumes and shapes of tissue destroyed, (2) 
varied efforts for reducing side effects (most favorable 
analgesic therapy, avoidance of biliary tree complication, 
and so on), (3) various attempts of image assistance to 
attain more effective RFA procedure, and (4) the assess-
ment of efficacy of multimodal and combined treat-
ments.
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enhanced ultrasonography are regarded as mutually 
complementary and useful assisting devices in RFA ther-
apy. In addition, Nakanishi and colleagues stated that fu-
sion imaging and sonazoid-enhanced ultrasonography 
in RFA are helpful and improve the certainty of the abla-
tion procedure.

  Sano and colleagues proposed various devices to im-
prove RFA therapy with the bipolar system. The abla-
tion area and shape after treatment were evaluated 
three-dimensionally using workstation software, and 
simulation techniques seemed helpful in an appropriate 
bipolar ablation procedure even after treatment. The ul-
trasonography function of the Virtu-TRAX TM  (GE 
Healthcare) can indicate the exact depth of multiple in-
serted needles and helps to perform a sufficient and safe 
ablation.

  Analgesic Agents 

 In the treatment of RFA, most Japanese doctors use 
morphine, pethidine, pentazocine or fentanyl as antian-
algesics and midazolam or diazepam as sedatives instead 
of general anesthesia. The administration of these con-
ventional analgesics is sometimes associated with insuf-
ficient analgesic effects, and sedatives may cause serious 
or life-threatening breathing problems such as shallow, 
slowed or temporarily stopped breathing. Since benzo-
diazepine derivatives often induce a drowsy and uncon-
scious state followed by significant difficulty in ‘awake 
ablation’, following the operators’ instructions is man-
datory.

  Nagai and colleagues used dexmedetomidine, an al-
pha-2 adrenergic receptor agonist highly specific to the 
central nervous system. Its indication has recently been 
expanded to include nonintubated patients requiring 
sedation for surgery or short-term procedures. It is also 
useful as an adjunct for sedation and general anesthesia 
in certain operations and invasive medical procedures 
such as colonoscopy. The investigators performed mo-
nopolar or bipolar RFA therapy in 23 patients with 
HCC. The sedative ability of dexmedetomidine was 
evaluated with six grades using the Ramsay sedation 
score. During the median ablation period of 14 min, all 
patients were successfully treated with (n = 18) or with-
out (n = 5) additional analgesic agents. Although Nagai 
and colleagues added pentazocine or pethidine in some 
patients, they emphasized that dexmedetomidine was 
very safe during and after the procedure for elderly pa-
tients, and that its administration was easy to control.

  Novel Microwave Ablation 

 Noguchi and colleagues introduced a novel micro-
wave device, the cooled microwave antenna (CMA), 
which is already available in Western countries. The 
CMA system has been reported to ablate larger volumes 
of tissues than previous microwave devices without a tip-
cooling system. The investigators compared the ablation 
ability of the cooled-tip RFA system with that of the 
CMA device using ex vivo bovine liver. The median size 
of the ablation area was 46.2 × 34.0 mm after 12 min with 
the cooled-tip system (n = 5), whereas it was 56.0 × 35.8 
mm after 5 min and 69.0 × 48.6 mm after10 min with the 
CMA system (n = 5). The CMA system thus ablated a 
larger area in a shorter time, because high ablative power 
seemed to be provided to a wide range of liver tissues 
without heating the tip of the electrode. The experts em-
phasized that the use of the CMA system can result in 
both a shorter treatment time and a larger ablation vol-
ume in the treatment of HCC.

  Future Perspective of RFA 

 The recent development of RFA has expanded the 
range of treatments of HCC. The main characteristic of 
RFA therapy is the localized tumor destruction in situ 
with maximal preservation of the noncancerous part of 
the liver parenchyma, in contrast to the significant liver 
damage caused by other interventional therapies such as 
transcatheter arterial chemoembolization and intra-ar-
terial chemotherapeutic infusion  [9] .

  Future studies from the technical viewpoint should 
focus on (1) the development of optimal ablation tech-
niques for bipolar and multipolar systems that can gener-
ate optimal volumes and shapes of tissue destroyed, (2) 
varied efforts for reducing side effects (most favorable 
analgesic therapy, avoidance of biliary tree complication, 
and so on), (3) various attempts of image assistance to 
attain more effective RFA procedure, and (4) the assess-
ment of efficacy of multimodal and combined treat-
ments.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
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Cancer (BCLC) staging system is accepted worldwide for 
clinical practice. The BCLC classification divides HCC 
patients into stages according to prognostic variables and 
allocates therapies according to treatment-related status 
 [3] . For example, BCLC stage B is defined as intermediate 
stage. It includes extremely inhomogeneous patients. 
Chemoembolization is recommended as the standard 
treatment of intermediate-stage (BCLC stage B) HCC pa-
tients  [3] .

  In contrast, two clinical practice guidelines for HCC 
have become common in Japan. One is the Evidence-
Based Clinical Practice Guidelines created based on high-
ly evidenced data  [4] . The other is the Consensus-Based 
Clinical Practice Guidelines created by consensus among 
expert opinions  [5] . In both guidelines, treatment algo-
rithms have been fabricated based on liver function, ex-
trahepatic lesions, vascular invasion, as well as tumor 
number and size. Although no definition of intermediate 
stage exists in these Japanese guidelines, not only chemo-
embolization  [6] , but also locoregional treatments, such 
as hepatic resection  [7, 8] , and radiofrequency ablation 
(RFA)  [9] , hepatic arterial infusion chemotherapy, and 
sorafenib  [10]  are incorporated into the treatment tactics 
in patients corresponding to intermediated-stage disease.

  This study presents an explanation of the differences 
in the treatment strategies of intermediate-stage HCC pa-
tients by examining the Japanese guidelines and clarify-
ing the BCLC staging system.

 Key Words 
 Hepatocellular carcinoma · Intermediate stage · 
Chemoembolization · Child-Pugh score · Prognosis 

 Abstract 
 Hepatocellular carcinoma (HCC) is the fifth most common 
cancer in the world, and it shows increasing incidence 
worldwide. The Barcelona Clinic Liver Cancer (BCLC) staging 
system has become widely accepted in clinical practice, but 
in Japan, two clinical practice guidelines have been used for 
HCC: the Evidence-Based Clinical Practice Guidelines and 
the Consensus-Based Clinical Practice Guidelines. Although, 
in Japan, chemoembolization is the first-line treatment of 
intermediate-stage (stage B) HCC patients in the BCLC stag-
ing system, along with chemoembolization, locoregional 
treatments, such as resection and radiofrequency ablation, 
and hepatic arterial infusion chemotherapy are incorporat-
ed into the treatment algorithm based on the tumor num-
ber and size as well as on the liver profile. 
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  BCLC Staging System 

 The BCLC classification divides HCC patients accord-
ing to 5 stages (0, A, B, C, and D) depending on tumor 
status-related variables (size, number, vascular invasion, 
N1, and M1), liver function (Child-Pugh class), and 
health status (ECOG) ( fig. 1 ). Treatment allocation de-
pends on variables that have been shown to influence 
therapeutic outcomes, e.g. bilirubin, portal hypertension, 
and the presence of symptoms. Actually, BCLC stage B, 
which is defined as intermediate stage, consists of patients 
having Child-Pugh class A and class B liver function with 
 ≥ 4 tumors irrespective of size, or 2–3 tumors of >3 cm in 
maximal diameter, in the absence of cancer-related symp-
toms, macrovascular invasion, or extrahepatic spread.

  Untreated patients at an intermediate stage (BCLC stage 
B) reportedly present a median survival of 16 months  [11, 
12]  or 49% at 2 years  [13] . Chemoembolization is recom-
mended as the standard treatment, which is positioned as a 
palliative treatment, extending the survival of these patients 
to a median of up to 19–20 months according to random-
ized controlled trials and meta-analyses of pooled data  [11] .

  Evidence-Based Clinical Practice Guidelines in Japan 

 These guideline were first issued in 2005. They have 
been twice revised since, in 2009 and 2013. The treatment 
algorithm is based on liver function damage (or Child-
Pugh class), tumor number and size, vascular invasion, 
and extrahepatic lesions  [4] . Although no definition of 
intermediate stage exists, treatment strategies for patients 
corresponding to intermediate-stage disease consist of 
 locoregional treatments, such as hepatectomy and RFA, 
hepatic arterial infusion chemotherapy, and sorafenib in 
addition to chemoembolization ( fig. 2 ).

  Many studies have demonstrated that tumor diameter 
is not a limitation of hepatectomy. The 5-year survival 
rates have been reported to be 20–30%, which are much 
better than natural history  [13–16] . Although therapeu-
tic results following hepatectomy worsen as the tumor 
number increases, these results are still better than those 
after other palliative treatments and supportive care  [17, 
18] . No evidence exists for tumor number that provides 
a survival benefit to patients undergoing surgical inter-
vention, although a tumor number of  ≥ 3 has been wide-
ly accepted as a good indication for locoregional treat-
ments such as RFA. Therefore, hepatectomy is recom-
mended when the tumor number is  ≤ 3, irrespective of 
the tumor size. Recent studies also have demonstrated 

TACE
OS: 20 months

• Child-Pugh classes A and B
• Multinodular
• PS = 0
• No vascular invasion
• No extrahepatic lesion

Intermediate-stage HCC

  Fig. 1.  Treatment strategy of intermediate-stage HCC patients 
(stage B) in the BCLC staging system. PS = Performance status; 
TACE = transarterial chemoembolization; OS = overall survival. 

TACE
Sorafenib/HAIC

nodules

Resection
TACE

•
• No vascular invasion
• No extr atic lesion

• 2–3 nodules
• eyond Milan criteria

Inter diat sta e HCC

  Fig. 2.  Treatment strategy of intermediate-stage HCC patients in 
the Evidence-Based Clinical Practice Guidelines in Japan. TACE = 
Transarterial chemoembolization; HAIC = hepatic arterial infu-
sion chemotherapy. 
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ing to 5 stages (0, A, B, C, and D) depending on tumor 
status-related variables (size, number, vascular invasion, 
N1, and M1), liver function (Child-Pugh class), and 
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rates have been reported to be 20–30%, which are much 
better than natural history  [13–16] . Although therapeu-
tic results following hepatectomy worsen as the tumor 
number increases, these results are still better than those 
after other palliative treatments and supportive care  [17, 
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ly accepted as a good indication for locoregional treat-
ments such as RFA. Therefore, hepatectomy is recom-
mended when the tumor number is  ≤ 3, irrespective of 
the tumor size. Recent studies also have demonstrated 
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(stage B) in the BCLC staging system. PS = Performance status; 
TACE = transarterial chemoembolization; OS = overall survival. 
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the utility of hepatectomy, even in intermediate-stage 
HCC patients  [19] .

  When the tumor number is  ≥ 4, chemoembolization is 
recommended as the first-line treatment. Sorafenib can 
be used after chemoembolization fails to control tumors 
in patients with Child-Pugh class A.

  The literature provides little evidence that hepatic ar-
terial infusion chemotherapy improves patient survival in 
HCC. However, many studies have proved a benefit to 
survival using this treatment instead of historical control 
 [20] . Therefore, hepatic arterial infusion chemotherapy is 
listed in these guidelines.

  Consensus-Based Clinical Practice Guidelines 

 This treatment algorithm, created based on experts’ 
experiences, reflects clinical practices of managing HCC 
patients in Japan ( fig. 3 ). When the tumor number is 2 or 
3, in addition to chemoembolization, resection or combi-
nation of chemoembolization and RFA are considered for 

the therapeutic option. Combination therapy of chemo-
embolization and RFA is usually applied for the treat-
ment of HCC lesions  ≥ 3 cm  [21] .

  When the tumor number is  ≥ 4, chemoembolization is 
the first-line treatment. Hepatic arterial infusion chemo-
therapy is used when chemoembolization fails to control 
tumors. Even for patients having  ≥ 4 tumors, resection 
and ablation are applicable if possible. Sorafenib is usu-
ally used when both chemoembolization and hepatic ar-
terial infusion chemotherapy fail to control tumors and 
the patients’ liver function is Child-Pugh class A.

  Discussion 

 A great difference exists in the treatment strategy of 
HCC patients between the BCLC staging system and the 
Japanese treatment algorithms, as shown in this study.

  In Japan, the BCLC staging system problem lies in its 
simplicity of recommending only chemoembolization, 
although the intermediate stage includes extremely inho-
mogeneous patients. Neither surgical intervention nor 
ablation therapy has been considered for intermediate-
stage patients in the BCLC staging system, although both 
treatments are applied, particularly in Japanese patients 
with  ≤ 3 HCC nodules.

  Recently, some movements have been underway to 
stratify patients using some prognostic factors to identify 
patient groups showing a greater benefit from chemoem-
bolization than other patient groups  [22, 23] . Bolondi et 
al.  [22]  advocated the division of intermediate stage into 
4 substages based on the up-to-7 criteria (in vs. out) and 
Child-Pugh scores (5–7 vs. 8–9). Recently, one study val-
idated this substaging system and reported the difficulty 
in stratifying the patient group that benefits least from 
chemoembolization  [23] .

  Aside from the up-to-7 criteria, the 4 tumors of the 7-cm 
criteria (4-of-7 cm) and Child-Pugh class A were identified 
as favorable prognostic factors in patients with intermedi-
ate-stage HCCs undergoing chemoembolization  [24] .

  Sorafenib is usually used in Western countries after 
chemoembolization fails to control HCC lesions. The 
median survival times after sorafenib administration 
were 10.7 months in the SHARP trial and 6.5 months in 
the Asia-Pacific trial, although not all patients had che-
moembolization-refractory HCC in these studies  [25, 
26] . In Japan, sorafenib is usually used after both chemo-
embolization and hepatic arterial infusion chemotherapy 
fail to control the disease, although there has been few 
data that hepatic arterial infusion chemotherapy is useful 

• TACE
• HAIC
• Resection
• Ablation

4
nodules

• Resection
• TACE
• TACE + ablation

• Child-Pugh classes A and B
• No vascular invasion
• No extrahepatic lesion

2–3
nodules

Intermediate-stage HCC

Sorafenib (TACE/HAIC failure, Child-Pugh class A)

  Fig. 3.  Treatment strategy of intermediate-stage HCC patients 
in the Consensus-Based Clinical Practice Guidelines in Japan. 
TACE = Transarterial chemoembolization; HAIC = hepatic arte-
rial infusion chemotherapy. 
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in chemoembolization-refractory patients. One prospec-
tive report has described that hepatic arterial infusion 
chemotherapy using a fine-powder formulation of cispla-
tin appears to have only modest activity  [27] .

  In conclusion, not only chemoembolization but also 
locoregional treatments, hepatic arterial infusion chemo-
therapy, and sorafenib are incorporated for the treatment 
algorithm of patients with intermediate-stage HCC de-
pending on the tumor number and size. Liver function 
reserve in Japan, unlike chemoembolization, is the only 

standard treatment in BCLC staging. Since these differ-
ences in the treatment tactics are mostly attributable to the 
inhomogeneity of BCLC stage B patients, subclassification 
of BCLC stage B and its validation are necessary to allocate 
therapy appropriately in the new substaging system.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.
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the utility of hepatectomy, even in intermediate-stage 
HCC patients  [19] .

  When the tumor number is  ≥ 4, chemoembolization is 
recommended as the first-line treatment. Sorafenib can 
be used after chemoembolization fails to control tumors 
in patients with Child-Pugh class A.

  The literature provides little evidence that hepatic ar-
terial infusion chemotherapy improves patient survival in 
HCC. However, many studies have proved a benefit to 
survival using this treatment instead of historical control 
 [20] . Therefore, hepatic arterial infusion chemotherapy is 
listed in these guidelines.

  Consensus-Based Clinical Practice Guidelines 

 This treatment algorithm, created based on experts’ 
experiences, reflects clinical practices of managing HCC 
patients in Japan ( fig. 3 ). When the tumor number is 2 or 
3, in addition to chemoembolization, resection or combi-
nation of chemoembolization and RFA are considered for 

the therapeutic option. Combination therapy of chemo-
embolization and RFA is usually applied for the treat-
ment of HCC lesions  ≥ 3 cm  [21] .

  When the tumor number is  ≥ 4, chemoembolization is 
the first-line treatment. Hepatic arterial infusion chemo-
therapy is used when chemoembolization fails to control 
tumors. Even for patients having  ≥ 4 tumors, resection 
and ablation are applicable if possible. Sorafenib is usu-
ally used when both chemoembolization and hepatic ar-
terial infusion chemotherapy fail to control tumors and 
the patients’ liver function is Child-Pugh class A.

  Discussion 

 A great difference exists in the treatment strategy of 
HCC patients between the BCLC staging system and the 
Japanese treatment algorithms, as shown in this study.

  In Japan, the BCLC staging system problem lies in its 
simplicity of recommending only chemoembolization, 
although the intermediate stage includes extremely inho-
mogeneous patients. Neither surgical intervention nor 
ablation therapy has been considered for intermediate-
stage patients in the BCLC staging system, although both 
treatments are applied, particularly in Japanese patients 
with  ≤ 3 HCC nodules.

  Recently, some movements have been underway to 
stratify patients using some prognostic factors to identify 
patient groups showing a greater benefit from chemoem-
bolization than other patient groups  [22, 23] . Bolondi et 
al.  [22]  advocated the division of intermediate stage into 
4 substages based on the up-to-7 criteria (in vs. out) and 
Child-Pugh scores (5–7 vs. 8–9). Recently, one study val-
idated this substaging system and reported the difficulty 
in stratifying the patient group that benefits least from 
chemoembolization  [23] .

  Aside from the up-to-7 criteria, the 4 tumors of the 7-cm 
criteria (4-of-7 cm) and Child-Pugh class A were identified 
as favorable prognostic factors in patients with intermedi-
ate-stage HCCs undergoing chemoembolization  [24] .

  Sorafenib is usually used in Western countries after 
chemoembolization fails to control HCC lesions. The 
median survival times after sorafenib administration 
were 10.7 months in the SHARP trial and 6.5 months in 
the Asia-Pacific trial, although not all patients had che-
moembolization-refractory HCC in these studies  [25, 
26] . In Japan, sorafenib is usually used after both chemo-
embolization and hepatic arterial infusion chemotherapy 
fail to control the disease, although there has been few 
data that hepatic arterial infusion chemotherapy is useful 

• TACE
• HAIC
• Resection
• Ablation

4
nodules

• Resection
• TACE
• TACE + ablation

• Child-Pugh classes A and B
• No vascular invasion
• No extrahepatic lesion

2–3
nodules

Intermediate-stage HCC

Sorafenib (TACE/HAIC failure, Child-Pugh class A)

  Fig. 3.  Treatment strategy of intermediate-stage HCC patients 
in the Consensus-Based Clinical Practice Guidelines in Japan. 
TACE = Transarterial chemoembolization; HAIC = hepatic arte-
rial infusion chemotherapy. 
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in chemoembolization-refractory patients. One prospec-
tive report has described that hepatic arterial infusion 
chemotherapy using a fine-powder formulation of cispla-
tin appears to have only modest activity  [27] .

  In conclusion, not only chemoembolization but also 
locoregional treatments, hepatic arterial infusion chemo-
therapy, and sorafenib are incorporated for the treatment 
algorithm of patients with intermediate-stage HCC de-
pending on the tumor number and size. Liver function 
reserve in Japan, unlike chemoembolization, is the only 

standard treatment in BCLC staging. Since these differ-
ences in the treatment tactics are mostly attributable to the 
inhomogeneity of BCLC stage B patients, subclassification 
of BCLC stage B and its validation are necessary to allocate 
therapy appropriately in the new substaging system.
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were presented. Patients who underwent liver transplanta-
tion were excluded. In total, 424 out of the 769 patients 
(55.1%) from the 8 hospitals and 537 out of 828 CP-C HCC 
cases (64.8%) from the LCSGJ data received interventional 
therapies, such as local ablation and transcatheter arterial 
chemoembolization. All panelists agreed that there was a 
subgroup of CP-C patients who benefitted from the locore-
gional therapies. The major goals for the therapies were to 
prevent HCC rupture and avoid obstruction of major vessels 
by tumor growth, which can lead to a sudden deterioration 
of the patients’ condition. Patient liver function and tumor 
stage are both important factors for the decision to under-
go treatment; however, the inclusion criteria for the treat-
ments varied among the centers.  Key Message:  There exists 
a subgroup of CP-C patients who benefit from interventions 
for HCC.  © 2014 S. Karger AG, Basel 
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 Abstract 
  Background:  In most guidelines, no other interventional 
therapy but liver transplantation is recommended for the 
treatment of hepatocellular carcinoma (HCC) with Child-
Pugh C cirrhosis (CP-C). However, in Japan, patients were 
sometimes treated with expectation of benefit.  Summary:  
A workshop was conducted to explore the state of treat-
ments for CP-C HCC in Japan. After the workshop, a ques-
tionnaire on therapies was given to the panelists. Clinical 
data of 769 patients with CP-C HCC from 8 hospitals as well 
as analyses of data collected by the Liver Cancer Study 
Group of Japan (LCSGJ) consisting of 1,344 CP-C HCC cases 
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 Introduction 

 At the 50th Annual Meeting of the Liver Cancer Study 
Group of Japan (LCSGJ), which was held in Kyoto in 
2014 (congress president: Prof. Masatoshi Kudo), a 
workshop on the subject ‘treatment of hepatocellular 
carcinoma (HCC) with Child-Pugh C cirrhosis (CP-C)’ 
was conducted. Recommended therapies for these pa-
tients include best supportive care from major treat-
ment algorithms determined by the Japan Society of 
Hepatology  [1] , the American Association for the Study 
of Liver Diseases, and the European Association for the 
Study of the Liver  [2, 3] . Liver transplantation  [4–8]  
could be an alternative therapy when patients are young-
er than 65 years and the HCC is within the Milan criteria 
in the Japanese guidelines  [9] . However, since the ma-
jority of HCC patients are older than 65 years and a 
shortage of donors has been a consistent problem in Ja-
pan, many patients instead receive locoregional thera-
pies  [10, 11]  in clinical settings. At present, no concrete 
evidence exists for the recommendable treatment of 
CP-C HCC patients except for liver transplantation. 
However, we often experience cases in which treatment 
definitely prolongs survival, and there are several re-
ports demonstrating the efficacy of treatments for CP-C 
HCC  [12–19] .

  This workshop was conducted to elucidate the present 
status of treatments of CP-C HCC patients among Japa-
nese high-volume centers and to identify subgroups of 
patients who might be able to receive a survival benefit 
with such locoregional treatments. After the congress, a 
questionnaire survey about CP-C HCC treatments was 
administered to the panelists.

  Summary of the Workshop 

 Nine doctors from different institutes all over Japan, 
including the Kurume University, Osaka Red Cross Hos-
pital, Ogaki Municipal Hospital, Kanazawa University, 
Okayama University, Yame General Hospital, Hiroshima 
City Hospital, Fujita Health University, and Kinki Uni-
versity, presented their research at this workshop. All 
panelists analyzed the cases of CP-C HCC at their own 
hospitals, except for the panelist from the Kinki Univer-
sity who used data collected by the LCSGJ from more 
than 800 medical institutions, consisting of a total of 
58,886 patients with primary liver cancer.

  Experiences in Individual Facilities 

 Clinical data of 769 CP-C HCC patients from 8 hospi-
tals were presented. Although CP-C HCC patients might 
not be treated at community hospitals, 424 out of the 769 
patients (55.1%) received interventional treatment [e.g., 
radiofrequency ablation, transcatheter arterial chemo-
embolization (TACE), etc.] at hospitals with which the 
panelists were associated.

  In general, only low-risk patients were selected for the 
therapies; therefore, most presentations showed that the 
patients who received interventional treatments lived 
longer than the patients who did not undergo these treat-
ments. Therefore, a considerable amount of bias existed 
for the beneficial effects of the treatments; however, sev-
eral panelists conducted propensity score-matched anal-
yses and multivariate analyses to compensate for poten-
tial bias. Data presented by the Osaka Red Cross Hospital 
(n = 265) indicated that, when conducting locoregional 
therapies, a low Child-Pugh score and low α-fetoprotein 
or des-gamma-carboxy prothrombin levels were indica-
tors of a good prognosis. The investigators therefore con-
cluded that the effects of the locoregional therapies were 
evident, especially in cases with a low Child-Pugh score 
and advanced HCC. Data from the Ogaki Municipal Hos-
pital showed similar results, suggesting that bilirubin, tu-
mor stage, and treatment type were prognostic factors.

  Beneficial effects of branched-chain amino acids, 
short-term hepatic arterial infusion chemotherapy  [20] , 
and laparoscopic surgery  [21, 22]  for protruded HCC with 
a low Child-Pugh score were reported from the Hiroshi-
ma City Hospital, Yame General Hospital, and Fujita 
Health University, respectively. The importance of resid-
ual liver function for prolonged survival was reported 
from the Kurume, Kanazawa, and Okayama Universities. 
The possible improvement of liver function using nucleo-
tide analogues in patients with hepatitis B virus infection 
was another topic of discussion.

  Analysis of Data from the LCSGJ 

 Kitai and colleagues conducted a multivariate analysis 
and a propensity score-matched analysis of CP-C HCC 
patients enrolled in the database of the LCSGJ. There were 
1,344 informative CP-C HCC cases, and the analysis was 
conducted with 1,236 cases after eliminating patients who 
underwent liver transplantation. As a result of the multi-
variate Cox proportional hazard analysis and propensity 
score-matched analysis, the investigators identified treat-
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were presented. Patients who underwent liver transplanta-
tion were excluded. In total, 424 out of the 769 patients 
(55.1%) from the 8 hospitals and 537 out of 828 CP-C HCC 
cases (64.8%) from the LCSGJ data received interventional 
therapies, such as local ablation and transcatheter arterial 
chemoembolization. All panelists agreed that there was a 
subgroup of CP-C patients who benefitted from the locore-
gional therapies. The major goals for the therapies were to 
prevent HCC rupture and avoid obstruction of major vessels 
by tumor growth, which can lead to a sudden deterioration 
of the patients’ condition. Patient liver function and tumor 
stage are both important factors for the decision to under-
go treatment; however, the inclusion criteria for the treat-
ments varied among the centers.  Key Message:  There exists 
a subgroup of CP-C patients who benefit from interventions 
for HCC.  © 2014 S. Karger AG, Basel 
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 Abstract 
  Background:  In most guidelines, no other interventional 
therapy but liver transplantation is recommended for the 
treatment of hepatocellular carcinoma (HCC) with Child-
Pugh C cirrhosis (CP-C). However, in Japan, patients were 
sometimes treated with expectation of benefit.  Summary:  
A workshop was conducted to explore the state of treat-
ments for CP-C HCC in Japan. After the workshop, a ques-
tionnaire on therapies was given to the panelists. Clinical 
data of 769 patients with CP-C HCC from 8 hospitals as well 
as analyses of data collected by the Liver Cancer Study 
Group of Japan (LCSGJ) consisting of 1,344 CP-C HCC cases 
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 Introduction 

 At the 50th Annual Meeting of the Liver Cancer Study 
Group of Japan (LCSGJ), which was held in Kyoto in 
2014 (congress president: Prof. Masatoshi Kudo), a 
workshop on the subject ‘treatment of hepatocellular 
carcinoma (HCC) with Child-Pugh C cirrhosis (CP-C)’ 
was conducted. Recommended therapies for these pa-
tients include best supportive care from major treat-
ment algorithms determined by the Japan Society of 
Hepatology  [1] , the American Association for the Study 
of Liver Diseases, and the European Association for the 
Study of the Liver  [2, 3] . Liver transplantation  [4–8]  
could be an alternative therapy when patients are young-
er than 65 years and the HCC is within the Milan criteria 
in the Japanese guidelines  [9] . However, since the ma-
jority of HCC patients are older than 65 years and a 
shortage of donors has been a consistent problem in Ja-
pan, many patients instead receive locoregional thera-
pies  [10, 11]  in clinical settings. At present, no concrete 
evidence exists for the recommendable treatment of 
CP-C HCC patients except for liver transplantation. 
However, we often experience cases in which treatment 
definitely prolongs survival, and there are several re-
ports demonstrating the efficacy of treatments for CP-C 
HCC  [12–19] .

  This workshop was conducted to elucidate the present 
status of treatments of CP-C HCC patients among Japa-
nese high-volume centers and to identify subgroups of 
patients who might be able to receive a survival benefit 
with such locoregional treatments. After the congress, a 
questionnaire survey about CP-C HCC treatments was 
administered to the panelists.

  Summary of the Workshop 

 Nine doctors from different institutes all over Japan, 
including the Kurume University, Osaka Red Cross Hos-
pital, Ogaki Municipal Hospital, Kanazawa University, 
Okayama University, Yame General Hospital, Hiroshima 
City Hospital, Fujita Health University, and Kinki Uni-
versity, presented their research at this workshop. All 
panelists analyzed the cases of CP-C HCC at their own 
hospitals, except for the panelist from the Kinki Univer-
sity who used data collected by the LCSGJ from more 
than 800 medical institutions, consisting of a total of 
58,886 patients with primary liver cancer.

  Experiences in Individual Facilities 

 Clinical data of 769 CP-C HCC patients from 8 hospi-
tals were presented. Although CP-C HCC patients might 
not be treated at community hospitals, 424 out of the 769 
patients (55.1%) received interventional treatment [e.g., 
radiofrequency ablation, transcatheter arterial chemo-
embolization (TACE), etc.] at hospitals with which the 
panelists were associated.

  In general, only low-risk patients were selected for the 
therapies; therefore, most presentations showed that the 
patients who received interventional treatments lived 
longer than the patients who did not undergo these treat-
ments. Therefore, a considerable amount of bias existed 
for the beneficial effects of the treatments; however, sev-
eral panelists conducted propensity score-matched anal-
yses and multivariate analyses to compensate for poten-
tial bias. Data presented by the Osaka Red Cross Hospital 
(n = 265) indicated that, when conducting locoregional 
therapies, a low Child-Pugh score and low α-fetoprotein 
or des-gamma-carboxy prothrombin levels were indica-
tors of a good prognosis. The investigators therefore con-
cluded that the effects of the locoregional therapies were 
evident, especially in cases with a low Child-Pugh score 
and advanced HCC. Data from the Ogaki Municipal Hos-
pital showed similar results, suggesting that bilirubin, tu-
mor stage, and treatment type were prognostic factors.

  Beneficial effects of branched-chain amino acids, 
short-term hepatic arterial infusion chemotherapy  [20] , 
and laparoscopic surgery  [21, 22]  for protruded HCC with 
a low Child-Pugh score were reported from the Hiroshi-
ma City Hospital, Yame General Hospital, and Fujita 
Health University, respectively. The importance of resid-
ual liver function for prolonged survival was reported 
from the Kurume, Kanazawa, and Okayama Universities. 
The possible improvement of liver function using nucleo-
tide analogues in patients with hepatitis B virus infection 
was another topic of discussion.

  Analysis of Data from the LCSGJ 

 Kitai and colleagues conducted a multivariate analysis 
and a propensity score-matched analysis of CP-C HCC 
patients enrolled in the database of the LCSGJ. There were 
1,344 informative CP-C HCC cases, and the analysis was 
conducted with 1,236 cases after eliminating patients who 
underwent liver transplantation. As a result of the multi-
variate Cox proportional hazard analysis and propensity 
score-matched analysis, the investigators identified treat-
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ment type, small tumor size, young age, and low Child-
Pugh score (CP-10&11) as indicators of a good prognosis, 
revealing the beneficial effects of local ablation therapy 
and TACE in patients with a low Child-Pugh score.

  Results of the Questionnaire Survey 

 The questionnaire consisted of 9 simple questions. A 
summary of the answers is shown in  table 1 . All panelists 
agreed that there was a certain subgroup of patients who 
benefitted from the treatment (A1). Approximately one 
half of the panelists considered that a treatment effect 
could be realized when the tumor stage was no more than 
III (A5). One reason for excluding stage IV HCC is that 
chemotherapies  [23]  are too invasive for patients with 
poor liver function. However, one panelist did not select 
patients with stage I HCC as candidates for treatment be-
cause early HCC takes time to progress to a life-threaten-
ing stage. In other words, this panelist does not treat stage 
I HCC because the deterioration of liver function, as a 
natural course of CP-C, is much faster than the cancer 

progression. While this idea appears logical, it must be 
proven by evidence.

  In terms of liver function as a prognostic factor for 
treatment, one half of the panelists suggested that the up-
per Child-Pugh score limit should be 11 (A6). Although 
small differences in the limit score were observed, there 
was a consensus that patients with very poor liver func-
tion should be excluded from therapies because even a 
small deterioration of liver function as a consequence of 
these therapies might be life-threatening.

  All panelists selected ‘prolongation of patients’ surviv-
al’ as the reason to conduct active therapies, and ‘satisfac-
tion of the patients’ was selected as a concomitant reason 
for treatment by 3 panelists (A7). All panelists felt that the 
prevention of HCC rupture by therapies leads to a pro-
longation of survival (A8). The prevention of vascular in-
vasion that results in the immediate deterioration of liver 
function and control of tumor growth were the second 
most common reasons for the survival benefit. Bridging 
therapies to liver transplantation were another reason 
 [14, 15] . Additional comments advocating that therapies 
should be selectively targeted and that the preservation of 

 Table 1.  Questionnaire results for the treatment of CP-C HCC patients

Questions Answers

Q1 Are there patients who benefit from 
interventional treatment?

A1 9 Yes (100%)
0 No

Q2 Interventional treatments should not 
always be applied to all patients.

A2 9 Agree (100%)
0 Disagree

Q3 Does treatment selection depend on 
the Milan criteria?

A3 6 Yes (66.7%)
3 No (33.3%)

Q4 What is the reason for your answer? 
(cause of death? please specify)

A4 Most of the answers revealed that liver function and 
tumor stage are factors influencing treatment choice

Q5 Which HCC stages are candidates for 
treatment? (I, II, III, IVa, IVb)

A5 Up to II (n = 1), up to III (n = 6), all stages (n = 1), 
II–IV (n = 1)

Q6 What is the maximum Child-Pugh 
score for treatment? 

A6 Up to 10 (n = 1), up to 11 (n = 5), up to 12 (n = 2), 
up to 13 (n = 1)

Q7 What is the goal of the treatment? 
(please specify)

A7 Survival benefit (n = 9), satisfaction of the 
patients (n = 3)

Q8 What is the basis for the treatment? 
(please specify)

A8 Possible to cure HCC (n = 6), to prevent rupture 
(n = 9), to prevent vascular invasion (n = 5)

Q9 How do you treat these patients? A9 Radiofrequency ablation (n = 7), percutaneous 
ethanol injection therapy (n = 5), TACE (n = 7), 
hepatic arterial chemotherapy (n = 4), continuous 
hepatic arterial chemotherapy (n = 4), laparoscopic 
hepatectomy (n = 1)
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liver function by therapies as a minimum requirement 
were made by the panelists in the questionnaire.

  In terms of treatment modalities, a wide variety of 
treatments, except for open surgery, were selected in the 
questionnaire. Unexpectedly, TACE was selected by 7 
panelists, whereas only 1 panelist selected blunt emboli-
zation. The majority of panelists considered that the ben-
eficial effects of anticancer drugs might exceed their dam-
aging effects on liver function.

  Future Directions 

 While the effects of interventional therapies for 
CP-C HCC were debated, the consensus obtained in 
this workshop was that there are certain patients who 
benefit from the interventions. However, all results 
were obtained via retrospective observations, and no 
clear evidence was presented. Recent developments in 
antiviral therapies that improve liver function are other 
important considerations. Although there are many 
uncertainties, this workshop revealed the present status 
of CP-C HCC treatments in Japan and provided a 
chance to reconsider treatment options for these diffi-
cult-to-treat patients. A summary of the workshop’s 
findings is provided in  table 2 . Future prospective stud-
ies are mandatory to clarify optimal treatments for 
these patients.

   Disclosure Statement 

   The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.

  

 Table 2. Summary of findings presented at the workshop

∙ Many patients with CP-C HCC receive interventional 
treatments in Japan.

∙ Some patients benefit from interventions for CP-C HCC. 
∙ Most patients are treated for reasons of survival benefit but 

seldom for patient satisfaction alone.
∙ Prevention of HCC perforation and avoidance of major vessel 

obstruction are two major reasons to treat patients.
∙ Bridging therapy to liver transplantation is another reason.
∙ Patients with extremely poor liver function and/or advanced 

HCC are rarely treated.
∙ Note that antiviral therapies sometimes improve liver function 

to CP-B. 
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Pugh score (CP-10&11) as indicators of a good prognosis, 
revealing the beneficial effects of local ablation therapy 
and TACE in patients with a low Child-Pugh score.

  Results of the Questionnaire Survey 

 The questionnaire consisted of 9 simple questions. A 
summary of the answers is shown in  table 1 . All panelists 
agreed that there was a certain subgroup of patients who 
benefitted from the treatment (A1). Approximately one 
half of the panelists considered that a treatment effect 
could be realized when the tumor stage was no more than 
III (A5). One reason for excluding stage IV HCC is that 
chemotherapies  [23]  are too invasive for patients with 
poor liver function. However, one panelist did not select 
patients with stage I HCC as candidates for treatment be-
cause early HCC takes time to progress to a life-threaten-
ing stage. In other words, this panelist does not treat stage 
I HCC because the deterioration of liver function, as a 
natural course of CP-C, is much faster than the cancer 

progression. While this idea appears logical, it must be 
proven by evidence.

  In terms of liver function as a prognostic factor for 
treatment, one half of the panelists suggested that the up-
per Child-Pugh score limit should be 11 (A6). Although 
small differences in the limit score were observed, there 
was a consensus that patients with very poor liver func-
tion should be excluded from therapies because even a 
small deterioration of liver function as a consequence of 
these therapies might be life-threatening.

  All panelists selected ‘prolongation of patients’ surviv-
al’ as the reason to conduct active therapies, and ‘satisfac-
tion of the patients’ was selected as a concomitant reason 
for treatment by 3 panelists (A7). All panelists felt that the 
prevention of HCC rupture by therapies leads to a pro-
longation of survival (A8). The prevention of vascular in-
vasion that results in the immediate deterioration of liver 
function and control of tumor growth were the second 
most common reasons for the survival benefit. Bridging 
therapies to liver transplantation were another reason 
 [14, 15] . Additional comments advocating that therapies 
should be selectively targeted and that the preservation of 

 Table 1.  Questionnaire results for the treatment of CP-C HCC patients

Questions Answers

Q1 Are there patients who benefit from 
interventional treatment?

A1 9 Yes (100%)
0 No

Q2 Interventional treatments should not 
always be applied to all patients.

A2 9 Agree (100%)
0 Disagree

Q3 Does treatment selection depend on 
the Milan criteria?

A3 6 Yes (66.7%)
3 No (33.3%)

Q4 What is the reason for your answer? 
(cause of death? please specify)

A4 Most of the answers revealed that liver function and 
tumor stage are factors influencing treatment choice

Q5 Which HCC stages are candidates for 
treatment? (I, II, III, IVa, IVb)

A5 Up to II (n = 1), up to III (n = 6), all stages (n = 1), 
II–IV (n = 1)

Q6 What is the maximum Child-Pugh 
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A6 Up to 10 (n = 1), up to 11 (n = 5), up to 12 (n = 2), 
up to 13 (n = 1)

Q7 What is the goal of the treatment? 
(please specify)

A7 Survival benefit (n = 9), satisfaction of the 
patients (n = 3)

Q8 What is the basis for the treatment? 
(please specify)

A8 Possible to cure HCC (n = 6), to prevent rupture 
(n = 9), to prevent vascular invasion (n = 5)

Q9 How do you treat these patients? A9 Radiofrequency ablation (n = 7), percutaneous 
ethanol injection therapy (n = 5), TACE (n = 7), 
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liver function by therapies as a minimum requirement 
were made by the panelists in the questionnaire.

  In terms of treatment modalities, a wide variety of 
treatments, except for open surgery, were selected in the 
questionnaire. Unexpectedly, TACE was selected by 7 
panelists, whereas only 1 panelist selected blunt emboli-
zation. The majority of panelists considered that the ben-
eficial effects of anticancer drugs might exceed their dam-
aging effects on liver function.

  Future Directions 

 While the effects of interventional therapies for 
CP-C HCC were debated, the consensus obtained in 
this workshop was that there are certain patients who 
benefit from the interventions. However, all results 
were obtained via retrospective observations, and no 
clear evidence was presented. Recent developments in 
antiviral therapies that improve liver function are other 
important considerations. Although there are many 
uncertainties, this workshop revealed the present status 
of CP-C HCC treatments in Japan and provided a 
chance to reconsider treatment options for these diffi-
cult-to-treat patients. A summary of the workshop’s 
findings is provided in  table 2 . Future prospective stud-
ies are mandatory to clarify optimal treatments for 
these patients.

   Disclosure Statement 

   The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.

  

 Table 2. Summary of findings presented at the workshop

∙ Many patients with CP-C HCC receive interventional 
treatments in Japan.

∙ Some patients benefit from interventions for CP-C HCC. 
∙ Most patients are treated for reasons of survival benefit but 

seldom for patient satisfaction alone.
∙ Prevention of HCC perforation and avoidance of major vessel 

obstruction are two major reasons to treat patients.
∙ Bridging therapy to liver transplantation is another reason.
∙ Patients with extremely poor liver function and/or advanced 

HCC are rarely treated.
∙ Note that antiviral therapies sometimes improve liver function 

to CP-B. 
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tients receiving sorafenib required other treatment modali-
ties in the form of multidisciplinary therapy.  Conclusion:  The 
overview obtained from the workshop reflects the pattern of 
management in practice for long-term survivors following 
sorafenib treatment for HCC in Japan and may also provide 
valuable information for other countries. 
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sorafeNib) study  [7] . In Japan, sorafenib has been admin-
istered in accordance with the consensus-based treat-
ment algorithm for HCC proposed by the Japan Society 
of Hepatology  [8] . Sorafenib is also recommended in cas-
es with Child-Pugh class A where transcatheter arterial 
chemoembolization (TACE)  [9]  and hepatic arterial infu-
sion chemotherapy (HAIC) are not indicated.

  Recently, several case reports  [10, 11]  and a nation-
wide survey  [12]  have been published in which a complete 
response (CR) was obtained following sorafenib treat-
ment. However, such cases are rare, and most long-term 
survivors following sorafenib treatment belong to the 
non-CR group and obtain a partial response (PR) or sta-
ble disease (SD). However, little data are available regard-
ing long-term survivors following sorafenib treatment for 
advanced HCC. To address this issue, we held a workshop 
at the 50th annual meeting of the Liver Cancer Study 
Group of Japan, which took place from June 5 to 6, 2014 
in Kyoto (congress president: Prof. Masatoshi Kudo). In 
this review, we present an overview of the factors influ-
encing the management of long-term survivors following 
sorafenib treatment in Japan and discuss the potentially 
confounding effects associated with each factor as well as 
the possible interactions between the factors.

  Summary of Presentations from Eight Institutions 

 The profiles of the long-term (>3 years) survivors fol-
lowing sorafenib treatment from eight institutions are 
shown in  table 1 . At the beginning of the workshop, Imu-
ra and colleagues (Department of Surgery, The Univer-
sity of Tokushima) presented a case of a 50-year-old man 
who developed a very large HCC with intrahepatic me-
tastases in the right lobe of the liver ( fig. 1 a–c). He was 
administered sorafenib, and a subsequent treatment as-
sessment revealed a PR ( fig. 1 d–f). Right hepatectomy as 
a conversion surgery was performed, and  FGF4  gene am-
plification was detected in the resected specimen  [13] . 
This patient has remained alive with no sign of recurrence 
for 1.5 years following right hepatectomy. Imura and col-
leagues also presented 4 additional patients with HCC 
showing long-term survival after sorafenib treatment; 3 
of these 4 patients underwent conversion/salvage treat-
ment (locoregional therapy in 2 patients and surgical re-
section in 1 patient). All these patients have remained 
alive, and sorafenib therapy is ongoing for 2 patients.

  Takeyama and colleagues (Department of Gastroen-
terological Surgery, Graduate School of Medical Sciences, 
Kumamoto University) presented 5 cases of HCC show-

 Table 1.  Profiles of long-term survivors following sorafenib treatment

Presenting
group

Patients, n Long-term
survivors
(male/female)

Etiology
B/C/NBNC

TNM stage
3/4A/4B

Treatment
response
CR/PR/SD/PD

Conversion/salvage options
(No. of patients)

Long-term survival-related
factors

Imura1 – 4 (2/2) 4/0/0 –/–/3 – Surgery (1), RFA (2) Conversion surgery

Takeyama2 – 5 (5/0) 0/3/2 0/1/4 – Surgery (3), TACE, RFA Downstaging
Multidisciplinary treatment

Wada3 131 9 (7/2) – –/3/2 2/1/6/0 Systemic chemotherapy (5), 
TACE (4)

Especially long SD
Good liver function

Urata4 60 3 (2/1) – 0/1/0 – Combined with TACE (2) –

Hattori5 147 7 (5/2) 2/3/2 –/–/3 2/1/4/0 Surgery (1), RFA (2), radiation (4) VEGF/AFP response
Multidisciplinary treatment

Morimoto6 337 15 (14/1 ) 0/10/5 5/2/6 3/4/4/4 TACE, RFA Long PPS Good liver function

Ueshima7 222 15 (9/6) 6/6/3 9/1/5 4/5/6/0 Surgery (1), TACE, RFA, HAIC Salvage options
Good liver function

Nishijima8 465 12 (9/3) 3/4/5 6/0/6 2/3/7/0 TACE (3), chemotherapy (1) Good liver function
Low DCP, disease control

 TNM = Tumor-node-metastasis; B/C/NBNC = HBV-positive/HCV-
positive/negative for HBV and HCV, the so-called ‘non-B non-C’.

1 Department of Surgery, The University of Tokushima; 2 Department of 
Gastroenterological Surgery, Graduate School of Medical Sciences, Kuma-
moto University; 3 Department of Hepato-Biliary-Pancreatic Surgery, Na-
tional Hospital Organization Kyushu Medical Center; 4 Department of Gas-

troenterology and Hepatology, Yamaguchi University Graduate School of 
Medicine; 5 Department of Gastroenterology and Hepatology, Musashino 
Red Cross Hospital; 6 Department of Hepatobiliary and Pancreatic Medical 
Oncology, Kanagawa Cancer Center; 7 Department of Gastroenterology and 
Hepatology, Kinki University School of Medicine; 8Department of Gastro-
enterology and Hepatology, Osaka Red Cross Hospital.
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ing long-term survival following sorafenib treatment. Of 
these, 3 patients underwent salvage hepatectomy with or 
without radiofrequency ablation (RFA)  [14] . Further-
more, additional locoregional treatment (TACE or RFA) 
was carried out while sorafenib treatment continued. 
This group suggested that multidisciplinary treatment, 
including surgical treatment, might improve survival fol-
lowing sorafenib administration.

  Wada and colleagues (Department of Hepato-Biliary-
Pancreatic Surgery, National Hospital Organization, 
Kyushu Medical Center) presented 9 cases of long-term 
survivors (6.9%) out of 131 patients with HCC who start-
ed treatment with sorafenib monotherapy (mainly half-
dose sorafenib) between 2009 and 2013. Of these, 2 pa-
tients achieved a CR, 1 had a PR, and the remaining 6 
patients had SD. Sorafenib therapy exceeding 3 years of 
duration was administered only to 1 patient who achieved 
an especially long SD. Of the remaining 8 patients, 7 un-

derwent post-sorafenib options, including systemic che-
motherapy (n = 5) and/or TACE (n = 4).

  Urata and colleagues (Department of Gastroenterol-
ogy and Hepatology, Yamaguchi University Graduate 
School of Medicine) presented 3 cases of long-term sur-
vivors (5.0%) out of 60 patients treated with sorafenib for 
HCC. Two of the 3 long-term survivors received TACE 
combined with sorafenib.

  Hattori and colleagues (Department of Gastroenterol-
ogy and Hepatology, Musashino Red Cross Hospital) pre-
sented 7 cases of long-term survivors (4.8%) out of 147 
patients with HCC who started sorafenib monotherapy 
between July 2009 and November 2013. Two patients ini-
tially received full-dose sorafenib, and the remaining 5 re-
ceived a half-dose regimen. The median duration of 
sorafenib therapy was 980 days. Of these 7 patients, 2 
achieved a CR, 1 had a PR, and the remaining 4 had SD. 
All of these long-term survivors underwent multidisci-

a b c

d e f

  Fig. 1.  A 50-year-old man with a very large HCC achieved a PR 
following sorafenib administration.  a–c  Computed tomography 
scan performed before sorafenib treatment showing a huge HCC 
with intrahepatic metastases in the right lobe.  a  Arterial phase. 

 b  Portal phase.  c  Delayed phase.  d–f  Following sorafenib treat-
ment, the main tumor had shrunk and some of the intrahepatic 
metastases disappeared.  d  Arterial phase.  e  Portal phase.  f  Delayed 
phase. 
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sorafeNib) study  [7] . In Japan, sorafenib has been admin-
istered in accordance with the consensus-based treat-
ment algorithm for HCC proposed by the Japan Society 
of Hepatology  [8] . Sorafenib is also recommended in cas-
es with Child-Pugh class A where transcatheter arterial 
chemoembolization (TACE)  [9]  and hepatic arterial infu-
sion chemotherapy (HAIC) are not indicated.

  Recently, several case reports  [10, 11]  and a nation-
wide survey  [12]  have been published in which a complete 
response (CR) was obtained following sorafenib treat-
ment. However, such cases are rare, and most long-term 
survivors following sorafenib treatment belong to the 
non-CR group and obtain a partial response (PR) or sta-
ble disease (SD). However, little data are available regard-
ing long-term survivors following sorafenib treatment for 
advanced HCC. To address this issue, we held a workshop 
at the 50th annual meeting of the Liver Cancer Study 
Group of Japan, which took place from June 5 to 6, 2014 
in Kyoto (congress president: Prof. Masatoshi Kudo). In 
this review, we present an overview of the factors influ-
encing the management of long-term survivors following 
sorafenib treatment in Japan and discuss the potentially 
confounding effects associated with each factor as well as 
the possible interactions between the factors.

  Summary of Presentations from Eight Institutions 

 The profiles of the long-term (>3 years) survivors fol-
lowing sorafenib treatment from eight institutions are 
shown in  table 1 . At the beginning of the workshop, Imu-
ra and colleagues (Department of Surgery, The Univer-
sity of Tokushima) presented a case of a 50-year-old man 
who developed a very large HCC with intrahepatic me-
tastases in the right lobe of the liver ( fig. 1 a–c). He was 
administered sorafenib, and a subsequent treatment as-
sessment revealed a PR ( fig. 1 d–f). Right hepatectomy as 
a conversion surgery was performed, and  FGF4  gene am-
plification was detected in the resected specimen  [13] . 
This patient has remained alive with no sign of recurrence 
for 1.5 years following right hepatectomy. Imura and col-
leagues also presented 4 additional patients with HCC 
showing long-term survival after sorafenib treatment; 3 
of these 4 patients underwent conversion/salvage treat-
ment (locoregional therapy in 2 patients and surgical re-
section in 1 patient). All these patients have remained 
alive, and sorafenib therapy is ongoing for 2 patients.

  Takeyama and colleagues (Department of Gastroen-
terological Surgery, Graduate School of Medical Sciences, 
Kumamoto University) presented 5 cases of HCC show-

 Table 1.  Profiles of long-term survivors following sorafenib treatment

Presenting
group

Patients, n Long-term
survivors
(male/female)

Etiology
B/C/NBNC

TNM stage
3/4A/4B

Treatment
response
CR/PR/SD/PD

Conversion/salvage options
(No. of patients)

Long-term survival-related
factors

Imura1 – 4 (2/2) 4/0/0 –/–/3 – Surgery (1), RFA (2) Conversion surgery

Takeyama2 – 5 (5/0) 0/3/2 0/1/4 – Surgery (3), TACE, RFA Downstaging
Multidisciplinary treatment

Wada3 131 9 (7/2) – –/3/2 2/1/6/0 Systemic chemotherapy (5), 
TACE (4)

Especially long SD
Good liver function

Urata4 60 3 (2/1) – 0/1/0 – Combined with TACE (2) –

Hattori5 147 7 (5/2) 2/3/2 –/–/3 2/1/4/0 Surgery (1), RFA (2), radiation (4) VEGF/AFP response
Multidisciplinary treatment

Morimoto6 337 15 (14/1 ) 0/10/5 5/2/6 3/4/4/4 TACE, RFA Long PPS Good liver function

Ueshima7 222 15 (9/6) 6/6/3 9/1/5 4/5/6/0 Surgery (1), TACE, RFA, HAIC Salvage options
Good liver function

Nishijima8 465 12 (9/3) 3/4/5 6/0/6 2/3/7/0 TACE (3), chemotherapy (1) Good liver function
Low DCP, disease control

 TNM = Tumor-node-metastasis; B/C/NBNC = HBV-positive/HCV-
positive/negative for HBV and HCV, the so-called ‘non-B non-C’.

1 Department of Surgery, The University of Tokushima; 2 Department of 
Gastroenterological Surgery, Graduate School of Medical Sciences, Kuma-
moto University; 3 Department of Hepato-Biliary-Pancreatic Surgery, Na-
tional Hospital Organization Kyushu Medical Center; 4 Department of Gas-

troenterology and Hepatology, Yamaguchi University Graduate School of 
Medicine; 5 Department of Gastroenterology and Hepatology, Musashino 
Red Cross Hospital; 6 Department of Hepatobiliary and Pancreatic Medical 
Oncology, Kanagawa Cancer Center; 7 Department of Gastroenterology and 
Hepatology, Kinki University School of Medicine; 8Department of Gastro-
enterology and Hepatology, Osaka Red Cross Hospital.
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ing long-term survival following sorafenib treatment. Of 
these, 3 patients underwent salvage hepatectomy with or 
without radiofrequency ablation (RFA)  [14] . Further-
more, additional locoregional treatment (TACE or RFA) 
was carried out while sorafenib treatment continued. 
This group suggested that multidisciplinary treatment, 
including surgical treatment, might improve survival fol-
lowing sorafenib administration.

  Wada and colleagues (Department of Hepato-Biliary-
Pancreatic Surgery, National Hospital Organization, 
Kyushu Medical Center) presented 9 cases of long-term 
survivors (6.9%) out of 131 patients with HCC who start-
ed treatment with sorafenib monotherapy (mainly half-
dose sorafenib) between 2009 and 2013. Of these, 2 pa-
tients achieved a CR, 1 had a PR, and the remaining 6 
patients had SD. Sorafenib therapy exceeding 3 years of 
duration was administered only to 1 patient who achieved 
an especially long SD. Of the remaining 8 patients, 7 un-

derwent post-sorafenib options, including systemic che-
motherapy (n = 5) and/or TACE (n = 4).

  Urata and colleagues (Department of Gastroenterol-
ogy and Hepatology, Yamaguchi University Graduate 
School of Medicine) presented 3 cases of long-term sur-
vivors (5.0%) out of 60 patients treated with sorafenib for 
HCC. Two of the 3 long-term survivors received TACE 
combined with sorafenib.

  Hattori and colleagues (Department of Gastroenterol-
ogy and Hepatology, Musashino Red Cross Hospital) pre-
sented 7 cases of long-term survivors (4.8%) out of 147 
patients with HCC who started sorafenib monotherapy 
between July 2009 and November 2013. Two patients ini-
tially received full-dose sorafenib, and the remaining 5 re-
ceived a half-dose regimen. The median duration of 
sorafenib therapy was 980 days. Of these 7 patients, 2 
achieved a CR, 1 had a PR, and the remaining 4 had SD. 
All of these long-term survivors underwent multidisci-

a b c

d e f

  Fig. 1.  A 50-year-old man with a very large HCC achieved a PR 
following sorafenib administration.  a–c  Computed tomography 
scan performed before sorafenib treatment showing a huge HCC 
with intrahepatic metastases in the right lobe.  a  Arterial phase. 

 b  Portal phase.  c  Delayed phase.  d–f  Following sorafenib treat-
ment, the main tumor had shrunk and some of the intrahepatic 
metastases disappeared.  d  Arterial phase.  e  Portal phase.  f  Delayed 
phase. 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 1

0:
09

:3
5 

AM

— 431 —



 Long-Term Survival following 
Soraferib Treatment for HCC 

Oncology 2014;87(suppl 1):104–109
DOI: 10.1159/000368153

107

plinary treatment including conversion surgery (n = 1), 
RFA (n = 2), or radiation therapy (n = 4). Furthermore, 
Hattori and colleagues reported that a decreased plasma 
vascular endothelial growth factor (VEGF) concentration, 
8 weeks after starting sorafenib treatment, may predict 
survival in patients with advanced HCC  [15] . In univari-
ate analysis, a decrease in VEGF and an early alpha-feto-
protein (AFP) response were significantly associated with 
survival following sorafenib treatment. All 4 patients who 
showed a decrease in VEGF and an objective response (CR 
or PR) survived during the observation period.

  Morimoto and colleagues (Department of Hepatobili-
ary and Pancreatic Medical Oncology, Kanagawa Cancer 
Center) presented a multicenter study from the Kanagawa 
Liver Study Group, detailing the cases of 15 long-term sur-
vivors (4.5%) out of 337 patients with HCC who started 
treatment with sorafenib monotherapy between July 2009 
and December 2013. The median duration of progression-
free survival of the long-term survivors following sorafenib 
therapy was 12.7 months, and a significantly longer post-
progression survival (PPS) was associated with the use of 
post-sorafenib salvage options. Good pretreatment liver 
function and low baseline levels of AFP and des-γ-carboxy 
prothrombin (DCP) were associated with longer survival. 
Furthermore, this group indicated that initial treatment 
with half-dose sorafenib led to fewer severe adverse events 
and a comparable survival benefit compared to the use of 
full-dose sorafenib in select patients with HCC, particu-
larly those of advanced age  [16] .

  Ueshima and colleagues (Department of Gastroenter-
ology and Hepatology, Kinki University School of Medi-
cine) presented the cases of 15 long-term survivors (6.8%) 
out of 222 patients with HCC who started treatment with 
sorafenib monotherapy between May 2009 and Decem-
ber 2013. Of these 15 long-term survivors, 9 patients were 
tumor-node-metastasis stage 3 (according to the Liver 
Cancer Study Group of Japan staging criteria), 1 patient 
was stage 4A, and 5 were stage 4B. Four patients achieved 
a CR, 5 had a PR, and the remaining 6 had SD. The 3 pa-
tients who achieved a CR have remained alive with or 
without sorafenib continuation  [17] , and a patient who 
achieved PR underwent conversion surgery with no sign 
of recurrence since the surgery. Of the remaining 10 pa-
tients who achieved a PR or SD, 6 patients underwent 
post-sorafenib salvage treatment (TACE, HAIC, or clini-
cal trials), and 4 patients underwent additional locore-
gional therapy with sorafenib continuation.

  Nishijima and colleagues (Department of Gastroenter-
ology and Hepatology, Osaka Red Cross Hospital) present-
ed a multicenter study from the Japanese Red Cross Liver 

Study Group, detailing the cases of 12 long-term survivors 
(2.6%) out of 465 patients with HCC who began sorafenib 
monotherapy between January 2008 and August 2013  [18] . 
Of these 12 long-term survivors, 2 patients achieved a CR, 
3 had a PR, and the remaining 7 had SD. The median dura-
tion of sorafenib therapy in the cohort was 163 days, and 
262 patients died within 1 year (short-term survivors). 
Subgroup analyses comparing long-term with short-term 
survivors showed that normal cholinesterase levels and 
lower baseline DCP levels, and disease control according 
to the modified Response Evaluation Criteria In Solid Tu-
mors (RECIST) at an early stage of sorafenib treatment 
were significantly associated with long-term survival.

  Long-Term Survival-Related Factors 

 An overview of long-term (>3 years) survival following 
sorafenib treatment was collated from eight Japanese insti-
tutions. A total of 70 cases of long-term survival following 
sorafenib treatment were presented and the long-term sur-
vival rate at each institution ranged from 2.6 to 6.9% (mean, 
4.5). Clinically, sorafenib is characterized by a low objective 
tumor response rate but a relatively high disease control 
rate (2% PR rate and 40% SD rate)  [5, 6] . Our expert panel 
demonstrated that, among 58 long-term survivors at five 
institutions, 13 patients achieved a CR (22.4%), 14 had a PR 
(24.1%), 27 had a SD (46.5%), and the remaining 4 had 
progressive disease (PD) ( table 1 ). This shows that obtain-
ing an objective response is of primary importance to long-
term survival following sorafenib administration. Sorafenib 
monotherapy exceeding a 3-year duration is rare, and most 
of the patients receiving sorafenib require other treatment 
modalities in the form of a multidisciplinary therapy. Imu-
ra and colleagues emphasized conversion surgery for HCC 
that has been downstaged in patients who achieve PR. 
Takeyama and colleagues and Hattori and colleagues em-
phasized the use of salvage options for recurrent HCC dur-
ing sorafenib treatment. Wada and colleagues, Morimoto 
and colleagues, and Ueshima and colleagues highlighted 
the importance of a continuation of sorafenib for as long 
as possible, and the latter two groups further reported the 
utility of post-sorafenib options to prolong PPS. Further-
more, good pretreatment liver function and low baseline 
levels of AFP and DCP have been reported as predictors of 
favorable long-term survival. Based on these reports, we 
categorized long-term survival-related factors as follows: 
(1) conversion options, including hepatic resection after 
successful sorafenib treatment, (2) additional salvage op-
tions with sorafenib continuation when PD is confirmed, 
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(3) long-term sorafenib treatment, (4) effective post-
sorafenib options to prolong PPS, and (5) good pretreat-
ment liver function. These categories appear to reflect the 
actual patterns of management in practice for long-term 
survivors following sorafenib treatment in Japan.

  Sorafenib has been established as a standard therapy to 
prolong survival in patients with advanced HCC, but it 
provides only a small treatment response. A recent na-
tionwide survey to examine the clinical characteristics of 
patients who obtained a CR following sorafenib use 
showed that only 18 patients (0.6%) obtained a CR out of 
3,047 patients who were treated with sorafenib  [12] . Pre-
dictive factors in the CR group were female sex, low body 
weight (<59 kg), early clinical stage, and small initial dose 
of sorafenib, implying that it is difficult to predict re-
sponders using baseline clinical characteristics of pa-
tients. Biomarkers that are able to predict patient progno-
sis or response to therapy may represent a major advance-
ment towards a more personalized, tailored treatment for 
cancer patients  [19, 20] . Arao et al.  [13]  reported that 
 FGF3/FGF4  gene amplification is frequently observed in 
tumors that respond to sorafenib. However, this amplifi-
cation was only observed in around 2% of HCCs. HCC is 
a highly heterogeneous disease, and the identification of 
biomarkers is complex and has been poorly explored thus 
far. Llovet et al.  [21]  studied plasma biomarkers as predic-
tors of outcome in patients with advanced HCC. They 
measured baseline levels of plasma biomarkers in 491 pa-
tients, and again after 12 weeks in 305 patients participat-
ing in a phase III randomized controlled trial (SHARP 
trial). They concluded that angiopoietin-2 and VEGF 
were independent predictors of survival in patients with 
advanced HCC, and that none of the biomarkers tested 
significantly predicted response to sorafenib.

  With regard to on-treatment biomarkers, assessments 
of early AFP response  [22]  and a paradoxical increase in 

DCP  [23]  have been reported. Personeni et al.  [24]  have 
investigated the prognostic utility of serum AFP response, 
defined as a >20% decrease in AFP levels during 8 weeks 
of treatment with sorafenib, and concluded that the as-
sessment of AFP response may be considered as an alter-
native to RECIST for monitoring sorafenib response in 
HCC. In the workshop, Hattori and colleagues reported 
on the utility of measuring decreases in VEGF, in addi-
tion to the assessment of AFP response. They reported 
that all patients who had both a VEGF decrease and an 
AFP response survived during the observation period 
(median, 19.7 months), and the triple combination of 
plasma VEGF decrease, AFP response, and modified RE-
CIST is associated with an extremely favorable prognosis 
 [15] . On-treatment biomarkers are important to identify 
patients who can expect long-term survival following 
sorafenib therapy, although their radiologic findings may 
not be categorized as objective responses.

  To obtain a favorable outcome for HCC patients when 
locoregional therapy  [9, 25]  is not indicated, patients 
should immediately be treated with sorafenib, and should 
continue to be treated with the drug for as long as possi-
ble. If necessary, additional salvage options during 
sorafenib treatment or post-sorafenib therapy, such as 
second-line targeted therapy, may prolong survival. Al-
though further research to optimize the use of sorafenib 
is ongoing, in particular to investigate potential labora-
tory and/or genetic biomarkers of response, the present 
consensus seems to accurately reflect the patterns of man-
agement of HCC currently practiced in Japan and also 
provides valuable information for other countries.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.
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plinary treatment including conversion surgery (n = 1), 
RFA (n = 2), or radiation therapy (n = 4). Furthermore, 
Hattori and colleagues reported that a decreased plasma 
vascular endothelial growth factor (VEGF) concentration, 
8 weeks after starting sorafenib treatment, may predict 
survival in patients with advanced HCC  [15] . In univari-
ate analysis, a decrease in VEGF and an early alpha-feto-
protein (AFP) response were significantly associated with 
survival following sorafenib treatment. All 4 patients who 
showed a decrease in VEGF and an objective response (CR 
or PR) survived during the observation period.

  Morimoto and colleagues (Department of Hepatobili-
ary and Pancreatic Medical Oncology, Kanagawa Cancer 
Center) presented a multicenter study from the Kanagawa 
Liver Study Group, detailing the cases of 15 long-term sur-
vivors (4.5%) out of 337 patients with HCC who started 
treatment with sorafenib monotherapy between July 2009 
and December 2013. The median duration of progression-
free survival of the long-term survivors following sorafenib 
therapy was 12.7 months, and a significantly longer post-
progression survival (PPS) was associated with the use of 
post-sorafenib salvage options. Good pretreatment liver 
function and low baseline levels of AFP and des-γ-carboxy 
prothrombin (DCP) were associated with longer survival. 
Furthermore, this group indicated that initial treatment 
with half-dose sorafenib led to fewer severe adverse events 
and a comparable survival benefit compared to the use of 
full-dose sorafenib in select patients with HCC, particu-
larly those of advanced age  [16] .

  Ueshima and colleagues (Department of Gastroenter-
ology and Hepatology, Kinki University School of Medi-
cine) presented the cases of 15 long-term survivors (6.8%) 
out of 222 patients with HCC who started treatment with 
sorafenib monotherapy between May 2009 and Decem-
ber 2013. Of these 15 long-term survivors, 9 patients were 
tumor-node-metastasis stage 3 (according to the Liver 
Cancer Study Group of Japan staging criteria), 1 patient 
was stage 4A, and 5 were stage 4B. Four patients achieved 
a CR, 5 had a PR, and the remaining 6 had SD. The 3 pa-
tients who achieved a CR have remained alive with or 
without sorafenib continuation  [17] , and a patient who 
achieved PR underwent conversion surgery with no sign 
of recurrence since the surgery. Of the remaining 10 pa-
tients who achieved a PR or SD, 6 patients underwent 
post-sorafenib salvage treatment (TACE, HAIC, or clini-
cal trials), and 4 patients underwent additional locore-
gional therapy with sorafenib continuation.

