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2015 年 Annual Report の発刊にあたって 

近畿大学消化器内科学教室主任教授 工藤正俊 

 

1.はじめに 

 2015 年の教育、研究、診療の実績をお届けします。近畿大学医学部に消化器内科学教室が新設

されたのは平成 11 年 4月であります。従って平成 27 年 3 月で区切りの 16 年が経過したことにな

ります。開設当初は医局のスペースも 2部屋のみでスタッフ 8名、研修医 6名、計 14 名での出発

でありました。現在では狭山の本院に籍を置くスタッフは約 40 名、また堺病院や奈良病院もそれ

なりに人材・設備共に整いつつあります。 

 しかしながら、私立医大の宿命かもしれませんが、2004 年より始まった新臨床研修医制度の余

波をまともに受けて消化器内科も毎年 5～6人から 12～13 人入局していた入局者数が最近では激

減し、また次第に開業あるいは結婚退職、郷里への Uターンなどの退職者も増え、現在なお厳し

い状況に置かれているというのが現状です。ただし、ここ数年は 2-4 人の入局がコンスタントに

続いており、良い傾向が見え始めました。今後の更なる消化器内科学教室の発展のために医局員

一同が一致団結して診療、研究、教育活動に専念していかなければならない重要な時期であると

考えております。 

 

2.診療活動 

 別添えの資料をご覧頂ければ一目瞭然でありますが、消化器内科の年間の入院及び外来収入、

及びそれを合計した総収入は平成 11 年の開設初年度は約 8億程度でありましたが、平成 27 年に

は 45 億円を超える収入となっており、病院経営にも多大の貢献をしております。また一日平均入

院患者数も年間を通して 80 人前後、平均在院日数も 7日前後であり極めて多忙な診療活動を行っ

ていることがおわかり頂けると思います。腹部超音波検査の件数も確実に右肩上がりであり、内

視鏡の件数も総件数が平成 27 年度は 19,275 例と着実に上昇を示しております。また、肝癌に対

するラジオ波治療（RFA）の総件数も多く、日経新聞や朝日新聞、読売新聞、週刊朝日等にも度々

取り上げられ、総件数としては連続 9年以上、日本国内の 2位もしくは 3位（内科と外科の件数、

及び転移性肝癌を含めて）に位置づけられるという実績を残しております。ラジオ波は平成 11

年 6 月より開始し、平成 25 年 12 月末の時点で総件数 4,500 例に達しており、5 年生存率は 70%

強と、手術とほぼ同等の治療成績が得られております。現在、C 型肝炎治療を積極的に行ってお

り、大阪南部から C型肝炎・肝癌を根絶したいと願っています。平成 26年からはいよいよ IFN free

の経口剤（DAA）のみによる治療が開始されました。難治性の Ib 型高ウイルス検査の SRV 率もほ

ぼ 100%となることが見込まれています。B型肝炎も核酸アナログで制御されるようになっている

現在益々、肝癌の治療が重要になってくるものと思われます。 

 平成 15 年度に導入した早期胃癌に対する内視鏡的粘膜下層切開剥離術（ESD）も確実に症例数

が増え、今後も益々増え続けていくものと考えております。もちろん、ESD 関連の研究論文も少

しずつ増えていっております。また、大腸 ESD も平成 22 年より開始され、症例も増加しています。
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また従来より行っていた胆膵グループによる超音波内視鏡検査の件数も増加しています。平成 23

年度には内視鏡室が光学治療センターに格上げとなり、スペースも拡充されました。平成 23 年

11月 27日に第１回目を行った関西消化器内視鏡ライブコースも第 2回目を平成 24年 11月 25日

に行われ、第3回目は平成26年 2月 9日に行い、約300人の参加者を得て成功裏に終わりました。 

 御承知のように大和川以南は一般に「南大阪」と呼ばれておりますが、その南大阪の人口は約

240 万にも達しております。その 240 万人の医療圏の中で特定機能病院大学医学部は近畿大学の

みであります。その意味でこの 240 万人の方々の健康を守るのが我々に課せられた使命でありま

す。さらには、平成 35 年には医学部・病院が泉ヶ丘の駅の隣接した地に新築移転する計画が発表

されました。消化器内科も含めた近畿大学医学部の発展がさらに期待されます。 

 

3.教育活動 

 教育は当然のことながら大学医学部の役割の極めて根幹を占める重要な部分であります。消化

器内科学は消化器コースの内の肝臓の責任科であり、肝臓のユニットを 1週間担当している他、

上部消化管、下部消化管、胆膵のユニットや臨床腫瘍コースならびに画像診断のコースでも講義

を担当しております。更には病因・病態のコースの 3週間のうち 1週間の責任科として大変多忙

な教育活動を行っております。5 年生 6 年生のクリニカルクラークシップも例年 6 年生を常時 6

人程度受け入れており、講義や総括など充実した bed side 教育となるよう全力を尽くしておりま

す。国家試験の成績も是非とも向上させなければなりません。 

 平成 20 年 10 月から病院長に任ぜられ、3期目となりましたが無事平成 26 年 9 月には任期満了

により退任いたしました。その間は公務のために教育活動の多くの部分を北野准教授、松井講師

はじめ多くの先生方にご負担をおかけすることになってしまい、申し訳なく思っております。消

化器コース及び病因・病態コースあるいは日々のクリニカルクラークシップ等の教育活動では決

して手を抜かず積極的に行っていくつもりですので何卒ご容赦下さい。この紙面をお借りして感

謝とお詫びを申し上げたいと思います。 

 

3.研究活動 

（1）論文業績 

 英文論文の発表は 1999 年消化器内科の設立当初は一桁台でありましたが、年と共に確実に増加

し、3年目からは平均 20 編以上の英文論文がコンスタントに出るようになりました。2010 年の英

文論文数は 51 編に達しました。残念ながら 2011 年は 48 編、2012 年は 44 編にとどまりました。

しかし、2014 年からは再び 57 編と 50 編の大台に回復しました。また 17 年間の総インパクトフ

ァクターは 1838.372 点であり英文総論文数は 530 編ですので、近畿大学消化器内科のような小さ

な所帯の教室としてはまずまずの結果を残せているのではないかと思っております。来年以降は

最低、英文原著論文は 60 編以上を目標に頑張っていきたいと考えておりますので教室員の皆様の

自覚と更なる奮闘を期待致しております。 

 

（2）厚生労働省科学研究費補助金事業研究班の活動 
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平成 22 年度に採択された厚労科研（がん臨床部門）「進行・再発肝細胞癌に対する動注化学療法

と分子標的薬併用による新規治療法の確立を目指した臨床試験（Phase III）ならびに効果を予測

する biomarker の探索研究」（工藤班）の主任研究者として日本発のエビデンスを創出すべく、努

力していまいりました（平成 22－24 年）。また平成 23 年度には厚労科研（難病･がん等の疾患分

野の医療の実用化部門）「慢性ウイルス性肝疾患の非侵襲的線化評価法の開発と臨床的有用性の確

立」（工藤班）の主任研究者としても採択され、多くの大学との協同研究を行いました（平成 23

－25 年）。平成 26 年度には厚生労働科学研究委託費（肝炎等克服実用化研究事業（肝炎等克服緊

急対策研究事業））「慢性ウイルス性肝炎の病態把握（重症度・治療介入時期・治療効果判定・予

後予測）のための非侵襲的病態診断アルゴリズムの確立」という課題が採択となり、更に 3 年間

新しいエビデンスを創出すべく頑張りたいと思っております。平成 26 年度には平成 27 年度日本

医療研究開発機構（AMED）の委託費となり現在研究が進行中です。またその他にも下記の厚労科

研の分担研究者として教室の先生方に実務を担当して頂いております。この場をお借りして感謝

申し上げます。 

 

① 「抗悪性腫瘍薬による肝炎ウイルス再活性化の調査とその対応に関する研究」（池田班）（国

立がん研究センターがん研究補助金） 

② 「初発肝細胞癌に対する肝切除とラジオ波焼灼両方の有効性に関する多施設共同研究」（國土

班）（厚労科研） 

③ 「進行肝胆膵がんの治療法の開発に関する研究」（奥坂班）（国立がん研究センターがん研究

補助金） 

 

（3）今後の研究の方向性 

 今年の消化器内科の論文も一覧するとやはりまだまだ Impact factor の高い雑誌に掲載されて

いるのは少ないようです。やはり Impact factor 15 点以上の雑誌を目指すには prospective な比

較試験など中・長期的な視野に立った研究計画を組んで質の高い臨床研究を進めて行くことが現

時点での我々に課せられた最も大きな課題と考えております。臨床試験については 2008 年 9 月

11 日に大阪府より認証を受けた NPO 法人「日本肝がん臨床研究機構（JLOG）」を中心に現在 7 つ

の prospective study が走っております。なかでも SELECTED study は H24 年 10 月に終了し、ポ

ジティブな結果が得られたため平成 25 年の AASLD で oral 発表すると共に、NEJM にも投稿予定で

す。来年中には SILIUS 試験の結果も出る予定です。これからも世界へ向けて発信できるような成

果を出して行くつもりでおります。もちろん、retrospective な解析研究で新しいデータを

publish していくという努力も今後も続けていかなければなりません。 

 また基礎研究の分野でも西田直生志准教授、櫻井俊治講師、萩原智講師を中心に積極的に研究

を進めて頂いており、今後の publication を期待しております。 

 もう一つの重要な点は私が常日頃申し上げておりますように症例観察の重要性であります。臨

床においては一例一例がたとえ同じ病名であったとしても一例として同じ症例はありません。同

じ病気でも一つとして全く同一であるということはなく、何か異なるメッセージを発信している
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のです。そのことを的確にキャッチすることにこそ意味があるという目で一例一例の患者さんを

注意深く診療し観察していくことこそが最も大事であると考えています。そのような注意深い観

察から新しい臨床的な発見も生まれてきますし、また逆にそのような観察眼が生まれる素地とし

ては臨床家として真面目に臨床と向き合って最高の level に到達している必要があります。その

ような点で日々の臨床の現場には”clinical pearl”とでも言うべきものがあちこちに転がってい

る、まさに宝の山であります。そのような理由で症例観察に基づいたケースレポートを書くとい

うことも極めて、その本人の勉強になることはもちろんのこと、今後の新しい疾患概念の確立、

新しい治療法の着想などに結びつき得る重要な姿勢であると思われます。残念ながら、ケースレ

ポートは最近のImpact factor重視主義の多くのJournalから採用されない傾向にはありますが、

それでも short report や Letter to the Editor などとしては採用されますので業績をあげると

いう目的ではなく、症例をキチンと観察・整理して document していくという姿勢に立つことは重

要であります。すなわち症例の観察研究を報告することは我々、アカデミアに籍を置く者に課せ

られた使命であると自覚すべきと考えております。 

 大規模な前向きな比較試験を行うべきということと症例の観察研究とでは全く正反対の次元の

違うことを述べているように思われるかもしれません。しかしこの 2つは臨床を知り尽くし、か

つ、臨床をじっくり真面目にやっている医師にしかできないことであるという点で共通している

ことであります。基礎研究あるいは臨床に結びつくかもしれない基礎研究までは MD ではなくとも

PhD でも実行可能なことであり、その field ではしばしば PhD の方が quality の高い研究成果を

上げ得るかも知れません。しかしながら、臨床の疑問点にもとづいた基礎研究もしくは本当に臨

床に直結するような基礎研究や症例の観察研究、および大規模臨床試験などはその価値を知り得

る MD にしかできないことであることは間違いありませんし、それらを遂行し得るのは患者さんと

日々正面から向き合っている最高水準の医師にしかできない研究であります。そのような点でこ

の二つは決して矛盾するものではありませんし、両方ともに臨床家こそがやるべき研究でありま

す。 

 以上、述べた 2つの異なったアプローチは、我々の教室の研究の方向性として今後も積極的に

実行して行きたいと思っております。繰り返しになりますが、臨床的な発想に基づく、あるいは

臨床に本当に必要な基礎的データを抑えるという研究は、大変重要ですのでそれらは引き続き継

続していかなくてはなりません。 

 2009 年に私が立ち上げた日本肝がん分子標的治療研究会（第 1回研究会: 2010 年 1 月 16 日、

参加者 450 人）は年 2回開かれております。これからは C型肝炎も B型肝炎も、ほとんどが経口

剤だけで容易に治癒して行く時代になりますので、相対的に肝癌治療の重要性が増してゆきます。

また肝癌はこれからは分子標的治療が大変重要な治療のひとつとなる時代ですのでゲノム生物学

教室（西尾和人教授）との共同研究は今後も継続していきたいと思っています。特許も出願する

ことが出来ましたし、Impact Factor が 7 以上の雑誌にもこの分野で 2-3 編通りました。臨床的

ニーズに基づいた基礎研究で成果を上げることほどエキサイティングなことはありません。是非

とも近畿大学から肝癌に関して臨床に貢献できる基礎的エビデンスを次々と発信して行きたいと

心から願っています。 
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(3) Research Conference 

 現在消化器内科では定期の各グループの臨床カンファレンスに加え、毎週火曜日の早朝の 1 時

間みっちりと Research Conference を行っております。このカンファレンスでは全て英語で

Presentation から Discussion までを行っております。ほとんど 1 年を通じて海外からの留学生

がおりますし、特筆すべき点としてこれまではアジアの留学生が中心でしたが平成 22 年はイタリ

ア人の Dr. Lorenzo が apply してできたことです。これも日本における肝細胞癌研究の leading 

center としてヨーロッパの国からも認知され始めている証拠であると思いますので大変喜ばし

いと思っております。平成 23 年には世界で最も古い歴史のあるイタリアボローニャ大学の Prof. 

Bolondi の教室から Dr. Alberto がやってきて 3 か月の研修を終えて帰りました。そのような留

学生にも配慮してResearch Conferenceは英語で行っておりますが、やはりこのEnglish Research 

Conference というのが消化器内科が行っているカンファレンスの中でも最も重要であると考え

ております。もちろん、このカンファレンスへの出席は本人の自発的意欲に基づくものではあり

ますが、毎週多くの教室員に参加して頂いております。以下にこの数年の出席率を示しますが、

出席率の高い医局員ほどやはり研究に対する activity が高い傾向にあると感じておりますので

今後も引き続き積極的に参加して頂きたいと思っております。 

 副次的な効果としてこのカンファレンスを通じて海外で英語で Discussion できる英語力や自

信も自然と磨かれるものと確信しております。 

 

English Reseach Conference 出席状況 

教室員 2009 2010 2011 2012 2013 2014 2015 

 

出席 

回数 

出席 

率 

出席 

回数 

出席 

率 

出席

回数

出席

率 

出席

回数

出席

率 

出席

回数

出席

率 

出席 

回数 

出席 

率 

出席 

回数 

出席

率 

工藤 20/20 100% 29/29 100% 23/23 100% 32/32 100% 25/25 100% 22/22 100% 21/21 100% 

樫田 - - 12/19 63% 20/23 87% 27/32 84% 19/25 76% 20/22 91% 16/21 76% 

西田         5/5 100% 24/32 75% 10/25 40% 4/22 18% 13/21 62% 

北野 16/20 80% 21/29 72% 21/23 91% 25/32 78% 21/25 84% 12/22 55% 9/21 43% 

松井 18/20 90% 23/29 79% 23/23 100% 30/32 94% 23/25 92% 20/22 91% 21/21 100% 

上嶋 3/20 15% 12/29 41% 7/23 30% 9/32 28% 6/25 24% 5/22 23% 9/21 43% 

櫻井 - - 17/19 89% 20/23 87% 25/32 78% 15/25 60% 15/22 68% 14/21 67% 

南 1/2 50% - - 13/14 93% 31/32 97% 22/25 88% 19/22 86% 20/21 95% 

萩原 5/20 25% 9/29 31% 11/23 48% 10/32 31% 9/25 36% 4/22 18% 12/21 57% 

井上 16/20 80% 25/29 86% 21/23 91% 23/32 72% 17/25 68% 5/22 23% - - 

矢田 14/19 74% 26/29 90% 14/23 61% 9/32 28% 15/25 60% 3/22 14% 19/21 90% 

坂本 1/2 50% 12/19 63% 11/23 48% 20/32 63% 15/25 60% 5/22 23% - - 

北井 8/20 40% 15/29 52% 13/23 57% 20/32 63% 16/25 64% 13/22 59% 11/21 52% 
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朝隈 12/20 60% 11/29 38% 15/23 65% 15/32 47% 15/25 60% 15/22 68% 12/21 57% 

米田 - - - - - - - - - - 22/22 100% 17/21 81% 

永井 17/20 85% 14/29 48% 12.5/23 54% 23/32 72% 14/25 56% - - 14/21 67% 

川崎 6/20 30% 4/29 14% 6/23 26% 4/32 13% 2/25 8% - - - - 

田北 13/20 65% 15/29 52% 7/23 30% 9/23 39% 12/25 48% 4/22 18% 8/21 38% 

早石 9/19 47% 5/29 17% 8/23 35% 9/23 39% - - - - - - 

田中 - - - - - - 24/27 89% 18/25 72% 5/22 23% 17/21 81% 

山田 - - - - - - 23/25 92% 15/25 60% 6/22 27% 8/21 38% 

山雄 - - - - - - - - 14/25 56% 19/22 86% 16/21 76% 

永田 13/15 87% 16/29 55% 12/23 52% 11/32 34% 2/25 8% - - - - 

今井 9/15 60% 18/29 62% 10/23 43% 13/32 41% 7/25 28% 8/22 36% 16/21 76% 

岡崎 - - - - - - - - - - 15/22 68% 6/21 29% 

有住 7/15 47% 15/29 52% 17/23 74% 26/32 81% 18/25 72% 19/22 86% 10/21 48% 

鎌田 11/15 73% 15/29 52% 10/23 43% 16/32 50% 9/25 36% 6/22 27% 15/21 71% 

高山 4/7 57% - - 13/14 93% 16/32 50% 16/25 64% 4/22 18% - - 

宮田 9/15 60% 16/29 55% 14.5/23 63% 22/32 69% 15/25 60% 17/22 77% 11/21 52% 

岡元 - - - - - - - - 12/25 48% 18/22 82% 14/21 67% 

河野 - - - - - - - - - - 20/22 91% 8/21 38% 

峯 9/15 60% 17/29 59% 17/23 74% 19/32 59% 19/25 76% 4/22 18% 7/21 33% 

足立 - - - - 8/14 57% 22/32 69% 17/25 68% 16/22 73% 8/21 38% 

大本 - - - - 12/14 86% 29/32 91% 19/25 76% 18/22 82% 15/21 71% 

門阪 - - - - 12/14 86% 22/32 69% 16/25 64% 9/22 41% 15/21 71% 

千品 - - - - - - 29/32 91% 22/25 88% 17/22 77% 10/21 48% 

南(知) - - - - - - - - 21/25 84% 19/22 86% 16/21 76% 

松田             9/21 43% 

三長             11/21 52% 

岩西             17/21 81% 

 

4.学会活動および海外における活動 

 2015 年における国内の学会発表については 32 演題、国際学会の発表については 98 演題、海外

特別講演は 19、国内特別講演は 40 でありました。私自身の海外出張は 2015 年は 15 回となりま

した。 

 

 2015 年 

1. 1 月 15 日‐17 日 アメリカ臨床腫瘍学会消化器癌シンポジウムへ出席 

（ASCOGI）(USA, San Francisco) 
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2. 1 月 22 日‐24 日 肝腫瘍に関する東洋と西洋の医学にて講演（Eastern and Western 

Association of Liver Tumors）（Italy, Milano） 

3. 2 月 13 日‐15 日 第 22 回国際ソウル放射線学会にて講演（ISRS） 

（Korea,Seoul） 

4. 3 月 20 日－26 日 世界超音波医学会にて講演 (WFUMB) (USA, Orland) 

5. 4 月 20 日‐22 日 Hepatocellular Carcinoma Advisory Board へ出席 

(Vienna, Austria) 

6. 4 月 24 日‐28 日 ヨーロッパ肝臓学会（EASL）にて講演(Vienna, Austria) 

7. 5 月 28 日‐6月 4日 アメリカ臨床腫瘍学会にて発表（ASCO）(USA, Chicago) 

8. 6 月 26 日‐27 日 Sonazoid Advisory Board Meeting へ出席（CHINA, Beijing） 

9. 7 月 11 日‐13 日 台湾肝臓学会にて司会とコメンテーター（Taipei, Taiwan） 

10. 7 月 30 日‐8月 2日 インド肝臓学会にて講演（INASL）(New Delhi, India) 

11. 9 月 2 日‐7日 国際肝癌学会にて講演（ILCA）（Paris, France） 

12. 9 月 10 日‐12 日 韓国肝臓学会にて講演（Busan, Korea） 

13. 10 月 17 日‐19 日 アジア超音波技術シンポジウム理事会へ出席 

（Taipei, Taiwan） 

14. 10 月 21 日‐23 日 2015IEEE 国際超音波シンポジウムへ出席（Taipei, Taiwan） 

15. 11 月 12 日‐18 日 米国肝臓学会（AASLD）へ出席（USA, San Francisco） 
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平成27年１月～平成27年12月　招待講演・特別講演
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5.留学生受け入れ 

 留学生の受け入れですが、1999 年から 2000 年にかけて中国上海から Ding Hong 先生（丁 紅）

（上海医科大学）、2001 年には中国広州から Wen YL 先生（文 艶玲）（中山医科大学）、2002 年に

は中国広州から Zheng RQ 先生（鄭 栄琴）（中山医科大学）、2003 年には中国重慶より Zhou Pei

先生（周 佩）（人民解放軍重慶病院）、2004 年にはカンボジアより Ly Sokhey 先生、2005 年には

タイから Worawan Chinamnan 先生、同じく 2005 年に若干時期を違えてインドから Kaushal Madan

先生（All India Institute of Medical Science: AIIMS）、2007 年 Kunal Das 先生を受け入れま

した。2008 年 Yu Xia 先生（北京、中国）、2009 年 Md. Nadiruzzaman 先生（バングラディシュ）、

2010 年 Lorenzo Andreana 先生（イタリア）が来ていました。またエジプトから Alshimaa 先生も

来られました。2011 年にはマレーシアから Hadzri 先生が来られましたし、またイタリア ボロ

ーニャ大学からも Alberto 先生が来られました。2012 年 7 月‐9月には中国から Zhang Shuo 先生

も受け入れました。2013 年 10 月にはマレーシアから Chai Soon Ngiu 先生が来られました。2014

年 9 月にはインドから。2015 年には、インドから Harwani Yogesh Purshottam 先生、Sanjay Rajput

先生、韓国から Hyun-Jong Choi 先生、Yun Nah Lee 先生、LEE Sung Chan 先生が来られました。

このように毎年、留学生が日中友好協会、笹川財団や日本消化器病学会、日本超音波医学会のフ

ェローシップ留学生あるいは自国での fund をもって私どもの教室を希望して頂き、受け入れてき

ました。また来年度以降も先生方にはご迷惑をお掛けするかと思いますが、これも国際交流、ア

ジアや世界への日本の貢献、各々の英語力に磨きをかけるという意味で有益と思いますので何卒

御理解・御協力のほどお願い申し上げます。 

 

6.人事について 

 冒頭でも述べましたが、2003 年までの入局者は毎年 5、6名～12、13 名と大学内でも最も多く

の入局者がおりましたが、2004 年に新臨床研修医制度が開始されてからの入局者、すなわち 2006

年の入局者は 2名に留まり、2007 年の入局者も 1名に留まりました。2008 年には 8名もの入局者

が入って来られました。2011 年は 3名の研修医が入局し、2012 年にも 3名が入局しました。反面、

2-3 人の方が医局を離れました。2015 年は 3名の先生が入局されましたが、依然、医局としての

体制は大変厳しい状況にあります。このような状況の中で南大阪では大阪大学や大阪市大、和医

大、奈良医大などがそれぞれの大学に人を引き上げているという状況のため、消化器内科医が激

減し、南大阪の多くの公的病院では消化器内科医がほとんどゼロの状態が続いております。その

あおりで近医からの紹介患者や外来患者数は激増し、消化器内科の診療にも大きな負担がかかっ

ております。しばらくはこのような状況が続くものと思われるますので、本学ならびに分院の奈

良病院、堺病院ともに結束して一人でも多くの人に入局して頂き、教育・研究・診療を円滑に行

っていきたいと考えております。 

 