  Nishijima and colleagues (Department of Gastroenter-
ology and Hepatology, Osaka Red Cross Hospital) present-
ed a multicenter study from the Japanese Red Cross Liver 

Study Group, detailing the cases of 12 long-term survivors 
(2.6%) out of 465 patients with HCC who began sorafenib 
monotherapy between January 2008 and August 2013  [18] . 
Of these 12 long-term survivors, 2 patients achieved a CR, 
3 had a PR, and the remaining 7 had SD. The median dura-
tion of sorafenib therapy in the cohort was 163 days, and 
262 patients died within 1 year (short-term survivors). 
Subgroup analyses comparing long-term with short-term 
survivors showed that normal cholinesterase levels and 
lower baseline DCP levels, and disease control according 
to the modified Response Evaluation Criteria In Solid Tu-
mors (RECIST) at an early stage of sorafenib treatment 
were significantly associated with long-term survival.

  Long-Term Survival-Related Factors 

 An overview of long-term (>3 years) survival following 
sorafenib treatment was collated from eight Japanese insti-
tutions. A total of 70 cases of long-term survival following 
sorafenib treatment were presented and the long-term sur-
vival rate at each institution ranged from 2.6 to 6.9% (mean, 
4.5). Clinically, sorafenib is characterized by a low objective 
tumor response rate but a relatively high disease control 
rate (2% PR rate and 40% SD rate)  [5, 6] . Our expert panel 
demonstrated that, among 58 long-term survivors at five 
institutions, 13 patients achieved a CR (22.4%), 14 had a PR 
(24.1%), 27 had a SD (46.5%), and the remaining 4 had 
progressive disease (PD) ( table 1 ). This shows that obtain-
ing an objective response is of primary importance to long-
term survival following sorafenib administration. Sorafenib 
monotherapy exceeding a 3-year duration is rare, and most 
of the patients receiving sorafenib require other treatment 
modalities in the form of a multidisciplinary therapy. Imu-
ra and colleagues emphasized conversion surgery for HCC 
that has been downstaged in patients who achieve PR. 
Takeyama and colleagues and Hattori and colleagues em-
phasized the use of salvage options for recurrent HCC dur-
ing sorafenib treatment. Wada and colleagues, Morimoto 
and colleagues, and Ueshima and colleagues highlighted 
the importance of a continuation of sorafenib for as long 
as possible, and the latter two groups further reported the 
utility of post-sorafenib options to prolong PPS. Further-
more, good pretreatment liver function and low baseline 
levels of AFP and DCP have been reported as predictors of 
favorable long-term survival. Based on these reports, we 
categorized long-term survival-related factors as follows: 
(1) conversion options, including hepatic resection after 
successful sorafenib treatment, (2) additional salvage op-
tions with sorafenib continuation when PD is confirmed, 
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(3) long-term sorafenib treatment, (4) effective post-
sorafenib options to prolong PPS, and (5) good pretreat-
ment liver function. These categories appear to reflect the 
actual patterns of management in practice for long-term 
survivors following sorafenib treatment in Japan.

  Sorafenib has been established as a standard therapy to 
prolong survival in patients with advanced HCC, but it 
provides only a small treatment response. A recent na-
tionwide survey to examine the clinical characteristics of 
patients who obtained a CR following sorafenib use 
showed that only 18 patients (0.6%) obtained a CR out of 
3,047 patients who were treated with sorafenib  [12] . Pre-
dictive factors in the CR group were female sex, low body 
weight (<59 kg), early clinical stage, and small initial dose 
of sorafenib, implying that it is difficult to predict re-
sponders using baseline clinical characteristics of pa-
tients. Biomarkers that are able to predict patient progno-
sis or response to therapy may represent a major advance-
ment towards a more personalized, tailored treatment for 
cancer patients  [19, 20] . Arao et al.  [13]  reported that 
 FGF3/FGF4  gene amplification is frequently observed in 
tumors that respond to sorafenib. However, this amplifi-
cation was only observed in around 2% of HCCs. HCC is 
a highly heterogeneous disease, and the identification of 
biomarkers is complex and has been poorly explored thus 
far. Llovet et al.  [21]  studied plasma biomarkers as predic-
tors of outcome in patients with advanced HCC. They 
measured baseline levels of plasma biomarkers in 491 pa-
tients, and again after 12 weeks in 305 patients participat-
ing in a phase III randomized controlled trial (SHARP 
trial). They concluded that angiopoietin-2 and VEGF 
were independent predictors of survival in patients with 
advanced HCC, and that none of the biomarkers tested 
significantly predicted response to sorafenib.

  With regard to on-treatment biomarkers, assessments 
of early AFP response  [22]  and a paradoxical increase in 

DCP  [23]  have been reported. Personeni et al.  [24]  have 
investigated the prognostic utility of serum AFP response, 
defined as a >20% decrease in AFP levels during 8 weeks 
of treatment with sorafenib, and concluded that the as-
sessment of AFP response may be considered as an alter-
native to RECIST for monitoring sorafenib response in 
HCC. In the workshop, Hattori and colleagues reported 
on the utility of measuring decreases in VEGF, in addi-
tion to the assessment of AFP response. They reported 
that all patients who had both a VEGF decrease and an 
AFP response survived during the observation period 
(median, 19.7 months), and the triple combination of 
plasma VEGF decrease, AFP response, and modified RE-
CIST is associated with an extremely favorable prognosis 
 [15] . On-treatment biomarkers are important to identify 
patients who can expect long-term survival following 
sorafenib therapy, although their radiologic findings may 
not be categorized as objective responses.

  To obtain a favorable outcome for HCC patients when 
locoregional therapy  [9, 25]  is not indicated, patients 
should immediately be treated with sorafenib, and should 
continue to be treated with the drug for as long as possi-
ble. If necessary, additional salvage options during 
sorafenib treatment or post-sorafenib therapy, such as 
second-line targeted therapy, may prolong survival. Al-
though further research to optimize the use of sorafenib 
is ongoing, in particular to investigate potential labora-
tory and/or genetic biomarkers of response, the present 
consensus seems to accurately reflect the patterns of man-
agement of HCC currently practiced in Japan and also 
provides valuable information for other countries.

  Disclosure Statement 
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est exist in relation to the content of this article.
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though the incidence of anemia was higher in group B, there 
was no significant difference in the treatment completion 
or SVR24 rate between the groups. Telaprevir combination 
therapy is suggested to be tolerable for elderly hepatitis C pa-
tients.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma causes the death of approxi-
mately 600,000–700,000 individuals annually worldwide 
and it is commonly due to chronic viral hepatitis  [1] . In Ja-
pan, hepatocellular carcinoma is often caused by hepatitis 
C virus (HCV)  [2–4] , and patients with chronic hepatitis C 
(CHC) are growing older  [5] . As elderly patients with CHC 
have been reported to show a higher incidence rate of car-
cinogenesis in noncirrhotic liver than younger adults, the 
treatment of elderly hepatitis C patients is important  [6] .

  In 2004, the concomitant use of pegylated interferon 
(PEG-IFN) α-2b and ribavirin (RBV) for 48 weeks became 
available for patients with hepatitis C genotype 1 at a high 
viral load, and, as a result, it has become possible to achieve 
a sustained virological response (SVR) in approximately 
50% of cases  [7, 8] . However, the treatment of CHC patients, 
particularly elderly adults, has been challenging due to se-

 Key Words 
 Chronic hepatitis C · Telaprevir · Triple therapy 

 Abstract 
  Background:  Telaprevir-based antiviral therapy has been the 
primary treatment for chronic hepatitis C genotype 1 at a high 
viral load since November 2011. On the other hand, a number 
of patients have been reported to require withdrawal from or 
reduced doses of drugs due to side effects, such as eruptions, 
anemia, and renal dysfunction. In addition, as hepatitis C pa-
tients are growing older, it is imperative to investigate the tol-
erability of triple combination therapy for elderly patients. 
 Subjects and Methods:  The study subjects comprised 35 pa-
tients who received telaprevir combination therapy after No-
vember 2011. They were divided into group A (age: <65 years; 
n = 21) and group B (age:  ≥ 65 years; n = 14) in order to com-
pare the treatment completion rate, sustained virological re-
sponse at week 24 (SVR24), and adverse events between the 
groups.  Results:  The treatment completion rate was 82.8% 
(29/35) in all subjects, 90.4% (19/21) in group A, and 78.5% 
(11/14) in group B. The rate was lower in group B but without 
a significant difference between the groups (p = 0.804). The 
SVR24 rate was 88.5% (31/35) in all subjects, 90.4% (19/21) in 
group A, and 85.7% (12/14) in group B, without a significant 
difference between the groups (p = 0.161).  Conclusion:  Al-
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though the incidence of anemia was higher in group B, there 
was no significant difference in the treatment completion 
or SVR24 rate between the groups. Telaprevir combination 
therapy is suggested to be tolerable for elderly hepatitis C pa-
tients.  © 2014 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma causes the death of approxi-
mately 600,000–700,000 individuals annually worldwide 
and it is commonly due to chronic viral hepatitis  [1] . In Ja-
pan, hepatocellular carcinoma is often caused by hepatitis 
C virus (HCV)  [2–4] , and patients with chronic hepatitis C 
(CHC) are growing older  [5] . As elderly patients with CHC 
have been reported to show a higher incidence rate of car-
cinogenesis in noncirrhotic liver than younger adults, the 
treatment of elderly hepatitis C patients is important  [6] .

  In 2004, the concomitant use of pegylated interferon 
(PEG-IFN) α-2b and ribavirin (RBV) for 48 weeks became 
available for patients with hepatitis C genotype 1 at a high 
viral load, and, as a result, it has become possible to achieve 
a sustained virological response (SVR) in approximately 
50% of cases  [7, 8] . However, the treatment of CHC patients, 
particularly elderly adults, has been challenging due to se-

 Key Words 
 Chronic hepatitis C · Telaprevir · Triple therapy 

 Abstract 
  Background:  Telaprevir-based antiviral therapy has been the 
primary treatment for chronic hepatitis C genotype 1 at a high 
viral load since November 2011. On the other hand, a number 
of patients have been reported to require withdrawal from or 
reduced doses of drugs due to side effects, such as eruptions, 
anemia, and renal dysfunction. In addition, as hepatitis C pa-
tients are growing older, it is imperative to investigate the tol-
erability of triple combination therapy for elderly patients. 
 Subjects and Methods:  The study subjects comprised 35 pa-
tients who received telaprevir combination therapy after No-
vember 2011. They were divided into group A (age: <65 years; 
n = 21) and group B (age:  ≥ 65 years; n = 14) in order to com-
pare the treatment completion rate, sustained virological re-
sponse at week 24 (SVR24), and adverse events between the 
groups.  Results:  The treatment completion rate was 82.8% 
(29/35) in all subjects, 90.4% (19/21) in group A, and 78.5% 
(11/14) in group B. The rate was lower in group B but without 
a significant difference between the groups (p = 0.804). The 
SVR24 rate was 88.5% (31/35) in all subjects, 90.4% (19/21) in 
group A, and 85.7% (12/14) in group B, without a significant 
difference between the groups (p = 0.161).  Conclusion:  Al-
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vere side effects of PEG-IFN α-2b (e.g., anorexia, systemic 
lassitude, and cytopenia) and RBV (e.g., anemia)  [9–11] .

  In 2011, the concomitant use of telaprevir, PEG-IFN, 
and RBV became available. Telaprevir strongly prevents 
viral multiplication by directly inhibiting HCV NS3/4A 
protease, which is a nonstructural protein  [12] . It has been 
reported that this therapy achieves a higher SVR rate with-
in a short period than when using the existing combina-
tion therapy with PEG-IFN and RBV  [13–16] . However, 
the safety and beneficial effects of such a triple combina-
tion therapy for elderly patients have yet to be elucidated.

  In the present study, we investigated older and young-
er adults who received telaprevir-based antiviral therapy 
at our hospital, in order to compare its safety and benefi-
cial effects between the two groups.

  Subjects and Methods 

 We conducted a retrospective study at Kinki University Hospital. 
The study subjects comprised 35 patients who received telaprevir-
based antiviral therapy between November 2011 and March 2012. 
HCV-RNA levels were measured by the COBAS TaqMan HCV Test 

(Roche Diagnostics, Tokyo, Japan), and treatment-naive individuals 
were eligible when their HCV-RNA level was 5 log10 IU/ml or high-
er. Subcutaneous injections of PEG-IFN (Peg-Intron; Schering-
Plough, Kenilworth, N.J., USA) were administered at a dose of 1.5 
μg/kg once a week. RBV (Rebetol; Schering-Plough) was orally ad-
ministered after a meal twice daily as follows: when the hemoglobin 
(Hb) level was  ≥ 13 g/dl, 600, 800, and 1,000 mg for those weighing 
<60, 60–80, and >80 kg; and when the Hb level was <13 g/dl, 400, 
600, and 800 mg for those weighing <60, 60–80, and >80 kg, respec-
tively. Telaprevir (Telavic; Mitsubishi Tanabe Pharma, Osaka, Ja-
pan) was administered at a dose of 2,250 mg/day after a meal 3 times 
a day at 8-hour intervals, but the dose was reduced to 1,500 mg/day 
when the subject was female, aged  ≥ 70 years, or weighed  ≤ 50 kg.

  The subjects received telaprevir-based antiviral therapy with 
telaprevir, PEG-IFN, and RBV for the first 12 weeks. After that, 
PEG-IFN and RBV were administered for 12 weeks if the subject 
showed an HCV-RNA level of <1.2 log10 IU/ml or was negative 
for HCV-RNA at week 4 and for the RNA at week 12. Individuals 
not meeting these criteria received response-guided therapy for 36 
weeks from week 13.

  Concerning skin disorders, localized lesions with areas ac-
counting for  ≤ 50% of the body surface were defined as grade 1; 
multifocal or diffuse lesions with areas accounting for  ≤ 50% of the 
body surface along with a mucosal lesion not associated with ulcers 
or erosion were defined as grade 2, and systemic rashes with areas 
accounting for >50% of the body surface along with mucosal ulcers 

 Table 1.  Baseline patient characteristics

Group A 
(aged <65 years; n = 21)

Group B 
(aged ≥65 years; n = 14)

p

Sex, male/female 11/10 9/5 0.482
Age, years 57 (35 – 64) 69 (65 – 77) 0.166
BMI 23.4 (12.2 – 36.8) 23.4 (17.32 – 30) 0.57

rs8099917 (TT/non-TT) 15/6 12/1 0.143
WBC, ×109/l 5.7 (3.1 – 13.8) 5.2 (2.5 – 6.7) 0.261
Hb, g/dl 14.0 (11.7 – 17.3) 13.5 (11.9 – 15.3) 0.139
Platelets, ×1010/l 20.4 (7.9 – 35.7) 17.3 (9.2 – 23.9) 0.051

ALT, IU/l 35 (17 – 145) 34.55 (21 – 292) 0.44
γGTP, IU/l 31.5 (11 – 327) 30 (18 – 264) 0.733
Albumin, g/dl 4.3 (2.9 – 5.2) 4.4 (3.5 – 4.7) 0.46
Total cholesterol, mg/dl 169 (75 – 237) 164 (125 – 224) 0.837
Viral load 6.5 (1.8 – 7.4) 6.65 (4.3 – 7.7) 0.653
PEG-IFN α-2b, μg 90 (40 – 150) 80 (80 – 100) 0.867
PEG-IFN α-2b/kg/w, μg/kg/w 1.44 (0.80 – 1.81) 1.42 (0.71 – 1.73) 0.94

RBV, mg 600 (400 – 1,000) 600 (400 – 800) 0.34
RBV/kg/day, mg/kg/day 8.09 (3.4 – 12.69) 7.33 (4.01 – 10.52) 0.248
TBV, mg 2,250 (1,500 – 2,250) 2,250 (1,500 – 2,250) 0.627 
TBV/kg/day, mg/kg/day  32.56 (18.75 – 45.91) 30.62 (15 – 40.17) 0.074 
SVR24 19/2 12/2 0.161 

 For the categorical data, the number of patients in each category is shown. For the continuous data, the me-
dian and range are displayed. ALT = Alanine aminotransferase; BMI = body mass index; γGTP = 
γ-glutamyltranspeptidase; TBV = telaprevir; WBC = white blood cells.
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or erosion, eye lesions, epidermolysis, blisters, or purpura associ-
ated with infiltration were defined as grade 3. Regarding anemia, 
Hb levels of  ≥ 9.5 and <11 g/dl,  ≥ 8 and <9.5 g/dl, and <8 g/dl were 
defined as grade 1, 2, and 3, respectively.

  The study subjects were divided into 23 individuals aged <65 
years (group A) and 12 individuals aged  ≥ 65 years (group B), and 
we compared the treatment completion rate, SVR at week 24 
(SVR24), and adverse events between the groups.

  Statistical Analysis 
 Data are expressed as median (range) values. Differences be-

tween groups were examined for significance using the t test and 
Fisher exact test where appropriate. A p value <0.05 was regarded 
as statistically significant in all analyses.

  Results 

 Patient characteristics are shown in  table 1 . The num-
ber of treatment-naive patients and previously treated in-
dividuals in whom hepatitis had relapsed or for whom the 
administered drugs had been ineffective was 20 and 15 
overall, 11 and 10 in group A, and 9 and 5 in group B, re-
spectively. As a result of investigating rs8099917, which 
is an IL28B genotype, the number of patients with geno-
types of TT and non-TT was 27 and 7 overall, 15 and 6 in 
group A, and 12 and 1 in group B, respectively. There was 
no significant difference in the BMI, IL28B SNPs, Hb, al-
bumin, viral load, initial dose, or adherence to the regi-
men between the groups.

  The SVR24 rate was 88.5% (31/35) in all subjects, 
90.4% (19/21) in group A, and 85.7% (12/14) in group 
B. The rate showed a tendency to be lower in group B 
but without a significant difference between the groups 
(p = 0.161). We also investigated the SVR24 rate accord-
ing to the IL28B genotype, which revealed that the rate 
was 96.2% (26/27) and 57.1% (4/7) overall (p = 0.520), 
100% (15/15) and 66.6% (4/6) in group A (p = 0.720), 
and 91.6% (11/12) and 0% (0/1) in group B (p = 1) in 
patients with genotypes of TT and non-TT, respectively 
( fig.  1 ). According to the IL28B genotype among the 
treatment-naive patients, the SVR24 rate was 93.7% 
(15/16) and 50% (2/4) overall (p = 0.666), 100% (8/8) 
and 66.6% (2/3) in group A (p = 1), and 83.3% (7/8) and 
0% (0/1) in group B (p = 1) in patients with TT and non-
TT, respectively ( fig. 2 ). We also investigated the SVR24 
rate according to the IL28B genotype among the previ-
ously treated individuals in whom hepatitis had re-
lapsed, which clarified that the rate was 100% (9/9) and 
66.6% (2/3) overall (p = 1), 100% (6/6) and 66.6% (2/3) 
in group A (p = 1), and 100% (3/3) and 0% (0/0) in group 
B in patients with TT and non-TT, respectively ( fig. 3 ). 
Among the previously treated individuals in whom the 
administered drugs had been ineffective, SVR was 
achieved both in group A (1 patient with TT) and in 
group B (1 patient with TT).

  The SVR rate was compared to the initial dose of tela-
previr, which revealed that among those receiving 1,500 
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  Fig. 1.  Age-specific SVR rates according to 
the IL28 genotype in all subjects. 
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vere side effects of PEG-IFN α-2b (e.g., anorexia, systemic 
lassitude, and cytopenia) and RBV (e.g., anemia)  [9–11] .

  In 2011, the concomitant use of telaprevir, PEG-IFN, 
and RBV became available. Telaprevir strongly prevents 
viral multiplication by directly inhibiting HCV NS3/4A 
protease, which is a nonstructural protein  [12] . It has been 
reported that this therapy achieves a higher SVR rate with-
in a short period than when using the existing combina-
tion therapy with PEG-IFN and RBV  [13–16] . However, 
the safety and beneficial effects of such a triple combina-
tion therapy for elderly patients have yet to be elucidated.

  In the present study, we investigated older and young-
er adults who received telaprevir-based antiviral therapy 
at our hospital, in order to compare its safety and benefi-
cial effects between the two groups.

  Subjects and Methods 

 We conducted a retrospective study at Kinki University Hospital. 
The study subjects comprised 35 patients who received telaprevir-
based antiviral therapy between November 2011 and March 2012. 
HCV-RNA levels were measured by the COBAS TaqMan HCV Test 

(Roche Diagnostics, Tokyo, Japan), and treatment-naive individuals 
were eligible when their HCV-RNA level was 5 log10 IU/ml or high-
er. Subcutaneous injections of PEG-IFN (Peg-Intron; Schering-
Plough, Kenilworth, N.J., USA) were administered at a dose of 1.5 
μg/kg once a week. RBV (Rebetol; Schering-Plough) was orally ad-
ministered after a meal twice daily as follows: when the hemoglobin 
(Hb) level was  ≥ 13 g/dl, 600, 800, and 1,000 mg for those weighing 
<60, 60–80, and >80 kg; and when the Hb level was <13 g/dl, 400, 
600, and 800 mg for those weighing <60, 60–80, and >80 kg, respec-
tively. Telaprevir (Telavic; Mitsubishi Tanabe Pharma, Osaka, Ja-
pan) was administered at a dose of 2,250 mg/day after a meal 3 times 
a day at 8-hour intervals, but the dose was reduced to 1,500 mg/day 
when the subject was female, aged  ≥ 70 years, or weighed  ≤ 50 kg.

  The subjects received telaprevir-based antiviral therapy with 
telaprevir, PEG-IFN, and RBV for the first 12 weeks. After that, 
PEG-IFN and RBV were administered for 12 weeks if the subject 
showed an HCV-RNA level of <1.2 log10 IU/ml or was negative 
for HCV-RNA at week 4 and for the RNA at week 12. Individuals 
not meeting these criteria received response-guided therapy for 36 
weeks from week 13.

  Concerning skin disorders, localized lesions with areas ac-
counting for  ≤ 50% of the body surface were defined as grade 1; 
multifocal or diffuse lesions with areas accounting for  ≤ 50% of the 
body surface along with a mucosal lesion not associated with ulcers 
or erosion were defined as grade 2, and systemic rashes with areas 
accounting for >50% of the body surface along with mucosal ulcers 

 Table 1.  Baseline patient characteristics

Group A 
(aged <65 years; n = 21)

Group B 
(aged ≥65 years; n = 14)

p

Sex, male/female 11/10 9/5 0.482
Age, years 57 (35 – 64) 69 (65 – 77) 0.166
BMI 23.4 (12.2 – 36.8) 23.4 (17.32 – 30) 0.57

rs8099917 (TT/non-TT) 15/6 12/1 0.143
WBC, ×109/l 5.7 (3.1 – 13.8) 5.2 (2.5 – 6.7) 0.261
Hb, g/dl 14.0 (11.7 – 17.3) 13.5 (11.9 – 15.3) 0.139
Platelets, ×1010/l 20.4 (7.9 – 35.7) 17.3 (9.2 – 23.9) 0.051

ALT, IU/l 35 (17 – 145) 34.55 (21 – 292) 0.44
γGTP, IU/l 31.5 (11 – 327) 30 (18 – 264) 0.733
Albumin, g/dl 4.3 (2.9 – 5.2) 4.4 (3.5 – 4.7) 0.46
Total cholesterol, mg/dl 169 (75 – 237) 164 (125 – 224) 0.837
Viral load 6.5 (1.8 – 7.4) 6.65 (4.3 – 7.7) 0.653
PEG-IFN α-2b, μg 90 (40 – 150) 80 (80 – 100) 0.867
PEG-IFN α-2b/kg/w, μg/kg/w 1.44 (0.80 – 1.81) 1.42 (0.71 – 1.73) 0.94

RBV, mg 600 (400 – 1,000) 600 (400 – 800) 0.34
RBV/kg/day, mg/kg/day 8.09 (3.4 – 12.69) 7.33 (4.01 – 10.52) 0.248
TBV, mg 2,250 (1,500 – 2,250) 2,250 (1,500 – 2,250) 0.627 
TBV/kg/day, mg/kg/day  32.56 (18.75 – 45.91) 30.62 (15 – 40.17) 0.074 
SVR24 19/2 12/2 0.161 

 For the categorical data, the number of patients in each category is shown. For the continuous data, the me-
dian and range are displayed. ALT = Alanine aminotransferase; BMI = body mass index; γGTP = 
γ-glutamyltranspeptidase; TBV = telaprevir; WBC = white blood cells.
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or erosion, eye lesions, epidermolysis, blisters, or purpura associ-
ated with infiltration were defined as grade 3. Regarding anemia, 
Hb levels of  ≥ 9.5 and <11 g/dl,  ≥ 8 and <9.5 g/dl, and <8 g/dl were 
defined as grade 1, 2, and 3, respectively.

  The study subjects were divided into 23 individuals aged <65 
years (group A) and 12 individuals aged  ≥ 65 years (group B), and 
we compared the treatment completion rate, SVR at week 24 
(SVR24), and adverse events between the groups.

  Statistical Analysis 
 Data are expressed as median (range) values. Differences be-

tween groups were examined for significance using the t test and 
Fisher exact test where appropriate. A p value <0.05 was regarded 
as statistically significant in all analyses.

  Results 

 Patient characteristics are shown in  table 1 . The num-
ber of treatment-naive patients and previously treated in-
dividuals in whom hepatitis had relapsed or for whom the 
administered drugs had been ineffective was 20 and 15 
overall, 11 and 10 in group A, and 9 and 5 in group B, re-
spectively. As a result of investigating rs8099917, which 
is an IL28B genotype, the number of patients with geno-
types of TT and non-TT was 27 and 7 overall, 15 and 6 in 
group A, and 12 and 1 in group B, respectively. There was 
no significant difference in the BMI, IL28B SNPs, Hb, al-
bumin, viral load, initial dose, or adherence to the regi-
men between the groups.

  The SVR24 rate was 88.5% (31/35) in all subjects, 
90.4% (19/21) in group A, and 85.7% (12/14) in group 
B. The rate showed a tendency to be lower in group B 
but without a significant difference between the groups 
(p = 0.161). We also investigated the SVR24 rate accord-
ing to the IL28B genotype, which revealed that the rate 
was 96.2% (26/27) and 57.1% (4/7) overall (p = 0.520), 
100% (15/15) and 66.6% (4/6) in group A (p = 0.720), 
and 91.6% (11/12) and 0% (0/1) in group B (p = 1) in 
patients with genotypes of TT and non-TT, respectively 
( fig.  1 ). According to the IL28B genotype among the 
treatment-naive patients, the SVR24 rate was 93.7% 
(15/16) and 50% (2/4) overall (p = 0.666), 100% (8/8) 
and 66.6% (2/3) in group A (p = 1), and 83.3% (7/8) and 
0% (0/1) in group B (p = 1) in patients with TT and non-
TT, respectively ( fig. 2 ). We also investigated the SVR24 
rate according to the IL28B genotype among the previ-
ously treated individuals in whom hepatitis had re-
lapsed, which clarified that the rate was 100% (9/9) and 
66.6% (2/3) overall (p = 1), 100% (6/6) and 66.6% (2/3) 
in group A (p = 1), and 100% (3/3) and 0% (0/0) in group 
B in patients with TT and non-TT, respectively ( fig. 3 ). 
Among the previously treated individuals in whom the 
administered drugs had been ineffective, SVR was 
achieved both in group A (1 patient with TT) and in 
group B (1 patient with TT).

  The SVR rate was compared to the initial dose of tela-
previr, which revealed that among those receiving 1,500 
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mg of telaprevir, the SVR rate was 83.3% (5/6) and 80% 
(4/5) in group A and B, respectively (p = 1). Among those 
receiving 2,250 mg of telaprevir, the SVR rate was 93.3% 
(14/15) and 88.8% (8/9) in group A and B, respectively 
(p = 1;  fig. 4 ).

  The treatment completion rate was 82.8% (29/35) in 
all subjects, 90.4% (19/21) in group A, and 78.5% (11/14) 
in group B. The rate was lower in group B, but without 
a significant difference between the groups (p = 0.793). 
The reasons for treatment discontinuation were anemia 
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(n = 1) and skin disorders (n = 1) in group A and brain 
infarction (n = 1), systemic lassitude (n = 1), and infective 
endocarditis (n = 1) in group B.

  Drug-induced skin disorders were identified in 76.1% 
(16/21) and 64.2% (9/14) of cases in group A and B, respec-
tively. Severe (grade 3) side effects occurred in 9.5% (2/21) 
and 0% (0/14) of cases in group A and B, respectively, but 
without a significant difference (p = 0.156;  fig. 5 ).

  The incidence of anemia was significantly higher in 
group B than in group A: 71.4% (10/14) versus 52.3% 
(11/21) (p = 0.002;  fig. 6 ).

  Discussion 

 In this study, high SVR24 rates were achieved by el-
derly patients with hepatitis C receiving telaprevir-based 
antiviral therapy, and its safety among these patients was 
verified.

  When conducting PEG-IFN/RBV therapy for elderly 
patients, it is often necessary to reduce their doses or dis-
continue the therapy when side effects occur, such as sys-
temic lassitude, depression, anemia, or thrombocytope-
nia. According to a Japanese study involving 1,251 sub-

jects, the treatment completion rate was 57 and 75% in 
older (aged  ≥ 65 years) and younger adults, respectively 
 [5] . In the present study, the treatment completion rate 
was 75% in the older subjects (group B), which was a rel-
atively favorable result. This was probably because our 
triple combination therapy was shorter (24 weeks) than 
the typical PEG-IFN/RBV therapy (48 weeks). In our 
study, the SVR24 rate in the older subjects was also favor-
able (83.3%), possibly due to the potent inhibitory effects 
of telaprevir against viral multiplication  [12] . The SVR 
rate achieved by the older group was slightly lower than 
that shown by the younger group, but the difference was 
not significant, and this finding was similar to that re-
ported by Furusyo et al.  [17] . Such a favorable SVR rate 
achieved by the older group was probably due to the 
maintained adherence to telaprevir and IFN  [17] .

  According to Akuta et al.  [18]  and Chayama et al.  [19] , 
similarly to when using PEG-IFN/RBV therapy, subjects 
with an IL28B genotype of TT showed a high cure rate with 
telaprevir-based antiviral therapy. In the present study, the 
SVR rate achieved by subjects with an IL28B genotype of 
TT was high (96.2%) but not significantly different from 
that shown by those with non-TT (57.1%). As a result of 
investigating the SVR rate according to age among subjects 
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mg of telaprevir, the SVR rate was 83.3% (5/6) and 80% 
(4/5) in group A and B, respectively (p = 1). Among those 
receiving 2,250 mg of telaprevir, the SVR rate was 93.3% 
(14/15) and 88.8% (8/9) in group A and B, respectively 
(p = 1;  fig. 4 ).

  The treatment completion rate was 82.8% (29/35) in 
all subjects, 90.4% (19/21) in group A, and 78.5% (11/14) 
in group B. The rate was lower in group B, but without 
a significant difference between the groups (p = 0.793). 
The reasons for treatment discontinuation were anemia 
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(n = 1) and skin disorders (n = 1) in group A and brain 
infarction (n = 1), systemic lassitude (n = 1), and infective 
endocarditis (n = 1) in group B.

  Drug-induced skin disorders were identified in 76.1% 
(16/21) and 64.2% (9/14) of cases in group A and B, respec-
tively. Severe (grade 3) side effects occurred in 9.5% (2/21) 
and 0% (0/14) of cases in group A and B, respectively, but 
without a significant difference (p = 0.156;  fig. 5 ).

  The incidence of anemia was significantly higher in 
group B than in group A: 71.4% (10/14) versus 52.3% 
(11/21) (p = 0.002;  fig. 6 ).

  Discussion 

 In this study, high SVR24 rates were achieved by el-
derly patients with hepatitis C receiving telaprevir-based 
antiviral therapy, and its safety among these patients was 
verified.

  When conducting PEG-IFN/RBV therapy for elderly 
patients, it is often necessary to reduce their doses or dis-
continue the therapy when side effects occur, such as sys-
temic lassitude, depression, anemia, or thrombocytope-
nia. According to a Japanese study involving 1,251 sub-

jects, the treatment completion rate was 57 and 75% in 
older (aged  ≥ 65 years) and younger adults, respectively 
 [5] . In the present study, the treatment completion rate 
was 75% in the older subjects (group B), which was a rel-
atively favorable result. This was probably because our 
triple combination therapy was shorter (24 weeks) than 
the typical PEG-IFN/RBV therapy (48 weeks). In our 
study, the SVR24 rate in the older subjects was also favor-
able (83.3%), possibly due to the potent inhibitory effects 
of telaprevir against viral multiplication  [12] . The SVR 
rate achieved by the older group was slightly lower than 
that shown by the younger group, but the difference was 
not significant, and this finding was similar to that re-
ported by Furusyo et al.  [17] . Such a favorable SVR rate 
achieved by the older group was probably due to the 
maintained adherence to telaprevir and IFN  [17] .

  According to Akuta et al.  [18]  and Chayama et al.  [19] , 
similarly to when using PEG-IFN/RBV therapy, subjects 
with an IL28B genotype of TT showed a high cure rate with 
telaprevir-based antiviral therapy. In the present study, the 
SVR rate achieved by subjects with an IL28B genotype of 
TT was high (96.2%) but not significantly different from 
that shown by those with non-TT (57.1%). As a result of 
investigating the SVR rate according to age among subjects 
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with TT, those aged <65 years and those aged  ≥ 65 showed 
SVR rates of 100 and 91.6%, respectively, which were favor-
able results. On the other hand, among subjects with non-
TT, the rates were 66 and 0% in the former and latter group, 
respectively. However, as there was only 1 non-TT subject 

aged  ≥ 65 years, the IL28B genotype was not investigated 
among a sufficient number of older adults ( fig. 1 ).

  Telaprevir-based antiviral therapy has been reported 
to be highly beneficial for treatment-naive patients and 
previously treated individuals in whom hepatitis had re-
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  Fig. 5.  Age-specific ratios of drug-induced 
skin disorders. 

  Fig. 6.  Age-specific ratios of anemia: the in-
cidence of anemia was significantly higher 
among those aged  ≥ 65 years (group B). 
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lapsed  [13–15] . In the present study, we investigated 
treatment-naive patients and those who had previously 
been treated but had a relapse, which clarified that the 
therapy was highly effective. Among the treatment-naive 
subjects, the SVR rates were 71.4 and 92.3% in the older 
(group B) and younger patients (group A), respectively. 
Among the previously treated subjects, the rates were 100 
and 88.8% in group B and A, respectively ( fig. 2 ,  3 ). The 
2 previously treated subjects, in whom the drugs used had 
been ineffective, both achieved SVR. This was possibly 
because the therapy was more likely to be effective for 
those with an IL28B genotype of TT.

  In this study, both the older (group B) and the young-
er subjects (group A) showed favorable SVR rates (80 and 
83.3%, respectively) when using telaprevir at a dose of 
1,500 mg/day ( fig. 4 ). Marcellian et al.  [20]  conducted a 
randomized controlled trial in which the subjects were 
assigned to receive either 2,250 or 1,500 mg of telaprevir, 
and found that the SVR rate was not significantly differ-
ent between the groups, and the safety of the two regi-
mens was similarly verified. Hara et al.  [21]  reported that 
a decrease in Hb levels was significantly inhibited among 
a group receiving 1,500 mg of telaprevir. In our study, the 
incidence of anemia was significantly higher in the older 
subjects (group B;  fig. 6 ). We suggest that a dose of 1,500 
mg may be sufficient for elderly individuals, as Japanese 
patients receiving telaprevir are growing older and their 
body weight is commonly lower than that of patients in 
the US and Europe.

  Drug-induced skin disorders occurred at a high rate in 
both the older (group B; 58.3%) and the younger (group 
A; 78.2%) patients. The incidence showed a tendency to 

be higher in the latter group, but without a significant dif-
ference ( fig. 5 ). A previous study also reported a similar 
incidence rate of skin disorders between older and young-
er subjects  [17] .

  Many studies have reported that antiviral therapy is 
useful as a radical treatment for hepatitis C, and hepato-
carcinogenesis can be inhibited by achieving SVR  [6, 22–
24] . However, therapies involving IFN are sometimes 
challenging due to adverse events. In recent years, com-
bination therapies with direct-acting antivirals, which do 
not involve IFN, have been developed. A phase 3 trial of 
combination therapy with asunaprevir and daclatasvir 
achieved a high SVR rate (84.7%). In this trial, the thera-
py was discontinued due to adverse events in 5% of cases, 
with a low incidence of severe adverse events (5.9%)  [25] . 
Combination therapy with direct-acting antivirals will 
probably become the primary treatment for hepatitis C. 
However, the inhibitory effects of such therapy against 
carcinogenesis are unknown due to researchers’ limited 
experience in this field.

  The limitations of our study were that it was conduct-
ed in a retrospective manner and that it involved a small 
number of subjects. The treatment completion rate 
showed a tendency to be lower in the older group, but the 
SVR24 rate was equivalent between the two groups. Our 
findings suggest that telaprevir-based antiviral therapy 
may be tolerable for elderly hepatitis C patients.
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with TT, those aged <65 years and those aged  ≥ 65 showed 
SVR rates of 100 and 91.6%, respectively, which were favor-
able results. On the other hand, among subjects with non-
TT, the rates were 66 and 0% in the former and latter group, 
respectively. However, as there was only 1 non-TT subject 

aged  ≥ 65 years, the IL28B genotype was not investigated 
among a sufficient number of older adults ( fig. 1 ).

  Telaprevir-based antiviral therapy has been reported 
to be highly beneficial for treatment-naive patients and 
previously treated individuals in whom hepatitis had re-
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  Fig. 5.  Age-specific ratios of drug-induced 
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  Fig. 6.  Age-specific ratios of anemia: the in-
cidence of anemia was significantly higher 
among those aged  ≥ 65 years (group B). 
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lapsed  [13–15] . In the present study, we investigated 
treatment-naive patients and those who had previously 
been treated but had a relapse, which clarified that the 
therapy was highly effective. Among the treatment-naive 
subjects, the SVR rates were 71.4 and 92.3% in the older 
(group B) and younger patients (group A), respectively. 
Among the previously treated subjects, the rates were 100 
and 88.8% in group B and A, respectively ( fig. 2 ,  3 ). The 
2 previously treated subjects, in whom the drugs used had 
been ineffective, both achieved SVR. This was possibly 
because the therapy was more likely to be effective for 
those with an IL28B genotype of TT.

  In this study, both the older (group B) and the young-
er subjects (group A) showed favorable SVR rates (80 and 
83.3%, respectively) when using telaprevir at a dose of 
1,500 mg/day ( fig. 4 ). Marcellian et al.  [20]  conducted a 
randomized controlled trial in which the subjects were 
assigned to receive either 2,250 or 1,500 mg of telaprevir, 
and found that the SVR rate was not significantly differ-
ent between the groups, and the safety of the two regi-
mens was similarly verified. Hara et al.  [21]  reported that 
a decrease in Hb levels was significantly inhibited among 
a group receiving 1,500 mg of telaprevir. In our study, the 
incidence of anemia was significantly higher in the older 
subjects (group B;  fig. 6 ). We suggest that a dose of 1,500 
mg may be sufficient for elderly individuals, as Japanese 
patients receiving telaprevir are growing older and their 
body weight is commonly lower than that of patients in 
the US and Europe.

  Drug-induced skin disorders occurred at a high rate in 
both the older (group B; 58.3%) and the younger (group 
A; 78.2%) patients. The incidence showed a tendency to 

be higher in the latter group, but without a significant dif-
ference ( fig. 5 ). A previous study also reported a similar 
incidence rate of skin disorders between older and young-
er subjects  [17] .

  Many studies have reported that antiviral therapy is 
useful as a radical treatment for hepatitis C, and hepato-
carcinogenesis can be inhibited by achieving SVR  [6, 22–
24] . However, therapies involving IFN are sometimes 
challenging due to adverse events. In recent years, com-
bination therapies with direct-acting antivirals, which do 
not involve IFN, have been developed. A phase 3 trial of 
combination therapy with asunaprevir and daclatasvir 
achieved a high SVR rate (84.7%). In this trial, the thera-
py was discontinued due to adverse events in 5% of cases, 
with a low incidence of severe adverse events (5.9%)  [25] . 
Combination therapy with direct-acting antivirals will 
probably become the primary treatment for hepatitis C. 
However, the inhibitory effects of such therapy against 
carcinogenesis are unknown due to researchers’ limited 
experience in this field.

  The limitations of our study were that it was conduct-
ed in a retrospective manner and that it involved a small 
number of subjects. The treatment completion rate 
showed a tendency to be lower in the older group, but the 
SVR24 rate was equivalent between the two groups. Our 
findings suggest that telaprevir-based antiviral therapy 
may be tolerable for elderly hepatitis C patients.
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proved LS. All patients with an increase in LFI were in the 
non-SVR group, even though LFI decreased in 2 patients. Our 
findings suggest that an LFI increase indicates lack of treat-
ment efficacy with antiviral therapy. LFI may be useful for the 
assessment of treatment efficacy in patients with worsening 
of LS despite achieving SVR with antiviral therapy. 
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 Chronic hepatitis patients have a high risk of develop-
ing cancer, and their prognosis depends largely on the 
early detection of liver cancer during routine medical 
screenings  [1–3]  because of the higher chance of receiv-
ing curative therapy  [4–6] . Previous studies have shown 
that once a sustained virological response (SVR) with an-
tiviral therapy has been achieved, liver fibrosis improves 
gradually, lowering the risk for liver cancer  [3, 7, 8] . De-
spite its status as the gold standard for the diagnosis of 
liver fibrosis, liver biopsy is invasive and associated with 
sampling errors; therefore, a noninvasive diagnostic tech-
nique that utilizes, for example, serum markers or ultra-
sound (US) elastography for the assessment of liver fibro-
sis over time is desirable.
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 Abstract 
  Objective:  To investigate the relationship between tissue 
elasticity before and after antiviral therapy and shear wave as 
well as strain elastography.  Methods:  FibroScan and real-
time tissue elastography were performed before and after 
antiviral therapy for chronic hepatitis C, and treatment effi-
cacy and elastographic findings were comparatively ana-
lyzed. Elasticity was evaluated by measuring liver stiffness 
(LS) in kilopascals using FibroScan, and the liver fibrosis index 
(LFI) was assessed by real-time tissue elastography.  Results:  
LS and LFI correlated well before and after therapy (r = 0.567, 
p = 0.003 and r = 0.576, p = 0.002, respectively). In the group 
without a sustained virological response (SVR), LS increased 
in 4 of 5 patients. Patients with an increase in both LS and LFI 
were all in the non-SVR group (3/3, 100%). In addition, LS in-
creased in all patients except 1 in the non-SVR group (4/5, 
80%). In the SVR group, both LS and LFI decreased in all pa-
tients except 1 (18/19, 94.7%). In the patient with an increase 
in LS despite achieving SVR, LS decreased quickly after alco-
hol cessation.  Conclusions:  With a few exceptions, SVR im-
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  US elastography is broadly divided into shear wave elas-
tography, in which an US device such as FibroScan gener-
ates shear waves and measures the velocity of waves propa-
gating through the liver, and strain elastography, in which 
slight tissue deformation or strain caused by heartbeats is 
visualized in real-time tissue elastography (RTE)  [9–11] . In 
shear wave elastography, the measurement of liver stiffness 
(LS) is affected greatly by the severity of inflammation, 
jaundice and congestion besides liver fibrosis  [12–16] . In 
addition, LS is highly correlated with the risk of liver cancer 
in chronic hepatitis patients  [17–19] . Although a study 
 using shear wave elastography with the employment of 
 FibroScan reported that LS was improved by interferon 
(IFN) therapy  [20] , the association between strain elastog-
raphy and antiviral therapy has not been clarified. We 
therefore performed RTE and FibroScan measurement 
concurrently and investigated the association between the 
efficacy of IFN therapy and the differences in LS and liver 
fibrosis index (LFI) between pre- and posttreatment mea-
surements.

  Patients and Methods 

 Patients 
 The study included 26 patients with chronic hepatitis C who 

underwent US elastography before (pretreatment, PT) and 2 years 
after therapy initiation (after treatment, AT) at Kinki University 
Hospital between October 2010 and July 2013.

  IFN Therapy 
 In accordance with the Japan Society of Hepatology Guidelines 

for the Management of Hepatitis C Virus (HCV) Infection, the 
treatment strategy was determined based on HCV serotype and the 
amount of HCV-RNA.

  Patients with serotype 2 and <5 log IU/ml HCV-RNA underwent 
pegylated IFN alpha (PEG) monotherapy for 24 weeks. Patients with 
serotype 1 and <5 log IU/ml HCV-RNA as well as patients with se-
rotype 2 and  ≥ 5 log IU/ml HCV-RNA underwent PEG and ribavirin 
(RBV) combination therapy (PEG/RBV) for 24 weeks. In addition, 
patients with serotype 1 and  ≥ 5 log IU/ml HCV-RNA underwent 
PEG/RBV therapy for 48 weeks or combination therapy with tela-
previr (TVR), PEG, and RBV (TVR/PEG/RBV) for 24 weeks.

  The IFN formulation was PEG 2a (Pegasys; Chugai Pharma-
ceutical Co., Ltd., Tokyo, Japan) in PEG monotherapy, and PEG 
2a and RBV (Copegus; Chugai Pharmaceutical Co., Ltd.) or PEG 
2b (Peg-Intron; Merck & Co., Inc., Whitehouse Station, N.J., USA) 
and RBV (Rebetol; Merck & Co., Inc.) in PEG/RBV therapy. In 
TVR/PEG/RBV therapy, TVR (Telavic; Mitsubishi Tanabe Phar-
ma, Osaka, Japan), PEG, and RBV were used.

  In each regimen, the initial dose of PEG 2a was 180 μg once a 
week. PEG 2b was administered at a dose of 1.5 μg/kg once a week. 
RBV was orally administered after meals twice daily, as follows: when 
the hemoglobin level was  ≥ 13 g/dl, 600, 800, and 1,000 mg were ad-
ministered to those weighing <60, 60–80, and >80 kg, respectively; 

when the hemoglobin level was <13 g/dl, 400, 600, and 800 mg were 
administered to those weighing <60, 60–80, and >80 kg, respectively.

  TVR was administered at a dose of 2,250 mg/day after meals 3 
times a day with doses separated by 8-hour intervals, but the dose 
was reduced to 1,500 mg/day when the subject was female, aged 
 ≥ 70 years, or weighed <50 kg.

  Chronic hepatitis C patients who had achieved SVR after com-
pletion of 24 weeks of therapy formed the SVR group (n = 21, 
80.8%), while patients who did not achieve SVR were classified as 
the non-SVR group (n = 5, 19.2%).

  Liver Fibrosis Index 
 RTE was performed before and after IFN therapy using US EUS-

8500 and the linear probe EUP-L52 (3–7 MHz; Hitachi Aloka Med-
ical, Ltd., Tokyo, Japan) to estimate the LFI. The probe was pressed 
against the right intercostal region of the patient in a supine position, 
and the strain of the liver caused by heartbeats was displayed on the 
screen in real time. An examiner who was unaware of the patients’ 
background selected 10 high-quality images to estimate the median 
LFI value using a method that has been reported previously  [21–23] .

  Liver Stiffness 
 FibroScan was used to perform abdominal US in patients in a 

supine position for the measurement of pre- and posttreatment LS. 
The convex probe was used to examine liver parenchyma at the 
right intercostal region, and after verifying the absence of a tumor, 
cyst or any lesion in the measurement area of the liver that might 
interfere with the examination, the measurement of the same area 
was repeated 10 times to calculate the median LS value and inter-
quartile range. The measurements were normalized to the median 
values of 10 acquisitions with a success rate of  ≥ 60% and an inter-
quartile range of <30% of the median stiffness.

  Statistical Analysis 
 Groups were compared using Wilcoxon’s signed rank test and 

confirmed by the nonparametric Mann-Whitney U test. Correlation 
between data was tested using the Pearson correlation coefficient 
and the nonparametric Spearman rank correlation analysis. Differ-
ences were considered statistically significant if p < 0.05. Analysis 
was performed using SPSS Statistics 20 (IBM, Armonk, N.Y., USA).

  Results 

 Demographics and Baseline Features 
 The number of patients who received PEG, PEG/RBV, 

and TVR/PEG/RBV therapy was 1, 12, and 13, respec-
tively. The proportion of patients who achieved SVR with 
PEG, PEG/RBV, and TVR/PEG/RBV therapy was 100, 
78, and 84.6%, respectively. 

  Relationship between Treatment Efficacy and LS or 
LFI before and after IFN Therapy 
 A significant positive correlation was observed both 

between pre- and posttreatment LS and LFI (r = 0.567, 
p = 0.003 and r = 0.576, p = 0.002, respectively).
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  While posttreatment LS was significantly lower in the 
SVR group (p = 0.003), no significant correlation was ob-
served between posttreatment LFI and treatment efficacy 
(p = 0.079). After IFN therapy, LS mostly decreased in the 
SVR group, but increased in 4 (80%) of the 5 patients in the 
non-SVR group ( fig. 1 a, No. 1, 3–5). Overall, LFI decreased 
after therapy in the SVR group, but increased in 3 (60%) of 
the 5 patients in the non-SVR group ( fig. 1 b, No. 1, 3, 4).

  Relationship between Treatment Efficacy and LS or 
LFI Ratios 
 LS (LFI at AT/LFI at PT) and LFI (LS at AT/LS at PT) 

ratios were calculated using the pre- and posttreatment 
values. While the LS ratio in the SVR group was signifi-
cantly lower than in the non-SVR group (p = 0.002;  fig. 2 ), 
the LFI ratio was slightly lower in the SVR group than in 
the non-SVR group (p = 0.067;  fig. 3 ).

  Investigation of the relationship between treatment ef-
ficacy and the LS or LFI ratios revealed that in the SVR 
group, the LS ratio was >1 in 1 patient, but other LFI ra-
tios were all  ≤ 1 ( fig. 4 ). Both LS and LFI ratios were  ≤ 1 in 
the majority of SVR patients ( fig. 4 ).

  In the non-SVR group, 4 of the 5 patients had a LS ra-
tio >1. Patients with both LS and LFI ratios >1 all be-
longed to the non-SVR group (3/3, 100%). In addition, all 
patients but 1 with an LS ratio >1 belonged to the non-
SVR group (4/5, 80%). On the other hand, all patients but 
1 with both LS and LFI ratios <1 belonged to the SVR 
group (18/19, 94.7%).
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  Fig. 1.  LS and LFI before and after IFN 
therapy. Pre- and posttreatment LS ( a ) and 
LFI ( b ) are represented by solid and dotted 
lines for the SVR and non-SVR patients, re-
spectively. Nos. 1–5 are the 5 patients in the 
non-SVR group. 
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  Fig. 2.  Relationship between treatment efficacy and the LS ratio. 
The LS ratio was significantly lower in the SVR group than in the 
non-SVR group (p = 0.002). The asterisk is the extreme outlier 
with values more than 3 times the height of the boxes. No. 5 is a 
patient in the non-SVR group, numbered identical to figure 1. 
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  US elastography is broadly divided into shear wave elas-
tography, in which an US device such as FibroScan gener-
ates shear waves and measures the velocity of waves propa-
gating through the liver, and strain elastography, in which 
slight tissue deformation or strain caused by heartbeats is 
visualized in real-time tissue elastography (RTE)  [9–11] . In 
shear wave elastography, the measurement of liver stiffness 
(LS) is affected greatly by the severity of inflammation, 
jaundice and congestion besides liver fibrosis  [12–16] . In 
addition, LS is highly correlated with the risk of liver cancer 
in chronic hepatitis patients  [17–19] . Although a study 
 using shear wave elastography with the employment of 
 FibroScan reported that LS was improved by interferon 
(IFN) therapy  [20] , the association between strain elastog-
raphy and antiviral therapy has not been clarified. We 
therefore performed RTE and FibroScan measurement 
concurrently and investigated the association between the 
efficacy of IFN therapy and the differences in LS and liver 
fibrosis index (LFI) between pre- and posttreatment mea-
surements.

  Patients and Methods 

 Patients 
 The study included 26 patients with chronic hepatitis C who 

underwent US elastography before (pretreatment, PT) and 2 years 
after therapy initiation (after treatment, AT) at Kinki University 
Hospital between October 2010 and July 2013.

  IFN Therapy 
 In accordance with the Japan Society of Hepatology Guidelines 

for the Management of Hepatitis C Virus (HCV) Infection, the 
treatment strategy was determined based on HCV serotype and the 
amount of HCV-RNA.

  Patients with serotype 2 and <5 log IU/ml HCV-RNA underwent 
pegylated IFN alpha (PEG) monotherapy for 24 weeks. Patients with 
serotype 1 and <5 log IU/ml HCV-RNA as well as patients with se-
rotype 2 and  ≥ 5 log IU/ml HCV-RNA underwent PEG and ribavirin 
(RBV) combination therapy (PEG/RBV) for 24 weeks. In addition, 
patients with serotype 1 and  ≥ 5 log IU/ml HCV-RNA underwent 
PEG/RBV therapy for 48 weeks or combination therapy with tela-
previr (TVR), PEG, and RBV (TVR/PEG/RBV) for 24 weeks.

  The IFN formulation was PEG 2a (Pegasys; Chugai Pharma-
ceutical Co., Ltd., Tokyo, Japan) in PEG monotherapy, and PEG 
2a and RBV (Copegus; Chugai Pharmaceutical Co., Ltd.) or PEG 
2b (Peg-Intron; Merck & Co., Inc., Whitehouse Station, N.J., USA) 
and RBV (Rebetol; Merck & Co., Inc.) in PEG/RBV therapy. In 
TVR/PEG/RBV therapy, TVR (Telavic; Mitsubishi Tanabe Phar-
ma, Osaka, Japan), PEG, and RBV were used.

  In each regimen, the initial dose of PEG 2a was 180 μg once a 
week. PEG 2b was administered at a dose of 1.5 μg/kg once a week. 
RBV was orally administered after meals twice daily, as follows: when 
the hemoglobin level was  ≥ 13 g/dl, 600, 800, and 1,000 mg were ad-
ministered to those weighing <60, 60–80, and >80 kg, respectively; 

when the hemoglobin level was <13 g/dl, 400, 600, and 800 mg were 
administered to those weighing <60, 60–80, and >80 kg, respectively.

  TVR was administered at a dose of 2,250 mg/day after meals 3 
times a day with doses separated by 8-hour intervals, but the dose 
was reduced to 1,500 mg/day when the subject was female, aged 
 ≥ 70 years, or weighed <50 kg.

  Chronic hepatitis C patients who had achieved SVR after com-
pletion of 24 weeks of therapy formed the SVR group (n = 21, 
80.8%), while patients who did not achieve SVR were classified as 
the non-SVR group (n = 5, 19.2%).

  Liver Fibrosis Index 
 RTE was performed before and after IFN therapy using US EUS-

8500 and the linear probe EUP-L52 (3–7 MHz; Hitachi Aloka Med-
ical, Ltd., Tokyo, Japan) to estimate the LFI. The probe was pressed 
against the right intercostal region of the patient in a supine position, 
and the strain of the liver caused by heartbeats was displayed on the 
screen in real time. An examiner who was unaware of the patients’ 
background selected 10 high-quality images to estimate the median 
LFI value using a method that has been reported previously  [21–23] .

  Liver Stiffness 
 FibroScan was used to perform abdominal US in patients in a 

supine position for the measurement of pre- and posttreatment LS. 
The convex probe was used to examine liver parenchyma at the 
right intercostal region, and after verifying the absence of a tumor, 
cyst or any lesion in the measurement area of the liver that might 
interfere with the examination, the measurement of the same area 
was repeated 10 times to calculate the median LS value and inter-
quartile range. The measurements were normalized to the median 
values of 10 acquisitions with a success rate of  ≥ 60% and an inter-
quartile range of <30% of the median stiffness.

  Statistical Analysis 
 Groups were compared using Wilcoxon’s signed rank test and 

confirmed by the nonparametric Mann-Whitney U test. Correlation 
between data was tested using the Pearson correlation coefficient 
and the nonparametric Spearman rank correlation analysis. Differ-
ences were considered statistically significant if p < 0.05. Analysis 
was performed using SPSS Statistics 20 (IBM, Armonk, N.Y., USA).

  Results 

 Demographics and Baseline Features 
 The number of patients who received PEG, PEG/RBV, 

and TVR/PEG/RBV therapy was 1, 12, and 13, respec-
tively. The proportion of patients who achieved SVR with 
PEG, PEG/RBV, and TVR/PEG/RBV therapy was 100, 
78, and 84.6%, respectively. 

  Relationship between Treatment Efficacy and LS or 
LFI before and after IFN Therapy 
 A significant positive correlation was observed both 

between pre- and posttreatment LS and LFI (r = 0.567, 
p = 0.003 and r = 0.576, p = 0.002, respectively).
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  While posttreatment LS was significantly lower in the 
SVR group (p = 0.003), no significant correlation was ob-
served between posttreatment LFI and treatment efficacy 
(p = 0.079). After IFN therapy, LS mostly decreased in the 
SVR group, but increased in 4 (80%) of the 5 patients in the 
non-SVR group ( fig. 1 a, No. 1, 3–5). Overall, LFI decreased 
after therapy in the SVR group, but increased in 3 (60%) of 
the 5 patients in the non-SVR group ( fig. 1 b, No. 1, 3, 4).

  Relationship between Treatment Efficacy and LS or 
LFI Ratios 
 LS (LFI at AT/LFI at PT) and LFI (LS at AT/LS at PT) 

ratios were calculated using the pre- and posttreatment 
values. While the LS ratio in the SVR group was signifi-
cantly lower than in the non-SVR group (p = 0.002;  fig. 2 ), 
the LFI ratio was slightly lower in the SVR group than in 
the non-SVR group (p = 0.067;  fig. 3 ).

  Investigation of the relationship between treatment ef-
ficacy and the LS or LFI ratios revealed that in the SVR 
group, the LS ratio was >1 in 1 patient, but other LFI ra-
tios were all  ≤ 1 ( fig. 4 ). Both LS and LFI ratios were  ≤ 1 in 
the majority of SVR patients ( fig. 4 ).

  In the non-SVR group, 4 of the 5 patients had a LS ra-
tio >1. Patients with both LS and LFI ratios >1 all be-
longed to the non-SVR group (3/3, 100%). In addition, all 
patients but 1 with an LS ratio >1 belonged to the non-
SVR group (4/5, 80%). On the other hand, all patients but 
1 with both LS and LFI ratios <1 belonged to the SVR 
group (18/19, 94.7%).
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  Fig. 1.  LS and LFI before and after IFN 
therapy. Pre- and posttreatment LS ( a ) and 
LFI ( b ) are represented by solid and dotted 
lines for the SVR and non-SVR patients, re-
spectively. Nos. 1–5 are the 5 patients in the 
non-SVR group. 
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  Fig. 2.  Relationship between treatment efficacy and the LS ratio. 
The LS ratio was significantly lower in the SVR group than in the 
non-SVR group (p = 0.002). The asterisk is the extreme outlier 
with values more than 3 times the height of the boxes. No. 5 is a 
patient in the non-SVR group, numbered identical to figure 1. 
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  Discussion 

 A previous study involving liver biopsies before and 
after antiviral therapy revealed that antiviral therapy im-
proved fibrosis because of SVR  [8] . Histological improve-
ment also lowers the risk of liver cancer  [7] . Therefore, 
even though the diagnosis of liver fibrosis is important 
and liver biopsy is the gold standard for its diagnosis, it is 
difficult to repeat liver biopsy because of its invasiveness 
and possible sampling errors  [24] . A noninvasive diagnos-
tic tool for liver fibrosis using hematological testing or ul-
trasonography is desirable. Shear wave elastography, us-
ing FibroScan for example, has become a popular method 
for the diagnosis of liver fibrosis and it measures LS or the 
propagation velocity of shear waves noninvasively  [25] . 
However, shear wave elastography is also known to be af-
fected by inflammation, jaundice, and congestion  [12–
16] . LS reportedly stays at low levels after antiviral therapy 
for HCV  [20] , but in addition to the improvement of liver 
fibrosis, the improvement of inflammation is thought to 
contribute greatly to the decline of LS values. However, 
because strain elastography represented by RTE visualizes 
slight deformations in the liver caused by heartbeats, this 
technology theoretically captures the changes in liver fi-

brosis without being affected by the presence of inflam-
mation. Indeed, a study using an engineered model of liv-
er fibrosis revealed that a blue area in RTE, which expands 
with the progression of liver fibrosis and represents an 
area with relatively low strain, was an area of collagen fi-
bers that increases as the stage of liver fibrosis worsens 
 [26] . This suggests that the influence of inflammation and 
fibrosis should be studied separately by concurrently per-
forming and comparing the results of shear wave and 
strain elastography. In the present study, we therefore per-
formed FibroScan and RTE concurrently before and after 
antiviral therapy (2 years after therapy initiation) and an-
alyzed the correlation between the efficacy of antiviral 
therapy and changes in the measurement values.

  A significant correlation was observed between treat-
ment efficacy and LS or LFI. In particular, LFI was reduced 
in all SVR patients. Patients with a decrease in LS or LFI 
accounted for 96.2 and 100% of the patients who had 
achieved SVR, respectively. Patients with a decrease in 
both LS and LFI accounted for 100% of the SVR patients. 
Although LS increased in 1 of the SVR patients despite 
achieving SVR, it decreased quickly after alcohol cessa-
tion, indicating that the amount of alcohol consumption 
had increased greatly in this patient after viral clearance.
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  Fig. 3.  Relationship between treatment efficacy and the LFI ratio. 
The LFI ratio tended to be low in the SVR group compared with 
the non-SVR group (p = 0.067). The open circle is the outlier, 
which is defined as values that do not fall in the inner fences. The 
asterisk is the extreme outlier with values more than 3 times the 
height of the boxes. Nos. 2 and 3 are the patients in the non-SVR 
group, numbered identical to figure 1. 

  Fig. 4.  Relationship between treatment efficacy and LS and LFI ra-
tios. In the SVR group, all patients had a LFI ratio <1. Patients 
whose LS and LFI ratios were  ≥ 1 all belonged to the non-SVR 
group. Nos. 1–5 are the 5 patients in the non-SVR group, num-
bered identical to figure 1. 
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  As reported previously, LS decreases in patients with 
successful antiviral therapy because of the improvement 
of liver fibrosis. However, LS is greatly affected by inflam-
mation and tends to be higher in patients with alcoholic 
liver injury than in chronic hepatitis patients. Therefore, 
physicians should be aware that high LS values do not 
necessarily indicate ineffectiveness of antiviral therapy.

  Theoretically, LFI is not affected by inflammation and 
simply reflects the severity of liver fibrosis. However, it 
was also reported that the levels of LFI vary between mea-
surement sites or operators, suggesting that this might 
have been the cause of the decreased LFI in the non-SVR 
patients in this study. While the LFI decreased in some 
non-SVR patients, patients with an increased LFI all be-
longed to the non-SVR group. Therefore, an increased 
LFI may serve as a useful indicator of ineffective antiviral 
therapy. The LFI may also be useful for evaluating the ef-
ficacy of antiviral therapy in patients with an increase in 
LS despite achieving a SVR.

  This study examined a small number of patients (21 
SVR and 5 non-SVR patients), so further studies of a 
greater number of patients are needed to acquire more 
accurate results.
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  Discussion 

 A previous study involving liver biopsies before and 
after antiviral therapy revealed that antiviral therapy im-
proved fibrosis because of SVR  [8] . Histological improve-
ment also lowers the risk of liver cancer  [7] . Therefore, 
even though the diagnosis of liver fibrosis is important 
and liver biopsy is the gold standard for its diagnosis, it is 
difficult to repeat liver biopsy because of its invasiveness 
and possible sampling errors  [24] . A noninvasive diagnos-
tic tool for liver fibrosis using hematological testing or ul-
trasonography is desirable. Shear wave elastography, us-
ing FibroScan for example, has become a popular method 
for the diagnosis of liver fibrosis and it measures LS or the 
propagation velocity of shear waves noninvasively  [25] . 
However, shear wave elastography is also known to be af-
fected by inflammation, jaundice, and congestion  [12–
16] . LS reportedly stays at low levels after antiviral therapy 
for HCV  [20] , but in addition to the improvement of liver 
fibrosis, the improvement of inflammation is thought to 
contribute greatly to the decline of LS values. However, 
because strain elastography represented by RTE visualizes 
slight deformations in the liver caused by heartbeats, this 
technology theoretically captures the changes in liver fi-

brosis without being affected by the presence of inflam-
mation. Indeed, a study using an engineered model of liv-
er fibrosis revealed that a blue area in RTE, which expands 
with the progression of liver fibrosis and represents an 
area with relatively low strain, was an area of collagen fi-
bers that increases as the stage of liver fibrosis worsens 
 [26] . This suggests that the influence of inflammation and 
fibrosis should be studied separately by concurrently per-
forming and comparing the results of shear wave and 
strain elastography. In the present study, we therefore per-
formed FibroScan and RTE concurrently before and after 
antiviral therapy (2 years after therapy initiation) and an-
alyzed the correlation between the efficacy of antiviral 
therapy and changes in the measurement values.

  A significant correlation was observed between treat-
ment efficacy and LS or LFI. In particular, LFI was reduced 
in all SVR patients. Patients with a decrease in LS or LFI 
accounted for 96.2 and 100% of the patients who had 
achieved SVR, respectively. Patients with a decrease in 
both LS and LFI accounted for 100% of the SVR patients. 
Although LS increased in 1 of the SVR patients despite 
achieving SVR, it decreased quickly after alcohol cessa-
tion, indicating that the amount of alcohol consumption 
had increased greatly in this patient after viral clearance.
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  Fig. 3.  Relationship between treatment efficacy and the LFI ratio. 
The LFI ratio tended to be low in the SVR group compared with 
the non-SVR group (p = 0.067). The open circle is the outlier, 
which is defined as values that do not fall in the inner fences. The 
asterisk is the extreme outlier with values more than 3 times the 
height of the boxes. Nos. 2 and 3 are the patients in the non-SVR 
group, numbered identical to figure 1. 

  Fig. 4.  Relationship between treatment efficacy and LS and LFI ra-
tios. In the SVR group, all patients had a LFI ratio <1. Patients 
whose LS and LFI ratios were  ≥ 1 all belonged to the non-SVR 
group. Nos. 1–5 are the 5 patients in the non-SVR group, num-
bered identical to figure 1. 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
5/

7/
20

15
 1

0:
16

:5
0 

AM

 Yada/Sakurai/Minami/Arizumi/Takita/
Inoue/Hagiwara/Ueshima/Nishida/Kudo 

Oncology 2014;87(suppl 1):118–123
DOI: 10.1159/000368155

122

  As reported previously, LS decreases in patients with 
successful antiviral therapy because of the improvement 
of liver fibrosis. However, LS is greatly affected by inflam-
mation and tends to be higher in patients with alcoholic 
liver injury than in chronic hepatitis patients. Therefore, 
physicians should be aware that high LS values do not 
necessarily indicate ineffectiveness of antiviral therapy.

  Theoretically, LFI is not affected by inflammation and 
simply reflects the severity of liver fibrosis. However, it 
was also reported that the levels of LFI vary between mea-
surement sites or operators, suggesting that this might 
have been the cause of the decreased LFI in the non-SVR 
patients in this study. While the LFI decreased in some 
non-SVR patients, patients with an increased LFI all be-
longed to the non-SVR group. Therefore, an increased 
LFI may serve as a useful indicator of ineffective antiviral 
therapy. The LFI may also be useful for evaluating the ef-
ficacy of antiviral therapy in patients with an increase in 
LS despite achieving a SVR.