7.NPO 法人「日本肝がん臨床研究機構（Japan Liver Oncology Group）」の活動 

1.JLOG 0801 trial「肝癌早期診断のための多施設共同無作為化比較試験（Sonazoid-Enhanced 

LivEr Cancer Trial  for  Early Detection（SELECTED Study））」 
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→2012 年 10 月終了、現在データ解析中、論文発表予定 

2.JLOG 0901 trial 「進行・再発肝細胞癌に対する動注化学療法と分子標的薬併用による新規治

療法の確立を目指した臨床試験（Phase III）ならびに効果を予測する biomarker の探索研究

（Randomized Controlled Trial Comparing Efficacy of Sorafenib versus Sorafenib In 

combination with Low dose cisplatin/fluorouracil hepatic arterial InfUSion chemotherapy 

in Patients with Advanced Hepatocellular Carcinoma And Explolatory Study of Biomarker 

Predicting Its Efficacy (SILIUS Phase III trial)）」 

→2010 年より厚労科研に移行（厚生労働省科学研究費補助金 厚生労働省科学研究費補助金事業

研究班（がん臨床部門）平成 23 年度「進行・再発肝細胞癌に対する動注化学療法と分子標的薬

併用による新規治療法の確立を目指した臨床試験（Phase III）ならびに効果を予測する

biomarker の探索研究」（工藤班））→2013 年で終了、試験自体は 2015 年 6 月終了予定。 

3.JLOG 0902 trial「早期肝癌診断における EOB-MRI の有用性に関する多施設共同研究（Diagnosis 

of Early LIver Cancer Through EOB-MRI(DELICATE Study)）」 

4.JLOG 1001 trial 「切除不能肝細胞癌に対する肝動脈化学塞栓療法（TACE）とソラフェニブの

併用療法第 II 相臨床試験（Phase II study: Transcatheter Arterial Chemoembolization 

Therapy In Combination with Sorafenib (TACTICS Study)）」 

5.JLOG 1002 trial「慢性肝疾患における非侵襲的弾性検査法を用いた肝線維化評価予測に関す

る研究(Assessment of Liver FIBROsis by Real-time Tissue ELASTography in Chronic Liver 

Disease (FIBROELAST Study))」 

→2011 年より厚労科研に移行（厚生労働省科学研究費補助金事業研究班（難病･がん等の疾患分

野の医療の実用化部門）平成 23 年度「慢性ウイルス性肝疾患の非侵襲的線化評価法の開発と臨

床的有用性の確立」（工藤班）） 

6.JLOG 1003 trial「非侵襲的弾性検査法を用いた肝線維化度評価によるウイルス性肝炎患者に

おける肝発癌・門脈圧亢進症の発現予測（Prediction of Incidence of Liver Cancer or porTal 

Hypertension in Patients with Viral Hepatitis by Use of Real-time Tissue Elastography 

(PICTURE Study)）」 

→2011 年より厚労科研に移行（厚生労働省科学研究費補助金事業研究班（難病･がん等の疾患分

野の医療の実用化部門）平成 23 年度「慢性ウイルス性肝疾患の非侵襲的線化評価法の開発と臨

床的有用性の確立」（工藤班）） 

7.JLOG 1004 trial「インスリン抵抗性を合併する C型代償性肝硬変患者を対象とした BCAA 顆粒

製剤の肝細胞癌抑制効果に関する第III相臨床試験（BCAA Granule for patients with Hepatitis 

C-related Liver Cirrhosis and Insulin Resistance On the Effect of Reduction of 

Carcinogenic RisK in the Liver(Phase III study)(BLOCK Study)）」 

 

8.おわりに 

 この年報を作成にあたりましては例年の如く、教授秘書、医局秘書の秘書連合軍の 13 名の皆様

に全面的に編集をして頂き大変感謝を致しております。また、医局員の皆様にも大変この一年お
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世話になりました。この一年間も大変なハードワークではありましたが、無事皆様の頑張りによ

り乗り切ることができました。この場をお借りして深く感謝申し上げます。2010 年には念願の一

病棟まるまる消化器内科が占めるという状態が実現しましたし、腹部超音波室も拡充されました。

2014 年 12 月には救急災害棟も完成いたしました。光学治療センターの拡充も終了しましたので

何卒昨年以上にモチベーションを上げて頂いて日本一、あるいは世界一の消化器内科学教室へ育

つようにご尽力頂きたいと思います。2014 年も教育・診療・研究において、特に英文論文、新し

い研究の立ち上げということについては 2014 年以上に積極的に取り組んでいきたいと考えてお

りますので医局員全員が共通の価値観と消化器内科の将来の方向性に対するベクトルを共有し、

心を一つにして邁進して頂きたいと祈念・期待しております。 

 

2015 年 12 月 大阪狭山にて 
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工藤正俊（くどうまさとし） 
（平成 28年 12 月 13 日更新） 

 

 

 

 

 

 

 

 

 

 

 

昭和 29 年 愛媛県西条市生まれ 

昭和 53 年 京都大学医学部 卒業 

  同 京都大学医学部附属病院 勤務（研修医） 

昭和 54 年 神戸市立中央市民病院内科 勤務（研修医） 

昭和 55 年     同       消化器内科 医員 

昭和 60 年     同       消化器内科 副医長 

昭和 62 年 カリフォルニア大学留学（デービスメディカルセンター） 

平成元年 神戸市立中央市民病院消化器内科 副医長 復職 

平成 4 年     同       消化器内科 医長 

平成 9 年 近畿大学医学部第２内科学 助教授 

平成 11 年 近畿大学医学部消化器内科学 主任教授 現在に至る 

 

（その他大学内役職） 

平成 19 年-20 年 近畿大学医学部附属病院副病院長 

平成 20 年-26 年 近畿大学医学部附属病院病院長 

平成 27 年-現在 学校法人近畿大学理事（医学部・附属病院担当理事） 

 

 (現在の併任) 近畿大学ライフサイエンス研究所所長（平成 26 年 10 月 1日-現在） 

 近畿大学医学部奈良病院消化器内科 教授（兼務） 

 近畿大学医学部堺病院消化器科 教授（兼務） 

 神戸市立中央市民病院消化器内科 顧問（兼務） 
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主な所属学会 

日本消化器関連学会機構（JDDW）（理事）、日本消化器病学会 (財団評議員・指導医・専門医)、日

本肝臓学会 (理事・指導医・専門医・国際委員会委員長)、日本消化器内視鏡学会 (社団評議員・

指導医・専門医)、日本超音波医学会 (理事長・指導医・専門医・国際交流委員会委員長)、日本

内科学会(評議員・認定内科医)、日本高齢消化器病学会（理事）、日本癌学会（評議員）、日本臨

床腫瘍学会（協議員）、日本核医学会(評議員・専門医)、日本肝癌研究会（常任幹事・追跡調査委

員長・事務局代表）、日本肝移植研究会（世話人）、肝血流動態イメ−ジ研究会（世話人）、日本腹

部造影エコ−・ドプラ診断研究会（事務局・代表世話人）、肝癌治療シミュレーション研究会（副

代表幹事）、超音波治療研究会（常任世話人）、日本肝がん分子標的治療研究会（代表世話人・事

務局代表）、日本消化器内視鏡財団（評議員）、米国肝臓学会 (AASLD)（肝癌部門企画運営委員: 

Steering Committee of hepatobiliary malignancy）、米国消化器病学会 (AGA)、米国消化器内視

鏡学会 (ASGE)、世界肝臓学会  (IASL)、欧州肝臓学会 (EASL) 、など 

 

委員・資格など 

・ 世界超音波医学会（WFUMB）Immediate Past President（前理事長） 

・ アジア超音波医学会（AFSUMB）President-elect（理事長） 

・ アジア太平洋肝癌学会(APPLE) President（理事長） 

・ 国際肝癌学会（ILCA）理事（Founding Board Member, Governing Board Council Member） 

・ 米国肝臓学会（AASLD）肝癌部門運営委員会委員（Steering Committee Member） 

・ 日本肝がん臨床研究機構（JLOG）（理事長） 

・ 世界保健機構（WHO）Blue Book「Classification of the Tumor」改訂委員（平成 21年 5 月

1日） 

・ ウイルス肝炎研究財団 日米医学協力研究会肝炎専門部会研究員 

・ International Liver Thought Leadership Study (ILCS), Council member 

・ 全国医学部長病院長会議 理事（平成 26 年 5月 17 日-平成 28 年） 

・ IASGO 癌分子標的治療国際委員長 （Executive Board President of International IASGO 

Molecular Targeting Therapy Section）（平成 26 年 12 月 6日-現在） 

・ ILCA School of Liver Cancer Committee Member（平成 27 年 4 月 30 日-現在） 

・ Editor-in-Chief「Liver Cancer」（Karger, Basel）(2012 年-現在) 

 

受賞 

・ 米国核医学会 Berson-Yalow Award 受賞（平成元年 6月） 

・ 日本対がん協会がん研究助成奨励賞 受賞（平成 4年 3月） 

・ 日本消化器病学会奨励賞 受賞（平成 4年 4月） 

・ 日本核医学会賞 受賞（平成 5年 10 月） 

・ 米国超音波医学会（AIUM）学会賞受賞（平成 15 年 6 月 4日）  

・ ボローニャ大学医学部医学会名誉会員賞（平成 18 年 9月 15 日） 
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・ フィリピン超音波医学会名誉会員（Honorary Member of PSUCMI）（平成 20 年 3月 19 日） 

・ アジア太平洋消化器病学会（APDW）OKUDA Award 受賞（平成 20 年 9月 13 日） 

・ 北米放射線学会 Certificate of Merit 受賞（平成 20 年） 

・ インド肝臓学会 Madangopalan Award 受賞（平成 21 年 3 月 28 日） 

・ 北米放射線学会 Cum Laude 賞受賞（平成 21 年 12 月）（7000 編の論文中上位 10 編に採択） 

・ 日本肝臓学会「日本肝臓学会機関誌 Highest Citation 賞」受賞（平成 22 年 6 月） 

・ JISAN Lecture Award Presented by Korean Society of Ultrasound in Medicine（平成 22

年 5 月） 

・ 米国超音波医学会名誉会員賞（AIUM Honorary Member Award）受賞（平成 23 年 4 月） 

・ 韓国超音波医学会名誉会員賞（KSUM honorary Award）受賞（平成 23年 5 月） 

・ 日本肝臓学会「日本肝臓学会機関誌 Highest Citation 賞」受賞（平成 23 年 6 月）（2回目） 

・ Romanian Society of Ultrasound in Medicine and Biology (SRUMB) Honorary Award 受賞

（平成 23年 6 月） 

・ 北米放射線学会 Certificate of Merit 受賞（平成 23 年 11 月）（2回目） 

・ USE 論文賞（応用物理学会論文賞）」受賞（平成 24 年 11 月） 

・ Lorenzo Capussotti Award 受賞（from IASGO）(平成 26 年 12 月) 

 

著書（単著） 

・ Contrast Harmonic Imaging in the Diagnosis and Treatment of Liver Tumors

（Springer-Verlag 2003） 

・ 肝腫瘍における造影ハーモニックイメージング（医学書院 2001） 

 

編集 

・ 松井 修, 工藤正俊,編集: 消化器疾患の造影エコーUp Date. 南江堂, 東京, 2003. 

・ 工藤正俊, 編集: 肝細胞癌治療の最近の進歩, 消化器病セミナー97, へるす出版, 東京, 

2004. 

・ 河田純男, 白鳥康史, 工藤正俊, 榎本信幸, 編集, 小俣政男, 監修: 肝疾患 Review 2004, 

日本メディカルセンター, 東京, 2004. 

・ 河田純男, 白鳥康史, 工藤正俊, 榎本信幸, 編集, 小俣政男, 監修: 肝疾患 Review 

2006-2007,日本メディカルセンター, 東京, 2006. 

・ 河田純男, 横須賀收, 工藤正俊, 榎本信幸, 編集, 小俣政男, 監修: 肝疾患 Review 

2008-2009, 日本メディカルセンター, 東京, 2008. 

・ 河田純男, 横須賀收, 工藤正俊, 榎本信幸, 編集, 小俣政男, 監修: 肝疾患 Review 

2010-2011, 日本メディカルセンター, 東京, 2010. 

・ 幕内雅敏, 菅野健太郎, 工藤正俊, 編集: 今日の消化器疾患治療指針 第 3 版, 医学書院, 

東京, 2010. 

・ 工藤正俊, 泉 並木, 編集: 症例から学ぶ ウイルス肝炎の治療戦略.  （株）診断と治療社, 
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東京, 2010. 

・ 工藤正俊, 編集: 肝細胞癌の分子標的治療, アークメディア, 東京, 2010. 

・ 山雄健次, 工藤正俊, 編集: 見逃し、誤りを防ぐ!肝・胆・膵癌画像診断アトラス, 羊土社, 東

京, 2010. 

・ 工藤正俊, 編集: 医学のあゆみ「肝癌の分子標的治療」, 医歯薬出版株式会社, 東京, 2011. 

・ 工藤正俊, 編集:「肝細胞がん診療の進歩: Up-To-Data」,最新医学社, 大阪, 2011. 

・ 工藤正俊, 編集: 朝倉内科学, 矢崎義雄,「総編集」, 朝倉書店, 東京, 2013. 

・ 工藤正俊, 國分茂博, 編集：EOB-MRI/ソナゾイド造影超音波による肝癌の診断と治療, 医学

書院, 東京, 2013 

 

Editor-in-Chief: 

・ Liver Cancer（Karger, Basel） 

 

EDITORIAL BOARD: 

国際学術雑誌: J Gastroenterol Hepatol (Sydney), Hepatology International (Tokyo), Liver 

International (New York), Ultrasound Med Biol (New York), J Oncology 

(New York), Oncology (Germany) 

 

国内学術雑誌: 5 

 

論文査読委員 

Lancet Oncol（24.725）, J Clin Oncol(17.879) , Gastroenterology(13.926), Hepatology(11.190) , 

J Hepatol(10.401), Am J Gastroenterol(9.213), Endoscopy(5.196), Oncologist(4.540), Expert 

Rev Mol Diagn(4.270), Clin Exp Metastas(3.725), Cancer Sci(3.534), Eur Radiol(4.338), 

Liver Int(4.412), J Gastroenterol(4.020) , Eur J Clin Invest(2.834), J Nucl Med(5.563), 

J Gastroen Hepatol(3.627), Oncology-Basel (International Journal of Cancer Research and 

Treatment)(2.613), Ultrasound Med Biol(2.099) , Acta Paediatr(1.842), Hepatol Int(2.468) , 

Eur J Gastroen Hepat（2.152）, J Hepato-Bil-Pan Sci (2.313), Hepatol Res(2.218), Int J Clin 

Oncol(2.170), Jpn J Clin Oncol(1.747), Internal Med(0.967), J Clin Ultrasound(0.801), 

Biomark Med(2.858), Hepato-Gastroenterol(0.907), Ann Nucl Med(1.507), Expert Review of 

Anticancer Treatment(0), J Cancer Res Ther (0.949), CSR National Registry(0), J 

Gastrointest Liver (1.849), Cancer Informatics(0), Expert Review of Proteomics and Future 

Oncology(0) 

 

SIENTIFIC PAPER PUBLICATION:  特別講演・招待講演・教育講演: 

学術論文 英文論文: 657（IF: 2422.640） 

    和文論文: 845 国際学会: 348 
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教科書（単著） 英文: 2 和文: 6 国内学会: 649 

分担執筆 英文: 21 和文: 264 

 

科学研究費等外部資金の獲得状況 

・ 文部科学省科学研究費補助金 基盤研究(A)  2 件（総額 1,100 万円） 

  基盤研究(B)  6 件（総額 2,311 万円） 

   基盤研究(C) 12 件（総額 1,240 万円） 

  挑戦的萌芽研究 3 件（総額 310 万円） 

 （主任研究者）  （   260 万円） 

 「肝細胞癌の発癌・進展の分子機序: 造影超音波クッパー相と遺伝子発現を用いた融合解析」 

 （分担研究者）  （    50 万円） 

 「肝細胞癌のソラフェニブ著効例における感受性規定遺伝子変異の探索」（主任研究者 西尾

和人） 

・ 知的クラスター創生事業（がんペプチドワクチン） 1 件（総額  10 万円） 

・ 車両財団がん研究助成金  1 件（総額 100 万円） 

・ 学会奨励研究補助金  6 件（総額 530 万円） 

・ 医師会・民間医学振興財団等研究補助金 32 件（総額 2,089 万 5 千円） 

・ 国立がん研究センターがん研究開発費（分担研究者） （   245 万円） 

 「抗悪性腫瘍薬による肝炎ウイルス再活性化の調査とその対応に関する研究」（班長 池田公

史） 

・ 国立がん研究センターがん研究開発費（分担研究者） （    12 万円） 

 「進行肝胆膵がんの治療法の開発に関する研究」（班長 奥坂拓志） 

 

・ 厚生労働省科学研究費 主任研究者 3 件（総額 3億 825 万円） 

1. （がん臨床研究事業） 

「進行・再発肝細胞癌に対する動注化学療法と分子標的薬併用による新規治療法の確立

を目指した臨床試験（Phase III）ならびに効果を予測する biomarker の探索研究」(平

成 22 年‐24 年度) 

2. （難病・がん等の疾患分野の医療の実用化研究事業） 

「慢性ウイルス性肝疾患の非侵襲的線化評価法の開発と臨床的有用性の確立」(23 年-25

年度) 

3. 平成 27 年度日本医療研究開発機構委託研究開発費(AMED) 

（肝炎等克服実用化研究事業（肝炎等克服緊急対策研究事業））「慢性ウイルス性肝炎の

病態把握（重症度・治療介入時期・治療効果判定・予後予測）のための非侵襲的病態診

断アルゴリズムの確立」(26 年-現在) 

 

 厚生労働省科学研究費 分担研究者 29 件（総額 3,325 万円） 
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1. （肝炎等克服緊急対策研究事業） 

「血小板低値例へのインターフェロン治療法の確立を目指した基礎および臨床的研究」

（班長 西口修平） 

2. （がん臨床研究事業） 

「初発肝細胞癌に対する肝切除とラジオ波焼灼両方の有効性に関する多施設共同研究」

（班長 國土典宏） 

3. （肝炎等克服緊急対策研究事業） 

「肝がんの新規治療法に関する研究」（班長 本多政夫） 

4. （難治性疾患克服研究事業） 

「多発肝のう胞症に対する治療ガイドライン作成と試料バンクの構築」（班長 大河内信

弘） 

5. （難病・がん等の疾患分野の医療の実用化研究事業） 

「慢性ウイルス性肝疾患患者の情報収集の在り方等に関する研究」（班長 相崎英樹） 

 

 ガイドライン策定委員会委員 

・ 「科学的根拠に基づく肝癌診療ガイドライン」（日本肝臓学会編）, 金原出版 

・ 「「慢性肝炎の治療ガイドライン」（日本肝臓学会編）, 文光堂 

・ 「肝癌診療マニュアル」（日本肝臓学会編）, 医学書院 

・ 「肝癌治療効果判定基準」（日本肝癌研究会取扱い規約委員会編）, 肝臓 

・ 臨床病理「肝癌取り扱い規約」（日本肝癌研究会編） 

・ Clinical Practice Guidelines for Hepatocellular Carcinoma, Japan Society of Hepatology, 

Hepatology Research 

・ General Rules for the Clinical and Pathological Study of Primary Liver Cancer, 3rd 

English Version, Liver Cancer Study Group of Japan, Kanehara, Tokyo, 2010 

・ Response Evaluation criteria in the Cancer of the Liver (RECICL), Liver Cancer Study 

Group of Japan, Hepatology Research 

・ 「多発肝のう胞症に対する治療ガイドライン」 

・ RECICL 2014 update 版, Hepatology Research 

 

ガイドライン策定 

・ 日本肝臓学会 肝癌診療ガイドライン作成委員会委員 

・ 日本肝臓学会 肝癌診療マニュアル作成委員会委員 

・ 日本肝臓学会 慢性肝炎治療ガイドライン作成委員会委員 

・ 日本肝臓学会 多発性肝嚢胞治療ガイドライン作成委員会委員 

・ 日本超音波医学会 肝臓のエラストグラフィ作成委員会委員長 

・ 世界超音波医学会 エラストグラフィガイドライン作成委員会委員長 
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特許取得 

発明の名称： ソラフェニブの効果予測方法 

出願番号： 特願 2011-104275 

出願日： 2011 年 5月 9日 

発明者： 荒尾徳三、松本和子、西尾和人、工藤正俊 

出願人： 学校法人近畿大学 

 

発明の名称： N 型糖鎖を利用した膵臓癌の診断方法 

公開番号： 特許公開 2009-270996 

公開日： 2009 年 11 月 19 日 

発明者： 荒尾徳三、松本和子、西尾和人、坂本洋城、北野雅之、工藤正俊 

出願人： 住友ベークライト株式会社 

 

全国規模の学会・研究会事務局 

・日本肝癌研究会（事務局・追跡調査委員長） 

・日本腹部造影エコー・ドプラ診断研究会（代表世話人） 

・NPO 法人日本肝がん臨床研究機構（理事長・事務局） 

・日本肝がん分子標的治療研究会（代表世話人・事務局） 

 

全国規模の研究会世話人・役員 

平成 6年 4月−8 年 3 月 日本超音波医学会腹部造影エコー研究部会幹事 

平成 7年 11 月−現在 肝血流動態イメ−ジ研究会世話人 

平成 8 年 4月−現在 日本腹部造影エコ−・ドプラ造影研究会世話人 (事務局兼務) 

平成 9年 7月−現在 肝動脈塞栓療法研究会世話人 

平成 10 年-現在 国際造影超音波研究会世話人 

平成 11 年 10 月−現在 臨床消化器病研究会世話人 

平成 11 年 7月−現在 西日本肝臓研究会世話人 

平成 13 年 5月−現在 肝疾患フォーラム世話人 

平成 14 年 4月—現在 犬山シンポジウム会員 

平成 14 年 9月−現在 日本消化器画像診断研究会世話人 

平成 16 年-現在 Liver Forum in Kyoto 世話人 

平成 18 年-現在 肝癌治療シミュレーション研究会副代表世話人 

平成 19 年 11 月-現在 日本超音波治療研究会常任世話人 

平成 20 年-現在 日本肝がん分子標的治療研究会（代表世話人） 

 

関西地区研究会代表世話人 

・平成 11 年 関西超音波造影剤研究会代表世話人（日本シェーリング（株）） 
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・平成 13 年 関西 B型肝炎研究会代表世話人（グラクソ・スミスクライン（株）） 

・平成 14 年 肝癌局所治療研究会代表世話人（持田製薬） 

・平成 14 年 大阪消化器化学療法懇話会代表世話人（大鵬薬品） 

・平成 15 年 臨床消化器病フォーラム代表世話人（エーザイ） 

・平成 18 年-平成 22 年 Bay Area Gut Club 代表世話人（エーザイ） 

・平成 18 年-平成 22 年 South Osaka Liver Club 代表世話人（シェリングプラウ） 

・平成 19 年 関西肝血流動態イメージ研究会代表世話人（エーザイ） 

・平成 20 年 Kinki Liver Club（代表世話人） 

・平成 21 年 南大阪肝疾患研究会代表世話人 

・平成 21 年 南大阪肝胆膵疾患研究会代表世話人 

 