  This study examined a small number of patients (21 
SVR and 5 non-SVR patients), so further studies of a 
greater number of patients are needed to acquire more 
accurate results.
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Brivanib as Adjuvant Therapy to Transarterial
Chemoembolization in Patients With Hepatocellular

Carcinoma: A Randomized Phase III Trial
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Transarterial chemoembolization (TACE) is the current standard of treatment for unre-
sectable intermediate-stage hepatocellular carcinoma (HCC). Brivanib, a selective dual
inhibitor of vascular endothelial growth factor and fibroblast growth factor signaling,
may improve the effectiveness of TACE when given as an adjuvant to TACE. In this
multinational, randomized, double-blind, placebo-controlled, phase III study, 870
patients with TACE-eligible HCC were planned to be randomly assigned (1:1) after the
first TACE to receive either brivanib 800 mg or placebo orally once-daily. The primary
endpoint was overall survival (OS). Secondary endpoints included time to disease pro-
gression (TTDP; a composite endpoint based on development of extrahepatic spread or
vascular invasion, deterioration of liver function or performance status, or death), time
to extrahepatic spread or vascular invasion (TTES/VI), rate of TACE, and safety. Time
to radiographic progression (TTP) and objective response rate were exploratory end-
points. The trial was terminated after randomization of 502 patients (brivanib, 249; pla-
cebo, 253) when two other phase III studies of brivanib in advanced HCC patients
failed to meet OS objectives. At termination, median follow-up was approximately 16
months. Intention-to-treat analysis showed no improvement in OS with brivanib versus
placebo (median, 26.4 [95% confidence interval {CI}: 19.1 to not reached] vs. 26.1
months [19.0-30.9]; hazard ratio [HR]: 0.90 [95% CI: 0.66-1.23]; log-rank
P5 0.5280). Brivanib improved TTES/VI (HR, 0.64 [95% CI: 0.45-0.90]), TTP (0.61
[0.48-0.77]), and rate of TACE (0.72 [0.61-0.86]), but not TTDP (0.94 [0.72-1.22])
versus placebo. Most frequent grade 3-4 adverse events included hyponatremia (brivanib,
18% vs. placebo, 5%) and hypertension (13% vs. 3%). Conclusions: In this study, briva-
nib as adjuvant therapy to TACE did not improve OS. (HEPATOLOGY 2014;60:1697-1707)

T
ransarterial chemoembolization (TACE) is the
most frequently used locoregional procedure
for the management of unresectable hepatocel-

lular carcinoma (HCC) confined to the liver.1 This
procedure blocks the principal arteries feeding the
tumor while administering chemotherapy directly into
the tumor for local disease control. TACE can prolong

survival in selected patients.2,3 However, the incidence
of recurrence is high, and multiple TACE sessions are
needed to eradicate residual tumors.1

Embolization induces hypoxia and the release of fac-
tors involved in tumorogenesis, angiogenesis, and
fibrosis.4,5 It is well documented that serum concentra-
tions of vascular endothelial growth factor (VEGF)

Abbreviations: AE, adverse event; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver
Cancer; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group performance status; GI, gastrointestinal; HCC, hepatocellular carcinoma; HR,
hazard ratio; HTN, hypertension; ITT, intention to treat; IVRS, Interactive Voice Response System; mRECIST, Response Evaluation Criteria in Solid Tumors; OR,
odds ratio; ORR, objective response rate; OS, overall survival; PES, postembolization syndrome; SAEs, serious adverse events; TACE, transarterial chemoembolization;
TTDP, time to disease progression; TTES/VI, time to extrahepatic spread or vascular invasion; TTP, time to radiographic progression; TTUP, time to untreatable
progression; VEGF, vascular endothelial growth factor.
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Transarterial chemoembolization (TACE) is the current standard of treatment for unre-
sectable intermediate-stage hepatocellular carcinoma (HCC). Brivanib, a selective dual
inhibitor of vascular endothelial growth factor and fibroblast growth factor signaling,
may improve the effectiveness of TACE when given as an adjuvant to TACE. In this
multinational, randomized, double-blind, placebo-controlled, phase III study, 870
patients with TACE-eligible HCC were planned to be randomly assigned (1:1) after the
first TACE to receive either brivanib 800 mg or placebo orally once-daily. The primary
endpoint was overall survival (OS). Secondary endpoints included time to disease pro-
gression (TTDP; a composite endpoint based on development of extrahepatic spread or
vascular invasion, deterioration of liver function or performance status, or death), time
to extrahepatic spread or vascular invasion (TTES/VI), rate of TACE, and safety. Time
to radiographic progression (TTP) and objective response rate were exploratory end-
points. The trial was terminated after randomization of 502 patients (brivanib, 249; pla-
cebo, 253) when two other phase III studies of brivanib in advanced HCC patients
failed to meet OS objectives. At termination, median follow-up was approximately 16
months. Intention-to-treat analysis showed no improvement in OS with brivanib versus
placebo (median, 26.4 [95% confidence interval {CI}: 19.1 to not reached] vs. 26.1
months [19.0-30.9]; hazard ratio [HR]: 0.90 [95% CI: 0.66-1.23]; log-rank
P5 0.5280). Brivanib improved TTES/VI (HR, 0.64 [95% CI: 0.45-0.90]), TTP (0.61
[0.48-0.77]), and rate of TACE (0.72 [0.61-0.86]), but not TTDP (0.94 [0.72-1.22])
versus placebo. Most frequent grade 3-4 adverse events included hyponatremia (brivanib,
18% vs. placebo, 5%) and hypertension (13% vs. 3%). Conclusions: In this study, briva-
nib as adjuvant therapy to TACE did not improve OS. (HEPATOLOGY 2014;60:1697-1707)

T
ransarterial chemoembolization (TACE) is the
most frequently used locoregional procedure
for the management of unresectable hepatocel-

lular carcinoma (HCC) confined to the liver.1 This
procedure blocks the principal arteries feeding the
tumor while administering chemotherapy directly into
the tumor for local disease control. TACE can prolong

survival in selected patients.2,3 However, the incidence
of recurrence is high, and multiple TACE sessions are
needed to eradicate residual tumors.1

Embolization induces hypoxia and the release of fac-
tors involved in tumorogenesis, angiogenesis, and
fibrosis.4,5 It is well documented that serum concentra-
tions of vascular endothelial growth factor (VEGF)

Abbreviations: AE, adverse event; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver
Cancer; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group performance status; GI, gastrointestinal; HCC, hepatocellular carcinoma; HR,
hazard ratio; HTN, hypertension; ITT, intention to treat; IVRS, Interactive Voice Response System; mRECIST, Response Evaluation Criteria in Solid Tumors; OR,
odds ratio; ORR, objective response rate; OS, overall survival; PES, postembolization syndrome; SAEs, serious adverse events; TACE, transarterial chemoembolization;
TTDP, time to disease progression; TTES/VI, time to extrahepatic spread or vascular invasion; TTP, time to radiographic progression; TTUP, time to untreatable
progression; VEGF, vascular endothelial growth factor.

1697

— 449 —



and fibroblast growth factor (FGF), principal proangio-
genic factors, increase after TACE.6-10 These increases
have been shown to be associated with increased risk of
tumor growth, recurrence, metastasis, and poor sur-
vival.6-10 Sorafenib, a multikinase inhibitor that targets
multiple signaling pathways, including VEGF signaling,
improves overall survival (OS) in advanced HCC
patients.11,12 These observations suggest that combining
TACE with antiangiogenic agents has the potential to
improve the effectiveness of TACE.

Brivanib (Bristol-Myers Squibb, Princeton, NJ), an
oral selective dual inhibitor of VEGF and FGF recep-
tor tyrosine kinases, exhibited both antiproliferative
and -angiogenic activity in preclinical models and
showed initial evidence of efficacy in a phase II trial of
patients with advanced HCC.13-18 Based on this activ-
ity profile of brivanib, we hypothesized that brivanib
may potentially suppress the growth of microscopic
lesions not treatable by TACE, shrink or stabilize
tumors remaining after TACE, prevent tumors from
spreading outside of the liver, and thereby improve
OS. We tested this hypothesis in the present phase III
trial that assessed the efficacy and safety of brivanib as
adjuvant therapy to TACE in patients with unresect-
able HCC.

Patients and Methods

Patients. Men and women (age 18 or older) with
unresectable HCC who were eligible for their first

TACE therapy were enrolled. To be eligible for the
first TACE, patients had to have specified histological,
cytological, or radiological evidence of HCC. Patients
with fewer than four lesions were to have at least one
lesion measuring �5 cm in diameter and those with
four or more lesions were to have at least one lesion
measuring �2 cm in diameter. Other key inclusion
criteria were Child-Pugh A or B liver function, an
Eastern Cooperative Oncology Group performance sta-
tus (ECOG-PS) score of 0 or 1, and adequate organ
function. Key exclusion criteria included diffuse pat-
tern of disease, presence of extrahepatic lesions, macro-
scopic vascular lesions, clinically significant ascites,
previous TACE or transarterial embolization, and pre-
vious systemic treatment for HCC. A full list of inclu-
sion and exclusion criteria for enrollment and
randomization is provided in Supporting Table 1.

All patients provided written informed consent. The
study was approved by the ethics committee/institu-
tional review board at each center and was conducted
according to good clinical practice guidelines and the
Declaration of Helsinki. This study is registered with
ClinicalTrials.gov (no.: NCT00908752).

Study Design. This was a randomized, double-
blind, placebo-controlled, phase III study (acronym:
BRISK-TA) in which 502 patients from 83 academic
hospitals and community clinics across 12 countries
were randomly assigned in a 1:1 ratio to receive either
brivanib 800 mg or placebo once-daily orally. Ran-
domization was performed after the first TACE
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procedure to ensure the patient’s ability to safely
receive study drug. The interval between TACE and
study drug administration was no less than 48 hours,
but no longer than 21 days. This interval was depend-
ent on the individual patient’s recovery of liver func-
tion (defined as alanine aminotransferase [ALT] and
aspartate aminotransferase [AST] concentrations of
�53 the upper limit of normal and serum total bili-
rubin concentrations <3 mg/dL) and resolution of any
postembolization syndrome (fever, nausea, vomiting,
and abdominal pain) to grade �1. Response to TACE
was not a criterion for randomization. Treatment
assignment was performed centrally through an Inter-
active Voice Response System (IVRS) using a
computer-generated sequence of random digits. Ran-
domization was stratified by Child-Pugh Class (A vs.
B), ECOG-PS score (0 vs. 1), maximum tumor size
(<10 vs. �10 cm), and study site and was dynamically
balanced for stratification factors using the method of
Pocock and Simon.19 All investigators, patients, and
personnel involved in study conduct, data collection,
and data analysis were blinded to treatment alloca-
tions. To maintain blinding, brivanib or matching pla-
cebo as film-coated tablets was supplied in identical
boxes. An independent data monitoring committee
met four times throughout the trial to assess safety
data. All meetings resulted in a recommendation that
the trial be continued.

TACE was repeated if there was incomplete necro-
sis, tumor regrowth, or appearance of new lesions. To
ensure safety, study drug was stopped 2 days before
TACE and restarted between days 3 and 21 after
repeat TACE depending on individual patient’s recov-
ery of liver function and resolution of any PESs (as
defined above in this section).

Only one of two TACE approaches was allowed
during initial or repeat TACE: either (1) injection of
an emulsion of a single anticancer agent with lipiodol,
followed by embolization of the feeding artery with an
embolization agent, or (2) injection of drug-eluting
beads preloaded with a single chemotherapy agent.
Each study site was required to maintain consistency
in the TACE procedure and the use of chemoemboli-
zation agent throughout the study duration.

Patients continued on study treatments until disease
progression, defined by any of the following events:
development of extrahepatic metastasis; development
of vascular invasion; deterioration of liver function to
Child-Pugh Class C; deterioration of ECOG-PS by 2
points if related to liver disease or if not related to
liver disease; deterioration of ECOG-PS by 2 points
that lasted longer than 2 weeks; or death. Treatment

was allowed beyond disease progression if the investi-
gator determined that the patient was benefiting from
the blinded treatment.

Assessments. Assessments for Child-Pugh class,
ECOG-PS, and tumor were performed at screening, 4
weeks after the first TACE procedure, and every 8
weeks thereafter. Tumor was assessed using dynamic
contrast-enhanced spiral computed tomography/mag-
netic resonance imaging. Scans were evaluated by
investigators using the Response Evaluation Criteria in
Solid Tumors modified for the assessment of HCC
tumors (mRECIST for HCC).20

Safety was assessed continuously. Adverse events
(AEs) and serious AEs (SAEs) were graded according
to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events version 3.0. Guidelines
for dose reductions and discontinuation from therapy
resulting from AEs are described in Supporting Table
2. In general, patients who experienced any drug-
related grade 3 nonhematologic or hematologic AEs
had their treatment interrupted until AEs decreased to
grade �1. Study treatments were reinitiated at a lower
dose level. Only two dose reductions (600 mg, then
400 mg) were allowed. If the same grade 3 nonhema-
tologic or hematologic toxicity recurred despite two
dose reductions, patients were discontinued from ther-
apy. Once reduced, treatment continued at the lower
dose and the dose was not re-escalated. Patients who
experienced drug-related grade 4 nonhematologic tox-
icities (with the exception of increased ALT, increased
AST, hyperbilirubinemia, and hyponatremia, where
dose reductions were allowed for grade 4 events; see
Supporting Table 2) or grade 4 hematologic toxicities
were discontinued from study therapy. Guidelines for
the management of specific AEs, such as increased
ALT, increased AST, hyperbilirubinemia, hyponatre-
mia, hypertension (HTN), and hypothyroidism were
provided.

Endpoints. The primary endpoint was OS, defined
as the time from randomization to death from any
cause. Secondary efficacy endpoints included time to
disease progression (TTDP), a new composite end-
point defined as the time from the first TACE to the
date of disease progression (as defined above under
Study Design). Other secondary endpoints were time
to extrahepatic spread or vascular invasion (TTES/VI;
time from the date of the first TACE to the date when
extrahepatic spread or vascular invasion was docu-
mented), and the total number of TACE procedures
between randomization and the occurrence of any
TTDP event or censoring for TTDP, and safety.
Exploratory endpoints included objective response rate
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and fibroblast growth factor (FGF), principal proangio-
genic factors, increase after TACE.6-10 These increases
have been shown to be associated with increased risk of
tumor growth, recurrence, metastasis, and poor sur-
vival.6-10 Sorafenib, a multikinase inhibitor that targets
multiple signaling pathways, including VEGF signaling,
improves overall survival (OS) in advanced HCC
patients.11,12 These observations suggest that combining
TACE with antiangiogenic agents has the potential to
improve the effectiveness of TACE.

Brivanib (Bristol-Myers Squibb, Princeton, NJ), an
oral selective dual inhibitor of VEGF and FGF recep-
tor tyrosine kinases, exhibited both antiproliferative
and -angiogenic activity in preclinical models and
showed initial evidence of efficacy in a phase II trial of
patients with advanced HCC.13-18 Based on this activ-
ity profile of brivanib, we hypothesized that brivanib
may potentially suppress the growth of microscopic
lesions not treatable by TACE, shrink or stabilize
tumors remaining after TACE, prevent tumors from
spreading outside of the liver, and thereby improve
OS. We tested this hypothesis in the present phase III
trial that assessed the efficacy and safety of brivanib as
adjuvant therapy to TACE in patients with unresect-
able HCC.

Patients and Methods

Patients. Men and women (age 18 or older) with
unresectable HCC who were eligible for their first

TACE therapy were enrolled. To be eligible for the
first TACE, patients had to have specified histological,
cytological, or radiological evidence of HCC. Patients
with fewer than four lesions were to have at least one
lesion measuring �5 cm in diameter and those with
four or more lesions were to have at least one lesion
measuring �2 cm in diameter. Other key inclusion
criteria were Child-Pugh A or B liver function, an
Eastern Cooperative Oncology Group performance sta-
tus (ECOG-PS) score of 0 or 1, and adequate organ
function. Key exclusion criteria included diffuse pat-
tern of disease, presence of extrahepatic lesions, macro-
scopic vascular lesions, clinically significant ascites,
previous TACE or transarterial embolization, and pre-
vious systemic treatment for HCC. A full list of inclu-
sion and exclusion criteria for enrollment and
randomization is provided in Supporting Table 1.

All patients provided written informed consent. The
study was approved by the ethics committee/institu-
tional review board at each center and was conducted
according to good clinical practice guidelines and the
Declaration of Helsinki. This study is registered with
ClinicalTrials.gov (no.: NCT00908752).

Study Design. This was a randomized, double-
blind, placebo-controlled, phase III study (acronym:
BRISK-TA) in which 502 patients from 83 academic
hospitals and community clinics across 12 countries
were randomly assigned in a 1:1 ratio to receive either
brivanib 800 mg or placebo once-daily orally. Ran-
domization was performed after the first TACE
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procedure to ensure the patient’s ability to safely
receive study drug. The interval between TACE and
study drug administration was no less than 48 hours,
but no longer than 21 days. This interval was depend-
ent on the individual patient’s recovery of liver func-
tion (defined as alanine aminotransferase [ALT] and
aspartate aminotransferase [AST] concentrations of
�53 the upper limit of normal and serum total bili-
rubin concentrations <3 mg/dL) and resolution of any
postembolization syndrome (fever, nausea, vomiting,
and abdominal pain) to grade �1. Response to TACE
was not a criterion for randomization. Treatment
assignment was performed centrally through an Inter-
active Voice Response System (IVRS) using a
computer-generated sequence of random digits. Ran-
domization was stratified by Child-Pugh Class (A vs.
B), ECOG-PS score (0 vs. 1), maximum tumor size
(<10 vs. �10 cm), and study site and was dynamically
balanced for stratification factors using the method of
Pocock and Simon.19 All investigators, patients, and
personnel involved in study conduct, data collection,
and data analysis were blinded to treatment alloca-
tions. To maintain blinding, brivanib or matching pla-
cebo as film-coated tablets was supplied in identical
boxes. An independent data monitoring committee
met four times throughout the trial to assess safety
data. All meetings resulted in a recommendation that
the trial be continued.

TACE was repeated if there was incomplete necro-
sis, tumor regrowth, or appearance of new lesions. To
ensure safety, study drug was stopped 2 days before
TACE and restarted between days 3 and 21 after
repeat TACE depending on individual patient’s recov-
ery of liver function and resolution of any PESs (as
defined above in this section).

Only one of two TACE approaches was allowed
during initial or repeat TACE: either (1) injection of
an emulsion of a single anticancer agent with lipiodol,
followed by embolization of the feeding artery with an
embolization agent, or (2) injection of drug-eluting
beads preloaded with a single chemotherapy agent.
Each study site was required to maintain consistency
in the TACE procedure and the use of chemoemboli-
zation agent throughout the study duration.

Patients continued on study treatments until disease
progression, defined by any of the following events:
development of extrahepatic metastasis; development
of vascular invasion; deterioration of liver function to
Child-Pugh Class C; deterioration of ECOG-PS by 2
points if related to liver disease or if not related to
liver disease; deterioration of ECOG-PS by 2 points
that lasted longer than 2 weeks; or death. Treatment

was allowed beyond disease progression if the investi-
gator determined that the patient was benefiting from
the blinded treatment.

Assessments. Assessments for Child-Pugh class,
ECOG-PS, and tumor were performed at screening, 4
weeks after the first TACE procedure, and every 8
weeks thereafter. Tumor was assessed using dynamic
contrast-enhanced spiral computed tomography/mag-
netic resonance imaging. Scans were evaluated by
investigators using the Response Evaluation Criteria in
Solid Tumors modified for the assessment of HCC
tumors (mRECIST for HCC).20

Safety was assessed continuously. Adverse events
(AEs) and serious AEs (SAEs) were graded according
to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events version 3.0. Guidelines
for dose reductions and discontinuation from therapy
resulting from AEs are described in Supporting Table
2. In general, patients who experienced any drug-
related grade 3 nonhematologic or hematologic AEs
had their treatment interrupted until AEs decreased to
grade �1. Study treatments were reinitiated at a lower
dose level. Only two dose reductions (600 mg, then
400 mg) were allowed. If the same grade 3 nonhema-
tologic or hematologic toxicity recurred despite two
dose reductions, patients were discontinued from ther-
apy. Once reduced, treatment continued at the lower
dose and the dose was not re-escalated. Patients who
experienced drug-related grade 4 nonhematologic tox-
icities (with the exception of increased ALT, increased
AST, hyperbilirubinemia, and hyponatremia, where
dose reductions were allowed for grade 4 events; see
Supporting Table 2) or grade 4 hematologic toxicities
were discontinued from study therapy. Guidelines for
the management of specific AEs, such as increased
ALT, increased AST, hyperbilirubinemia, hyponatre-
mia, hypertension (HTN), and hypothyroidism were
provided.

Endpoints. The primary endpoint was OS, defined
as the time from randomization to death from any
cause. Secondary efficacy endpoints included time to
disease progression (TTDP), a new composite end-
point defined as the time from the first TACE to the
date of disease progression (as defined above under
Study Design). Other secondary endpoints were time
to extrahepatic spread or vascular invasion (TTES/VI;
time from the date of the first TACE to the date when
extrahepatic spread or vascular invasion was docu-
mented), and the total number of TACE procedures
between randomization and the occurrence of any
TTDP event or censoring for TTDP, and safety.
Exploratory endpoints included objective response rate
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(ORR; the percentage of randomized patients whose
best response was a complete or partial response) and
time to radiographic progression (TTP; the time from
the first TACE procedure to first radiographic tumor
progression). Tumor response and tumor progression
were assessed by investigators using mRECIST for
HCC.20

Statistical Considerations. Sample size was calcu-
lated assuming an exponential distribution of survival
time. A total of 520 deaths were required to detect an
OS difference between the arms with �90% power
using a stratified log-rank test at a5 0.05, assuming
that the true hazard ratio (HR) of brivanib to placebo
was 0.75. This HR corresponded to a 6.0-month
increase in the median OS for brivanib over placebo,
assuming that the median OS for the placebo arm was
18 months. The number of patients needed to be
randomized was estimated at 870. The study was ter-
minated 2 years earlier than planned when the phase
III BRISK-FL and BRISK-PS trials evaluating brivanib
as first- and second-line treatment of advanced HCC
failed to achieve their primary OS objectives.23,24 At
termination, at total of 502 patients were randomized.

All efficacy endpoints were assessed in all randomly
assigned patients (intention-to-treat [ITT] population).
Analyses for safety and treatment exposure were based
on data from randomly assigned patients who received
at least one dose of any study treatment. The primary
endpoint of OS was compared between the treatment
groups using a stratified log-rank test at a50.05, as
were TTDP, TTES/VI, and TTP. The HR of brivanib
versus placebo for each of these endpoints and associ-
ated 95% confidence intervals (CIs) were computed
using a stratified Cox’s proportional hazards model. A
multivariate Cox’s regression model was used to adjust
the treatment effect on OS for the following baseline
factors: age, risk factors (hepatitis B or C infection or
alcohol use), alpha-fetoprotein (AFP) levels, tumor
morphology, and previous locoregional treatment and
to determine the association of OS with these factors.
A Cox’s proportional hazards model was used to ana-
lyze OS for subgroups based on baseline factors listed
above for OS adjustment as well as race, region,
Child-Pugh class, tumor size, gender, and age of
female patients. Medians for OS, TTDP, TTES/VI,
and TTP were estimated using Kaplan-Meier’s meth-
odology; 95% CIs for medians were computed.21 No
formal between-group comparison for the number of
TACE procedures was performed. Rate functions of
TACE procedure between randomization and TTDP
events were compared between groups using a strati-
fied semiparametric Andersen-Gill’s model (Wald test

at a5 0.05). The ORR was compared between groups
using a stratified Cochran-Mantel-Haenszel’s test at
a5 0.05; associated odds ratio (OR) and its 95% CI
were estimated. The 95% CI of ORR was com-
puted.22 The log-rank test, proportional hazards mod-
els, Anderson-Gill’s model, and Cochran-Mantel-
Haenszel’s test were all stratified by three randomiza-
tion factors: ECOG-PS score (0 vs. 1); maximum
tumor size (<10 vs. �10 cm); and Child-Pugh class
(A vs. B). All 95% CIs were two-sided. Secondary end-
points were to be tested hierarchically in the following
order: TTDP, TTES/VI, and rate of TACE. The P val-
ues presented are for descriptive purposes only. All
data analyses were performed using SAS software (ver-
sion 9.2; SAS Institute Inc., Cary, NC).

Results

Patients. Two hundred forty-nine patients were
randomly assigned to receive brivanib and 253 to
receive placebo from August 25, 2009 until trial termi-
nation and unblinding on August 28, 2012 and con-
stituted the ITT population for the analysis of primary
and secondary efficacy endpoints (Fig. 1). Two hun-
dred forty-six of two hundred forty-nine patients in
the brivanib group and all 253 in the placebo group
received at least one dose of either brivanib or placebo,
respectively, and were used for the analysis of treat-
ment exposure and safety. At study termination, all
patients were given the option to discontinue the
study. At the database lock on November 27, 2012, 57
(23%) patients in the brivanib group and 3 (1%) in
the placebo group were still on treatment (Fig. 1). The
primary reasons for study discontinuation were admin-
istrative reasons related to study termination (n5 12
[5%] in the brivanib group vs. n5 92 [36%] in the
placebo group), disease progression (n5 45 [18%] vs.
n5 91 [36%]), and drug toxicity (n5 65 [26%] vs.
n5 6 [2%]).

Demographics and disease characteristics were bal-
anced between the groups (Table 1). The majority of
the randomly assigned patients were from Asia (n5 434
[86%]) and had hepatitis B infection (n5 326 [65%]).
Whereas the majority of the patients had intermediate-
stage HCC (Barcelona Clinic Liver Cancer [BCLC]
stage B, n5 279 [57%]), there were 122 (24%) with
early-stage HCC (BCLC stage A, single lesions meas-
uring longer than 5 cm in diameter) and 98 (20%) with
advanced-stage HCC (BCLC stage C).

Efficacy. At this analysis, the Kaplan-Meier’s esti-
mate of median follow-up was 16.6 months (95% CI:
14.8-17.6) in the brivanib group and 15.6 months
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(13.5-17.5) in the placebo group; 79 (32%) of 249
patients on brivanib and 85 (34%) of 253 on placebo
had died, with the remaining being censored. The
analysis showed no improvement in the primary end-
point of OS with brivanib versus placebo (HR, 0.90
[95% CI: 0.66-1.23]; P5 0.5280; Fig. 2). Median OS
was 26.4 months (95% CI: 19.1 to not reached) in
the brivanib group and 26.1 months (95% CI: 19.0-
30.9) in the placebo group. Rates of OS in the briva-
nib group at 12 and 24 months were 74% (95% CI:
68-80) and 52% (43-61), respectively. Rates of OS in
the placebo group at 12 and 24 months were 68%
(61-75) and 54% (45-62), respectively. After adjusting
for baseline factors, the effect of brivanib on OS versus
placebo remained unchanged (HR, 0.92 [95% CI:
0.67-1.26]). Plasma AFP level at baseline (<100 vs.
�100 ng/mL; P< 0.0001) was identified as a prognos-
tic factor for OS in this study; other factors tested
(age, risk factors, tumor morphologic feature, and pre-
vious locoregional therapy and/or surgery) were not
prognostic. The OS results for selected subsets are pre-
sented in Fig. 3. Most HRs favored brivanib with a

notable trend for a better OS in patients <65 years of
age and in those with hepatitis B infection.

Thirty-six (14%) patients in the brivanib group and
53 (21%) in the placebo group received poststudy sys-
temic therapies, with sorafenib being the most com-
monly used systemic therapy (n5 31 and n5 44,
respectively). The number of patients who received
poststudy nonsystemic therapies were 68 (27%) in the
brivanib group and 54 (21%) in the placebo group,
with TACE being the most commonly used nonsyste-
mic therapy (n5 53 and n5 33, respectively).

There was no improvement in the composite end-
point of TTDP with brivanib versus placebo (median,
12.0 [95% CI: 9.5-15.3] vs. 10.9 [8.4-14.4] months;
HR, 0.94 [0.72-1.22]; p5 0.6209; Fig. 4A), where
death was the predominant event. TTES/IV was lon-
ger in the brivanib group than in the placebo group
(median, not reached [95% CI: 17.6 to not reached]
vs. 24.9 [13.8 to not reached] months; HR, 0.64
[0.45-0.90]; P5 0.0096; Fig. 4B). The median num-
ber of TACE procedures between randomization and
disease progression and censoring was 0 (range, 0-13)

Fig. 1. Patient disposition. Ninety-one
centers across 12 countries assessed 734
patients for eligibility. Eighty-three of these
centers randomly assigned a total of 502
patients to treatment with either brivanib
or placebo. The remaining eight centers
assigned no patients to a study treatment.
Countries (number of randomly assigned
patients in parentheses) include: China
(244), Japan (78), Korea (68), France
(32), Taiwan (28), United States (18),
Thailand (12), Spain (11), Hong Kong (4),
Argentina (3), Canada (2), and Italy (2).
A list of investigators who participated
in the study is provided in Supporting
Table 6.
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(ORR; the percentage of randomized patients whose
best response was a complete or partial response) and
time to radiographic progression (TTP; the time from
the first TACE procedure to first radiographic tumor
progression). Tumor response and tumor progression
were assessed by investigators using mRECIST for
HCC.20

Statistical Considerations. Sample size was calcu-
lated assuming an exponential distribution of survival
time. A total of 520 deaths were required to detect an
OS difference between the arms with �90% power
using a stratified log-rank test at a5 0.05, assuming
that the true hazard ratio (HR) of brivanib to placebo
was 0.75. This HR corresponded to a 6.0-month
increase in the median OS for brivanib over placebo,
assuming that the median OS for the placebo arm was
18 months. The number of patients needed to be
randomized was estimated at 870. The study was ter-
minated 2 years earlier than planned when the phase
III BRISK-FL and BRISK-PS trials evaluating brivanib
as first- and second-line treatment of advanced HCC
failed to achieve their primary OS objectives.23,24 At
termination, at total of 502 patients were randomized.

All efficacy endpoints were assessed in all randomly
assigned patients (intention-to-treat [ITT] population).
Analyses for safety and treatment exposure were based
on data from randomly assigned patients who received
at least one dose of any study treatment. The primary
endpoint of OS was compared between the treatment
groups using a stratified log-rank test at a50.05, as
were TTDP, TTES/VI, and TTP. The HR of brivanib
versus placebo for each of these endpoints and associ-
ated 95% confidence intervals (CIs) were computed
using a stratified Cox’s proportional hazards model. A
multivariate Cox’s regression model was used to adjust
the treatment effect on OS for the following baseline
factors: age, risk factors (hepatitis B or C infection or
alcohol use), alpha-fetoprotein (AFP) levels, tumor
morphology, and previous locoregional treatment and
to determine the association of OS with these factors.
A Cox’s proportional hazards model was used to ana-
lyze OS for subgroups based on baseline factors listed
above for OS adjustment as well as race, region,
Child-Pugh class, tumor size, gender, and age of
female patients. Medians for OS, TTDP, TTES/VI,
and TTP were estimated using Kaplan-Meier’s meth-
odology; 95% CIs for medians were computed.21 No
formal between-group comparison for the number of
TACE procedures was performed. Rate functions of
TACE procedure between randomization and TTDP
events were compared between groups using a strati-
fied semiparametric Andersen-Gill’s model (Wald test

at a5 0.05). The ORR was compared between groups
using a stratified Cochran-Mantel-Haenszel’s test at
a5 0.05; associated odds ratio (OR) and its 95% CI
were estimated. The 95% CI of ORR was com-
puted.22 The log-rank test, proportional hazards mod-
els, Anderson-Gill’s model, and Cochran-Mantel-
Haenszel’s test were all stratified by three randomiza-
tion factors: ECOG-PS score (0 vs. 1); maximum
tumor size (<10 vs. �10 cm); and Child-Pugh class
(A vs. B). All 95% CIs were two-sided. Secondary end-
points were to be tested hierarchically in the following
order: TTDP, TTES/VI, and rate of TACE. The P val-
ues presented are for descriptive purposes only. All
data analyses were performed using SAS software (ver-
sion 9.2; SAS Institute Inc., Cary, NC).

Results

Patients. Two hundred forty-nine patients were
randomly assigned to receive brivanib and 253 to
receive placebo from August 25, 2009 until trial termi-
nation and unblinding on August 28, 2012 and con-
stituted the ITT population for the analysis of primary
and secondary efficacy endpoints (Fig. 1). Two hun-
dred forty-six of two hundred forty-nine patients in
the brivanib group and all 253 in the placebo group
received at least one dose of either brivanib or placebo,
respectively, and were used for the analysis of treat-
ment exposure and safety. At study termination, all
patients were given the option to discontinue the
study. At the database lock on November 27, 2012, 57
(23%) patients in the brivanib group and 3 (1%) in
the placebo group were still on treatment (Fig. 1). The
primary reasons for study discontinuation were admin-
istrative reasons related to study termination (n5 12
[5%] in the brivanib group vs. n5 92 [36%] in the
placebo group), disease progression (n5 45 [18%] vs.
n5 91 [36%]), and drug toxicity (n5 65 [26%] vs.
n5 6 [2%]).

Demographics and disease characteristics were bal-
anced between the groups (Table 1). The majority of
the randomly assigned patients were from Asia (n5 434
[86%]) and had hepatitis B infection (n5 326 [65%]).
Whereas the majority of the patients had intermediate-
stage HCC (Barcelona Clinic Liver Cancer [BCLC]
stage B, n5 279 [57%]), there were 122 (24%) with
early-stage HCC (BCLC stage A, single lesions meas-
uring longer than 5 cm in diameter) and 98 (20%) with
advanced-stage HCC (BCLC stage C).

Efficacy. At this analysis, the Kaplan-Meier’s esti-
mate of median follow-up was 16.6 months (95% CI:
14.8-17.6) in the brivanib group and 15.6 months
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(13.5-17.5) in the placebo group; 79 (32%) of 249
patients on brivanib and 85 (34%) of 253 on placebo
had died, with the remaining being censored. The
analysis showed no improvement in the primary end-
point of OS with brivanib versus placebo (HR, 0.90
[95% CI: 0.66-1.23]; P5 0.5280; Fig. 2). Median OS
was 26.4 months (95% CI: 19.1 to not reached) in
the brivanib group and 26.1 months (95% CI: 19.0-
30.9) in the placebo group. Rates of OS in the briva-
nib group at 12 and 24 months were 74% (95% CI:
68-80) and 52% (43-61), respectively. Rates of OS in
the placebo group at 12 and 24 months were 68%
(61-75) and 54% (45-62), respectively. After adjusting
for baseline factors, the effect of brivanib on OS versus
placebo remained unchanged (HR, 0.92 [95% CI:
0.67-1.26]). Plasma AFP level at baseline (<100 vs.
�100 ng/mL; P< 0.0001) was identified as a prognos-
tic factor for OS in this study; other factors tested
(age, risk factors, tumor morphologic feature, and pre-
vious locoregional therapy and/or surgery) were not
prognostic. The OS results for selected subsets are pre-
sented in Fig. 3. Most HRs favored brivanib with a

notable trend for a better OS in patients <65 years of
age and in those with hepatitis B infection.

Thirty-six (14%) patients in the brivanib group and
53 (21%) in the placebo group received poststudy sys-
temic therapies, with sorafenib being the most com-
monly used systemic therapy (n5 31 and n5 44,
respectively). The number of patients who received
poststudy nonsystemic therapies were 68 (27%) in the
brivanib group and 54 (21%) in the placebo group,
with TACE being the most commonly used nonsyste-
mic therapy (n5 53 and n5 33, respectively).

There was no improvement in the composite end-
point of TTDP with brivanib versus placebo (median,
12.0 [95% CI: 9.5-15.3] vs. 10.9 [8.4-14.4] months;
HR, 0.94 [0.72-1.22]; p5 0.6209; Fig. 4A), where
death was the predominant event. TTES/IV was lon-
ger in the brivanib group than in the placebo group
(median, not reached [95% CI: 17.6 to not reached]
vs. 24.9 [13.8 to not reached] months; HR, 0.64
[0.45-0.90]; P5 0.0096; Fig. 4B). The median num-
ber of TACE procedures between randomization and
disease progression and censoring was 0 (range, 0-13)

Fig. 1. Patient disposition. Ninety-one
centers across 12 countries assessed 734
patients for eligibility. Eighty-three of these
centers randomly assigned a total of 502
patients to treatment with either brivanib
or placebo. The remaining eight centers
assigned no patients to a study treatment.
Countries (number of randomly assigned
patients in parentheses) include: China
(244), Japan (78), Korea (68), France
(32), Taiwan (28), United States (18),
Thailand (12), Spain (11), Hong Kong (4),
Argentina (3), Canada (2), and Italy (2).
A list of investigators who participated
in the study is provided in Supporting
Table 6.
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in the brivanib group and 1 (range, 0-8) in the pla-
cebo group (Table 2). The rate of TACE was lower in
the brivanib than in the placebo group (HR, 0.72
[95% CI: 0.61-0.86], P5 0.0002; Table 2). TTP was
longer in the brivanib than in the placebo group
(median, 8.4 [95% CI: 6.7-10.2] vs. 4.9 [4.7-6.5]
months; HR, 0.61 [0.48-0.77]; P< 0.0001; Fig. 4C).
The ORR was 48% in the brivanib group and 42% in
the placebo group (Table 2). There were more com-

plete responses (22% vs. 11%) and fewer documented
disease progression events (9% vs. 18%) in the briva-
nib than in the placebo group. Disease control rate
(the sum total of complete response, partial response,
and stable disease) was 79% in both groups.

An exploratory posthoc subset analysis of OS and
treatment duration by region was performed. The
median OS values for brivanib versus placebo in Korea
(n5 68), China (n5 244), Japan (n5 78), and the
non-Asian region (North America, Europe, and Aus-
tralia; n5 65) were 26.4 months versus not reached
(HR, 0.55), 17.1 months versus not reached (HR,
0.80), not reached versus not reached (HR, 0.86), and
18.1 versus 17.5 months (HR, 1.41), respectively
(Supporting Table 3). In the brivanib group, median
treatment durations in Korea, China, and Japan were
10.1, 8.3, and 2.1 months, respectively (Supporting
Table 4). In the placebo group, median treatment
durations in Korea, China, and Japan were 10.6, 5.0,
and 7.2 months, respectively. These results suggest
regional variability in terms of OS and treatment
duration.

Safety. At database lock, 79 (32%) patients in the
brivanib group and 85 (34%) in the placebo group
had died; disease was the primary cause (n5 61 and
n5 75, respectively). Eighteen (7%) patients in the
brivanib group and 12 (5%) in the placebo group had
died within 30 days of the last dose; disease was the
primary cause (n5 6 and n5 11, respectively). Four
(2%) deaths in the brivanib group considered to be
treatment related were the result of liver failure, bacte-
rial peritonitis, intracranial bleeding, and pulmonary
infection. One (<1%) death in the placebo group con-
sidered to be treatment related was the result of liver
failure.

Table 1. Baseline Demographics and Disease Characteristics

Variable Brivanib (N5 249) Placebo (N5 253)

Age

Median age (range), years 57 (21-85) 59 (25-85)

<65 years, n (%) 173 (70) 170 (67)

Male, n (%) 206 (83) 216 (85)

Region, n (%)

Asia 216 (87) 218 (86)

Europe 22 (9) 23 (9)

Americas 11 (4) 12 (5)

ECOG-PS, n (%), per IVRS*

0 201 (81) 203 (80)

1 48 (19) 50 (20)

ECOG-PS, n (%), per CRF†

0 199 (80) 213 (84)

1 50 (20) 40 (16)

BCLC stage, n (%)

A‡ 65 (26) 57 (23)

B 129 (52) 150 (59)

C 54 (22) 44 (17)

D 1 (<1) 2 (1)

Child-Pugh Class, n (%)

A 239 (96) 231 (91)

B 9 (4) 20 (8)

C 1 (<1) 2 (1)

Tumor morphology, n (%)

Uninodular 91 (37) 83 (33)

Multinodular 158 (63) 170 (68)

Size of largest tumor nodule, n (%)

�10 cm 189 (76) 195 (77)

>10 cm 60 (24) 58 (23)

Risk factors, n (%)

Any 222 (89) 228 (90)

Alcohol 40 (16) 38 (15)

Hepatitis B 158 (63) 168 (66)

Hepatitis C 49 (20) 42 (17)

Other 8 (3) 8 (3)

Serum AFP <100 ng/mL, n (%) 130 (52) 119 (47)

Previous nonsystemic treatment, n (%)

Any 21 (8) 26 (10)

Liver resection 14 (6) 24 (9)

Radiofrequency ablation 10 (4) 4 (2)

Transcatheter arterial

chemoembolization

3 (1) 2 (1)

Other 1 (<1) 2 (1)

*ECOG-PS was based on data from the IVRS and was used for stratification

at randomization.
†ECOG-PS was based on Case Report Forms (CRFs) and was used for the

calculation of the baseline BCLC stage.
‡Patients with single lesions measuring >5 cm in diameter.

Fig. 2. Kaplan-Meier’s curves for OS. OS was defined as the time
from the date of randomization to the date of death from any cause.
Patients who did not die were censored on the last dates known to
have been alive or on the date the database was locked.
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One hundred eighteen (48%) patients in the briva-
nib group and 94 (37%) in the placebo group had
one or more SAEs. The most frequent (�2%) SAEs
were malignant neoplasm progression (n5 15 in the
brivanib group and n5 38 in the placebo group), asci-
tes (n5 8 and n5 6), abdominal pain (n5 6 and
n5 4), hepatic malignant neoplasm (n5 6 and
n5 8), pyrexia (n5 6 and n5 5), decreased appetite
(n5 5 and n5 2), hepatic encephalopathy (n5 5 and
n5 2), and upper gastrointestinal (GI) hemorrhage
(n5 5 and n5 2). SAEs reported in 2 or more
patients are listed in Supporting Table 5.

The incidence of AEs was comparable between the
brivanib and placebo groups (99% vs. 95%); however,
incidence of grade 3-4 AEs was higher in the brivanib
versus placebo group (69% vs. 43%; Table 3). The
most frequently reported AEs (>20%, any grade) that
occurred at a higher frequency (>10%) in the brivanib
vs. the placebo group included HTN, decreased appe-
tite, fatigue, diarrhea, hand-foot skin reaction, protei-
nuria, hyponatremia, and hypothyroidism (Table 3).
Hepatic AEs of increased ALT, increased AST, and
hyperbilirubinemia occurred at similar rates between
the groups as did pyrexia, abdominal pain, and vomit-
ing. Grade 3 AEs that occurred at a higher frequency
in the brivanib (>5%) versus placebo group were
hyponatremia, HTN, fatigue, diarrhea, and hand-foot
skin reaction. Grade 4 AEs were infrequent.

One hundred twenty-one (49%) patients in the bri-
vanib group and 16 (6%) in the placebo group had at
least one dose reduction. Treatment-related AE was the
primary cause of the first dose reduction (n5 68

[28%] in the brivanib group and n5 7 [3%] in the
placebo group). Ninety-eight (40%) patients in the
brivanib group and 46 (18%) in the placebo group
discontinued treatment because of AEs. The most fre-
quently reported AEs leading to discontinuation
included malignant neoplasm (n5 13 in the brivanib
group and n5 21 in the placebo group), HTN (n5 6
and n5 0), and proteinuria (n5 5 and n5 1). The
Kaplan-Meier’s estimate of median treatment duration
was 6.0 months (95% CI: 4.7-7.7) in the brivanib
group and 6.6 months (5.4-7.5) in the placebo group.

Discussion

This phase III randomized study showed no OS
improvement with brivanib versus placebo (HR, 0.90;
P5 0.5280) as adjuvant therapy to TACE in HCC
patients. Adjusting the treatment effect for potential
prognostic factors did not change the outcome (HR,
0.92). The median OS in the placebo group (26.1
months) of this study was longer than expected (18
months); this estimate is unreliable because of the early
study termination and censoring. A potentially favor-
able OS outcome with brivanib in patients <65 years
of age and in those with hepatitis B infection should
be interpreted with caution because of the exploratory
nature associated with subset analyses.

Although OS was similar between the brivanib and
placebo groups, secondary and exploratory analyses of
TTES/VI, TTP, and ORR suggested that brivanib in
this setting may have slowed tumor growth and metas-
tasis. Delayed TTES/VI is of particular interest, because

Fig. 3. OS in selected subsets.
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in the brivanib group and 1 (range, 0-8) in the pla-
cebo group (Table 2). The rate of TACE was lower in
the brivanib than in the placebo group (HR, 0.72
[95% CI: 0.61-0.86], P5 0.0002; Table 2). TTP was
longer in the brivanib than in the placebo group
(median, 8.4 [95% CI: 6.7-10.2] vs. 4.9 [4.7-6.5]
months; HR, 0.61 [0.48-0.77]; P< 0.0001; Fig. 4C).
The ORR was 48% in the brivanib group and 42% in
the placebo group (Table 2). There were more com-

plete responses (22% vs. 11%) and fewer documented
disease progression events (9% vs. 18%) in the briva-
nib than in the placebo group. Disease control rate
(the sum total of complete response, partial response,
and stable disease) was 79% in both groups.

An exploratory posthoc subset analysis of OS and
treatment duration by region was performed. The
median OS values for brivanib versus placebo in Korea
(n5 68), China (n5 244), Japan (n5 78), and the
non-Asian region (North America, Europe, and Aus-
tralia; n5 65) were 26.4 months versus not reached
(HR, 0.55), 17.1 months versus not reached (HR,
0.80), not reached versus not reached (HR, 0.86), and
18.1 versus 17.5 months (HR, 1.41), respectively
(Supporting Table 3). In the brivanib group, median
treatment durations in Korea, China, and Japan were
10.1, 8.3, and 2.1 months, respectively (Supporting
Table 4). In the placebo group, median treatment
durations in Korea, China, and Japan were 10.6, 5.0,
and 7.2 months, respectively. These results suggest
regional variability in terms of OS and treatment
duration.

Safety. At database lock, 79 (32%) patients in the
brivanib group and 85 (34%) in the placebo group
had died; disease was the primary cause (n5 61 and
n5 75, respectively). Eighteen (7%) patients in the
brivanib group and 12 (5%) in the placebo group had
died within 30 days of the last dose; disease was the
primary cause (n5 6 and n5 11, respectively). Four
(2%) deaths in the brivanib group considered to be
treatment related were the result of liver failure, bacte-
rial peritonitis, intracranial bleeding, and pulmonary
infection. One (<1%) death in the placebo group con-
sidered to be treatment related was the result of liver
failure.

Table 1. Baseline Demographics and Disease Characteristics

Variable Brivanib (N5 249) Placebo (N5 253)

Age

Median age (range), years 57 (21-85) 59 (25-85)

<65 years, n (%) 173 (70) 170 (67)

Male, n (%) 206 (83) 216 (85)

Region, n (%)

Asia 216 (87) 218 (86)

Europe 22 (9) 23 (9)

Americas 11 (4) 12 (5)

ECOG-PS, n (%), per IVRS*

0 201 (81) 203 (80)

1 48 (19) 50 (20)

ECOG-PS, n (%), per CRF†

0 199 (80) 213 (84)

1 50 (20) 40 (16)

BCLC stage, n (%)

A‡ 65 (26) 57 (23)

B 129 (52) 150 (59)

C 54 (22) 44 (17)

D 1 (<1) 2 (1)

Child-Pugh Class, n (%)

A 239 (96) 231 (91)

B 9 (4) 20 (8)

C 1 (<1) 2 (1)

Tumor morphology, n (%)

Uninodular 91 (37) 83 (33)

Multinodular 158 (63) 170 (68)

Size of largest tumor nodule, n (%)

�10 cm 189 (76) 195 (77)

>10 cm 60 (24) 58 (23)

Risk factors, n (%)

Any 222 (89) 228 (90)

Alcohol 40 (16) 38 (15)

Hepatitis B 158 (63) 168 (66)

Hepatitis C 49 (20) 42 (17)

Other 8 (3) 8 (3)

Serum AFP <100 ng/mL, n (%) 130 (52) 119 (47)

Previous nonsystemic treatment, n (%)

Any 21 (8) 26 (10)

Liver resection 14 (6) 24 (9)

Radiofrequency ablation 10 (4) 4 (2)

Transcatheter arterial

chemoembolization

3 (1) 2 (1)

Other 1 (<1) 2 (1)

*ECOG-PS was based on data from the IVRS and was used for stratification

at randomization.
†ECOG-PS was based on Case Report Forms (CRFs) and was used for the

calculation of the baseline BCLC stage.
‡Patients with single lesions measuring >5 cm in diameter.

Fig. 2. Kaplan-Meier’s curves for OS. OS was defined as the time
from the date of randomization to the date of death from any cause.
Patients who did not die were censored on the last dates known to
have been alive or on the date the database was locked.
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One hundred eighteen (48%) patients in the briva-
nib group and 94 (37%) in the placebo group had
one or more SAEs. The most frequent (�2%) SAEs
were malignant neoplasm progression (n5 15 in the
brivanib group and n5 38 in the placebo group), asci-
tes (n5 8 and n5 6), abdominal pain (n5 6 and
n5 4), hepatic malignant neoplasm (n5 6 and
n5 8), pyrexia (n5 6 and n5 5), decreased appetite
(n5 5 and n5 2), hepatic encephalopathy (n5 5 and
n5 2), and upper gastrointestinal (GI) hemorrhage
(n5 5 and n5 2). SAEs reported in 2 or more
patients are listed in Supporting Table 5.

The incidence of AEs was comparable between the
brivanib and placebo groups (99% vs. 95%); however,
incidence of grade 3-4 AEs was higher in the brivanib
versus placebo group (69% vs. 43%; Table 3). The
most frequently reported AEs (>20%, any grade) that
occurred at a higher frequency (>10%) in the brivanib
vs. the placebo group included HTN, decreased appe-
tite, fatigue, diarrhea, hand-foot skin reaction, protei-
nuria, hyponatremia, and hypothyroidism (Table 3).
Hepatic AEs of increased ALT, increased AST, and
hyperbilirubinemia occurred at similar rates between
the groups as did pyrexia, abdominal pain, and vomit-
ing. Grade 3 AEs that occurred at a higher frequency
in the brivanib (>5%) versus placebo group were
hyponatremia, HTN, fatigue, diarrhea, and hand-foot
skin reaction. Grade 4 AEs were infrequent.

One hundred twenty-one (49%) patients in the bri-
vanib group and 16 (6%) in the placebo group had at
least one dose reduction. Treatment-related AE was the
primary cause of the first dose reduction (n5 68

[28%] in the brivanib group and n5 7 [3%] in the
placebo group). Ninety-eight (40%) patients in the
brivanib group and 46 (18%) in the placebo group
discontinued treatment because of AEs. The most fre-
quently reported AEs leading to discontinuation
included malignant neoplasm (n5 13 in the brivanib
group and n5 21 in the placebo group), HTN (n5 6
and n5 0), and proteinuria (n5 5 and n5 1). The
Kaplan-Meier’s estimate of median treatment duration
was 6.0 months (95% CI: 4.7-7.7) in the brivanib
group and 6.6 months (5.4-7.5) in the placebo group.

Discussion

This phase III randomized study showed no OS
improvement with brivanib versus placebo (HR, 0.90;
P5 0.5280) as adjuvant therapy to TACE in HCC
patients. Adjusting the treatment effect for potential
prognostic factors did not change the outcome (HR,
0.92). The median OS in the placebo group (26.1
months) of this study was longer than expected (18
months); this estimate is unreliable because of the early
study termination and censoring. A potentially favor-
able OS outcome with brivanib in patients <65 years
of age and in those with hepatitis B infection should
be interpreted with caution because of the exploratory
nature associated with subset analyses.

Although OS was similar between the brivanib and
placebo groups, secondary and exploratory analyses of
TTES/VI, TTP, and ORR suggested that brivanib in
this setting may have slowed tumor growth and metas-
tasis. Delayed TTES/VI is of particular interest, because

Fig. 3. OS in selected subsets.
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this is an objective endpoint that may predict better
prognosis when the disease is confined to the liver.
Given the disease complexity characterized by the inter-
play between HCC and underlying liver disease, TTDP
was introduced as another surrogate for OS. This com-
posite endpoint was based on events (development of
extrahepatic spread or vascular invasion, deterioration of
liver function or ECOG-PS, or death) that would make
patients ineligible for repeat TACE.2,3 In the present
study, TTDP was delayed only minimally with brivanib
versus placebo (12.0 versus 10.9 months; HR, 0.94).
This may be a result of death being the predominant
TTDP event and non-tumor-related comorbidities
being potential contributors to TTDP. The phase II
SPACE trial comparing sorafenib/TACE combination
with TACE alone in HCC patients used a different
composite endpoint (time to untreatable progression;
TTUP) based on ineligibility for further TACE and
reported an HR for combination versus TACE alone of
1.586 for this endpoint.25 Failure to achieve an objec-
tive response to treatment was the predominant event
for TTUP. These results, including, in particular, the
unexpected nature of factors that drove the composite
endpoints, highlight the need for prospective studies to
define relevant surrogate endpoints for OS.

In our study, there were fewer TACE sessions and a
reduction in the risk of TACE in the brivanib group,
compared to the placebo group. Fewer TACE sessions
in the sorafenib group, compared to the placebo
group, were also reported in the SPACE trial.25 This
lower rate of TACE could conceivably have been
because the patient did not need further TACE as a

Fig. 4. Kaplan-Meier’s curves for TTDP (A), TTES/VI (B), and TTP (C).
(A) TTDP is a new composite endpoint defined as the time from the first
TACE to the date of disease progression. Disease progression was defined
as any of the following events: development of extrahepatic metastasis,
development of vascular invasion, deterioration of liver function to Child-
Pugh Class C, deterioration of ECOG-PS by 2 points if related to liver dis-
ease or if not related to liver disease, deterioration of ECOG-PS by 2
points that lasted for a period longer than 2 weeks, or death. Patients
requiring alternative systemic therapy (e.g., sorafenib) before meeting the
criteria for TTDP were censored at the time of their last assessment pre-
ceding alternative therapy where none of the events were observed.
Patients without any of the events, and who did not receive alternative sys-
temic therapy, were censored at their last assessment where none of the
events were observed. (B) TTES/VI was defined as the time from the date
of the first TACE to the date extrahepatic spread or vascular invasion was
documented, whichever occurred first. Patients with no extrahepatic spread
and no vascular invasion were censored at their last assessment where
none of these events were observed. (C) TTP was defined as the time
from the first TACE procedure to first radiographic tumor progression as
assessed by investigators using mRECIST for HCC. Patients without radio-
graphic tumor progression were censored at their last tumor assessment.

Table 2. Repeat TACE and Tumor Response

Brivanib (N5 249) Placebo (N5 253)

On-study repeat TACE

Median number (range) 0.0 (0-13) 1.0 (0-8)

HR (95% CI) 0.72 (0.61-0.86)

P value 0.0002

ORR

Events, n 120 106

ORR, % (95% CI) 48 (42-55) 42 (36-48)

OR (95% CI) 1.28 (0.90-1.83)

Best response, n (%)

Complete response 55 (22) 28 (11)

Partial response 65 (26) 78 (31)

Stable disease 76 (31) 93 (37)

Progressive disease 22 (9) 46 (18)

Unable to assess 31 (12) 6 (2)

The number of TACE was based on sessions between randomization and dis-

ease progression/censoring (i.e., excluding first TACE). The number of TACE and

objective response rate were compared between arms using stratified

Anderson-Gill’s model and Cochran-Mantel-Haenszel’s test, respectively. P val-

ues are for descriptive purposes only. Tumors were assessed by investigators

using mRECIST for HCC.
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result of either disease stabilization or drug toxicity.
Though we cannot rule out the effect of drug toxicity
(26% of patients came off for study drug toxicity in
the brivanib arm vs. 2% in the placebo arm), the
observed improvements in TTP and TTES/VI with
brivanib suggest that disease stabilization by brivanib
may have been a factor in reducing the number and
risk of TACE with brivanib.

Optimal timing for drug administration, relative to
TACE, has not been defined.26 In our study, because
of potential safety concerns, brivanib was stopped 2
days before a TACE session and restarted between
days 3 and 21 after TACE. Because serum VEGF con-
centration peaks on day 1 after TACE,9 brivanib may
exert the greatest effects when administered immedi-
ately after or even before TACE. The ongoing ECOG
E1208 phase III study (NCT01004978) will provide

further insight on the time of the addition of sorafe-
nib, relative to TACE, which may be useful for deter-
mining the timing of administration of other drugs in
combination with TACE.

No unexpected safety findings for brivanib were
identified in this study. Despite longer exposure to bri-
vanib in this study (6.0 months), compared to BRISK-
FL (3.2 months) and BRISK-PS (3.1 months) studies,
AE profiles, rates of discontinuation (40%, 43%, and
42%, respectively) resulting from AEs, and rates of
dose reduction (49%, 49%, and 54%, respectively)
were comparable.23,24 Rare treatment-related deaths
were noted in all three studies, and the causes of these
deaths were not unusual. As expected, AEs, including
HTN, proteinuria, hyponatremia, and hypothyroidism,
considered typical of brivanib, based on previous briva-
nib clinical studies,23,24 were more frequent in the

Table 3. Incidence of AEs

AE, n (%)

Brivanib (N5 246) Placebo (N5 253)

Any Grade Grade 3 Grade 4 Any Grade Grade 3 Grade 4

Any 244 (99) 137 (56) 35 (14) 241 (95) 98 (39) 11 (4)

HTN 116 (47) 31 (13) 2 (1) 29 (11) 7 (3) 0

Pyrexia 93 (38) 2 (1) 0 115 (46) 1 (<1) 0

Decreased appetite 106 (43) 11 (4) 0 57 (23) 3 (1) 1 (<1)

Fatigue 101 (41) 22 (9) 0 59 (23) 6 (2) 0

Abdominal pain 90 (37) 10 (4) 0 101 (40) 10 (4) 2 (1)

AST increased 85 (35) 31 (13) 3 (1) 95 (38) 36 (14) 1 (<1)

ALT increased 88 (36) 22 (9) 2 (1) 84 (33) 26 (10) 0

Diarrhea 88 (36) 18 (7) 0 25 (10) 2 (1) 0

Hand-foot skin reaction 77 (31) 15 (6) 0 5 (2) 0 0

Proteinuria 71 (29) 12 (5) 0 24 (9) 2 (1) 0

Nausea 70 (28) 2 (1) 0 69 (27) 1 (<1) 0

Hyponatremia 68 (28) 42 (17) 2 (1) 27 (11) 11 (4) 2 (1)

Hypothyroidism 66 (27) 3 (1) 0 18 (7) 0 0

Vomiting 63 (26) 6 (2) 0 57 (23) 1 (<1) 0

Hyperbilirubinemia 60 (24) 14 (6) 5 (2) 57 (23) 5 (2) 2 (1)

Platelet count decreased 58 (24) 18 (7) 1 (<1) 42 (17) 10 (4) 0

Hypoalbuminemia 55 (22) 2 (1) 0 34 (13) 2 (1) 0

WBC count decreased 53 (22) 12 (5) 0 48 (19) 5 (2) 0

Dysphonia 45 (18) 3 (1) 0 5 (2) 0 0

Ascites 44 (18) 1 (<1) 0 18 (7) 6 (2) 1 (<1)

Upper abdominal pain 44 (18) 2 (1) 0 36 (14) 0 0

Peripheral edema 40 (16) 0 0 17 (7) 1 (<1) 0

Constipation 37 (15) 0 0 41 (16) 1 (<1) 0

Headache 39 (16) 1 (<1) 0 15 (6) 0 0

Abdominal distension 35 (14) 7 (3) 0 25 (10) 1 (<1) 0

Dizziness 34 (14) 3 (1) 0 8 (3) 0 0

Cough 31 (13) 0 0 19 (8) 0 0

GLT increased 32 (13) 5 (2) 0 34 (13) 8 (3) 2 (1)

PMN count increased 31 (13) 7 (3) 1 (<1) 29 (11) 8 (3) 0

Blood TSH increased 30 (12) 0 0 5 (2) 0 0

Insomnia 30 (12) 0 0 25 (10) 0 0

Blood ALP increased 23 (9) 1 (<1) 0 28 (11) 2 (1) 0

Rash 24 (10) 1 (<1) 0 13 (5) 0 0

Events listed are those (regardless of relationship to study treatment) occurring in at least 10% of the randomly assigned patients in either group who received at

least one dose of any study treatment.

Abbreviations: WBC, white blood cell; GLT, k-glutamyltransferase; PMN, peripheral blood neutrophil; TSH, thyroid-stimulating hormone; ALP, alkaline phosphatase.
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this is an objective endpoint that may predict better
prognosis when the disease is confined to the liver.
Given the disease complexity characterized by the inter-
play between HCC and underlying liver disease, TTDP
was introduced as another surrogate for OS. This com-
posite endpoint was based on events (development of
extrahepatic spread or vascular invasion, deterioration of
liver function or ECOG-PS, or death) that would make
patients ineligible for repeat TACE.2,3 In the present
study, TTDP was delayed only minimally with brivanib
versus placebo (12.0 versus 10.9 months; HR, 0.94).
This may be a result of death being the predominant
TTDP event and non-tumor-related comorbidities
being potential contributors to TTDP. The phase II
SPACE trial comparing sorafenib/TACE combination
with TACE alone in HCC patients used a different
composite endpoint (time to untreatable progression;
TTUP) based on ineligibility for further TACE and
reported an HR for combination versus TACE alone of
1.586 for this endpoint.25 Failure to achieve an objec-
tive response to treatment was the predominant event
for TTUP. These results, including, in particular, the
unexpected nature of factors that drove the composite
endpoints, highlight the need for prospective studies to
define relevant surrogate endpoints for OS.

In our study, there were fewer TACE sessions and a
reduction in the risk of TACE in the brivanib group,
compared to the placebo group. Fewer TACE sessions
in the sorafenib group, compared to the placebo
group, were also reported in the SPACE trial.25 This
lower rate of TACE could conceivably have been
because the patient did not need further TACE as a

Fig. 4. Kaplan-Meier’s curves for TTDP (A), TTES/VI (B), and TTP (C).
(A) TTDP is a new composite endpoint defined as the time from the first
TACE to the date of disease progression. Disease progression was defined
as any of the following events: development of extrahepatic metastasis,
development of vascular invasion, deterioration of liver function to Child-
Pugh Class C, deterioration of ECOG-PS by 2 points if related to liver dis-
ease or if not related to liver disease, deterioration of ECOG-PS by 2
points that lasted for a period longer than 2 weeks, or death. Patients
requiring alternative systemic therapy (e.g., sorafenib) before meeting the
criteria for TTDP were censored at the time of their last assessment pre-
ceding alternative therapy where none of the events were observed.
Patients without any of the events, and who did not receive alternative sys-
temic therapy, were censored at their last assessment where none of the
events were observed. (B) TTES/VI was defined as the time from the date
of the first TACE to the date extrahepatic spread or vascular invasion was
documented, whichever occurred first. Patients with no extrahepatic spread
and no vascular invasion were censored at their last assessment where
none of these events were observed. (C) TTP was defined as the time
from the first TACE procedure to first radiographic tumor progression as
assessed by investigators using mRECIST for HCC. Patients without radio-
graphic tumor progression were censored at their last tumor assessment.

Table 2. Repeat TACE and Tumor Response

Brivanib (N5 249) Placebo (N5 253)

On-study repeat TACE

Median number (range) 0.0 (0-13) 1.0 (0-8)

HR (95% CI) 0.72 (0.61-0.86)

P value 0.0002

ORR

Events, n 120 106

ORR, % (95% CI) 48 (42-55) 42 (36-48)

OR (95% CI) 1.28 (0.90-1.83)

Best response, n (%)

Complete response 55 (22) 28 (11)

Partial response 65 (26) 78 (31)

Stable disease 76 (31) 93 (37)

Progressive disease 22 (9) 46 (18)

Unable to assess 31 (12) 6 (2)

The number of TACE was based on sessions between randomization and dis-

ease progression/censoring (i.e., excluding first TACE). The number of TACE and

objective response rate were compared between arms using stratified

Anderson-Gill’s model and Cochran-Mantel-Haenszel’s test, respectively. P val-

ues are for descriptive purposes only. Tumors were assessed by investigators

using mRECIST for HCC.
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result of either disease stabilization or drug toxicity.
Though we cannot rule out the effect of drug toxicity
(26% of patients came off for study drug toxicity in
the brivanib arm vs. 2% in the placebo arm), the
observed improvements in TTP and TTES/VI with
brivanib suggest that disease stabilization by brivanib
may have been a factor in reducing the number and
risk of TACE with brivanib.

Optimal timing for drug administration, relative to
TACE, has not been defined.26 In our study, because
of potential safety concerns, brivanib was stopped 2
days before a TACE session and restarted between
days 3 and 21 after TACE. Because serum VEGF con-
centration peaks on day 1 after TACE,9 brivanib may
exert the greatest effects when administered immedi-
ately after or even before TACE. The ongoing ECOG
E1208 phase III study (NCT01004978) will provide

further insight on the time of the addition of sorafe-
nib, relative to TACE, which may be useful for deter-
mining the timing of administration of other drugs in
combination with TACE.

No unexpected safety findings for brivanib were
identified in this study. Despite longer exposure to bri-
vanib in this study (6.0 months), compared to BRISK-
FL (3.2 months) and BRISK-PS (3.1 months) studies,
AE profiles, rates of discontinuation (40%, 43%, and
42%, respectively) resulting from AEs, and rates of
dose reduction (49%, 49%, and 54%, respectively)
were comparable.23,24 Rare treatment-related deaths
were noted in all three studies, and the causes of these
deaths were not unusual. As expected, AEs, including
HTN, proteinuria, hyponatremia, and hypothyroidism,
considered typical of brivanib, based on previous briva-
nib clinical studies,23,24 were more frequent in the

Table 3. Incidence of AEs

AE, n (%)

Brivanib (N5 246) Placebo (N5 253)

Any Grade Grade 3 Grade 4 Any Grade Grade 3 Grade 4

Any 244 (99) 137 (56) 35 (14) 241 (95) 98 (39) 11 (4)

HTN 116 (47) 31 (13) 2 (1) 29 (11) 7 (3) 0

Pyrexia 93 (38) 2 (1) 0 115 (46) 1 (<1) 0

Decreased appetite 106 (43) 11 (4) 0 57 (23) 3 (1) 1 (<1)

Fatigue 101 (41) 22 (9) 0 59 (23) 6 (2) 0

Abdominal pain 90 (37) 10 (4) 0 101 (40) 10 (4) 2 (1)

AST increased 85 (35) 31 (13) 3 (1) 95 (38) 36 (14) 1 (<1)

ALT increased 88 (36) 22 (9) 2 (1) 84 (33) 26 (10) 0

Diarrhea 88 (36) 18 (7) 0 25 (10) 2 (1) 0

Hand-foot skin reaction 77 (31) 15 (6) 0 5 (2) 0 0

Proteinuria 71 (29) 12 (5) 0 24 (9) 2 (1) 0

Nausea 70 (28) 2 (1) 0 69 (27) 1 (<1) 0

Hyponatremia 68 (28) 42 (17) 2 (1) 27 (11) 11 (4) 2 (1)

Hypothyroidism 66 (27) 3 (1) 0 18 (7) 0 0

Vomiting 63 (26) 6 (2) 0 57 (23) 1 (<1) 0

Hyperbilirubinemia 60 (24) 14 (6) 5 (2) 57 (23) 5 (2) 2 (1)

Platelet count decreased 58 (24) 18 (7) 1 (<1) 42 (17) 10 (4) 0

Hypoalbuminemia 55 (22) 2 (1) 0 34 (13) 2 (1) 0

WBC count decreased 53 (22) 12 (5) 0 48 (19) 5 (2) 0

Dysphonia 45 (18) 3 (1) 0 5 (2) 0 0

Ascites 44 (18) 1 (<1) 0 18 (7) 6 (2) 1 (<1)

Upper abdominal pain 44 (18) 2 (1) 0 36 (14) 0 0

Peripheral edema 40 (16) 0 0 17 (7) 1 (<1) 0

Constipation 37 (15) 0 0 41 (16) 1 (<1) 0

Headache 39 (16) 1 (<1) 0 15 (6) 0 0

Abdominal distension 35 (14) 7 (3) 0 25 (10) 1 (<1) 0

Dizziness 34 (14) 3 (1) 0 8 (3) 0 0

Cough 31 (13) 0 0 19 (8) 0 0

GLT increased 32 (13) 5 (2) 0 34 (13) 8 (3) 2 (1)

PMN count increased 31 (13) 7 (3) 1 (<1) 29 (11) 8 (3) 0

Blood TSH increased 30 (12) 0 0 5 (2) 0 0

Insomnia 30 (12) 0 0 25 (10) 0 0

Blood ALP increased 23 (9) 1 (<1) 0 28 (11) 2 (1) 0

Rash 24 (10) 1 (<1) 0 13 (5) 0 0

Events listed are those (regardless of relationship to study treatment) occurring in at least 10% of the randomly assigned patients in either group who received at

least one dose of any study treatment.