関西地区研究会世話人 

・平成 2年 大阪肝穿刺生検治療研究会世話人（大鵬薬品、山之内製薬） 

・平成 6年 兵庫インターベンショナルラディオロジー研究会世話人（山之内製薬） 

・平成 8年 肝胆膵治療フォーラム・神戸世話人（第一製薬） 

・平成 9年 京都肝疾患懇話会世話人（山之内製薬） 

・平成 9年 肝臓分子生物学研究会（大塚製薬） 

・平成 11 年 肝代謝コロキウム世話人（興和株式会社） 

・平成 11 年 南大阪肝胆膵懇話会世話人（大塚製薬） 

・平成 11 年 南大阪肝胆膵疾患懇話会世話人（第一製薬） 

・平成 11 年 南大阪消化器病懇話会世話人（ゼリア新薬） 

・平成 11 年 南大阪肝疾患研究会世話人（味の素ファルマ） 

・平成 11 年 泉州消化器ラウンドテーブルディスカッション世話人（大塚製薬） 

・平成 11 年 泉州肝臓病研究会世話人（シェリングプラウ（株）） 

・平成 11 年 大阪肝炎ミーティング世話人（住友製薬） 

・平成 12 年 大阪肝臓病談話会世話人（科研製薬） 

・平成 12 年 関西経皮内視鏡的胃瘻造設術研究会世話人（ダイナボット（株）） 

・平成 12 年 肝疾患座談会世話人 in Kyoto（住友製薬）（京大関係） 

・平成 12 年 近畿肝癌談話会常任幹事（協和発酵工業） 

・平成 13 年 関西肝血流動態イメージ研究会世話人（エーザイ株式会社） 

・平成 16 年 あおい肝臓研究会世話人（住友製薬） 

・平成 18 年 大阪肝臓ミーティング世話人（大日本住友） 

・平成 19 年 近畿・超音波内視鏡研究会世話人顧問 

 

全国規模の国内研究会主催（会長） 

・ 1997 年 2 月 第 3回肝血流動態イメージ研究会（神戸） 

・ 1996 年 10 月 第 1回日本造影エコー・ドプラ診断研究会（神戸） 

－20－



－21－ 

・ 2005 年 2 月 第 11 回肝血流動態イメージ研究会（横浜） 

・ 2007 年 9 月 第 2回肝癌治療シミュレーション研究会（大阪） 

・ 2008 年 9 月 第 49 回日本消化器画像診断研究会（大阪） 

・ 2010 年 1 月 第 1回日本肝癌分子標的治療研究会（神戸） 

・ 2014 年 2 月 第 20 回肝血流動態・機能イメージ研究会（大阪） 

 

国内学会主催（会長） 

・ 第 45 回日本肝臓学会総会（2009 年 6 月）,神戸 

・ 第 83 回日本超音波医学会学術集会（2010 年 5月）,京都 

・ 第 50 回日本肝癌研究会（2014 年 6月）,京都 

・ 第 89 回日本超音波医学会学術集会（2回目：AFSUMB との併催のため）（2016 年 5 月）,京都 

 

近畿地区学会主催（会長） 

・ 第 82 回日本消化器内視鏡学会近畿支部例会（2009 年 8 月） 

・ 第 95 回日本消化器病学会近畿支部例会（2011 年 8 月） 

 

国際学会主催（会長） 

・ JSH Single Topic Conference on HCC (2005 年), Awaji-shima 

・ The 3rd International Kobe Liver Cancer Symposium on HCC（IKLS）(2009 年 6 月), Kobe 

・ The 2nd Asia Pacific Primary Liver Cancer Expert Meeting (APPLE)（2011 年 7 月), Osaka 

・ The 14th WFUMB 2013（世界超音波医学会）(2013年 5月), Sao Paulo（Co-President with Leandro 

Fernandez and Giovanni Guido Cerri） 

・ The 4th International Kyoto Liver Cancer Symposium (IKLS)（2014 年 6月), Kyoto 

・ The 8th International Liver Cancer Association（国際肝癌学会）（2014 年 9 月 5日-7 日）, 

Kyoto（Co-President with Peter Galle） 

・ The 6th Asia Pacific Primary Liver Cancer Expert Meeting（APPLE)（2015 年 7 月), Osaka 

・ AFSUMB 2016（アジア超音波医学会）(2016 年 5月), Kyoto 
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2015 年度表彰式一覧 

 
➢ Highest Impact Factor Award 2015（最高インパクトファクター賞） 
 

1 位 萩原 智  11.055（Hepatology） 
2 位 山雄健太郎 5.053（Endoscopy） 

 
※ 3 位 足立哲平   4.464（Inflamm Bowel Dis） 
※ 工藤正俊 2.422（Oncology-Basel） 

 
➢ Most Numbers of Paper Award 2015（最多英文論文発表賞） 
 

1 位 西田直生志 4 本（Ann Transl Med×1, Digest Dis×3） 
1 位 有住忠晃  4 本（Digest Dis×1, Oncology×2 , Liver Cancer×1） 

 
※ 3 位 南 康範 3 本（Ongclogyl×1, Digest Dis×1 , Liver Cancer×1) 
※ 工藤正俊 12 本 

 
➢ Total Highest Impact Factor Award 2015（累積最高インパクトファクター賞） 
 

1 位 萩原 智 11.055（2 本） 
2 位 有住忠晃 7.025（4 本） 

 
※ 西田直生志 6.543（4 本） 
※ 工藤正俊 15.140（12 本） 

 
➢ 最多入院受持患者賞  
 

1 位 宮田 剛 240 人 
2 位 大本俊介 228 人 

 
※ 3 位 千品寛和 212 人 

 
➢ 最多緊急内視鏡賞 
 

1 位 大本俊介 108 件 
2 位 足立哲平 84 件 

 
※ 3 位 今井 元 65 件 

 
➢ 最多外来患者診療賞 
 

1 位 萩原 智 3,445 人 
2 位 松井繁長 2,970 人 

 
※ 3 位 上嶋一臣 2,859 人 
※ 工藤正俊 2,049 人 
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近畿大学医学部消化器内科 
英文論文総数（663 編） 

英文論文 Impact Factor 総数 
（IF=2514.931） 
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H11 H12 H13 H14 H15 H16 H17 H18

稼働床 40 44 44 44 60 78 78 77

稼働率 107.2% 98.5% 126.7% 148.2% 121.0% 89.5% 95.3% 89.2%

日平均入院患者数 40.0 43.3 55.8 65.2 72.6 69.8 74.4 68.7

平均在院日数 31.1 25.6 21.4 18.6 15.4 14.7 12.8 10.7

年間入院収入 501,570,188 570,616,464 801,199,124 923,171,333 1,065,481,449 1,023,271,279 1,152,778,111 1,106,484,453

年間外来収入 314,641,639 334,517,979 386,084,329 530,035,297 635,562,806 649,876,475 818,049,485 966,247,389

消化器内科年間収入 816,211,827 905,134,443 1,187,283,453 1,453,206,630 1,701,044,255 1,673,147,754 1,970,827,596 2,072,731,842

H19 H20 H21 H22 H23 H24 H25 H26 H27 H28

76 73 85 84 84 84 80 80 80 95

94.7% 96.3% 91.8% 89.9% 85.8% 89.0% 91.0% 93.9% 98.7% 96.8%

72.0 70.3 70.3 76.1 72.0 74.7 77.0 75.1 78.9 84.7

10.5 9.6 9 8.6 7.9 7.2 7.2 6.7 7.0 7.6

1,224,122,968 1,244,806,271 1,312,812,506 1,516,925,835 1,417,104,402 1,535,069,456 1,575,321,748 1,621,531,082 1,700,694,167 1,816,140,190

1,013,910,559 1,257,804,553 1,432,350,698 1,464,645,183 1,529,385,181 1,610,826,432 1,586,645,573 1,771,578,798 2,914,910,768 2,027,534,890

2,238,033,527 2,502,610,824 2,745,163,204 2,981,571,018 2,946,489,583 3,145,895,888 3,161,967,321 3,393,109,880 4,615,604,935 3,843,675,080

消化器内科年度別診療実績
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消化器内科年間外来収入 

消化器内科年間入院収入 
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消化器内科年間総収入 

消化器内科入院診療実績 
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内視鏡部年報
年度

検　　　査 H26 H27 H28
胃・十二指腸　球部 9046 8950
小腸 108 119
カプセル内視鏡 33 19
大腸 3873 3958
ERCP 588 617
気管支 520 546

計（スクリーニング) 14168 14209
緊急内視鏡検査 1158 1035
止血術 191 216
食道静脈瘤結紮術（EVL) 61 58
硬化療法（EIS) 3 5
EISL 30 22
ESD（食道） 46 49
ESD（胃） 136 129
EMR（胃） 32 46
胃ポリペクトミー 4 4
大腸ポリペクトミー 197 80
ESD（大腸） 99 96
異物除去 28 20
食道ブジー 158 136
ステント留置（食道） 8 11
ステント留置（胃・十二指腸） 27 44
ステント留置（大腸） -　 -　
経皮内視鏡的胃瘻造設術（PEG) 75 63
胆道ドレナージ 290 326
乳頭切開 122 140
乳頭バルーン拡張術 2 1
結石除去 136 162
超音波内視鏡（食道・胃） 47 49
超音波内視鏡（大腸） 11 8
超音波内視鏡（胆膵） 1711 1779

計 5028 5066

8357
98
47
3872
581
527
13502
790
197
60
11
35
45
146
38
6
657
100
24
69
17
25
-
61
356
125
1
131
80
16
1536
4526
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平成 29 年 2月 部門別医師構成 

近畿大学医学部 消化器内科 

主任教授 

工藤正俊 

○消化管グループ 

樫田博史、松井繁長、渡邊智裕、櫻井俊治、朝隈 豊、米田賴晃、永井知行、足立哲平、 

河野匡志、岡元寿樹、岡本彩那 

○肝グループ 

西田直生志、上嶋一臣、依田 広、南 康範、萩原 智、矢田典久、田北雅弘、有住忠晃、 

千品寛和、南 知宏、岩西美奈、橋本有人 

○胆膵グループ 

竹中 完、今井 元（留学中）、山雄健太郎、鎌田 研、宮田 剛、三長孝輔 

近大堺病院 

辻 直子、川崎正憲、松本 望、尾﨑信人 

近大奈良病院 

川崎俊彦、水野成人、高山政樹、奥田英之、木下大介、泰 康倫、岡崎能久 

関空クリニック 

汐見幹夫 

富田林病院 

小牧孝充、由谷逸朗、山田光成 

串本病院 

大本俊介 

教授秘書 

田中真紀、本廣佳香、正野江梨 

肝癌研究会秘書 

田村利恵、前原なつみ、上妻智子 

臨床研究補助秘書 

弓削公子、児玉美由紀 

医局秘書 

胡桃由佳、朝隈 智、浦田亜樹 

実験助手 

鏡 郁子、矢川沙知 
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 近畿大学 消化器内科学教室医局員  

（平成 28年 7 月現在） 

役職 氏名 卒年

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 

渡邉智裕 H5 消化管全般 

講師 医局長 松井繁長 H3 食道静脈瘤止血・上部消化管 

医学部講師 病棟医長 上嶋一臣 H7 慢性肝炎・肝癌の治療 

外来医長 櫻井俊治 H7 上部消化管・分子生物学 

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 

竹中 完 H13 胆膵疾患・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 永井知行 H16 消化器一般 

今井 元 H17 消化器一般 

山田光成 H18 胆膵疾患・消化器一般 

有住忠晃 H19 胆膵疾患・消化器一般 

鎌田 研 H19 消化器一般 

宮田 剛 H19 肝疾患・消化器一般 

足立哲平 H21 胆膵疾患・消化器一般 

大本俊介 H21 胆膵疾患・消化器一般 

岡本彩那 H23 胆膵疾患・消化器一般 

橋本有人 H26 消化器一般 

大学院生 4 年 千品寛和 H22 消化器一般 

南 知宏 H23 消化器一般 

3 年 山雄健太郎 H18 消化器一般 

河野匡志 H22 消化器一般 

2 年 米田賴晃 H13 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 

1 年 岩西美奈 H25 消化器一般 
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医局員の略歴 

および近況 
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◀新婚旅行先のハワイにて 

略歴 

昭和 57 年 2月 6 日：出生 

昭和 60 年 4月：鳴門聖母幼稚園入園 

昭和 63 年 4月：北島町立北島北小学校入学 

平成 6年 4月：北島町立北島中学校入学 

平成 9年 4月：徳島県立徳島北高校入学 

平成 12 年 4月：代々木ゼミナール原宿校入学 

平成 13 年 4月：近畿大学医学部医学科入学 

平成 19 年 4月：近畿大学医学部付属病院研修医 

平成 21 年 4月：近畿大学医学部付属病院 消化器内科 入局 

平成 21 年 4月：近畿大学医学部大学院内科学系 入学 

平成 25 年 10 月：くしもと町立病院 

平成 26 年 1月：近畿大学医学部付属病院 消化器内科 

現在に至る 

 

反省と目標 

反省点：体重 60kg 台をキープし続けることが出来ませんでした・・・。 

目標：体重 60kg 台キープ！ 

 

有 住 忠 晃

徳 島 出 身
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近畿大学医学部奈良病院 消化器・内分泌内科 2015 年年報（1～12 月） 

 

１．スタッフ 

教授 川崎俊彦（昭和 58 年卒） 

教授 水野成人（昭和 61 年卒）（内視鏡部）（4月より赴任） 

講師 岸谷 譲（昭和 62 年卒） 

助教 A 永井知行（平成 16 年卒）（6月末で本学に復帰） 

診療助教 奥田英之（平成 19 年卒） 

助教 A 高山政樹（平成 19 年卒）（5月より本学から赴任）  

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）（3月末で本学に復帰） 

助教 B 末吉功治（平成 21 年卒）（4月より本学から赴任） 

 

非常勤医師 茂山朋広 

 

２．臨床業績 

1 日平均外来患者 84.6 人 

1 日平均在院患者 26.1 人（定床 41 床） 

平均在院日数 7.4 日 

 

上部内視鏡検査 3022 件（含 ESD73 件（食道 6件,胃 65 件）LECS1 件） 

下部内視鏡検査 1910 件（含 EMR 324 件+ESD5 件） 

ERCP 150 件 

超音波内視鏡 40 件（含 EUS-FNA 9 件） 

腹部超音波 2397 件 

腹部血管造影 75 件 

ラジオ波治療 23 件 
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３．学会業績 

（１）第 94 回日本消化器内視鏡学会近畿支部例会 

「胃噴門部粘膜下腫瘍に対して LECS を施行した１症例」 

（近畿大学医学部奈良病院消化器・内分泌内科）安倍美希子，木下大輔，秦 康倫，貫戸

幸星，奥田英之，永井知行，岸谷 讓，川崎俊彦（同 外科）加藤寛章，藤原由規，井上

雅智（同 臨床検査部）若狭朋子，太田善夫（近畿大学医学部附属病院消化器内科）工藤

正俊 

（２）第 103 回日本消化器病学会近畿支部例会 

「正常乳頭に近い状態であったため，診断に難渋した十二指腸乳頭部癌の１例」 

（近畿大学医学部奈良病院消化器・内分泌内科）丹正幸佑，木下大輔，秦 康倫，末吉功

治，奥田英之，高山正樹，岸谷 讓，川崎俊彦（同 内視鏡部）水野成人（同 外科）加

藤寛章，辻江正徳，井上雅智（同 臨床検査部）若狭朋子，太田善夫（同 附属病院消化

器内科）工藤正俊 

（３）日本内分泌学会第 16 回近畿地方会 

「悪性黒色腫に対して nivolumab 投与後に一過性甲状腺中毒症を呈した橋本病の１例」 

（近畿大学医学部奈良病院消化器・内分泌内科）岸谷 讓，末吉功治，奥田英之，秦 康

倫，木下大輔，高山正樹，水野成人，川崎俊彦（同 皮膚科）細本宜志，磯貝理恵子，山

田秀和（同 耳鼻咽喉科）家根旦有 

（４）第 95 回日本消化器内視鏡学会近畿支部例会 

「腎癌術後 18 年で発見された転移性胃腫瘍の１例」 

（近畿大学医学部奈良病院消化器・内分泌内科）奥田英之，秦 康倫，木下大輔，高山正

樹，岸谷 讓，川崎俊彦（同 内視鏡部）水野成人（同 泌尿器）平山暁秀（同 臨床検

査部）若狭朋子，太田善夫（同 附属病院消化器内科）工藤正俊 

（５）第 58 回日本甲状腺学会 

「悪性黒色腫に対して nivolumab 投与後に一過性甲状腺中毒症を呈した橋本病の１例」 

（近畿大学医学部奈良病院消化器・内分泌内科）岸谷 讓，末吉功治，奥田英之，秦 康

倫，木下大輔，高山正樹，水野成人，川崎俊彦（同 皮膚科）細本宜志，磯貝理恵子，山

田秀和（同 耳鼻咽喉科）家根旦有 
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４．学会業績（研究会） 

（１）肝臓学術講演会 

「当院におけるトルバプタンの使用経験」 

（近畿大学医学部奈良病院消化器・内分泌内科）奥田英之 

（２）北和地区消化器連携セミナー 

「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 

（３）北和地区消化器連携セミナー 

「最近の消化管疾患診療の話題」 

（近畿大学医学部奈良病院内視鏡部）水野成人 

（４）肝臓病医療講演会 

「B型 C型肝炎の最新の治療ー肝障害を肝癌に進行させない為に」 

（近畿大学医学部奈良病院消化器・内分泌内科）川崎俊彦 

（５）生駒消化器癌カンファレンス 2015 

「多発する胃陥凹性病変の 1例」 

（近畿大学医学部奈良病院消化器・内分泌内科）奥田英之 
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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） 

2015 年の反省と 2016 年の抱負。 

 2015 年は当初 2人欠員状態で開始し，4月に水野先生が内視鏡部の教授として赴任していただ

き何とか消化器内科の形が整いました。5 月よりに高山先生が本学より赴任して頂き漸く欠員 0

の状態のなったのも束の間，永井先生が 6月末に本学に戻ってしまったので再び欠員１の状態に

戻ってしまいました。一方，内分泌・代謝部門は貫戸先生が半年間の約束通り 3月に本学に帰ら

れましたが，代わりに末吉先生が本学より赴任してこられ，1 年を通して 2 人体制を貫く事が可

能でした。 

 学会活動は、昨年に続き地方会 5題，研究会 5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。後１人の人員が欲しいところです。 

 2016 年は４月から，内分泌・代謝・糖尿病内科が独立し消化器内科単科になります。今まで，

消化器も糖尿も一緒に診てもらおうと来院した方に説明する手間が省けて大助かりです。 

 また，長らく渇望していた新しい血管造影の装置が 4 月から導入され，肝腫瘍の症例は全例

CT-AP,CT-HA が可能になり，漸く肝腫瘍の治療をしていると胸を張って言える状態になり，喜ば

しい限りです。 
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2016 年 12 月 
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70.  Minaga K, Kitano M, Yamashita Y: Surgically resected needle tract seeding following 

endoscopic ultrasound-guided fine-needle aspiration in pancreatic cancer. J 

Hepatobiliary Pancreat Sci 22: 708-709, 2015. 

 

監修・編集 

1. 工藤正俊, 編集: 日本臨床増刊号 最新肝癌学, 日本臨床社, 大阪, 2015. 

2. 工藤正俊, 編集: 最新医学 別冊「診断と治療の ABC103 肝がん」, 最新医学社, 大阪, 2015. 

3. 千葉 勉, 日比紀文, 東 健, 榎本信幸, 金子周一, 工藤正俊, 坂井田 功, 下瀬川 徹, 

茶山一彰, 三輪洋人, 本郷道夫, 渡辺 守, 編集: An International Journal of 

Gastroenterology and Hepatology「GUT」 日本語版 Vol. 7, No. 4, 2015. 

 

著書・分担執筆（和文） 

1.  建石良介, 泉 並木, 金子周一, 工藤正俊: 肝癌早期発見のためのスクリーニング法. 

肝癌診療マニュアル 第 3版,  日本肝臓学会編集, 医学書院, 東京, p35-37, 2015.（分担執

筆） 

2.  工藤正俊, 今井康陽, 村上卓道: どのようなときに Gd-EOB-DTPA 造影 MRI を行うか. 肝癌
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診療マニュアル 第 3版,  日本肝臓学会編集, 医学書院, 東京, p47-50, 2015.（分担執筆） 

3.  工藤正俊: どのようなときに造影超音波を行うか. 肝癌診療マニュアル 第 3版,  日本肝

臓学会編集, 医学書院, 東京, p52-58, 2015.（分担執筆） 

4.  松井 修, 工藤正俊, 今井康陽, 中島 収, 坂元亨宇: 早期肝癌の画像的特徴.  肝癌診

療マニュアル 第 3版,  日本肝臓学会編集, 医学書院, 東京, p58-61, 2015.（分担執筆） 

5.  工藤正俊, 泉 並木, 角谷眞澄, 松井 修: 肝細胞癌の診断アルゴリズム. 肝癌診療マ

ニュアル 第 3版,  日本肝臓学会編集, 医学書院, 東京, p62-66, 2015.（分担執筆） 

6.  工藤正俊, 泉 並木, 角谷眞澄, 松井 修: 乏血性肝細胞癌性結節（境界病変, 異型結節, 

早期肝癌）はどのような場合に治療すべきか. 肝癌診療マニュアル 第 3版,  日本肝臓学会

編集, 医学書院, 東京, p66, 2015.（分担執筆） 

7.  工藤正俊: 肝癌診療のためのステージングシステム. 肝癌診療マニュアル 第 3版,  日本

肝臓学会編集, 医学書院, 東京, p74-77, 2015.（分担執筆） 

8.  南 康範, 工藤正俊: 造影超音波下RFA.  肝癌診療マニュアル 第3版,  日本肝臓学会編

集, 医学書院, 東京, p91-93, 2015.（分担執筆） 

9.  上嶋一臣, 工藤正俊: 全身化学療法と分子標的治療.  肝癌診療マニュアル 第 3 版,  日

本肝臓学会編集, 医学書院, 東京, p132-135, 2015.（分担執筆） 

10.  工藤正俊, 松井 修, 角谷眞澄: TACE 不応例に対する治療指針.  肝癌診療マニュアル 第

3版,  日本肝臓学会編集, 医学書院, 東京, p140-143, 2015.（分担執筆） 

11.  工藤正俊, 小尾俊太郎, 山下竜也: 肝動注化学療法と分子標的治療をどう使い分けるか.  

肝癌診療マニュアル 第 3版,  日本肝臓学会編集, 医学書院, 東京, p144-146, 2015.（分担

執筆） 

12.  工藤正俊, 國土典宏, 川崎誠治, 松井 修, 泉 並木: 肝癌全体の治療アルゴリズム. 

肝癌診療マニュアル 第 3版,  日本肝臓学会編集, 医学書院, 東京, p146-150, 2015.（分担

執筆） 

13.  泉 並木, 工藤正俊, 金子周一: 肝癌治療後の再発抑制治療.  肝癌診療マニュアル 第 3

版,  日本肝臓学会編集, 医学書院, 東京, p166-167, 2015.（分担執筆） 

14.  工藤正俊, 泉 並木, 金子周一: 肝癌根治的治療後の再発の早期発見.  肝癌診療マニュ

アル 第 3版,  日本肝臓学会編集, 医学書院, 東京, p168-170, 2015.（分担執筆） 

15.  松井繁長, 工藤正俊: 異所性静脈瘤の診断と内視鏡治療. 門脈圧亢進症診療マニュアル, 

日本門脈圧亢進症学会編集, 南江堂, 東京, ｐ87-92, 2015.（分担執筆） 

16.  工藤正俊: 肝・胆道・膵の疾患 *肝・胆道・膵疾患における新しい展開.  内科学第 11 版, 

朝倉書店, 東京, 2015.  

17.  工藤正俊: 肝腫瘍.  内科学第 11 版, 朝倉書店, 東京, 2015.  

18.  工藤正俊: 肝膿瘍・肝嚢胞.  内科学第 11 版, 朝倉書店, 東京, 2015.  
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論文発表 (和文) 

1.  工藤正俊: 序文. 最新肝癌学 73:1-14, 2015. 

2.  工藤正俊: 肝細胞癌臨床研究の課題と展望. 最新肝癌学 73:33-41, 2015. 

3.  西田直生志, 工藤正俊:癌遺伝子と癌抑制遺伝子. 最新肝癌学 73:164-169, 2015. 

4.  北井 聡, 工藤正俊: TNM stage、統合ステージングシステム. 最新肝癌学 73:328-333, 

2015. 

5.  矢田典久, 工藤正俊: 超音波 elastography（strain 法）. 最新肝癌学 73:367-371, 2015. 

6.  萩原 智, 西田直生志, 工藤正俊: 発癌予測バイオマーカーとしてのエピゲノム変化. 

最新肝癌学 73:403-407, 2015. 

7.  工藤正俊: 取扱い規約・診療ガイドラインを作成する意義. 最新肝癌学 73:443-446, 

2015. 

8.  井上達夫, 工藤正俊: 肝細胞癌の治療アルゴリズム. 最新肝癌学 73:457-463, 2015. 

9.  南 康範, 村上卓道, 工藤正俊: Cone-beam CT angiography（tracking navitation imaging

も含めて）. 最新肝癌学 73:579-581, 2015. 

10.  上嶋一臣, 工藤正俊: 肝動注化学療法に用いる薬物. 特集「肝癌の薬物療法」, Pharma 

Medica 33:21-23, 2015. 

11.  北野雅之, 鎌田 研, 工藤正俊: 胆道癌の画像診断: US. 日本臨床 73:491-494, 2015. 

12.  北野雅之, 今井 元, 工藤正俊: 膵腫瘍の画像診断: US. 日本臨床 73:50-54, 2015. 

13.  工藤正俊, 上嶋一臣, 久保正二, 坂元亨宇, 田中正俊, 猪飼伊和夫, 古瀬純司, 村上卓

道, 角谷眞澄, 國土典宏: 肝癌治療効果判定基準（2015 年改訂版）.  肝臓 56:116-121, 

2015. 

14.  松井繁長, 樫田博史, 工藤正俊:十二指腸静脈瘤の病態と治療方針.  日本門脈圧亢進症

学会雑誌 21:19-25, 2015. 

15.  門阪薫平, 北野雅之, 大本俊介, 鎌田 研, 宮田 剛, 山雄健太郎, 今井 元, 工藤正

俊: 早期慢性膵炎の EUS が反映する微細所見. 特集「肝胆膵イメージング: 画像が映す分子

病理」. 肝胆膵 70:601-608, 2015. 

16.  全 陽, 角谷眞澄,工藤正俊, 多田 稔: 座談会 肝胆膵イメージング: 画像が映す分子

病理.  肝臓 70:629-642, 2015. 

17.  鎌田 研, 北野雅之, 安川 覚, 柳澤昭夫, Bertrand Napoleon, 工藤正俊: EUS-FNA によ

る膵嚢胞性腫瘍診断. 特集「胆膵 EUS-FNA のエビデンス 2015-この 5年間の進歩-」, 胆と膵 

36:315-318, 2015. 

18.  上嶋一臣, 工藤正俊: 肝癌に対する分子標的治療: 期待と展望. 特集「消化器癌の分子標

的治療」, 細胞 47:14-17, 2015. 

19.  松井繁長, 樫田博史, 朝隈 豊, 櫻井俊治, 工藤正俊: 胃潰瘍・十二指腸潰瘍. 日本臨床 

73:1116-1122, 2015. 

20.  工藤正俊: 眼で見る肝がん. 最新医学別冊「診断と治療の ABC 103 肝がん MAP」, 最新医

学 7-10, 2015. 
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21.  工藤正俊: 第 5 章 肝がん診療ガイドライン. 最新医学別冊「診断と治療の ABC 103 肝が

ん」, 最新医学 186-194, 2015. 

22.  松井繁長, 樫田博史, 工藤正俊: 食道・胃静脈瘤. 内科 115:939-943, 2015. 

23.  大本俊介, 北野雅之, 前川 清, 工藤正俊: 膵腫瘍性病変における造影 US（体外式）によ

る鑑別診断. 胆と膵 36:685-689, 2015. 

24.  工藤正俊: TACE 不応基準をめぐって（日本肝癌研究会 2014 年改訂版）. 特集「肝細胞癌

に対する TACE 再考」, 肝胆膵 70:81-88, 2015. 

25.  柳生行伸, 鶴崎正勝, 南 康範, 工藤正俊, 村上卓道: Flight Plan for Liver を用いた

TACE. 特集「肝細胞癌に対する TACE 再考」, 肝胆膵 70:15-23, 2015. 

26.  南 康範, 工藤正俊: Intermediate stag の多様性. 特集「肝細胞癌に対する TACE 再考」, 

肝胆膵 70:33-38, 2015. 

27.  工藤正俊, 松井 修, 田中正俊: 鼎談「肝細胞癌に対する TACE 再考」, 肝胆膵 70:141-158, 

2015. 

28.  工藤正俊：BCLC Stage B (Intermediate stage) の細分類と治療選択. 特集「肝がん診療

ガイドライン: どうする治療選択」, 肝胆膵 71:321-327, 2015. 

29.  今井 元, 北野雅之, 大本俊介, 門阪薫平, 宮田 剛, 鎌田 研, 三長孝輔, 松田友彦, 

山雄健太郎, 工藤正俊: 金属ステント留置後急性胆嚢炎に対する EUS 下ガイド下胆嚢ドレナ

ージ術の有用性. 特集「EUS 下胆道ドレナージ～EUS-BD の安全な導入へ向けて～」, 胆と膵 

36: 779-783, 2015. 

30.  鎌田 研, 北野雅之, 工藤正俊: 膵嚢胞性疾患と膵癌. 特集「消化器癌予防 up-to-date」, 

臨床消化器内科 30:1451-1456, 2015. 

31.  北野雅之, 今井 元, 山雄健太郎, 鎌田 研, 宮田 剛, 三長孝輔, 大本俊介, 門阪薫

平, 松田友彦, 工藤正俊: 胆管ドレナージ（MS）. 特集「ERCP マスターへのロードマップ」, 

胆と膵 36:969-974, 2015. 

32.  河野匡志, 辻 直子, 尾崎信人, 松本 望, 高場雄久, 奥村直己, 川崎正憲, 冨田崇文, 

梅原康湖, 谷池聡子, 遠藤英樹, 落合 健, 前倉利治, 工藤正俊: インフリキシマブ投与中

に抗ミトコンドリア M2 抗体陽性の肝障害が出現した尋常性乾癬の 1 例. 肝臓 56:655-660, 

2015. 

33.  汐見幹夫, 関西 PEG・栄養研究会: 関西地区でのアンケート報告からみた経皮内視鏡的胃

瘻造設術（PEG）の現況-2002 年と 2013 年の比較-. 在宅医療と内視鏡治療 19(1): 39-49, 

21015. 

34.  鎌田 研, 北野雅之, 筑後孝章: 膵嚢胞性疾患と膵癌. 特集「消化器癌予防 up-to-date」, 

臨床消化器内科 30:1451-1456, 2015. 

35.  北野雅之: 翻訳「術前超音波内視鏡ガイド下穿刺吸引は膵癌切除患者の生存に有害な影響

を及ぼさない」, An International Journal of Gastroenterology and Hepatology「GUT」 日

本語版 Vol. 7, No. 4, 2015. 

36.  西田直生志: 翻訳「C 型肝炎関連早期肝硬変の臨床的増悪を予測するゲノムおよび臨床上
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の予後評価の指標」, An International Journal of Gastroenterology and Hepatology「GUT」 

日本語版 Vol. 7, No. 4, 2015. 

 

招待講演･特別講演 (海外) 

1. Kudo M: Invited Lecture “The Eastern point of view”, Eastern & Western Association Liver 
Tumors (9th EWALT), Milan, Italy, January 22-24, 2015. 

2. Kudo M: Invited Lecture “Recent trends of management of HCC”, The 22nd International 
Seoul Radiology Symposium (ISRS 2015), Seoul National University Hospital Beiomedical 

Research Institute Auditorium, Korea, February 14, 2015. 

3. Kudo M: Invited Lecture “Recent advances in therapy for advanced hepatocellular 
carcinoma”, The 24th Annual Conference of Asian Pacific Association for the Study of 
the Liver (APASL), Istanbul, Turkiye, March 12-15, 2015. 

4. Kudo M: Invited Lecture “Liver strain”, American Institute of Ultrasound in Medicine 
Annual Convention (AIUM 2015/WFUMB 2015), Florida, USA, March 21-25, 2015. 

5. Kudo M: Invited Lecture “WFUMB Guidelines”, American Institute of Ultrasound in 
Medicine Annual Convention (AIUM 2015/WFUMB 2015), Florida, USA, March 21-25, 2015. 

6. Kudo M: Invited Lecture “Surveillance, treatment and outcome of HCC in Japan”, Joint 
Workshop EASL-JSH, 50th International Liver Congress of the European Association for 

the Study of the Liver (EASL), Vienna, Austria, April 22-26, 2015. 

7. Kudo M: Moderator and Commentator “Androgen pathway in the mechanisms of liver 
carcinogenesis and targets for future therapy”. Taiwan Association for the Study of 
the Liver 2015 (TASL), Westin Taipei, Taipei, Taiwan, July 11-12, 2015. 

8. Kudo M: Moderator and Commentator “Non-surgical treatment of HCC: achievement from 
Taiwan over the past quarter century”. Taiwan Association for the Study of the Liver 
2015 (TASL), Westin Taipei, Taipei, Taiwan, July 11-12, 2015. 

9. Kudo M: Invited Lecture “Imaging in early HCC-MR advances”, 23rd Annual Indian National 
Association for the Study of Liver (INASL) and Current Perspectives in Liver Diseases 

(CPLD), Manekshaw Center, New Delhi, India, July 31-August 2, 2015. 

10. Kudo M: State of Art Lecture “Benefit of early diagnosis of liver cancer with changed 
therapeutic paradigm in HCC”, 23rd Annual Indian National Association for the Study 
of Liver (INASL) and Current Perspectives in Liver Diseases (CPLD), Manekshaw Center, 

New Delhi, India, July 31-August 2, 2015. 

11. Kudo M: Invited Lecture“Molecular targeted therapy for HCC: current status and future 
perspectives”, 23rd Annual Indian National Association for the Study of Liver (INASL) 
and Current Perspectives in Liver Diseases (CPLD), Amity University, New Delhi, India, 

July 31-August 2, 2015. 

12. Kudo M: Invited Lecture“HCC: early diagnosis impacts prognosis”, 23rd Annual Indian 
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National Association for the Study of Liver (INASL) and Current Perspectives in Liver 

Diseases (CPLD), Max Hospital, New Delhi, India, July 31-August 2, 2015. 

13. Kudo M: Invited Lecture “Assessing treatment effect and treatment failure: when to stop 
LRTs”, 9th Annual Conference International Liver Cancer Association (ILCA), Paris, 
France, September 4-6, 2015. 

14. Kudo M: Special Lecture 2 “The evolution of HCC treatment”, The Liver Week 2015, BEXCO, 
Busan, Korea, September 10-12, 2015. 

15. Kudo M: Invited Lecture; KLCSG & LCSGJ Joint Symposium “HCC nationwide surveillance 
and out come in Japan”, The Liver Week 2015, BEXCO, Busan, Korea, September 10-12, 2015. 

16. Kudo M: Invited Lecture; Luncheon Satellite Symposium “Treatment strategies to optimize 
outcome and experience of patients with HCC”, The Liver Week 2015, BEXCO, Busan, Korea, 
September 10-12, 2015. 

17. Kudo M: Invited Lecture “Hepatologists’ perspectives on EOB-MRI: Pre-& post-operative 
evaluation in malignant lesions”, Asila Pacific Liver Imaging Symposium (APLIS), Seoul, 
Korea, September 17-19, 2015. 

18. Kudo M: Discussant, International Session (Symposium) 1 “Hepatocellular carcinoma: 
molecular approaches for diagnosis, prognosis, and therapy”, 19th General Meeting of 
the Japan Society of Hepatology, 57th Annual Meeting of the Japanese Society of 

Gastroenterology, October 8-9, 2015, Grand Prince Hotel Takanawa, Tokyo. 

19. Kudo M: Invited Lecture “Ultrasound fusion imaging of liver tumor: recent progress and 
clinical relevance”, IEEE International Ultrasonics Symposium, Taipei International 
Convention Center, Taiwan, October 23, 2015. 

 

招待講演･特別講演 (国内) 

1.  工藤正俊: 特別発言, TACE Meet the Expert, 平成 27 年 1 月 7 日, ホテルモントレグラ

スミア大阪, 大阪. 

2.  工藤正俊: 特別講演「肝細胞癌診療: 最近の進歩」, 第 15 回兵庫県肝がん撲滅研究会, 平

成 27 年 1月 28 日, ANA クラウンプラザホテル神戸, 兵庫. 

3.  工藤正俊: 特別講演「肝がんの分子標的治療～現状と今後の展望～」, 肝疾患学術講演会, 

平成 27 年 1月 29 日, ホテルアバローム紀の国 2F, 和歌山. 

4.  工藤正俊: 特別講演「透析患者における C型肝炎治療」, 南大阪透析患者の肝炎治療を考

える会, 平成 27 年 3月 19 日, SAYAKA ホール, 大阪.  

5.  工藤正俊: 特別講演「肝細胞癌に対する新規分子標的薬の開発動向と免疫チェックポイン

ト阻害薬への期待」, 第 18 回北九州肝癌治療研究会, 平成 27 年 3 月 26 日, リーガロイヤル

ホテル小倉, 九州. 

6.  工藤正俊: ワークショップ 7 基調講演「Navigation に基づいた肝細胞癌 IVR 治療」, 第

101 回日本消化器病学会総会, 平成 27 年 4 月 23 日, 仙台国際センター, 宮城. 
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7.  工藤正俊: 特別講演「肝癌に対する分子標的治療: 現状と今後の展望」, 第 12 回消化器

癌研究会, 平成 27 年 7月 7日, 甲府富士屋ホテル, 山梨.  

8.  工藤正俊: 総括発言「DEB-TACE のポジショニング～cTACE との使い分けはいかにすべきか

～」, 第 3 回ディーシービーズ症例検討会, 平成 27 年 7月 25 日,東京コンファレンスセンタ

ー, 東京. 

9.  工藤正俊:特別講演「消化器疾患の診断と治療における超音波の役割」, 日本超音波医学

会第 25 回四国地方会学術集会, 第 14 回四国地方会講習会, 平成 27 年 10 月 3 日, かがわ国

際会議場, 香川.  

10.  工藤正俊:特別講演「最新の肝癌診療―診断、治療、予後―」, HIV Specialist Forum in Tokyo, 
平成 27 年 10 月 3 日, 野村コンファレンスプラザ日本橋, 東京.  

11.  工藤正俊: 特別講演「Intermediate stage 肝癌の再分類と新しい分子標的薬への期待」, 第

30 回岐阜肝画像研究会, 平成 27 年 10 月 31 日, 岐阜.  

12.  工藤正俊: 特別講演「肝癌診療の Breakthrough はあるか？」, 第 130 回宮城肝癌治療研

究会, 平成 27 年 11 月 20 日, ホテルメトロポリタン仙台, 宮城. 

13.  北野雅之: 特別講演「日常診療で見落としやすい膵疾患」. 診療の羅針盤勉強会, 平成 27

年 1 月 16 日, ホテルサンルート徳島, 徳島.  

14.  北野雅之: 特別講演「超音波内視鏡の基礎から最先端治療まで」. 第 63 回愛媛肝胆膵研

究会, 平成 27 年度 1月 17 日, テレビ愛媛, 松山.  

15.  上嶋一臣: 肝細胞癌の臨床試験: Endpoint と Trial Design への問題提起. 第 11 回日本肝

がん分子標的治療研究会, 平成 27 年 1 月 31 日, 海運クラブ, 東京. 

16.  上嶋一臣: 肝細胞癌診療の現状と展望. 第18回金沢肝臓フォーラム, 平成27年3月5日, 

ホテル日航金沢, 石川.  

17.  萩原 智: Drug free を目指したエンテカビルと PEG-IFN α2a/2b 48 週併用療法の効果に

ついて. Kansai Liver Club 2015, 平成 27 年 4月 4日, 太閤園, 大阪.  

18.  松井繁長: 特別講演「ヘリコバクターピロリ除菌の現状と今後の展開」, 平成 27 年 4 月 6

日, 旧狭山美原医療保健センター, 大阪.  

19.  萩原 智: ウイルス性肝炎の最新治療. 平成 27 年 4 月泉佐野泉南医師会学術講演会, 平

成 27 年 4月 11 日, ホテル日航関西空港, 大阪.  

20.  萩原 智: 発癌抑制を目指した B型肝炎治療. 第 12 回 Kinki Liver Club バニプレビル学

術講演会, 平成 27 年 4月 16 日, スイスホテル南海大阪, 大阪.  

21.  松井繁長: 特別講演「ヘリコバクター・ピロリ除菌の現状と今後の展開」, 平成 27 年 4

月 16 日, 高石市医師会学術講演会, 大阪.  

22.  萩原 智: DAAs を用いた C型肝炎治療. 河内 Hepatitis Conference-専門医が考える B型・

C型肝炎の治療について-, 平成 27 年 5 月 16 日, セントレジスホテル大阪, 大阪. 

23.  松井繁長: 特別講演「ヘリコバクターピロリ除菌の現状と今後の展開」, 平成 27 年 5 月

16 日, 近畿大学医学部同窓会大阪市支部学術講演会, スイスホテル南海大阪, 大阪. 

24.  南 康範: 可変型電極が変える！RFA 治療戦略. 第 51 回日本肝癌研究会, 平成 27 年 5 月
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24 日, 神戸国際会議場, 兵庫.  

25.  北野雅之: 基調講演「仮性嚢胞と Walled-off necrosis(WON)の病態と Atlanta 分類」, 第

3 回超音波内視鏡下穿刺術の手技標準化に関する研究会, 平成 27 年 5 月 31 日, 名古屋国際

会議場, 名古屋. 

26.  北野雅之: 超音波内視鏡による膵・胆道癌の診断と治療. 第 98 回土曜会, 平成 27 年 6 月

6日, 三宮研修センター, 兵庫.  

27.  萩原 智: ウイルス性肝炎の最新治療. 富田林肝胆膵治療研究会, 平成 27 年 6 月 11 日, 

富田林医師会館, 大阪. 

28.  萩原 智: 若年男性に発症した HCA の一例. 第 59 回大阪肝穿刺生検治療研究会, 平成 27

年 6 月 12 日, ホテルグランヴィア大阪, 大阪. 

29.  萩原 智: 固形がんにおける化学療法施行時の B 型肝炎ウイルス再活性化-各施設共同前

向き観察研究. 第 17回関西B型肝炎研究会, 平成27年 6月 13日, ホテルモントレグラスミ

ア, 大阪.  

30.  松井茂繁長: ピロリ菌や薬剤による胃粘膜傷害とその対策. 大阪府医師会学術講演会, 

平成 27 年 7月 16 日, 大阪府医師会館, 大阪. 

31.  上嶋一臣: 基調講演「肝癌に対する治療効果判定基準の現状と課題」, ワークショップ 7

「肝癌に対する治療効果判定基準の現状と課題」, 第 51 回日本肝癌研究会, 平成 27 年 7 月

23-24 日, 神戸国際会議場, 兵庫.  

32.  萩原 智: 肝性浮腫におけるトルバプタンの使用経験（内科の立場から）. 肝臓フォーラ

ム in Osaka-肝硬変合併症をとらえた診療への取り組み-, 平成 27 年 7月 25 日, ウェスティ

ンホテル大阪, 大阪. 

33.  松井繁長: 特別講演「ヘリコバクター・ピロリ除菌の現状と今後の展開」, 平成 27 年 7

月 25 日, 第 6 回近八尾会学術講演会, リーガロイヤルホテル, 大阪. 

34.  北野雅之: 特別講演「胆膵 EUS 診断治療」. 南京鼓楼医院 EUS 診療トレーニングコース, 平

成 27 年 8月 29 日, 南京市, 中国. 

35.  萩原 智: B 型肝炎について. 平成 27 年度肝臓病教室, 平成 27 年 9 月 8 日, 近畿大学医

学部附属病院, 大阪. 

36.  萩原 智: B 型肝炎の最新治療、肝発がんの抑制. B 型肝炎医療講演＆訴訟説明会, 平成

27 年 9 月 12 日, 栂文化会館, 大阪. 

37.  北野雅之: EUS-FNA の基本と工夫. 第 38 回重点卒後教育セミナープログラム, 平成 27 年

9 月 27 日, ベルサール汐留, 東京. 

38.  松井繁長: 特別講演「最近のピロリ菌感染の動向と GERD」, Next Lecture Meeting in 南

河内, 平成 27 年 12 月 3日, すばるホール , 大阪. 

39.  萩原 智: 特別講演「C 型肝炎の最新治療」, 羽曳野市医師会学術講演会, 平成 27 年 12

月 17 日, 羽曳野市立保健センター, 大阪.  

40.  北野雅之: 特別講演「EUS 下穿刺術～EUS-FNA の基本から最先端治療まで～」, 第 62 回奈

良県消化器内視鏡研究会, 平成 27 年 12 月 19 日, 奈良市医師会館, 奈良. 
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シンポジウム・パネル発表（海外） 

1. Nishida N, Kudo M: Tumor characteristics and genetic and epigenetic profile of human 

hepatocellular carcinoma. International Session (Symposium) 1 “Hepatocellular 
carcinoma: molecular approaches for diagnosis, prognosis, and therapy”, 第 19 回日本

肝臓学会大会, 第 57 回日本消化器病学会大会, October 8-9, 2015, グランドプリンスホテ

ル高輪, 東京.  

2. Imai H, Kitano M, Kudo M: EUS guided biliary drainage for treatment of biliary 

obstruction. International Session (Panel Discussion) 2 “Strategy of treatment for 
biliary stenosis”, 第 90 回日本消化器内視鏡学会総会, 第 57 回日本消化器病学会大会, 

October 8-10, 2015, グランドプリンスホテル高輪, 東京. 

 

学会発表・抄録 (米国及び国際学会) 

1. Cheng AL, Thongprasert S, Lim HY, Sukeepaisarnjaroen, W, Yang TS, Wu CC, Chao Y, Chang 

L, Kudo M, Ikeda M, Kang Y, Pan H, Numata K, Han G, Balsara B, Zhang Y, Rodriguez AM, 

Zhang Y, Wang Y, Poon RT: Randomized phase 2 study of frontline Dovitinib (TKI258) vs 

Sorafenib in patients (Pts) with advanced hepatocellular carcinoma (HCC). 2015 

Gastrointeritinal Cancers Symposium (ASCO-GI 2015), San Francisco, California, USA, 

January 15-17, 2015.  

2. Furuse J, Ikeda M, Kondo S, Kudo M, Nadano S, Osaki Y, Kumada T, Ohkawa K, Mizokami 

M: Multicenter observational study of reactivation of hepatitis B virus caused by 

chemotherapy for solid tumors. 24th Conference of APASL, Istanbul, March 12-15, 2015. 

3. Kamata K, Kitano M, Kudo M: Contrast-enhanced harmonic EUS for differential diagnosis 

of pancreatic tumors. International Video Session 2 “Advances and education of 
endoscopic diagnosis and treatment-biliary tract, pancreas-“, 第 89 回日本消化器内視

鏡学会総会, 平成 27 年 5 月 29 日, 名古屋国際会議場, 名古屋.  

4. Furuse J, Ikeda M, Kondo S, Kudo M, Nadano S, Osaki Y, Kumada T, Ohkawa K, Mizokami 

M: Multicenter Observational Study of Reactivation of Hepatitis B Virus Caused by 

Chemotherapy with Sorafenib. 24th Conference of APASL, Istanbul, March 12-15, 2015. 

5. Kang YK, Seery TE, Kato M, Chakrabarti D, Valota O, Chen Y, Jie T, Pithavala Y, Kudo 

M: Axitinib safety and pharmacokinetics in Child-Pugh A and Child-Pugh B patients with 

advanced hepatocellular cancer. American Association for Cancer Research Annual 

Meeting (AACR 2015), Philadelphia, USA, April 18-22, 2015.  

6. Togashi Y, Kogita A, Sakamoto H, Hayashi H, Terashima M, de Velasco MA, Sakai K, Fujita 

Y, Tomida S, Kitano M, Kudo M, Nishio K: Activin signal promotes cancer progression 

and is involved in cachexia in a subset of pancreatic cancer. American Association for 

Cancer Research Annual Meeting (AACR 2015), Philadelphia, USA, April 18-22, 2015. 

7. Peck-Radosavljevic M, Raoul JL, Lee HC, Kudo M, Nakajima K, Cheng AL: An international 
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observational study to assess the use of sorafenib after transarterial 

chemoembolization (TACE) in patients with hepatocellular carcinoma (HCC): OPTIMIS. 50th 

Annual Meeting of the European Association for the Study of the Liver (EASL 2015), Vienna, 

Austria, April 22-26, 2015.  