Abbreviations: WBC, white blood cell; GLT, k-glutamyltransferase; PMN, peripheral blood neutrophil; TSH, thyroid-stimulating hormone; ALP, alkaline phosphatase.
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brivanib group and were considered manageable.
Hepatic AEs and certain GI AEs (e.g., abdominal pain
and vomiting) occurred at higher rates in the placebo
group, attesting to the seriousness of the underlying
liver disease. Notably, these latter AEs appeared to be
unaffected by brivanib administration. These data sug-
gest that brivanib is reasonably well tolerated with an
acceptable safety profile in patients with advanced or
intermediate-stage HCC.

A major limitation of our study was its early clo-
sure. A sample size of 870 randomized patients with
520 death events for the primary OS analysis was
planned. However, at final database lock, there were
only 502 randomized patients and 164 death events
(32% of the required events). Early closure thus com-
promised study power, warranting caution in interpret-
ing the data. Furthermore, global studies aimed at
evaluating TACE in combination with systemic agents
are inherently challenging, given the heterogeneity in
technique and interpretation of response.1-3 In an
attempt to manage these potential confounders, the
study was designed not to assess the role of TACE in
HCC, but the addition of brivanib by using a placebo
control, requiring the use of standardized TACE pro-
cedures, standardizing response interpretation with
mRECIST, using novel definition of disease progres-
sion, and stratifying by enrolling center (not just
region or country), as well as using OS as the primary
endpoint. Nevertheless, differences by region were still
evident in a posthoc analysis of treatment duration
and OS and may result, in part, from the regional dif-
ferences in treatment practice. The present study
underscores not only the need for rigorous definitions
of trial design elements and assessments, but also the
challenges such definitions may impose on trial
execution.

In conclusion, brivanib as an adjuvant to TACE did
not improve OS in this study. This study is the only
phase III study using OS as the primary endpoint in
the setting of combining TACE with an antiangiogenic
agent. The only other published phase III trial evaluat-
ing the administration of sorafenib in patients who
responded to TACE used TTP as the primary end-
point and OS as the secondary endpoint and showed
improvement in neither TTP nor OS.27 These results
should be considered when planning future trials to
evaluate the addition of antiangiogenic agents to
TACE and point to the need for more rigorous pre-
clinical and initial clinical investigations of combining
antiangiogenic agents with TACE, innovative study
design, and identification of predictive biomarkers for
patient enrichment and relevant surrogate endpoints

for survival. Better understanding of regional treatment
practices and how they affect long-term outcomes are
clearly needed.
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brivanib group and were considered manageable.
Hepatic AEs and certain GI AEs (e.g., abdominal pain
and vomiting) occurred at higher rates in the placebo
group, attesting to the seriousness of the underlying
liver disease. Notably, these latter AEs appeared to be
unaffected by brivanib administration. These data sug-
gest that brivanib is reasonably well tolerated with an
acceptable safety profile in patients with advanced or
intermediate-stage HCC.

A major limitation of our study was its early clo-
sure. A sample size of 870 randomized patients with
520 death events for the primary OS analysis was
planned. However, at final database lock, there were
only 502 randomized patients and 164 death events
(32% of the required events). Early closure thus com-
promised study power, warranting caution in interpret-
ing the data. Furthermore, global studies aimed at
evaluating TACE in combination with systemic agents
are inherently challenging, given the heterogeneity in
technique and interpretation of response.1-3 In an
attempt to manage these potential confounders, the
study was designed not to assess the role of TACE in
HCC, but the addition of brivanib by using a placebo
control, requiring the use of standardized TACE pro-
cedures, standardizing response interpretation with
mRECIST, using novel definition of disease progres-
sion, and stratifying by enrolling center (not just
region or country), as well as using OS as the primary
endpoint. Nevertheless, differences by region were still
evident in a posthoc analysis of treatment duration
and OS and may result, in part, from the regional dif-
ferences in treatment practice. The present study
underscores not only the need for rigorous definitions
of trial design elements and assessments, but also the
challenges such definitions may impose on trial
execution.

In conclusion, brivanib as an adjuvant to TACE did
not improve OS in this study. This study is the only
phase III study using OS as the primary endpoint in
the setting of combining TACE with an antiangiogenic
agent. The only other published phase III trial evaluat-
ing the administration of sorafenib in patients who
responded to TACE used TTP as the primary end-
point and OS as the secondary endpoint and showed
improvement in neither TTP nor OS.27 These results
should be considered when planning future trials to
evaluate the addition of antiangiogenic agents to
TACE and point to the need for more rigorous pre-
clinical and initial clinical investigations of combining
antiangiogenic agents with TACE, innovative study
design, and identification of predictive biomarkers for
patient enrichment and relevant surrogate endpoints

for survival. Better understanding of regional treatment
practices and how they affect long-term outcomes are
clearly needed.
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Prospective Multicenter Randomized Controlled Trial of
Histological Diagnostic Yield Comparing 25G EUS-FNA Needles
With and Without a Core Trap in Patients With Solid Pancreatic
Masses
Reiko Ashida*1, Satoru Yasukawa2, Akio Yanagisawa2, Ken Kamata3,
Masatoshi Kudo3, Takeshi Ogura4, Kazuhide Higuchi4,
Nobuyasu Fukutake1, Hiroko Nebiki5, Satoru Hirose6, Noriyuki Hoki6,
Masanori Asada7, Shujiro Yazumi7, Makoto Takaoka8, Kazuichi Okazaki8,
Fumihiro Matsuda9, Yoshihiro Okabe9, Masayuki Kitano3
1Departments of Cancer Survey and Gastrointestinal Oncology, Osaka
Medical Center for Cancer and Cardiovascular Diseases, Osaka, Japan;
2Department of Surgical Pathology, Kyoto Prefectural University of
Medicine, Kyoto, Japan; 3Gastroenterology and Hepatology, Kinki
University, Osaka-sayama, Japan; 4The Second department of Internal
Medicine, Osaka Medical College, Takatsuki, Japan; 5Department of
Gastroenterology, Osaka City General Hospital, Osaka, Japan;
6Department of Gastroenterology, Bell Land General Hospital, Sakai,
Japan; 7Digestive Disease Center, Kitano Hospital, Osaka, Japan;
8Gastroenterology and Hepatology, Dept.of Internal Medicine, Kansai
Medical University, Hirakata, Japan; 9Department of Gastroenterology
and Hepatology, Osaka Red Cross Hospital, Osaka, Japan
Background: Endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA) with
25G needles is safe and easy to handle but have been limited mainly to cytology. The
newly developed core biopsy needles may overcome this limitation by providing
core specimens for histological analysis. Aim: To compare the availability of histo-
logical diagnosis between the novel 25G EchoTip� ProCore� (PrC) with a core trap
and the standard 25G EchoTip� Ultra (Ult) (Cook Medical Inc. Bloomington, IN
USA) for solid pancreatic masses. Patients and Methods: Consecutive patients with
pancreatic solid masses presenting to 8 referral centers for EUS-FNA from April 2013
to Sept 2013 were prospectively recruited and randomized. The randomization was
used to define which needle needed to be used by a random number generator.
Regarding EUS-FNA, the stylet was slowly pulled out without suction while moving
the needle to and fro 20 times (slow-pull technique). Only a single pass was per-
formed for this study. The whole specimen was inserted into a formalin bottle and
processed for histological analysis without rapid on-site evaluation. All tissue sam-
ples were brought to one facility where experienced pathologists (S.Y. and A.Y.)
reviewed them independently. Both pathologists were blinded as to which needle
was used. The final diagnosis of malignancy/benignancy was based on surgical his-
tology or clinical follow up in non-surgical cases. Results: A total of 214 patients were
enrolled. 112 males and 102 females (mean ageZ67.5yrs), with 106 patients in the
PrC (49.5%) and 108 in the Ult (50.5%). The mean size of the pancreatic masses was
29.3 mm in the PrC and 27.9 mm in the Ult (ns). No procedure failures were
observed with either needle. There were no procedure related complications. The
tissue acquisition rate for histological analysis was significantly higher in the PrC than
the Ult (96/106 cases (90.6%) vs. 86/108 cases (79.6%); pZ0.025). The definite
histological diagnosis achieved by the PrC was significantly higher than the Ult (86/
106 cases (81.1%) vs. 75/108 cases (69.4%); pZ0.048). All samples were divided into
three groups based on quality (rich, moderate, and poor cellularity). The sample of
the PrC showed significantly superior quality than the Ult (rich:moderate:poor Z

38/106:29/106:39/106 cases in the PrC vs. 21/108:28/108:59/108 cases in the Ult;
pZ0.003). In the definitively diagnosable samples, sensitivity, specificity, and diag-
nostic accuracy of malignancy, at this interim analysis, were 89.5%, 100%, and 90.7%,
respectively for the 25G PrC and 93.5%, 100%, and 94.7% for the 25G Ult (ns).
Conclusions: This prospective multicenter randomized controlled trial indicated that
the 25G ProCore needle with a single pass offers significantly better sample quality
for histological diagnosis of solid pancreatic tumors compared with the 25G stan-
dard needle.

99
Prospective Randomized Blind Controlled Trial of Capillary EUS-
FNA vs. Suction EUS-FNA for the Diagnosis of Solid Tumors
Ann M. Chen, Nirav C. Thosani*, Shai Friedland, Subhas Banerjee
Gastroenterology, Stanford University School of Medicine, Stanford, CA
Background: The diagnostic accuracy of endoscopic ultrasound guided fine needle
aspiration (EUS-FNA) for solid lesions varies greatly from 39-93% with a median
diagnostic rate of only 75%, even in expert hands. No standard technique has been
established nor have different techniques been compared in randomized studies.
Aim: To compare capillary vs. suction EUS-FNA on cellular adequacy during rapid-
on-site cytologic evaluation (ROSE) and on final cytopathologic yield. Methods: A
prospective randomized study was performed on patients at our institution under-
going EUS-FNA of solid lesions between January and November 2013. Two FNA
techniques utilizing the 25G Echotip needle (Cook, Inc.) were compared: 1) Suction
technique (ST), applying 10ml of syringe suction versus 2) Capillary technique (CT),
slow stylet withdraw only without syringe. Patients were randomized to either ST or
CT for the first pass then alternating techniques until adequate ROSE was achieved.
Cytopathologists were blinded to the FNA technique. Results: A total of 65 patients
with 80 biopsy sites were enrolled. 43 patients were randomized to initial CT and 37
to initial ST. Majority were carcinoma (nZ63), neuroendocrine tumor (nZ6), lym-
phoma (nZ3), GIST (nZ3). ROSE: ROSE was available for 132/143 (92%) CT sam-
ples and 121/131 (92%) of ST samples (Table 1). Immediate adequate cellularity was
achieved in 99/132 (75%) of CT samples vs. 45/121 (37%) of ST samples, p!0.001.
CT yielded significantly higher cellular adequacy for pancreas masses (57/78 vs. 24/
71, p!0.001), liver lesions (14/15 vs. 4/13, p!0.001), and lymph nodes (21/28 vs. 10/
26, pZ0.01) than did ST samples. Cellular adequacy was achieved with a single CT
pass in 57/80 sites compared to 28/80 with a single ST pass, p!0.001. Patients ran-
domized to initial ST FNA required more passes to achieve adequate ROSE
compared to the initial CT group, although this did not quite reach statistical sig-
nificance (mean 3.7+1.2 vs. 3.2+1.0, pZ0.06). Final Cytopathology: CT samples
were superior to ST samples in cellular quality and more often rated higher in
diagnostic yield by pathologists (50/80 cases vs. 12/80 cases, p!0.001; Table 2). Sub-
analysis indicated that CT FNA was significantly superior to ST FNA for pancreas
masses (28/42 (67%) vs. 4/42 (10%), p!0.001) and liver lesions [8/11 (73%) vs. 0/11
(0%), p!0.001]. FNA method did not affect cytologic quality/yield for lymph nodes
(11/20 CT vs. 6/20 ST samples, pZNS). Conclusions: Higher cytology quality is
observed with capillary FNA, which may be a result of reduced tissue trauma and less
bloody aspirate and is particularly important for sampling of highly vascular organs
such as the pancreas and liver. Avascular lesions such as lymph nodes and submu-
cosal nodules may be affected to a lesser extent by FNA technique. Optimizing FNA
technique can improve efficiency and diagnostic accuracy.

Table 1. Rapid On-Site Evaluation of Cytology Adequacy Between Capillary and Suction FNA Samples by Biopsy Site

Adequate Scant Blood Only

Capillary Suction p Capillary Suction p Capillary Suction p

Pancreas 57/78 (73%) 24/71 (34%) !0.001 13/78 (17%) 18/71 (25%) Z0.23 8/78 (10%) 29/71 (41%) !0.001
Liver 14/15 (93%) 4/13 (31%) !0.001 0 4/13 (31%) !0.03 1/15 (7%) 5/13 (38%) Z0.07
Lymph Node 21/28 (75%) 10/26 (38%) !0.01 4/28 (14%) 10/26 (38%) Z0.06 3/28 (11%) 6/26 (23%) Z0.29
Submucosal/
Peri-luminal Mass

7/11 (64%) 7/11 (64%) Z1 3/11 (27%) 2/11 (18%) Z1 1/11 (9%) 2/11 (18%) Z1

Total 99/132 (75%) 45/121 (37%) !0.001 20/132 (15%) 34/121 (28%) !0.01 13/132 (10%) 42/121 (35%) !0.001

Table 2. Comparison of Final Cytopathologic Diagnostic Yield and Cellular Superiority Between Capillary Versus Suction Samples by Blinded
Pathologists

Capillary OO

Suction
Capillary O

Suction
Capillary [
Suction

Suction O

Capillary
Suction OO

Capillary
Sum of Diagnostic Yield Superiority,

Capillary vs. Suction

Pancreas(n[42) 12 (29%) 16 (38%) 10 (24%) 4 (10%) 0 28 (67%) vs.4 (10%) p!0.001
Liver (n[11) 4 (36%) 4 (36%) 3 (27%) 0 0 8 (73%) vs. 0 p!0.001
Lymph nodes (n[20) 1 (5%) 10 (50%) 3 (15%) 5 (25%) 1 (5%) 11 (55%) vs. 6 (30%) pZ0.2
Periluminal/ submucosal
mass (n[7)

1 (14%) 2 (29%) 2 (29%) 2 (29%) 0 3 (43%) vs 2 (29%) pZ1

Total (n[80) 18 (23%) 32 (40%) 18 (23%) 11 (14%) 1 (1%) 50 (63%) vs. 12 (15%) p!0.001

OO, Abundantly more cellular; O, moderately more cellular; Z, equally cellular.
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SUMMARY

Background
Transarterial chemoembolisation (TACE) is a standard treatment for unre-
sectable, intermediate stage hepatocellular carcinoma (HCC). Survival after
TACE, however, can be highly variable, with no suitable biomarker predict-
ing therapeutic outcome. The inflammation-based index (IBI) has previ-
ously been shown to independently predict overall survival (OS) in all
stages of HCC.

Aim
To explore the prognostic ability of IBI as a predictor of survival after
TACE.

Methods
Baseline staging, biochemical and clinicopathological features including IBI
were studied in a derivation set of 64 patients undergoing TACE for inter-
mediate stage HCC. Dynamic changes in IBI before and after TACE were
studied as predictors of survival using both a univariate and multivariate
Cox regression model and further validated in two independent patient
cohorts from Korea (n = 76) and Japan (n = 577).

Results
Pre-treatment IBI predicted for OS in the derivation set (P = 0.001). Other
univariate predictors of OS included radiological response to TACE
(P < 0.001), pre-TACE CLIP score (P < 0.01), tumour diameter >5 cm
(P = 0.05) and AFP ≥400 (P < 0.001). Normalisation of IBI post-TACE was
associated with radiological response by mRECIST criteria and improved OS
(P < 0.001). Normalisation of IBI remained a significant multivariate predic-
tor of OS in both the derivation and validation sets (P < 0.001).

Conclusions
Normalisation of IBI after TACE is shown to be an independent predictor
of survival and may be integrated into the retreatment criteria for repeat
TACE in intermediate stage HCC. IBI and its dynamic changes after treat-
ment are validated as a biomarker allowing the stratification of patients
with a significant survival advantage following initial TACE.
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(P = 0.05) and AFP ≥400 (P < 0.001). Normalisation of IBI post-TACE was
associated with radiological response by mRECIST criteria and improved OS
(P < 0.001). Normalisation of IBI remained a significant multivariate predic-
tor of OS in both the derivation and validation sets (P < 0.001).

Conclusions
Normalisation of IBI after TACE is shown to be an independent predictor
of survival and may be integrated into the retreatment criteria for repeat
TACE in intermediate stage HCC. IBI and its dynamic changes after treat-
ment are validated as a biomarker allowing the stratification of patients
with a significant survival advantage following initial TACE.
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INTRODUCTION
Hepatocellular Carcinoma (HCC) is the commonest
primary liver cancer and the third leading cause of can-
cer-related mortality worldwide.1 The pathogenesis of
HCC is inflammation-driven such that >80% of the inci-
dent cases arise in the context of liver cirrhosis.2 Despite
the introduction of active screening at least 60–70% of
patients still present with inoperable disease and are inel-
igible for curative therapies.3 In this context, the main
focus of treatment is palliative, aimed at prolonging
patient survival while maintaining quality of life.

Patients with liver-confined disease, preserved perfor-
mance status (PS) and compensated liver functional
reserve can be effectively offered transarterial chemoem-
bolisation (TACE). TACE exploits the progressive arteri-
alisation of the blood supply to the tumour to target the
neoplastic tissue intra-arterially with focused chemother-
apy administration followed by acute ischaemic damage
with relative sparing of the surrounding tissue.4 Evidence
from randomised controlled trials highlights the efficacy
of TACE in improving overall survival (OS) by slowing
disease progression.5

International guidelines and consensus statements
support the use of TACE for intermediate stage disease,
identified by the Barcelona Clinic Liver Cancer (BCLC)
staging system as BCLC-B stage.6 However, there is
uncertainty surrounding the optimal selection criteria for
TACE as well as the ideal retreatment strategy.7 Given
the palliative intent of TACE, a careful and individua-
lised risk-benefit assessment is necessary before proceed-
ing with treatment. Several clinicopathological factors
have been proven to predict outcome after TACE. It is
accepted that within BCLC-B stage, patients with low
alfa-fetoprotein (AFP) levels, limited tumour burden,
preserved liver function and favourable radiological
response after initial TACE will have significantly longer
survival times.8 Total bilirubin, PS ≥ 1 and total number
of TACE sessions have also been identified as prognostic
markers.9 The developing experience in the administra-
tion of TACE and the relative safety of the procedure
has prompted clinicians to expand its use beyond
BCLC-B stage. A small but significant survival benefit
has been reported in patient groups once precluded from
TACE i.e. patients with extrahepatic disease or portal
vein involvement.10, 11 These studies highlight the acute
and yet unmet need for objective clinical biomarkers to
improve the accuracy of patient selection and predict
clinical benefit from TACE in the individual patient. The
non negligible rate of procedure-related morbidity and

mortality further reinforces the importance of adequate
patient selection, given the palliative intent of TACE.

Cancer-related inflammation is a pathogenic and
prognostic domain with equal importance to angiogene-
sis and replicative immortality in cancer.12 The presence
of a systemic inflammatory reaction is a stage-indepen-
dent prognostic factor in various malignancies,13–15

including HCC.16, 17 Systemic inflammation can be eval-
uated using widely accessible and objective markers such
as C-reactive protein (CRP) and albumin levels.

We previously combined serum CRP and albumin to
derive the inflammation-based index (IBI), a simple and
validated measure of systemic inflammation that was
shown to predict for OS in large, heterogeneous cohorts
of patients with HCC, independent of BCLC stage.16 We
hypothesised whether the presence of an ongoing
pro-inflammatory reaction may represent a predictor of
outcome in HCC patients undergoing TACE and whether
treatment-induced modulation of such systemic inflam-
matory response could exert an impact on patients’ sur-
vival. We therefore designed this study to independently
and prospectively validate the IBI as an objective prognos-
tic marker in HCC patients undergoing TACE, and sec-
ondly to evaluate whether dynamic changes in the IBI
following initial TACE can be used as a biomarker to pre-
dict survival advantage after treatment.

MATERIAL AND METHODS

Patient characteristics
The derivation dataset included 64 patients who had
undergone TACE for intermediate stage HCC at Ham-
mersmith Hospital, Imperial College London between
2001 and 2012. Our study included solely patients referred
for palliative TACE, therefore excluding subjects undergo-
ing TACE as bridging treatment prior to liver transplanta-
tion. All patients were diagnosed based on the American
Association for the Study of the Liver guidelines. Clinico-
pathological variables including demographics, full blood
count, albumin, C-reactive protein (CRP), alpha-fetopro-
tein (AFP), alanine aminotransferases (ALT), alkaline
phosphatase (ALP), tumour staging (including number of
focal lesions and maximum diameter of contrast enhanc-
ing disease), Child-Turcotte-Pugh class, Barcelona Clinic
Liver Cancer (BCLC)18 and Cancer of the Liver Italian
Program (CLIP)19 prognostic scores were collected at the
time of referral to our unit, prior to treatment.

Transarterial chemoembolisation consisted of the in-
trarterial infusion of doxorubicin emulsified in lipiodol
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followed by embolisation with gelatin sponge particles.
Radiological response was assessed 6 weeks after the pro-
cedure using multiphase contrast-enhanced computed
tomography (CT). Outcomes following treatment were
reported by a senior radiologist blinded to clinical data
as complete or partial response, stable or progressive dis-
ease according to mRECIST criteria.20

The IBI was calculated as previously described.21

Briefly, patients with both a normal CRP of (<10 mg/L)
and a normal albumin (>35 g/L) were allocated a score
of 0. Those with only one abnormal measure were given
a score of 1. Two points were allocated to patients with
both abnormal CRP and albumin. The pre-TACE IBI
was calculated using values obtained up to 48 h prior to
the procedure. The post-TACE IBI was derived from
values obtained at the first scheduled clinical reassess-
ment, between 6 and 8 weeks following the first proce-
dure depending on the institution. In the Japanese
cohort, CRP levels were measured using a high sensitiv-
ity test (hsCRP) with a lower limit of detection of
3 mg/L. This value was chosen to reflect the local labo-
ratory cut-off point, which is validated for cancer-related
mortality.22 Calculation of the IBI, in the sole Japanese
validation cohort, was adjusted to hsCRP titres, with
patients having levels >3 mg/L being allocated a score
of 1. No changes were made to the cut-off point for
albumin.

Dynamic changes in IBI were dichotomised as IBI
normalisation vs. persistent abnormality of the score fol-
lowing treatment (Delta IBI). Normalisation of IBI
included patients displaying any improvement of IBI
score following treatment (i.e. changes from 2 to 1, 2 to
0 or 1 to 0) together with patients with a baseline IBI of
0 maintaining a normal score after treatment. Patients
whose IBI had progressed by 1 or 2 points following
treatment, or with a stable score of 1 or 2 despite treat-
ment were considered together and classified as having a
persistently abnormal IBI. OS (cancer specific) was calcu-
lated from the time of the first TACE to the time of
death or last clinical follow-up.

Validation of prognostic scores
The first validation cohort consisted of 76 patients with
newly diagnosed HCC referred to the Catholic University
of Korea, St. Mary’s Hospital, Seoul between 06/2011
and 07/2012. Data collection was performed prospec-
tively. The TACE protocol agents used for the Korean
patients consisted in the infusion of doxorubicin (50 mg)
or combined epirubicin/cisplatin (50 + 60 mg) in a mix-
ture of lipiodol followed by gelatin sponge embolisation.

The second validation cohort consisted of a retrospec-
tively collected dataset of 557 consecutive patients with
unresectable HCC treated with TACE at the Kinki Uni-
versity Faculty of Medicine (Japan) between 01/2004 and
08/2013. Chemoembolisation was performed using 20–
50 mg of epirubicin or 50–100 mg of cisplatin emulsified
with lipiodol and gelatin sponge particles. In both valida-
tion cohorts CT based mRECIST reassessment was con-
ducted 6–8 weeks following TACE, in conjunction with
reassessment of the IBI.

The study was approved by the local Research Ethics
Committees. Prospective recruitment into the study fol-
lowed written informed consent in accordance to the
principles of the Declaration of Helsinki.

Statistical analysis
Pearson v2 test was employed to assess for any associa-
tion between variables. Kaplan–Meier statistics and Log--
rank test were used to study the impact of the different
clinical factors associated with OS on univariate analysis,
with significant variables (P < 0.05) being further tested
on a multivariate stepwise backward Cox regression
model. An entry threshold of 0.05 was used at each step
of the multivariate analysis, whereas variables with a
P-value >0.10 were removed from the model. Variables
emerging as independent predictors of survival at the last
step of the multivariate model were taken as significant
if the correspondent P-value was <0.10. For all the other
statistical tests, a P-value <0.05 was taken to be signifi-
cant. All statistical analyses were performed using SPSS

package version 11.5 5 (SPSS Inc., Chicago, IL, USA).

RESULTS

Demographics
The clinicopathological features of the derivation set are
illustrated in Table 1. Median age was 64 years (range
33–83). The majority of patients (67%) were classified as
intermediate stage HCC according to BCLC criteria, with
preserved liver function (Child–Turcotte–Pugh class A,
83%). The most common aetiology of cirrhosis was alco-
hol excess (36%) followed by hepatitis C infection (30%).
In total, 48% of patients received >1 TACE (range 1–5).
Minimum follow-up time was 3 months or until date of
death. At the time of analysis, 53% of patients had died.
Median OS was 16.9 months (5.4–28.4 months). Restag-
ing CT images were available in 95% of the patients. Of
the three patients without post-procedure radiological
assessment, two had died prior to restaging while for the
remaining patient imaging was performed elsewhere.
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tomography (CT). Outcomes following treatment were
reported by a senior radiologist blinded to clinical data
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The IBI was calculated as previously described.21
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ment were considered together and classified as having a
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lated from the time of the first TACE to the time of
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newly diagnosed HCC referred to the Catholic University
of Korea, St. Mary’s Hospital, Seoul between 06/2011
and 07/2012. Data collection was performed prospec-
tively. The TACE protocol agents used for the Korean
patients consisted in the infusion of doxorubicin (50 mg)
or combined epirubicin/cisplatin (50 + 60 mg) in a mix-
ture of lipiodol followed by gelatin sponge embolisation.
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with lipiodol and gelatin sponge particles. In both valida-
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ducted 6–8 weeks following TACE, in conjunction with
reassessment of the IBI.

The study was approved by the local Research Ethics
Committees. Prospective recruitment into the study fol-
lowed written informed consent in accordance to the
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Pearson v2 test was employed to assess for any associa-
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rank test were used to study the impact of the different
clinical factors associated with OS on univariate analysis,
with significant variables (P < 0.05) being further tested
on a multivariate stepwise backward Cox regression
model. An entry threshold of 0.05 was used at each step
of the multivariate analysis, whereas variables with a
P-value >0.10 were removed from the model. Variables
emerging as independent predictors of survival at the last
step of the multivariate model were taken as significant
if the correspondent P-value was <0.10. For all the other
statistical tests, a P-value <0.05 was taken to be signifi-
cant. All statistical analyses were performed using SPSS

package version 11.5 5 (SPSS Inc., Chicago, IL, USA).

RESULTS

Demographics
The clinicopathological features of the derivation set are
illustrated in Table 1. Median age was 64 years (range
33–83). The majority of patients (67%) were classified as
intermediate stage HCC according to BCLC criteria, with
preserved liver function (Child–Turcotte–Pugh class A,
83%). The most common aetiology of cirrhosis was alco-
hol excess (36%) followed by hepatitis C infection (30%).
In total, 48% of patients received >1 TACE (range 1–5).
Minimum follow-up time was 3 months or until date of
death. At the time of analysis, 53% of patients had died.
Median OS was 16.9 months (5.4–28.4 months). Restag-
ing CT images were available in 95% of the patients. Of
the three patients without post-procedure radiological
assessment, two had died prior to restaging while for the
remaining patient imaging was performed elsewhere.
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Table 1 | Demographic and clinical characteristics of patients with HCC treated with TACE (Derivation and validation
sets)

Baseline characteristic

Training set
n = 64 (%) or
median (range)

Validation Korea
n = 76 (%) or
median (range)

Validation Japan
n = 557 (%) or
median (range)

Age, years 64 (33–83) 58 (32–77) 73 (34–89)
Gender
Male 49 (90) 56 (74) 392 (70)
Female 15 (10) 20 (26) 165 (30)
Aetiology of chronic liver disease*
Hepatitis B virus 10 (15) 62 (81) 58 (20)
Hepatitis C virus 19 (30) 9 (11) 383 (60)
Alcohol consumption 23 (36) 16 (21) 99 (17)
Others 10 (15) 0 (0) 17 (3)
Unknown 8 (12) 4 (5) 0 (0)
Child–Turcotte–Pugh class
A5 19 (30) 39 (50) 267 (48)
A6 34 (53) 15 (19) 147 (25)
B7 8 (13) 7 (9) 84 (15)
B8 2 (3) 8 (9) 37 (7)
B9 1 (1) 7 (9) 14 (3)
Missing – – 8 (1)
Maximum tumour diameter
≤5 cm 26 (40) 41 (54) 477 (86)
>5 cm 38 (60) 35 (46) 80 (14)
Portal vein invasion
Absent 60 (94) 57 (75) 525 (94)
Present 4 (6) 19 (25) 32 (6)
Albumin, g/L 33 (23–43) 36 (26–46) 36 (20–50)
Total bilirubin, lmol/L 12 (4–124) 31 (2–165) 14 (3–70)
ALT, IU/L 64 (10–348) 57 (11–392) 37 (4–197)
AST, IU/L 71 (22–365) 50 (19–450) 49 (6–303)
ALP, IU/L 120 (53–563) 232 (94–906) 346 (108–1901)
AFP, ng/mL 49 (2–130.000) 32 (2–699.520) 27 (1–974.819)
INR 1.1 (1.0–1.4) 1.2 (0.8–2.0) 1.0 (1.0–2.0)
Platelet Count, 9109/L 152 (46–144) 110 (19–396) 115 (14–1653)
BCLC Stage
A 11 (17) 30 (40) 199 (36)
B 43 (67) 27 (35) 307 (55)
C 10 (16) 19 (25) 51 (9)
CLIP score
0–1 36 (58) 36 (48) N.A.
≥2 28 (42) 40 (52)
Inflammation-based index (IBI) at diagnosis
0 18 (28) 35 (42) 258 (46)
1 24 (37) 30 (40) 236 (42)
2 20 (31) 11 (14) 63 (12)
Missing 2 (4) – –
Number of TACE procedures
1 33 (52) 12 (16) 177 (31)
2 17 (26) 18 (24) 139 (25)
≥3 14 (22) 46 (60) 261 (44)
Prior treatments
First line TACE 37 (58) 68 (90) 239 (43)
Resection 5 (8) 8 (10) 73 (13)
Transplantation 2 (3) – 0 (0)
Radiofrequency ablation 10 (16) – 221 (40)

Aliment Pharmacol Ther 2014; 40: 1270-1281 1273

ª 2014 John Wiley & Sons Ltd

Inflammation-based index as a dynamic marker in HCC

Inflammatory response and clinical outcomes
Baseline and post-TACE IBI scores were available in 62
and 54 patients, respectively. The IBI was computed based
on the independent effect of hypoalbuminaemia (<35 g/
L) and elevated CRP (>10 mg/L) on patient’s OS.21 Eigh-
teen patients (29%) had a normal IBI score at baseline,
while 24 patients (39%) were allocated a score of 1 (inter-
mediate risk), and 20 (32%) a score of 2 (high risk).

Following TACE, no response to IBI was observed in
26/54 patients (47%): 11 maintained a score of 1 and 15
a score of 2. Worsening of IBI was noted in 16/54
patients, with 10 (17%) having a 1-point progression in
their IBI score following treatment, while another 6
(12%) had a 2-points progression. Seven patients (13%)
with an IBI of 0 retained normal levels of albumin and
CRP following treatment. Four patients (7%) had a
1-point regression of their score, while another 2 (4%)
had a 2-point regression. In total, 13 patients (24%) sat-
isfied the criteria for IBI normalisation, while the
remaining 41 (76%) were categorised as having a persis-
tently abnormal score following treatment.

Univariate analysis of survival revealed that patients
with an IBI of 1 or 2 at baseline had a median survival
of 16.9 (95% CI 9.4–24.4) and 10.3 (95% CI 7.6–12.9)
months, respectively, while for patients with an IBI score
of 0 median survival was not achieved at the end of fol-
low-up period (HR 4.2, 95% CI 2.1–8.3, P < 0.001) (Fig-
ure 1a). Patients having persistently abnormal IBI score
after TACE had a median OS of 11.3 months (95% CI
9.8–12.8 months) while for patients achieving normalisa-
tion of the index, median OS was not reached (HR 12.1,
95% CI 2.7–53.3; P < 0.001) (Figure 1b). Other univari-
ate predictors of survival included the extent of intrahe-
patic spread (P < 0.001), tumour size >5 cm (P = 0.01),
AFP >400 ng/mL (P = 0.002), advanced CLIP score

(P = 0.001), presence of portal vein thrombosis
(P = 0.05) and radiological response following TACE
(P < 0.001; Figure 1c).

On multivariate analysis, normalisation of IBI follow-
ing TACE was confirmed as an independent predictor of
OS (P = 0.003), together with radiological response
(P = 0.01), tumour size (P = 0.07), and portal vein
involvement (P = 0.04; Table 2). Normalisation of the
IBI following TACE was associated with higher rates of
radiological response to treatment according to mRE-
CIST criteria (P = 0.001; Figure 2a).

Validation of prognostic models
Independent validation of the dynamic changes in the
IBI following TACE. We assessed the prognostic ability of
the dynamic changes of the IBI following TACE in an
independently collected dataset of 76 consecutive patients
considered for TACE at St. Mary’s Hospital, Catholic Uni-
versity of Korea, whose baseline features are described
elsewhere23 and summarised in Table 1. Derivation and
validation set were similar with regard to overall survival
(median OS for the Korean cohort was 18.0 months,
range 14.4–21.6 months) and baseline clinicopathological
features but differed in terms of distribution of risk factors
for underlying liver disease with hepatitis B virus (HBV)
infection being most prevalent in the validation set
(n = 62, 81%). Notably, the Korean dataset had a signifi-
cantly higher prevalence of segmental portal vein invasion
(25%), rendering a quarter of the patients stage BCLC-C.

With regard to inflammatory scores 35 patients (46%)
had a normal IBI at baseline, while 30 had an IBI of 1
(40%) and 11 (14%) had an IBI of 2. Following treat-
ment 34 patients (45%) achieved IBI normalisation,
whereas 42 (55%) had a persistently abnormal IBI post--
TACE.

Table 1 | (Continued)

Baseline characteristic

Training set
n = 64 (%) or
median (range)

Validation Korea
n = 76 (%) or
median (range)

Validation Japan
n = 557 (%) or
median (range)

Systemic treatment 12 (19) – 24 (4)
Modified RECIST response following TACE
Complete response 9 (14) 22 (30) 218 (40)
Partial response 17 (28) 15 (19) 95 (17)
Stable disease 16 (26) 27 (35) 56 (10)
Progressive disease 19 (31) 12 (16) 179 (32)
Missing – 9 (2)
Overall survival, months 16.9 (5.4–28.4) 18.0 (14.4–21.6) 22.9 (1.1–102.5)

* Non cumulative percentages.
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Inflammatory response and clinical outcomes
Baseline and post-TACE IBI scores were available in 62
and 54 patients, respectively. The IBI was computed based
on the independent effect of hypoalbuminaemia (<35 g/
L) and elevated CRP (>10 mg/L) on patient’s OS.21 Eigh-
teen patients (29%) had a normal IBI score at baseline,
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months, respectively, while for patients with an IBI score
of 0 median survival was not achieved at the end of fol-
low-up period (HR 4.2, 95% CI 2.1–8.3, P < 0.001) (Fig-
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after TACE had a median OS of 11.3 months (95% CI
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(P = 0.05) and radiological response following TACE
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OS (P = 0.003), together with radiological response
(P = 0.01), tumour size (P = 0.07), and portal vein
involvement (P = 0.04; Table 2). Normalisation of the
IBI following TACE was associated with higher rates of
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Independent validation of the dynamic changes in the
IBI following TACE. We assessed the prognostic ability of
the dynamic changes of the IBI following TACE in an
independently collected dataset of 76 consecutive patients
considered for TACE at St. Mary’s Hospital, Catholic Uni-
versity of Korea, whose baseline features are described
elsewhere23 and summarised in Table 1. Derivation and
validation set were similar with regard to overall survival
(median OS for the Korean cohort was 18.0 months,
range 14.4–21.6 months) and baseline clinicopathological
features but differed in terms of distribution of risk factors
for underlying liver disease with hepatitis B virus (HBV)
infection being most prevalent in the validation set
(n = 62, 81%). Notably, the Korean dataset had a signifi-
cantly higher prevalence of segmental portal vein invasion
(25%), rendering a quarter of the patients stage BCLC-C.

With regard to inflammatory scores 35 patients (46%)
had a normal IBI at baseline, while 30 had an IBI of 1
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Among the 42 patients showing evidence of a persis-
tently abnormal IBI following treatment, 8 (20%)
retained a score of 2, 17 (40%) maintained a score of 1
while 14 patients (33%) displayed a 1-point worsening
and another 3 patients (7%) had a 2-point worsening
from baseline. The 34 patients who had evidence of
improved inflammatory scores post-TACE included 23

patients (29%) with a baseline IBI of 0 that remained
unmodified post-TACE, and another 11 patients (14%)
who achieved a 1-point regression from their baseline
score: such regression was based on improvement in
albumin concentration to ≥35 g/L in five patients and
improved CRP concentration to <10 mg/L post-TACE in
another 6.

(a) (b)

(c)

Figure 1 | Kaplan–Meier curve analysis showing the effect of baseline IBI (a), dynamic changes of the IBI post-TACE
(Delta IBI, b) and modified RECIST based tumour response following TACE (c) as predictors of overall survival in HCC
(Derivation Set).

Aliment Pharmacol Ther 2014; 40: 1270-1281 1275

ª 2014 John Wiley & Sons Ltd

Inflammation-based index as a dynamic marker in HCC

Analysis of survival of the Korean cohort confirmed
baseline IBI (P < 0.001), radiological response following
TACE (P < 0.001) and normalisation of the IBI follow-
ing TACE (P < 0.001) as validated predictors of OS.
With regard to pre-treatment IBI, patients scoring 0 had
a median survival of 33.0 months (95% CI 13.3–
52.6 months) compared to 18.2 months (95% CI 8.8–
27.6 months) of patients scoring 1 and 8.6 months (95%
CI 4.9–12.2 months) of patients scoring 2 (HR 2.4 95%
CI 1.6–3.6, P < 0.001) (Figure 3a). With regard to IBI
changes following TACE, patients achieving normalisa-
tion of the score had a median OS of 33.0 months (95%
CI 15–51 months), while patients with a persistently
abnormal index despite treatment had a median OS of
11.0 months (6.7–15.3 months, HR 3.0 95% CI 1.7–5.5,

P < 0.001) (Figure 3b). Patients achieving IBI normalisa-
tion post-TACE were more likely to have favourable
radiological response to treatment (P = 0.03; Figure 2b).

The second validation cohort of 577 Japanese patients,
whose features are listed in Table 1, had a median OS of
22.9 months (range 1.1–102.5 months) with 290 deaths
(52%) recorded at the time of data analysis. HCV infec-
tion was the most prevalent recorded risk factor for
HCC (n = 383, 60%), These patients were predominantly
Child–Pugh A (73%) within BCLC-B stage (55%) with a
limited proportion of patients exceeding intermediate
stage criteria (9%). Measurement of the IBI at diagnosis,
adjusted for the hsCRP cut-off value of 3 mg/L, showed
46% of the patients scoring 0, followed by 42% scoring 1
and 12% scoring 2. Both albumin <35 g/L (P < 0.001)

Table 2 | Univariate and multivariate analysis of prognostic factors of overall survival (Derivation Set).

Univariate analysis Multivariate analysis

Variable N = 64 (%) Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Intrahepatic spread
Uninodular <50% 23 (36) 2.3 (1.3–4.2) <0.001*
Multinodular <50% 28 (44)
Massive ≥50% 13 (20)
Maximum tumour diameter
<5 cm 27 (43) 3.4 (1.6–7.3) 0.01* 2.3 (1.0–5.6) 0.07#

≥5 cm 37 (57)
AFP, ng/mL
<400 49 (77) 3.0 (1.5–6.3) 0.002*
≥400 15 (23)
CLIP score*
0 16 (25) 2.3 (1.5–2.5) 0.001*
1 20 (31)
2 20 (31)
3 5 (8)
4–5 3 (5)
Portal vein involvement
Absent 60 (94) 2.7 (1.0–8.0) 0.05* 4.1 (1.0–16.5) 0.04#

Present 4 (6)
Radiological response
CR 9 (15) 0.4 (0.3–0.6) <0.001* 0.5 (0.3–0.8) 0.01#

PR 17 (28)
SD 16 (26)
PD 19 (31)
IBI post-TACE
Normalised 13 (24) 12.1 (2.7–53.3) <0.001* 3.6 (1.6–8.3) 0.003#

Persistently elevated 41 (76)

AFP, alpha-fetoprotein; CLIP, Cancer of the Liver Italian Program Score; Radiological Response: CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease.

For survival analysis, patients with CLIP score of 4 (n = 2) and 5 (n = 1) were considered together. Associations reaching statisti-
cal significance (P < 0.05) are marked with an asterisk (*).Variables emerging as independent predictors of survival at the last
step of the stepwise regression Cox model were considered significant if the corresponding P-value was <0.10 and marked with
an ash (#). The cut-off values for AFP and intrahepatic spread follow the CLIP prognostic scores.
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Among the 42 patients showing evidence of a persis-
tently abnormal IBI following treatment, 8 (20%)
retained a score of 2, 17 (40%) maintained a score of 1
while 14 patients (33%) displayed a 1-point worsening
and another 3 patients (7%) had a 2-point worsening
from baseline. The 34 patients who had evidence of
improved inflammatory scores post-TACE included 23
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unmodified post-TACE, and another 11 patients (14%)
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and hsCRP >3 mg/L (P < 0.001) were preliminarily
tested in this cohort and confirmed as prognostic mark-
ers in keeping with previously published work.24, 25

Reassessment of the IBI following TACE could be per-
formed in 487 subjects: 215 clustered into the good
prognosis category (44%), while 272 (56%) showed wors-
ening of IBI. Of the 215 with improved IBI after TACE,
5 (2%) patients had an improvement in both albumin
and hsCRP, 39 patients (18%) normalised their hsCRP
while two patients (1%) normalised their albumin levels.
The remaining 169 in the good prognostic group main-
tained persistently normal albumin and hsCRP following
TACE (78%).

The 272 patients showing progressive IBI after TACE
included 10 patients with a 2-point progression (4%), 50
(18%) with a worse hsCRP, 38 (14%) with a worse albu-
min while the remaining 174 (64%) patients demon-
strated a stable, persistently deranged IBI score of either
1 or 2 post-TACE. Analysis of survival confirmed the
baseline IBI as a strong predictor of survival: median OS
for IBI 0 patient was 49.6 months (95% CI 45.7–
53.4 months) compared with 35 months of IBI 1
patients (95% CI 28.8–41.3 months) and 20 months
(95% CI 9.9–30.1 months) for IBI 2 patients (HR 1.6
95% CI 1.4–1.9, P < 0.001; Figure 3c). Similarly, IBI
changes post-TACE predictor for a median OS of
46.4 months (95% CI 39.5–53.2 months) for patients
achieving normalisation of the score, while patients with
a persistently abnormal index despite treatment had a
median OS of 31.5 months (23.4–39.5 months, HR 1.6
95% CI 1.2–2.0, P < 0.001; Figure 3d).

Using a stepwise backwards Cox regression model, an
independent effect on patients’ survival was confirmed
for BCLC stage (HR 1.5, 95% CI 1.2–1.9, P < 0.001),
mRECIST response (HR 1.6, 95% CI 1.5–1.8, P < 0.001)
and either baseline IBI (HR 1.5, 95% CI 1.3–1.8
P < 0.001) or IBI changes post-TACE (HR 1.6, 95% CI
1.3–2.1, P < 0.001), tested alternatively in separate mod-
els to avoid colinearity bias.

DISCUSSION
Patient selection is a consolidated concept in oncology
and governs the delicate balance between the administra-
tion of potentially toxic treatments with the expected
benefits in terms of survival extension and symptomatic
control. TACE is a relatively safe treatment for interme-
diate stage HCC. However, complications like post-em-
bolisation syndrome can effect up to 50% of patients
who may incur into acute liver failure, with an associated
risk of post-procedure mortality.26 There is a growing
interest to discover novel biomarkers to predict treat-
ment-induced survival benefit, with the expected intent
of avoiding unjustifiable morbidity and mortality in an
essentially palliative population.27

Following from our previous experience on the inter-
play between systemic inflammation and the prognosis
of HCC, we hypothesised whether IBI could optimise the
selection of patients undergoing TACE, a patient sub-
group with varying tumour burden where predicted sur-
vival can be particularly variable.28

We have demonstrated that pre-treatment IBI is an
independent prognostic marker in patients receiving

(a) (b)

Figure 2 | Diagram illustrating the relationship between modified RECIST outcomes at 6 weeks post-TACE in the
Derivation Set (a) and 8 weeks post-TACE in the Validation Set (Korea) (b).
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TACE. This finding further validates systemic inflamma-
tion, as reflected by hypoalbuminaemia and elevated CRP,
are prognostic across all stages of HCC, consistent with
previous studies in early29 and advanced stage disease.30

A growing body of evidence has demonstrated an
association between a systemic inflammatory response
with adverse clinical features such as cancer-related

cachexia, a complex metabolic and nutritional derange-
ment that correlates negatively with cancer patients’
prognosis31 including HCC.25 However, a complete
understanding of the molecular drivers involved in such
reaction is yet to be fully elucidated. Genomic signature
data suggest that systemic inflammation is sustained
both by the tumour and its surrounding microenviron-

(b)

(d)(c)

(a)

Figure 3 | Kaplan–Meier curve analysis showing the effect of baseline IBI (a), dynamic changes of the IBI post-TACE
(Delta IBI, b) as predictors of overall survival in the Korean Validation Set. (c, d) the effect on overall survival of
baseline IBI and its dynamic changes post-TACE respectively in the Japanese Validation Set.
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and hsCRP >3 mg/L (P < 0.001) were preliminarily
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P < 0.001) or IBI changes post-TACE (HR 1.6, 95% CI
1.3–2.1, P < 0.001), tested alternatively in separate mod-
els to avoid colinearity bias.

DISCUSSION
Patient selection is a consolidated concept in oncology
and governs the delicate balance between the administra-
tion of potentially toxic treatments with the expected
benefits in terms of survival extension and symptomatic
control. TACE is a relatively safe treatment for interme-
diate stage HCC. However, complications like post-em-
bolisation syndrome can effect up to 50% of patients
who may incur into acute liver failure, with an associated
risk of post-procedure mortality.26 There is a growing
interest to discover novel biomarkers to predict treat-
ment-induced survival benefit, with the expected intent
of avoiding unjustifiable morbidity and mortality in an
essentially palliative population.27

Following from our previous experience on the inter-
play between systemic inflammation and the prognosis
of HCC, we hypothesised whether IBI could optimise the
selection of patients undergoing TACE, a patient sub-
group with varying tumour burden where predicted sur-
vival can be particularly variable.28

We have demonstrated that pre-treatment IBI is an
independent prognostic marker in patients receiving

(a) (b)

Figure 2 | Diagram illustrating the relationship between modified RECIST outcomes at 6 weeks post-TACE in the
Derivation Set (a) and 8 weeks post-TACE in the Validation Set (Korea) (b).
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tion, as reflected by hypoalbuminaemia and elevated CRP,
are prognostic across all stages of HCC, consistent with
previous studies in early29 and advanced stage disease.30

A growing body of evidence has demonstrated an
association between a systemic inflammatory response
with adverse clinical features such as cancer-related

cachexia, a complex metabolic and nutritional derange-
ment that correlates negatively with cancer patients’
prognosis31 including HCC.25 However, a complete
understanding of the molecular drivers involved in such
reaction is yet to be fully elucidated. Genomic signature
data suggest that systemic inflammation is sustained
both by the tumour and its surrounding microenviron-

(b)

(d)(c)

(a)

Figure 3 | Kaplan–Meier curve analysis showing the effect of baseline IBI (a), dynamic changes of the IBI post-TACE
(Delta IBI, b) as predictors of overall survival in the Korean Validation Set. (c, d) the effect on overall survival of
baseline IBI and its dynamic changes post-TACE respectively in the Japanese Validation Set.

1278 Aliment Pharmacol Ther 2014; 40: 1270-1281

ª 2014 John Wiley & Sons Ltd

D. J. Pinato et al.

— 469 —



ment,32 where subtle changes in the immune response
may confer survival advantage to the proliferating neo-
plastic clones through the activation of inflammatory
pathways.33 Similarly, modulation of the host’s immune
response may also be involved in facilitating tumour cell
evasion from immunological clearance, therefore contrib-
uting to adverse outcomes.34–36

Recent studies have shown that systemic inflammation
is not a static phenomenon in cancer, but can be poten-
tially dampened through active treatment.37–39 In our
study, we found that normalisation of the IBI following
initial TACE is significantly associated with objective
tumour response and survival benefit. This is in keeping
with previous studies showing that treatment-induced
changes in the blood neutrophil to lymphocyte ratio
(NLR), another biomarker of systemic inflammation, can
predict survival after TACE.40

A number of studies have shown that TACE can
directly modulate both innate and adaptive immunity,
and some studies have linked the emergence of specific
T-cell responses following TACE with improved clinical
outcomes.41 Interestingly, the systemic release of lym-
phocyte T-helper 2 cytokines such as interleukin 4, 5
and 10 which suppress anti-tumour response, is sus-
tained after TACE and more prominent in larger
tumours.23 This data suggest an important link between
the systemic release of pro-inflammatory cytokines and
clinical outcome, which may provide further mechanistic
insight into the prognostic significance we observed for
IBI changes following treatment. Despite the established
prognostic relationship between pro-inflammatory cyto-
kines, systemic inflammation, angiogenesis and immune
system dysfunction,14, 42 further research is required to
define distinct cytokine signalling pathways responsible
for the inflammatory-driven deterioration in patients’
prognosis, especially as it may yield a potential therapeu-
tic strategy in HCC.

One of the crucial steps before a newly discovered
prognostic biomarker is integrated into routine practice
is the need for statistical validation. For this purpose, we
opted to replicate our survival analysis across two inde-
pendent patient cohorts with differing aetiologies and
staging, with 25% of the Korean patients exceeding inter-
mediate stage criteria. While the presence of extrahepatic
spread generally discourages the use of locoregional
treatments, the growing experience of delivering TACE
in advanced disease has made it possible to achieve a
significant, although smaller, survival benefit in BCLC-C
patients.43 Although technically feasible, the provision of
TACE in patients exceeding BCLC-B criteria competes

with other treatments like radioembolisation or sorafe-
nib, lacking direct comparison in randomised controlled
trials. Our study provides evidence for IBI changes as a
reliable prognostic trait in patients that fulfil or exceed
BCLC-B criteria.

Taken together, our findings reinforce the concept
that the IBI is a validated prognostic model across both
Eastern and Western populations where prognosis can
be dissimilar as a result of differing risk factors, tumour
phenotype and clinical management.44 The relatively
limited sample size stands as a limitation of our study,
which we overcame by cross-validation. Given that the
majority of patient data were collected retrospectively we
could not accurately reconstruct whether patients were
offered any anti-inflammatory agents either prior to or
post-TACE. However, the fact that the IBI and its
dynamic changes emerged as independent predictors of
survival in different cohorts gives us no reason to suspect
systematic bias. Similarly, the measurement of CRP was
different across laboratories. However, we validated the
prognostic impact of an hsCRP based IBI showing that
normalisation of CRP and albumin persists as a highly
significant predictor of survival in HCC regardless of the
methodology used to test these analytes. The level of sta-
tistical significance achieved in all the tested datasets
leaves in fact little doubt about the reliability and repro-
ducibility of our findings.

To conclude, this is the first multi-institutional study
to independently and prospectively validate the prognos-
tic ability of the IBI and its dynamic changes following
treatment in HCC patients being considered for TACE.
Our study illustrates that the reversal of cancer-related
inflammation, as measured by the IBI is associated with
better response rates and improved survival, and can be
used to select patients who may benefit from repeat
TACE, protecting the others from unnecessary risks and
adverse events. Sequential assessment of the IBI score
may integrate the eligibility assessment for retreatment
after initial TACE. IBI-based progression may in fact
serve as a surrogate biomarker of chemoembolisation
failure, prompting clinicians to consider switching to
alternative treatments including sorafenib.

Unlike other clinical scores that are being developed
as potential objective biomarkers to optimise the retreat-
ment of patients with intermediate stage HCC,45, 46 the
IBI is much simpler to calculate, universally available,
even in areas with limited healthcare resources, and its
prognostic power is independent from imaging. More-
over, unlike some of the proposed scores,24 the IBI is
optimally conceived for sequential reassessment, with its
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dynamic changes reflecting disease modifying effects fol-
lowing treatment. While provocative, our findings
require validation in larger prospective cohorts.
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ment,32 where subtle changes in the immune response
may confer survival advantage to the proliferating neo-
plastic clones through the activation of inflammatory
pathways.33 Similarly, modulation of the host’s immune
response may also be involved in facilitating tumour cell
evasion from immunological clearance, therefore contrib-
uting to adverse outcomes.34–36

Recent studies have shown that systemic inflammation
is not a static phenomenon in cancer, but can be poten-
tially dampened through active treatment.37–39 In our
study, we found that normalisation of the IBI following
initial TACE is significantly associated with objective
tumour response and survival benefit. This is in keeping
with previous studies showing that treatment-induced
changes in the blood neutrophil to lymphocyte ratio
(NLR), another biomarker of systemic inflammation, can
predict survival after TACE.40

A number of studies have shown that TACE can
directly modulate both innate and adaptive immunity,
and some studies have linked the emergence of specific
T-cell responses following TACE with improved clinical
outcomes.41 Interestingly, the systemic release of lym-
phocyte T-helper 2 cytokines such as interleukin 4, 5
and 10 which suppress anti-tumour response, is sus-
tained after TACE and more prominent in larger
tumours.23 This data suggest an important link between
the systemic release of pro-inflammatory cytokines and
clinical outcome, which may provide further mechanistic
insight into the prognostic significance we observed for
IBI changes following treatment. Despite the established
prognostic relationship between pro-inflammatory cyto-
kines, systemic inflammation, angiogenesis and immune
system dysfunction,14, 42 further research is required to
define distinct cytokine signalling pathways responsible
for the inflammatory-driven deterioration in patients’
prognosis, especially as it may yield a potential therapeu-
tic strategy in HCC.

One of the crucial steps before a newly discovered
prognostic biomarker is integrated into routine practice
is the need for statistical validation. For this purpose, we
opted to replicate our survival analysis across two inde-
pendent patient cohorts with differing aetiologies and
staging, with 25% of the Korean patients exceeding inter-
mediate stage criteria. While the presence of extrahepatic
spread generally discourages the use of locoregional
treatments, the growing experience of delivering TACE
in advanced disease has made it possible to achieve a
significant, although smaller, survival benefit in BCLC-C
patients.43 Although technically feasible, the provision of
TACE in patients exceeding BCLC-B criteria competes

with other treatments like radioembolisation or sorafe-
nib, lacking direct comparison in randomised controlled
trials. Our study provides evidence for IBI changes as a
reliable prognostic trait in patients that fulfil or exceed
BCLC-B criteria.

Taken together, our findings reinforce the concept
that the IBI is a validated prognostic model across both
Eastern and Western populations where prognosis can
be dissimilar as a result of differing risk factors, tumour
phenotype and clinical management.44 The relatively
limited sample size stands as a limitation of our study,
which we overcame by cross-validation. Given that the
majority of patient data were collected retrospectively we
could not accurately reconstruct whether patients were
offered any anti-inflammatory agents either prior to or
post-TACE. However, the fact that the IBI and its
dynamic changes emerged as independent predictors of
survival in different cohorts gives us no reason to suspect
systematic bias. Similarly, the measurement of CRP was
different across laboratories. However, we validated the
prognostic impact of an hsCRP based IBI showing that
normalisation of CRP and albumin persists as a highly
significant predictor of survival in HCC regardless of the
methodology used to test these analytes. The level of sta-
tistical significance achieved in all the tested datasets
leaves in fact little doubt about the reliability and repro-
ducibility of our findings.

To conclude, this is the first multi-institutional study
to independently and prospectively validate the prognos-
tic ability of the IBI and its dynamic changes following
treatment in HCC patients being considered for TACE.
Our study illustrates that the reversal of cancer-related
inflammation, as measured by the IBI is associated with
better response rates and improved survival, and can be
used to select patients who may benefit from repeat
TACE, protecting the others from unnecessary risks and
adverse events. Sequential assessment of the IBI score
may integrate the eligibility assessment for retreatment
after initial TACE. IBI-based progression may in fact
serve as a surrogate biomarker of chemoembolisation
failure, prompting clinicians to consider switching to
alternative treatments including sorafenib.

Unlike other clinical scores that are being developed
as potential objective biomarkers to optimise the retreat-
ment of patients with intermediate stage HCC,45, 46 the
IBI is much simpler to calculate, universally available,
even in areas with limited healthcare resources, and its
prognostic power is independent from imaging. More-
over, unlike some of the proposed scores,24 the IBI is
optimally conceived for sequential reassessment, with its

Aliment Pharmacol Ther 2014; 40: 1270-1281 1279

ª 2014 John Wiley & Sons Ltd

Inflammation-based index as a dynamic marker in HCC

dynamic changes reflecting disease modifying effects fol-
lowing treatment. While provocative, our findings
require validation in larger prospective cohorts.
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Abstract
Colitis-associated cancer (CAC) is caused by chronic intestinal inflammation and is reported to be associated

with refractory inflammatory bowel disease (IBD). Defective apoptosis of inflammatory cell populations seems to
be a relevant pathogenetic mechanism in refractory IBD. We assessed the involvement of stress response protein
cold-inducible RNA-binding protein (Cirp) in the development of intestinal inflammation andCAC. In the colonic
mucosa of patients with ulcerative colitis, expression of Cirp correlated significantly with the expression of TNFa,
IL23/IL17, antiapoptotic proteins Bcl-2 and Bcl-xL, and stem cell markers such as Sox2, Bmi1, and Lgr5. The
expression of Cirp and Sox2 was enhanced in the colonic mucosae of refractory ulcerative colitis, suggesting that
Cirp expressionmight be related to increased cancer risk. In humanCACspecimens, inflammatory cells expressed
Cirp protein. Cirp�/� mice given dextran sodium sulfate exhibited decreased susceptibility to colonic inflam-
mation through decreased expression of TNFa, IL23, Bcl-2, and Bcl-xL in colonic lamina propria cells compared
with similarly treatedwild-type (WT)mice. In themurine CACmodel, Cirp deficiency decreased the expression of
TNFa, IL23/IL17, Bcl-2, Bcl-xL, and Sox2 and the number of Dclk1þ cells, leading to attenuated tumorigenic
potential. Transplantation of Cirp�/� bone marrow into WT mice reduced tumorigenesis, indicating the
importance of Cirp in hematopoietic cells. Cirp promotes the development of intestinal inflammation and
colorectal tumors through regulating apoptosis and production of TNFa and IL23 in inflammatory cells. Cancer
Res; 74(21); 6119–28. �2014 AACR.

Introduction
The inflammatory bowel diseases (IBD)—ulcerative colitis

and Crohn disease—are thought to result from aberrant acti-
vation of the intestinal mucosal immune system (1). Although
the pathogenesis of IBD remains unclear, a number of studies
have suggested the involvement of abnormal apoptosis in
intestinal epithelial cells, resulting from increased production
of cytokines, such as TNF, ILs, and IFNs (2). TNFa is a key
mediator of inflammation in IBD and has been the primary
target of biologic therapies (3). This cytokine induces inflam-
mation by promoting the production of IL1b and IL6, expres-
sion of adhesion molecules, proliferation of fibroblasts, acti-
vation of procoagulant factors, and cytotoxicity of the acute

phase response (4). The IL23/TH17 (T-helper IL17–producing
cell) pathway has been identified to play a critical role in IBD.
IL23 has been shown to promote the expansion of a distinct
lineage of TH17 cells that are characterized by production of a
number of specific cytokines not produced by TH1 or TH2 cells,
including IL17A, IL17F, IL21, and IL22 (5). IL23/IL17 signaling
enhances the immunosuppressive activity of regulatory T cells
and reduces CD8þ cells in tumor, leading to enhanced tumor
initiation and promotion (6, 7). Recently, a study has suggested
that colorectal cancer tissue–derived Foxp3þ IL17þ cells have
the capacity to induce cancer-initiating cells in vitro (8). The
most conspicuous link between inflammation and colon can-
cer is seen in patients with IBD (9), and development of
colorectal cancer is one of the most serious complications of
IBD, which is also referred to as colitis-associated cancer (CAC;
ref. 10). Thus, it is of great importance to improve our under-
standing of the molecular link between chronic inflammation
and CAC to identify a target molecule with therapeutic poten-
tial for the treatment of IBD and prevention of CAC.

It is widely accepted that most tumors harbor cancer stem
cells, which are crucial for a tumor's evolutionary capability.
Cancer stem cells resemble normal stem cells in their capacity
to self-renew and continuously replenish tumor progeny
(11, 12). The G-protein–coupled receptor Lgr5 and the poly-
comb group protein Bmi1 are 2 recently described molecular
markers of the self-renewing multipotent adult stem cell
populations residing in intestinal crypts that mediate regen-
eration of the intestinal epithelium (13, 14). Pluripotency-
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Abstract
Colitis-associated cancer (CAC) is caused by chronic intestinal inflammation and is reported to be associated

with refractory inflammatory bowel disease (IBD). Defective apoptosis of inflammatory cell populations seems to
be a relevant pathogenetic mechanism in refractory IBD. We assessed the involvement of stress response protein
cold-inducible RNA-binding protein (Cirp) in the development of intestinal inflammation andCAC. In the colonic
mucosa of patients with ulcerative colitis, expression of Cirp correlated significantly with the expression of TNFa,
IL23/IL17, antiapoptotic proteins Bcl-2 and Bcl-xL, and stem cell markers such as Sox2, Bmi1, and Lgr5. The
expression of Cirp and Sox2 was enhanced in the colonic mucosae of refractory ulcerative colitis, suggesting that
Cirp expressionmight be related to increased cancer risk. In humanCACspecimens, inflammatory cells expressed
Cirp protein. Cirp�/� mice given dextran sodium sulfate exhibited decreased susceptibility to colonic inflam-
mation through decreased expression of TNFa, IL23, Bcl-2, and Bcl-xL in colonic lamina propria cells compared
with similarly treatedwild-type (WT)mice. In themurine CACmodel, Cirp deficiency decreased the expression of
TNFa, IL23/IL17, Bcl-2, Bcl-xL, and Sox2 and the number of Dclk1þ cells, leading to attenuated tumorigenic
potential. Transplantation of Cirp�/� bone marrow into WT mice reduced tumorigenesis, indicating the
importance of Cirp in hematopoietic cells. Cirp promotes the development of intestinal inflammation and
colorectal tumors through regulating apoptosis and production of TNFa and IL23 in inflammatory cells. Cancer
Res; 74(21); 6119–28. �2014 AACR.

Introduction
The inflammatory bowel diseases (IBD)—ulcerative colitis

and Crohn disease—are thought to result from aberrant acti-
vation of the intestinal mucosal immune system (1). Although
the pathogenesis of IBD remains unclear, a number of studies
have suggested the involvement of abnormal apoptosis in
intestinal epithelial cells, resulting from increased production
of cytokines, such as TNF, ILs, and IFNs (2). TNFa is a key
mediator of inflammation in IBD and has been the primary
target of biologic therapies (3). This cytokine induces inflam-
mation by promoting the production of IL1b and IL6, expres-
sion of adhesion molecules, proliferation of fibroblasts, acti-
vation of procoagulant factors, and cytotoxicity of the acute

phase response (4). The IL23/TH17 (T-helper IL17–producing
cell) pathway has been identified to play a critical role in IBD.
IL23 has been shown to promote the expansion of a distinct
lineage of TH17 cells that are characterized by production of a
number of specific cytokines not produced by TH1 or TH2 cells,
including IL17A, IL17F, IL21, and IL22 (5). IL23/IL17 signaling
enhances the immunosuppressive activity of regulatory T cells
and reduces CD8þ cells in tumor, leading to enhanced tumor
initiation and promotion (6, 7). Recently, a study has suggested
that colorectal cancer tissue–derived Foxp3þ IL17þ cells have
the capacity to induce cancer-initiating cells in vitro (8). The
most conspicuous link between inflammation and colon can-
cer is seen in patients with IBD (9), and development of
colorectal cancer is one of the most serious complications of
IBD, which is also referred to as colitis-associated cancer (CAC;
ref. 10). Thus, it is of great importance to improve our under-
standing of the molecular link between chronic inflammation
and CAC to identify a target molecule with therapeutic poten-
tial for the treatment of IBD and prevention of CAC.

It is widely accepted that most tumors harbor cancer stem
cells, which are crucial for a tumor's evolutionary capability.
Cancer stem cells resemble normal stem cells in their capacity
to self-renew and continuously replenish tumor progeny
(11, 12). The G-protein–coupled receptor Lgr5 and the poly-
comb group protein Bmi1 are 2 recently described molecular
markers of the self-renewing multipotent adult stem cell
populations residing in intestinal crypts that mediate regen-
eration of the intestinal epithelium (13, 14). Pluripotency-
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associated transcription factors like Sox2 are known to regu-
late cellular identity in embryonic stem cells. Sox2 expression
specifically increased the numbers of stem cells and repressed
Cdx2, amaster regulator of endodermal identity. In vivo studies
demonstrated that Sox21, another member of the SoxB gene
family, was a specific, immediate, and cell-autonomous target
of Sox2 in intestinal stem cells (15). Sox2 participates in the
reprogramming of adult somatic cells to a pluripotent stemcell
state and is implicated in tumorigenesis in various organs (16).

Cold-inducible RNA-binding protein (Cirp, also called Cirbp
or hnRNP A18) was originally identified in the testis as the first
mammalian cold shock protein (17) and is suggested to
mediate the preservation of neural stem cells (18). Cirp is
induced by cellular stresses such as UV irradiation and hypoxia
(19–21). In response to the stress, Cirp, which migrates from
the nucleus to the cytoplasm, affects posttranscription expres-
sion of its target mRNAs (22–24) and functions as a damage-
associated molecular pattern molecule that promotes inflam-
matory responses when present extracellularly (25). Cirp also
affects cell growth and cell death induced by TNFa or geno-
toxic stress (26, 27). However, the involvement of Cirp in colitis
and CAC is not well understood.

Here, we examined whether Cirp plays a role in inflamma-
tory immune responses and tumorigenesis in the gut by using a
murine CACmodel of Cirp-deficient (Cirp�/�) mice and found
that Cirp promoted colitis and colorectal tumorigenesis by
inhibiting apoptosis and increasing TNFa and IL23 production
in inflammatory cells. In patients with ulcerative colitis, refrac-
tory inflammation is associatedwith increased Cirp expression
in the colonic mucosa, which would increase the risk for CAC.
This study represents the first report of the functional link
between Cirp and intestinal tumorigenesis.

Materials and Methods
Human tissue samples

In total, 236 colonic mucosa specimens were obtained by
endoscopy or surgery from patients with ulcerative colitis,
including 67 cases of refractory ulcerative colitis, 98 cases of
nonrefractory active ulcerative colitis, and 20 cases in remis-
sion, as well as 21 colonic mucosa of patients with Crohn
disease and 30 normal colonic mucosa specimens from con-
trols without IBD. Refractory ulcerative colitis was defined
according to endoscopic criteria and categorized as being
active for more than 6 months. Active inflammation was
defined as Mayo endoscopic score �2. CAC specimens were
obtained from 10 patients who had undergone colorectal
resection. The clinical study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the relevant institutional review boards.

Mice and treatment
Cirp�/�mice showing neither gross abnormality nor colonic

inflammation were used as a murine CAC model. The gener-
ation of Cirp�/� mice has been described previously (28). Sex-
and age-matched C57BL/6 wild-type (WT) and Cirp�/� mice
(8–12 weeks old) received 2.5% (w/v) dextran sodium sulfate
(DSS; molecular weight, 36,000–50,000 kDa; MP Biomedicals)

in drinking water. Mice were intrapertioneally injected with 20
mg/kg anti- TNFa antibody (#16-7423, eBioscience) or an IgG
isotype control before DSS treatment.

Isolation of lamina propria cells was performed as described
previously (29). The isolated cells were sorted using immuno-
magnetic beads coated with monoclonal antibodies against
CD11b (MACS Beads, Miltenyi Biotec) with the help of a
separation column and a magnetic separator from the same
company in accordance with the manufacturer's recommen-
dations for isolating murine macrophages.

As the protocol for the murine CAC model, mice were
intraperitoneally injected with 12.5 mg/kg azoxymethane
(AOM; Sigma-Aldrich). After 5 days, 2.0% DSS was included
in the drinking water for 5 days, followed by 16 days of regular
water. This cycle was repeated 3 times. Then, 1.5% DSS was
included in the drinking water for 4 days, followed by 7 days of
regular water. Upon sacrifice, the colon was excised from the
ileocecal junction to the anus, cut open longitudinally, and
prepared for histologic evaluation. Colons were assessed mac-
roscopically for polyps under a dissecting microscope.

Bone marrow transplantation (BMT) experiments were
performed as previously described, with slight modifications
(30). Bone marrow from the tibia and femur was washed twice
inHank balanced salt solution, and 107 bonemarrow cells were
injected into the tail vein of lethally irradiated (11 Gy) recipient
mice. Eight weeks posttransplantation, the mice were sub-
jected to the murine CAC protocol. Bone marrow cells were
grown in culture dishes in the presence of macrophage colony-
stimulating factor (M-CSF; 10 ng/mL) and then differentiated
to bone marrow–derived macrophages in 10 days. All animal
procedures were performed according to approved protocols
and in accordance with the recommendations for the proper
care and use of laboratory animals. The animal study protocol
was approved by the Medical Ethics Committee of Kinki
University School of Medicine (Osaka-Sayama, Japan).

Colonic injury scoring
Excised colons were rolled up and fixed in 10% formalde-

hyde, embedded in paraffin, and stained with hematoxylin and
eosin (H&E). The degree of colonic injury was assessed by
histologic scoring as described previously (31), with minor
modifications. The protocol is described in detail in Supple-
mentary Materials and Methods.

Biochemical and immunochemical analyses
Real-time qPCR, immunoblotting, and immunohistochem-

istry were previously described (32). Primer sequences are
given in Supplementary Materials and Methods. The following
antibodies were used: anti-actin and anti-DCAMLK1 (Dclk1)
from Sigma-Aldrich; anti-Bcl-2, anti-phospho-IkBa, anti-
IkBa, anti-phospho-ERK, anti-ERK, anti-Sox2, anti-E-cad-
herin, anti-PCNA from Cell Signaling; and anti-F4/80 from
eBioscience. Generation of anti-Cirp polyclonal antibody was
previously described (28). Immunohistochemistry was per-
formed using ImmPRESS reagents (Vector Laboratory) accord-
ing to the manufacturer's recommendations. Immunofluores-
cent terminal deoxynucleotidyl transferase–mediated dUTP
nick end labeling (TUNEL) staining was performed to measure
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apoptosis in paraffin-embedded sections using the In Situ
Apoptosis Detection Kit as described by the manufacturer
(Takara). Nuclei were stained with 4,60-diamidino-2-phenylin-
dole to count the total cells per crypt. A minimum of 10 crypts
were counted per section.

Statistical analysis
Differences were analyzed using the Student t test. To

compare variables of more than 2 conditions, ANOVO with
post hoc Tukey–Kramer honestly significant difference (HSD)
multiple comparison was applied. The relationship between
the expression of several geneswas analyzed by Spearman rank
correlation test. P < 0.05 was considered significant.

Results
Correlation of Cirp expression with TNFa, IL23/IL17,
Bcl-2, and stem cell marker expression in patients with
IBD
Cirp expression correlated weakly but significantly with

TNFa with a linear coefficient of 0.26 in the colonic mucosa
of patients with ulcerative colitis (Supplementary Fig. S1A). In
patients with Crohn disease, Cirp expression did not signifi-
cantly correlate with TNFa (data not shown) probably because
the majority of patients with Crohn disease enrolled in this
study had undergone anti-TNFa therapy. IL23p19 is the specific
subunit of IL23, a positive regulator of TH17 and other IL17-
producing cells (5). A significant correlationwas found between
Cirp and IL17A or IL23p19 mRNA expression in patients with
ulcerative colitis (Supplementary Fig. S1B and S1C) and in
patients with Crohn disease (Supplementary Fig. S2A).
Defective apoptosis of inflammatory cell populations regu-

lated by Bcl-2 seems to be a relevant pathogenetic mechanism
in IBD (33, 34). There was a significant correlation between
Cirp and Bcl-2 expression with a linear coefficient of 0.76 in
patients with ulcerative colitis and with a linear coefficient of
0.60 in patients with Crohn disease (Fig. 1A and Supplementary
Fig. S2B). Expression of Bcl-xL, another antiapoptotic protein,
was significantly correlated with that of Cirp with a linear
coefficient of 0.60 in patients with ulcerative colitis (Supple-
mentary Fig. S1D) and with a linear coefficient of 0.85 in
patients with Crohn disease (Supplementary Fig. S2C).
Stem cells, characterized by their ability to self-renew indef-

initely and produce progeny capable of repopulating tissue-
specific lineages, are critical for maintaining normal tissue
homeostasis (35). Cirp is suggested tomediate the preservation
of neural stem cells (18). Cirp expression correlated with Sox2,
Bmi1, Lgr5, and Dclk1 levels with linear coefficients of 0.62,
0.45, 0.42, and 0.25, respectively, in patients with ulcerative
colitis (Fig. 1B–D and Supplementary Fig. S1E) and correlated
with Sox2 with a linear coefficient of 0.63 in patients with
Crohn disease (Supplementary Fig. S2D). Cirp might be
involved in regulation of intestinal inflammation and homeo-
stasis maintenance in patients with IBD.

Increased Cirp expression in the colonic mucosa of
patients with refractory ulcerative colitis
We next explored whether an association exists between

Cirp expression and the clinical status of patients with ulcer-

ative colitis. Refractory and nonrefractory active ulcerative
colitis could not be distinguished by endoscopic findings
(Fig. 2A). Cirp expression levels were specifically increased in
patients with refractory ulcerative colitis associated with long-
term inflammation, whereas similar expression levels of Cirp
were found between normal colonicmucosa and themucosa of
patients with nonrefractory active ulcerative colitis (Fig. 2B).
Similarly, increased Sox2 expression levels were found in the
colonic mucosa of patients with refractory IBD (Fig. 2C).
Immunohistochemistry showed that Sox2 was expressed in
the mesenchyme and Dclk1 was expressed in the crypt of
patients with refractory ulcerative colitis (Supplementary Fig.
S3A and S3D). In contrast, increased TNFa expression was
found in the colonic mucosa of both refractory and nonre-
fractory active ulcerative colitis (Fig. 2D). Immunohistochem-
istry was performed to identify the cells expressing Cirp in the
human intestine, and inflammatory cells were found to express
more Cirp protein than epithelial cells, whose expression
pattern was similar in controls and patients with ulcerative
colitis. In chronically inflamed mucosa, Cirp expression was
enhanced in inflammatory cells (Fig. 2E and Supplementary
Fig. S3B). Inflammatory cells preferentially but not exclusively
expressed Cirp protein also in human CAC cases (Supplemen-
tary Fig. S3C).

Cirp�/� mice challenged with DSS have decreased
susceptibility to inflammation

DSS-induced colitis is a murine model resembling human
ulcerative colitis. Experimental colitis was induced by treating
mice with 2.5% DSS. Histologic analysis revealed substantially
less epithelial damage and disruption of crypt architecture in
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associated transcription factors like Sox2 are known to regu-
late cellular identity in embryonic stem cells. Sox2 expression
specifically increased the numbers of stem cells and repressed
Cdx2, amaster regulator of endodermal identity. In vivo studies
demonstrated that Sox21, another member of the SoxB gene
family, was a specific, immediate, and cell-autonomous target
of Sox2 in intestinal stem cells (15). Sox2 participates in the
reprogramming of adult somatic cells to a pluripotent stemcell
state and is implicated in tumorigenesis in various organs (16).

Cold-inducible RNA-binding protein (Cirp, also called Cirbp
or hnRNP A18) was originally identified in the testis as the first
mammalian cold shock protein (17) and is suggested to
mediate the preservation of neural stem cells (18). Cirp is
induced by cellular stresses such as UV irradiation and hypoxia
(19–21). In response to the stress, Cirp, which migrates from
the nucleus to the cytoplasm, affects posttranscription expres-
sion of its target mRNAs (22–24) and functions as a damage-
associated molecular pattern molecule that promotes inflam-
matory responses when present extracellularly (25). Cirp also
affects cell growth and cell death induced by TNFa or geno-
toxic stress (26, 27). However, the involvement of Cirp in colitis
and CAC is not well understood.

Here, we examined whether Cirp plays a role in inflamma-
tory immune responses and tumorigenesis in the gut by using a
murine CACmodel of Cirp-deficient (Cirp�/�) mice and found
that Cirp promoted colitis and colorectal tumorigenesis by
inhibiting apoptosis and increasing TNFa and IL23 production
in inflammatory cells. In patients with ulcerative colitis, refrac-
tory inflammation is associatedwith increased Cirp expression
in the colonic mucosa, which would increase the risk for CAC.
This study represents the first report of the functional link
between Cirp and intestinal tumorigenesis.

Materials and Methods
Human tissue samples

In total, 236 colonic mucosa specimens were obtained by
endoscopy or surgery from patients with ulcerative colitis,
including 67 cases of refractory ulcerative colitis, 98 cases of
nonrefractory active ulcerative colitis, and 20 cases in remis-
sion, as well as 21 colonic mucosa of patients with Crohn
disease and 30 normal colonic mucosa specimens from con-
trols without IBD. Refractory ulcerative colitis was defined
according to endoscopic criteria and categorized as being
active for more than 6 months. Active inflammation was
defined as Mayo endoscopic score �2. CAC specimens were
obtained from 10 patients who had undergone colorectal
resection. The clinical study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the relevant institutional review boards.

Mice and treatment
Cirp�/�mice showing neither gross abnormality nor colonic

inflammation were used as a murine CAC model. The gener-
ation of Cirp�/� mice has been described previously (28). Sex-
and age-matched C57BL/6 wild-type (WT) and Cirp�/� mice
(8–12 weeks old) received 2.5% (w/v) dextran sodium sulfate
(DSS; molecular weight, 36,000–50,000 kDa; MP Biomedicals)

in drinking water. Mice were intrapertioneally injected with 20
mg/kg anti- TNFa antibody (#16-7423, eBioscience) or an IgG
isotype control before DSS treatment.

Isolation of lamina propria cells was performed as described
previously (29). The isolated cells were sorted using immuno-
magnetic beads coated with monoclonal antibodies against
CD11b (MACS Beads, Miltenyi Biotec) with the help of a
separation column and a magnetic separator from the same
company in accordance with the manufacturer's recommen-
dations for isolating murine macrophages.

As the protocol for the murine CAC model, mice were
intraperitoneally injected with 12.5 mg/kg azoxymethane
(AOM; Sigma-Aldrich). After 5 days, 2.0% DSS was included
in the drinking water for 5 days, followed by 16 days of regular
water. This cycle was repeated 3 times. Then, 1.5% DSS was
included in the drinking water for 4 days, followed by 7 days of
regular water. Upon sacrifice, the colon was excised from the
ileocecal junction to the anus, cut open longitudinally, and
prepared for histologic evaluation. Colons were assessed mac-
roscopically for polyps under a dissecting microscope.

Bone marrow transplantation (BMT) experiments were
performed as previously described, with slight modifications
(30). Bone marrow from the tibia and femur was washed twice
inHank balanced salt solution, and 107 bonemarrow cells were
injected into the tail vein of lethally irradiated (11 Gy) recipient
mice. Eight weeks posttransplantation, the mice were sub-
jected to the murine CAC protocol. Bone marrow cells were
grown in culture dishes in the presence of macrophage colony-
stimulating factor (M-CSF; 10 ng/mL) and then differentiated
to bone marrow–derived macrophages in 10 days. All animal
procedures were performed according to approved protocols
and in accordance with the recommendations for the proper
care and use of laboratory animals. The animal study protocol
was approved by the Medical Ethics Committee of Kinki
University School of Medicine (Osaka-Sayama, Japan).

Colonic injury scoring
Excised colons were rolled up and fixed in 10% formalde-

hyde, embedded in paraffin, and stained with hematoxylin and
eosin (H&E). The degree of colonic injury was assessed by
histologic scoring as described previously (31), with minor
modifications. The protocol is described in detail in Supple-
mentary Materials and Methods.

Biochemical and immunochemical analyses
Real-time qPCR, immunoblotting, and immunohistochem-

istry were previously described (32). Primer sequences are
given in Supplementary Materials and Methods. The following
antibodies were used: anti-actin and anti-DCAMLK1 (Dclk1)
from Sigma-Aldrich; anti-Bcl-2, anti-phospho-IkBa, anti-
IkBa, anti-phospho-ERK, anti-ERK, anti-Sox2, anti-E-cad-
herin, anti-PCNA from Cell Signaling; and anti-F4/80 from
eBioscience. Generation of anti-Cirp polyclonal antibody was
previously described (28). Immunohistochemistry was per-
formed using ImmPRESS reagents (Vector Laboratory) accord-
ing to the manufacturer's recommendations. Immunofluores-
cent terminal deoxynucleotidyl transferase–mediated dUTP
nick end labeling (TUNEL) staining was performed to measure
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apoptosis in paraffin-embedded sections using the In Situ
Apoptosis Detection Kit as described by the manufacturer
(Takara). Nuclei were stained with 4,60-diamidino-2-phenylin-
dole to count the total cells per crypt. A minimum of 10 crypts
were counted per section.

Statistical analysis
Differences were analyzed using the Student t test. To

compare variables of more than 2 conditions, ANOVO with
post hoc Tukey–Kramer honestly significant difference (HSD)
multiple comparison was applied. The relationship between
the expression of several geneswas analyzed by Spearman rank
correlation test. P < 0.05 was considered significant.

Results
Correlation of Cirp expression with TNFa, IL23/IL17,
Bcl-2, and stem cell marker expression in patients with
IBD
Cirp expression correlated weakly but significantly with

TNFa with a linear coefficient of 0.26 in the colonic mucosa
of patients with ulcerative colitis (Supplementary Fig. S1A). In
patients with Crohn disease, Cirp expression did not signifi-
cantly correlate with TNFa (data not shown) probably because
the majority of patients with Crohn disease enrolled in this
study had undergone anti-TNFa therapy. IL23p19 is the specific
subunit of IL23, a positive regulator of TH17 and other IL17-
producing cells (5). A significant correlationwas found between
Cirp and IL17A or IL23p19 mRNA expression in patients with
ulcerative colitis (Supplementary Fig. S1B and S1C) and in
patients with Crohn disease (Supplementary Fig. S2A).
Defective apoptosis of inflammatory cell populations regu-

lated by Bcl-2 seems to be a relevant pathogenetic mechanism
in IBD (33, 34). There was a significant correlation between
Cirp and Bcl-2 expression with a linear coefficient of 0.76 in
patients with ulcerative colitis and with a linear coefficient of
0.60 in patients with Crohn disease (Fig. 1A and Supplementary
Fig. S2B). Expression of Bcl-xL, another antiapoptotic protein,
was significantly correlated with that of Cirp with a linear
coefficient of 0.60 in patients with ulcerative colitis (Supple-
mentary Fig. S1D) and with a linear coefficient of 0.85 in
patients with Crohn disease (Supplementary Fig. S2C).
Stem cells, characterized by their ability to self-renew indef-

initely and produce progeny capable of repopulating tissue-
specific lineages, are critical for maintaining normal tissue
homeostasis (35). Cirp is suggested tomediate the preservation
of neural stem cells (18). Cirp expression correlated with Sox2,
Bmi1, Lgr5, and Dclk1 levels with linear coefficients of 0.62,
0.45, 0.42, and 0.25, respectively, in patients with ulcerative
colitis (Fig. 1B–D and Supplementary Fig. S1E) and correlated
with Sox2 with a linear coefficient of 0.63 in patients with
Crohn disease (Supplementary Fig. S2D). Cirp might be
involved in regulation of intestinal inflammation and homeo-
stasis maintenance in patients with IBD.

Increased Cirp expression in the colonic mucosa of
patients with refractory ulcerative colitis
We next explored whether an association exists between

Cirp expression and the clinical status of patients with ulcer-

ative colitis. Refractory and nonrefractory active ulcerative
colitis could not be distinguished by endoscopic findings
(Fig. 2A). Cirp expression levels were specifically increased in
patients with refractory ulcerative colitis associated with long-
term inflammation, whereas similar expression levels of Cirp
were found between normal colonicmucosa and themucosa of
patients with nonrefractory active ulcerative colitis (Fig. 2B).
Similarly, increased Sox2 expression levels were found in the
colonic mucosa of patients with refractory IBD (Fig. 2C).
Immunohistochemistry showed that Sox2 was expressed in
the mesenchyme and Dclk1 was expressed in the crypt of
patients with refractory ulcerative colitis (Supplementary Fig.
S3A and S3D). In contrast, increased TNFa expression was
found in the colonic mucosa of both refractory and nonre-
fractory active ulcerative colitis (Fig. 2D). Immunohistochem-
istry was performed to identify the cells expressing Cirp in the
human intestine, and inflammatory cells were found to express
more Cirp protein than epithelial cells, whose expression
pattern was similar in controls and patients with ulcerative
colitis. In chronically inflamed mucosa, Cirp expression was
enhanced in inflammatory cells (Fig. 2E and Supplementary
Fig. S3B). Inflammatory cells preferentially but not exclusively
expressed Cirp protein also in human CAC cases (Supplemen-
tary Fig. S3C).

Cirp�/� mice challenged with DSS have decreased
susceptibility to inflammation

DSS-induced colitis is a murine model resembling human
ulcerative colitis. Experimental colitis was induced by treating
mice with 2.5% DSS. Histologic analysis revealed substantially
less epithelial damage and disruption of crypt architecture in
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Figure 1. Association between Cirp and the expression of Bcl-2 and
various stem cell markers in the colonic mucosa of patients with
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Cirp�/�mice than inWTmice (Fig. 3A), and inflammatory cell
infiltration into the colon was less in Cirp�/� mice (Fig. 3B).
Immunohistochemically assessedmacrophage infiltrationwas
smaller in Cirp�/� than in WT mice after DSS administration
(Fig. 3C), and the epithelial injury score was significantly
smaller in the Cirp�/� mice than in the controls (Fig. 3D).
Next, we compared apoptosis induction in DSS-treated WT
and Cirp�/� mice. Apoptosis detected by TUNEL staining was
observed in DSS-treated mice, primarily in the colonic crypts
(Fig. 3E), but was blocked by 50% in the Cirp�/�mice (Fig. 3F).
Examination of the colonic lysates from DSS-treated WT and
Cirp�/� mice showed that the Cirp presence increased PCNA
expression in the colon (Supplementary Fig. S4A).

The associated immune response was investigated by ana-
lyzing colonic cytokine levels. Colonic tissue fromCirp�/�mice
showed a smaller immune response with lower levels of
proinflammatory cytokine TNFa and IL23 than that of WT

mice (Fig. 4A–C), which is consistent with the data in humans
(Fig. 1 and Supplementary Fig. S1). TNFa expression was
upregulated in nonrefractory active ulcerative colitis whereas
Cirp expression was not in these patients (Fig. 2B and D). This
is probably because TNFa is induced in both a Cirp-dependent
and -independent manners in the colon. There was no signif-
icant difference in IL1b, IL10, and IL21 (Fig. 4B and Supple-
mentary Fig. S4B). To explore the mechanisms of the effects of
Cirp on TNFa production, we sought to confirm these findings
in vitro. In lamina propria cells isolated from DSS-treated
colons of Cirp-deficient mice, expression of TNFa and IL23
was decreased compared with those of WT mice (Fig. 4D).
TNFa is produced chiefly by activated macrophages, although
it can be produced bymany other cell types as lymphocytes and
natural killer cells (36), so we next isolated macrophages from
DSS-treated colons. TNFamRNA expression was significantly
reduced in Cirp-deficient macrophages (Fig. 4E). Macrophages
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derived fromWTbonemarrow exhibitedmarked upregulation
of TNFa mRNA relative to those derived from Cirp�/� bone
marrow (Supplementary Fig. S4C). Cirp has been reported to
activate NF-kB (25, 27). Consistently, the presence of Cirp
increased IkBa phosphorylation in bone marrow–derived
macrophages (Supplementary Fig. S4D). Treatment with
anti-TNFa antibody reduced inflammatory cell infiltration in
WTmice but not in Cirp�/�mice (Fig. 4F). These data indicate
that Cirp in inflammatory cells augments the inflammatory
response by producing cytokines such as TNFa and IL23. In
addition, Bcl-2 and Bcl-xL mRNA expression was significantly
reduced in Cirp-deficient inflammatory cells (Fig. 4G), and
more apoptosis was found in Cirp�/� immune cells than WT

immune cells (Fig. 4H), which might at least partially con-
tribute to the attenuated inflammatory responses by Cirp
deficiency.

Cirp deficiency attenuated tumorigenesis in the murine
CAC model

Chronic inflammation increases intestinal cancer risk in IBD
(10). To investigate the precise pathogenicmechanisms under-
lying IBD-associated colorectal carcinogenesis, we used the
AOM plus DSS mouse model to study the role of Cirp in CAC.
In the AOM/DSS protocol, a significant decrease was noted
in the number and maximum size of tumors in the Cirp�/�

mice compared with WT mice (Fig. 5A and B). Histologic
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Cirp�/�mice than inWTmice (Fig. 3A), and inflammatory cell
infiltration into the colon was less in Cirp�/� mice (Fig. 3B).
Immunohistochemically assessedmacrophage infiltrationwas
smaller in Cirp�/� than in WT mice after DSS administration
(Fig. 3C), and the epithelial injury score was significantly
smaller in the Cirp�/� mice than in the controls (Fig. 3D).
Next, we compared apoptosis induction in DSS-treated WT
and Cirp�/� mice. Apoptosis detected by TUNEL staining was
observed in DSS-treated mice, primarily in the colonic crypts
(Fig. 3E), but was blocked by 50% in the Cirp�/�mice (Fig. 3F).
Examination of the colonic lysates from DSS-treated WT and
Cirp�/� mice showed that the Cirp presence increased PCNA
expression in the colon (Supplementary Fig. S4A).

The associated immune response was investigated by ana-
lyzing colonic cytokine levels. Colonic tissue fromCirp�/�mice
showed a smaller immune response with lower levels of
proinflammatory cytokine TNFa and IL23 than that of WT

mice (Fig. 4A–C), which is consistent with the data in humans
(Fig. 1 and Supplementary Fig. S1). TNFa expression was
upregulated in nonrefractory active ulcerative colitis whereas
Cirp expression was not in these patients (Fig. 2B and D). This
is probably because TNFa is induced in both a Cirp-dependent
and -independent manners in the colon. There was no signif-
icant difference in IL1b, IL10, and IL21 (Fig. 4B and Supple-
mentary Fig. S4B). To explore the mechanisms of the effects of
Cirp on TNFa production, we sought to confirm these findings
in vitro. In lamina propria cells isolated from DSS-treated
colons of Cirp-deficient mice, expression of TNFa and IL23
was decreased compared with those of WT mice (Fig. 4D).
TNFa is produced chiefly by activated macrophages, although
it can be produced bymany other cell types as lymphocytes and
natural killer cells (36), so we next isolated macrophages from
DSS-treated colons. TNFamRNA expression was significantly
reduced in Cirp-deficient macrophages (Fig. 4E). Macrophages
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derived fromWTbonemarrow exhibitedmarked upregulation
of TNFa mRNA relative to those derived from Cirp�/� bone
marrow (Supplementary Fig. S4C). Cirp has been reported to
activate NF-kB (25, 27). Consistently, the presence of Cirp
increased IkBa phosphorylation in bone marrow–derived
macrophages (Supplementary Fig. S4D). Treatment with
anti-TNFa antibody reduced inflammatory cell infiltration in
WTmice but not in Cirp�/�mice (Fig. 4F). These data indicate
that Cirp in inflammatory cells augments the inflammatory
response by producing cytokines such as TNFa and IL23. In
addition, Bcl-2 and Bcl-xL mRNA expression was significantly
reduced in Cirp-deficient inflammatory cells (Fig. 4G), and
more apoptosis was found in Cirp�/� immune cells than WT

immune cells (Fig. 4H), which might at least partially con-
tribute to the attenuated inflammatory responses by Cirp
deficiency.

Cirp deficiency attenuated tumorigenesis in the murine
CAC model

Chronic inflammation increases intestinal cancer risk in IBD
(10). To investigate the precise pathogenicmechanisms under-
lying IBD-associated colorectal carcinogenesis, we used the
AOM plus DSS mouse model to study the role of Cirp in CAC.
In the AOM/DSS protocol, a significant decrease was noted
in the number and maximum size of tumors in the Cirp�/�

mice compared with WT mice (Fig. 5A and B). Histologic
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examination of H&E-stained sections from the rolled-up
colons revealed larger adenomaswith a complex tumor growth
pattern inWT tumors comparedwithCirp�/� tumors (Fig. 5C).
Extensive infiltration of inflammatory cells into the lamina
propria and submucosal layer surrounding the tumors suggest
the involvement of inflammatory responses in the tumorigen-
esis seen in the AOM/DSS-treated mice (Fig. 5C). Colon length
was measured as one parameter to assess the severity of
inflammation and was found to be significantly longer in
Cirp�/� mice than in WT mice (Fig. 5D). The expression of
TNFawas decreased in nontumorous tissue, but not in tumors,
ofCirp�/�mice challengedwithAOMandDSS (Fig. 5E). Tumor
and nontumor cells would use different mechanisms to reg-

ulate gene expression. In tumor cells, expression of TNFa
might be upregulated in a Cirp-independent manner. IL23 and
IL17 inhibit antitumor immunity and promote tumorigenesis
(6–8). Expression of IL23 and IL17 was decreased in Cirp�/�

tumors and nontumor colons comparedwithWTcounterparts
(Fig. 5E).Bcl-2 andBcl-xLmRNA expression that is upregulated
by Cirp in inflammatory cells (Fig. 4G) was significantly
reduced in Cirp-deficient colons (Fig. 5E). Cirp deficiency
decreased proliferating cell nuclear antigen (PCNA) expression
in DSS-treated colons, whereas in established tumors, neither
apoptosis nor PCNA expression was significantly affected by
Cirp deletion (Supplementary Fig. S6). The expression of
stemness factor Sox2 was decreased in Cirp-deficient colons
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and tumors compared with WT tissues (Fig. 5E and Supple-
mentary Fig. S5A). Dclk1 is a candidate tumor stem cell marker
in the gut (37). Deletion of Cirp decreased the number of
Dclk1þ cells at the tumor base (Fig. 5F).
Cirp expression was increased in the colonic mucosa of

tumor-harboring mice given DSS and AOM, whereas short-
term inflammation induced by DSS administration for 7 days
did not upregulate Cirp expression (Fig. 5G and Supplementary
Fig. S5B). Coupled with the findings in humans (Fig. 2B and E),
these results suggest that Cirp is induced by long-term intes-
tinal inflammation.

Cirp promotes tumorigenesis through hematopoietic
cell populations
To functionally characterize the contribution of different

cell populations to colorectal tumorigenesis, we created Cirp
chimeric mice using a combination of g-irradiation and BMT.
Nontransplanted controls survived less than 2 weeks after
irradiation, indicating there was ablation of the endogenous
marrow. Transplanted animals were allowed to recover for 2
months before placing them on the AOM/DSS protocol. WT
mice rescued with Cirp�/� bone marrow had a significantly
smaller tumor burden than those rescued with WT bone
marrow (Fig. 6A and B). Both WT and Cirp�/� mice rescued
with WT bone marrow had equivalent tumor sizes (Fig. 6B).

Chimeras harboring Cirp�/� bone marrow diminished expres-
sion of TNFa (Fig. 6C), which indicates that Cirp in hemato-
poietic cells is involved in upregulation of TNFa. Cirp-chimeric
mice with Cirp-deficient bone marrow showed a smaller
number of Dclk1þ and Sox2þ cells in tumor than in the WT
mice (Fig. 6D and E). Taken together, at least in this model, the
absence of Cirp in hematopoietic cellular compartments pro-
tects against AOM/DSS-induced tumorigenesis.

Discussion
The association between IBD and colorectal cancer is well

established; the cumulative risk of developing colorectal can-
cer after 20 years is 7% in ulcerative colitis and 8% in Crohn
disease (10). Optimal IBD management would reduce the risk
of CAC (35). While it is clear that chronic mucosal inflamma-
tion plays a causative role in the transition to adenocarcinoma,
the molecular link between inflammation and cancer remains
to be elucidated. AOM is a procarcinogen that is metabolically
activated to a potent alkylating agent that forms O6-methyl-
guanine (38). Its oncogenic potential ismarkedly augmented in
the setting of chronic inflammation, such as that induced by
repeated cycles of DSS treatment (39). TNFa, a key mediator of
inflammation in IBD (3), contributes to tumorigenesis by
creating a tumor-supportive inflammatory microenvironment
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examination of H&E-stained sections from the rolled-up
colons revealed larger adenomaswith a complex tumor growth
pattern inWT tumors comparedwithCirp�/� tumors (Fig. 5C).
Extensive infiltration of inflammatory cells into the lamina
propria and submucosal layer surrounding the tumors suggest
the involvement of inflammatory responses in the tumorigen-
esis seen in the AOM/DSS-treated mice (Fig. 5C). Colon length
was measured as one parameter to assess the severity of
inflammation and was found to be significantly longer in
Cirp�/� mice than in WT mice (Fig. 5D). The expression of
TNFawas decreased in nontumorous tissue, but not in tumors,
ofCirp�/�mice challengedwithAOMandDSS (Fig. 5E). Tumor
and nontumor cells would use different mechanisms to reg-

ulate gene expression. In tumor cells, expression of TNFa
might be upregulated in a Cirp-independent manner. IL23 and
IL17 inhibit antitumor immunity and promote tumorigenesis
(6–8). Expression of IL23 and IL17 was decreased in Cirp�/�

tumors and nontumor colons comparedwithWTcounterparts
(Fig. 5E).Bcl-2 andBcl-xLmRNA expression that is upregulated
by Cirp in inflammatory cells (Fig. 4G) was significantly
reduced in Cirp-deficient colons (Fig. 5E). Cirp deficiency
decreased proliferating cell nuclear antigen (PCNA) expression
in DSS-treated colons, whereas in established tumors, neither
apoptosis nor PCNA expression was significantly affected by
Cirp deletion (Supplementary Fig. S6). The expression of
stemness factor Sox2 was decreased in Cirp-deficient colons
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and tumors compared with WT tissues (Fig. 5E and Supple-
mentary Fig. S5A). Dclk1 is a candidate tumor stem cell marker
in the gut (37). Deletion of Cirp decreased the number of
Dclk1þ cells at the tumor base (Fig. 5F).
Cirp expression was increased in the colonic mucosa of

tumor-harboring mice given DSS and AOM, whereas short-
term inflammation induced by DSS administration for 7 days
did not upregulate Cirp expression (Fig. 5G and Supplementary
Fig. S5B). Coupled with the findings in humans (Fig. 2B and E),
these results suggest that Cirp is induced by long-term intes-
tinal inflammation.

Cirp promotes tumorigenesis through hematopoietic
cell populations
To functionally characterize the contribution of different

cell populations to colorectal tumorigenesis, we created Cirp
chimeric mice using a combination of g-irradiation and BMT.
Nontransplanted controls survived less than 2 weeks after
irradiation, indicating there was ablation of the endogenous
marrow. Transplanted animals were allowed to recover for 2
months before placing them on the AOM/DSS protocol. WT
mice rescued with Cirp�/� bone marrow had a significantly
smaller tumor burden than those rescued with WT bone
marrow (Fig. 6A and B). Both WT and Cirp�/� mice rescued
with WT bone marrow had equivalent tumor sizes (Fig. 6B).

Chimeras harboring Cirp�/� bone marrow diminished expres-
sion of TNFa (Fig. 6C), which indicates that Cirp in hemato-
poietic cells is involved in upregulation of TNFa. Cirp-chimeric
mice with Cirp-deficient bone marrow showed a smaller
number of Dclk1þ and Sox2þ cells in tumor than in the WT
mice (Fig. 6D and E). Taken together, at least in this model, the
absence of Cirp in hematopoietic cellular compartments pro-
tects against AOM/DSS-induced tumorigenesis.

Discussion
The association between IBD and colorectal cancer is well

established; the cumulative risk of developing colorectal can-
cer after 20 years is 7% in ulcerative colitis and 8% in Crohn
disease (10). Optimal IBD management would reduce the risk
of CAC (35). While it is clear that chronic mucosal inflamma-
tion plays a causative role in the transition to adenocarcinoma,
the molecular link between inflammation and cancer remains
to be elucidated. AOM is a procarcinogen that is metabolically
activated to a potent alkylating agent that forms O6-methyl-
guanine (38). Its oncogenic potential ismarkedly augmented in
the setting of chronic inflammation, such as that induced by
repeated cycles of DSS treatment (39). TNFa, a key mediator of
inflammation in IBD (3), contributes to tumorigenesis by
creating a tumor-supportive inflammatory microenvironment
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group. D, representative images of
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and through its direct effect on malignant cells (40). Interac-
tions between tumor and immune cells regulate tumorigene-
sis. IL23/IL17 signaling has been correlated with promotion of
tumor growth, as well as IBD pathogenesis. In the tumor
microenvironment, IL23/IL17 signaling suppresses antitu-
morigenic immune response during tumor initiation, growth,
and metastases (6–8). In the present study, Cirp deficiency
decreased the production of TNFa and IL23 in inflammatory
cells and attenuated DSS-induced colitis. In the murine CAC
model, we found that TNFa, IL23, and IL17 expression were
increased in Cirp-deficient mice and that Cirp was required for
inflammation-associated colonic carcinogenesis. Cirp expres-
sion was positively associated with the levels of TNFa and IL23
in the colonic mucosa of patients with IBD. Increased Cirp
expression, seen in refractory IBD, would promote tumorigen-
esis by enhancing TNFa and IL23 production. Given the
contribution of Cirp in hematopoietic cells to tumor formation
(Fig. 6), Cirp likely promotes tumorigenesis through its action
in inflammatory cells.

Adult somatic stem cells of the colon sustain self-renewal
and are targets for cancer initiation (41), and perturbation in
stem cell dynamics is generally considered thefirst step toward
colon tumorigenesis. High levels of stemness factor Sox2
expression are associated with poor prognosis and recurrence
in patients with colorectal cancer (42). In patients with IBD,
mucosal Cirp expression correlated with the expression of
Sox2. We also showed that Cirp is important for sustained
expression of Sox2 in the colonic mucosa during colorectal
carcinogenesis. Cirp deficiency decreased the number of cells
positive for an intestinal cancer stem cell marker Dclk1 at the
tumor base. These data suggest a possible function of Cirp in
influencing stem cell behavior.

Cancer stem cells, the microenvironment, and the immune
system interact with each other through cytokines. In the
context of chronic inflammation, cytokines, secreted by
immune cells, activate the necessary pathways required by
cancer stemcells (43). The number of Sox2þ andDclk1þ cells in
tumor was decreased upon Cirp deletion in the hematopoietic
compartment (Fig. 6), suggesting that the absence of Cirp in
inflammatory cells decreased production/secretion of these
cytokines. There were statistically significant relationships
between TNFa and Dclk1 expression and between IL23/IL17
and Sox2 expression in colonic mucosa of patients with
ulcerative colitis (data not shown). Thus, Cirp-driven immune
responses such as activation of TNFa and IL23/IL17 signaling
would affect proliferation of stem cells and increase the
expression of stem cell markers. It should be noted, however,
that the direct causal link between Cirp and the stem cell
markers has not been established in this study. In this regard,
the reduced expression of the stem cell markers, such as Dclk1
and Sox2, seen in the absence of Cirp might be due to the
secondary effects associated with reduced inflammation.

Apoptotic cell death has been implicated as a major
homeostatic and pathogenic mechanism of the intestinal
epithelium (2). The lower susceptibility to apoptosis observed
in the Cirp�/� intestinal epithelial mucosa in our in vivo
experiment was unexpected because a previous report
showed that Cirp attenuates TNFa-mediated apoptosis by

activating ERK and NF-kB in murine embryonic fibroblasts
(27). However, expression of Cirp did not affect the sensitivity
of murine embryonic fibroblasts to busulfan, and the num-
bers of apoptotic testicular cells was not different between
Cirp�/� andWTmice after busulfan treatment (28). Thus, the
role of Cirp may vary depending on cell type and kind of
stimuli. In fact, in the DSS-treated colon, Cirp deficiency did
not attenuate ERK activity (Supplementary Fig. S4A). In
Cirp�/� mice, more inflammatory cells died because of
decreased Bcl-2 and Bcl-xL expression than in WT mice (Fig.
4G and H), which would attenuate inflammatory response in
Cirp�/� mice. Cell death and inflammation are intimately
linked through a self-amplifying loop, making it difficult to
distinguish between causes and effects. The attenuated
mucosal immune activity due to augmented apoptosis of
inflammatory cells likely contributed to the decreased apo-
ptosis of epithelial cells in Cirp-deficient colon.

Bcl-2–mediated apoptosis resistance in inflammatory cells
has been shown to attenuate therapeutic efficacy and exacer-
bate inflammation in IBD (33, 34). In chronically inflamed
mucosa seen in refractory ulcerative colitis, Cirp expression is
induced in inflammatory cells, which likely inhibits the apo-
ptosis of inflammatory cells, augments proinflammatory cyto-
kine production and treatment resistance via the upregulation
of Bcl-2 and Bcl-xL expression. Thus, persistent inflammation
resulting from insufficient treatment might further drive resis-
tance to therapy through increased expression of Cirp and
subsequent attenuated apoptosis in inflammatory cells. Hyp-
oxia that is enhanced in chronic inflammatory diseases, includ-
ing IBD, upregulates Cirp expression by a mechanism that
involves neither hypoxia-inducible factor (HIF)1 nor mito-
chondria (20). This may be one explanation for Cirp induction
by chronic inflammation. However, the exact mechanisms by
which long-term inflammation upregulates Cirp expression
remain to be elucidated.

It has been reported that Cirp released into the circulation
stimulates the release of TNFa from macrophages via TLR4
and NF-kB activation and triggers an inflammatory response
to hemorrhagic shock and sepsis (25). Here, we have shown
that in bone marrow–derived macrophages, the presence of
Cirp increased IkBa phosphorylation. NF-kB activation would
be one of the mechanisms by which Cirp produces proinflam-
matory cytokines such as TNFa, IL17, and IL23 and upregu-
lates expression of antiapoptotic genes such as Bcl-2 and Bcl-
xL (Figs. 4 and 5). A recent study reported the involvement of
Cirp in regulating expression of IL1b, another NF-kB target
gene, in cultured fibroblasts (44). In bone marrow–derived
macrophages, IL1b mRNA level was decreased in the absence
of Cirp (data not shown). Although in DSS-induced colitis, Cirp
protein was not detected in the blood (data not shown), it is
conceivable that Cirp released from injured epithelial cells
could function as damage-associated molecular pattern mole-
cules in situ to activate NF-kB in immune cells of the colon.
Furthermore, Cirp can bind the 30untranslated region of spe-
cific transcripts to stabilize them and thus facilitate their
transport to ribosomes for translation (22–24). Cirp might
regulate the expression of cytokines and antiapoptotic genes
posttranscriptionally as well.
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Given the long-term impact of the natural history and
treatment of IBD, cancer risk is a major lifelong concern for
patients and gastroenterologists. Early detection of CAC/dys-
plasia is typically achieved by colonoscopic surveillance with
multiple biopsies and alternatively by chromoendoscopy with
targeted biopsies of all suspect areas. It has been reported that
in patients with extensive colitis, surveillance should start after
colonoscopy screening (8–10 years after disease onset) and be
performed every 2 years for 20 years, then once or twice a year
for the next 10 years of disease duration (45). However,
such surveillance programs have a number of limitations such
as low yield, high cost, invasiveness, incomplete patient
enrollment, sampling variations, and poor agreement in his-
topathologic interpretation (46). If we can reliably predict an
individual's risk of CAC so that surveillance strategies can be
appropriately personalized, surveillance programs would
make much progress. A number of molecular markers for
predicting CAC have been reported (47–49) but are not feasible
yet for the practicalmanagement of patientswith IBD.Here, we
showed significantly increased Cirp expression in mucosal
specimens from patients with refractory IBD that is reported
to be associated with increased cancer risk (9). Furthermore, in
the murine CAC model, longstanding colonic inflammation
increased Cirp expression, which led to enhanced AOM/DSS-
induced colorectal tumorigenesis. Cirp expression reflects the
presence of refractory inflammation and is therefore a poten-
tial marker for predicting the risk of CAC development. Ana-
lyzing the Cirp level in colonoscopy specimens may increase
the identification rate of IBD patients with a high risk for
developing CAC. A future large-scale study of Cirp in IBD
patients with different duration and anatomical extent of the
disease will be crucial for determining whether Cirp status can

be used to predict the risk of cancer and prognosis of patients
with IBD.

Taken together, Cirp, whose expression is upregulated by
chronic inflammation in humans and mice, enhances the
inflammatory response and tumorigenesis by increasing Bcl-
2 andBcl-xL expression andTNFa and IL23/IL17 production in
inflammatory cells. Suppression and measurement of Cirp
expression is a promising approach for advanced treatment
and personalized management of patients with IBD.
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and through its direct effect on malignant cells (40). Interac-
tions between tumor and immune cells regulate tumorigene-
sis. IL23/IL17 signaling has been correlated with promotion of
tumor growth, as well as IBD pathogenesis. In the tumor
microenvironment, IL23/IL17 signaling suppresses antitu-
morigenic immune response during tumor initiation, growth,
and metastases (6–8). In the present study, Cirp deficiency
decreased the production of TNFa and IL23 in inflammatory
cells and attenuated DSS-induced colitis. In the murine CAC
model, we found that TNFa, IL23, and IL17 expression were
increased in Cirp-deficient mice and that Cirp was required for
inflammation-associated colonic carcinogenesis. Cirp expres-
sion was positively associated with the levels of TNFa and IL23
in the colonic mucosa of patients with IBD. Increased Cirp
expression, seen in refractory IBD, would promote tumorigen-
esis by enhancing TNFa and IL23 production. Given the
contribution of Cirp in hematopoietic cells to tumor formation
(Fig. 6), Cirp likely promotes tumorigenesis through its action
in inflammatory cells.

Adult somatic stem cells of the colon sustain self-renewal
and are targets for cancer initiation (41), and perturbation in
stem cell dynamics is generally considered thefirst step toward
colon tumorigenesis. High levels of stemness factor Sox2
expression are associated with poor prognosis and recurrence
in patients with colorectal cancer (42). In patients with IBD,
mucosal Cirp expression correlated with the expression of
Sox2. We also showed that Cirp is important for sustained
expression of Sox2 in the colonic mucosa during colorectal
carcinogenesis. Cirp deficiency decreased the number of cells
positive for an intestinal cancer stem cell marker Dclk1 at the
tumor base. These data suggest a possible function of Cirp in
influencing stem cell behavior.

Cancer stem cells, the microenvironment, and the immune
system interact with each other through cytokines. In the
context of chronic inflammation, cytokines, secreted by
immune cells, activate the necessary pathways required by
cancer stemcells (43). The number of Sox2þ andDclk1þ cells in
tumor was decreased upon Cirp deletion in the hematopoietic
compartment (Fig. 6), suggesting that the absence of Cirp in
inflammatory cells decreased production/secretion of these
cytokines. There were statistically significant relationships
between TNFa and Dclk1 expression and between IL23/IL17
and Sox2 expression in colonic mucosa of patients with
ulcerative colitis (data not shown). Thus, Cirp-driven immune
responses such as activation of TNFa and IL23/IL17 signaling
would affect proliferation of stem cells and increase the
expression of stem cell markers. It should be noted, however,
that the direct causal link between Cirp and the stem cell
markers has not been established in this study. In this regard,
the reduced expression of the stem cell markers, such as Dclk1
and Sox2, seen in the absence of Cirp might be due to the
secondary effects associated with reduced inflammation.

Apoptotic cell death has been implicated as a major
homeostatic and pathogenic mechanism of the intestinal
epithelium (2). The lower susceptibility to apoptosis observed
in the Cirp�/� intestinal epithelial mucosa in our in vivo
experiment was unexpected because a previous report
showed that Cirp attenuates TNFa-mediated apoptosis by

activating ERK and NF-kB in murine embryonic fibroblasts
(27). However, expression of Cirp did not affect the sensitivity
of murine embryonic fibroblasts to busulfan, and the num-
bers of apoptotic testicular cells was not different between
Cirp�/� andWTmice after busulfan treatment (28). Thus, the
role of Cirp may vary depending on cell type and kind of
stimuli. In fact, in the DSS-treated colon, Cirp deficiency did
not attenuate ERK activity (Supplementary Fig. S4A). In
Cirp�/� mice, more inflammatory cells died because of
decreased Bcl-2 and Bcl-xL expression than in WT mice (Fig.
4G and H), which would attenuate inflammatory response in
Cirp�/� mice. Cell death and inflammation are intimately
linked through a self-amplifying loop, making it difficult to
distinguish between causes and effects. The attenuated
mucosal immune activity due to augmented apoptosis of
inflammatory cells likely contributed to the decreased apo-
ptosis of epithelial cells in Cirp-deficient colon.

Bcl-2–mediated apoptosis resistance in inflammatory cells
has been shown to attenuate therapeutic efficacy and exacer-
bate inflammation in IBD (33, 34). In chronically inflamed
mucosa seen in refractory ulcerative colitis, Cirp expression is
induced in inflammatory cells, which likely inhibits the apo-
ptosis of inflammatory cells, augments proinflammatory cyto-
kine production and treatment resistance via the upregulation
of Bcl-2 and Bcl-xL expression. Thus, persistent inflammation
resulting from insufficient treatment might further drive resis-
tance to therapy through increased expression of Cirp and
subsequent attenuated apoptosis in inflammatory cells. Hyp-
oxia that is enhanced in chronic inflammatory diseases, includ-
ing IBD, upregulates Cirp expression by a mechanism that
involves neither hypoxia-inducible factor (HIF)1 nor mito-
chondria (20). This may be one explanation for Cirp induction
by chronic inflammation. However, the exact mechanisms by
which long-term inflammation upregulates Cirp expression
remain to be elucidated.

It has been reported that Cirp released into the circulation
stimulates the release of TNFa from macrophages via TLR4
and NF-kB activation and triggers an inflammatory response
to hemorrhagic shock and sepsis (25). Here, we have shown
that in bone marrow–derived macrophages, the presence of
Cirp increased IkBa phosphorylation. NF-kB activation would
be one of the mechanisms by which Cirp produces proinflam-
matory cytokines such as TNFa, IL17, and IL23 and upregu-
lates expression of antiapoptotic genes such as Bcl-2 and Bcl-
xL (Figs. 4 and 5). A recent study reported the involvement of
Cirp in regulating expression of IL1b, another NF-kB target
gene, in cultured fibroblasts (44). In bone marrow–derived
macrophages, IL1b mRNA level was decreased in the absence
of Cirp (data not shown). Although in DSS-induced colitis, Cirp
protein was not detected in the blood (data not shown), it is
conceivable that Cirp released from injured epithelial cells
could function as damage-associated molecular pattern mole-
cules in situ to activate NF-kB in immune cells of the colon.
Furthermore, Cirp can bind the 30untranslated region of spe-
cific transcripts to stabilize them and thus facilitate their
transport to ribosomes for translation (22–24). Cirp might
regulate the expression of cytokines and antiapoptotic genes
posttranscriptionally as well.
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Given the long-term impact of the natural history and
treatment of IBD, cancer risk is a major lifelong concern for
patients and gastroenterologists. Early detection of CAC/dys-
plasia is typically achieved by colonoscopic surveillance with
multiple biopsies and alternatively by chromoendoscopy with
targeted biopsies of all suspect areas. It has been reported that
in patients with extensive colitis, surveillance should start after
colonoscopy screening (8–10 years after disease onset) and be
performed every 2 years for 20 years, then once or twice a year
for the next 10 years of disease duration (45). However,
such surveillance programs have a number of limitations such
as low yield, high cost, invasiveness, incomplete patient
enrollment, sampling variations, and poor agreement in his-
topathologic interpretation (46). If we can reliably predict an
individual's risk of CAC so that surveillance strategies can be
appropriately personalized, surveillance programs would
make much progress. A number of molecular markers for
predicting CAC have been reported (47–49) but are not feasible
yet for the practicalmanagement of patientswith IBD.Here, we
showed significantly increased Cirp expression in mucosal
specimens from patients with refractory IBD that is reported
to be associated with increased cancer risk (9). Furthermore, in
the murine CAC model, longstanding colonic inflammation
increased Cirp expression, which led to enhanced AOM/DSS-
induced colorectal tumorigenesis. Cirp expression reflects the
presence of refractory inflammation and is therefore a poten-
tial marker for predicting the risk of CAC development. Ana-
lyzing the Cirp level in colonoscopy specimens may increase
the identification rate of IBD patients with a high risk for
developing CAC. A future large-scale study of Cirp in IBD
patients with different duration and anatomical extent of the
disease will be crucial for determining whether Cirp status can

be used to predict the risk of cancer and prognosis of patients
with IBD.

Taken together, Cirp, whose expression is upregulated by
chronic inflammation in humans and mice, enhances the
inflammatory response and tumorigenesis by increasing Bcl-
2 andBcl-xL expression andTNFa and IL23/IL17 production in
inflammatory cells. Suppression and measurement of Cirp
expression is a promising approach for advanced treatment
and personalized management of patients with IBD.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Authors' Contributions
Conception and design: T. Sakurai
Development of methodology: T. Sakurai, J. Fujita
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): T. Sakurai, H. Kashida, T. Mizushima, H. Iijima,
N. Nishida
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): T. Sakurai, N. Nishida, J. Fujita, M. Kudo
Writing, review, and/or revision of the manuscript: T. Sakurai, H. Kashida,
T. Watanabe, J. Fujita, M. Kudo
Administrative, technical, or material support (i.e., reporting or orga-
nizing data, constructing databases): T. Sakurai, S. Hagiwara
Study supervision: T. Sakurai, H. Kashida, H. Higashitsuji, M. Kudo

Grant Support
This research was supported by grants from the Takeda Science Foundation,

the Japan Foundation for Research and Promotion of Endoscopy, and the
Smoking Research Foundation of Japan, as well as a Grant-in-Aid for Scientific
Research (26460979) and Health Labour Sciences Research Grant.

The costs of publication of this article were defrayed in part by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received February 17, 2014; revised July 23, 2014; accepted August 19, 2014;
published OnlineFirst September 3, 2014.

References
1. Xavier RJ, Podolsky DK. Unravelling the pathogenesis of inflammatory

bowel disease. Nature 2007;448:427–34.
2. Edelblum KL, Yan F, Yamaoka T, Polk DB. Regulation of apoptosis

during homeostasis and disease in the intestinal epithelium. Inflamm
Bowel Dis 2006;12:413–24.

3. Perrier C, Rutgeerts P. Cytokine blockade in inflammatory bowel
diseases. Immunotherapy 2011;3:1341–52.

4. Baumann B, Gauldie J. The acute phase response. Immunol Today
1994;15:74–80.

5. McKenzie BS, Kastelein RA, Cua DJ. Understanding the IL-23-IL-17
immune pathway. Trends Immunol 2006;27:17–23.

6. Kortylewski M, Xin H, Kujawski M, Lee H, Liu Y, Harris T, et al.
Regulation of the IL-23 and IL-12 balance by Stat3 signaling in the
tumor microenvironment. Cancer Cell 2009;15:114–23.

7. WuD,WuP,HuangQ, Liu Y,Ye J,Huang J. Interleukin-17: a promoter in
colorectal cancer progression. Clin Dev Immunol 2013;2013:436307.

8. YangS,WangB,GuanC,WuB,Cai C,WangM, et al. Foxp3þIL-17þT
cells promote development of cancer-initiating cells in colorectal
cancer. J Leukoc Biol 2011;89:85–91.

9. Itzkowitz SH, Yio X. Inflammation and cancer IV. Colorectal cancer in
inflammatory bowel disease: the role of inflammation. Am J Physiol
Gastrointest Liver Physiol 2004;287:G7–17.

10. Gillen CD, Walmsley RS, Prior P, Andrews HA, Allan RN. Ulcerative
colitis and Crohn's disease: a comparison of the colorectal cancer risk
in extensive colitis. Gut 1994;35:1590–2.

11. Clevers H. The cancer stem cell: premises, promises and challenges.
Nat Med 2011;17:313–9.

12. DaviesEJ,MarshV,ClarkeAR.Origin andmaintenanceof the intestinal
cancer stem cell. Mol Carcinog 2011;50:254–63.

13. Barker N, van Es JH, Kuipers J, Kujala P, van denBornM,CozijnsenM,
et al. Identification of stem cells in small intestine and colon by marker
gene Lgr5. Nature 2007;449:1003–1007.

14. Sangiorgi E, Capecchi MR. Bmi1 is expressed in vivo in intestinal stem
cells. Nat Genet 2008;40:915–20.

15. Kuzmichev AN, Kim SK, D'Alessio AC, Chenoweth JG, Wittko IM,
Campanati L, et al. Sox2 acts through Sox21 to regulate transcrip-
tion in pluripotent and differentiated cells. Curr Biol 2012;22:
1705–1710.

16. Lengerke C, Fehm T, Kurth R, Neubauer H, Scheble V, M€uller F, et al.
Expression of the embryonic stem cell marker SOX2 in early-stage
breast carcinoma. BMC Cancer 2011;11:42.

17. Nishiyama H, Itoh K, Kaneko Y, Kishishita M, Yoshida O, Fujita J. A
glycine-rich RNA-binding protein mediating cold-inducible suppres-
sion of mammalian cell growth. J Cell Biol 1997;137:899–908.

18. Saito K, Fukuda N, Matsumoto T, Iribe Y, Tsunemi A, Kazama T, et al.
Moderate low temperaturepreserves the stemnessof neural stemcells
and suppresses apoptosis of the cells via activation of the cold-
inducible RNA binding protein. Brain Res 2010;1358:20–9.

19. Fujita J. Cold shock response in mammalian cells. J Mol Microbiol
Biotechnol 1999;1:243–55.

20. Wellmann S, B€uhrer C, Moderegger E, Zelmer A, Kirschner R, Koehne
P, et al. Oxygen-regulated expression of the RNA-binding proteins
RBM3 and CIRP by a HIF-1-independent mechanism. J Cell Sci 2004;
117:1785–94.

Cirp and Inflammatory Bowel Disease

www.aacrjournals.org Cancer Res; 74(21) November 1, 2014 6127

on May 7, 2015. © 2014 American Association for Cancer Research. cancerres.aacrjournals.orgDownloaded from 

Published OnlineFirst September 3, 2014; DOI: 10.1158/0008-5472.CAN-14-0471 

— 481 —



21. Yang C, Carrier F. The UV-inducible RNA-binding protein A18 (A18
hnRNP) plays a protective role in the genotoxic stress response. J Biol
Chem 2001;276:47277–84.

22. De Leeuw F, Zhang T, Wauquier C, Huez G, Kruys V, Gueydan C. The
cold-inducible RNA-binding protein migrates from the nucleus to
cytoplasmic stress granules by a methylation-dependent mechanism
and acts as a translational repressor. Exp Cell Res 2007;313:4130–44.

23. Yang R, Weber DJ, Carrier F. Post-transcriptional regulation of thior-
edoxin by the stress inducible heterogenous ribonucleoprotein A18.
Nucleic Acids Res 2006;34:1224–36.

24. Morf J, Rey G, Schneider K, Stratmann M, Fujita J, Naef F, et al. Cold-
inducible RNA-binding protein modulates circadian gene expression
posttranscriptionally. Science 2012;338:379–83.

25. Qiang X, Yang WL, Wu R, Zhou M, Jacob A, Dong W, et al. Cold-
inducible RNA-binding protein (CIRP) triggers inflammatory responses
in hemorrhagic shock and sepsis. Nat Med 2013;19:1489–95.

26. Artero-Castro A, Callejas FB, Castellvi J, Kondoh H, Carnero A, Fern�an-
dez-Marcos PJ, et al. Cold-inducible RNA-binding protein bypasses
replicative senescence in primary cells through extracellular signal-
regulated kinase 1 and 2 activation. Mol Cell Biol 2009;29:1855–68.

27. Sakurai T, ItohK,Higashitsuji H,NonoguchiK, Liu Y,WatanabeH, et al.
Cirp protects against tumor necrosis factor-alpha-induced apoptosis
via activation of extracellular signal-regulated kinase. BiochimBiophys
Acta 2006;1763:290–5.

28. Masuda T, Itoh K, Higashitsuji H, Higashitsuji H, Nakazawa N, Sakurai
T, et al. Cold-inducible RNA-binding protein (Cirp) interacts with
Dyrk1b/Mirk and promotes proliferation of immature male germ cells
in mice. Proc Natl Acad Sci U S A 2012;109:10885–90.

29. Aranda R, Sydora BC, McAllister PL, Binder SW, Yang HY, Targan SR,
et al. Analysis of intestinal lymphocytes in mouse colitis mediated by
transfer of CD4þ, CD45RBhigh T cells to SCID recipients. J Immunol
1997;158:3464–73.

30. Seki E, De Minicis S, Gwak GY, Kluwe J, Inokuchi S, Bursill CA, et al.
CCR1 and CCR5 promote hepatic fibrosis in mice. J Clin Invest 2009;
119:1858–70.

31. Araki A, Kanai T, Ishikura T, Makita S, Uraushihara K, Iiyama R, et al.
MyD88-deficient mice develop severe intestinal inflammation in dex-
tran sodium sulfate colitis. J Gastroenterol 2005;40:16–23.

32. Sakurai T, Kudo M, Umemura A, He G, Elsharkawy AM, Seki E, et al.
p38a inhibits liver fibrogenesis and consequent hepatocarcinogenesis
by curtailing accumulation of reactive oxygen species. Cancer Res
2013;73:215–24.

33. Catarzi S, Marcucci T, Papucci L, Favilli F, Donnini M, Tonelli F, et al.
Apoptosis and Bax, Bcl-2, Mcl-1 expression in neutrophils of Crohn's
disease patients. Inflamm Bowel Dis 2008;14:819–25.

34. Mudter J, Neurath MF. Apoptosis of T cells and the control of inflam-
matory bowel disease: therapeutic implications. Gut 2007, 56:293–303.

35. Reya T, Morrison SJ, ClarkeMF,Weissman IL. Stem cells, cancer, and
cancer stem cells. Nature 2001;414:105–11.

36. Olszewski MB, Groot AJ, Dastych J, Knol EF. TNF trafficking to human
mast cell granules: mature chain-dependent endocytosis. J Immunol
2007;178:5701–9.

37. Nakanishi Y, Seno H, Fukuoka A, Ueo T, Yamaga Y, Maruno T, et al.
Dclk1 distinguishes between tumor and normal stem cells in the
intestine. Nat Genet 2013;45:98–103.

38. Pegg AE. Methylation of the O6 position of guanine in DNA is the most
likely initiating event in carcinogenesis by methylating agents. Cancer
Invest 1984;2:223–31.

39. Okayasu I, Ohkusa T, Kajiura K, Kanno J, Sakamoto S. Promotion of
colorectal neoplasia in experimental murine ulcerative colitis. Gut
1996;39:87–92.

40. Grivennikov SI, Karin M. Inflammatory cytokines in cancer: tumour
necrosis factor and interleukin 6 take the stage. Ann Rheum Dis
2011;70:i104–8.

41. McDonald SA, Preston SL, Lovell MJ, Wright NA, Jankowski JA.
Mechanisms of disease: from stem cells to colorectal cancer. Nat Clin
Pract Gastroenterol Hepatol 2006;3:267–74.

42. Saigusa S, Tanaka K, Toiyama Y, Yokoe T, Okugawa Y, Ioue Y, et al.
Correlation of CD133, OCT4, and SOX2 in rectal cancer and their
association with distant recurrence after chemoradiotherapy. Ann
Surg Oncol 2009;16:3488–98.

43. Shigdar S, Li Y, Bhattacharya S, O'Connor M, Pu C, Lin J, et al.
Inflammation and cancer stem cells. Cancer Lett 2014;345:271–8.

44. Brochu C, Cabrita MA,Melanson BD, Hamill JD, Lau R, Pratt MA, et al.
NF-kB-dependent role for cold-inducible RNA binding protein in reg-
ulating interleukin 1b. PLoS One 2013;8:e57426

45. Rogler G. Inflammatory bowel disease cancer risk, detection and
surveillance. Dig Dis 2012;30:48–54.

46. Gupta RB, Harpaz N, Itzkowitz S, Hossain S, Matula S, Kornbluth A,
et al. Histologic inflammation is a risk factor for progression to colo-
rectal neoplasia in ulcerative colitis: a cohort study. Gastroenterology
2007;133:1099–105.

47. Watanabe T, Kobunai T, Toda E, Kanazawa T, Kazama Y, Tanaka J,
et al. Gene expression signature and the prediction of ulcerative colitis-
associated colorectal cancer by DNA microarray. Clin Cancer Res
2007;13:415–20.

48. Fujii S, Tominaga K, Kitajima K, Takeda J, Kusaka T, Fujita M, et al.
Methylation of the oestrogen receptor gene in non-neoplastic epithe-
lium as a marker of colorectal neoplasia risk in longstanding and
extensive ulcerative colitis. Gut 2005;54:1287–92.

49. Nishikawa M, Oshitani N, Matsumoto T, Nishigami T, Arakawa T,
Inoue M. Accumulation of mitochondrial DNA mutation with colo-
rectal carcinogenesis in ulcerative colitis. Br J Cancer 2005;93:
331–7.

Cancer Res; 74(21) November 1, 2014 Cancer Research6128

Sakurai et al.

on May 7, 2015. © 2014 American Association for Cancer Research. cancerres.aacrjournals.orgDownloaded from 

Published OnlineFirst September 3, 2014; DOI: 10.1158/0008-5472.CAN-14-0471 

2014;74:6119-6128. Published OnlineFirst September 3, 2014.Cancer Res 
 
Toshiharu Sakurai, Hiroshi Kashida, Tomohiro Watanabe, et al. 
 
Tumorigenesis in Colitis-Associated Cancer
Stress Response Protein Cirp Links Inflammation and

 
Updated version

 
10.1158/0008-5472.CAN-14-0471doi:

Access the most recent version of this article at:

 
Material

Supplementary
 
http://cancerres.aacrjournals.org/content/suppl/2014/08/30/0008-5472.CAN-14-0471.DC1.html
Access the most recent supplemental material at:

 
 

 
 

 
Cited Articles

 
http://cancerres.aacrjournals.org/content/74/21/6119.full.html#ref-list-1
This article cites by 49 articles, 18 of which you can access for free at:

 
 

 
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

 
Subscriptions

Reprints and 
 

.pubs@aacr.org
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at

 
Permissions

 
.permissions@aacr.org

To request permission to re-use all or part of this article, contact the AACR Publications Department at

on May 7, 2015. © 2014 American Association for Cancer Research. cancerres.aacrjournals.orgDownloaded from 

Published OnlineFirst September 3, 2014; DOI: 10.1158/0008-5472.CAN-14-0471 

— 482 —



21. Yang C, Carrier F. The UV-inducible RNA-binding protein A18 (A18
hnRNP) plays a protective role in the genotoxic stress response. J Biol
Chem 2001;276:47277–84.

22. De Leeuw F, Zhang T, Wauquier C, Huez G, Kruys V, Gueydan C. The
cold-inducible RNA-binding protein migrates from the nucleus to
cytoplasmic stress granules by a methylation-dependent mechanism
and acts as a translational repressor. Exp Cell Res 2007;313:4130–44.

23. Yang R, Weber DJ, Carrier F. Post-transcriptional regulation of thior-
edoxin by the stress inducible heterogenous ribonucleoprotein A18.
Nucleic Acids Res 2006;34:1224–36.

24. Morf J, Rey G, Schneider K, Stratmann M, Fujita J, Naef F, et al. Cold-
inducible RNA-binding protein modulates circadian gene expression
posttranscriptionally. Science 2012;338:379–83.

25. Qiang X, Yang WL, Wu R, Zhou M, Jacob A, Dong W, et al. Cold-
inducible RNA-binding protein (CIRP) triggers inflammatory responses
in hemorrhagic shock and sepsis. Nat Med 2013;19:1489–95.

26. Artero-Castro A, Callejas FB, Castellvi J, Kondoh H, Carnero A, Fern�an-
dez-Marcos PJ, et al. Cold-inducible RNA-binding protein bypasses
replicative senescence in primary cells through extracellular signal-
regulated kinase 1 and 2 activation. Mol Cell Biol 2009;29:1855–68.

27. Sakurai T, ItohK,Higashitsuji H,NonoguchiK, Liu Y,WatanabeH, et al.
Cirp protects against tumor necrosis factor-alpha-induced apoptosis
via activation of extracellular signal-regulated kinase. BiochimBiophys
Acta 2006;1763:290–5.