8. Bronowicki JP, Kudo M, Lencioni R, Chen XP, Dagher L, Furuse J, Geschwind JFH, de Guevara 

LL, Papandreou C, Sanyal AJ, Takayama T, Yoon SK, Nakajima K, Ye SL, Marrero JA: GIDEON 

(Global Investigation of Therapeutic Decisions in Hepatocellular Carcinoma and of Its 

Treatment with Sorafenib): A retrospective analysis of prognostic factors for survival. 

50th Annual Meeting of the European Association for the Study of the Liver (EASL 2015), 

Vienna, Austria, April 22-26, 2015.  

9. Pinato DJ, Arizumi T, Jang JW, Allara E, Suppiah P, Smirne C, Grossi G, Pirisi M, Kudo 

M, Sharma R: Combined sequential use of HAP and ART scores to predict transarterial 

chemoembolization failure in hepatocellular carcinoma: a multicenter comparative study. 

50th Annual Meeting of the European Association for the Study of the Liver (EASL 2015), 

Vienna, Austria, April 22-26, 2015. 

10. Park JW, Cheng AL, Kudo M, Park JH, Liang PC, Hidaka H, Izumi N, Heo J, Lee YJ, Sheen 

IS, Chiu CF, Arioka H, Morita S, Arai Y: A randomized, double-blind, placebo-controlled 

phase III trial of TSU-68 (Orantinib) combined with transcatheter arterial 

chemoembolization in patients with unresectable hepatocellular carcinoma. 50th Annual 

Meeting of the European Association for the Study of the Liver (EASL 2015), Vienna, 

Austria, April 22-26, 2015. 

11. Chau I, Peck-Radosavljevic M, Borg C, Malfertheiner P, Seitz J, Park J, Ryoo B, Yen 

C, Kudo M, Poon RT, Pastorelli D, Blanc J, Chung H, Baron AD, Okusaka T, Cui ZL, Girvan 

AC, Abada P, Yang L, Zhu AX: Ramucirumab (RAM) as second-line treatment in patients 

(pts) with advanced hepatocellular carcinoma following first-line therapy with 

sorafenib: Patient-focused outcome (PFO) results from the phase 3 REACH study. Annual 

Meeting of American Society of Clinical Oncology (ASCO 2015), Chicago, USA, May 29-June 

2, 2015.  

12. Llovet JM, Park J, Torres F, Decaens T, Boucher E, Raoul J, Kudo M, Chang C, Boige V, 

Assenat E, Kang Y, Lim H, Walters I, Lencioni R: Objective response by mRECIST to predict 

survival in hepatocellular carcinoma: A multivariate, time-dependent analysis from the 

phase III BRISK-PS study. Annual Meeting of American Society of Clinical Oncology (ASCO 

2015), Chicago, USA, May 29-June 2, 2015. 

13. Zhu AX, Baron AD, Malfertheiner P, Kudo M, Kawazoe S, Pezet D, Weissinger F, Brandi 

G, Barone C, Okusaka T, Wada Y, Park J, Ryoo B, Cho JY, Chung HC, Li C, Yen C, Lee K, 

Yang L, Chau I: Ramucirumab (RAM) as second-line treatment in patients (pts) with 

advanced hepatocellular carcinoma (HCC): Analysis of REACH pts by Child-Pugh (CP) score. 
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Annual Meeting of American Society of Clinical Oncology (ASCO 2015), Chicago, USA, May 

29-June 2, 2015. 

14. Kudo M, Moriguchi M, Numata K, Hidaka H, Tanaka H, Ikeda M, Kawazoe S, Ohkawa S, Sato 

Y, Okusaka T: A randomized, double-blind, placebo-controlled phase III study of S-1 

in patients with sorafenib refractory advanced hepatocellular carcinoma (S-CUBE). 

Annual Meeting of American Society of Clinical Oncology (ASCO 2015), Chicago, USA, May 

29-June 2, 2015. 

15. Sakamoto Y, Kokudo N, Matsuyama Y, Sakamoto M, Kadoya M, Kaneko S, Ku Y, Kudo M, Takayama 

T, Nakashima O, The Liver Cancer Study Group of Japan: Proposal of a new staging system 

for intrahepatic cholangiocarcinoma: Analysis of surgical patients from a nationwide 

survey of Liver Cancer Study Group of Japan. Annual Meeting of American Society of 

Clinical Oncology (ASCO 2015), Chicago, USA, May 29-June 2, 2015. 

16. Ikeda M, Shimizu S, Sato T, Morimoto M, Inaba Y, Kojima Y, Hagihara A, Kudo M, Nakamori 

S, Kaneko S, Sugimoto R, Tahara T, Ohmura T, Yasui K, Sato K, Ishii H, Furuse J, Okusaka 

T: Sorafenib plus intra-arterial cisplatin versus sorafenib alone in patients with 

advanced hepatocellular carcinoma: A randomized phase II trial. Annual Meeting of 

American Society of Clinical Oncology (ASCO 2015), Chicago, USA, May 29-June 2, 2015. 

17. Park JO, Ryoo BY, Yen CJ, Kudo M, Zhu A, Yang L, Abada P, Cheng R, Orlando M, Okusaka 

T: Ramucirumab as second-line treatment in patients with advanced hepatocellular 

carcinoma: east Asian subgroup analysis of the phase III REACH trial. The 6th 

Asia-Pacific Primary Liver Cancer Expert Meeting (APPLE), Osaka, July 3-5, 2015.  

18. Togashi Y, Sakamoto H, Kogita A, de Velasco M, Sakai K, Fujita Y, Tomida S, Kitano M, 

Kudo M, Nishio K: Activin signal in pancreatic cancer. The 13th Annual Meeting of 

Japanese Soceity of Medical Oncology, Hotel Sapporo Geibunkan, Sapporo, July 16-18, 

2015. 

19. Ohkawa S, Okusaka T, Kudo M, Hatano E, Fujii H, Masumoto A, Furuse J, Wada Y, Ishii 

H, Obi S, Arai K, Kawazoe S, Yokosuka O, Ikeda M, Ukai K, Morita S, Asou H, Abada PB, 

Yang L, Zhu AX: Ramucirumab (RAM) as second-line treatment in patients (pts) with 

advanced hepatocellular carcinoma (HCC): Japanese subgroup analysis of the phase III 

REACH trial. The 13th Annual Meeting of Japanese Soceity of Medical Oncology, Hotel 

Sapporo Geibunkan, Sapporo, July 16-18, 2015. 

20. Kudo M, Hatano E, Okusaka T, Ohkawa S, Fujii H, Masumoto A, Furuse J, Wada Y, Ishii 

H, Obi S, Arai K, Kawazoe S, Yokosuka O, Ikeda M, Ukai K, Morita S, Asou H, Abada PB, 

Yang L, Zhu AX: Ramucirumab as second-line treatment in patients with advanced 

hepatocellular carcinoma: Japanese subgroup analysis of the phase III REACH trial. 9th 

Annual Conference International Liver Cancer Association (ILCA), Paris, France, 

September 4-6, 2015. 
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21. Chau I, Park JO, Ryoo BY, Yen CJ, Poon R, Pastorelli D, Blanc JF, Kudo M, Eduardo T, 

Pfiffer F, Hatano E, Chung HC, Kubackova K, Phelip JM, Brandi G, Ohkawa S, Li CP, Okusaka 

T, Yang L, Abada PB, Zhu AX: Ramucirumab (RAM) as second-line treatment in patients 

with advanced hepatocellular carcinoma (HCC) following first-line therapy with 

sorafenib in the randomized Phase III REACH study: analysis ofα-fetoprotein (AFP) 
kinetics during treatment. European Cancer Congress 2015 (18th ECCO-40th ESMO), Vienna, 

Austria, September 25-29, 2015. 

22. Minaga K, Kitano M, Harwani Y, Imai H, Kamata K, Miyata T, Yamao K, Kadosaka K, Omoto 

S, Kudo M: Evaluation of anti-migration properties of biliary covered self-expandable 

metal stents. 23rd United European Gastroenterology Week (UEGW 2015), Barcelona, Spain, 

October 24-28, 2015. 

23. Yamao K, Kitano M, Kayahara T, Ishida E, Minaga K, Yamashita Y, Nakajima J, Asada M, 

Okabe S, Chiba Y, Imai H, Kudo M: Predictive factors for outcomes of through-the-scope 

gastroduodenal stenting in patients with gastric outlet obstruction; a large 

multicenter retrospective study in West Japan. 23rd United European Gastroenterology 

Week (UEGW 2015), Barcelona, Spain, October 24-28, 2015. 

24. Roayaie S, Jibara G, Berhane S, Tabrizian P, Park JW, Yang J, Yan L, Han G, Izzo F, 

Chen M, Blanc JF, Kudo M, Roberts LR, Sherman M, Johnson P: PALBI-an objective score 

based on platelets, albumin & Bilirubin Stratifies HCC patients undergoing resection 

& ablation better than Child’s classification. 66th Annual Meeting, American 

Association for the Study of Liver Diseases (AASLD 2015), San Francisco, USA, November 

13-17, 2015. 

25. Nishida N, Kaido T, Kudo M: Classification of tumors based on the integrated profile 

of genetic and epigenetic alterations and the biological behavior of human 

hepatocellular carcinoma. 66th Annual Meeting, American Association for the Study of 

Liver Diseases (AASLD 2015), San Francisco, USA, November 13-17, 2015. 

26. Yamada M, Kashida H, Komeda Y, Okamoto K, Kono M, Tanaka R, Adachi T, Mine H, Nagai 

T, Okazaki Y, Asakuma Y, Sakurai T, Matsui S, Kudo M: Endoscopic resection for rectal 

nets (neuroendocrine tumors): EMR-C (EMR using a cap), EMR-L (EMR with a ligation 

device), or conventional EMR (EMR). Asian Pacific Digestive Week (APDW 2015), Taipei, 

Taiwan, December 3-6, 2015. 

27. Kono M, Matsui S, Okamoto K, Yamada M, Tanaka R, Adachi T, Mine H, Nagai T, Okazaki 

Y, Komeda Y, Asakuma Y, Sakurai T, Kashida H, Kudo M: A case of endoscopic mucosal 

resection for gastric perineurioma. Asian Pacific Digestive Week (APDW 2015), Taipei, 

Taiwan, December 3-6, 2015. 

28. Komeda Y, Kashida H, Sakurai T, Asakuma Y, Okazaki Y, Nagai T, Mine H, Adachi T, Tanaka 

R, Yamada M, Kono M, Okamoto K, Matsui S, Kudo M: Treatment of colorectal LST: focus 

－57－



－57－ 

on EMR techniques. Asian Pacific Digestive Week (APDW 2015), Taipei, Taiwan, December 

3-6, 2015. 

29. Okamoto K, Matsui S, Tanaka R, Yamada M, Adachi T, Takayama M, Mine H, Nagai T, Okazaki 

Y, Komeda Y, Asakuma Y, Sakurai T, Kashida H, Kudo M: The analysis of three cases that 

gastrointestinal bezoars have history of gastrointestinal surgery. Asian Pacific 

Digestive Week (APDW 2015), Taipei, Taiwan, December 3-6, 2015. 

30. Omoto S, Kitano M, Sakamoto H, Imai H, Yamao K, Kamata K, Miyata T, Minaga K, Kadosaka 

K, Kudo M: Usefulness of serum procalcitonin for diagnosis of acute pancreatitis. Asian 

Pacific Digestive Week (APDW 2015), Taipei, Taiwan, December 3-6, 2015. 

 

シンポジウム・パネル発表（国内） 

1. 朝隈 豊, 松井繁長, 山田光成, 田中梨絵, 足立哲平, 高山政樹, 峯 宏昌, 永井知行, 川

崎正憲, 岡崎能久, 米田頼晃, 櫻井俊治, 樫田博史, 工藤正俊: 食道表在癌の日本食道学会

拡大内視鏡分類による深達度の検討. ワークショップ 10「食道扁平上皮（表在）癌に対する

新規拡大内視鏡分類（食道学会分類）の検証」, 第 11 回日本消化管学会総会学術集会, 平成

27 年 2 月 13-14 日, 京王プラザホテル, 東京. 

2. 田中梨絵, 樫田博史, 工藤正俊: 当院においてシングルバルーン小腸内視鏡検査を施行した

高齢者 OGIB 症例の臨床的検討. シンポジウム 2「消化管出血に対する診療」, 日本消化器病

学会近畿支部第 102 回例会, 平成 27 年 2 月 21 日, 京都テルサ, 京都. 

3. 櫻井俊治, 足立哲平, 樫田博史, 工藤正俊: ストレス応答蛋白を指標とするサーベイランス
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ORIGINAL ARTICLE

Involvement of Heat Shock Protein A4/Apg-2 in Refractory
Inflammatory Bowel Disease
Teppei Adachi, MD,* Toshiharu Sakurai, MD,* Hiroshi Kashida, MD,* Hiromasa Mine, MD,*
Satoru Hagiwara, MD,* Shigenaga Matsui, MD,* Koji Yoshida, MD,† Naoshi Nishida, MD,*
Tomohiro Watanabe, MD,‡ Katsuhiko Itoh, MD,§ Jun Fujita, MD,§ and Masatoshi Kudo, MD*

Background: Expression of heat shock protein A4 (HSPA4, also called Apg-2), a member of the HSP110 family, is induced by several forms of stress.
The physiological and pathological functions of HSPA4 in the intestine remain to be elucidated.

Methods: We assessed HSPA4 expression and function by generating HSPA4-deficient mice and using 214 human intestinal mucosa samples from
patients with inflammatory bowel disease (IBD).

Results: In the colonic mucosa of patients with IBD, a significant correlation was observed between the expression of HSPA4 and antiapoptotic protein
Bcl-2, a T-cell–derived cytokine IL-17 or stem cell markers, such as Sox2. In refractory ulcerative colitis, a condition associated with increased cancer risk,
expression of HSPA4 and Bcl-2 was increased in inflammatory cells of colonic mucosae. HSPA4 was overexpressed both in cancer cells and immune cells
of human colorectal cancers. Patients with high expression of HSPA4 or Bmi1 showed significantly lower response rates upon subsequent steroid therapy
as compared with patients with low expression of each gene. HSPA4-deficient mice exhibit more apoptosis and less expression of IL-17/IL-23 in
inflammatory cells and less number of Sox2+ cells after administration of dextran sodium sulfate than control mice. Transduction of HspaA4+/2 bone
marrow into wild-type mice reduced the immune response.

Conclusions: Upregulation of Bcl-2 and IL-17 by HSPA4 would control apoptosis of inflammatory cells and immune response in the gut, which might
develop treatment resistance in IBD. HSPA4 and Bmi1 would be a useful biomarker for refractory clinical course and a promising approach for
a therapeutic strategy in patients with IBD.

(Inflamm Bowel Dis 2015;21:31–39)

Key Words: Bcl-2, Bmi1, Sox2, IL-17, treatment resistance

I nflammatory bowel disease (IBD) is a chronic disease charac-
terized by intestinal inflammation. Both entities of IBD, Crohn’s

disease (CD) and ulcerative colitis (UC), are characterized by

a marked infiltration of inflammatory cells into the affected
mucosa, but the pathogenesis of IBD remains poorly under-
stood. The clinical features of IBD, its histological findings,
and the efficacy of immunosuppressive treatment, however,
indicate the involvement of immunological mechanisms,
although the initial development of IBD may be triggered by
bacterial, viral, environmental, or other factors. It has been sug-
gested that the induction of apoptosis in various effector cells
may be a relevant therapeutic mechanism in IBD. In fact, dif-
ferent drugs used for treating IBD, such as anti-TNF, have the
capacity to induce apoptosis in T cells or monocytes in vitro and
in vivo.1 In contrast, defective apoptosis of inflammatory cell
populations regulated by Bcl-2 seems to be a relevant pathoge-
netic mechanism in IBD.2,3

Stem cells, characterized by their ability to self-renew
indefinitely and produce progeny capable of differentiating and
repopulating tissue-specific lineages, are critical for maintaining
normal tissue homeostasis.4 The intestine is a highly dynamic
organ, with proliferative epithelial cells invaginating into the mes-
enchyme to form flask-shaped crypts and differentiated cells pro-
jecting into the lumen. Sox2, a member of the Sox HMG box
family of transcription factors, is required in the early stages of
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embryonic development to maintain the pluripotency and self-
renewal of embryonic stem (ES) cells.5 Sox2 controls cellular
self-renewal through Bmi1, a polycomb complex transcriptional
repressor that is known to be important for maintaining stemness.6

Heat shock protein A4 (HSPA4, also called Apg2 [ATP and
peptide-binding protein in germ cells-2]), a member of the
HSP110 family, is expressed in various organs7 and is inducible
under various conditions, including oncogenic stress.8,9 In this
study, we examined whether HSPA4 is involved in intestinal
inflammation by using human tissue samples and HSPA4-
deficient (HspA42/2) mice. HSPA4 expression was increased in
inflammatory cells of refractory patients with IBD. Upregulation
of Bcl-2 and IL-17 expression by HSPA4 would reduce apoptosis
of inflammatory cells and augment immune response in the gut.
Expression of HSPA4 was correlated with resistance to treatment
in human IBD. HSPA4 might be involved in the pathogenesis of
refractory IBD. To the best of our knowledge, this is the first
report on HSPA4 as a possible regulator of intestinal homeostasis
and treatment resistance in IBD.

PATIENTS AND METHODS

Human Tissue Sample
At the Hospital of Kinki University between January 2011

and October 2013, 214 samples from the intestinal mucosa of
patients with IBD (29 with CD and 185 with UC) and 30 samples
from the normal colonic mucosa of patients without IBD were
obtained endoscopically. The subjects comprised 30 cases in
remission and 155 patients with active UC including 66
refractory patients. Twenty-nine CD cases comprised 13 colitis,
8 ileocolitis, and 8 ileitis. Tissue samples were collected from
involved areas of the intestine. Active inflammation was defined
as a Mayo endoscopic score $2 in UC cases and a presence of
ulcer in CD cases or a presence of symptoms. Refractory IBD
patients were defined as those who had been suffering from
active IBD for more than 6 months when biopsy samples were
obtained. Regarding this, 66 colonic mucosal samples of refrac-
tory UC patients were not always obtained before the initiation
of treatment. By contrast, among 185 samples of patients with
UC, 23 colonic mucosal samples were obtained from patients
with UC before the initiation of steroid therapy, and the response
to steroid was evaluated prospectively. Colorectal cancer tissue
samples were obtained from 32 patients undergoing colorectal
resection, including 8 cases with IBD-associated cancer.
Informed consent concerning the utilization of the tissue samples
for the analysis was obtained from all the patients. All study
protocols conformed to the ethical guidelines of the Declaration
of Helsinki (1975) and were approved by the appropriate insti-
tutional review boards.

Generation of HspA42/2 Mice and Treatment
An 8-kb fragment of the HspA4 gene including the trans-

lation initiation site was replaced with the targeting construct,

which contained the PGK-Neo gene cassette flanked by loxP sites
for positive selection. This construct additionally contained the
Diphtheria toxin-A gene fragment (MC1-DTA) at the 30-end to
facilitate counter selection. The targeting construct was intro-
duced by electroporation into E14 ES cells. G418-resistant col-
onies were screened by Southern blot hybridization. The ES cell
clones containing the targeting event were injected into C57BL/6
blastocysts, and chimeras were derived. Chimeric male mice har-
boring heterozygous ES cells were crossed with C57BL/6 fe-
males to achieve germline transmission of the targeted HspA4
allele. To genotype the mice, genomic DNAs were extracted
from tails and analyzed by PCR. To discriminate between
wild-type (WT) and mutated alleles, the following sets of primers
were used: for wild-type loci, 50-accttctgaggccagtttcctgt-30 and
50-taccagagctctgtggcaccaa-30 and for targeted locus, 50-ctcgtctgat-
cacgggaagtgag-30 and 50-ctgctaaagcgcatgctccaga-30 (see Fig.,
Supplemental Digital Content 1, http://links.lww.com/IBD/A632).
HspA42/2 mice were produced in collaboration with Dr. S. Itohara
at the Riken Brain Science Institute (Wako, Japan) and deposited in
the Laboratory Animal Resource Bank, National Institute of
Biomedical Innovation (Osaka, Japan). Because of a decrease in
expected Mendelian breeding ratios, we used HspA4+/2 mice in
some experiments.

Sex- and age-matched C57BL/6 WT and HspA42/2 mice
(8–12 weeks old) received 2.5% (wt/vol) dextran sodium sulfate
(DSS; molecular weight, 36–50 kDa; MP Biomedicals, Solon,
OH) in their drinking water. After euthanization, the colon was
excised from the ileocecal junction to the anus, cut open longitu-
dinally, and prepared for histological evaluation. Isolation of epi-
thelial and lamina propria cells was performed as described
previously.10 The isolated cells were sorted using immunomag-
netic beads coated with monoclonal antibodies against CD4 and
CD11b (MACS Beads; Miltenyi Biotec, Bergisch Gladbach,
Germany) with the help of a separation column and a magnetic
separator from the same company in accordance with the manu-
facturer’s recommendations for isolating murine macrophages
and T cells, respectively. Bone marrow (BM) transplantation
experiments were performed as previously described, with
slight modifications.11 BM from the tibia and femur was washed
twice in Hanks’ balanced salt solution, and 107 BM cells were
injected into the tail vein of lethally irradiated (11 Gy) recipient
mice. 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 Medical
Ethics Committee of Kinki University Faculty of Medicine
approved this study.

Cell Culture
Mouse embryonic fibroblast cell lines of HspA42/2 geno-

type (Apg-2-KO/3T3) were established by the so-called “3T3
protocol.”12 To produce isogenic stable cell lines, the Flp-In Sys-
tem was used as described.13 Apg-2-KO/3T3 cells were first trans-
fected with pFRT/lacZeo to generate the Flp-In host cell lines, and
HspA4 cDNA was cloned into the pcDNA5/FRT vector (Life
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Technologies, Carlsbad, CA). Then the Flp-In host cell lines were
cotransfected with pOG44 (Life Technologies) and the con-
structed plasmid or parent vector, and the stable transfectants were
selected with hygromycin. Expression of HSPA4 was confirmed
by Western blotting using anti-HSPA4 antibody (see Fig., Sup-
plemental Digital Content 2, http://links.lww.com/IBD/A633). Ju-
rkat cells, an immortalized line of human T lymphocytes, were
maintained in RPMI-1640 medium (Gibco, Carlsbad, CA) sup-
plemented with 10% fetal bovine serum, containing penicillin
(100 U/mL) and streptomycin (100 mg/mL), and transfection of
siRNA of HSPA4 (Santa Cruz, Dallas, TX) was carried out using
Lipofectamine RNAiMAX reagent (Life Technologies). The
number of viable cells was estimated by MTT assay.

Biochemical and Immunochemical Analyses
Real-time qPCR, immunoblotting, and immunohisto-

chemistry were performed as previously described.14 Primer se-
quences are given in Table, Supplemental Digital Content 3,
http://links.lww.com/IBD/A634. The following antibodies were
used: anti-b-actin, anti-HSPA4 (Sigma-Aldrich, Tokyo, Japan)
and anti-Bcl-2, anti-Bcl-xL, anti-HSPA4, anti-Sox2, anti-E-cadherin
(Cell Signaling, Danvers, MA). Immunohistochemistry was per-
formed using ImmPRESS reagents (Vector Laboratory, Burlingame,
CA) according to the manufacturer’s recommendations. Apoptosis
in paraffin-embedded sections was measured by immunofluorescent
TUNEL staining using the In Situ Apoptosis Detection Kit (Takara,
Tokyo, Japan) and a confocal laser microscope (Fluoview FV10i,
Olympus) according to the manufacturer’s instructions. Nuclei were
stained with 4,60diamidino-2-phenylindole (DAPI) to count the total
number of cells per crypt. A minimum of 10 crypts with normal
morphology were counted per section, and TUNEL-positive
crypts were counted in 100 randomly selected crypts. In a double
immunofluorescence staining using an anti–E-cadherin antibody,
TUNEL-positive cells were counted in 5 randomly selected views.
Caspase-8 and caspase-9 activity was measured using Caspase-8
and Capase-9 Assay kits (MBL, Woburn, MA).