28. Masuda T, Itoh K, Higashitsuji H, Higashitsuji H, Nakazawa N, Sakurai
T, et al. Cold-inducible RNA-binding protein (Cirp) interacts with
Dyrk1b/Mirk and promotes proliferation of immature male germ cells
in mice. Proc Natl Acad Sci U S A 2012;109:10885–90.

29. Aranda R, Sydora BC, McAllister PL, Binder SW, Yang HY, Targan SR,
et al. Analysis of intestinal lymphocytes in mouse colitis mediated by
transfer of CD4þ, CD45RBhigh T cells to SCID recipients. J Immunol
1997;158:3464–73.

30. Seki E, De Minicis S, Gwak GY, Kluwe J, Inokuchi S, Bursill CA, et al.
CCR1 and CCR5 promote hepatic fibrosis in mice. J Clin Invest 2009;
119:1858–70.

31. Araki A, Kanai T, Ishikura T, Makita S, Uraushihara K, Iiyama R, et al.
MyD88-deficient mice develop severe intestinal inflammation in dex-
tran sodium sulfate colitis. J Gastroenterol 2005;40:16–23.

32. Sakurai T, Kudo M, Umemura A, He G, Elsharkawy AM, Seki E, et al.
p38a inhibits liver fibrogenesis and consequent hepatocarcinogenesis
by curtailing accumulation of reactive oxygen species. Cancer Res
2013;73:215–24.

33. Catarzi S, Marcucci T, Papucci L, Favilli F, Donnini M, Tonelli F, et al.
Apoptosis and Bax, Bcl-2, Mcl-1 expression in neutrophils of Crohn's
disease patients. Inflamm Bowel Dis 2008;14:819–25.

34. Mudter J, Neurath MF. Apoptosis of T cells and the control of inflam-
matory bowel disease: therapeutic implications. Gut 2007, 56:293–303.

35. Reya T, Morrison SJ, ClarkeMF,Weissman IL. Stem cells, cancer, and
cancer stem cells. Nature 2001;414:105–11.

36. Olszewski MB, Groot AJ, Dastych J, Knol EF. TNF trafficking to human
mast cell granules: mature chain-dependent endocytosis. J Immunol
2007;178:5701–9.

37. Nakanishi Y, Seno H, Fukuoka A, Ueo T, Yamaga Y, Maruno T, et al.
Dclk1 distinguishes between tumor and normal stem cells in the
intestine. Nat Genet 2013;45:98–103.

38. Pegg AE. Methylation of the O6 position of guanine in DNA is the most
likely initiating event in carcinogenesis by methylating agents. Cancer
Invest 1984;2:223–31.

39. Okayasu I, Ohkusa T, Kajiura K, Kanno J, Sakamoto S. Promotion of
colorectal neoplasia in experimental murine ulcerative colitis. Gut
1996;39:87–92.

40. Grivennikov SI, Karin M. Inflammatory cytokines in cancer: tumour
necrosis factor and interleukin 6 take the stage. Ann Rheum Dis
2011;70:i104–8.

41. McDonald SA, Preston SL, Lovell MJ, Wright NA, Jankowski JA.
Mechanisms of disease: from stem cells to colorectal cancer. Nat Clin
Pract Gastroenterol Hepatol 2006;3:267–74.

42. Saigusa S, Tanaka K, Toiyama Y, Yokoe T, Okugawa Y, Ioue Y, et al.
Correlation of CD133, OCT4, and SOX2 in rectal cancer and their
association with distant recurrence after chemoradiotherapy. Ann
Surg Oncol 2009;16:3488–98.

43. Shigdar S, Li Y, Bhattacharya S, O'Connor M, Pu C, Lin J, et al.
Inflammation and cancer stem cells. Cancer Lett 2014;345:271–8.

44. Brochu C, Cabrita MA,Melanson BD, Hamill JD, Lau R, Pratt MA, et al.
NF-kB-dependent role for cold-inducible RNA binding protein in reg-
ulating interleukin 1b. PLoS One 2013;8:e57426

45. Rogler G. Inflammatory bowel disease cancer risk, detection and
surveillance. Dig Dis 2012;30:48–54.

46. Gupta RB, Harpaz N, Itzkowitz S, Hossain S, Matula S, Kornbluth A,
et al. Histologic inflammation is a risk factor for progression to colo-
rectal neoplasia in ulcerative colitis: a cohort study. Gastroenterology
2007;133:1099–105.

47. Watanabe T, Kobunai T, Toda E, Kanazawa T, Kazama Y, Tanaka J,
et al. Gene expression signature and the prediction of ulcerative colitis-
associated colorectal cancer by DNA microarray. Clin Cancer Res
2007;13:415–20.

48. Fujii S, Tominaga K, Kitajima K, Takeda J, Kusaka T, Fujita M, et al.
Methylation of the oestrogen receptor gene in non-neoplastic epithe-
lium as a marker of colorectal neoplasia risk in longstanding and
extensive ulcerative colitis. Gut 2005;54:1287–92.

49. Nishikawa M, Oshitani N, Matsumoto T, Nishigami T, Arakawa T,
Inoue M. Accumulation of mitochondrial DNA mutation with colo-
rectal carcinogenesis in ulcerative colitis. Br J Cancer 2005;93:
331–7.

Cancer Res; 74(21) November 1, 2014 Cancer Research6128

Sakurai et al.

on May 7, 2015. © 2014 American Association for Cancer Research. cancerres.aacrjournals.orgDownloaded from 

Published OnlineFirst September 3, 2014; DOI: 10.1158/0008-5472.CAN-14-0471 

2014;74:6119-6128. Published OnlineFirst September 3, 2014.Cancer Res 
 
Toshiharu Sakurai, Hiroshi Kashida, Tomohiro Watanabe, et al. 
 
Tumorigenesis in Colitis-Associated Cancer
Stress Response Protein Cirp Links Inflammation and

 
Updated version

 
10.1158/0008-5472.CAN-14-0471doi:

Access the most recent version of this article at:

 
Material

Supplementary
 
http://cancerres.aacrjournals.org/content/suppl/2014/08/30/0008-5472.CAN-14-0471.DC1.html
Access the most recent supplemental material at:

 
 

 
 

 
Cited Articles

 
http://cancerres.aacrjournals.org/content/74/21/6119.full.html#ref-list-1
This article cites by 49 articles, 18 of which you can access for free at:

 
 

 
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

 
Subscriptions

Reprints and 
 

.pubs@aacr.org
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at

 
Permissions

 
.permissions@aacr.org

To request permission to re-use all or part of this article, contact the AACR Publications Department at

on May 7, 2015. © 2014 American Association for Cancer Research. cancerres.aacrjournals.orgDownloaded from 

Published OnlineFirst September 3, 2014; DOI: 10.1158/0008-5472.CAN-14-0471 

— 483 —



NOD2 Down-Regulates Colonic Inflammation by IRF4-Mediated 
Inhibition of K63-Linked Polyubiquitination of RICK and TRAF6

Tomohiro Watanabe1,2,3,*, Naoki Asano2,4,*, Guangxun Meng2, Kouhei Yamashita5,
Yasuyuki Arai5, Toshiharu Sakurai6, Masatoshi Kudo6, Ivan J Fuss2, Atsushi Kitani2, Tooru
Shimosegawa4, Tsutomu Chiba3, and Warren Strober2

1Center for Innovation in Immunoregulative Technology and Therapeutics, Kyoto University 
Graduate School of Medicine
2Mucosal Immunity Section, Laboratory of Host Defenses, National Institute of Allergy and 
Infectious Diseases, National Institutes of Health
3Department of Gastroenterology and Hepatology, Kyoto University Graduate School of Medicine
4Division of Gastroenterology, Tohoku University Graduate School of Medicine
5Department of Hematology and Oncology, Kyoto University Graduate School of Medicine
6Department of Gastroenterology and Hepatology, Kinki University School of Medicine

Abstract
It is well established that polymorphisms of the nucleotide-binding oligomerization domain 2 
(NOD2) gene, a major risk factor in Crohn's disease (CD), lead to loss of NOD2 function. 
However, a molecular explanation of how such loss of function leads to increased susceptibility to 
CD has remained unclear. In a previous study exploring this question we reported that activation 
of NOD2 in human dendritic cells by its ligand, muramyl dipeptide (MDP) negatively regulates 
Toll-like receptor (TLR)-mediated inflammatory responses. Here we show that NOD2 activation 
results in increased interferon regulatory factor 4 (IRF4) expression and binding to TNF receptor 
associated factor 6 (TRAF6) and receptor interacting serine-threonine kinase (RICK). We then 
show that such binding leads to IRF4-mediated inhibition of Lys63-linked polyubiquitination of 
TRAF6 and RICK and thus to down-regulation of NF-κB activation. Finally, we demonstrate that 
protection of mice from the development of experimental colitis by MDP or IRF4 administration 
is accompanied by similar IRF4-mediated effects on polyubiquitination of TRAF6 and RICK in 
colonic lamina propria mononuclear cells. These findings thus define a mechanism of NOD2-
mediated regulation of innate immune responses to intestinal microflora that could explain the 
relation of NOD2 polymorphisms and resultant NOD2 dysfunction to CD.
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Introduction
Nucleotide-binding oligomerization domain 2 (NOD2) is a NLR family member that 
functions as an intracellular sensor of small peptides (such as muramyl dipeptide, MDP) 
derived from the peptidoglycan (PGN) component of the bacterial cell wall 1, 2. Activation 
of NOD2 occurring upon sensing of its ligand through its leucine rich repeat domain is 
followed by NOD2 oligomerization and exposure of its caspase activation and recruitment 
domain (CARD). This enables a physical interaction between NOD2 and a downstream 
adaptor molecule, receptor interacting serine-threonine kinase (RICK) that then results in 
lysine 63 (K63)-linked polyubiquitination of RICK 1-3. Ubiquitinated RICK then interacts 
with TGF-β-activated kinase 1 and TNF receptor associated factor 6 (TRAF6) to cause 
nuclear translocation of NF-κB subunits 4-8.

The functional importance of NOD2 is underscored by the fact that polymorphisms in the 
CARD15 gene encoding NOD2 are associated with Crohn's disease and other immune 
disorders such as graft versus host disease 1, 2, 9. However, despite extensive investigation, 
the molecular mechanisms by which such polymorphisms contribute to these diseases are 
not completely understood 1, 9. A possible clue to the nature of these mechanisms comes 
from the fact that MDP activation of NOD2 can both positively and negatively regulate 
Toll-like receptor (TLR)-mediated inflammatory responses. For example, synergistic 
production of pro-inflammatory cytokine responses has been observed in human antigen-
presenting cells (APCs) upon simultaneous stimulation of MDP and TLR ligands 10, 11. This 
synergism could contribute to the control of the gastrointestinal commensal microflora that 
is necessary for the prevention of Crohn's disease 12.

However, the above described capacity of NOD2 activation to augment innate immune 
responses is accompanied by the fact that such activation also has a negative effect on TLR 
signaling. Thus, we and others have shown that pre-activation of NOD2 by MDP induces 
decreased pro-inflammatory cytokine responses in human APCs upon subsequent challenge 
with TLR ligands 13-17. In addition, Hedl et al. have shown that such tolerogenic responses 
were not observed in human APCs from patients bearing Crohn's-disease-associated NOD2 
mutations 15-17. We have also found that systemic injection of MDP protects NOD2-intact 
mice from experimental colitis, but not NOD2-or RICK-deficient mice 6, 14, 18. Collectively, 
these data support the idea that MDP activation of NOD2 down-regulates innate immune 
responses to intestinal microflora and thus suggest that the absence of such regulation leads 
to increased susceptibility to Crohn's disease.

In a previous study of the molecular mechanisms underlying NOD2 regulation of TLR 
response, we showed that MDP activation of NOD2 induces interferon regulatory factor 4 
(IRF4) in human dendritic cells (DCs) and that such induction is necessary for the negative 
regulation of subsequent TLR-induced pro-inflammatory responses 14. In this study, we 
report that following NOD2 activation, IRF4 interacts with myeloid differentiation factor 88 
(MyD88), TRAF6, and RICK and down-regulates K63-linked polyubiquitinylation of RICK 
and TRAF6; this, in turn, disrupts NOD2- and TLR-MyD88-induced NF-κB activation 
pathways, respectively. Thus, IRF4 function initiated by NOD2 activation provides new 
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Introduction
Nucleotide-binding oligomerization domain 2 (NOD2) is a NLR family member that 
functions as an intracellular sensor of small peptides (such as muramyl dipeptide, MDP) 
derived from the peptidoglycan (PGN) component of the bacterial cell wall 1, 2. Activation 
of NOD2 occurring upon sensing of its ligand through its leucine rich repeat domain is 
followed by NOD2 oligomerization and exposure of its caspase activation and recruitment 
domain (CARD). This enables a physical interaction between NOD2 and a downstream 
adaptor molecule, receptor interacting serine-threonine kinase (RICK) that then results in 
lysine 63 (K63)-linked polyubiquitination of RICK 1-3. Ubiquitinated RICK then interacts 
with TGF-β-activated kinase 1 and TNF receptor associated factor 6 (TRAF6) to cause 
nuclear translocation of NF-κB subunits 4-8.

The functional importance of NOD2 is underscored by the fact that polymorphisms in the 
CARD15 gene encoding NOD2 are associated with Crohn's disease and other immune 
disorders such as graft versus host disease 1, 2, 9. However, despite extensive investigation, 
the molecular mechanisms by which such polymorphisms contribute to these diseases are 
not completely understood 1, 9. A possible clue to the nature of these mechanisms comes 
from the fact that MDP activation of NOD2 can both positively and negatively regulate 
Toll-like receptor (TLR)-mediated inflammatory responses. For example, synergistic 
production of pro-inflammatory cytokine responses has been observed in human antigen-
presenting cells (APCs) upon simultaneous stimulation of MDP and TLR ligands 10, 11. This 
synergism could contribute to the control of the gastrointestinal commensal microflora that 
is necessary for the prevention of Crohn's disease 12.

However, the above described capacity of NOD2 activation to augment innate immune 
responses is accompanied by the fact that such activation also has a negative effect on TLR 
signaling. Thus, we and others have shown that pre-activation of NOD2 by MDP induces 
decreased pro-inflammatory cytokine responses in human APCs upon subsequent challenge 
with TLR ligands 13-17. In addition, Hedl et al. have shown that such tolerogenic responses 
were not observed in human APCs from patients bearing Crohn's-disease-associated NOD2 
mutations 15-17. We have also found that systemic injection of MDP protects NOD2-intact 
mice from experimental colitis, but not NOD2-or RICK-deficient mice 6, 14, 18. Collectively, 
these data support the idea that MDP activation of NOD2 down-regulates innate immune 
responses to intestinal microflora and thus suggest that the absence of such regulation leads 
to increased susceptibility to Crohn's disease.

In a previous study of the molecular mechanisms underlying NOD2 regulation of TLR 
response, we showed that MDP activation of NOD2 induces interferon regulatory factor 4 
(IRF4) in human dendritic cells (DCs) and that such induction is necessary for the negative 
regulation of subsequent TLR-induced pro-inflammatory responses 14. In this study, we 
report that following NOD2 activation, IRF4 interacts with myeloid differentiation factor 88 
(MyD88), TRAF6, and RICK and down-regulates K63-linked polyubiquitinylation of RICK 
and TRAF6; this, in turn, disrupts NOD2- and TLR-MyD88-induced NF-κB activation 
pathways, respectively. Thus, IRF4 function initiated by NOD2 activation provides new 
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insight into how NOD2 influences colitis and why loss-of-function NOD2 polymorphisms 
serve as a risk factor in Crohn's disease.

Results
Physical interactions between IRF4 and MyD88, RICK, and TRAF6 in human DCs

In a previous study 14, we showed that NOD2 pre-stimulation of human DCs results in 
inhibition of subsequent TLR-induced cytokine responses and that such inhibition requires 
the up-regulation of IRF4. As for the mechanism of this IRF4 effect, we found in over-
expression studies that NOD2 down-regulation of TLR-mediated NF-κB activation is 
associated with IRF4 interaction with MyD88, RICK, and TRAF6; thus it appeared that 
IRF4 was interfering with TLR signaling in some manner.

In the present study we addressed the molecular basis of this NOD2-IRF4 inhibitory 
mechanism by first assessing NOD2-induced IRF4 physical interaction with RICK, MyD88, 
and TRAF6 in human DCs under physiologic conditions. For this purpose, DCs derived 
from healthy control peripheral blood monocytes (obtained by culturing the latter in the 
presence of GM-CSF and IL-4) were pre-stimulated with MDP for 24 hours and then re-
stimulated with MDP or lipopolysaccharide (LPS). As shown in Figure 1A, MDP pre-
stimulation (designated in Figure 1 as 1st stimulation) up-regulated endogenous IRF4 
expression in human DCs without altering their constitutive expression of RICK, MyD88, or 
TRAF6.

Accompanying studies in which immunoprecipitation (IP) followed by immuno-blotting 
(IB) was performed to assess signaling component interactions revealed that MDP pre-
stimulation enhanced IRF4 binding to RICK, especially when it was accompanied by MDP 
re-stimulation. In addition, IRF4 binding to TRAF6 was barely seen in un-stimulated cells or 
cells stimulated with MDP or LPS without pre-stimulation, but was clearly evident in cells 
pre-stimulated with MDP especially when such pre-stimulation was followed by re-
stimulation with MDP or LPS. Finally, IRF4 binding to MyD88 was increased in cells pre-
stimulated with MDP and re-stimulated with LPS.

To verify the above IP-IB studies of interactions between IRF4 and various binding 
molecules in cells subjected to MDP stimulation we employed the Duolink assay which 
allows fluorescent visualization of interacting proteins 19. As shown in Figure 1B, an IRF4-
RICK complex was generated both in cells pre-stimulated with MDP and re-stimulated with 
MDP or LPS. In addition, IRF4-TRAF6 and IRF4-MyD88 complexes were generated in 
cells pre-stimulated with MDP and re-stimulated with either MDP or LPS, particularly the 
latter. Thus, both the IP-IB and Duo-link assays reveal enhanced interactions between IRF4 
and RICK, MyD88, TRAF6 in human primary DCs pre-stimulated with MDP.

As also shown in Figure 1A, MDP pre-stimulation of cells was associated with reduced 
expression of phospho-IκBα and degradation of IκBα. Thus, the enhanced interaction 
between IRF4, RICK, and MyD88 in MDP pre-stimulated human DCs is associated with 
down-regulation of the NF-κB signaling pathway.
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IRF4 with mutations at two known phosphorylation sites is capable of both RICK-IRF4 
interaction and IRF4 negative regulation

Since RICK is a serine-threonine kinase, NOD2 activation of RICK could be regulating 
IRF4 function by enhancing RICK phosphorylation of IRF4. To investigate this possibility 
we first determined the ability of RICK mutated at K47 (K47A) and/or S176 (S176A), sites 
previously shown to be necessary for RICK kinase activity20, 21. As shown in Figure 2A, 
binding of IRF4 to RICK (in proportion to RICK expression) was observed in 293 cells after 
the transfection of FLAG-tagged IRF4 along with RICK mutants lacking kinase activity.

In related studies, we determined the ability of IRF4 mutated at both S447 (S447A) and 
S448 (S448A), potential serine phosphorylation sites previously shown to be necessary for 
IRF4 function in relation to IL-21 regulation, to bind to RICK 22. As shown in Figure 2B, 
both wild type IRF4 and mutated IRF4 bound to RICK in 293 cells over-expressing V5-
tagged RICK and FLAG-tagged IRF4. Thus, phospholylation of IRF4 at these two potential 
phosphorylation sites were not required for the interaction between RICK and IRF4.

Finally, to assess the capacity of IRF4 lacking two serine phosphorylation sites to regulate 
NF-κB activity we transfected plasmids expressing either wild type or mutated IRF4 into 
HT-29 cells (i.e., non-hematopoietic cells not likely to express endogenous IRF4 23) co-
transfected with a RICK-expressing plasmid as well as an NF-κB luciferase reporter-
expressing plasmid. As shown in Figure 2C, transfection with mutated IRF4 led to a 
significant reduction in RICK activation of NF-κB as compared to that of wild type (WT) 
IRF4. In complementary studies to address the same question in TLR-stimulated cells, we 
transfected either wild type or mutated IRF4 into human THP1 cells, which lack expression 
of IRF4 either before or after stimulation with MDP as shown in our previous study 14, and 
then cultured the cells with TLR2 ligand (Pam3CSK4, PAM) or TLR4 ligand (LPS) to 
determine their capacity to produce NF-κB-dependent cytokines. As shown in Figure 2D, 
transfection of mutated IRF4 into THP1 cells led to a significant decrease in TLR2 induction 
of IL-12p40 as compared to that of WT IRF4. Thus, these data provide evidence that loss of 
potential serine phosphorylation sites enhances increased IRF4-mediated negative regulation 
of NF-κB activation and its down-stream effect on cytokine production.

IRF4 regulates Lys63-linked polyubiquitination of RICK
TLR and NLR activation of NF-κB requires Lysine 63 (K63)-polyubiquitination of 
signaling components such as RICK and TRAF6 5-7, 24, 25. It was therefore possible that 
IRF4 expression induced by NOD2 activation inhibits NF-κB activation by down-regulation 
of such polyubiquitination. To address this question we first investigated the effect of IRF4 
on RICK polyubiquitination in 293 cells transfected with plasmids expressing HA-tagged 
ubiquitin (Ub), V5-tagged RICK, and FLAG-tagged IRF4 and then lysed to obtain cell 
lysates that were subjected to IP with anti-HA antibody (Ab) and IB with anti-V5 Ab.

As shown in Figure 3A, polyubiquitination of RICK was seen in 293 cells expressing HA-
tagged wild type Ub and V5-tagged RICK alone but not in cells also expressing IRF4. 
Consistent with previous studies showing that the E3 ligases, TRAF6 and cellular inhibitors 
of apoptosis proteins (cIAPs) induce K63-linked polyubiquitination of RICK 6, 26, co-
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insight into how NOD2 influences colitis and why loss-of-function NOD2 polymorphisms 
serve as a risk factor in Crohn's disease.

Results
Physical interactions between IRF4 and MyD88, RICK, and TRAF6 in human DCs

In a previous study 14, we showed that NOD2 pre-stimulation of human DCs results in 
inhibition of subsequent TLR-induced cytokine responses and that such inhibition requires 
the up-regulation of IRF4. As for the mechanism of this IRF4 effect, we found in over-
expression studies that NOD2 down-regulation of TLR-mediated NF-κB activation is 
associated with IRF4 interaction with MyD88, RICK, and TRAF6; thus it appeared that 
IRF4 was interfering with TLR signaling in some manner.

In the present study we addressed the molecular basis of this NOD2-IRF4 inhibitory 
mechanism by first assessing NOD2-induced IRF4 physical interaction with RICK, MyD88, 
and TRAF6 in human DCs under physiologic conditions. For this purpose, DCs derived 
from healthy control peripheral blood monocytes (obtained by culturing the latter in the 
presence of GM-CSF and IL-4) were pre-stimulated with MDP for 24 hours and then re-
stimulated with MDP or lipopolysaccharide (LPS). As shown in Figure 1A, MDP pre-
stimulation (designated in Figure 1 as 1st stimulation) up-regulated endogenous IRF4 
expression in human DCs without altering their constitutive expression of RICK, MyD88, or 
TRAF6.

Accompanying studies in which immunoprecipitation (IP) followed by immuno-blotting 
(IB) was performed to assess signaling component interactions revealed that MDP pre-
stimulation enhanced IRF4 binding to RICK, especially when it was accompanied by MDP 
re-stimulation. In addition, IRF4 binding to TRAF6 was barely seen in un-stimulated cells or 
cells stimulated with MDP or LPS without pre-stimulation, but was clearly evident in cells 
pre-stimulated with MDP especially when such pre-stimulation was followed by re-
stimulation with MDP or LPS. Finally, IRF4 binding to MyD88 was increased in cells pre-
stimulated with MDP and re-stimulated with LPS.

To verify the above IP-IB studies of interactions between IRF4 and various binding 
molecules in cells subjected to MDP stimulation we employed the Duolink assay which 
allows fluorescent visualization of interacting proteins 19. As shown in Figure 1B, an IRF4-
RICK complex was generated both in cells pre-stimulated with MDP and re-stimulated with 
MDP or LPS. In addition, IRF4-TRAF6 and IRF4-MyD88 complexes were generated in 
cells pre-stimulated with MDP and re-stimulated with either MDP or LPS, particularly the 
latter. Thus, both the IP-IB and Duo-link assays reveal enhanced interactions between IRF4 
and RICK, MyD88, TRAF6 in human primary DCs pre-stimulated with MDP.

As also shown in Figure 1A, MDP pre-stimulation of cells was associated with reduced 
expression of phospho-IκBα and degradation of IκBα. Thus, the enhanced interaction 
between IRF4, RICK, and MyD88 in MDP pre-stimulated human DCs is associated with 
down-regulation of the NF-κB signaling pathway.
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IRF4 with mutations at two known phosphorylation sites is capable of both RICK-IRF4 
interaction and IRF4 negative regulation

Since RICK is a serine-threonine kinase, NOD2 activation of RICK could be regulating 
IRF4 function by enhancing RICK phosphorylation of IRF4. To investigate this possibility 
we first determined the ability of RICK mutated at K47 (K47A) and/or S176 (S176A), sites 
previously shown to be necessary for RICK kinase activity20, 21. As shown in Figure 2A, 
binding of IRF4 to RICK (in proportion to RICK expression) was observed in 293 cells after 
the transfection of FLAG-tagged IRF4 along with RICK mutants lacking kinase activity.

In related studies, we determined the ability of IRF4 mutated at both S447 (S447A) and 
S448 (S448A), potential serine phosphorylation sites previously shown to be necessary for 
IRF4 function in relation to IL-21 regulation, to bind to RICK 22. As shown in Figure 2B, 
both wild type IRF4 and mutated IRF4 bound to RICK in 293 cells over-expressing V5-
tagged RICK and FLAG-tagged IRF4. Thus, phospholylation of IRF4 at these two potential 
phosphorylation sites were not required for the interaction between RICK and IRF4.

Finally, to assess the capacity of IRF4 lacking two serine phosphorylation sites to regulate 
NF-κB activity we transfected plasmids expressing either wild type or mutated IRF4 into 
HT-29 cells (i.e., non-hematopoietic cells not likely to express endogenous IRF4 23) co-
transfected with a RICK-expressing plasmid as well as an NF-κB luciferase reporter-
expressing plasmid. As shown in Figure 2C, transfection with mutated IRF4 led to a 
significant reduction in RICK activation of NF-κB as compared to that of wild type (WT) 
IRF4. In complementary studies to address the same question in TLR-stimulated cells, we 
transfected either wild type or mutated IRF4 into human THP1 cells, which lack expression 
of IRF4 either before or after stimulation with MDP as shown in our previous study 14, and 
then cultured the cells with TLR2 ligand (Pam3CSK4, PAM) or TLR4 ligand (LPS) to 
determine their capacity to produce NF-κB-dependent cytokines. As shown in Figure 2D, 
transfection of mutated IRF4 into THP1 cells led to a significant decrease in TLR2 induction 
of IL-12p40 as compared to that of WT IRF4. Thus, these data provide evidence that loss of 
potential serine phosphorylation sites enhances increased IRF4-mediated negative regulation 
of NF-κB activation and its down-stream effect on cytokine production.

IRF4 regulates Lys63-linked polyubiquitination of RICK
TLR and NLR activation of NF-κB requires Lysine 63 (K63)-polyubiquitination of 
signaling components such as RICK and TRAF6 5-7, 24, 25. It was therefore possible that 
IRF4 expression induced by NOD2 activation inhibits NF-κB activation by down-regulation 
of such polyubiquitination. To address this question we first investigated the effect of IRF4 
on RICK polyubiquitination in 293 cells transfected with plasmids expressing HA-tagged 
ubiquitin (Ub), V5-tagged RICK, and FLAG-tagged IRF4 and then lysed to obtain cell 
lysates that were subjected to IP with anti-HA antibody (Ab) and IB with anti-V5 Ab.

As shown in Figure 3A, polyubiquitination of RICK was seen in 293 cells expressing HA-
tagged wild type Ub and V5-tagged RICK alone but not in cells also expressing IRF4. 
Consistent with previous studies showing that the E3 ligases, TRAF6 and cellular inhibitors 
of apoptosis proteins (cIAPs) induce K63-linked polyubiquitination of RICK 6, 26, co-
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transfection of plasmids expressing TRAF6 or cIAP1 or cIAP2 enhanced polyubiquitination 
of RICK; however, such enhanced polyubiquitination of RICK was markedly reduced in 
cells also expressing IRF4 (Figures 3A and 3B). In further studies to determine the linkage 
type of poly-Ub chains on RICK, 293 cells were transfected with plasmids expressing 
mutant forms of Ub that specifically ubiquitinate via either K48 or K63 linkages. As shown 
in Figure 3A (middle and right panels), 293 cells expressing IRF4 exhibited reduced K63-
linked polyubiquitination of RICK, even in cells co-transfected with TRAF6 that expressed 
increased amounts of K63-polyubiquitinated RICK; however, IRF4 expression had little or 
no effect on the marginal amount of K48-linked polyubiquitination observed, even in the 
presence of TRAF6.

As shown in Figure 3B, enhanced K63-linked polyubiquitination of RICK induced by cIAP1 
or cIAP2 (but not K48-linked polyubiquitination) was also inhibited in cells expressing 
IRF4 whereas K63-linked polyubiquitination of RICK by ITCH, another E3 ligase known to 
induce such polyubiquitination 25 was not reduced in cells expressing IRF4 (data not 
shown). In addition, as shown in Figure 3C, reduced RICK polyubiquitination was seen in 
cells expressing either wild type IRF4 or mutated IRF4 lacking its phosphorylation site, 
indicating that the inhibitory effect of IRF4 was not dependent on its phosphorylation status. 
Finally, as shown in Figure 3D, polyubiquitination of RICK induced by 30 min of 
stimulation with MDP in 293 cells stably expressing NOD2 was barely seen upon co-
transfection of IRF4; thus the inhibitory effect of IRF4 also applies to RICK activated by 
NOD2.

In related studies we identified RICK domains that interact with IRF4 and that are necessary 
for IRF4 inhibition of polyubiquitination. RICK is composed of a kinase domain, an 
intermediate domain, and a CARD domain. We therefore transfected plasmids expressing 
V5-tagged RICK mutants lacking each of these domains as well as RICK fragments 
composed of each of these domains into 293 cells co-transfected with plasmids expressing 
FLAG-IRF4. As shown in Figure 4A, the interaction between RICK and IRF4 (defined by 
IP-IB studies) required the presence of the kinase and/or the intermediate RICK domains 
since the interaction could be detected in 293 cells over-expressing kinase and intermediate 
domain RICK mutants but not in cells expressing the CARD domain mutant. Thus, the 
interaction between RICK and IRF4 was mediated by the binding of IRF4 to either the 
kinase or the intermediate domain but not to the CARD domain. With this information in 
hand we next conducted ubiquitination studies of RICK domains in 293 cells transfected 
with plasmids expressing V5-RICK mutants or RICK fragments and co-transfected with 
plasmids expressing HA-Ub in the absence of IRF4 co-transfectlon. In previous studies, 
Hasegawa et al. showed that polyubiquitination of RICK at K209 in the kinase domain is 
essential for RICK-mediated NF-κB activation 7. As shown in Figure 4B, consistent with 
this finding, 293 cells over-expressing mutant RICK lacking the kinase domain exhibited 
grossly defective polyubiquitination whereas those over-expressing RICK mutants lacking 
the intermediate or CARD domains still exhibited polyubiquitination, albeit less than that of 
WT RICK; in addition, as also shown in Figure 4B, whereas a kinase domain fragment of 
RICK was polyubiquitinated, an intermediate domain fragment of RICK was not. Thus, 
these studies demonstrate that the IRF4 inhibition of RICK polyubiquitination shown above 
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involves polyubiquitination of the kinase domain of RICK and this inhibition is facilitated 
by IRF4 binding to the kinase and/or intermediate domains of RICK.

IRF4 regulates polyubiquitination of TRAF6
Stimulation of the TLRs leads to the recruitment of MyD88 and TRAF6 to the receptor 
complex 27. This process activates TRAF6 E3 ligase activity and TRAF6-mediated K63-
linked polyubiquitination of downstream target proteins as well as TRAF6 itself 24. Since 
IRF4 binds to TRAF6 following MDP pre-stimulation it seemed possible that as in the case 
of RICK polyubiquitination, TRAF6 polyubiquitination was regulated by IRF4. To address 
this question, 293 cells were transfected with HA-tagged TRAF6, His-tagged Ub, and 
FLAG-tagged IRF4 and subjected to IP-IB studies as described above. As shown in Figures 
5A and 5B, cells expressing wild type or mutated IRF4 exhibited greatly reduced 
polyubiquitination of TRAF6 in the presence or absence of RICK. In addition, as shown in 
Figure 5C, robust TRAF6 polyubiquitination induced by 30 min of stimulation with LPS in 
293 cells stably expressing TLR4, MD2, and CD14, was abolished in cells also expressing 
IRF4.

Taken together, these studies strongly suggest that IRF4 negatively regulates 
polyubiquitination of RICK and TRAF6 either in cells in which target proteins are being 
over-expressed and are being activated by NLR or TLR ligands, respectively.

Pre-stimulation of human DCs with MDP inhibits Lys63-linked polyubiquitination of RICK 
and TRAF6

To verify the results of the above over-expression studies of IRF4 under physiologic 
conditions we next investigated whether IRF4 expression induced by NOD2 inhibits K63-
linked polyubiquitination of RICK and/or TRAF6 in human DCs. To this end, cell lysates 
prepared from human DCs that were pre-stimulated with MDP for 24 hours and then re-
stimulated with MDP or LPS were subjected to IP with Abs specific to K63- or K48-
ubiquitin and then IB with Abs specific for RICK or TRAF6.

As shown in Figure 6A, pre-stimulation of human DCs with MDP greatly reduced K63-
linked, but not K48-linked polyubiquitination of RICK upon secondary stimulation with 
MDP of human DCs. Similarly, pre-stimulation with MDP greatly reduced K63-linked, but 
not K48-linked polyubiquitination of TRAF6 upon secondary stimulation with LPS. It 
should be noted that LPS stimulation did not induce K63-linked polyubiquitination of RICK 
and MDP stimulation did not induce K63-linked polyubiquitination of TRAF6; thus the 
possible effect of pre-stimulation of cells with MDP in these situations could not be 
evaluated.

To determine if the negative effect of MDP pre-stimulation on K63-linked 
polyubiquitination was in fact due to IRF4 we next conducted studies of cells in which IRF4 
was down-regulated by IRF4-specific siRNA (Figure 6B). As shown in Figure 6C, whereas 
MDP pre-stimulation of cells again led to inhibition of MDP-stimulated RICK and LPS-
stimulated TRAF6 K63-linked polyubiquitination, respectively, such inhibition was reversed 
in cells treated with IRF4 siRNA. These studies show that in physiologic human DCs MDP 
activation of NOD2 and generation of IRF4 result in subsequent inhibition of MDP-induced 
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transfection of plasmids expressing TRAF6 or cIAP1 or cIAP2 enhanced polyubiquitination 
of RICK; however, such enhanced polyubiquitination of RICK was markedly reduced in 
cells also expressing IRF4 (Figures 3A and 3B). In further studies to determine the linkage 
type of poly-Ub chains on RICK, 293 cells were transfected with plasmids expressing 
mutant forms of Ub that specifically ubiquitinate via either K48 or K63 linkages. As shown 
in Figure 3A (middle and right panels), 293 cells expressing IRF4 exhibited reduced K63-
linked polyubiquitination of RICK, even in cells co-transfected with TRAF6 that expressed 
increased amounts of K63-polyubiquitinated RICK; however, IRF4 expression had little or 
no effect on the marginal amount of K48-linked polyubiquitination observed, even in the 
presence of TRAF6.

As shown in Figure 3B, enhanced K63-linked polyubiquitination of RICK induced by cIAP1 
or cIAP2 (but not K48-linked polyubiquitination) was also inhibited in cells expressing 
IRF4 whereas K63-linked polyubiquitination of RICK by ITCH, another E3 ligase known to 
induce such polyubiquitination 25 was not reduced in cells expressing IRF4 (data not 
shown). In addition, as shown in Figure 3C, reduced RICK polyubiquitination was seen in 
cells expressing either wild type IRF4 or mutated IRF4 lacking its phosphorylation site, 
indicating that the inhibitory effect of IRF4 was not dependent on its phosphorylation status. 
Finally, as shown in Figure 3D, polyubiquitination of RICK induced by 30 min of 
stimulation with MDP in 293 cells stably expressing NOD2 was barely seen upon co-
transfection of IRF4; thus the inhibitory effect of IRF4 also applies to RICK activated by 
NOD2.

In related studies we identified RICK domains that interact with IRF4 and that are necessary 
for IRF4 inhibition of polyubiquitination. RICK is composed of a kinase domain, an 
intermediate domain, and a CARD domain. We therefore transfected plasmids expressing 
V5-tagged RICK mutants lacking each of these domains as well as RICK fragments 
composed of each of these domains into 293 cells co-transfected with plasmids expressing 
FLAG-IRF4. As shown in Figure 4A, the interaction between RICK and IRF4 (defined by 
IP-IB studies) required the presence of the kinase and/or the intermediate RICK domains 
since the interaction could be detected in 293 cells over-expressing kinase and intermediate 
domain RICK mutants but not in cells expressing the CARD domain mutant. Thus, the 
interaction between RICK and IRF4 was mediated by the binding of IRF4 to either the 
kinase or the intermediate domain but not to the CARD domain. With this information in 
hand we next conducted ubiquitination studies of RICK domains in 293 cells transfected 
with plasmids expressing V5-RICK mutants or RICK fragments and co-transfected with 
plasmids expressing HA-Ub in the absence of IRF4 co-transfectlon. In previous studies, 
Hasegawa et al. showed that polyubiquitination of RICK at K209 in the kinase domain is 
essential for RICK-mediated NF-κB activation 7. As shown in Figure 4B, consistent with 
this finding, 293 cells over-expressing mutant RICK lacking the kinase domain exhibited 
grossly defective polyubiquitination whereas those over-expressing RICK mutants lacking 
the intermediate or CARD domains still exhibited polyubiquitination, albeit less than that of 
WT RICK; in addition, as also shown in Figure 4B, whereas a kinase domain fragment of 
RICK was polyubiquitinated, an intermediate domain fragment of RICK was not. Thus, 
these studies demonstrate that the IRF4 inhibition of RICK polyubiquitination shown above 
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involves polyubiquitination of the kinase domain of RICK and this inhibition is facilitated 
by IRF4 binding to the kinase and/or intermediate domains of RICK.

IRF4 regulates polyubiquitination of TRAF6
Stimulation of the TLRs leads to the recruitment of MyD88 and TRAF6 to the receptor 
complex 27. This process activates TRAF6 E3 ligase activity and TRAF6-mediated K63-
linked polyubiquitination of downstream target proteins as well as TRAF6 itself 24. Since 
IRF4 binds to TRAF6 following MDP pre-stimulation it seemed possible that as in the case 
of RICK polyubiquitination, TRAF6 polyubiquitination was regulated by IRF4. To address 
this question, 293 cells were transfected with HA-tagged TRAF6, His-tagged Ub, and 
FLAG-tagged IRF4 and subjected to IP-IB studies as described above. As shown in Figures 
5A and 5B, cells expressing wild type or mutated IRF4 exhibited greatly reduced 
polyubiquitination of TRAF6 in the presence or absence of RICK. In addition, as shown in 
Figure 5C, robust TRAF6 polyubiquitination induced by 30 min of stimulation with LPS in 
293 cells stably expressing TLR4, MD2, and CD14, was abolished in cells also expressing 
IRF4.

Taken together, these studies strongly suggest that IRF4 negatively regulates 
polyubiquitination of RICK and TRAF6 either in cells in which target proteins are being 
over-expressed and are being activated by NLR or TLR ligands, respectively.

Pre-stimulation of human DCs with MDP inhibits Lys63-linked polyubiquitination of RICK 
and TRAF6

To verify the results of the above over-expression studies of IRF4 under physiologic 
conditions we next investigated whether IRF4 expression induced by NOD2 inhibits K63-
linked polyubiquitination of RICK and/or TRAF6 in human DCs. To this end, cell lysates 
prepared from human DCs that were pre-stimulated with MDP for 24 hours and then re-
stimulated with MDP or LPS were subjected to IP with Abs specific to K63- or K48-
ubiquitin and then IB with Abs specific for RICK or TRAF6.

As shown in Figure 6A, pre-stimulation of human DCs with MDP greatly reduced K63-
linked, but not K48-linked polyubiquitination of RICK upon secondary stimulation with 
MDP of human DCs. Similarly, pre-stimulation with MDP greatly reduced K63-linked, but 
not K48-linked polyubiquitination of TRAF6 upon secondary stimulation with LPS. It 
should be noted that LPS stimulation did not induce K63-linked polyubiquitination of RICK 
and MDP stimulation did not induce K63-linked polyubiquitination of TRAF6; thus the 
possible effect of pre-stimulation of cells with MDP in these situations could not be 
evaluated.

To determine if the negative effect of MDP pre-stimulation on K63-linked 
polyubiquitination was in fact due to IRF4 we next conducted studies of cells in which IRF4 
was down-regulated by IRF4-specific siRNA (Figure 6B). As shown in Figure 6C, whereas 
MDP pre-stimulation of cells again led to inhibition of MDP-stimulated RICK and LPS-
stimulated TRAF6 K63-linked polyubiquitination, respectively, such inhibition was reversed 
in cells treated with IRF4 siRNA. These studies show that in physiologic human DCs MDP 
activation of NOD2 and generation of IRF4 result in subsequent inhibition of MDP-induced 
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RICK K63-linked polyubiquitination and LPS-induced TRAF6 K63-linked 
polyubiquitination. They thus fully corroborate the over-expression studies conducted with 
293 cells.

Since K63-polyubiquitination of RICK and TRAF6 have been shown to be necessary for 
TLR-NLR activation of NF-κB 5, 24 we next asked if down-regulation of IRF4 expression 
by exposure to IRF4 siRNA also results in reversal of MDP pre-stimulation induced 
inhibition of NF-κB activation. As shown in Figure 6D, culture of DCs in the presence of 
IRF4 siRNA did in fact abolish the capacity of MDP pre-stimulation to inhibit either MDP 
or LPS induction of NF-κB activation as assessed by expression of phospho-IκBα whereas 
control siRNA had no effect on inhibition. These results strongly suggest that IRF4 
inhibition of RICK and TRAF6 K63-linked polyubiquitination results in down-stream 
inhibition of NF-κB activation

Administration of MDP protects mice from trinitrobenzene sulfonic acid (TNBS) colitis via 
regulation of K63-linked polyubiquitination of RICK and TRAF6

The above results derived from in vitro studies of both 293 cells and human DCs suggest 
that MDP/NOD2-induced effects on K63-linked polyubiquitination in RICK and TRAF6 
could explain our previous studies showing that MDP administration ameliorates 
experimental colitis 14. To address this possibility we next determined the effect of MDP 
administration on K63-linked polyubiquitination in RICK and TRAF6 in mice with TNBS-
colitis. As shown in Figures 7A, and 7B, and in the photomicrographs displayed in S1A, 
systemic administration of MDP protected mice from the induction of TNBS-colitis induced 
by intra-rectal instillation of TNBS and such protection was accompanied by reduced 
nuclear translocation of NF-κB subunits (p65, p50, and c-Rel) in colonic lamina propria 
mononuclear cells (LPMCs) 14.

Importantly, several IRF4-related effects accompanied this MDP-mediated protection from 
colitis. Thus, as shown in Figure 7C, MDP administration led to markedly enhanced IRF4 
expression in colonic tissue of MDP-treated mice and, as shown in Figure 7D, Duolink 
assays revealed that such administration also caused enhanced interaction between IRF4 and 
RICK, MyD88 or TRAF6 in such colonic tissue. Furthermore, as shown in Figure 7E, MDP-
administration led to reduced K63-linked polyubiquitination of RICK and TRAF6 in colonic 
LPMCs that was unaccompanied by reduced K48-linked polyubiquitination. These in vivo 
studies are therefore consistent with the in vitro studies described above in showing that 
MDP-induced IRF4 expression and inhibition of K63-linked polyubiquitination of RICK 
and TRAF6 is associated with a down-regulation of NF-κB; however, in this case they show 
that this IRF4 effect is also associated with greatly reduced colonic inflammation.

Prevention of TNBS-colitis by administration of IRF4-expressing plasmids
Whereas the above studies show that MDP-induced up-regulation of IRF4 and the latter's 
effect on K63-linked ubiquitination of RICK and TRAF6 is associated with down-regulation 
of NF-κB and colitis it remained possible that MDP inhibition of NF-κB activation was 
occurring through another mechanism that does not involved IRF4. To address this 
possibility we conducted further in vivo studies in which we explored the possibility that 
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exogenous IRF4 administration can directly prevent TNBS-colitis, thereby by-passing MDP 
stimulation. Accordingly, we administered a FLAG-tagged IRF4 plasmid as well as a 
control plasmid encapsulated in a Hemagglutinin Virus of Japan-Envelope (HVJ-E) viral 
coat to mice by intra-rectal instillation on each of the two days before and on the day of 
intra-rectal challenge with TNBS. This method of inducing in vivo protein expression 
following plasmid administration had proven to be highly efficient in previous studies 14

and, indeed, most of the colonic LPMCs expressing CD11b or CD11c were positive for the 
expression of FLAG-IRF4 in flow-cytometric analysis two days after the induction of 
TNBS-colitis (Figure S2). As shown in Figures 8A and S1B, intra-rectal administration of 
FLAG-tagged IRF4 plasmids prevented the development of TNBS-colitis as assessed by 
body weight loss and colonic pathology analysis. Thus, exogenous IRF4 administration, like 
MDP administration, is an effective inhibitor of TNBS-colitis.

In further studies, we investigated the interaction between the exogenously administered 
FLAG-tagged IRF4 and RICK, TRAF6 and MyD88 in the colonic mucosa of the mice 
subjected to intra-rectal TNBS challenge accompanied by IRF4 administration. To this end, 
whole protein extracts isolated from the colonic mucosa were subjected to IP with FLAG Ab 
and then IB with Abs specific for RICK, TRAF6 and MyD88. As shown in Figure 8B, 
administered FLAG-tagged IRF4 was bound to RICK, MyD88, and TRAF6. In a final set of 
studies we determined the effect of the exogenously administered IRF4 on NF-κB and MAP 
kinase expression as well as on down-stream pro-inflammatory cytokine expression. As 
shown in Figures 8C and 8D, exogenously administered IRF4 led to markedly reduced 
expression of phospho-κBa, phospho-p38, and phospho-ERK as well as reduced nuclear 
translocation of NF-κB subunits in the colonic mucosa of mice treated with intra-rectal 
administration of FLAG-tagged IRF4 plasmids as compared with treated those with control 
plasmid. In addition, evidence of reduced activation of NF-κB was associated with reduced 
pro-inflammatory cytokine responses by colonic LPMCs. Thus, as shown in Figures 8E and 
8F, colonic LPMCs produced markedly less IL-12p40 and IFN-γ upon stimulation with 
MDP, Pam3CSK4 (PAM, a TLR2 ligand), LPS, flagellin (a TLR5 ligand), CpG (a TLR9 
ligand), and anti-CD3 Ab.

Taken together, these data show that IRF4 administration mimics the effect of MDP 
administration and increased NOD2 signaling during induction of TNBS-colitis as 
previously reported 14. As such, they show that prevention of TNBS-colitis by MDP 
administration is most likely acting via the induction of IRF4.

Treatment of TNBS-colitis by administration of IRF4-expressing plasmids
The striking effect of IRF4-expressing plasmid administration on TNBS colitis shown above 
suggested that such administration could have therapeutic value. To address this possibility 
we determined if administration of IRF4-expressing plasmid could reverse previously 
established TNBS-colitis. Accordingly, mice were challenged with TNBS as described 
above but in this case they were administered FLAG-tagged IRF4 plasmid encapsulated in 
the HVJ-E vector three days after TNBS administration rather than at the time of TNBS 
administration. As shown in Figure 9A, expression of FLAG was again shown to be present 
in the colonic mucosa of mice following FLAG-tagged IRF4 plasmid administration. In 
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RICK K63-linked polyubiquitination and LPS-induced TRAF6 K63-linked 
polyubiquitination. They thus fully corroborate the over-expression studies conducted with 
293 cells.

Since K63-polyubiquitination of RICK and TRAF6 have been shown to be necessary for 
TLR-NLR activation of NF-κB 5, 24 we next asked if down-regulation of IRF4 expression 
by exposure to IRF4 siRNA also results in reversal of MDP pre-stimulation induced 
inhibition of NF-κB activation. As shown in Figure 6D, culture of DCs in the presence of 
IRF4 siRNA did in fact abolish the capacity of MDP pre-stimulation to inhibit either MDP 
or LPS induction of NF-κB activation as assessed by expression of phospho-IκBα whereas 
control siRNA had no effect on inhibition. These results strongly suggest that IRF4 
inhibition of RICK and TRAF6 K63-linked polyubiquitination results in down-stream 
inhibition of NF-κB activation

Administration of MDP protects mice from trinitrobenzene sulfonic acid (TNBS) colitis via 
regulation of K63-linked polyubiquitination of RICK and TRAF6

The above results derived from in vitro studies of both 293 cells and human DCs suggest 
that MDP/NOD2-induced effects on K63-linked polyubiquitination in RICK and TRAF6 
could explain our previous studies showing that MDP administration ameliorates 
experimental colitis 14. To address this possibility we next determined the effect of MDP 
administration on K63-linked polyubiquitination in RICK and TRAF6 in mice with TNBS-
colitis. As shown in Figures 7A, and 7B, and in the photomicrographs displayed in S1A, 
systemic administration of MDP protected mice from the induction of TNBS-colitis induced 
by intra-rectal instillation of TNBS and such protection was accompanied by reduced 
nuclear translocation of NF-κB subunits (p65, p50, and c-Rel) in colonic lamina propria 
mononuclear cells (LPMCs) 14.

Importantly, several IRF4-related effects accompanied this MDP-mediated protection from 
colitis. Thus, as shown in Figure 7C, MDP administration led to markedly enhanced IRF4 
expression in colonic tissue of MDP-treated mice and, as shown in Figure 7D, Duolink 
assays revealed that such administration also caused enhanced interaction between IRF4 and 
RICK, MyD88 or TRAF6 in such colonic tissue. Furthermore, as shown in Figure 7E, MDP-
administration led to reduced K63-linked polyubiquitination of RICK and TRAF6 in colonic 
LPMCs that was unaccompanied by reduced K48-linked polyubiquitination. These in vivo 
studies are therefore consistent with the in vitro studies described above in showing that 
MDP-induced IRF4 expression and inhibition of K63-linked polyubiquitination of RICK 
and TRAF6 is associated with a down-regulation of NF-κB; however, in this case they show 
that this IRF4 effect is also associated with greatly reduced colonic inflammation.

Prevention of TNBS-colitis by administration of IRF4-expressing plasmids
Whereas the above studies show that MDP-induced up-regulation of IRF4 and the latter's 
effect on K63-linked ubiquitination of RICK and TRAF6 is associated with down-regulation 
of NF-κB and colitis it remained possible that MDP inhibition of NF-κB activation was 
occurring through another mechanism that does not involved IRF4. To address this 
possibility we conducted further in vivo studies in which we explored the possibility that 
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exogenous IRF4 administration can directly prevent TNBS-colitis, thereby by-passing MDP 
stimulation. Accordingly, we administered a FLAG-tagged IRF4 plasmid as well as a 
control plasmid encapsulated in a Hemagglutinin Virus of Japan-Envelope (HVJ-E) viral 
coat to mice by intra-rectal instillation on each of the two days before and on the day of 
intra-rectal challenge with TNBS. This method of inducing in vivo protein expression 
following plasmid administration had proven to be highly efficient in previous studies 14

and, indeed, most of the colonic LPMCs expressing CD11b or CD11c were positive for the 
expression of FLAG-IRF4 in flow-cytometric analysis two days after the induction of 
TNBS-colitis (Figure S2). As shown in Figures 8A and S1B, intra-rectal administration of 
FLAG-tagged IRF4 plasmids prevented the development of TNBS-colitis as assessed by 
body weight loss and colonic pathology analysis. Thus, exogenous IRF4 administration, like 
MDP administration, is an effective inhibitor of TNBS-colitis.

In further studies, we investigated the interaction between the exogenously administered 
FLAG-tagged IRF4 and RICK, TRAF6 and MyD88 in the colonic mucosa of the mice 
subjected to intra-rectal TNBS challenge accompanied by IRF4 administration. To this end, 
whole protein extracts isolated from the colonic mucosa were subjected to IP with FLAG Ab 
and then IB with Abs specific for RICK, TRAF6 and MyD88. As shown in Figure 8B, 
administered FLAG-tagged IRF4 was bound to RICK, MyD88, and TRAF6. In a final set of 
studies we determined the effect of the exogenously administered IRF4 on NF-κB and MAP 
kinase expression as well as on down-stream pro-inflammatory cytokine expression. As 
shown in Figures 8C and 8D, exogenously administered IRF4 led to markedly reduced 
expression of phospho-κBa, phospho-p38, and phospho-ERK as well as reduced nuclear 
translocation of NF-κB subunits in the colonic mucosa of mice treated with intra-rectal 
administration of FLAG-tagged IRF4 plasmids as compared with treated those with control 
plasmid. In addition, evidence of reduced activation of NF-κB was associated with reduced 
pro-inflammatory cytokine responses by colonic LPMCs. Thus, as shown in Figures 8E and 
8F, colonic LPMCs produced markedly less IL-12p40 and IFN-γ upon stimulation with 
MDP, Pam3CSK4 (PAM, a TLR2 ligand), LPS, flagellin (a TLR5 ligand), CpG (a TLR9 
ligand), and anti-CD3 Ab.

Taken together, these data show that IRF4 administration mimics the effect of MDP 
administration and increased NOD2 signaling during induction of TNBS-colitis as 
previously reported 14. As such, they show that prevention of TNBS-colitis by MDP 
administration is most likely acting via the induction of IRF4.

Treatment of TNBS-colitis by administration of IRF4-expressing plasmids
The striking effect of IRF4-expressing plasmid administration on TNBS colitis shown above 
suggested that such administration could have therapeutic value. To address this possibility 
we determined if administration of IRF4-expressing plasmid could reverse previously 
established TNBS-colitis. Accordingly, mice were challenged with TNBS as described 
above but in this case they were administered FLAG-tagged IRF4 plasmid encapsulated in 
the HVJ-E vector three days after TNBS administration rather than at the time of TNBS 
administration. As shown in Figure 9A, expression of FLAG was again shown to be present 
in the colonic mucosa of mice following FLAG-tagged IRF4 plasmid administration. In 
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addition, as shown in Figures 9B and S1C, such mice promptly regained body weight and 
exhibited improved microscopic inflammation scores. Moreover, as shown in Figures 9C, 
9D, and 9E, administration of IRF4 was followed by reduced nuclear translocation of NF-
κB components in the colonic mucosa as well as greatly decreased production of pro-
inflammatory cytokines by mesenteric lymph node (MLN) cells upon stimulation with TLR 
ligands and anti-CD3 mAb. These data thus provide further proof that MDP activation of 
NOD2 and generation of IRF4 leads to down-regulation of NF-κB activation and colonic 
inflammation. In addition, they suggest that IRF4 administration might have clinical value.

Discussion
In a previous study, we demonstrated that MDP activation of NOD2 has down-regulatory 
effects on multiple TLR signaling pathways 14. We now provide a mechanism for such 
down-regulation by showing that MDP activation of NOD2 induces IRF4-mediated 
inhibition of molecular events essential to the activation of NF-κB, namely K63-linked 
polyubiquitination of RICK and TRAF6. The chain of evidence supporting this conclusion 
consisted first of the fact that MDP pre-stimulation of human DCs leads to binding of RICK 
to IRF4 and the binding of IRF4 to TRAF6 and MyD88. As shown in over-expression 
studies conducted in a cell line and more importantly in physiologic human DCs, these 
interactions set the stage for MDP/NOD2-induced IRF4 inhibition of K63-linked 
polyubiquitination of RICK and TRAF6; in addition, such inhibition could be linked to 
down-regulation of NF-κB activation by the demonstration that siRNA down-regulation of 
IRF4 reverses the negative effect by NOD2 signaling on K63-linked polyubiquitination and 
NF-κB activation. These in vitro studies were then supported by in vivo studies showing that 
protection from the development of TNBS-colitis by MDP administration is accompanied by 
greatly increased IRF4 expression and interaction with RICK, TRAF6 and MyD88 as well 
as inhibition of K63-linked polyubiquitination of RICK and TRAF6 in colonic cells and this, 
in turn, is associated with greatly reduced NF-κB activation. A final step in the chain of 
evidence consisted of studies showing that administration of an IRF4-expressing plasmid to 
mice both prevented TNBS-colitis and reversed already established TNBS-colitis. These 
latter studies established that MDP activation of NOD2 in vivo was in fact acting via IRF4 
to inhibit NF-κB activity. Overall, these data provide a mechanistic explanation of how 
MDP-NOD2 stimulation of APCs negatively regulates inflammatory responses induced by 
TLR ligands and therefore explain how defective NOD2 function can lead to excessive TLR 
responses in the gut that contribute to the pathogenesis of Crohn's disease.

IRF4 has been shown in previous reports to function as a negative regulator of TLR 
signaling pathways in innate immune cells such as DCs 14, 28, 29. As for the mechanisms 
accounting for such negative regulation, Negishi et al. provided evidence that IRF4 
expression is up-regulated by activation of TLRs and then competes with IRF5 for binding 
to and activation of MyD88 28. While this mechanism of IRF4 inhibitory activity may be 
valid, it cannot be the only mechanism in play because we have shown previously as well in 
the present studies that MDP pre-stimulation acting through NOD2 inhibits LPS and other 
TLR ligand cytokine responses, including TLR responses that do not involve MyD88 14. It 
should be noted in this context that whereas NOD2 activation leads to RICK-IRF4 binding, 
LPS activation in the absence of MDP-induced NOD2 interaction does not have this effect 

Watanabe et al. Page 9

Mucosal Immunol. Author manuscript; available in PMC 2015 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

(Watanabe T, Asano N, Strober W, unpublished observation). Thus, it is possible that NOD2 
activation leads to RICK-IRF4 complexes that have inhibitory functions not shared by IRF4 
alone. In any case, we have shown that systemic administration of MDP to mice challenged 
with TNBS to induce TNBS-colitis leads to enhanced expression of IRF4 in colonic LPMCs 
and inhibition of inflammation due to reduced K63-linked polyubiquitination of TRAF6 and 
RICK in those cells. In addition, intra-rectal administration of an IRF4-expressing plasmid 
to mice challenged with TNBS had a similar anti-inflammatory effect. Thus, our study 
disclosed a molecular mechanism by which NOD2-induced IRF4 inhibits intestinal 
inflammation driven, at least in part, by activation of TLR signaling pathways that are not 
regulated by TLR-induced IRF4.

In the above studies of TNBS-colitis the development of colitis was inhibited either by 
systemic injection of MDP or intrarectal administration of IRF4 cDNA. These treatments 
were parallel in that administration of MDP resulted in enhanced interaction between IRF4 
and RICK, TRAF6, and MyD88 and administration of IRF4 cDNA led to interaction of 
IRF4 with the same signaling molecules; moreover, reduction of NF-κB activation was seen 
in both treatments. Thus, it is likely that MDP activation of NOD2 prevents experimental 
colitis via induction of IRF4 expression. It should be noted that this conclusion leads to the 
assumption that activation of TLRs with the ability to induce the expression of IRF4 have 
the potential to inhibit experimental colitis via the same de-ubiquitination mechanism 
described here for NOD2. However, previous reports show that generation of tolerogenic 
responses by LPS depends upon the induction of IRAK-M rather than IRF4 14, 29. Thus, 
tolerogenic responses induced by MDP activation of NOD2 appear to be intrinsically 
different from those induced by LPS activation of TLR4 and while LPS administration may 
suppress colitis due to induction of LPS tolerance, such suppression will not by mediated by 
the de-ubiquitinization function of IRF4.

Of interest, IRF4 may be exerting inhibitory effects by a mechanism similar to that 
described here in other instances of pro-inflammatory responses. This includes IRF4-
mediated suppression of TLR-induced cytokine responses leading to acute post-ischemic 
renal inflammation by IRF4 generated in renal DCs reacting to oxidative stress 30 and IRF4-
mediated reduction of TLR-induced pro-inflammatory responses of liver plasmacytoid DCs 
by IRF4 generated in such cells by in vivo administration of MDP 13. However, additional 
studies will be necessary to verify this possibility.

IRF4 is expressed in most types of cells in the lymphoid system and may have cell-specific 
functions 31. This possibility is illustrated by the fact that, in contrast to the anti-
inflammatory role of IRF4 in TNBS-colitis and post-ischemic renal inflammation described 
above, it has a pro-inflammatory role in experimental T cell-mediated autoimmune 
disorders 31. The latter may be due to the fact that IRF4 has been shown to be a positive 
regulator of IL-17 and IL-21 responses in T cells and increased responsiveness to IL-21 in B 
cells 22, 31, 32. Interestingly, there is evidence that this pro-inflammatory activity by IRF4 
plays a critical role in a T cell-dependent colitis. Thus, Mudter et al. have shown that 
adoptive transfer of naive CD4+ T cells from wild type mice, but not IRF4-deficient mice to 
immune-deficient mice resulted in severe colitis associated with increased production of 
IL-6 and Th17 cytokines 33, 34. In our studies, intra-rectal delivery of a plasmid expressing 
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addition, as shown in Figures 9B and S1C, such mice promptly regained body weight and 
exhibited improved microscopic inflammation scores. Moreover, as shown in Figures 9C, 
9D, and 9E, administration of IRF4 was followed by reduced nuclear translocation of NF-
κB components in the colonic mucosa as well as greatly decreased production of pro-
inflammatory cytokines by mesenteric lymph node (MLN) cells upon stimulation with TLR 
ligands and anti-CD3 mAb. These data thus provide further proof that MDP activation of 
NOD2 and generation of IRF4 leads to down-regulation of NF-κB activation and colonic 
inflammation. In addition, they suggest that IRF4 administration might have clinical value.

Discussion
In a previous study, we demonstrated that MDP activation of NOD2 has down-regulatory 
effects on multiple TLR signaling pathways 14. We now provide a mechanism for such 
down-regulation by showing that MDP activation of NOD2 induces IRF4-mediated 
inhibition of molecular events essential to the activation of NF-κB, namely K63-linked 
polyubiquitination of RICK and TRAF6. The chain of evidence supporting this conclusion 
consisted first of the fact that MDP pre-stimulation of human DCs leads to binding of RICK 
to IRF4 and the binding of IRF4 to TRAF6 and MyD88. As shown in over-expression 
studies conducted in a cell line and more importantly in physiologic human DCs, these 
interactions set the stage for MDP/NOD2-induced IRF4 inhibition of K63-linked 
polyubiquitination of RICK and TRAF6; in addition, such inhibition could be linked to 
down-regulation of NF-κB activation by the demonstration that siRNA down-regulation of 
IRF4 reverses the negative effect by NOD2 signaling on K63-linked polyubiquitination and 
NF-κB activation. These in vitro studies were then supported by in vivo studies showing that 
protection from the development of TNBS-colitis by MDP administration is accompanied by 
greatly increased IRF4 expression and interaction with RICK, TRAF6 and MyD88 as well 
as inhibition of K63-linked polyubiquitination of RICK and TRAF6 in colonic cells and this, 
in turn, is associated with greatly reduced NF-κB activation. A final step in the chain of 
evidence consisted of studies showing that administration of an IRF4-expressing plasmid to 
mice both prevented TNBS-colitis and reversed already established TNBS-colitis. These 
latter studies established that MDP activation of NOD2 in vivo was in fact acting via IRF4 
to inhibit NF-κB activity. Overall, these data provide a mechanistic explanation of how 
MDP-NOD2 stimulation of APCs negatively regulates inflammatory responses induced by 
TLR ligands and therefore explain how defective NOD2 function can lead to excessive TLR 
responses in the gut that contribute to the pathogenesis of Crohn's disease.

IRF4 has been shown in previous reports to function as a negative regulator of TLR 
signaling pathways in innate immune cells such as DCs 14, 28, 29. As for the mechanisms 
accounting for such negative regulation, Negishi et al. provided evidence that IRF4 
expression is up-regulated by activation of TLRs and then competes with IRF5 for binding 
to and activation of MyD88 28. While this mechanism of IRF4 inhibitory activity may be 
valid, it cannot be the only mechanism in play because we have shown previously as well in 
the present studies that MDP pre-stimulation acting through NOD2 inhibits LPS and other 
TLR ligand cytokine responses, including TLR responses that do not involve MyD88 14. It 
should be noted in this context that whereas NOD2 activation leads to RICK-IRF4 binding, 
LPS activation in the absence of MDP-induced NOD2 interaction does not have this effect 
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(Watanabe T, Asano N, Strober W, unpublished observation). Thus, it is possible that NOD2 
activation leads to RICK-IRF4 complexes that have inhibitory functions not shared by IRF4 
alone. In any case, we have shown that systemic administration of MDP to mice challenged 
with TNBS to induce TNBS-colitis leads to enhanced expression of IRF4 in colonic LPMCs 
and inhibition of inflammation due to reduced K63-linked polyubiquitination of TRAF6 and 
RICK in those cells. In addition, intra-rectal administration of an IRF4-expressing plasmid 
to mice challenged with TNBS had a similar anti-inflammatory effect. Thus, our study 
disclosed a molecular mechanism by which NOD2-induced IRF4 inhibits intestinal 
inflammation driven, at least in part, by activation of TLR signaling pathways that are not 
regulated by TLR-induced IRF4.

In the above studies of TNBS-colitis the development of colitis was inhibited either by 
systemic injection of MDP or intrarectal administration of IRF4 cDNA. These treatments 
were parallel in that administration of MDP resulted in enhanced interaction between IRF4 
and RICK, TRAF6, and MyD88 and administration of IRF4 cDNA led to interaction of 
IRF4 with the same signaling molecules; moreover, reduction of NF-κB activation was seen 
in both treatments. Thus, it is likely that MDP activation of NOD2 prevents experimental 
colitis via induction of IRF4 expression. It should be noted that this conclusion leads to the 
assumption that activation of TLRs with the ability to induce the expression of IRF4 have 
the potential to inhibit experimental colitis via the same de-ubiquitination mechanism 
described here for NOD2. However, previous reports show that generation of tolerogenic 
responses by LPS depends upon the induction of IRAK-M rather than IRF4 14, 29. Thus, 
tolerogenic responses induced by MDP activation of NOD2 appear to be intrinsically 
different from those induced by LPS activation of TLR4 and while LPS administration may 
suppress colitis due to induction of LPS tolerance, such suppression will not by mediated by 
the de-ubiquitinization function of IRF4.

Of interest, IRF4 may be exerting inhibitory effects by a mechanism similar to that 
described here in other instances of pro-inflammatory responses. This includes IRF4-
mediated suppression of TLR-induced cytokine responses leading to acute post-ischemic 
renal inflammation by IRF4 generated in renal DCs reacting to oxidative stress 30 and IRF4-
mediated reduction of TLR-induced pro-inflammatory responses of liver plasmacytoid DCs 
by IRF4 generated in such cells by in vivo administration of MDP 13. However, additional 
studies will be necessary to verify this possibility.

IRF4 is expressed in most types of cells in the lymphoid system and may have cell-specific 
functions 31. This possibility is illustrated by the fact that, in contrast to the anti-
inflammatory role of IRF4 in TNBS-colitis and post-ischemic renal inflammation described 
above, it has a pro-inflammatory role in experimental T cell-mediated autoimmune 
disorders 31. The latter may be due to the fact that IRF4 has been shown to be a positive 
regulator of IL-17 and IL-21 responses in T cells and increased responsiveness to IL-21 in B 
cells 22, 31, 32. Interestingly, there is evidence that this pro-inflammatory activity by IRF4 
plays a critical role in a T cell-dependent colitis. Thus, Mudter et al. have shown that 
adoptive transfer of naive CD4+ T cells from wild type mice, but not IRF4-deficient mice to 
immune-deficient mice resulted in severe colitis associated with increased production of 
IL-6 and Th17 cytokines 33, 34. In our studies, intra-rectal delivery of a plasmid expressing 
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FLAG-tagged IRF4 was shown to lead to marked expression of FLAG-tagged IRF4 in 
colonic APCs rather than in colonic T cells. Thus, our data support the idea that whereas 
IRF4 expression in T cells may promote the development of colitis, its expression in APCs 
has the contrary effect. In this context, it should also be noted that the HVJ-E delivery of 
IRF4-expressing plasmid could have led to IRF4 expression in non-myeloid cells and thus 
we cannot rule out the possibility that the ability of exogenous IRF4 expression to affect 
colitis in these studies could have been mediated by effects on one or another non-myeloid 
cell.

As shown by the fact that intra-rectal administration of NF-κB decoy oligonucleotides that 
blocks activation of NF-κB target genes prevents and treats TNBS- or oxazolone-colitis, the 
pathogenic immune responses underlying experimental colitis depend on NF-κB
transcriptional activity 35, 36. In recent years evidence has accumulated that such NF-κB-
mediated inflammation is tightly regulated by ubiquitination of various components of the 
NF-κB signaling cascade. This is well illustrated by the fact that the function of TRAF6, an 
essential component of the signaling cascade leading to NF-κB activation is dependent on its 
K63-linked polyubiquitination status. Thus, de-ubiquitination of TRAF6 by the de-
ubiquitinating enzyme, A20, leads to inhibition of TLRs-induced NF-κB activation 24, 37

and A20 deficiency results in excessive NF-κB activation associated with the development 
of autoimmune disease or colitis due to stimulation by TLR ligands derived from the 
intestinal microflora 24, 38. In this study, we show that down-regulation of K63-linked 
polyubiquitination of TRAF6 resulting from an inhibitory interaction with IRF4 also leads to 
decreased NF-κB activation. The mechanism of such IRF4 inhibition is presently unknown. 
However, given the fact that TRAF6 is an E3-ligase and can therefore facilitate both the 
polyubiquitination of down-stream signaling molecules as well as its own 
polyubiquitination, one possible mechanism is that IRF4 interferes with TRAF6 E3-ligase 
activity.

Despite the fact that NOD2 polymorphisms associated with Crohn's disease are considered 
to be loss-of-function abnormalities that lead to decreased NOD2-mediated pro-
inflammatory function, immune responses linked to Crohn's disease are characterized by 
production of pro-inflammatory cytokines driven by excessive NF-κB activation 39, 40. One 
explanation of this paradox is that NOD2 signaling in epithelial cells is necessary for the 
elaboration of epithelial cell-derived cryptins that ordinarily control bacterial growth in the 
intestine; thus, loss of NOD2 function can lead to excessive bacterial growth that gives rise 
to colitis 41, 42. It should be noted, however, that chronic NOD2 activation has been shown 
to mediate down-regulation of innate TLRs responses to microbial antigens in the intestine, 
a phenomenon known as cross-tolerance 14-17. Therefore, an alternative explanation of how 
NOD2 polymorphisms and loss of NOD2 function leads to intestinal disease is that NOD2 
regulates innate responses to intestinal microflora by suppressing TLR responses in the 
healthy intestinal mucosa, whereas in the diseased Crohn's disease intestinal mucosa lack of 
NOD2 function leads to lack of cross-tolerance and excessive TLR responses. This study 
together with our previous study of NOD2 signaling shows that defective NOD2-induced 
IRF4 inhibitory function is likely to be the cause of the loss of cross-tolerance and thus the 
molecular basis for the role of loss of NOD2 function in Crohn's disease 14.
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In conclusion, the present findings provide evidence that CARD15 polymorphisms function 
as susceptibility factors in Crohn's disease by affecting the generation and activation of a 
factor, IRF4, that plays a key role in the regulation of TLR responses induced by the gut 
microflora. In addition, they show in studies of mice with experimental colitis that MDP 
administration leading to colonic IRF4 expression or intra-rectal delivery of an IRF4 
expression plasmid have the potential to both prevent and treat such colitis and possibly 
Crohn's disease as well.

Methods
Reagents

Recombinant GM-CSF and IL-4 were from Peprotech. Unless otherwise described, the 
doses of TLR ligands and NOD2 ligands used for stimulation were as follows; Pam3CSK4
(PAM, TLR2 ligand, 10 μg/ml, InvivoGen), LPS (TLR4 ligand, 1 μg/ml, Sigma), flagellin 
(TLR5 ligand, 1 μg/ml, InvivoGen), CpG (TLR9 ligand, 1 μM, InvivoGen), and MDP 
(NOD2 ligand, 10 μg/ml, InvivoGen).

Induction of colitis
TNBS-colitis was induced in C57BL10 mice obtained from Japan SLC as described 
previously 35. On day -2, -1, and 0, mice received intra-peritoneal injection of MDP (100 
μg) for a total of three times before intra-rectal administration of 3.75 mg of TNBS in 100 μl 
of 45 % ethanol. MLN cells and colon LPMCs were isolated at the indicated time points and 
cultured as described previously 14. Cells were stimulated with anti-CD3 (1 μg/ml, BD 
Pharmingen) and TLR ligands as described above. Culture supernatants were collected at 24 
hrs or 48 hrs and analyzed for cytokine production by ELISA. In some experiments, whole 
cell extracts were prepared from colon tissue or LPMCs for the immunoprecipitation and 
immunoblotting analysis. In the experiments in which mice received FLAG-tagged IRF4 
vector 29 or control vector, plasmids were encapsulated in HVJ (GenomIdea) using 
protamine sulfate according to the manufacture's protocol. 75 μg/mouse of encapsulated 
plasmids were administered via the intra-rectal route on day -2, -1, and 0 for the evaluation 
of colitis prevention and on day 3 for the evaluation of colitis treatment. Colon was 
harvested at the indicated time points. Colon tissues were stained with hematoxylin and 
eosin (H&E) and used for the scoring of the inflammation as described previously 14.
Animal use adhered to Kyoto university animal care guidelines and protocols of animal 
experiments were approved by the review boards of Kyoto University.

Human monocyte-derived DCs
Monocytes were isolated from the peripheral blood of healthy donors by CD14+ microbeads 
(Miltenybiotec) and were cultured in 6-well plates (1×106/ml) in 5 ml of complete medium 
(RPMI 1640 medium supplemented with 2 mM L-glutamine, and 10% fetal calf serum) 
supplemented with recombinant GM-CSF (20 ng/ml) and recombinant IL-4 (20 ng/ml). 
Ethical permission of this study was granted by the review boards of Kyoto University. 
After 3 days of culture, half of the medium in each well was exchanged for fresh medium. 
After 6 days of culture, cells (1×106/ml) were incubated with MDP or medium for 24 hrs in 
the absence of GM-CSF and IL-4, and then washed three times and stimulated with LPS or 
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FLAG-tagged IRF4 was shown to lead to marked expression of FLAG-tagged IRF4 in 
colonic APCs rather than in colonic T cells. Thus, our data support the idea that whereas 
IRF4 expression in T cells may promote the development of colitis, its expression in APCs 
has the contrary effect. In this context, it should also be noted that the HVJ-E delivery of 
IRF4-expressing plasmid could have led to IRF4 expression in non-myeloid cells and thus 
we cannot rule out the possibility that the ability of exogenous IRF4 expression to affect 
colitis in these studies could have been mediated by effects on one or another non-myeloid 
cell.

As shown by the fact that intra-rectal administration of NF-κB decoy oligonucleotides that 
blocks activation of NF-κB target genes prevents and treats TNBS- or oxazolone-colitis, the 
pathogenic immune responses underlying experimental colitis depend on NF-κB
transcriptional activity 35, 36. In recent years evidence has accumulated that such NF-κB-
mediated inflammation is tightly regulated by ubiquitination of various components of the 
NF-κB signaling cascade. This is well illustrated by the fact that the function of TRAF6, an 
essential component of the signaling cascade leading to NF-κB activation is dependent on its 
K63-linked polyubiquitination status. Thus, de-ubiquitination of TRAF6 by the de-
ubiquitinating enzyme, A20, leads to inhibition of TLRs-induced NF-κB activation 24, 37

and A20 deficiency results in excessive NF-κB activation associated with the development 
of autoimmune disease or colitis due to stimulation by TLR ligands derived from the 
intestinal microflora 24, 38. In this study, we show that down-regulation of K63-linked 
polyubiquitination of TRAF6 resulting from an inhibitory interaction with IRF4 also leads to 
decreased NF-κB activation. The mechanism of such IRF4 inhibition is presently unknown. 
However, given the fact that TRAF6 is an E3-ligase and can therefore facilitate both the 
polyubiquitination of down-stream signaling molecules as well as its own 
polyubiquitination, one possible mechanism is that IRF4 interferes with TRAF6 E3-ligase 
activity.

Despite the fact that NOD2 polymorphisms associated with Crohn's disease are considered 
to be loss-of-function abnormalities that lead to decreased NOD2-mediated pro-
inflammatory function, immune responses linked to Crohn's disease are characterized by 
production of pro-inflammatory cytokines driven by excessive NF-κB activation 39, 40. One 
explanation of this paradox is that NOD2 signaling in epithelial cells is necessary for the 
elaboration of epithelial cell-derived cryptins that ordinarily control bacterial growth in the 
intestine; thus, loss of NOD2 function can lead to excessive bacterial growth that gives rise 
to colitis 41, 42. It should be noted, however, that chronic NOD2 activation has been shown 
to mediate down-regulation of innate TLRs responses to microbial antigens in the intestine, 
a phenomenon known as cross-tolerance 14-17. Therefore, an alternative explanation of how 
NOD2 polymorphisms and loss of NOD2 function leads to intestinal disease is that NOD2 
regulates innate responses to intestinal microflora by suppressing TLR responses in the 
healthy intestinal mucosa, whereas in the diseased Crohn's disease intestinal mucosa lack of 
NOD2 function leads to lack of cross-tolerance and excessive TLR responses. This study 
together with our previous study of NOD2 signaling shows that defective NOD2-induced 
IRF4 inhibitory function is likely to be the cause of the loss of cross-tolerance and thus the 
molecular basis for the role of loss of NOD2 function in Crohn's disease 14.
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In conclusion, the present findings provide evidence that CARD15 polymorphisms function 
as susceptibility factors in Crohn's disease by affecting the generation and activation of a 
factor, IRF4, that plays a key role in the regulation of TLR responses induced by the gut 
microflora. In addition, they show in studies of mice with experimental colitis that MDP 
administration leading to colonic IRF4 expression or intra-rectal delivery of an IRF4 
expression plasmid have the potential to both prevent and treat such colitis and possibly 
Crohn's disease as well.

Methods
Reagents

Recombinant GM-CSF and IL-4 were from Peprotech. Unless otherwise described, the 
doses of TLR ligands and NOD2 ligands used for stimulation were as follows; Pam3CSK4
(PAM, TLR2 ligand, 10 μg/ml, InvivoGen), LPS (TLR4 ligand, 1 μg/ml, Sigma), flagellin 
(TLR5 ligand, 1 μg/ml, InvivoGen), CpG (TLR9 ligand, 1 μM, InvivoGen), and MDP 
(NOD2 ligand, 10 μg/ml, InvivoGen).

Induction of colitis
TNBS-colitis was induced in C57BL10 mice obtained from Japan SLC as described 
previously 35. On day -2, -1, and 0, mice received intra-peritoneal injection of MDP (100 
μg) for a total of three times before intra-rectal administration of 3.75 mg of TNBS in 100 μl 
of 45 % ethanol. MLN cells and colon LPMCs were isolated at the indicated time points and 
cultured as described previously 14. Cells were stimulated with anti-CD3 (1 μg/ml, BD 
Pharmingen) and TLR ligands as described above. Culture supernatants were collected at 24 
hrs or 48 hrs and analyzed for cytokine production by ELISA. In some experiments, whole 
cell extracts were prepared from colon tissue or LPMCs for the immunoprecipitation and 
immunoblotting analysis. In the experiments in which mice received FLAG-tagged IRF4 
vector 29 or control vector, plasmids were encapsulated in HVJ (GenomIdea) using 
protamine sulfate according to the manufacture's protocol. 75 μg/mouse of encapsulated 
plasmids were administered via the intra-rectal route on day -2, -1, and 0 for the evaluation 
of colitis prevention and on day 3 for the evaluation of colitis treatment. Colon was 
harvested at the indicated time points. Colon tissues were stained with hematoxylin and 
eosin (H&E) and used for the scoring of the inflammation as described previously 14.
Animal use adhered to Kyoto university animal care guidelines and protocols of animal 
experiments were approved by the review boards of Kyoto University.

Human monocyte-derived DCs
Monocytes were isolated from the peripheral blood of healthy donors by CD14+ microbeads 
(Miltenybiotec) and were cultured in 6-well plates (1×106/ml) in 5 ml of complete medium 
(RPMI 1640 medium supplemented with 2 mM L-glutamine, and 10% fetal calf serum) 
supplemented with recombinant GM-CSF (20 ng/ml) and recombinant IL-4 (20 ng/ml). 
Ethical permission of this study was granted by the review boards of Kyoto University. 
After 3 days of culture, half of the medium in each well was exchanged for fresh medium. 
After 6 days of culture, cells (1×106/ml) were incubated with MDP or medium for 24 hrs in 
the absence of GM-CSF and IL-4, and then washed three times and stimulated with LPS or 
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MDP. In some experiments, cells were cultured with MG132 (10 μg/ml, Enzo Life 
Sciences). In siRNA-mediated gene silencing experiments, DCs were transfected with 100 
nM of control siRNA or IRF4 siRNA (Hs IRF4 10 FlexiTube siRNA, Qiagen) by a human 
dendritic cell nucleofection kit (Lonza).

Immunoprecipitation and immunoblotting
HEK293 cells (ATCC) (1×106/cells) were transfected with 1 μg of FLAG-tagged human 
IRF4 vector 14, HA-tagged human MyD88, TRAF6 (InvivoGen), V5-tagged RICK 14, Myc-
DDK-tagged cIAP1, Myc-DDK-tagged cIAP2 (Origene), HA-tagged wild type ubiquitin 
(Ub), K63 Ub, K48 Ub (kindly provided by Dr. J. Chen), and His-tagged Ub (kindly 
provided by Dr. H. Kondoh) by Lipofectamine 2000 (Invitrogen) or by Fugene 6 (Promega). 
Mutant plasmids expressing IRF4 S447A and S448A, RICK K47A and S176A, or RICK 
lacking the kinase domain, intermediate domain, or CARD were created by QuickChange 
site-directed mutagenesis kit (Stratagene). Whole cell lysates were prepared 24 or 48 hrs 
after the transfection and were incubated with anti-FLAG conjugated beads (Sigma), anti-
V5 conjugated beads (Sigma), and anti-HA-conjugated beads (Sigma) overnight. In some 
experiments, whole cell lysates prepared from human DCs, colonic LPMCs, and colon tissue 
samples were incubated with anti-K63 Ub Ab, anti-K48 Ub Ab (MBL) or anti-IRF4 Ab 
(Santa Cruz Biotechnology) and protein A/G agarose (Santa Cruz Biotechnology). Anti-
MyD88, anti-TRAF6, anti-IRF4, anti-κBα, anti-phospho-κBα, anti-phospho-p38 anti-p38, 
anti-phospho-ERK, anti-ERK, and anti-His Abs were obtained from Cell signaling 
technology (CST). Anti-actin Ab (Santa Cruz), anti-RICK Ab (Cayman Chemicals), anti-V5 
Ab (Bethyl laboratories), anti-FLAG Ab (Sigma), anti-HA Ab (Sigma), and anti-Myc Ab 
(MBL) were used.

Immunofluorescence studies
Colon tissues were harvested and fixed in 10% formalin. Deparaffinized colon sections were 
then obtained and incubated with mouse anti-IRF4 Ab (Invitrogen) followed by Alexa546-
conjugated anti-mouse IgG Ab (Invitrogen) by using Can Get Signal immunoreaction 
enhancer solution (Toyobo) as described previously 43. For visualization of interaction 
between IRF4 and RICK, MyD88, TRAF6 in colon samples, a Duolink In Situ kit was used 
(Olink Bioscience). Goat anti-IRF4 Ab (Santa Cruz), rabbit anti-RICK Ab, rabbit anti-
MyD88 Ab, and rabbit anti-TRAF6 Ab (Abcam) were used to visualize target protein 
interactions. For visualization of interaction between IRF4 and RICK, MyD88, TRAF6 in 
human DCs, cells were fixed in 4% paraformaldehyde and subjected to the protocols 
suggested by the Duolink In Situ kit.

Elisa
Protein concentrations of cytokines were determined by eBioscience ELISA kits for mouse 
IL-12p40, mouse IL-6, and mouse TNF-α. Concentration of IFN-γ was determined by BD 
Bioscience ELISA kit.
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NF-κB activation studies
Nuclear extracts were prepared from colon tissues. Nuclear extracts was obtained with the 
use of a nuclear extraction kit (Active Motif). Binding activity of nuclear extract (5 μg) to 
NF-κB subunit (p50, p65, c-Rel) was measured using a Transam kit, obtained from Active 
Motif, as previously described 43.

Statistical analysis
Student's t test was used to evaluate the significance of the differences. Statistical analysis 
was performed with the Prism (Graphpad software). A value of P < 0.05 was regarded as 
statistically significant.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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MDP. In some experiments, cells were cultured with MG132 (10 μg/ml, Enzo Life 
Sciences). In siRNA-mediated gene silencing experiments, DCs were transfected with 100 
nM of control siRNA or IRF4 siRNA (Hs IRF4 10 FlexiTube siRNA, Qiagen) by a human 
dendritic cell nucleofection kit (Lonza).

Immunoprecipitation and immunoblotting
HEK293 cells (ATCC) (1×106/cells) were transfected with 1 μg of FLAG-tagged human 
IRF4 vector 14, HA-tagged human MyD88, TRAF6 (InvivoGen), V5-tagged RICK 14, Myc-
DDK-tagged cIAP1, Myc-DDK-tagged cIAP2 (Origene), HA-tagged wild type ubiquitin 
(Ub), K63 Ub, K48 Ub (kindly provided by Dr. J. Chen), and His-tagged Ub (kindly 
provided by Dr. H. Kondoh) by Lipofectamine 2000 (Invitrogen) or by Fugene 6 (Promega). 
Mutant plasmids expressing IRF4 S447A and S448A, RICK K47A and S176A, or RICK 
lacking the kinase domain, intermediate domain, or CARD were created by QuickChange 
site-directed mutagenesis kit (Stratagene). Whole cell lysates were prepared 24 or 48 hrs 
after the transfection and were incubated with anti-FLAG conjugated beads (Sigma), anti-
V5 conjugated beads (Sigma), and anti-HA-conjugated beads (Sigma) overnight. In some 
experiments, whole cell lysates prepared from human DCs, colonic LPMCs, and colon tissue 
samples were incubated with anti-K63 Ub Ab, anti-K48 Ub Ab (MBL) or anti-IRF4 Ab 
(Santa Cruz Biotechnology) and protein A/G agarose (Santa Cruz Biotechnology). Anti-
MyD88, anti-TRAF6, anti-IRF4, anti-κBα, anti-phospho-κBα, anti-phospho-p38 anti-p38, 
anti-phospho-ERK, anti-ERK, and anti-His Abs were obtained from Cell signaling 
technology (CST). Anti-actin Ab (Santa Cruz), anti-RICK Ab (Cayman Chemicals), anti-V5 
Ab (Bethyl laboratories), anti-FLAG Ab (Sigma), anti-HA Ab (Sigma), and anti-Myc Ab 
(MBL) were used.

Immunofluorescence studies
Colon tissues were harvested and fixed in 10% formalin. Deparaffinized colon sections were 
then obtained and incubated with mouse anti-IRF4 Ab (Invitrogen) followed by Alexa546-
conjugated anti-mouse IgG Ab (Invitrogen) by using Can Get Signal immunoreaction 
enhancer solution (Toyobo) as described previously 43. For visualization of interaction 
between IRF4 and RICK, MyD88, TRAF6 in colon samples, a Duolink In Situ kit was used 
(Olink Bioscience). Goat anti-IRF4 Ab (Santa Cruz), rabbit anti-RICK Ab, rabbit anti-
MyD88 Ab, and rabbit anti-TRAF6 Ab (Abcam) were used to visualize target protein 
interactions. For visualization of interaction between IRF4 and RICK, MyD88, TRAF6 in 
human DCs, cells were fixed in 4% paraformaldehyde and subjected to the protocols 
suggested by the Duolink In Situ kit.

Elisa
Protein concentrations of cytokines were determined by eBioscience ELISA kits for mouse 
IL-12p40, mouse IL-6, and mouse TNF-α. Concentration of IFN-γ was determined by BD 
Bioscience ELISA kit.
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NF-κB activation studies
Nuclear extracts were prepared from colon tissues. Nuclear extracts was obtained with the 
use of a nuclear extraction kit (Active Motif). Binding activity of nuclear extract (5 μg) to 
NF-κB subunit (p50, p65, c-Rel) was measured using a Transam kit, obtained from Active 
Motif, as previously described 43.

Statistical analysis
Student's t test was used to evaluate the significance of the differences. Statistical analysis 
was performed with the Prism (Graphpad software). A value of P < 0.05 was regarded as 
statistically significant.
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Figure 1. IRF4 expression induced by MDP activation of NOD2 and interaction between IRF4 
and RICK, TRAF6, and MyD88
(A) Monocytes isolated from healthy individuals were cultured in the presence of GM-CSF 
and IL-4 for 6 days to generate monocyte-derived dendritic cells (DCs). DCs (1×106/ml)
were pre-treated with MDP (10 μg/ml) for 24 hours followed by stimulation with MDP (10 
μg/ml) or LPS (1 μg/ml) for 30 minutes; whole cell lysates were subjected to 
immunoprecipitation (IP) with the indicated Ab followed by immunoblotting (IB) with the 
indicated Ab. The arrow shows TRAF6-specific bands. (B) Human DCs were treated as 
described in (A). Interaction between IRF4 and RICK, TRAF6, and MyD88 was visualized 
in immunofluorescence microscopy by the Duolink assay. Magnification x800. Results 
shown are representative of at least two experiments.
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Figure 2. Phosphorylation of IRF4 is not necessary for its negative regulatory activity
(A) 293 cells were transfected with vectors expressing FLAG-tagged IRF4 and several 
forms of mutated RICK. Whole cell lysates were isolated 48 hours after the transfection and 
were subjected to immunoprecipitation (IP) with the indicated Ab followed by 
immunoblotting (IB) with the indicated Ab. (B) 293 cells were transfected with vectors 
expressing either wild type-IRF4 (Wt-IRF4) or Mutated-IRF4 (Mut-IRF4) in which serine 
residues at 447 and 448 are replaced with alanine; whole cell lysates were isolated 48 hours 
after transfection and were subjected to IP with anti-V5 Ab followed by IB with the 
indicated Ab. (C) HT29 cells were transfected with either empty control vector, Wt-IRF4 or 
Mut-IRF4 expressing vector together with RICK expressing vector, NF-κB luciferase 
reporter vector and pSV-β-galactosidase vector. The cells were then cultured for 24 hours 
after which relative luciferase activity values were calculated. Results are expressed as mean 
± SD. **P<0.01, as compared with cells transfected with RICK vector alone. # P<0.01. (D) 
THP1 cells were transfected with either empty control (con) vector, wt-IRF4 or mut-IRF4 
vector. The cells were then stimulated with LPS or Pam3CSK4 (PAM) for 24 hours after 
which culture fluids were analyzed for cytokine concentration by ELISA. NS; no 
stimulation. Results were expressed as mean ± SD. *P<0.05, **P<0.01, as compared with 
control vector. # P<0.01. Results shown are representative of at least two experiments.
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Figure 3. IRF4 regulates polyubiquitination of RICK
(A) 293 cells (1×106/6 well plate) were transfected with vectors (1 μg) expressing HA-
tagged wild type ubiquitin (Ub), K48 Ub, K63 Ub, FLAG-tagged IRF4, V5-tagged RICK, 
and TRAF6; whole cell lysates were prepared 48 hours after the transfection and subjected 
to immunoprecipitation (IP) with the indicated Ab followed by immunoblotted (IB) with the 
indicated Ab. (B) 293 cells (1×106/6 well plate) were transfected with vectors (1 μg) 
expressing FLAG-tagged IRF4, Myc-DDK-tagged cIAP1, Myc-DDK-tagged cIAP2, V5-
tagged RICK, and HA-tagged K48 or K63 Ub; whole cell lysates were subjected to IP with 
the indicated Ab followed by IB with the indicated Ab. (C) 293 cells (1×106/6 well plate) 
were transfected with vectors (1 μg) expressing HA-tagged wild type Ub, V5-tagged RICK, 
TRAF6, FLAG-tagged IRF4, FLAG-tagged mutated IRF4 (Mut IRF4) in which serine 
residues at 447 and 448 are replaced with alanine; whole cell lysates were prepared 48 hours 
after the transfection and subjected to IP with the indicated Ab followed by IB with the 
indicated Ab. (D) 293 cells stably expressing NOD2 (1×106/6 well plate) were transfected 
with vectors (1 μg) expressing HA-tagged wild type Ub, FLAG-tagged IRF4, and V5-tagged 
RICK. 48 hours after the transfection, cells were stimulated with MDP (10 μg/ml) for 30 
min; whole cell lysates were subjected to IP with the indicated Ab followed by IB with the 
indicated Ab. Results shown are representative of two experiments.
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Figure 4. IRF4 inhibition of RICK polyubiquitination is facilitated by IRF4 binding to the kinase 
and/or intermediate domains of RICK
(A) 293 cells were transfected with vectors expressing FLAG-tagged IRF4 and various 
forms of V5-tagged mutated RICK; whole cell lysates were isolated 48 hours after the 
transfection and were then subjected to immunoprecipitation (IP) with the indicated Ab 
followed by immunoblotting (IB) with the indicated Ab. (B) 293 cells were transfected with 
vectors expressing various forms of V5-tagged mutated RICK and HA-tagged Ub; whole 
cell lysates were isolated 48 hours after the transfection and were subjected to IP with the 
indicated Ab followed by IB with the indicated Ab. Results shown are representative of two 
experiments.
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Figure 5. IRF4 regulates polyubiquitination of TRAF6
(A, B) 293 cells (1×106/6 well plate) were transfected with vectors (1 μg) expressing His-
tagged wild type ubiquitin (Ub), FLAG-tagged IRF4, V5-tagged RICK and HA-tagged 
TRAF6; whole cell lysates were prepared 48 hours after the transfection and subjected to IP 
with the indicated Ab followed by IB with the indicated Ab. (C) 293 cells stably expressing 
TLR4 (1×106/6 well plate) were transfected with vectors (1 μg) expressing His-tagged wild 
type Ub, FLAG-tagged IRF4, and HA-tagged TRAF6. 48 hours after the transfection, cells 
were stimulated with LPS (1 μg/ml) for 30 min; whole cell lysates were subjected to IP with 
the indicated Ab followed by IB with the indicated Ab. Results shown are representative of 
two experiments.
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Figure 6. IRF4 expression induced by MDP activation of NOD2 inhibits K63-linked 
polyubiquitination of RICK and TRAF6
(A) Human monocyte-derived dendritic cells (DCs) were generated as described in Figure 1. 
DCs (1×106/ml) were pre-treated with MDP (10 μg/ml) for 24 hours followed by treatment 
with MG132 (10 μg/ml) for two hours and then were stimulated with MDP (10 μg/ml) or 
LPS (1 μg/ml) for 30 minutes. Whole cell lysates were subjected to immunoprecipitation 
(IP) with the indicated Ab followed by immunoblotted (IB) with the indicated Ab. (B) 
Human DCs were transfected with IRF4-specific siRNA or control siRNA (100 nM). One 
day after the transfection, DCs (1×106/ml) were treated with MDP (10 μg/ml) for 24 hours 
and then cell lysates were subjected to IB with the indicated Ab. (C) Human DCs were 
transfected with IRF4-specific siRNA or control siRNA (100 nM). One day after the 
transfection, DCs (1×106/ml) were pre-treated with MDP (10 μg/ml) for 24 hours followed 
by treatment with MG132 (10 μg/ml) for two hours and then were stimulated with MDP (10 
μg/ml) or LPS (1 μg/ml) for 30 minutes; whole cell lysates were subjected to IP with the 
indicated Ab followed by IB with the indicated Ab. (D) Human DCs were transfected with 
IRF4-specific siRNA or control siRNA (100 nM). One day after the transfection, DCs 
(1×106/ml) were pre-treated with MDP (10 μg/ml) for 24 hours and then were stimulated 
with MDP (10 μg/ml) or LPS (1 μg/ml) for 30 minutes; whole cell lysates were subjected to 
IB with the indicated Ab. Results shown are representative of two experiments.
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Figure 5. IRF4 regulates polyubiquitination of TRAF6
(A, B) 293 cells (1×106/6 well plate) were transfected with vectors (1 μg) expressing His-
tagged wild type ubiquitin (Ub), FLAG-tagged IRF4, V5-tagged RICK and HA-tagged 
TRAF6; whole cell lysates were prepared 48 hours after the transfection and subjected to IP 
with the indicated Ab followed by IB with the indicated Ab. (C) 293 cells stably expressing 
TLR4 (1×106/6 well plate) were transfected with vectors (1 μg) expressing His-tagged wild 
type Ub, FLAG-tagged IRF4, and HA-tagged TRAF6. 48 hours after the transfection, cells 
were stimulated with LPS (1 μg/ml) for 30 min; whole cell lysates were subjected to IP with 
the indicated Ab followed by IB with the indicated Ab. Results shown are representative of 
two experiments.
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and then cell lysates were subjected to IB with the indicated Ab. (C) Human DCs were 
transfected with IRF4-specific siRNA or control siRNA (100 nM). One day after the 
transfection, DCs (1×106/ml) were pre-treated with MDP (10 μg/ml) for 24 hours followed 
by treatment with MG132 (10 μg/ml) for two hours and then were stimulated with MDP (10 
μg/ml) or LPS (1 μg/ml) for 30 minutes; whole cell lysates were subjected to IP with the 
indicated Ab followed by IB with the indicated Ab. (D) Human DCs were transfected with 
IRF4-specific siRNA or control siRNA (100 nM). One day after the transfection, DCs 
(1×106/ml) were pre-treated with MDP (10 μg/ml) for 24 hours and then were stimulated 
with MDP (10 μg/ml) or LPS (1 μg/ml) for 30 minutes; whole cell lysates were subjected to 
IB with the indicated Ab. Results shown are representative of two experiments.
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Figure 7. Administration of MDP protects mice from trinitrobenzene sulfonic acid (TNBS)-
colitis via regulation of K63-linked polyubiquitination of RICK and TRAF6
C57BL/10 mice were administered MDP on days -2, -1, and 0 and then challenged with 
intra-rectal TNBS on day 0. (A) Upper panel: Changes in body weight of mice not-treated or 
treated with MDP (n=10) and challenged with intra-rectal administration of TNBS. Lower 
panel: Pathology scores of mice not-treated or treated with MDP on day 4. Results were 
expressed as means ± SD. ** P<0.01, as compared with untreated group. (B) NF-κB
activation in colonic LPMCs in mice challenged with TNBS. Nuclear extracts were isolated 
from colonic LPMCs on day 1 and subjected to a Transfactor Binding Assay. Results are 
expressed as means ± SD. ** P<0.01, as compared with untreated group. (C) IRF4 
expression in the colonic tissue of mice challenged with TNBS on day 1. (D) Interaction 
between IRF4 and RICK, MyD88, and TRAF6 in the colonic tissue of TNBS-challenged 
mice on day 1. Molecular interactions were visualized by Duolink assay (red color). (E) 
K48- or K63-linked polyubiquitination of RICK and TRAF6 in colonic LPMCs of TNBS-
challenged mice. Whole cell lysates prepared from colonic LPMCs on day 1 were subjected 
to immunoprecipitation (IP) with the indicated Ab followed by immunoblotting (IB) with 
the indicated Ab.
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Figure 8. Prevention of TNBS-colitis by administration of an IRF4-expressing plasmid
C57BL/10 mice were administered HVJ-encapsulated FLAG-tagged IRF4 vector or control 
vector via the intra-rectal route on days -2, -1, and 0 and then challenged with intra-rectal 
TNBS on day 0. (A) Changes of body weight in mice (n=5; each group, top panel) and 
pathology scores of mice on day 4. Results were expressed as means ± SD. ** P<0.01, as 
compared with control vector group. (B) Interaction between FLAG-tagged IRF4 and RICK, 
MyD88, and TRAF6 in the colonic tissue of mice. Whole protein lysates were prepared 
from the colon tissues of TNBS-challenged mice on day 2 and were subjected to 
immunoprecipitation (IP) with the indicated Ab followed by immunoblotting (IB) with the 
indicated Ab. Two colon extracts from each group were used for the assay. (C) Activation of 
NF-κB and MAPK in the colon tissues of TNBS-challenged mice on day 2. Two colon 
extracts from each group were used for the immunoblotting. (D) NF-κB activation in colon 
tissues in mice challenged with TNBS. Nuclear extracts were isolated from colon tissues on 
day 2 and subjected to a Transfactor Binding Assay. Results were expressed as means ± SD. 
** P<0.01, as compared with control vector group. (E, F) Production of IL-12p40 and IFN-γ 

by colon LPMCs isolated from TNBS-challenged mice on day 4. Colon LPMCs (1×106/ml)
were stimulated with MDP, PAM, LPS, Flagellin, and CpG for 24 hours or with anti-CD3 
Ab for 48 hours after which culture fluids were assayed for IL-12p40 or IFN-γ levels by 
ELISA, as indicated. Results were expressed as means ± SD. ** P<0.01, as compared with 
group administered control vector. Results shown are representative of two experiments.
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colitis via regulation of K63-linked polyubiquitination of RICK and TRAF6
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panel: Pathology scores of mice not-treated or treated with MDP on day 4. Results were 
expressed as means ± SD. ** P<0.01, as compared with untreated group. (B) NF-κB
activation in colonic LPMCs in mice challenged with TNBS. Nuclear extracts were isolated 
from colonic LPMCs on day 1 and subjected to a Transfactor Binding Assay. Results are 
expressed as means ± SD. ** P<0.01, as compared with untreated group. (C) IRF4 
expression in the colonic tissue of mice challenged with TNBS on day 1. (D) Interaction 
between IRF4 and RICK, MyD88, and TRAF6 in the colonic tissue of TNBS-challenged 
mice on day 1. Molecular interactions were visualized by Duolink assay (red color). (E) 
K48- or K63-linked polyubiquitination of RICK and TRAF6 in colonic LPMCs of TNBS-
challenged mice. Whole cell lysates prepared from colonic LPMCs on day 1 were subjected 
to immunoprecipitation (IP) with the indicated Ab followed by immunoblotting (IB) with 
the indicated Ab.
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Figure 8. Prevention of TNBS-colitis by administration of an IRF4-expressing plasmid
C57BL/10 mice were administered HVJ-encapsulated FLAG-tagged IRF4 vector or control 
vector via the intra-rectal route on days -2, -1, and 0 and then challenged with intra-rectal 
TNBS on day 0. (A) Changes of body weight in mice (n=5; each group, top panel) and 
pathology scores of mice on day 4. Results were expressed as means ± SD. ** P<0.01, as 
compared with control vector group. (B) Interaction between FLAG-tagged IRF4 and RICK, 
MyD88, and TRAF6 in the colonic tissue of mice. Whole protein lysates were prepared 
from the colon tissues of TNBS-challenged mice on day 2 and were subjected to 
immunoprecipitation (IP) with the indicated Ab followed by immunoblotting (IB) with the 
indicated Ab. Two colon extracts from each group were used for the assay. (C) Activation of 
NF-κB and MAPK in the colon tissues of TNBS-challenged mice on day 2. Two colon 
extracts from each group were used for the immunoblotting. (D) NF-κB activation in colon 
tissues in mice challenged with TNBS. Nuclear extracts were isolated from colon tissues on 
day 2 and subjected to a Transfactor Binding Assay. Results were expressed as means ± SD. 
** P<0.01, as compared with control vector group. (E, F) Production of IL-12p40 and IFN-γ 

by colon LPMCs isolated from TNBS-challenged mice on day 4. Colon LPMCs (1×106/ml)
were stimulated with MDP, PAM, LPS, Flagellin, and CpG for 24 hours or with anti-CD3 
Ab for 48 hours after which culture fluids were assayed for IL-12p40 or IFN-γ levels by 
ELISA, as indicated. Results were expressed as means ± SD. ** P<0.01, as compared with 
group administered control vector. Results shown are representative of two experiments.
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Figure 9. Treatment of TNBS-colitis by administration of an IRF4-expressing plasmid
C57BL/10 mice were administered HVJ-encapsulated FLAG-tagged IRF4 vector or control 
vector via the intra-rectal route on day 3 after challenge with TNBS on day 0. (A) 
Expression of FLAG-tagged IRF4 in the colonic tissues of mice. Whole protein lysates were 
prepared from the colonic tissues of TNBS-challenged mice on day 6 and were subjected to 
immunoblotting. Two colonic extracts from each group were used for the immunoblotting. 
(B) Changes of body weight in mice (n=7; each group, top panel) and pathology scores of 
mice on day 6. Results were expressed as means ± SD. Results shown are a pool of two 
independent experiments. **P<0.01, as compared with control vector group. (C) NF-κB
activation in colon tissues in mice challenged with TNBS. Nuclear extracts were isolated 
from colon tissues on day 6 and subjected to Transfactor binding assay. Results were 
expressed as means ± SD. *P<0.05, **P<0.01, as compared with control vector group. (D, 
E) Production of IL-12p40, TNF, IL-6 and IFN-γ by mesenteric lymph node (MLN) cells 
isolated from TNBS-challenged mice on day 6. MLN cells (2×106/ml) were stimulated with 
MDP, PAM, LPS, Flagellin, and CpG for 24 hours to determine the protein levels of 
IL-12p40, TNF and IL-6. Cells were also stimulated with anti-CD3 Ab for 48 hours to 
determine the protein levels of IFN-γ. Results were expressed as means ± SD. *P<0.05, 
**P<0.01, as compared with control vector group.
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Abstract

Background To test the hypothesis that use of the

response evaluation criteria in cancer of the liver (RE-

CICL), an improved evaluation system designed to address

the limitations of the response evaluation criteria in solid

tumors 1.1 (RECIST1.1) and modified RECIST (mRE-

CIST), provides for more accurate evaluation of response

of patients with hepatocellular carcinoma (HCC) to treat-

ment with sorafenib, a molecularly targeted agent, as

assessed by overall survival (OS).

Methods The therapeutic response of 156 patients with

advanced HCC who had been treated with sorafenib ther-

apy for more than 1 month was evaluated using the RE-

CIST1.1, mRECIST, and RECICL. After categorization as

showing progressive disease (PD), stable disease (SD), or

objective response, the association between OS and cate-

gorization was examined using the Kaplan–Meier method

to develop survival curves. The 141 cases categorized as

PD or SD by the RECIST1.1, but objective response by the

mRECIST and RECICL, were further analyzed for deter-

mination of the association between OS and categorization.

Results Only categorization using the RECICL was found

to be significantly correlated with OS (p = 0.0033).

Among the patients categorized as SD or PD by the RE-

CIST1.1, reclassification by the RECICL but not the

mRECIST was found to be significantly associated with

OS and allowed for precise prediction of prognosis

(p = 0.0066).

Conclusions Only the use of the RECICL allowed for

identification of a subgroup of HCC patients treated with

sorafenib with improved prognosis. The RECICL should,

therefore, be considered a superior system for assessment

of therapeutic response.
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Figure 9. Treatment of TNBS-colitis by administration of an IRF4-expressing plasmid
C57BL/10 mice were administered HVJ-encapsulated FLAG-tagged IRF4 vector or control 
vector via the intra-rectal route on day 3 after challenge with TNBS on day 0. (A) 
Expression of FLAG-tagged IRF4 in the colonic tissues of mice. Whole protein lysates were 
prepared from the colonic tissues of TNBS-challenged mice on day 6 and were subjected to 
immunoblotting. Two colonic extracts from each group were used for the immunoblotting. 
(B) Changes of body weight in mice (n=7; each group, top panel) and pathology scores of 
mice on day 6. Results were expressed as means ± SD. Results shown are a pool of two 
independent experiments. **P<0.01, as compared with control vector group. (C) NF-κB
activation in colon tissues in mice challenged with TNBS. Nuclear extracts were isolated 
from colon tissues on day 6 and subjected to Transfactor binding assay. Results were 
expressed as means ± SD. *P<0.05, **P<0.01, as compared with control vector group. (D, 
E) Production of IL-12p40, TNF, IL-6 and IFN-γ by mesenteric lymph node (MLN) cells 
isolated from TNBS-challenged mice on day 6. MLN cells (2×106/ml) were stimulated with 
MDP, PAM, LPS, Flagellin, and CpG for 24 hours to determine the protein levels of 
IL-12p40, TNF and IL-6. Cells were also stimulated with anti-CD3 Ab for 48 hours to 
determine the protein levels of IFN-γ. Results were expressed as means ± SD. *P<0.05, 
**P<0.01, as compared with control vector group.
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ment with sorafenib, a molecularly targeted agent, as
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Methods The therapeutic response of 156 patients with

advanced HCC who had been treated with sorafenib ther-

apy for more than 1 month was evaluated using the RE-

CIST1.1, mRECIST, and RECICL. After categorization as

showing progressive disease (PD), stable disease (SD), or

objective response, the association between OS and cate-

gorization was examined using the Kaplan–Meier method

to develop survival curves. The 141 cases categorized as

PD or SD by the RECIST1.1, but objective response by the

mRECIST and RECICL, were further analyzed for deter-

mination of the association between OS and categorization.

Results Only categorization using the RECICL was found

to be significantly correlated with OS (p = 0.0033).

Among the patients categorized as SD or PD by the RE-

CIST1.1, reclassification by the RECICL but not the

mRECIST was found to be significantly associated with

OS and allowed for precise prediction of prognosis
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Conclusions Only the use of the RECICL allowed for
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SD Stable disease

RECICL Response evaluation criteria in cancer

of the liver

RECIST1.1 Response evaluation criteria in solid

tumors 1.1

RFA Radiofrequency ablation

Introduction

Hepatocellular carcinoma (HCC) is the third most common

cause of cancer mortality worldwide [1], and a consider-

able number of patients continue to be diagnosed with

advanced disease. Recently, sorafenib has been shown to

improve the survival of patients with advanced-stage HCC

[2]. The effectiveness is attributed to its unique antipro-

liferative and antiangiogenic mechanism [3–9].

Although the extent of tumor reduction observed with

sorafenib therapy has been unsatisfactory, previous trials

found that sorafenib significantly improved overall survival

(OS) [2, 10]. Indeed, it has become well known that

improvement in objective response (OR) without shrinkage

of a tumor is a unique characteristic of this drug. As

reduction in tumor vascularity appears to be direct effect of

sorafenib, it is reasonable to speculate that the longer OS

obtained with sorafenib can be attributed to its unique

antiangiogenic mechanism, in addition to its antiprolifera-

tive effect on cancer cells. As increased tumor viability is

typically accompanied by an increase in arterial vascular-

ity, evaluation of arterial enhancement on imaging is crit-

ical in predicting OS. However, the response evaluation

criteria in solid tumors 1.1 (RECIST1.1), the first set of

criteria developed for assessment of response to treatment

by HCC patients, focuses on assessment of tumor size and

neglects consideration of changes in vascularity status.

In recognition that the vascularity of a lesion is important

in evaluating response to HCC treatment, the modified-

RECIST (mRECIST) requires assessment of tumor vascu-

larity, which reflects the extent of tumor necrisis [11, 12].

However, use of the mRECIST still poses a difficulty in

measuring irregularly shaped tumors, because it calls for

unidirectional measurement of tumor size for overall eval-

uation of tumor burden. Therefore, use of the mRECIST, as

well as the RECIST1.1, may not provide for completely

adequate evaluation of tumor response in HCC patients.

To overcome the disadvantages of using the conven-

tional criteria, we designed the response evaluation criteria

in cancer of the liver (RECICL), a new evaluation system

based on evaluation of change in tumor vascularity toge-

ther with 2-directional assessment of tumor size. Due to the

inclusion of these criteria, we hypothesized that use of the

RECICL provides for more accurate evaluation of response

to sorafenib therapy as assessed by OS than the RECIST1.1

or mRECIST. By testing this hypothesis, we attempted to

fulfill 2 research aims in the present study. First, we

endeavored to determine the means by which the thera-

peutic response of HCC patients, especially those pre-

senting with hypervascular lesions and/or with lesions of

irregular shape, should be estimated in the context of

accurate prediction of OS. Second, we attempted to clarify

the significance of and identify any problems with the use

of the RECICL by retrospective comparison of its use with

that of the RECIST1.1 and mRECIST criteria for evalua-

tion of response among the same cohort of HCC patients.

Fig. 1 Flow chart of patient

selection process. After

exclusion of patients who met

the exclusion criteria or did not

meet the inclusion criteria, 156

patients remained for analysis
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Materials and methods

Patients

Between May 2009 and August 2011, 289 patients with

advanced HCC had been treated with sorafenib therapy at

Kinki University Hospital or Osaka Red Cross Hospital.

From among these patients, 156 patients who had under-

gone continuous administration of sorafenib for more than

1 month and met the inclusion criteria were selected for

study enrollment. The response of all patients to sorafenib

had been examined at least once using contrast-enhanced

computed tomography (CE-CT) and/or dynamic magnetic

resonance imaging (MRI), both are imaging techniques

(Fig. 1). Patients’ characteristics are summarized in

Table 1. Our institution did not require institution approval

or informed consent for review of patient records and

images in this retrospective study. We posted research

content at outpatient areas and a website, and we gave

patients the right to refusal for our study.

The inclusion criteria for this study were (1) diagnosis of

HCC based on histological examination or radiologic

findings showing early enhancement, followed by late

wash-out on CE-CT or dynamic MRI, in conjunction with

HCC refractory to radiofrequency ablation (RFA) and

transarterial chemoembolization based on the indication of

sorafenib; (2) performance status of 0 or 1; and (3) Child-

Pugh class A or B liver cirrhosis. The exclusion criteria

were (1) concomitant antineoplastic treatment; (2) tran-

sarterial chemoembolization or RFA performed less than

3 months before initiation of sorafenib; (3) lack of

response evaluation using CE-CT or dynamic MRI during

follow-up period; or (4) both the presence of extrahepatic

lesions and the absence of intrahepatic lesions.

Initial and follow-up assessment

Liver function and tumor stage were evaluated using the

Child-Pugh, Barcelona Clinic for Liver Cancer, and Cancer

of the Liver Italian Program classifications. Two indepen-

dent radiologists evaluated tumor size and vascularity

every 4–6 weeks during and after treatment using the

images of CE-CT and gadolinium ethoxybenzyl diethyl-

enetriamine pentaacetic acid (Gd-EOB-DTPA)-MRI. In

this study, we retrospectively determined the best response

during the sorafenib treatment and adopted it as the overall

response. The responses of all patients were evaluated

using RECIST1.1, mRECIST, and RECICL criteria by

evaluators who were not blind to the patients’ diagnoses.

The target lesions of each case were defined by 2 physi-

cians by review of CE-CT and/or dynamic MRI images

obtained during pretreatment. OS analysis was based on the

length of time from initial treatment until time of death,

Table 1 Characteristics of hepatocellular carcinoma patients treated

with sorafenib

Number of cases (%)

Age

Median (25–75 %) 73 (66–78)a

Gender

Male 120 (76.9)

Female 36 (23.1)

ECOG PS

0 150 (96.2)

1 5 (3.2)

2 1 (0.6)

Child-Pugh class

A 129 (82.7)

B 27 (17.3)

Virus statusb

HBV 22 (14.1)

HCV 90 (57.7)

Virus negative 44 (28.2)

TNM stage

I 5 (3.2)

II 34 (21.8)

IIIA 33 (21.2)

IIIB 4 (2.6)

IIIC 29 (18.6)

IV 51 (32.7)

CLIP score

0 6 (3.8)

1 59 (37.8)

2 54 (28.9)

3 26 (16.7)

4 10 (6.4)

5 1 (0.6)

BCLC stage

A 39 (25)

B 36 (23.1)

C 81 (51.9)

Starting dose of sorafenib (mg)

200 4 (2.6)

400 83 (53.2)

800 69 (44.2)

Total dose of sorafenib (g)

Median (25–75 %) 66.8 (38.8–135.6)a

Serum AFP level (ng/m)

Median (25–75 %) 115 (12–2230)a

Serum DCP (mAU/ml)

Median (25–75 %) 786 (46–4853)a

ECOG Eastern Cooperative Oncology Group, PS performance status, AFP
alpha fetoprotein, DCP des-gamma carboxyprothrombin, BCLC Barcelona
Clinic for Liver Cancer, CLIP Cancer of the Liver Italian Program, HBV
hepatitis B virus, HCV hepatitis C virus
a Dispersion variables are shown as median values (25–75 %)
b Cases testing positive for hepatitis B virus surface antigen (HBsAg)
were regarded as cases of HBV-related HCC and cases testing positive for
hepatitis C antibody (HCV Ab) were regarded as cases of HCV-related
HCC
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Introduction

Hepatocellular carcinoma (HCC) is the third most common

cause of cancer mortality worldwide [1], and a consider-

able number of patients continue to be diagnosed with

advanced disease. Recently, sorafenib has been shown to

improve the survival of patients with advanced-stage HCC

[2]. The effectiveness is attributed to its unique antipro-

liferative and antiangiogenic mechanism [3–9].

Although the extent of tumor reduction observed with

sorafenib therapy has been unsatisfactory, previous trials

found that sorafenib significantly improved overall survival

(OS) [2, 10]. Indeed, it has become well known that

improvement in objective response (OR) without shrinkage

of a tumor is a unique characteristic of this drug. As

reduction in tumor vascularity appears to be direct effect of

sorafenib, it is reasonable to speculate that the longer OS

obtained with sorafenib can be attributed to its unique

antiangiogenic mechanism, in addition to its antiprolifera-

tive effect on cancer cells. As increased tumor viability is

typically accompanied by an increase in arterial vascular-

ity, evaluation of arterial enhancement on imaging is crit-

ical in predicting OS. However, the response evaluation

criteria in solid tumors 1.1 (RECIST1.1), the first set of

criteria developed for assessment of response to treatment

by HCC patients, focuses on assessment of tumor size and

neglects consideration of changes in vascularity status.

In recognition that the vascularity of a lesion is important

in evaluating response to HCC treatment, the modified-

RECIST (mRECIST) requires assessment of tumor vascu-

larity, which reflects the extent of tumor necrisis [11, 12].

However, use of the mRECIST still poses a difficulty in

measuring irregularly shaped tumors, because it calls for

unidirectional measurement of tumor size for overall eval-

uation of tumor burden. Therefore, use of the mRECIST, as

well as the RECIST1.1, may not provide for completely

adequate evaluation of tumor response in HCC patients.

To overcome the disadvantages of using the conven-

tional criteria, we designed the response evaluation criteria

in cancer of the liver (RECICL), a new evaluation system

based on evaluation of change in tumor vascularity toge-

ther with 2-directional assessment of tumor size. Due to the

inclusion of these criteria, we hypothesized that use of the

RECICL provides for more accurate evaluation of response

to sorafenib therapy as assessed by OS than the RECIST1.1

or mRECIST. By testing this hypothesis, we attempted to

fulfill 2 research aims in the present study. First, we

endeavored to determine the means by which the thera-

peutic response of HCC patients, especially those pre-

senting with hypervascular lesions and/or with lesions of

irregular shape, should be estimated in the context of

accurate prediction of OS. Second, we attempted to clarify

the significance of and identify any problems with the use

of the RECICL by retrospective comparison of its use with

that of the RECIST1.1 and mRECIST criteria for evalua-

tion of response among the same cohort of HCC patients.

Fig. 1 Flow chart of patient

selection process. After

exclusion of patients who met

the exclusion criteria or did not

meet the inclusion criteria, 156

patients remained for analysis
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Materials and methods

Patients

Between May 2009 and August 2011, 289 patients with

advanced HCC had been treated with sorafenib therapy at

Kinki University Hospital or Osaka Red Cross Hospital.

From among these patients, 156 patients who had under-

gone continuous administration of sorafenib for more than

1 month and met the inclusion criteria were selected for

study enrollment. The response of all patients to sorafenib

had been examined at least once using contrast-enhanced

computed tomography (CE-CT) and/or dynamic magnetic

resonance imaging (MRI), both are imaging techniques

(Fig. 1). Patients’ characteristics are summarized in

Table 1. Our institution did not require institution approval

or informed consent for review of patient records and

images in this retrospective study. We posted research

content at outpatient areas and a website, and we gave

patients the right to refusal for our study.

The inclusion criteria for this study were (1) diagnosis of

HCC based on histological examination or radiologic

findings showing early enhancement, followed by late

wash-out on CE-CT or dynamic MRI, in conjunction with

HCC refractory to radiofrequency ablation (RFA) and

transarterial chemoembolization based on the indication of

sorafenib; (2) performance status of 0 or 1; and (3) Child-

Pugh class A or B liver cirrhosis. The exclusion criteria

were (1) concomitant antineoplastic treatment; (2) tran-

sarterial chemoembolization or RFA performed less than

3 months before initiation of sorafenib; (3) lack of

response evaluation using CE-CT or dynamic MRI during

follow-up period; or (4) both the presence of extrahepatic

lesions and the absence of intrahepatic lesions.

Initial and follow-up assessment

Liver function and tumor stage were evaluated using the

Child-Pugh, Barcelona Clinic for Liver Cancer, and Cancer

of the Liver Italian Program classifications. Two indepen-

dent radiologists evaluated tumor size and vascularity

every 4–6 weeks during and after treatment using the

images of CE-CT and gadolinium ethoxybenzyl diethyl-

enetriamine pentaacetic acid (Gd-EOB-DTPA)-MRI. In

this study, we retrospectively determined the best response

during the sorafenib treatment and adopted it as the overall

response. The responses of all patients were evaluated

using RECIST1.1, mRECIST, and RECICL criteria by

evaluators who were not blind to the patients’ diagnoses.

The target lesions of each case were defined by 2 physi-

cians by review of CE-CT and/or dynamic MRI images

obtained during pretreatment. OS analysis was based on the

length of time from initial treatment until time of death,

Table 1 Characteristics of hepatocellular carcinoma patients treated

with sorafenib

Number of cases (%)

Age

Median (25–75 %) 73 (66–78)a

Gender

Male 120 (76.9)

Female 36 (23.1)

ECOG PS

0 150 (96.2)

1 5 (3.2)

2 1 (0.6)

Child-Pugh class

A 129 (82.7)

B 27 (17.3)

Virus statusb

HBV 22 (14.1)

HCV 90 (57.7)

Virus negative 44 (28.2)

TNM stage

I 5 (3.2)

II 34 (21.8)

IIIA 33 (21.2)

IIIB 4 (2.6)

IIIC 29 (18.6)

IV 51 (32.7)

CLIP score

0 6 (3.8)

1 59 (37.8)

2 54 (28.9)

3 26 (16.7)

4 10 (6.4)

5 1 (0.6)

BCLC stage

A 39 (25)

B 36 (23.1)

C 81 (51.9)

Starting dose of sorafenib (mg)

200 4 (2.6)

400 83 (53.2)

800 69 (44.2)

Total dose of sorafenib (g)

Median (25–75 %) 66.8 (38.8–135.6)a

Serum AFP level (ng/m)

Median (25–75 %) 115 (12–2230)a

Serum DCP (mAU/ml)

Median (25–75 %) 786 (46–4853)a

ECOG Eastern Cooperative Oncology Group, PS performance status, AFP
alpha fetoprotein, DCP des-gamma carboxyprothrombin, BCLC Barcelona
Clinic for Liver Cancer, CLIP Cancer of the Liver Italian Program, HBV
hepatitis B virus, HCV hepatitis C virus
a Dispersion variables are shown as median values (25–75 %)
b Cases testing positive for hepatitis B virus surface antigen (HBsAg)
were regarded as cases of HBV-related HCC and cases testing positive for
hepatitis C antibody (HCV Ab) were regarded as cases of HCV-related
HCC
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and OS analysis of patients who were alive at the end of the

observation was based on the length of time from initial

treatment until time of the final hospital visit.

Response evaluation using the RECIST1.1, mRECIST,

and RECICL

The differences among the RECIST1.1, mRECIST, and

RECICL are summarized in Supplementary Table 1.

Briefly, both the RECIST1.1 and mRECIST call for uni-

directional measurement of tumors, but the RECIST1.1

does not require evaluation of tumor viability while the

mRECIST requires evaluation of only those areas of the

tumor showing arterial enhancement on CE-CT or dynamic

MRI. In contrast, the RECICL requires 2-directional

measurement of tumors showing arterial enhancement.

Representative images of the cases evaluated by the RE-

CIST1.1, mRECIST, and RECICL are shown in Supple-

mentary Figure 1. As can be observed, use of the

RECIST1.1 called for unidirectional measurement of both

enhanced and necrotic lesions, which showed no change

before and after treatment (Supplementary Figures 1A and

1B). On the other hand, use of the mRECIST and RECICL

required evaluation of tumor enhancement, which revealed

a response according to the mRECIST and RECICL cri-

teria (Supplementary Figures 1C and 1D for mRECIST and

Supplementary Figures 1E and 1F for RECICL). Unlike

the mRECIST, which does not require evaluation of lesions

that do not show enhancement, the RECICL considers

tumors not showing enhancement to be viable if they

increase in size after initiation of therapy, as demonstrated

in Supplementary Figure 2.

Definition of terms

Complete response (CR) was defined as disappearance of

all lesions by the RECIST1.1, as disappearance of any

arterial enhancement within all target lesions by the

mRECIST, and as either a 100 % tumor necrotizing effect

or a 100 % reduction in tumor size accompanied by dis-

appearance of all contrast enhancement at any phase by the

RECICL. Partial response (PR) was defined as 30 % or

greater decrease in tumor size as determined by evaluation

of the sum of the diameters of the target lesions, whose size

was estimated using unidirectional measurement, by both

the RECIST1.1 and mRECIST, and as 50 % or greater

reduction in tumor necrosis or size as determined by

2-directional measurement by the RECICL. Progressive

disease (PD) was defined as 20 % or greater increase in

tumor size as determined by evaluation of the sum of the

maximal dimensions of the target lesions by both the RE-

CIST1.1 and mRECIST and as either a 25 % or greater

increase in tumor size or the appearance of 1 or more new

lesions by the RECICL. The RECIST1.1, mRECIST, and

the RECICL all defined stable disease (SD) as the absence

of either PR or PD; OR as the sum of all cases showing CR

and PR; objective response rate (ORR) as the percentage of

OR among all cases; and disease control rate (DCR) as the

percentage of cases showing CR, PR, or SD.

Statistical analysis

Univariate survival curves were estimated using the Kap-

lan–Meier method, comparison of survival rates among

groups was conducted using the log-rank test, and com-

parison of categorical variables was performed using the

Chi Square test. The level of significance was set at

p\ 0.05. All analyses were performed using SAS statis-

tical software version 8.2 (SAS Institute, Cary, NC, USA)

or the SPSS Medical Pack for Windows version 10.0

(SPSS, Inc., Chicago, IL, USA).

Results

Evaluation of response by the RECIST1.1, mRECIST,

and RECICL

Of the 156 patients who had been successfully treated with

sorafenib therapy for more than 30 days, the number of

patients showing CR, PR, SD, and PD and the ORR and

DCR as estimated by use of each system were, respec-

tively, as follows: 3, 12, 71, and 70 cases and 9.6 % and

55.1 % according to the RECIST1.1; 6, 30, 55, and 65

cases and 23.1 % and 58.3 % according to the mRECIST;

and 6, 29, 53, and 68 cases and 22.4 % and 56.4 %

according to the RECICL (Tables 2, 3). Although no sta-

tistically significant difference was observed among the

DCR estimated by the 3 systems, 20 patients (approxi-

mately 14 %) classified as SD by the RECIST1.1 were

classified as OR by the mRECIST and RECICL.

Table 2 Classification of response to sorafenib by the RECIST1.1,

mRECIST, and RECICL

Number of patients Percentage (%)

CR PR SD PD ORR DCR

RECIST1.1 3 12 71 70 9.6 55.1

mRECIST 6 30 55 65 23.1 58.3

RECICL 6 29 53 68 22.4 56.4

The number of the patients classified as CR, PR, SD, and PD using

each system are shown. Objective response rate (ORR) is the per-

centage of patients evaluated as CR or PR. Disease control rate (DCR)

is the percentage of patients evaluated as CR, PR, or SD
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Comparison of Kaplan–Meier curves for OS

as estimated by the RECIST1.1, mRECIST,

and RECICL

Figure 2 shows the Kaplan–Meier curves for OS as esti-

mated using the 3 systems (Fig. 2a as estimated by the

RECIST1.1, Fig. 2b by the mRECIST, and Fig. 2c by the

RECICL). The median OS of the patients classified as OR,

SD, and PD, respectively, by the 3 systems was 19.9

months [95 % confidence interval (CI) 12.5–21.3 months],

19.2 months (95 % CI 15.1–23.3 months), and 14.3

months (95 % CI 9.7–18.8 months) by the RECIST1.1;

27.2 months (95 % CI 15.2–39.2), 16.8 months (95 % CI

13.8–19.7 months), and 14.3 months (95 % CI 10.5–18.0)

by the mRECIST; and 27.2 months (95 % CI 9.6–44.8

months), 19.2 months (95 % CI 17.1–21.3 months), and

14.3 months (95 % CI 10.1–18.4 months) by the RECICL.

As shown in Figs. 2a, b, use of both the RECIST1.1 and

mRECIST failed to allow for stratification of OS, although

classification of response by the mRECIST was found to be

more strongly associated with OS than that by RECIST1.1

(p = 0.0575 and p = 0.073 by log-rank test, respectively).

On the other hand, classification of response by RECICL

was found to be significantly associated with OS, with the

patients showing OR found to have the longest survival and

those showing PD the shortest (p = 0.0033 by log-rank

test; Fig. 2c; Table 4). Regarding the treatment response

determined by RECICL, the OS was significantly higher in

the group of OR than in PD patients (p = 0.002). However,

we could not detect the significant association between SD

and OR, and PD for OS, although there were the trends of

higher OS in the better response groups (respectively,

p = 0.093, p = 0.069).

Inconsistency among classification by the RECIST1.1,

mRECIST, and RECICL

Figure 3 shows the differences in response classification

obtained using the RECIST1.1, mRECIST, and RECICL.

As can be observed, most patients classified as either PD or

SD by RECIST1.1 were classified as either CR or PR (i.e.,

as OR) by both the mRECIST and RECICL, leading 28 of

156 patients to be classified differently by the RECIST1.1

compared to the mRECIST and RECICL. Specifically, of

the 141 patients classified as either PD or SD by the RE-

CIST1.1, 21 of the patients classified as PD and 20 clas-

sified as SD were classified as OR by the mRECIST and

RECICL (Fig. 3). This finding suggested the possibility

that patients classified as OR by the mRECIST and/or

RECICL, even those classified as SD or PD by the RE-

CIST1.1, showed better prognosis than those classified as

non-OR. To examine this possibility, Kaplan–Meier sur-

vival analysis was performed of cases classified as SD or

PD by the RECIST1.1 for comparison of their classification

by the mRECIST, and RECICL. Among the 141 patients

classified as PD or SD by the RECIST1.1, the number of

cases of OR, SD, and PD and the ORR and DCR was

estimated at 17 cases, 55 cases, and 69 cases and 12.1 %

Table 3 Comparisons of the response classification between RECIST1.1 and RECICL (A), and between mRECIST and RECICL (B)

No. of patients (%)

RECICL Total RECIST1.1 evaluation

CR PR SD PD

(A) RECIST1.1

CR 3 (1.9) 3 (1.9)

PR 2 (1.3) 10 (6.4) 12 (7.7)

SD 1 (0.6) 17 (10.9) 51 (32.7) 2 (1.3) 71 (45.5)

PD 2 (1.3) 2 (1.3) 66 (42.3) 70 (44.9)

Total RECICL evaluation 6 (3.8) 29 (18.6) 53 (34.0) 68 (43.6) 156

No. of patients (%)

RECICL Total mRECIST evaluation

CR PR SD PD

(B) mRECIST

CR 6 (3.8) 6 (3.8)

PR 28 (17.9) 2 (1.3) 30 (19.2)

SD 1 (0.6) 51 (32.7) 3 (1.9) 55 (35.3)

PD 2 (1.3) 63 (40.4) 65 (41.7)

Total RECICL evaluation 6 (3.8) 29 (18.6) 53 (34.0) 68 (43.6) 156
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and OS analysis of patients who were alive at the end of the

observation was based on the length of time from initial

treatment until time of the final hospital visit.

Response evaluation using the RECIST1.1, mRECIST,

and RECICL

The differences among the RECIST1.1, mRECIST, and

RECICL are summarized in Supplementary Table 1.

Briefly, both the RECIST1.1 and mRECIST call for uni-

directional measurement of tumors, but the RECIST1.1

does not require evaluation of tumor viability while the

mRECIST requires evaluation of only those areas of the

tumor showing arterial enhancement on CE-CT or dynamic

MRI. In contrast, the RECICL requires 2-directional

measurement of tumors showing arterial enhancement.

Representative images of the cases evaluated by the RE-

CIST1.1, mRECIST, and RECICL are shown in Supple-

mentary Figure 1. As can be observed, use of the

RECIST1.1 called for unidirectional measurement of both

enhanced and necrotic lesions, which showed no change

before and after treatment (Supplementary Figures 1A and

1B). On the other hand, use of the mRECIST and RECICL

required evaluation of tumor enhancement, which revealed

a response according to the mRECIST and RECICL cri-

teria (Supplementary Figures 1C and 1D for mRECIST and

Supplementary Figures 1E and 1F for RECICL). Unlike

the mRECIST, which does not require evaluation of lesions

that do not show enhancement, the RECICL considers

tumors not showing enhancement to be viable if they

increase in size after initiation of therapy, as demonstrated

in Supplementary Figure 2.

Definition of terms

Complete response (CR) was defined as disappearance of

all lesions by the RECIST1.1, as disappearance of any

arterial enhancement within all target lesions by the

mRECIST, and as either a 100 % tumor necrotizing effect

or a 100 % reduction in tumor size accompanied by dis-

appearance of all contrast enhancement at any phase by the

RECICL. Partial response (PR) was defined as 30 % or

greater decrease in tumor size as determined by evaluation

of the sum of the diameters of the target lesions, whose size

was estimated using unidirectional measurement, by both

the RECIST1.1 and mRECIST, and as 50 % or greater

reduction in tumor necrosis or size as determined by

2-directional measurement by the RECICL. Progressive

disease (PD) was defined as 20 % or greater increase in

tumor size as determined by evaluation of the sum of the

maximal dimensions of the target lesions by both the RE-

CIST1.1 and mRECIST and as either a 25 % or greater

increase in tumor size or the appearance of 1 or more new

lesions by the RECICL. The RECIST1.1, mRECIST, and

the RECICL all defined stable disease (SD) as the absence

of either PR or PD; OR as the sum of all cases showing CR

and PR; objective response rate (ORR) as the percentage of

OR among all cases; and disease control rate (DCR) as the

percentage of cases showing CR, PR, or SD.