Statistical Analysis
Differences were analyzed by Student’s t test, and relation-

ship between the expression of several genes was analyzed by
Spearman rank correlation test. To compare variables of more
than 2 conditions, analysis of variance with post hoc Tukey–
Kramer honestly significant difference multiple comparison was
applied. P values ,0.05 were considered significant.

RESULTS

Significant Correlation Between the
Expression of HSPA4 and Bcl-2 or Stem Cell
Markers in the Colonic Mucosa of Patients
with IBD

HSPA4 expression correlated significantly with Bcl-2 and
Bmi1, showing a linear coefficient of 0.52 and 0.61, respectively
in the colonic mucosa of patients with UC (Fig. 1A, B).

Furthermore, HSPA4 expression correlated with several stem cell
markers, such as Sox2 and Lgr5, with linear coefficients of 0.52
and 0.50, respectively (Fig. 1C, D). Gankyrin, an ankyrin-repeat
oncoprotein, is known to increase stemness factor expression and
mediate stem cell expansion in colorectal carcinogenesis.15 We pre-
viously reported that cold-inducible RNA-binding protein (Cirp),
a stress-response protein, exhibited antiapoptotic activity in mouse
fibroblasts.16 HSPA4 expression correlated significantly with gan-
kyrin and Cirp in patients with UC (Fig. 1E, F). There was mod-
erate, but significant, correlation between HSPA4 and Bcl-xL or
cytokines, such as IL-17, IL-23, IL-6 and TNF-a (data not shown).

In the intestinal mucosa of CD, HSPA4 expression
correlated significantly with Bcl-2, Sox2, Lgr5, and IL-17,
showing a linear coefficient of 0.71, 0.73, 0.42, and 0.52,
respectively (Fig. 2A–D). In the colonic mucosae of Crohn’s

FIGURE 1. Association between HSPA4 and Bcl-2 or stem cell marker
expression in the colonic mucosa of patients with UC. Scatter plot of
relative mRNA levels of HSPA4 and the indicated genes (A, Bcl-2;
B, Bmi1; C, Sox2; D, Lgr5; E, Gankyrin; F, Cold-inducible RNA-binding
protein, Cirp) in human colonic mucosa. The mRNA level of each gene
in the normal colon of an individual without UC was given an arbitrary
value of 1.0.
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colitis, a significant correlation was found between HSPA4 and
Lgr5 or Bmi1 with a linear coefficient of 0.71 or 0.57, respec-
tively (see Fig. A, Supplemental Digital Content 4, http://links.
lww.com/IBD/A635 and data not shown). By contrast, in the
ileal mucosa of patients with Crohn’s ileocolitis and ileitis, no
significant correlation was found between HSPA4 and Bmi1 (data
not shown). The expression of Bmi1 in the ileal and the colonic
mucosa might be regulated by a different mechanism. It remains to
be determined why this correlation was not observed in the ileum
and what factors are involved in the difference between the ileum
and the colon. We have examined the expression levels of HSPA4,
Bmi1, and Lgr5 in the ileal mucosa of controls, Crohn’s ileitis
and UC patients (see Fig. B, Supplemental Digital Content 4,
http://links.lww.com/IBD/A635). In patients with Crohn’s ileitis,
expression levels of Lgr5 and Bmi1 were significantly reduced,
whereas HSPA4 expression was increased compared with those
in controls or patients with UC. Increased HSPA4 expression might
affect the disease activity of CD with small intestinal involvement.
Consistently, in refractory Crohn’s ileitis, HSPA4 expression in the
ileum was significantly higher than that in the ileum of controls
(1.55 6 0.44 versus 0.77 6 0.12, P ¼ 0.033).

Expression of HSPA4, Bcl-2, and Bmi1 Is
Increased in the Intestinal Mucosa of
Refractory IBD

Immunohistochemical analysis was performed to identify
the cells expressing HSPA4 in human intestine. In the normal

mucosa, epithelial cells but not inflammatory cells expressed
HSPA4 protein, whereas in chronically inflamed mucosa,
HSPA4 was expressed in inflammatory cells as well as in epithelial
cells (Fig. 3A). Recent data have shown that the most powerful
therapeutic approaches inhibit inflammatory cell survival by induc-
ing apoptosis.2,3 Correspondingly, in refractory UC, inflammatory
cells express antiapoptotic Bcl-2 protein (Fig. 3A). Given the sig-
nificant correlation between HSPA4 and Bcl-2 expression (Fig. 1),
we next explored whether an association exists between HSPA4
expression and the clinical status of UC. HSPA4 expression levels
were significantly higher in patients with refractory UC than in
those with nonrefractory active UC or controls (Fig. 3B). In con-
trast, similar expression levels of HSPA4 were found in the colonic
mucosa between patients without IBD and those with nonrefractory
active UC (Fig. 3B). Increased Bcl-2 and Bmi1 expression levels
were also found in the colonic mucosa of refractory UC patients
compared with nonrefractory UC patients (Fig. 3B).

Twenty-three colonic mucosal samples were obtained from
patients with UC before the initiation of steroid therapy, and the
response to steroid therapy was evaluated prospectively. Among
the 23 patients with UC treated with steroid and evaluated
prospectively, 8 turned out to be steroid-resistant. We then
determined the correlation of the expression levels of HSPA4 and
Bmi1 to the clinical outcome of steroid therapy. The expression
levels of HSPA4 and Bmi1 in the colonic mucosa were 1.346 0.30
and 2.65 6 0.21 in patients without subsequent clinical response to
steroid therapy, whereas we detected expression levels of 0.776 0.10
and 1.57 6 0.15 in patients with clinical response, respectively.
Patients with high expression of HSPA4 or Bmi1 showed signifi-
cantly lower response rates on steroid therapy as compared with
patients with low expression of HSPA4 or Bmi1 (Fig. 3C). There
was no significant difference in age, disease duration, serum C-reac-
tive protein, hemoglobin, or endoscopic findings evaluated using
Matts score between steroid-responders and nonresponders (see
Table, Supplemental Digital Content 5, http://links.lww.com/IBD/
A636). We also evaluated the expression level of HSPA4 and
Bmi1 by a receiver operating characteristic analysis. The area under
curve was 0.75 (95% confidence interval, 1.117–51.24) in HSPA4
expression and 0.88 (95% confidence interval 1.900–34.72) in Bmi1
expression. The receiver operating characteristic analysis identified
a value $0.98, as an optimum cutoff point to differentiate between
patients with high and low HSPA4 expression, with a sensitivity of
71.5% and a specificity of 75.0%, whereas the receiver operating
characteristic analysis identified a value of $ 2.2, as an optimum
cutoff point to differentiate between patients with high and low Bmi1
expression, with a sensitivity of 85.7% and a specificity of 87.5% for
the prediction of response to steroid therapy (see Fig., Supplemental
Digital Content 6, http://links.lww.com/IBD/A637).

Chronic inflammation often precedes or accompanies many
types of cancers. In this study, HSPA4 was overexpressed in
29 of 32 colorectal cancer cases we examined. Moreover, HSPA4-
specific signals were observed in colorectal cancer cells and
inflammatory cells (Fig. 3D and see Fig., Supplemental Digital
Content 7, http://links.lww.com/IBD/A638).

FIGURE 2. Association between HSPA4 and Bcl-2 or stem cell marker
expression in the intestinal mucosa of patients with CD. Scatter plot of
relative mRNA levels of HSPA4 and the indicated genes (A, Bcl-2;
B, Sox2; C, Lgr5; D, IL-17) in human colonic mucosa. The mRNA level of
each gene in the normal colon of an individual without UC was given an
arbitrary value of 1.0.
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Increased Susceptibility of HspA42/2 Mice to
Intestinal Cell Apoptosis When Challenged
with DSS

HspA42/2 mice were used to clarify the physiological and
pathological functions of HSPA4 in vivo. They did not show
gross abnormalities but produced smaller litters than WT sib-
lings, which is consistent with the results of a previous
report.17,18 Experimental colitis was induced by treating mice
with 2.5% DSS, and DSS-induced colon shortening, a marker
for intestinal damage, was found to be augmented in HspA42/2

mice (Fig. 4A, B). Histological analysis revealed substantially
more epithelial damage and disruption of crypt architecture in
HspA42/2 mice than in WT mice (Fig. 4C). To confirm the
role of HSPA4 in apoptosis, we compared apoptosis induction
in DSS-treated WT and HspA42/2 mice. Gut apoptosis was
2- to 3-fold higher in DSS-treated HspA42/2 mice than in sim-
ilarly treated WT mice (Fig. 4D, E).

FIGURE 4. Susceptibility to intestinal cell apoptosis is increased in
HspA42/2 mice challenged with DSS. WT and HspA4 knock-out
(HspA42/2) mice were treated with DSS for 7 days and euthanized. A,
Colons of WT and HspA42/2 mice. B, Colon lengths after treatment
with DSS. *P , 0.05 compared with WT mice. C, Representative
photographs of H&E-stained colons of WT and HSPA42/2 mice before
and 7 days after the initiation of DSS administration. Scale bar,
100 mm. D, TUNEL staining of colonic tissues from WT and HspA42/2

mice treated with DSS for 7 days. Scale bar, 50 mm. E, The apoptotic
index was calculated by counting TUNEL signals in 100 crypts. DAPI:
4,60diamidino-2-phenylindole.

FIGURE 3. Increased expression of HSPA4, Bcl-2, and Bmi1 in the
intestinal mucosa of patients with refractory IBD. A, Representative
immunohistochemical images of HSPA4 and Bcl-2 in colonic tissues of
patients with treatment-refractory UC and controls. Scale bar, 100 mm.
B, The expression of HSPA4, Bcl-2, and Bmi1 mRNA in human colonic
mucosa was analyzed by quantitative real-time PCR for patients
without IBD (controls; n ¼ 30), those with nonrefractory active UC (n ¼
90), and those with refractory UC (n ¼ 66). P values were calculated by
post hoc Tukey–Kramer honestly significant difference multiple com-
parison. The F and P values for the analysis of variance test are as
follows: F(2,179) ¼ 17.00; P , 0.0001 (HSPA4), F(2,179) ¼ 5.92; P ¼ 0.0032
(Bcl-2), and F(2,179) ¼ 16.55; P , 0.0001 (Bmi1). C, The expression of
HSPA4 and Bmi1 mRNA in human colonic mucosa was analyzed by
quantitative real-time PCR for steroid-responders and nonresponders.
D, Representative immunostaining images of colorectal cancer tissues
with anti-HSPA4 antibody. Scale bar, 100 mm.
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Attenuated Immune Response by HSPA4
Deficiency in Inflammatory Cells

Examination of the colonic lysates from WT and HspA42/2

mice revealed that HSPA4 deficiency resulted in decreased levels
of antiapoptotic protein Bcl-2 and stress-response protein Cirp
(Fig. 5A). HSPA4 is expressed both in epithelial cells and mes-
enchymal cells including T lymphocytes and macrophages (see
Fig., Supplemental Digital Content 8, http://links.lww.com/IBD/
A639). In inflammatory cells, heterozygous HSPA4 deficiency
reduced Bcl-2 expression (Fig. 5B) and HSPA4 deficiency
increased apoptosis (Fig. 5C, D), which would attenuate immune
response in the gut. Consistently, in the intestinal tissues of DSS-
treated HspA42/2 mice, IL-17 and IL-23 expression levels were
reduced compared with those of similarly treated controls (Fig. 5A).

In short-term inflammation induced by DSS administration
for 7 days, HSPA4 expression levels in inflammatory cells was
much lower than that in epithelial cells (see Fig., Supplemental
Digital Content 8, http://links.lww.com/IBD/A639), whereas
chronic inflammation substantially upregulated HSPA4 expres-
sion in immune cells (Fig. 3A, B). These data suggest the possi-
bility that HSPA4 in immune cells might be involved in the
pathogenesis of refractory IBD. To functionally characterize the
contribution of different cell populations to intestinal inflamma-
tion, we performed BM transplantation. Nontransplanted controls
survived ,2 weeks after irradiation, indicating there was ablation
of the endogenous marrow. All HspA4+/2 mice rescued with WT
BM were dead when treated with DSS for 7 days. WT mice
harboring WT BM had significantly shorter colons than WT mice
harboring HspA4+/2 BM (Fig. 5E), suggesting that HSPA4 in
hematopoietic cells contributes to augmented immune response.

Given the significant correlation between expression of
HSPA4 and stem cell markers in humans (Fig. 1), we speculated
that HSPA4 regulates the expression of stem cell markers. HSPA4
deficiency decreased both Sox2 expression and the number of
Sox2+ cells in the DSS-treated colon (Fig. 5A, F, G).

Inhibition of Apoptosis by HSPA4
Overexpression and Decreased Cytokine
Production by HSPA4 Knock-down

HSPA4 seemed to exhibit antiapoptotic activity in the
intestine (Fig. 4). Next, we assessed the antiapoptotic effect of
HSPA4 using isogenic stable cell lines. An imbalance between the
cellular demand for protein synthesis and the capacity of the
endoplasmic reticulum (ER) in promoting protein maturation
and transport can lead to the accumulation of unfolded or

FIGURE 5. Attenuated immune response by HSPA4 deficiency in
inflammatory cells. WT, heterozygous HspA4 knock-out (HspA4+/2) and
HspA4 knock-out (HspA42/2) mice were treated with DSS for 7 days
and euthanized. Because HSPA42/2 mice produced smaller litters than
WT siblings, HspA4+/2 mice were used in some experiments. A, Rela-
tive mRNA amounts of the indicated genes in colonic tissues were
determined by real-time qPCR and normalized to the levels of actin
mRNA. The mRNA level of each gene in the untreated colon was given
an arbitrary value of 1.0. Data are expressed as mean6 SEM (n ¼ 6 per
group). *P , 0.05 compared with WT mice. B, Relative levels of Bcl-2
and Bcl-xL in colonic lamina propria myeloid cells of mice treated with
DSS. C, Representative images of immunohistochemical detection of
E-cadherin, a marker for epithelial cells, and TUNEL staining of colonic
tissues from DSS-treated mice. D, TUNEL+/E-cadherin2 cells were
counted in 5 randomly selected views under a confocal laser micro-
scope. *P , 0.05 compared with WT mice. Data are expressed as
mean 6 SEM. E, WT mice with WT or HspA4+/2 BM and HspA4+/2 mice

with WT or HspA4+/2 BM were generated by BM transplantation.
P values were calculated by post hoc Tukey–Kramer honestly signifi-
cant difference multiple comparison. F, Expression of Sox2 and HSPA4
in DSS-treated colons. Colon sections before and after DSS treatment
were immunostained with the indicated antibodies. Scale bar ¼
100 mm. G, Quantification of Sox2+ intestinal stem cells per 10 crypts.
*P , 0.05 compared with WT mice. Data are expressed as mean 6
SEM (n ¼ 6 per group).
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malfolded proteins in the ER lumen, a condition known as ER
stress.19 Unresolved ER stress in intestinal epithelial cells, a com-
mon feature of IBD, has emerged as an important mechanism that
initiates intestinal inflammation.20 Thapsigargin, an inhibitor of
the sarcoplasmic/ER Ca2+ ATPase pump, disrupts ER Ca2+ stores
and triggers ER stress-mediated apoptosis.21 In this study, over-
expression of HSPA4 significantly prevented thapsigargin-
induced cell death in HSPA4-deficient fibroblasts (Fig. 6A).
HSPA4 also prevented cell death induced by genotoxic stress
(Fig. 6B). To assess whether HSPA4 prevents apoptosis, we mea-
sured caspase-8 and caspase-9 activity. HSPA4 overexpression
suppressed both caspase-8 and caspase-9 activities in
thapsigargin-treated cells (Fig. 6C, D). Additionally, HSPA4
overexpression suppressed adriamycin-induced activation of
caspase-8 and caspase-9 (Fig. 6C, D). The antiapoptotic protein
levels of Bcl-2 and Bcl-xL, which are known to play critical roles
in the caspase-dependent apoptotic pathway,22 were upregulated by
HSPA4 (Fig. 6E, F). HSPA4 overexpression increased Sox2
expression in mouse fibroblasts (Fig. 6F). In Jurkat cells, an immor-
talized line of human T lymphocytes, knock-down of HSPA4
enhanced cacpase-8 and caspase-9 activities (see Fig. A, B, Sup-
plemental Digital Content 9, http://links.lww.com/IBD/A640
and data not shown) and cell death in response to ER and
genotoxic stress (see Fig. C, Supplemental Digital Content 9,
http://links.lww.com/IBD/A640). HSPA4 knock-down decreased
expression of proinflammatory cytokines, such as IL-1b, IL-6,
IL-17, and TNF-a (Fig. 6G).

DISCUSSION
Stress triggers important adaptive responses to maintain

homeostasis. The most conserved and the most ubiquitous of the
stress responses is induced expression of heat shock proteins that
act as chaperones against stress-induced denaturation of protein.
By contrast, an increased and reduced stress response can create
pathogenic conditions, such as inflammation and carcinogene-
sis.23 Using the zebrafish model system, Crawford et al24 reported
that under inflammatory stress conditions within the gut, expres-
sion of HSPA4 is upregulated in a manner similar to that pre-
viously observed for mammalian HSP70. Here, we found that
HSPA4 expression is increased by refractory and long-term
inflammation in human colonic mucosa. Hypoxia that is enhanced
in chronic inflammatory diseases including IBD was suggested to
upregulate the expression of HSP110 and HSP70.25 Given that
HSPA4 is a member of the HSP110 family, this may be one
explanation for HSPA4 induction by chronic inflammation. How-
ever, the exact mechanisms by which long-term inflammation
upregulates HSPA4 expression remain to be unknown.

In chronically inflamed mucosa seen in refractory IBD,
HSPA4 was found to be expressed in inflammatory cells and
epithelial cells. In the colonic mucosa of patients with IBD,
a significant correlation was observed between the expression of
HSPA4 and antiapoptotic protein Bcl-2. Furthermore, HSPA4
was shown to increase Bcl-2 expression and inhibit apoptosis in

inflammatory cells in murine colitis model. Given that Bcl-2–
mediated apoptosis resistance in inflammatory cells has been
shown to exacerbate inflammation and attenuate therapeutic effi-
cacy in IBD,3 HSPA4, whose expression is upregulated by

FIGURE 6. Inhibition of apoptosis by HSPA4 overexpression and
decreased cytokine production by HSPA4 knock-down. A and B,
HspA4-deficient fibroblasts with or without HSPA4 overexpression
were cultured with media containing (A) thapsigargin (3 mM) or (B)
adriamycin (2 mM). The number of viable cells was estimated by MTT
assay at the indicated times after exposure to the stressors. C and D,
HspA4-deficient fibroblasts with or without HSPA4 overexpression
were cultured with media containing (C) thapsigargin (3 mM) or (D)
adriamycin (2 mM) for 7 hours. Caspase-8 (C) and caspase-9 (D) activity
was measured. Data are expressed as the mean 6 SEM of triplicate
experiments. *P , 0.05 compared with HspA4-deficient fibroblasts.
E, HspA4-deficient fibroblasts with or without HSPA4 overexpression
were cultured with media containing thapsigargin (3 mM) or adriamycin
(2 mM) for the indicated times. Homogenates were gel-separated and
immunoblotted with the indicated antibodies. F, mRNA was isolated
from HspA4-deficient fibroblasts with and without HSPA4 over-
expression. Relative mRNA levels of the indicated genes was deter-
mined by real-time qPCR and normalized to the levels of actin mRNA.
Data are expressed as the mean 6 SEM of triplicate experiments. *P ,
0.05 compared with HspA4-deficient fibroblasts. G, HSPA4 siRNA or
control siRNA was transfected into Jurkat cells, an immortalized line of
human T lymphocytes. After 24 hours, RNA was extracted. Relative
mRNA levels of the indicated genes was determined by real-time qPCR
and normalized to the levels of actin mRNA.
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chronic inflammation, likely inhibits apoptosis in inflamma-
tory cells and augments resistance to treatment through the
upregulation of Bcl-2. Correspondingly, gene expression anal-
ysis on biopsy samples prospectively obtained before treat-
ment from responders and nonresponders suggested that
HSPA4 expression might have a predictive value for the effi-
cacy of steroid treatment in IBD. Persistent inflammation re-
sulting from insufficient treatment might exacerbate intestinal
inflammation through the increased expression of HSPA4 in
inflammatory cells.

The interleukin (IL)-23/Th17 (T-helper IL-17–producing cell)
pathway has been identified to play a critical role in IBD. IL-23 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 IL-17A, IL-
17F, IL-21, and IL-22.26 Th17 cells are a lineage of CD4+ effector T
cells expressing HSPA4. In a cell line of human T lymphocytes and
colonic mucosa of DSS-treated mice, HSPA4 deficiency reduced
IL-17 and IL-23 expression. In the intestinal mucosa of patients
with IBD, HSPA4 expression correlated with proinflammatory cy-
tokines, including IL-17. Given the increased expression of HSPA4
in refractory IBD, HSPA4 overexpression, which results from
chronic inflammation due to therapeutic resistance, would further
drive resistance to therapy through the increased expression of Bcl-2
and proinflammatory cytokines, such as IL-17.

Stem cell homeostasis is required to maintain tissue viability
and ensure long-term survival. Bcl-2 promotes cancer stem cell
survival in response to stimuli by inhibiting the mitochondrial
proapoptotic pathway,27 whereas Bcl-2 inhibition reduces oxidative
phosphorylation and selectively eradicates quiescent stem cells.28 In
this study, disruption of HSPA4 decreased the Bcl-2 expression and
Sox2+ cell population in DSS-induced inflamed colon. In addition,
the expression of stem cell markers, such as Sox2, Lgr5, and Bmi1
correlated significantly with that of HSPA4 in the colonic mucosa
of patients with IBD. These findings suggest that HSPA4 might
promote survival of stem/progenitor cells through the upregulation
of Bcl-2. 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 stem cells.29 Recent
study has suggested that IL-17+ cells have the capacity to induce
cancer-initiating cells.30 It should be noted that downregulation of
the stem cell markers in the absence of HSPA4 might be secondary
effects mediated by reduced inflammation rather than the direct
effects by HSPA4 deficiency.

It is clear that chronic inflammation plays a causative role in
the transition to adenocarcinoma in IBD. The association between
IBD and colitic cancer is well established; the cumulative risk for
developing colorectal cancer after 20 years is reported to be 7% for
UC and 8% for CD.31 Periodic colonoscopic surveillance with
multiple biopsies is the conventional means of early detection of
colitis-associated dysplasia/cancer. However, such surveillance pro-
grams have a number of limitations,32 and surveillance strategies
need to be appropriately personalized. Here, we showed that

HSPA4 expression is increased by refractory and long-term colitis
in humans, which is a high-risk factor for the development of colitic
cancer. IL-23/IL-17 signaling, which is activated by HSPA4, en-
hances the immunosuppressive activity of regulatory T cells and
reduces CD8+ cells in tumor, leading to enhanced tumor initiation
and promotion.33,34 HSPA4 was overexpressed in human colorectal
cancer cases, and HSPA4-specific signals were observed both in
cancer cells and inflammatory cells. HSPA4 might be involved in
colorectal tumorigenesis through increased expression of IL-17.
The expression of Bcl-2 and Bmi1 is also increased in refractory
UC. Therefore, analyzing HSPA4, Bcl-2, and Bmi1 expression
levels may be effective for improving the identification of patients
with IBD at high risk for colitic cancer. A future large-scale study
of patients with IBD at different stages will be crucial for deter-
mining whether HSPA4 can be used as a biomarker for predicting
the risk for colorectal carcinogenesis.

Bmi1-positive cells are resistant to high-dose radiation
injury. After irradiation, the normally quiescent Bmi1-positive
stem cells dramatically proliferate to clonally repopulate multi-
ple contiguous crypts and villi.35 We demonstrated that Bmi1
expression was increased by chronic inflammation in human
colonic mucosae. Bmi1 might be a marker for mucosal regener-
ation under stress conditions.

In summary, HSPA4 induced by chronic inflammation likely
inhibits the apoptosis of inflammatory cells and augments immune
response through upregulating Bcl-2 and IL-17 expression, leading
to treatment resistance. HSPA4 and Bmi1 would be useful
biomarkers for refractory clinical course in patients with IBD.
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Editorial

Malignant Transformation of  
Hepatocellular Adenoma:  
How Frequently Does It Happen?