Statistical analysis

Univariate survival curves were estimated using the Kap-

lan–Meier method, comparison of survival rates among

groups was conducted using the log-rank test, and com-

parison of categorical variables was performed using the

Chi Square test. The level of significance was set at

p\ 0.05. All analyses were performed using SAS statis-

tical software version 8.2 (SAS Institute, Cary, NC, USA)

or the SPSS Medical Pack for Windows version 10.0

(SPSS, Inc., Chicago, IL, USA).

Results

Evaluation of response by the RECIST1.1, mRECIST,

and RECICL

Of the 156 patients who had been successfully treated with

sorafenib therapy for more than 30 days, the number of

patients showing CR, PR, SD, and PD and the ORR and

DCR as estimated by use of each system were, respec-

tively, as follows: 3, 12, 71, and 70 cases and 9.6 % and

55.1 % according to the RECIST1.1; 6, 30, 55, and 65

cases and 23.1 % and 58.3 % according to the mRECIST;

and 6, 29, 53, and 68 cases and 22.4 % and 56.4 %

according to the RECICL (Tables 2, 3). Although no sta-

tistically significant difference was observed among the

DCR estimated by the 3 systems, 20 patients (approxi-

mately 14 %) classified as SD by the RECIST1.1 were

classified as OR by the mRECIST and RECICL.

Table 2 Classification of response to sorafenib by the RECIST1.1,

mRECIST, and RECICL

Number of patients Percentage (%)

CR PR SD PD ORR DCR

RECIST1.1 3 12 71 70 9.6 55.1

mRECIST 6 30 55 65 23.1 58.3

RECICL 6 29 53 68 22.4 56.4

The number of the patients classified as CR, PR, SD, and PD using

each system are shown. Objective response rate (ORR) is the per-

centage of patients evaluated as CR or PR. Disease control rate (DCR)

is the percentage of patients evaluated as CR, PR, or SD
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Comparison of Kaplan–Meier curves for OS

as estimated by the RECIST1.1, mRECIST,

and RECICL

Figure 2 shows the Kaplan–Meier curves for OS as esti-

mated using the 3 systems (Fig. 2a as estimated by the

RECIST1.1, Fig. 2b by the mRECIST, and Fig. 2c by the

RECICL). The median OS of the patients classified as OR,

SD, and PD, respectively, by the 3 systems was 19.9

months [95 % confidence interval (CI) 12.5–21.3 months],

19.2 months (95 % CI 15.1–23.3 months), and 14.3

months (95 % CI 9.7–18.8 months) by the RECIST1.1;

27.2 months (95 % CI 15.2–39.2), 16.8 months (95 % CI

13.8–19.7 months), and 14.3 months (95 % CI 10.5–18.0)

by the mRECIST; and 27.2 months (95 % CI 9.6–44.8

months), 19.2 months (95 % CI 17.1–21.3 months), and

14.3 months (95 % CI 10.1–18.4 months) by the RECICL.

As shown in Figs. 2a, b, use of both the RECIST1.1 and

mRECIST failed to allow for stratification of OS, although

classification of response by the mRECIST was found to be

more strongly associated with OS than that by RECIST1.1

(p = 0.0575 and p = 0.073 by log-rank test, respectively).

On the other hand, classification of response by RECICL

was found to be significantly associated with OS, with the

patients showing OR found to have the longest survival and

those showing PD the shortest (p = 0.0033 by log-rank

test; Fig. 2c; Table 4). Regarding the treatment response

determined by RECICL, the OS was significantly higher in

the group of OR than in PD patients (p = 0.002). However,

we could not detect the significant association between SD

and OR, and PD for OS, although there were the trends of

higher OS in the better response groups (respectively,

p = 0.093, p = 0.069).

Inconsistency among classification by the RECIST1.1,

mRECIST, and RECICL

Figure 3 shows the differences in response classification

obtained using the RECIST1.1, mRECIST, and RECICL.

As can be observed, most patients classified as either PD or

SD by RECIST1.1 were classified as either CR or PR (i.e.,

as OR) by both the mRECIST and RECICL, leading 28 of

156 patients to be classified differently by the RECIST1.1

compared to the mRECIST and RECICL. Specifically, of

the 141 patients classified as either PD or SD by the RE-

CIST1.1, 21 of the patients classified as PD and 20 clas-

sified as SD were classified as OR by the mRECIST and

RECICL (Fig. 3). This finding suggested the possibility

that patients classified as OR by the mRECIST and/or

RECICL, even those classified as SD or PD by the RE-

CIST1.1, showed better prognosis than those classified as

non-OR. To examine this possibility, Kaplan–Meier sur-

vival analysis was performed of cases classified as SD or

PD by the RECIST1.1 for comparison of their classification

by the mRECIST, and RECICL. Among the 141 patients

classified as PD or SD by the RECIST1.1, the number of

cases of OR, SD, and PD and the ORR and DCR was

estimated at 17 cases, 55 cases, and 69 cases and 12.1 %

Table 3 Comparisons of the response classification between RECIST1.1 and RECICL (A), and between mRECIST and RECICL (B)

No. of patients (%)

RECICL Total RECIST1.1 evaluation

CR PR SD PD

(A) RECIST1.1

CR 3 (1.9) 3 (1.9)

PR 2 (1.3) 10 (6.4) 12 (7.7)

SD 1 (0.6) 17 (10.9) 51 (32.7) 2 (1.3) 71 (45.5)

PD 2 (1.3) 2 (1.3) 66 (42.3) 70 (44.9)

Total RECICL evaluation 6 (3.8) 29 (18.6) 53 (34.0) 68 (43.6) 156

No. of patients (%)

RECICL Total mRECIST evaluation

CR PR SD PD

(B) mRECIST

CR 6 (3.8) 6 (3.8)

PR 28 (17.9) 2 (1.3) 30 (19.2)

SD 1 (0.6) 51 (32.7) 3 (1.9) 55 (35.3)

PD 2 (1.3) 63 (40.4) 65 (41.7)

Total RECICL evaluation 6 (3.8) 29 (18.6) 53 (34.0) 68 (43.6) 156
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and 51.1 %, respectively, by the mRECIST and 15 cases,

56 cses, and 70 cases and 10.1 % and 50.3 %, respectively,

by the RECICL.

Figure 4 shows the Kaplan–Meier curve for OS of these

141 patients as estimated by the mRECIST and RECICL.

As can be observed, the median OS of patients classified as

OR, SD, and PD was 27.2 months (95 % CI 11.7–42.7

months), 16.8 months (95 % CI 13.8–19.7 months), and

14.3 months (95 % CI 10.5–18.0 months), respectively, as

estimated by the mRECIST and 27.2 months (95 % CI

11.9–42.5 months), 19.2 months (95 % CI 17.1–21.3

months), and 14.3 months (95 % CI 10.1–18.4 months),

respectively, as estimated by the RECICL. Whereas

classification of response by the mRECIST failed to allow

for stratification of each type of response for OS

(p = 0.1124; Fig. 4a), classification of response by RE-

CICL was found to be significantly associated with OS,

indicating that it allows for precise prediction of prognosis

(p = 0.0066; Fig. 4b).

Discussion

For management of cancer chemotherapy, it is critical to

have reliable tools to guide treatment planning in clinical

practice. For this, OS should be considered as a critical

Fig. 2 Kaplan–Meier curves of overall survival based on response to

treatment as estimated by the RECIST1.1, mRECIST, and RECICL.

Kaplan–Meier curves of the overall survival of the 156 patients based

on response to sorafenib therapy as estimated by the RECIST1.1 (a),
mRECIST (b), and RECICL (c). The median OS of the patients

classified as OR, SD, and PD, respectively, was 19.9 months, 19.2

months, and 14.3 months by the RECIST1.1 (p = 0.073 by log-rank

test); 27.2 months, 16.8 months, and 14.3 months by the mRECIST

(p = 0.0575); and 27.2 months, 19.2 months, and 14.3 months by the

RECICL (p = 0.0033)
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Table 4 Univariate and multivariate analyses for the contribution of clinical backgrounds and tumor response assessed by the three criteria on

overall survivals

Variable N = 156 Overall survival (days) p value Multivariate analysis

Median 95 % CI Log rank HR 95 % CI p value

Age

\73 77 399 292–505

C73 79 533 383–692 0.33

Gender

Male 120 409 308–5096

Female 36 623 240–1005 0.45

Child-Pugh stage

A 129 457 359–554

B 27 340 259–420 0.30

Virus status�

HBV 22 468 313–622

Others 134 399 289–508 0.60

HCV 90 361 243–478

Others 66 468 349–586 0.49

Negative 44 538 298–777

Others 112 390 271–508 0.74

TNM stage

I, II, III 105 468 322–613

IV 51 361 232–489 0.48

CLIP score

0, 1 65 538 –

2, 3, 4, 5 91 341 238–443 0.004 1.475 0.76–2.86 0.25

0, 1, 2 119 500 418–581

3, 4, 5 37 274 157–390 \0.001 2.139 1.07–4.24 0.030

BCLC stage

A, B 75 538 338–737

C 81 390 291–488 0.15

A 39 – –

B, C 117 361 297–424 0.023 1.516 0.73–3.14 0.26

Starting dose of sorafenib (mg)

200, 400 87 538 286–789

800 69 409 282–535 0.85

Total dose of sorafenib (g)

\70 78 274 150–397

C70 78 538 435–640 \0.001 2.829 1.61–4.96 <0.001

AFP

\100 79 500 435–564

C100 77 382 317–446 0.19

DCP

\800 77 538 453–622

C800 79 340 206–473 0.013 1.224 0.71–2.09 0.45

RECIST

OR 15 – –

SD, PD 141 382 294–469 0.032 1.686 0.40–7.00 0.47

OR, SD 86 558 441–674

PD 70 243 204–281 \0.001 1.284 0.24–6.87 0.77
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and 51.1 %, respectively, by the mRECIST and 15 cases,

56 cses, and 70 cases and 10.1 % and 50.3 %, respectively,

by the RECICL.

Figure 4 shows the Kaplan–Meier curve for OS of these

141 patients as estimated by the mRECIST and RECICL.

As can be observed, the median OS of patients classified as

OR, SD, and PD was 27.2 months (95 % CI 11.7–42.7

months), 16.8 months (95 % CI 13.8–19.7 months), and

14.3 months (95 % CI 10.5–18.0 months), respectively, as

estimated by the mRECIST and 27.2 months (95 % CI

11.9–42.5 months), 19.2 months (95 % CI 17.1–21.3

months), and 14.3 months (95 % CI 10.1–18.4 months),

respectively, as estimated by the RECICL. Whereas

classification of response by the mRECIST failed to allow

for stratification of each type of response for OS

(p = 0.1124; Fig. 4a), classification of response by RE-

CICL was found to be significantly associated with OS,

indicating that it allows for precise prediction of prognosis

(p = 0.0066; Fig. 4b).

Discussion

For management of cancer chemotherapy, it is critical to

have reliable tools to guide treatment planning in clinical

practice. For this, OS should be considered as a critical

Fig. 2 Kaplan–Meier curves of overall survival based on response to

treatment as estimated by the RECIST1.1, mRECIST, and RECICL.

Kaplan–Meier curves of the overall survival of the 156 patients based

on response to sorafenib therapy as estimated by the RECIST1.1 (a),
mRECIST (b), and RECICL (c). The median OS of the patients

classified as OR, SD, and PD, respectively, was 19.9 months, 19.2

months, and 14.3 months by the RECIST1.1 (p = 0.073 by log-rank

test); 27.2 months, 16.8 months, and 14.3 months by the mRECIST

(p = 0.0575); and 27.2 months, 19.2 months, and 14.3 months by the

RECICL (p = 0.0033)
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Table 4 Univariate and multivariate analyses for the contribution of clinical backgrounds and tumor response assessed by the three criteria on

overall survivals

Variable N = 156 Overall survival (days) p value Multivariate analysis

Median 95 % CI Log rank HR 95 % CI p value

Age

\73 77 399 292–505

C73 79 533 383–692 0.33

Gender

Male 120 409 308–5096

Female 36 623 240–1005 0.45

Child-Pugh stage

A 129 457 359–554

B 27 340 259–420 0.30

Virus status�

HBV 22 468 313–622

Others 134 399 289–508 0.60

HCV 90 361 243–478

Others 66 468 349–586 0.49

Negative 44 538 298–777

Others 112 390 271–508 0.74

TNM stage

I, II, III 105 468 322–613

IV 51 361 232–489 0.48

CLIP score

0, 1 65 538 –

2, 3, 4, 5 91 341 238–443 0.004 1.475 0.76–2.86 0.25

0, 1, 2 119 500 418–581

3, 4, 5 37 274 157–390 \0.001 2.139 1.07–4.24 0.030

BCLC stage

A, B 75 538 338–737

C 81 390 291–488 0.15

A 39 – –

B, C 117 361 297–424 0.023 1.516 0.73–3.14 0.26

Starting dose of sorafenib (mg)

200, 400 87 538 286–789

800 69 409 282–535 0.85

Total dose of sorafenib (g)

\70 78 274 150–397

C70 78 538 435–640 \0.001 2.829 1.61–4.96 <0.001

AFP

\100 79 500 435–564

C100 77 382 317–446 0.19

DCP

\800 77 538 453–622

C800 79 340 206–473 0.013 1.224 0.71–2.09 0.45

RECIST

OR 15 – –

SD, PD 141 382 294–469 0.032 1.686 0.40–7.00 0.47

OR, SD 86 558 441–674

PD 70 243 204–281 \0.001 1.284 0.24–6.87 0.77
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endpoint, although tumor response assessed by imaging

was sometimes used as a surrogate endpoint so far. When

the validity of the criteria in predicting OS in advanced

HCC patients treated with sorafenib was compared, we

found RECICL was the best criteria for the precise pre-

diction of the prognosis of these patients compared to the

RECIST1.1 and mRECIST.

In Western countries, World Health Organization crite-

ria and the RECIST1.1 are commonly used for evaluation

of treatment for liver cancer [13]. While their use has

proven valuable in assessing response to conventional

cytotoxic chemotherapy, there has been concern regarding

their applicability to patients treated with recently devel-

oped molecularly targeted agents, such as sorafenib, which

appear to have a ‘‘dormant’’ effect in that they initially

appear to yield little response but ultimately lead to

improvement in overall time to progression and OS [2, 10].

Sorafenib in particular has been a breakthrough agent in the

treatment of advanced HCC, as demonstrated by the sig-

nificant improvement in OS, despite the reporting of an

ORR of only 2 % with its use [2, 10]. This observation of

increased response to treatment has prompted use of

imaging techniques, namely CE-CT and MRI, as an alter-

native method of assessing treatment response [14, 15].

While both mRECIST and RECICL incorporate vascular-

ity as a factor in response assessment, the RECICL also

calls for 2-directional measurement of tumor size and

defines tumors that increase in size to be viable even if they

do not show early enhancement upon imaging. The major

advantage of use of the mRECIST and RECICL is that

these call for evaluation of the contrast-enhancing portion

of the tumor rather than evaluation of the entire tumor

(Supplementary Figure 1) and consider tumor necrosis a

sign of response. Such differences in criteria results in the

ORR estimated using the mRECIST or RECICL to be

approximately 2.5 times higher than that estimated using

the RESICT1.1. Interestingly, the most significant associ-

ation between tumor response and OS was found using the

RECICL (Fig. 2c), although classification by mRECIST

was found to be more strongly associated with

Table 4 continued

Variable N = 156 Overall survival (days) p value Multivariate analysis

Median 95 % CI Log rank HR 95 % CI p value

mRECIST

OR 36 558 337–778

SD, PD 120 349 285–412 0.015 3.904 0.89–16.959 0.069

OR, SD 91 538 424–651

PD 65 250 201–298 \0.001 1.274 0.438–3.704 0.65

RECICL

OR 35 762 –

SD, PD 121 341 276–405 \0.001 6.398 1.15–35.44 0.034

OR, SD 88 558 441–674

PD 68 241 202–279 \0.001 1.915 0.40–9.10 0.41

The multivariate analysis revealed the CLIP score, a total dose of sorafenib and RECICL, as the independent factor contributing OS

HCV hepatitis C virus, BCLC Barcelona Clinic for Liver Cancer, AST aspartate aminotransferase, ALT alanine aminotransferase, AFP alpha

fetoprotein, DCP des-gamma carboxyprothrombin

Fig. 3 Percentage change in tumor size of cases classified differently

by the RECIST1.1, mRECIST, and RECICL. Percentage change in

tumor size of 28 cases that were categorized differently by the

RECIST1.1, mRECIST, and RECICL. The percentage change was

calculated using the formula (tumor size post treatment – tumor size

pretreatment)/tumor size pretreatment 9 100 for estimation by the

RECIST1.1 and mRECIST and the formula (tumor area post

treatment—tumor area pretreatment/tumor area pretreatment 9 100

for estimation by the RECICL. The lower part of the panel denotes

the range of objective response (OR), the middle part of the panel the

range of stable disease (SD), and the upper part the range of

progressive disease (PD)
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classification by RESICT1.1 (Fig. 2a, b). Therefore, it is

reasonable to speculate that evaluation of tumor viability

improves assessment of the antitumor activity of sorafenib

by the mRECIST and RECICL but not by the RECIST1.1.

Another difference between the mRECIST and RECICL

is that, while classification of response by the former is

based on unidirectional measurement, that by the latter is

based on 2-directional measurement. Moreover, while only

the hypervascular area of the tumor is regarded as viable,

and, thus, tumor viability is only estimated during the

arterial phase, by the mRECIST, tumor viability is esti-

mated at all phases by the RECICL. Supplementary Figs. 2

and 3 show examples of how use of the mRECIST and

RECICL can lead to different classification of the same

cases. In the case shown in Supplementary Fig. 3, marked

reduction of tumor volume with enhancement was

observed. Although the response was classified as SD by

the mRECIST, it was classified as PR by the RECICL, as

assessed by 2-directional measurement of size. Another

advantage of using RECICL is that it calls for evaluation of

non-enhanced areas of the target lesion, which are often

found to have increased on post-therapeutic imaging.

Indeed, some lesions that appear hypovascular on CE-CT

are found to have increased in size and should, thus, be

regarded as viable (Supplementary Figure 2). Therefore,

patients classified as PR by the mRECIST would be clas-

sified as PD by the RECICL, indicating that use of the

RECICL allows for more accurate categorization of

response than the mRECIST for assessment of OS. Indeed,

use of the RECICL was found to allow for successful

discrimination of patients with tumor progression among

the patients who had been classified as SD by the

mRECIST.

There should be three limitations regarding the assess-

ment by RECICL. First, the assessment of RECICL focus

only on the measurable intrahepatic lesions without eval-

uating the portal vein thrombi and extrahepatic lesions.

Second, a hypovascular HCC such as sarcomatoid HCC

should be difficult for assessment by RECICL because the

alteration of vascularity could not be determined. Evalua-

tion of response for such lesions should be determined

using another criteria. Third, the retrospective nature of the

study might have led to bias in selection of the patients. To

address the limitations and independently validate the

results of this study, we are currently designing an inves-

tigation of the accuracy of use of the RECICL in the pre-

diction of OS in a prospective multicenter patient cohort

with a larger sample size.

In this comparison of the validity of use of the RE-

CIST1.1, mRECIST, and RECICL, use of the RECICL was

found to allow for much more precise identification of

patients with better prognosis compared to the RECIST1.1

or mRECIST. This finding leads us to conclude that use of

the RECICL is the best means of obtaining precise prog-

nostic information at an early stage after treatment.

Although further studies are required to confirm the supe-

riority of RECICL in HCC with portal vein thrombi and

extrahepatic lesions, the results of this study are of sig-

nificance from a clinical viewpoint, especially in the

selection of therapy. Given the robustness of the data

Fig. 4 Kaplan-Meier curves of overall survival of patients classified

as SD or PD by the RECIST1.1 and as OR by the mRECIST and

RECICL. Kaplan-Meier curves of 141 patients classified as SD or PD

by the RECIST1.1 and as OR by the mRECIST (a) and RECICL. The

median OS of patients classified as OR, SD, and PD was 27.2 months,

16.8 months, and 14.3 months, respectively, as estimated by the

mRECIST (p = 0.1124 by log-rank test) and 27.2 months, 19.2

months, and 14.3 months, respectively, as estimated by the RECICL

(p = 0.0066)
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endpoint, although tumor response assessed by imaging

was sometimes used as a surrogate endpoint so far. When

the validity of the criteria in predicting OS in advanced

HCC patients treated with sorafenib was compared, we

found RECICL was the best criteria for the precise pre-

diction of the prognosis of these patients compared to the

RECIST1.1 and mRECIST.

In Western countries, World Health Organization crite-

ria and the RECIST1.1 are commonly used for evaluation

of treatment for liver cancer [13]. While their use has

proven valuable in assessing response to conventional

cytotoxic chemotherapy, there has been concern regarding

their applicability to patients treated with recently devel-

oped molecularly targeted agents, such as sorafenib, which

appear to have a ‘‘dormant’’ effect in that they initially

appear to yield little response but ultimately lead to

improvement in overall time to progression and OS [2, 10].

Sorafenib in particular has been a breakthrough agent in the

treatment of advanced HCC, as demonstrated by the sig-

nificant improvement in OS, despite the reporting of an

ORR of only 2 % with its use [2, 10]. This observation of

increased response to treatment has prompted use of

imaging techniques, namely CE-CT and MRI, as an alter-

native method of assessing treatment response [14, 15].

While both mRECIST and RECICL incorporate vascular-

ity as a factor in response assessment, the RECICL also

calls for 2-directional measurement of tumor size and

defines tumors that increase in size to be viable even if they

do not show early enhancement upon imaging. The major

advantage of use of the mRECIST and RECICL is that

these call for evaluation of the contrast-enhancing portion

of the tumor rather than evaluation of the entire tumor

(Supplementary Figure 1) and consider tumor necrosis a

sign of response. Such differences in criteria results in the

ORR estimated using the mRECIST or RECICL to be

approximately 2.5 times higher than that estimated using

the RESICT1.1. Interestingly, the most significant associ-

ation between tumor response and OS was found using the

RECICL (Fig. 2c), although classification by mRECIST

was found to be more strongly associated with

Table 4 continued

Variable N = 156 Overall survival (days) p value Multivariate analysis

Median 95 % CI Log rank HR 95 % CI p value

mRECIST

OR 36 558 337–778

SD, PD 120 349 285–412 0.015 3.904 0.89–16.959 0.069

OR, SD 91 538 424–651

PD 65 250 201–298 \0.001 1.274 0.438–3.704 0.65

RECICL

OR 35 762 –

SD, PD 121 341 276–405 \0.001 6.398 1.15–35.44 0.034

OR, SD 88 558 441–674

PD 68 241 202–279 \0.001 1.915 0.40–9.10 0.41

The multivariate analysis revealed the CLIP score, a total dose of sorafenib and RECICL, as the independent factor contributing OS

HCV hepatitis C virus, BCLC Barcelona Clinic for Liver Cancer, AST aspartate aminotransferase, ALT alanine aminotransferase, AFP alpha

fetoprotein, DCP des-gamma carboxyprothrombin

Fig. 3 Percentage change in tumor size of cases classified differently

by the RECIST1.1, mRECIST, and RECICL. Percentage change in

tumor size of 28 cases that were categorized differently by the

RECIST1.1, mRECIST, and RECICL. The percentage change was

calculated using the formula (tumor size post treatment – tumor size

pretreatment)/tumor size pretreatment 9 100 for estimation by the

RECIST1.1 and mRECIST and the formula (tumor area post

treatment—tumor area pretreatment/tumor area pretreatment 9 100

for estimation by the RECICL. The lower part of the panel denotes

the range of objective response (OR), the middle part of the panel the

range of stable disease (SD), and the upper part the range of

progressive disease (PD)
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classification by RESICT1.1 (Fig. 2a, b). Therefore, it is

reasonable to speculate that evaluation of tumor viability

improves assessment of the antitumor activity of sorafenib

by the mRECIST and RECICL but not by the RECIST1.1.

Another difference between the mRECIST and RECICL

is that, while classification of response by the former is

based on unidirectional measurement, that by the latter is

based on 2-directional measurement. Moreover, while only

the hypervascular area of the tumor is regarded as viable,

and, thus, tumor viability is only estimated during the

arterial phase, by the mRECIST, tumor viability is esti-

mated at all phases by the RECICL. Supplementary Figs. 2

and 3 show examples of how use of the mRECIST and

RECICL can lead to different classification of the same

cases. In the case shown in Supplementary Fig. 3, marked

reduction of tumor volume with enhancement was

observed. Although the response was classified as SD by

the mRECIST, it was classified as PR by the RECICL, as

assessed by 2-directional measurement of size. Another

advantage of using RECICL is that it calls for evaluation of

non-enhanced areas of the target lesion, which are often

found to have increased on post-therapeutic imaging.

Indeed, some lesions that appear hypovascular on CE-CT

are found to have increased in size and should, thus, be

regarded as viable (Supplementary Figure 2). Therefore,

patients classified as PR by the mRECIST would be clas-

sified as PD by the RECICL, indicating that use of the

RECICL allows for more accurate categorization of

response than the mRECIST for assessment of OS. Indeed,

use of the RECICL was found to allow for successful

discrimination of patients with tumor progression among

the patients who had been classified as SD by the

mRECIST.

There should be three limitations regarding the assess-

ment by RECICL. First, the assessment of RECICL focus

only on the measurable intrahepatic lesions without eval-

uating the portal vein thrombi and extrahepatic lesions.

Second, a hypovascular HCC such as sarcomatoid HCC

should be difficult for assessment by RECICL because the

alteration of vascularity could not be determined. Evalua-

tion of response for such lesions should be determined

using another criteria. Third, the retrospective nature of the

study might have led to bias in selection of the patients. To

address the limitations and independently validate the

results of this study, we are currently designing an inves-

tigation of the accuracy of use of the RECICL in the pre-

diction of OS in a prospective multicenter patient cohort

with a larger sample size.

In this comparison of the validity of use of the RE-

CIST1.1, mRECIST, and RECICL, use of the RECICL was

found to allow for much more precise identification of

patients with better prognosis compared to the RECIST1.1

or mRECIST. This finding leads us to conclude that use of

the RECICL is the best means of obtaining precise prog-

nostic information at an early stage after treatment.

Although further studies are required to confirm the supe-

riority of RECICL in HCC with portal vein thrombi and

extrahepatic lesions, the results of this study are of sig-

nificance from a clinical viewpoint, especially in the

selection of therapy. Given the robustness of the data

Fig. 4 Kaplan-Meier curves of overall survival of patients classified

as SD or PD by the RECIST1.1 and as OR by the mRECIST and

RECICL. Kaplan-Meier curves of 141 patients classified as SD or PD

by the RECIST1.1 and as OR by the mRECIST (a) and RECICL. The

median OS of patients classified as OR, SD, and PD was 27.2 months,

16.8 months, and 14.3 months, respectively, as estimated by the

mRECIST (p = 0.1124 by log-rank test) and 27.2 months, 19.2

months, and 14.3 months, respectively, as estimated by the RECICL

(p = 0.0066)
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presented herein, we strongly assert that the RECICL

should become the standard system used in the evaluation

of response to chemotherapy, including molecularly tar-

geted therapies, by HCC patients.
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Abstract— We have proposed an ultrasound imaging method 

based on frequency domain interferometry (FDI) with an 

adaptive beamforming technique to depict real-time 

high-resolution images of human carotid artery. Our previous 

study has investigated the performance of the proposed imaging 

method under an ideal condition with a high signal-to-noise ratio 

(SNR). In the present study, we propose a technique that has the 

potential to improve accuracy in estimating echo intensity using 

the FDI imaging method. We investigated the performance of the 

proposed technique in a simulation study that two flat interfaces 

were located at depths of 15.0 and 15.2 mm and white noise was 

added. Because the –6 dB bandwidth of the signal used in this 

simulation study is 2.6 MHz, the conventional B-mode imaging 

method failed to depict the two interfaces. Both the conventional 

and proposed FDI imaging methods succeeded to depict the two 

interfaces when the SNR ranged from 15 to 30 dB. However, the 

average error of the estimated echo intensity at the interfaces 

using the conventional FDI imaging method ranged from 7.2 to 

10.5 dB. In contrast, that using the FDI imaging method with the 

proposed technique ranged from 2.0 to 2.2 dB. The present study 

demonstrates the potential of the FDI imaging method in 

depicting robust and high-range-resolution ultrasound images of 

arterial wall, indicating the possibility to improve the diagnosis 

of atherosclerosis in early stages. 

I. INTRODUCTION 

Cardiovascular disease remains a substantial cause of 
mortality [1]. Recent clinical issue is arterial plaque of which 
rupture or erosion lead to abrupt thrombosis. Urgent demand 
is how to establish a marker for vulnerable plaque [2]. 
Transcutaneous ultrasound B-mode imaging is widely used to 
detect plaque in carotid arteries [3]. Thus, improving the 
spatial resolution of the imaging would bring a major advance 
in identification of high-risk plaques. 
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Adaptive beamforming algorithms have been proposed to 
improve spatial resolution without using high transmit 
frequencies. One common technique is the use of a Capon 
beamformer, which uses a set of weights calculated by 
minimizing the output power, subject to the constraint that a 
desired signal gives a constant response [4]. Several groups 
have used the Capon method with spatial averaging to 
improve the lateral resolution in US [5], [6]. In our previous 
study, we have proposed an ultrasound imaging method based 
on frequency domain interferometry (FDI) with an adaptive 
beamforming algorithm that has high resolution in axial 
direction [7]−[10]. We have reported on the necessity of 
employing frequency averaging to suppress coherent 
interference under a simple simulation study without noise. 
We are currently working on the effect of the bandwidths used 
for frequency averaging and for imaging on the performance 
of the FDI imaging method in the condition with noise, and 
propose a technique that has the potential to acquire robust 
depiction of arterial interfaces when there is a thin layer close 
to the arterial wall. 

II. MATERIALS AND METHODS 

The proposed technique is applied to the FDI imaging 
method with the Capon method, which is an adaptive 
beamforming algorithm. In this section, we briefly describe 
the FDI imaging method, and subsequently propose a 
technique that improves accuracy in estimating echo intensity 
using the FDI imaging method. 

A. FDI Imaging Method Using Frequency Averaging 

The FDI imaging method works under the condition where 
the echo at the desired depth and echoes at undesired depth 
have no correlation. Frequency averaging has been used to 
suppress the correlation between the echoes returned from 
different depths [7]. This technique is applied to the 
covariance matrix of the received signal in the frequency 
domain. The sub-matrices of the covariance matrix are 
averaged along the diagonal direction, as shown in Fig. 1. The 
covariance matrix after frequency averaging is given by 
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where Rmij is the (i, j) element of the m-th submatrix Rm, Xi is 
the i-th frequency components of the received RF signal after 
whitening, M is the number of submatrices, and []
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presented herein, we strongly assert that the RECICL

should become the standard system used in the evaluation

of response to chemotherapy, including molecularly tar-

geted therapies, by HCC patients.
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Abstract— We have proposed an ultrasound imaging method 

based on frequency domain interferometry (FDI) with an 

adaptive beamforming technique to depict real-time 

high-resolution images of human carotid artery. Our previous 

study has investigated the performance of the proposed imaging 

method under an ideal condition with a high signal-to-noise ratio 

(SNR). In the present study, we propose a technique that has the 

potential to improve accuracy in estimating echo intensity using 

the FDI imaging method. We investigated the performance of the 

proposed technique in a simulation study that two flat interfaces 

were located at depths of 15.0 and 15.2 mm and white noise was 

added. Because the –6 dB bandwidth of the signal used in this 

simulation study is 2.6 MHz, the conventional B-mode imaging 

method failed to depict the two interfaces. Both the conventional 

and proposed FDI imaging methods succeeded to depict the two 

interfaces when the SNR ranged from 15 to 30 dB. However, the 

average error of the estimated echo intensity at the interfaces 

using the conventional FDI imaging method ranged from 7.2 to 

10.5 dB. In contrast, that using the FDI imaging method with the 

proposed technique ranged from 2.0 to 2.2 dB. The present study 

demonstrates the potential of the FDI imaging method in 

depicting robust and high-range-resolution ultrasound images of 

arterial wall, indicating the possibility to improve the diagnosis 

of atherosclerosis in early stages. 

I. INTRODUCTION 

Cardiovascular disease remains a substantial cause of 
mortality [1]. Recent clinical issue is arterial plaque of which 
rupture or erosion lead to abrupt thrombosis. Urgent demand 
is how to establish a marker for vulnerable plaque [2]. 
Transcutaneous ultrasound B-mode imaging is widely used to 
detect plaque in carotid arteries [3]. Thus, improving the 
spatial resolution of the imaging would bring a major advance 
in identification of high-risk plaques. 

 
*This work was partly supported by the Innovative Techno-Hub for 

Integrated Medical Bio-imaging Project of the Special Coordination Funds 

for Promoting Science and Technology, from the Ministry of Education, 

Culture, Sports, Science and Technology (MEXT), Japan and by 

MEXT/JSPS KAKENHI Grant Numbers 24592513 and 25870345. 

H. Taki and T. Sato are with the Graduate School of Informatics, Kyoto 

University, Yoshida-honmachi, Sakyo-ku, Kyoto 606-8501, Japan (e-mail: 

htaki@i.kyoto-u.ac.jp; sato.toru.6e@kyoto-u.ac.jp). 

K. Taki and M. Kudo are with the Department of Anatomy, Shiga 

University of Medical Science, Seta Tsukinowa-cho, Otsu City, Shiga 

520-2192, Japan (e-mail: taki@belle.shiga-med.ac.jp; 

kudo@belle.shiga-med.ac.jp). 

M. Yamakawa is with the Advanced Biomedical Engineering Research 

Unit, Kyoto University, Yoshida-honmachi, Sakyo-ku, Kyoto 606-8501, 

Japan (e-mail: yamakawa.makoto.6x@kyoto-u.ac.jp). 

T. Shiina is with the Graduate School of Medicine, Kyoto University, 

Yoshida-honmachi, Sakyo-ku, Kyoto 606-8501, Japan (e-mail: 

shiina@hs.med.kyoto-u.ac.jp). 

Adaptive beamforming algorithms have been proposed to 
improve spatial resolution without using high transmit 
frequencies. One common technique is the use of a Capon 
beamformer, which uses a set of weights calculated by 
minimizing the output power, subject to the constraint that a 
desired signal gives a constant response [4]. Several groups 
have used the Capon method with spatial averaging to 
improve the lateral resolution in US [5], [6]. In our previous 
study, we have proposed an ultrasound imaging method based 
on frequency domain interferometry (FDI) with an adaptive 
beamforming algorithm that has high resolution in axial 
direction [7]−[10]. We have reported on the necessity of 
employing frequency averaging to suppress coherent 
interference under a simple simulation study without noise. 
We are currently working on the effect of the bandwidths used 
for frequency averaging and for imaging on the performance 
of the FDI imaging method in the condition with noise, and 
propose a technique that has the potential to acquire robust 
depiction of arterial interfaces when there is a thin layer close 
to the arterial wall. 

II. MATERIALS AND METHODS 

The proposed technique is applied to the FDI imaging 
method with the Capon method, which is an adaptive 
beamforming algorithm. In this section, we briefly describe 
the FDI imaging method, and subsequently propose a 
technique that improves accuracy in estimating echo intensity 
using the FDI imaging method. 

A. FDI Imaging Method Using Frequency Averaging 

The FDI imaging method works under the condition where 
the echo at the desired depth and echoes at undesired depth 
have no correlation. Frequency averaging has been used to 
suppress the correlation between the echoes returned from 
different depths [7]. This technique is applied to the 
covariance matrix of the received signal in the frequency 
domain. The sub-matrices of the covariance matrix are 
averaged along the diagonal direction, as shown in Fig. 1. The 
covariance matrix after frequency averaging is given by 
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the i-th frequency components of the received RF signal after 
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The FDI imaging method suppresses the contribution of 
echoes from targets at undesired depths, subject to a constant 
response at the desired depth. After applying frequency 
averaging to the covariance matrix, this problem expressed by 
the following formulae: 
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Where r/2 is the desired depth, P(r) is the output intensity at 
the desired depth, W is a weighting vector, kn is the n-th wave 
number of frequency components of a received signal, N is the 
size of the correlation matrix RA, and []

T
 denotes the transpose 

[10]. 

The estimated intensity of the FDI imaging method 
employing an appropriate weighting vector is given by 
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where E is a diagonal loading matrix used to avoid the 
instability in calculating the inverse matrix RA

-1
 [7]. 

B. Stabilization Technique for the Improvement in 

Estimating Echo Intensity 

When the bandwidth for frequency averaging is wider than 
that for imaging, i.e. the size of the sub-matrix L is smaller 
than the number of submatrices M, the output intensity of the 
FDI imaging method is rewritten as 
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where k is the wavenumber of the sampling frequency 
interval and i’ = l + m − 1. 

 When we use a wider bandwidth for frequency averaging 
than that for imaging, the Capon beamformer with frequency 
averaging is similar to the combination of a simple 
phase-compensation beamformer for central frequency 
components and a Capon beamformer for peripheral 
frequency components. Under this condition, the intensity 
estimated by the FDI with the Capon method with frequency 
averaging would be larger than the summation of the 

intensities among the central frequency components from Lk 

to Mk, i.e. the summation of the intensities of gray diagonal 
elements shown in Fig. 1. Therefore, the estimated intensity of 
the FDI imaging method is supposed to satisfy the following 
formulae:  

,
TrueSE
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where BA and BI are the bandwidth used for frequency 
averaging and for imaging, respectively. We call FS the 
stabilization factor. The employment of a sufficiently large 
value of FS should suppress the underestimation of the echo 
intensity using the FDI imaging method with the Capon 
method at the cost of a little range resolution. When FS = 1/3, 
the estimated intensity is supposed to be larger than –4.77 dB 
relative to the true echo intensity. 

III. RESULTS 

In the simulation study, we investigate the performance of 
the proposed technique when there were two horizontal 
interfaces in a ROI, where the waveform returned from each 
interface was the same as that of the reference signal. When 

 

Figure  1.    Schema of the frequency averaging technique. Gray 

diagonal elements of the covariance matrix R are distributed among 

the diagonal elements of the covariance matrix after frequency 

averaging RA. 

 

Figure  2.    Echo waveform of a horizontal interface between 20% 

gelatin and 4% agar, where 10 echoes of different scan lines were 

coherently averaged to suppress noise. 
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the received signal includes no noise, the echo returned from 
two interfaces is given by 

),/2()(),(
TRRT

cItststIs          (10) 

where IT is the target interval, sR(t) is the reference signal 
and c is the sound velocity. Fig. 2 shows the waveform used 
for the reference signal. The reference signal was the echo 
from the interface between the 20% gelatin and the 4% agar at 
a depth of 15 mm acquired by a Hitachi EUB-8500 (Hitachi 
Medical Co. Ltd., Tokyo, Japan) US device with a 7.5 MHz 
linear array, where 10 echoes of different scan lines were 
averaged. Before the averaging process, the center of each 
echo was adjusted to t = 0 to average coherently. The −6 dB 
bandwidth of the reference echo was 2.6 MHz. To investigate 
the effects of noise in the proposed method, we added white 
noise to the constructed received signal given by equation (10). 
The signal intensity was the average echo intensity in the –3 
dB temporal width of a reference signal, and the noise 
intensity was the average echo intensity of the received signal 
in a 2 cm range that includes no echo signal. 

Fig.3 shows the intensity at the target depth estimated by 
the conventional FDI imaging method under the condition of 
no noise, where there are two horizontal interfaces in the ROI 
and the true echo intensity at each target depth is adjusted to 0 
dB. The imaging method used the band from 5.3 to 9.3 MHz, 
and the bandwidths for frequency averaging BA were 3, 2, and 
1 MHz. This result indicates that the employment of a wide 
bandwidth for frequency averaging improves the accuracy in 
estimating echo intensity under an ideal condition without 
noise. 

Fig. 4 shows the intensity estimated using a conventional 
B-mode imaging method, the conventional FDI imaging 
method and the FDI imaging method with the proposed 
technique that employed a wider bandwidth for frequency 
averaging compared with that for imaging. The SNR ranged 
from 0 to 30 dB, there were two horizontal interfaces in a ROI 
and the target interval was 0.2 mm. The conventional FDI 

imaging method allocates a half of the whole bandwidth for 
frequency averaging [7]. The FDI imaging method using the 
proposed technique employed the setting of (BA, BI) = (3 MHz, 
2 MHz). Because the –6 dB bandwidth of the signal used in 
this simulation study is 2.6 MHz, the conventional B-mode 
imaging method has range resolution of about 0.3 mm and it 
failed to depict the two interfaces. The conventional FDI 
imaging method has higher range resolution than the B-mode 
imaging method under the condition where its SNR was 
higher than 20 dB. This result is consistent with our previous 
work [7]. Under the condition of low SNR less than 15 dB, in 
some cases the conventional FDI imaging succeeded to depict 
two interfaces. However, the estimated intensity at the 
interface position decreased severely, and the estimated depth 
of the interface varied. These two defects might have caused 
that some false images appeared in the conventional FDI 
images at the SNR of less than 10 dB. In contrast, the FDI 
imaging with the proposed technique succeeded to depict the 
interfaces reliably at the cost of little deterioration in range 

 

Figure  3.    Estimated intensity at the target depth using the 

conventional FDI imaging method under the condition without noise, 

where two target interfaces are located in a ROI and the true echo 

intensity at the target depth is adjusted to 0 dB. The imaging method 

uses the band of the received data from 5.3 to 9.3 MHz, and the 

bandwidths for frequency averaging are 3, 2, and 1 MHz. 

 
          (a) 

 
          (b) 

 
          (c) 

 
          (d) 

Figure  4.    Estimated intensity as a function of the SNR from 0 to 30 

dB when there are two interfaces at depths of 15.0 and 15.2 mm. The 

intensity profiles are estimated by (a) a conventional B-mode imaging 

method, (b) and (c) the conventional FDI imaging method, and (d) the 

FDI imaging method with the proposed technique. The bandwidth for 

frequency averaging (BA) and that for imaging (BI) are respectively (b) 

2 and 2 MHz, (c) 3 and 3 MHz, and (d) 3 and 2 MHz, respectively. 
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The FDI imaging method suppresses the contribution of 
echoes from targets at undesired depths, subject to a constant 
response at the desired depth. After applying frequency 
averaging to the covariance matrix, this problem expressed by 
the following formulae: 
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Where r/2 is the desired depth, P(r) is the output intensity at 
the desired depth, W is a weighting vector, kn is the n-th wave 
number of frequency components of a received signal, N is the 
size of the correlation matrix RA, and []
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 denotes the transpose 
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The estimated intensity of the FDI imaging method 
employing an appropriate weighting vector is given by 
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where E is a diagonal loading matrix used to avoid the 
instability in calculating the inverse matrix RA
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B. Stabilization Technique for the Improvement in 

Estimating Echo Intensity 

When the bandwidth for frequency averaging is wider than 
that for imaging, i.e. the size of the sub-matrix L is smaller 
than the number of submatrices M, the output intensity of the 
FDI imaging method is rewritten as 
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where k is the wavenumber of the sampling frequency 
interval and i’ = l + m − 1. 

 When we use a wider bandwidth for frequency averaging 
than that for imaging, the Capon beamformer with frequency 
averaging is similar to the combination of a simple 
phase-compensation beamformer for central frequency 
components and a Capon beamformer for peripheral 
frequency components. Under this condition, the intensity 
estimated by the FDI with the Capon method with frequency 
averaging would be larger than the summation of the 

intensities among the central frequency components from Lk 

to Mk, i.e. the summation of the intensities of gray diagonal 
elements shown in Fig. 1. Therefore, the estimated intensity of 
the FDI imaging method is supposed to satisfy the following 
formulae:  
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where BA and BI are the bandwidth used for frequency 
averaging and for imaging, respectively. We call FS the 
stabilization factor. The employment of a sufficiently large 
value of FS should suppress the underestimation of the echo 
intensity using the FDI imaging method with the Capon 
method at the cost of a little range resolution. When FS = 1/3, 
the estimated intensity is supposed to be larger than –4.77 dB 
relative to the true echo intensity. 

III. RESULTS 

In the simulation study, we investigate the performance of 
the proposed technique when there were two horizontal 
interfaces in a ROI, where the waveform returned from each 
interface was the same as that of the reference signal. When 

 

Figure  1.    Schema of the frequency averaging technique. Gray 

diagonal elements of the covariance matrix R are distributed among 

the diagonal elements of the covariance matrix after frequency 

averaging RA. 

 

Figure  2.    Echo waveform of a horizontal interface between 20% 

gelatin and 4% agar, where 10 echoes of different scan lines were 

coherently averaged to suppress noise. 
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the received signal includes no noise, the echo returned from 
two interfaces is given by 
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where IT is the target interval, sR(t) is the reference signal 
and c is the sound velocity. Fig. 2 shows the waveform used 
for the reference signal. The reference signal was the echo 
from the interface between the 20% gelatin and the 4% agar at 
a depth of 15 mm acquired by a Hitachi EUB-8500 (Hitachi 
Medical Co. Ltd., Tokyo, Japan) US device with a 7.5 MHz 
linear array, where 10 echoes of different scan lines were 
averaged. Before the averaging process, the center of each 
echo was adjusted to t = 0 to average coherently. The −6 dB 
bandwidth of the reference echo was 2.6 MHz. To investigate 
the effects of noise in the proposed method, we added white 
noise to the constructed received signal given by equation (10). 
The signal intensity was the average echo intensity in the –3 
dB temporal width of a reference signal, and the noise 
intensity was the average echo intensity of the received signal 
in a 2 cm range that includes no echo signal. 

Fig.3 shows the intensity at the target depth estimated by 
the conventional FDI imaging method under the condition of 
no noise, where there are two horizontal interfaces in the ROI 
and the true echo intensity at each target depth is adjusted to 0 
dB. The imaging method used the band from 5.3 to 9.3 MHz, 
and the bandwidths for frequency averaging BA were 3, 2, and 
1 MHz. This result indicates that the employment of a wide 
bandwidth for frequency averaging improves the accuracy in 
estimating echo intensity under an ideal condition without 
noise. 

Fig. 4 shows the intensity estimated using a conventional 
B-mode imaging method, the conventional FDI imaging 
method and the FDI imaging method with the proposed 
technique that employed a wider bandwidth for frequency 
averaging compared with that for imaging. The SNR ranged 
from 0 to 30 dB, there were two horizontal interfaces in a ROI 
and the target interval was 0.2 mm. The conventional FDI 

imaging method allocates a half of the whole bandwidth for 
frequency averaging [7]. The FDI imaging method using the 
proposed technique employed the setting of (BA, BI) = (3 MHz, 
2 MHz). Because the –6 dB bandwidth of the signal used in 
this simulation study is 2.6 MHz, the conventional B-mode 
imaging method has range resolution of about 0.3 mm and it 
failed to depict the two interfaces. The conventional FDI 
imaging method has higher range resolution than the B-mode 
imaging method under the condition where its SNR was 
higher than 20 dB. This result is consistent with our previous 
work [7]. Under the condition of low SNR less than 15 dB, in 
some cases the conventional FDI imaging succeeded to depict 
two interfaces. However, the estimated intensity at the 
interface position decreased severely, and the estimated depth 
of the interface varied. These two defects might have caused 
that some false images appeared in the conventional FDI 
images at the SNR of less than 10 dB. In contrast, the FDI 
imaging with the proposed technique succeeded to depict the 
interfaces reliably at the cost of little deterioration in range 

 

Figure  3.    Estimated intensity at the target depth using the 

conventional FDI imaging method under the condition without noise, 

where two target interfaces are located in a ROI and the true echo 

intensity at the target depth is adjusted to 0 dB. The imaging method 

uses the band of the received data from 5.3 to 9.3 MHz, and the 

bandwidths for frequency averaging are 3, 2, and 1 MHz. 

 
          (a) 

 
          (b) 

 
          (c) 

 
          (d) 

Figure  4.    Estimated intensity as a function of the SNR from 0 to 30 

dB when there are two interfaces at depths of 15.0 and 15.2 mm. The 

intensity profiles are estimated by (a) a conventional B-mode imaging 

method, (b) and (c) the conventional FDI imaging method, and (d) the 

FDI imaging method with the proposed technique. The bandwidth for 

frequency averaging (BA) and that for imaging (BI) are respectively (b) 

2 and 2 MHz, (c) 3 and 3 MHz, and (d) 3 and 2 MHz, respectively. 
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resolution. This result indicates the efficiency of the proposed 
setting that the bandwidth for frequency averaging is wider 
than that for imaging. 

The above-mentioned defects of the conventional FDI 
imaging method cause uncertainty in selecting peak values as 
the estimated intensity at the interfaces. When SNR ranged 
from 15 to 30 dB, two peaks appeared clearly in both the 
conventional and proposed FDI imaging methods. We thus 
calculated the estimated echo intensity at the interfaces by 
averaging two peak values in each scan line under the 
condition that SNR ranged from 15 to 30 dB. Because the true 
echo intensity was 0 dB, we call the underestimation of the 
echo intensity at the interfaces as the estimation error. Fig. 5 
shows the estimated echo intensity of the target interfaces 
calculated using the conventional FDI imaging method and 
using the FDI imaging method with the proposed technique. 
Using 3 MHz bandwidth for frequency averaging suppresses 
coherent interferences sufficiently when the target interval is 
0.2 mm; however, using a wide bandwidth means using low 
SNR frequency components that makes the conventional FDI 
imaging method unreliable. Because the Capon method 
minimizes the output power, the conventional FDI imaging 
method underestimates the echo intensity with the average 
error ranged from 7.2 to 10.5 dB, and its unreliable 
performance results in large variations in estimated echo 
intensity. This should be one of the reasons why the 
conventional FDI imaging method has low continuity in the 
lateral direction [7]. In contrast, the FDI imaging method with 
the proposed setting succeeded in estimating the echo 
intensity with average estimation error ranged from 2.0 to 2.2 
dB and with small variation. Under the condition of the FDI 
imaging method with the proposed technique, the stabilization 
factor FS is equal to 1/3. In all cases, the normalized echo 
intensity estimated by the FDI imaging method with FAS is 

larger than –4.77 dB. This result is consistent with the results 
of the theoretical investigation shown in section II B. These 
results indicate that the proposed technique has high potential 
not only in estimating the echo intensity but also in improving 
continuity in the lateral direction. 

IV. CONCLUSION 

We proposed a high-range-resolution FDI imaging 
method employing a technique that improves robustness of the 
FDI imaging method in estimating echo intensity. We 
investigated the performance of the proposed technique in a 
simulation study under the condition. In a simulation study 
where the SNR ranged from 15 to 30 dB, the average error of 
the estimated echo intensity using the conventional FDI 
imaging method ranged from 7.2 to 10.5 dB. In contrast, that 
using the FDI imaging method with the proposed technique 
ranged from 2.0 to 2.2 dB. The present study demonstrates the 
potential of the FDI imaging method in depicting robust and 
high-range-resolution ultrasound image, indicating the 
possibility to improve the diagnosis of atherosclerosis in early 
stages. 
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Figure  5.    Estimated echo intensity of target interfaces calculated 

using the conventional FDI imaging method and the FDI imaging 

method with the proposed technique, where there are two target 

interfaces at depths of 15.0 and 15.2 mm and the true echo intensity is 

0 dB. The FDI imaging method with the proposed method allocates 

bandwidths of 3 and 2 MHz for frequency averaging and imaging, 

respectively. The conventional FDI imaging method allocates half 

bandwidths for frequency averaging from total bandwidths of 4, 5 and 

6 MHz. Each error bar denotes the standard deviation, where 10 

simulation data with random white noise are used. 
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resolution. This result indicates the efficiency of the proposed 
setting that the bandwidth for frequency averaging is wider 
than that for imaging. 

The above-mentioned defects of the conventional FDI 
imaging method cause uncertainty in selecting peak values as 
the estimated intensity at the interfaces. When SNR ranged 
from 15 to 30 dB, two peaks appeared clearly in both the 
conventional and proposed FDI imaging methods. We thus 
calculated the estimated echo intensity at the interfaces by 
averaging two peak values in each scan line under the 
condition that SNR ranged from 15 to 30 dB. Because the true 
echo intensity was 0 dB, we call the underestimation of the 
echo intensity at the interfaces as the estimation error. Fig. 5 
shows the estimated echo intensity of the target interfaces 
calculated using the conventional FDI imaging method and 
using the FDI imaging method with the proposed technique. 
Using 3 MHz bandwidth for frequency averaging suppresses 
coherent interferences sufficiently when the target interval is 
0.2 mm; however, using a wide bandwidth means using low 
SNR frequency components that makes the conventional FDI 
imaging method unreliable. Because the Capon method 
minimizes the output power, the conventional FDI imaging 
method underestimates the echo intensity with the average 
error ranged from 7.2 to 10.5 dB, and its unreliable 
performance results in large variations in estimated echo 
intensity. This should be one of the reasons why the 
conventional FDI imaging method has low continuity in the 
lateral direction [7]. In contrast, the FDI imaging method with 
the proposed setting succeeded in estimating the echo 
intensity with average estimation error ranged from 2.0 to 2.2 
dB and with small variation. Under the condition of the FDI 
imaging method with the proposed technique, the stabilization 
factor FS is equal to 1/3. In all cases, the normalized echo 
intensity estimated by the FDI imaging method with FAS is 

larger than –4.77 dB. This result is consistent with the results 
of the theoretical investigation shown in section II B. These 
results indicate that the proposed technique has high potential 
not only in estimating the echo intensity but also in improving 
continuity in the lateral direction. 

IV. CONCLUSION 

We proposed a high-range-resolution FDI imaging 
method employing a technique that improves robustness of the 
FDI imaging method in estimating echo intensity. We 
investigated the performance of the proposed technique in a 
simulation study under the condition. In a simulation study 
where the SNR ranged from 15 to 30 dB, the average error of 
the estimated echo intensity using the conventional FDI 
imaging method ranged from 7.2 to 10.5 dB. In contrast, that 
using the FDI imaging method with the proposed technique 
ranged from 2.0 to 2.2 dB. The present study demonstrates the 
potential of the FDI imaging method in depicting robust and 
high-range-resolution ultrasound image, indicating the 
possibility to improve the diagnosis of atherosclerosis in early 
stages. 
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Antegrade biopsy by using a trans-catheter technique through
EUS-guided hepaticojejunostomy

A 63-year-old woman who underwent total gastrec-
tomy with Roux-en-Y anastomosis because of gastric
cancer was admitted because of obstructive jaundice.
Lymph node recurrence was suspected. As shown in
Video 1 (available online at www.giejournal.org), after
puncturing the intrahepatic bile duct by using a 19-
gauge, FNA needle, we injected contrast medium. The
lower bile duct was obstructed, and a guidewire was
advanced into the common bile duct. Next, we inserted
a dilator (SBDC-9; Soehendra Biliary Dilation Catheter,
Cook Medical, Bloomington, Ind) to the site of bile
duct obstruction. First, we inserted the biopsy device
(Spy Bite Biopsy Forceps; Boston Scientific, Tokyo,
Japan) through a dilator catheter and performed for-

ceps biopsy (Fig. 1B). Next, we performed brush
cytology. Recurrent gastric cancer was subsequently
diagnosed.

We perform antegrade biopsy and brushing cytology
by using rapid, on-site evaluation by a cytopathologist,
allowing determination of whether a lesion is malignant
or benign during the procedure. If biopsy or cytology re-
sults show a benign lesion, we place a plastic stent across
the stricture and the endoscopic nasal biliary drainage
tube into the common bile duct to avoid bile leakage. After
several days, we remove this tube. If the results show
malignancy, we place a metal stent from the intrahepatic
bile duct to the jejunum.

Devices for forceps biopsy or brush cytology should
not be inserted into the bile duct through the GI wall
because bile leakage may occur during insertion or
removal. With our method, bile leakage does not occur
after insertion of the dilator catheter. In addition, we
were easily able to perform repeat biopsy or repeat brush
cytology across the dilator. To the best of our knowledge,
EUS-guided access has not been reported as a diagnostic
modality, especially for obtaining cytologic or histologic
evidence.

Figure 1. A, Image of the forceps biopsy trans-catheter technique. In this method, forceps biopsy is being performed through the dilator. B, Forceps
biopsy by using the trans-catheter technique.

This video can be viewed directly
from the GIE website or by using
the QR code and your mobile de-
vice. Download a free QR code
scanner by searching “QR Scanner”
in your mobile device’s app store.
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Single-session, transgastric ERCP using sutured gastropexy for
treatment of pancreatic duct leak in a patient with Roux-en-Y
gastric bypass anatomy and pancreatic divisum

A 56-year-old woman with a history of Roux-en-Y gastric
bypass, admitted with necrotizing pancreatitis, experi-
enced signs of sepsis 2 weeks after admission. A CT scan
revealed a large fluid collection in the left upper quadrant
and left pleural effusion. She was treated by percutaneous
catheter placement. Over the next 4 days she had a persis-

tently high output of fluid rich in amylase, suggesting
ongoing pancreatic duct leak. An ERCP with deep entero-
scopy revealed a pancreatic divisum and a severely dilated
bile duct. A plastic stent was placed into the bile duct
without performance of a sphincterotomy. Pancreatic divi-
sum was later confirmed on MRI.

To perform transgastric ERCP, a secure gastrostomy was
created by advancement of a pediatric colonoscope into
the stomach in a retrograde manner. Sutured gastropexy
was performed with a 2-mm suture passing needle. A 45F
laparoscopic trocar was placed after dilating gastrostomy
to allow passage of a duodenoscope. Dorsal duct cannula-
tion and injection of contrast medium revealed 2 separate
sites of pancreatic duct leak. A 7F plastic stent was placed

Figure 1. Pancreatic divisum on MRCP, sutured gastropexy, and transgastric ERCP.

This video can be viewed directly
from the GIE website or by using
the QR code and your mobile de-
vice. Download a free QR code
scanner by searching “QR Scanner”
in your mobile device’s app store.
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名前 施設 卒業年度 出身大学

工藤　正俊 近畿大学医学部 昭和 53年 京都大学

樫田　博史 近畿大学医学部 昭和 58年 京都大学

汐見　幹夫 近畿大学医学部 昭和 55年 近畿大学

北野　雅之 近畿大学医学部 平成　2年 鳥取大学

西田　直生志 近畿大学医学部 昭和 60年 大阪医科大学

松井　繁長 近畿大学医学部 平成　3年 近畿大学

上嶋　一臣 近畿大学医学部 平成　7年 神戸大学

櫻井　俊治 近畿大学医学部 平成  7年 京都大学

依田　広 近畿大学医学部 平成  8年 京都大学

南　康範 近畿大学医学部 平成  9年 近畿大学

萩原　智 近畿大学医学部 平成 10年 近畿大学

矢田　典久 近畿大学医学部 平成 11年 滋賀医科大学

朝隈　豊 近畿大学医学部 平成 14年 近畿大学

田北　雅弘 近畿大学医学部 平成 15年 近畿大学

米田　賴晃 近畿大学医学部 平成 13年 北里大学

岡崎　能久 近畿大学医学部 平成 13年 大阪大学

永井　知行 近畿大学医学部 平成 16年 近畿大学

今井　元 近畿大学医学部 平成 17年 近畿大学

山雄　健太郎 近畿大学医学部 平成 18年 東京医科大学

山田　光成 近畿大学医学部 平成 18年 近畿大学

有住　忠晃 近畿大学医学部 平成 19年 近畿大学

鎌田　研 近畿大学医学部 平成 19年 近畿大学

峯　宏昌 近畿大学医学部 平成 19年 近畿大学

宮田　剛 近畿大学医学部 平成 19年 近畿大学

三長　孝輔 近畿大学医学部 平成 19年 京都大学

松田　友彦 近畿大学医学部 平成 19年 弘前大学

足立　哲平 近畿大学医学部 平成 21年 近畿大学

大本　俊介 近畿大学医学部 平成 21年 近畿大学

門阪　薫平 近畿大学医学部 平成 21年 近畿大学

田中　梨絵 近畿大学医学部 平成 22年 近畿大学

千品　寛和 近畿大学医学部 平成 22年 近畿大学

河野　匡志 近畿大学医学部 平成 22年 近畿大学

南　知宏 近畿大学医学部 平成 23年 近畿大学

岡元　寿樹 近畿大学医学部 平成 23年 近畿大学

岩西　美奈 近畿大学医学部 平成 25年 近畿大学

黒木　恵美（旧姓 石川） 平成 11年 近畿大学

岡田　無文 山本病院 平成 13年 近畿大学

柴田  千栄（旧姓 辰巳）　 平成 15年 近畿大学

上田　泰輔 平成 15年 近畿大学

同門会　名簿
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上硲　俊法 近畿大学医学部臨床検査学 昭和 60年 近畿大学

前川　清 近畿大学医学部超音波室

辻　直子 近畿大学医学部堺病院 昭和 60年 京都府立医科大学

川崎　正憲 近畿大学医学部堺病院 平成 15年 近畿大学

谷池　聡子 近畿大学医学部堺病院 平成 7年 奈良県立医科大学

奥村　直己 近畿大学医学部堺病院 近畿大学

高場　雄久 近畿大学医学部堺病院 近畿大学

— 526 —



川崎　俊彦 近畿大学医学部奈良病院 昭和 58年 京都大学

岸谷　譲 近畿大学医学部奈良病院 昭和 62年 近畿大学

宮部　欽生 近畿大学医学部奈良病院 平成 14年 近畿大学

清水　昌子 近畿大学医学部奈良病院 平成 12年 近畿大学

茂山　朋広 近畿大学医学部奈良病院 平成 17年 近畿大学

奥田　英之 近畿大学医学部奈良病院 平成 19年

木下　大輔 近畿大学医学部奈良病院 平成 20年

秦　康倫 近畿大学医学部奈良病院 平成 21年

水野　成人 近畿大学医学部奈良病院 昭和 61年 京都府立医科大学

高山　政樹 近畿大学医学部奈良病院 平成 19年 近畿大学

加藤　玲明 かとう内科眼科クリニック 平成11年 近畿大学

宮本　容子（旧姓 北口） 平成12年 近畿大学

林　道友 林内科クリニック

梅原　康湖 JR大阪鉄道病院 平成 12年 近畿大学

山本　俊夫（ご逝去） 昭和 26年 京都大学

山本　健二 岡本クリニック 神戸大学

亀山　千晴 しあわせクリニック 平成  7年 近畿大学

南野　達夫 なんの医院 昭和 55年 近畿大学

中里　勝 上ヶ原病院

鍋島　紀滋 三菱京都病院 昭和 61年 京都大学

由谷　逸朗 高石藤井病院 昭和 62年 近畿大学

遠田　弘一 慈温堂遠田医院 平成 7年 近畿大学

遠田　由紀

川端　一史 川端内科クリニック 平成元年 近畿大学

米田　円 米田内科胃腸科 平成 元年 近畿大学

小川　力 高松赤十字病院 平成11年 近畿大学

渡邉　和彦 結核予防会大阪府支部相談診療所 平成  3年 近畿大学

森村　正嗣 森村医院 平成　3年 帝京大学

中岡　良介 山本病院 平成　8年 近畿大学

冨田　崇文 冨田病院 平成 14年 近畿大学

西尾　健 平成 14年 近畿大学

仲谷　達也 仲谷クリニック 平成　3年 近畿大学

福永　豊和 北野病院 平成　4年 京都大学

福田　信宏 朝日大学村上記念病院 平成 10年 近畿大学

坂口　康浩 坂口クリニック 平成 11年 近畿大学

永島　美樹 桃坂クリニック 平成 12年 近畿大学

坂本　康明 坂本クリニック 平成 15年 近畿大学

市川　勉 内海町いちかわ診療所 平成 12年 近畿大学

齊藤　佳寿（旧姓 野田） 平成 14年 近畿大学

高橋　俊介 堺市立総合医療センター 平成 14年 近畿大学

末冨　洋一郎 末冨内科クリニック 平成  8年 近畿大学

梅原　泰 辻腎太郎クリニック 平成 11年 近畿大学
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鄭　浩柄 神戸市立医療センター中央市民病院 平成  8年 東京慈恵医科大学

小牧　孝充 富田林病院 平成　7年 近畿大学

畑中　絹世 平成 13年 川崎医科大学

早石　宗右 早石病院 平成 18年 近畿大学

乾　可苗 乾クリニック 平成 12年 近畿大学

山本　典雄 大阪市立大学医学部附属病院 平成 19年 近畿大学

井上　達夫 井上医院 平成 11年 近畿大学

坂本　洋城 葛城病院 平成 12年 近畿大学

永田　嘉昭 永田医院 平成 16年 近畿大学

北井　聡 北井整形外科 平成 14年 近畿大学

鄭　扶美 近畿大学医学部　元秘書

木村　由佳 近畿大学医学部　元秘書

川辺　仁美 近畿大学医学部　元秘書

西川　由佳 近畿大学医学部　元秘書

二見　佳央里 近畿大学医学部　元秘書
井上　真由美 近畿大学医学部　元秘書
坂上　浩美 近畿大学医学部　元秘書

小田　智裕子 近畿大学医学部　元秘書

土井　由香利 近畿大学医学部　元秘書

上田　由未子 近畿大学医学部　元秘書

林　直子 近畿大学医学部　元秘書

垣井　麻莉 近畿大学医学部　元秘書

東野　愛 近畿大学医学部　元秘書

山本　有紀 近畿大学医学部　元秘書

児玉　美由紀 近畿大学医学部　元CRC

田中　真紀 近畿大学医学部　教授秘書

村橋　亜季 近畿大学医学部　教授秘書

本廣　佳香 近畿大学医学部　教授秘書

和田　千尋 近畿大学医学部　教授秘書

胡桃　由佳 近畿大学医学部　医局秘書

朝隈　智 近畿大学医学部　医局秘書

浦田　亜樹 近畿大学医学部　医局秘書

田村　利恵 近畿大学医学部　肝癌研究会事務局

前原　なつみ 近畿大学医学部　肝癌研究会事務局

上妻　智子 近畿大学医学部　肝癌研究会事務局

弓削　公子 近畿大学医学部　臨床研究補助員

濱田　恵里 近畿大学医学部　臨床研究補助員

鏡　郁子 近畿大学医学部　基礎研究補佐員（実験助手）

久々　彩香 近畿大学医学部　基礎研究補佐員（実験助手）

近畿大学消化器内科 同門会役員 

 

会長   工藤正俊 

副会長  北野雅之 

幹事   松井繁長 

会計   上嶋一臣 

庶務   西田直生志 

同門会誌作製 秘書一同 
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副会長  北野雅之 

幹事   松井繁長 

会計   上嶋一臣 

庶務   西田直生志 

同門会誌作製 秘書一同 
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編集後記 
 

2014年版の annual reportが完成しました。 
消化器内科の秘書は、現在、胡桃さん、田中さん、朝隈さん、田村さん、

前原さん、村橋さん、弓削さん、鏡さん、久々さん、本廣さん、和田さん、上

妻さん、浦田さん、濱田さん（現在教授室 4 名、医局秘書 3 名、肝癌研究会事
務局 3名、臨床研究補助 2名、実験助手 2名）での 14人体制となっております。 

 
2014年版年報も遅い発刊となってしまいましたが、2015年版はもう少

し早い機会に発刊できるよう頑張ります。 
年報業務に加えまして、その他業務におきましても、今後とも何卒宜し

く御願い申し上げます。 

平成 28年 2月末 

秘書一同 
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