Introduction

Hepatocellular adenoma is a very rare disease in Japan, and institutions encounter only 
a limited number of cases. This is one of the reasons for the current skepticism in Japan over 
whether hepatocellular adenoma can truly undergo malignant transformation to hepatocel-
lular carcinoma. However, hepatocellular adenoma is highly prevalent in Western countries, 
particularly in Europe, and textbooks from these countries have long noted that hepatocel-
lular adenoma carries risks of bleeding and malignant transformation. Most of the cases of 
hepatocellular carcinoma routinely encountered in Japan occur as a result of chronic liver in-
jury from viral disease, and it is extremely rare to encounter liver cancer that has developed 
from hepatocellular adenoma in healthy liver. It would be no exaggeration to say that this is 
almost never seen. Therefore, a survey and literature review was conducted to assess how 
many cases of hepatocellular adenoma actually undergo malignant transformation in Japan.

Nationwide Survey in Japan

A nationwide survey was conducted in 1000 institutions, mainly those participating in 
follow-up surveys conducted by the Liver Cancer Study Group of Japan. Valid responses were 
obtained from only 56 institutions. Of these, 38 had encountered hepatocellular adenoma 
and 18 had not. The total number of cases encountered was 63. Treatment was resection [1] 
in 40 cases, transcatheter arterial chemoembolization [2] in 2 cases, and careful follow-up 
in 21 cases. The ways in which diagnosis came about were as follows: tumor rupture (n = 
4), incidental detection on screening (n = 25), referral from another hospital or clinic (n = 
32), and other (n = 2). Malignant transformation of hepatocellular adenoma was believed to 
have occurred in only 2 of these 63 cases (3.2%): diagnostic confirmation was made based 
on tumor growth in one case and on tumor growth together with liver biopsy results in the 
other. Not even a single case was reported in which malignant transformation of hepatocel-
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lular adenoma was determined to have occurred based on resection showing a hepatocel-
lular carcinoma surrounded by a hepatocellular adenoma. The above results indicate that 
malignant transformation of hepatocellular adenoma is very rarely observed in a routine 
clinical setting in Japan (table 1).

Literature Review

According to an analysis of the literature by Farges et al. that reports at least 20 re-
sected hepatocellular adenomas, hepatocellular carcinoma nodules were clearly observed 
within hepatocellular adenoma in 3 of 74 patients (5%) in the 1980s, 4 of 136 patients (4%) 
in the 1990s, and 30 of 530 patients (6%) in the 2000s [3–18] (table 2). Their review in-
cluded a report of 25 cases of hepatocellular adenoma reported by Ichikawa et al. (the first 
author worked at a Japanese institution and co-authors worked overseas in the USA and 
Italy) in which hepatocellular carcinomas were found in 2 of the 14 hepatocellular adenomas 
resected. However, these could well have been patients at the overseas sites, which would 
mean that no substantial report of malignant transformation of hepatocellular adenoma in 
Japanese patients has been published to date. Stoot et al. analyzed 1635 cases of hepatocel-
lular adenoma compiled from 157 articles and 17 case reports published between 1970 and 
2010, and found a malignant transformation rate of 4.2% [19]. They reported that among 
hepatocellular adenomas ≤5 cm in diameter, only 3 (4.2%) underwent malignant transfor-
mation. Stoot et al.’s review covers the large studies by Dokmak et al. (n = 122) [18], Deneve 
et al. (n = 124) [16], and Bioulac-Sage et al. (n = 128) [15], which were also included in the 
abovementioned review by Farges et al. [20]. The rate of malignant transformation was 10% 
according to Dokmak et al. [18] and 4% according to both Deneve et al. [16] and Bioulac-
Sage et al. [17]. Farges et al. also assessed malignant transformation in 218 resected hepa-
tocellular adenomas based on an abnormal trabecular pattern and a reduced reticulin net-
work or glypican-3 expression, and found a transformation rate of 10% [21]. Among these 
patients, the risk of malignant transformation was observed to be 4% in women and 47% in 

Table 1.  Survey results

1. Sent to a total of 1000 institutions
2. Responses received from 56 institutions
3. Has your institution encountered  
hepatocellular adenoma?

Yes 38 institutions,  
63 cases

No 18 institutions
4. Treatment method Resection 40 cases

Transcatheter embolization/ 
chemoembolization

2 cases

Ablation 0 cases
Watchful waiting 21 cases

5. How the diagnosis was made Tumor rupture 4 cases
Screening 25 cases
Referral from another hospital/ 
clinic

32 cases

Other 2 cases
6. In how many cases do you believe  
malignant transformation of HCA  
occurred?

Two cases (one based on tumor 
growth, one based on tumor growth  
+ liver biopsy)
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men, with 64% of cases having a β-catenin-activated hepatocellular adenoma. Furthermore, 
31% of these patients also had metabolic syndrome. Therefore, Farges et al. concluded that 
although malignant transformation is not clearly an established disease concept of hepatocel-
lular adenoma, it may not be as rare as was previously thought.

However, Witjes et al. pointed out that because malignant transformation of hepatocel-
lular adenoma is exceedingly rare in non-cirrhotic livers, it is biased to review resected cases 
only, and as such this rate may be overestimated [22]. They studied 52 hepatocellular carci-
nomas in 48 patients with non-cirrhotic livers and none of the findings indicated pathological 
transition from hepatocellular adenoma to hepatocellular carcinoma, and the expression of 
markers of well-differentiated hepatocellular carcinoma or hepatocellular adenoma was not 
observed in seven patients. Thus, there was no evidence that the cancer developed from he-
patocellular adenoma in any of their cases. Nault et al. have also noted that many reports of 
malignant transformation of hepatocellular adenoma based on hepatectomy overestimate its 
incidence [23]. Whether or not hepatocellular adenoma can undergo malignant transforma-
tion is one of the most debated aspects of hepatocellular adenoma, and more basic and clinical 
research must be conducted on this issue.

The 2010 updated edition of the WHO Classification of Tumours of the Digestive System 
clearly states that β-catenin-activated hepatocellular adenomas are at high risk for malignant 
transformation to hepatocellular carcinoma [24]. However, malignant transformation of he-
patocellular adenoma remains a controversial issue even in Europe and the United States, 
where there is a much higher incidence of hepatocellular adenoma than in Japan.

Table 2.  Frequency of malignant transformation of hepatocellular adenoma: Number of reported cases 
by decade from reports including at least 20 resected cases

Reference  
(first author)

Publication  
year

Patients with adenoma HCC within adenoma 
number of patients

total resected sex ratio

Kerlin [14] 1983 23 17 21/2 2
Mathieu [15] 1986 27 27 27/0 0
Leese [16] 1988 24 17 16/8 1
Total 74 61 3 (5%)
Arrive [17] 1994 29 21 27/2 01

Foster [18] 1994 50 37 NA 12

Nagorney [19] 1995 24 19 22/2 1
Weimann [20] 1997 44 39 39/4 2
Total 136 116 4 (4%)
Ichikawa [21] 2000 25 14 21/4 2
Reddy [22] 2001 25 25 25/0 1
Terkivatan [23] 2001 33 19 29/4 0
Toso [24] 2005 25 25 23/2 2
Van der Windt [25] 2006 48 16 48/0 2
Cho [26] 2008 41 41 38/3 2
Deneve [27] 2009 124 119 116/8 5
Bioulac-Sage [11] 2009 128 128 116/12 6
Dokmak [12] 2009 122 122 108/14 10
Total 530 509 30 (6%)

1Dysplasia was present in 3 patients. 2Hepatocholangiocarcinoma. Reproduced with permission from 
Farges O, et al.[20].
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Conclusion

There have been no definite reports of hepatocellular adenoma truly undergoing malig-
nant transformation in Japan, where few cases of hepatocellular adenoma are encountered, 
so this will likely continue to remain a major issue of contention here. To resolve this issue, 
we have to wait for the results of basic and clinical research conducted in Western coun-
tries where the disease is more common. Given that there have been no reports definitively 
showing hepatocellular adenoma pathologically transitioning to hepatocellular carcinoma, 
the least that can be said at this time is that malignant transformation of hepatocellular ad-
enoma should not pose much of a problem in routine clinical practice.

However, recent advances in imaging [25, 26] and molecular classification have made 
it easier to diagnose hepatocellular adenomas and even to subclassify them. Therefore, for 
the time being, resection remains the first-line treatment for hepatocellular adenoma due 
to concerns about bleeding risk and the small but present risk of malignant transformation.
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A B S T R A C T

We previously reported that activin produces a signal with a tumor suppressive role in pancreatic cancer
(PC). Here, the association between plasma activin A and survival in patients with advanced PC was in-
vestigated. Contrary to our expectations, however, patients with high plasma activin A levels had a
significantly shorter survival period than those with low levels (median survival, 314 days vs. 482 days,
P = 0.034). The cellular growth of the MIA PaCa-2 cell line was greatly enhanced by activin A via non-
SMAD pathways. The cellular growth and colony formation of an INHBA (beta subunit of inhibin)-
overexpressed cell line were also enhanced. In a xenograft study, INHBA-overexpressed cells tended to
result in a larger tumor volume, compared with a control. The bodyweights of mice inoculated with INHBA-
overexpressed cells decreased dramatically, and these mice all died at an early stage, suggesting the
occurrence of activin-induced cachexia. Our findings indicated that the activin signal can promote cancer
progression in a subset of PC and might be involved in cachexia. The activin signal might be a novel target
for the treatment of PC.

© 2014 Elsevier Ireland Ltd. All rights reserved.

Introduction

Pancreatic cancer (PC) is a devastating disease. Gemcitabine has
been the standard therapy in patients with advanced PC for over a
decade, but recently, the overall survival (OS) has been signifi-
cantly prolonged using combination therapies, such as gemcitabine
plus erlotinib, a combination of oxaliplatin, irinotecan, fluoroura-
cil and leucovorin (FOLFIRINOX), or a combination of nab-paclitaxel
and gemcitabine [1–3]. Despite some recent progress, however, the
OS rate of patients with PC is still less than 5% [4].

The progression of PC is thought to be influenced by multiple
genetic alterations. During early genetic events, such as activating
mutations in the K-ras oncogene, pancreatic duct lesions show
minimal cytological and architectural atypia. The inactivation of the
p16 tumor suppressor gene appears to occur at a later stage,
followed by the loss of the p53, SMAD4, and BRCA2 tumor suppres-
sor genes [5]. Despite such recent breakthroughs in the molecular
biology of PC, the inhibition of the epidermal growth factor
receptor using erlotinib is, to date, the only targeted approach that

has demonstrated a survival benefit [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 [6,7]. 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 regulatory com-
plexes. As a result, TGFB-mediated growth inhibition is lost. The
SMAD4 gene is inactivated in 55% of PC tumors, and numerous
studies on the TGFB signal in PC have been reported [5,8]. In ad-
dition, pancreatic-specific TGFBR2 or SMAD4-knockout mice with
active K-ras expression reportedly developed PC [9,10]. However,
few studies regarding the activin signal, which also belongs to the
TGFB superfamily, have been reported [11–13]. Activins are related
dimeric proteins and mature activins are composed of two inhibin
beta subunits (beta A and beta B encoded by the INHBA and INHBB
genes, respectively). These subunits assemble into the active dimeric
growth factors activin A (beta A, beta A), activin B (beta B, beta B),
and activin AB (beta A, beta B) [14]. Defects in several genes in-
volved in the activin signal pathway have been characterized in
several cancers, and the activin signal induces growth inhibition and
apoptosis mainly through SMAD-dependent pathways [15–21]. In
contrast, however, a recent study has demonstrated that the activin

* Corresponding author. Tel.: +81 72 366 0221; fax: +81 72 367 6369.
E-mail address: knishio@med.kindai.ac.jp (K. Nishio).
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signal is associated with self-renewal and the tumorigenicity of PC
stem cells [13], and several articles have demonstrated that
upregulated INHBA expression may promote cancer cell prolifera-
tion in several cancers [22–24]; thus, the role of the activin signal
in pancreatic carcinogenesis remains controversial.

In our previous study, we identified the homozygous deletion
of the activin A receptor, type IB (ACVR1B) gene in PC cell lines and
clinical samples and showed that the activin signal has a tumor sup-
pressive role [21]. In the present study, we analyzed the association
between the plasma activin A levels and survival in patients with
advanced PC, but the results were contrary to our expectations. Thus,
we investigated the roles of the activin signal, other than tumor sup-
pression, in PC.

Materials and methods

Patients and sample collection

A total of 38 patients with a good performance status (PS) who had been diag-
nosed as having unresectable PC based on the results of an endoscopic biopsy
performed at Kindai University Hospital between April 2007 and March 2008 were
enrolled. This study was retrospectively performed and was approved by the insti-
tutional review board of the Kindai University Faculty of Medicine. Among those
who received chemotherapy at Kindai University Hospital, the progression-free sur-
vival (PFS) was defined as the time from the initiation of chemotherapy until the
first observation of disease progression or death from any cause, while OSwas defined
as the time from the initiation of chemotherapy until death from any cause. The re-
sponse to chemotherapy was evaluated at 1 month after the start of therapy and
every 2 months thereafter using computed tomography according to the Response
Evaluation Criteria in Solid Tumors.

Blood samples were collected at the time of diagnosis. Peripheral venous blood
was drawn into a tube containing ethylenediaminetetraacetic acid (EDTA) and was
immediately prepared by centrifugation at 1200 × g for 10 min. The plasma samples
were stored at −80 °C until use.

ELISA for activin A

The plasma concentrations and cell culture medium for activin A were deter-
mined using a specific sandwich ELISA according to the manufacturer’s instructions
(R&D Systems; Minneapolis, MN), as previously described [25].

Cell culture, ligands, and reagents

Sui65, Sui66, Sui67, Sui68, Sui69, Sui70, Sui71, Sui73, Sui74, and MIA PaCa-2 cell
lines (human PC cell lines) were maintained in RPMI-1640 medium (Sigma-
Aldrich, St. Louis, MO, USA) with 10% fetal bovine serum (FBS) [26]. The cell lines
were maintained in a 5% CO2-humidified atmosphere at 37 °C.

Activin A and follistatin (an antagonist of activin) were purchased from R&D
Systems. The ACVR1B/TGFBR1/ACVR1C-specific inhibitor SB431542, the AKT-
specific inhibitor LY294002, the JNK-specific inhibitor SP600125, 5-FU, and gemcitabine
were purchased from Sigma-Aldrich.

Plasmid construction, viral production, and stable transfectants

The methods used in this section have been previously described [25]. Briefly,
the cDNA fragment encoding the human full-length INHBA gene was isolated using
PCR and Prime STAR HS DNA polymerase (TaKaRa, Otsu, Japan). A full-length cDNA
fragment was introduced into a pQCLIN retroviral vector (Clontech; Palo Alto, CA)
together with enhanced green fluorescent protein (EGFP) following the internal ri-
bosome entry site sequence (IRES) to monitor the expression of the inserts indirectly.
The vectors and the stable viral transfectant MIA PaCa-2 and Sui66 cell lines were
designated as pQCLIN-EGFP, pQCLIN-INHBA, MIA PaCa/EGFP, MIA PaCa/INHBA, Sui66/
EGFP, and Sui66/INHBA, respectively.

Real-time reverse-transcription PCR (RT-PCR)

One microgram of total RNA from the cultured cell lines and normal pancreas
tissue purchased from Clontech were converted to cDNA using the GeneAmp RNA-
PCR kit (Applied Biosystems, Foster City, CA). Real-time PCR was performed using
SYBR Premix Ex Taq and Thermal Cycler Dice (TaKaRa), as described previously [25].
The experiment was performed in triplicate.

Western blot analysis

A western blot analysis was performed as described previously [25]. When the
influence of the ligands was evaluated, the cultured medium was replaced with 1%

FBS medium 8 hours before exposure to the ligands. Inhibitors were added three
hours before sample collection. Rabbit antibodies specific for SMAD2, phospho-
SMAD2, AKT, phospho-AKT, ERK, phosphor-ERK, JNK, phospho-JNK, p21, and β-actin
were obtained from Cell Signaling (Beverly, MA).

Cellular growth and inhibitory assay

The cellular growth and growth-inhibitory effects of 5-FU and gemcitabine in
the transfectant cell lines were examined using a 3, 4, 5-dimethyl-2H-tetrazolium
bromide (MTT; Sigma-Aldrich) assay, as described previously [25,27]. To evaluate
growth in the presence of ligands and inhibitors, we used 1% FBS medium [21]. The
experiment was performed in triplicate.

Colony formation assay

The transfectant cells (MIA PaCa-2 and Sui66) were seeded into a six-well plate
and a colony formation assay was performed, as previously described [21]. The ex-
periment was performed in triplicate.

Xenograft studies

Nude mice (BALB/c nu/nu; 6-week-old females; CLEA Japan, Inc.) were used for
the in vivo studies, described previously [25], and were cared for in accordance with
the recommendations for the Handling of Laboratory Animals for Biomedical Re-
search, compiled by the Committee on Safety and Ethical Handling Regulations for
Laboratory Animals Experiments, Kindai University. The ethical procedures fol-
lowed and met the requirements of the United Kingdom Coordinating Committee
on Cancer Research guidelines.

Statistical analysis

Continuous variables were analyzed using the Student t-test, and the results were
expressed as the average and standard deviations (SD). The univariate relationship
between each independent variable was examined using the χ2 test or the Fisher
exact test if there were five or fewer observations in a group. The PFS and OS were
analyzed using the Kaplan–Meier method and were compared among groups using
the log-rank test. The statistical analyses were two-tailed and were performed using
Microsoft Excel (Microsoft, Redmond, WA). A P value of less than 0.05 was consid-
ered statistically significant.

Results

Plasma activin A levels and patient characteristics

A total of 38 patients with advanced PC and a good PS (0 or 1)
were enrolled in this study (Table 1). The patients with PC ranged
in age from 54 to 82 years, with a median of 68 years, and the
male:female ratio was 22:16. The plasma activin A concentrations
determined using an ELISA assay ranged from 266.7 to 2711 pg/
mL, with a mean of 827.8 ± 483.8 pg/mL and a median of 667.5 pg/
mL. When the cut-off was set at 800 pg/mL, no significant difference
in the patient characteristics was observed between the low and
high groups, except for the incidence of distant metastasis (Table 1).

Prognostic significance of plasma activin A in patients with
advanced PC

Twenty-eight patients received chemotherapy (gemcitabine,
n = 17; gemcitabine/S1, n = 7; S1, n = 4) at Kindai University Hos-
pital. These regimens were commonly used in Japan before the
availability of erlotinib, FOLFIRINOX, or nab-paclitaxel. Among these
patients, no significant difference was observed in the response rate
to chemotherapy between the low and high plasma activin A groups
(8/17 vs. 6/11, P = 0.70) (Table 1). In contrast, patients with high
plasma activin A levels tended to have a shorter PFS than those with
low levels, although the difference was not significant (median PFS;
240 vs. 312 days, P = 0.083) (Fig. 1a). Furthermore, patients with high
levels had a significantly shorter OS than those with low levels
(median OS; 345 vs. 438 days, P = 0.034*) (Fig. 1b). Patients with
distant metastasis had significantly higher activin A concentra-
tions than those without (1004.21 ± 595.28 vs. 651.41 ± 241.76 pg/
mL, P = 0.022*) (Fig. 1c). Then, distant metastasis was also analyzed,
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and no significant difference in the OS was seen (median OS: 345
vs. 438 days, P = 0.13) (Fig. 1d). These findings suggest that plasma
activin A can be a predictive factor for tumor progression and sur-
vival in patients with advanced PC.

INHBA and INHBB mRNA expressions and the influence of follistatin
and activin A in several PC cell lines

Considering the results of several previous studies, including our
study showing the tumor suppressive role of the activin signal, the
negative prognostic significance of the plasma activin A level was
contrary to our expectations. Consequently, the mRNA expres-
sions of INHBA and INHBB (inhibin, beta subunits) were evaluated
in normal pancreatic tissue, the hTERT-HPNE cell line (a normal pan-
creatic duct cell line), and several PC cell lines using real time RT-
PCR. The Sui71 and Sui74 cell lines exhibited a high expression level
of INHBA or INHBB mRNA (Fig. 2a).

Next, to investigate the role of highly expressed INHBA and INHBB,
the effects of follistatin, an antagonist of activin, on the prolifera-
tions of the Sui71 and Sui74 (high expression of INHBA or INHBB
mRNA) and the Sui66 and MIA PaCa-2 (low expressions) cell lines
were investigated using an MTT assay. The cellular growth of the
Sui71 and Sui74 cell lines (high expressions) was inhibited using
follistatin, whereas that of the Sui66 and MIA PaCa-2 cell lines (low
expressions) was not changed (Fig. 2b and c). In our previous study,
activin A inhibited the cellular growth in the Sui66 and Sui73 cell

Table 1
Patient characteristics and associations with plasma activin A levels.

Patients
characteristics

Plasma activin A P-values

<800 pg/mL
(n = 23)

≥800 pg/mL
(n = 15)

Age
<70 years 15 10 0.93
≥70 years 8 5

Gender
Male 14 8 0.65
Female 9 7

Lymph node metastasis
Negative 5 2 0.68
Positive 18 13

Distant metastasis
Negative 15 4 0.020*
Positive 8 11

Treatment
Best supportive care 3 3 0.67
Chemotherapy 17 11
Unknown 3 1

Response to chemotherapy
PR 8 6 0.70
SD or PD 9 5

Median PFS (days) 312 240 0.083
Median OS (days) 482 342 0.034*

PR, partial response; SD, stable disease; PD, progressive disease; PFS, progression-
free survival; OS, overall survival.
PFS and OSwere analyzed using the log-rank test, and the others were analyzed using
the χ2 test or the Fisher exact test if there were five or fewer observations in a group.
* P < 0.05.

Fig. 1. Plasma activin A levels and prognosis. (a) Kaplan–Meier curve of PFS between patients with high plasma activin A levels and those with low levels. Patients with
high plasma activin A levels tended to have a shorter PFS (although the difference was not significant) than those with low levels (median PFS; 240 vs. 312 days, P = 0.083).
(b) Kaplan–Meier curve of OS between patients with high plasma activin A and those with low levels. Patients with high levels had a significantly shorter OS than those
with low levels (median OS; 345 vs. 438 days, P = 0.034*). (c) Association between distant metastasis and plasma activin A concentrations. Patients with distant metastasis
had significantly higher activin A concentrations than those without (1004.21 ± 595.28 vs. 651.41 ± 241.76 pg/mL, P = 0.022*). (d) Kaplan–Meier curve of OS between pa-
tients with distant metastases and those without distant metastasis. No significant difference in OS was observed (median OS; 345 vs. 438 days, P = 0.13).
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lines (wild-type ACVR1B and SMAD4 gene) [21]. In the MIA PaCa-2
cell line (wild-type ACVR1B and SMAD4 gene), however, activin A
greatly enhanced the proliferation, which was cancelled by follistatin
(Fig. 2d). These findings suggest that activin A enhances cellular
growth in a subset of PC.

Non-SMAD pathways were activated by activin A and the inhibitors
cancelled the enhanced proliferation in the MIA PaCa-2 cell line

The SMAD pathway is known as a tumor suppressor, inhibiting
cellular growth in several cancers, whereas non-SMAD pathways,

Fig. 2. Expressions of INHBA and INHBB mRNA in PC cell lines and the effect of activin signals on the proliferation of the PC cell lines. Real-time RT-PCR was used to eval-
uate the INHBA and INHBB mRNA expression levels in normal pancreatic tissue, the hTERT-HPNE cell line (normal pancreatic duct cell line) and several PC cell lines. To
evaluate growth in the presence of ligands, we used an MTT assay with 1% FBS medium. The experiments were performed in triplicate. (a) INHBA and INHBB mRNA ex-
pression levels. The Sui71 and Sui74 cell lines had high expression levels of INHBA or INHBB mRNA. Columns, mean of independent triplicate experiments; Bars, SD; Rel
mRNA, INHBA or INHBB/GAPD×106. (b) Influence of follistatin on cellular growth in cell lines with high INHBA or INHBB mRNA expression levels. The cellular growth of the
Sui71 and Sui74 cell lines was inhibited by follistatin (1 ng/mL, P = 0.27 and 0.32; 10 ng/mL, P = 0.011* and 0.12; 100 ng/mL, P = 0.018* and 0.039*, respectively). Columns,
mean of independent triplicate experiments; Bars, SD; *P < 0.05. (c) Influence of follistatin on cellular growth with low INHBA and INHBB mRNA expression levels. The cel-
lular growth of the Sui66 and MIA PaCa-2 cell line was not changed (1 ng/mL, P = 0.87 and 0.70; 10 ng/mL, P = 0.73 and 0.54; 100 ng/mL, P = 0.86 and 0.37, respectively).
Columns, mean of independent triplicate experiments; Bars, SD; *P < 0.05. (d) Influence of activin A on the cellular growth of the MIA PaCa-2 cell line. Activin A greatly
enhanced the cellular growth (1 ng/mL, P = 0.045*; 10 ng/mL, P = 0.043*; 100 ng/mL, P = 0.032*), and the enhanced cellular growth (activin A, 10 ng/mL) was cancelled by
follistatin (1 ng/mL, P = 0.24; 10 ng/mL, P = 0.022*; 100 ng/mL, P = 0.0057*). Ctrl, control (no ligand); Columns, mean of independent triplicate experiments; Bars, SD; *P < 0.05.
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including MAPK, PI3K/AKT, and so on, enhance cellular growth
[6,7,28]. Therefore, non-SMAD pathwayswere investigated to address
the mechanism responsible for the cellular growth enhanced by
activin A. The MIA PaCa-2 cell line, the cellular growth of which
was enhanced by activin A, and the Sui66 cell line, the cellular
growth of which was inhibited by activin A, were used at an activin
A concentration of 10 ng/mL. Activin A increased the phosphory-
lation of SMAD2 in both theMIA PaCa-2 and Sui66 cell lines, whereas
it increased the phosphorylation of AKT and JNK in the MIA PaCa-2
cell line but not in the Sui66 cell line (Fig. 3a). The phosphoryla-
tion of ERK was elevated before activin A stimulation and was
not changed after activin A stimulation (Fig. 3a). Next, we evalu-
ated 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]. The expression of p21 was increased by activin
A in the Sui66 cell line. In the MIA PaCa-2 cell line, however,
its expression was reduced by activin A (Fig. 3a). In addition, an
ACVR1B inhibitor (SB431452; 10 μM), an AKT inhibitor (LY294002;
10 μM), and a JNK inhibitor (SP600125; 20 μM) inhibited the cel-
lular growth of the MIA PaCa-2 cell line enhanced by activin A
(Fig. 3b). Therefore, we speculated that the cellular growth of the
MIA PaCa-2 cell line may be enhanced by activin A via a non-
SMAD pathway.

INHBA-overexpression enhanced cellular growth and colony
formation in the MIA PaCa-2 cell line

To investigate the influence of a high INHBA mRNA expression
level, INHBA-overexpressed cell lineswere created using the retroviral
method. Overexpression of the INHBA gene was confirmed using
an ELISA and western blot analyses for the phosphorylation of
SMAD2 (Fig. 4a). INHBA-overexpression enhanced cellular growth
and colony formation in the MIA PaCa-2 cell line (Fig. 4b and c).
However, the sensitivities to 5-FU and gemcitabine were not changed
by INHBA-overexpression (50% inhibitory concentration [IC50] of 5-FU;
EGFP, 3.36 μM vs. INHBA, 3.62 μM and IC50 of gemcitabine; EGFP,
0.28 μM vs. INHBA, 0.29 μM, respectively). These findings suggest
that a high INHBA mRNA expression level enhances cellular growth
in a subset of PC but is not associated with sensitivity to chemo-
therapy. In the Sui66 cell line, however, cellular growth and colony
formation were not enhanced instead slightly (but not signifi-
cantly) suppressed by INHBA-overexpression (Fig. S1), which was
reasonable since the cellular growth of the Sui66 cell line was in-
hibited by activin A via the SMAD pathway [21]. Thus, another subset
of PC in which cellular growth is not enhanced by a high INHBA
mRNA expression level seems to exist, and this feature was seen
in the Sui66 cell line.

Fig. 3. Western blot analyses and growth inhibition of inhibitors. (a) Western blot analyses of SMAD and non-SMAD pathway components in MIA PaCa-2 and Sui66 cell
lines. Activin A (10 ng/mL) increased the phosphorylation of SMAD2, AKT, and JNK in the MIA PaCa-2 cell line, the cellular growth of which was enhanced by activin A. In
contrast, activin A increased the phosphorylation of SMAD2 but not of AKT or JNK in the Sui66 cell line, the cellular growth of which was inhibited by activin A. The phos-
phorylation of ERK was elevated before activin A stimulation and was not changed after activin A stimulation. The expression of p21 was increased by activin A in the Sui66
cell line. In the MIA PaCa-2 cell line, however, its expression was reduced by activin A. β-actin was used as an internal control. (b) Growth inhibition of inhibitors. To eval-
uate growth in the presence of ligands and inhibitors, we used anMTT assay with 1% FBSmedium. The experiment was performed in triplicate. The ACVR1B inhibitor (SB431452,
10 μM), the AKT inhibitor (LY294002, 10 μM), and the JNK inhibitor (SP600125, 20 μM) did not inhibit the cellular growth of MIA PaCa-2 without activin A (P = 0.28, 0.31,
0.41, respectively). In contrast, the cellular growth enhanced by 10 ng/mL of activin A (P = 0.012*) was inhibited by the inhibitors (P = 0.0070*, 0.030*, 0.031*, respectively).
β-actin was used as an internal control. Columns, mean of independent triplicate experiments; Bars, SD; *P < 0.05.
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Xenograft study

We evaluated the in vivo tumor growth of MIA PaCa-2 transfectant
cell lines. MIA PaCa/INHBA cells tended to exhibit a large tumor
volume, compared with control cells (EGFP, 349.7 ± 149.7 mm3 vs.
INHBA, 482.4 ± 182.4 mm3; P = 0.24 on day 22; and EGFP,
447.9 ± 195.0mm3 vs. INHBA, 549.9 ± 257.7mm3; P = 0.50 on day 26,
respectively) (Fig. 5a). After day 29, however, the MIA PaCa/INHBA-
inoculated mice died one after another, resulting in a significantly
shorter survival period than in the control (P = 0.0019*) (Fig. 5b).
The bodyweights of the MIA PaCa/INHBA-inoculated mice de-
creased by the day and became significantly lower than those of
the MIA PaCa/EGFP-inoculated mice (EGFP, 22.3 ± 0.96 g vs. INHBA,
18.3 ± 2.94 g; P = 0.020* on day 22; and EGFP, 23.2 ± 1.26 g vs. INHBA,
15.9 ± 3.8 g; P = 0.0036* on day 26, respectively) (Fig. 5c and d). An
autopsy demonstrated that therewas no distantmetastasis. The heart
muscles of MIA PaCa/INHBA-inoculated mice were clearly atro-
phied, compared with those of the control (Fig. 5d). Several previous
studies have shown that the activin signal is related to cachexia
[30–33], and our in vivo experimental findings were consistent with
these previous studies.

Discussion

Activins are related dimeric proteins that belong to the TGFB su-
perfamily of growth and differentiation factors [14]. Several previous

studies, including our study, have shown an anti-tumorigenic effect
of the activin signal in many cancers. In these studies, activin A
induces growth inhibition and apoptosis mainly through SMAD-
dependent pathways [15–21]. Our present study revealed similar
results in the Sui66 cell line. In contrast, however, several studies
have demonstrated that the activin signal promotes cancer pro-
gression [22–24]. In this present study, several PC cell lines had high
INHBA and INHBB mRNA expression levels, and the cellular growth
of these cell lines was inhibited by the activin antagonist follistatin.
Furthermore, in contrast to the Sui66 cell line (low expressions of
INHBA and INHBB), the MIA PaCa-2 cell line (low expressions of
INHBA and INHBB) was greatly enhanced by activin A via a non-
SMAD pathway, and this enhancement was cancelled by the
antagonist follistatin. That is, our present study indicated that the
activin signal promotes cancer progression in a subset of PC. Fur-
thermore, the plasma activin A level can be a novel prognostic factor
in patients with advanced PC. To the best of our knowledge, this is
the first study to show the role of the activin signal in cancer
progression role via a non-SMAD pathway and the prognostic sig-
nificance of the plasma activin A level in PC.

Non-SMAD pathways include MAPK signals, PI3K/AKT signals,
and so on [28]. The ERK signal, which belongs to a MAPK family that
enhances cellular proliferation, was activated before activin A stim-
ulation, probably because of a K-RAS mutation. Otherwise, in the
MIA PaCa-2 cell line, the JNK signal (another MAPK signal) and PI3K/
AKT signal were activated by the stimulation, the inhibition of which

Fig. 4. Influence of INHBA-overexpression in the MIA PaCa-2 cell line. To investigate the influence of high INHBA mRNA expression levels, an INHBA-overexpressed MIA
PaCa-2 cell line was created using a retroviral method. (a) ELISA for activin A and western blot analyses. The level of activin A in cell cultured medium of the MIA PaCa/
INHBA cell line was elevated compared with the control (10984.3 ± 2212.1 pg/mL). SMAD2 was also phosphorylated in the MIA PaCa/INHBA cell line. β-actin was used as
an internal control. Columns, mean of independent triplicate experiments; Bars, SD. (b) Cellular growth. To evaluate cellular growth, we used an MTT assay with 1% FBS;
the experiment was performed in triplicate. INHBA-overexpression enhanced the cellular growth (0 h, P = 0.89; 24 h, P = 0.10; 48 h, P = 0.013*; 72 h, P = 0.022*). Lines, mean
of independent triplicate experiments; Bars, SD; *P < 0.05. (c) Colony formation. MIA PaCa-2 transfectant cells were seeded into a six-well plate of 1000 cells/well with 1%
FBS, and the colonies were counted after 2 weeks. The experiment was performed in triplicate. Colony formation was enhanced by INHBA-overexpression (EGFP, 17.67 ± 5.90
vs. INHBA, 94 ± 19.67, P = 0.010*). Column, mean of independent triplicate experiments; Bars, SD; *P < 0.05.
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cancelled the cellular growth enhanced by activin A. In the Sui66
cell line, however, the non-SMAD pathway was not activated, but
the SMAD pathway was activated by activin A, resulting in the in-
hibition of cellular growth. These findings suggest that activin signal
exerts a tumor progressive role via a non-SMAD pathway in a subset
of PC and that this signal has a tumor suppressive role via the SMAD
pathway in another subset of PC. The detailed mechanism respon-
sible for this difference remains unclear, and further research should
be performed.

JNK is a member of the MAPK family, and controls cell prolif-
eration, differentiation, apoptosis, and survival [34,35]. The JNK signal
reportedly plays an important role in the development of various
cancers. The activation of JNK has been reported in human PC speci-
mens [36], and the growth of PC is reportedly inhibited by the
pharmacological inhibition of JNK [37–39]. The family of lipid kinases
known as PI3K are regarded as key regulators in many essential cel-
lular processes, including cell survival, growth, and differentiation
[40–42]. The AKT-mediated activation of downstream targets, in-
cludingmammalian target of rapamycin, stimulates cell proliferation
and the regulation of translation in response to growth factors by
the phosphorylation of the protein synthesis machinery [40–42].
Reportedly, the PI3K/AKT signal is activated and AKT2 is amplified
in a considerable number of pancreatic cancer cases [43–45]. Thus,

these processes might be involved in the activin A-induced en-
hancement of cellular growth in PC.

In our in vivo study, MIA PaCa/INHBA cells tended to produce a
larger tumor volume than the control cells, but no significant dif-
ference was demonstrated, possibly because the mice died before
any difference could be observed. In other words, the bodyweights
of the MIA PaCa/INHBA-inoculated mice decreased daily as a result
of cachexia, and the mice had a significantly shorter survival period
than the control mice. Indeed, as noted, an association between
activin A and cachexia, or muscle loss, has been reported in several
recent studies [30–33]. Although the mechanism by which activin
A promotes cachexia has not been fully elucidated, previous studies
have suggested that there may be multiple pathways that impinge
by both inhibiting TORC1 pathways that promote protein synthe-
sis and by the activation of SMAD2/3, which mediates the inhibition
of genes associated with muscle differentiation [46–48]. Similarly,
a recent study has shown that activin A induces muscle wasting by
activating SMAD2/3 transcription factors, which increase protein deg-
radation by up-regulating the expression of the muscle-specific
ubiquitin ligase atrogin-1 and depress protein synthesis via the in-
hibition of the AKT/TORC pathway [33].

Several previous studies have shown the prognostic signifi-
cance of the expression of INHBA in several cancers, but the plasma

Fig. 5. Xenograft study. To evaluate the in vivo tumor growth of MIA PaCa-2 transfectant cell lines, a suspension of 5 × 106 MIA PaCa-2 transfectant cells (in 50 μL PBS) with
50 μL of Matrigel was subcutaneously inoculated into the right flank of nude mice (n = 5). (a) Tumor volume. MIA PaCa/INHBA cells tended to produce a large tumor volume,
compared with the control cells (EGFP, 349.7 ± 149.7 mm3 vs. INHBA, 482.4 ± 182.4 mm3; P = 0.24 on day 22; and EGFP, 447.9 ± 195.0 mm3 vs. INHBA, 549.9 ± 257.7 mm3;
P = 0.50 on day 26, respectively). Lines, mean of tumor volume (n = 5); Bars, SD. (b) Kaplan–Meier curve of mice. After day 29, the MIA PaCa/INHBA-inoculated mice died
one after another, resulting in a significantly shorter survival period than the control group (P = 0.0019*). *P < 0.05. (c) Bodyweight. The bodyweights of MIA PaCa/INHBA-
inoculated mice decreased daily and became significantly lower than those of MIA PaCa/EGFP-inoculated mice (EGFP, 22.3 ± 0.96 g vs. INHBA, 18.3 ± 2.94 g; P = 0.020* on
day 22; and EGFP, 23.2 ± 1.26 g vs. INHBA, 15.9 ± 3.8 g; P = 0.0036* on day 26, respectively). Lines, mean of bodyweight (n = 5); Bars, SD, *P < 0.05. (d) Photographs of mice
sacrificed on day 43. The MIA PaCa/INHBA-inoculated mouse appeared to be scrawny, compared with the control, and its heart size (HE staining; cross section) was also
clearly smaller than that of the control. The heart muscle fibers of the MIA PaCa/INHBA-inoculated mouse were also clearly atrophied, compared with those of the control
(HE staining; ×200). Ladder, 1 mm; Scale bar, 20 μm.
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activin A level has not been analyzed [22–24]. In our clinical data,
although the number was small, patients with high plasma activin
A levels tended to have a shorter PFS (although the difference was
not significant) and a significantly shorter OS than those with low
levels, despite no significant difference in the response to chemo-
therapy. In the experimental study, no significant difference in the
sensitivities to 5-FU and gemcitabine was observed between theMIA
PaCa/EGFP and MIA PaCa/INHBA cell lines. These findings suggest
that the plasma activin A level might not be associated with the re-
sponse to chemotherapy, but with cancer progression and survival
in patients with advanced PC. In addition, considering the
bodyweight loss and early death of MIA PaCa/INHBA-inoculatedmice,
the poor prognosis of the patients with high plasma activin A levels
might have been caused by not only cancer progression, but also
by cachexia, although this possibility could not be further investi-
gated because of a lack of clinical data. Interestingly, similar to
previous studies [49], patients with distant metastasis had higher
plasma activin A concentrations than those without distant me-
tastasis. No significant difference was observed in the OS between
patients with distant metastasis and those without distant metas-
tasis in our clinical data; therefore, the plasma activin A level, which
was associated with distant metastasis, seems to be a stronger prog-
nostic factor than distant metastasis.

In conclusion, we found that several PC cell lines had high INHBA
or INHBB mRNA expression levels and that the activin signal en-
hanced cellular growth in a subset of PC via a non-SMAD pathway.
Since these findings are contradictory to its tumor suppressive role
reported by several previous studies, including ours, further re-
search should be performed. In addition, activin A is associated with
cachexia. Based on these roles of activin signals, the plasma activin
A level might be a predictor of a poor prognosis among patients with
advanced PC. These findings indicate that the activin signal might
be a novel target for the treatment of PC.
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A B S T R A C T

Purpose
This open-label phase III trial evaluated efficacy and tolerability of linifanib versus sorafenib in
patients with advanced hepatocellular carcinoma (HCC) without prior systemic therapy.

Patients and Methods
Patients were randomly assigned in a 1:1 ratio to linifanib 17.5 mg once daily or sorafenib 400 mg
twice daily. Patients were stratified by region (Outside Asia, Japan, and rest of Asia), Eastern
Cooperative Oncology Group performance score (ECOG PS; 0 or 1), vascular invasion or
extrahepatic spread (yes or no), and hepatitis B virus (HBV) infection (yes or no). The primary end
point of the study was overall survival (OS). Secondary end points were time to progression (TTP)
and objective response rate (ORR) per RECIST v1.1.

Results
We randomly assigned 1,035 patients (median age, 60 years; Asian, 66.6%; ECOG PS 0,
65.2%; HBV, 49.1%; vascular invasion or extrahepatic spread, 70.1%). Median OS was 9.1
months on the linifanib arm (95% CI, 8.1 to 10.2) and 9.8 months on the sorafenib arm (95%
CI, 8.3 to 11.0; hazard ratio [HR], 1.046; 95% CI, 0.896 to 1.221). For prespecified stratification
subgroups, OS HRs ranged from 0.793 to 1.119 and the 95% CI contained 1.0. Median TTP was
5.4 months on the linifanib arm (95% CI, 4.2 to 5.6) and 4.0 months on the sorafenib arm (95%
CI, 2.8 to 4.2; HR, 0.759; 95% CI, 0.643 to 0.895; P � .001). Best response rate was 13.0% on
the linifanib arm versus 6.9% on the sorafenib arm. Grade 3/4 adverse events (AEs); serious AEs;
and AEs leading to discontinuation, dose interruption, and reduction were more frequent with
linifanib (all P � .001).

Conclusion
Linifanib and sorafenib had similar OS in advanced HCC. Predefined superiority and noninferiority
OS boundaries were not met for linifanib and the study failed to meet the primary end point. TTP
and ORR favored linifanib; safety results favored sorafenib.

J Clin Oncol 33:172-179. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Hepatocellular carcinoma (HCC) is the third most
common cause of cancer deaths worldwide, after
lung and stomach cancer.1,2 More than 75% of all
HCC cases occur in the Asia-Pacific region and are
associated with chronic hepatitis B virus (HBV) in-
fection,3,4 with an increased incidence in the United
States and Europe over the last decade. Despite the
available treatment options for HCC, the incidence
and mortality rates are nearly equal.5 A minority of
patients are diagnosed with resectable HCC,6,7

whereas approximately 70% to 85% of HCC pa-
tients have locally advanced unresectable or meta-

static disease at diagnosis.1,6-8 Up to 70% of patients
who undergo potentially curative procedures will
have recurrent, advanced-stage disease within 5
years.9,10 Thus, effective systemic therapies are
needed for the vast majority of patients with HCC.

HCC is a highly vascularized tumor character-
ized by overexpression of vascular endothelial
growth factor (VEGF).11 Three important proan-
giogenic factors, VEGF, platelet-derived growth fac-
tor (PDGF), and basic fibroblast growth factor, are
involved in hepatocarcinogenesis and participate in
the neovascularization, invasiveness, and metastatic
potential of HCC.11 Elevated VEGF is associated
with poor prognosis and survival as well as recurrent
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disease in HCC.12 VEGF receptor 1 and VEGF receptor 2 are expressed
on endothelial cells and provide survival signals to nearby tumor
cells.13 PDGF is angiogenic for microvascular sprouting endothelial
cells,14 and overexpression has been linked to the increased metastatic
potential of HCC.15 Given that VEGF and PDGF expression is corre-
lated with metastatic potential of tumor cells and the degree of mi-
crovessel density,15-17 inhibitors of VEGF and PDGF signaling are
frequently applied agents for HCC.

Sorafenib is a multitargeted tyrosine kinase inhibitor that blocks
the activity of Raf serine/threonine kinase isoforms, VEGFR-2 and -3,
PDGFR �, c-KIT, FLT-3, and RET, to inhibit tumor angiogenesis and
cell proliferation,18-20 and is currently the worldwide standard treat-
ment for advanced HCC based on data from two large randomized
trials, both showing an improvement in overall survival (OS) when
compared with placebo.21-23

Linifanib (ABT-869) is a novel ATP-competitive inhibitor of all
VEGF and PDGF receptor tyrosine kinases that lacks significant activ-
ity against representative cytosolic tyrosine kinases and serine/threo-
nine kinases.24 In an open-label, phase II trial, linifanib demonstrated
significant clinical activity as monotherapy in patients with advanced
HCC.25 The independently assessed time to progression (TTP; me-
dian, 5.4 months) and OS (median, 9.7 months) among the trial
population, 89% of whom were of Asian race, compared favorably
with the corresponding efficacy outcomes for patients in the phase
III sorafenib trial conducted in the Asia-Pacific region.23 On the
basis of these results, we compared efficacy and tolerability of
linifanib versus sorafenib in patients with advanced or metastatic
HCC who had not received prior systemic therapy. Given the lack
of established second-line treatment options in HCC, the primary
end point of this study was OS. Secondary end points were TTP and
objective response rate (ORR).

PATIENTS AND METHODS

Study Population
Patients ages � 18 years with unresectable or metastatic HCC, Child-

Pugh Class A liver function, Eastern Cooperative Oncology Group (ECOG)
performance score (PS) of 0 to 1, adequate hepatic (bilirubin � 3.0 mg/dL;
ALT/AST � 5� upper limit of normal [ULN]; albumin � 2.8 g/dL; partial
thromboplastin time � 1.5� ULN; international normalized ratio � 1.5),
hematologic (absolute neutrophil count [ANC] � 1.0 � 109/L; platelets � 50
� 109/L or �75 � 109/L with splenomegaly [per physical examination or
reported on radiographic imaging]), and renal (creatinine � 1.5� ULN)
parameters, no prior systemic treatment for HCC, and a measurable lesion
based on RECIST v1.126 were eligible. Eligibility criteria also included no prior
local therapy (including liver-directed therapy) within 4 weeks before study
drug administration and no radionuclide treatment within 6 months (or five
half-lives); no evidence of untreated brain or meningeal metastases; no evi-
dence of proteinuria at baseline; no symptomatic or persistent uncontrolled
hypertension (� 140/90 mmHg); and patients could not be receiving thera-
peutic anticoagulation therapy or antiretroviral therapy for HIV.

Study Design and Treatment
This randomized, open-label phase III study was performed at 186 sites

by 207 investigators in 28 countries worldwide. The study was approved by the
institutional review board or independent ethics committee of each participat-
ing center and complied with the International Conference on Harmonization
Good Clinical Practice guidelines and applicable local regulatory require-
ments. All patients provided written, informed consent.

Patients were randomly assigned in a 1:1 ratio to receive linifanib or
sorafenib. Linifanib 17.5 mg was orally self-administered daily with at least 120

mL of water under fasting conditions in the evening. There were no scheduled
dosing breaks; dose reductions or drug interruptions owing to study drug-
related toxicities were allowed per discretion of the investigator. Sorafenib 400
mg was orally self-administered twice daily per the locally approved product
label or applicable Summary of Product Characteristics.

Study visits were conducted weekly during the first 3 weeks and then on
day 1 every 3 weeks thereafter (starting with week 4). Patients with controlled
disease and with tolerable adverse effects received treatment until disease
progression; unacceptable drug related toxicities; or until they required
cancer-related surgery, radiation therapy, or alternate antineoplastic agents. If
a dose reduction of linifanib was needed, the dose was decreased by 5 mg for
the first reduction followed by 2.5 mg for all subsequent reductions. Sorafenib-
related toxicities were managed according to the approved product label in
that country.

Outcomes and Assessments
OS was defined as the number of days from the day the patient received

random assignment to the date of the patient’s death from any cause. TTP was
defined as the number of days from the date of randomization to the date of
earliest disease progression. Progression-free survival (PFS) was defined as the
number of days from the date of randomization to the date the patient expe-
rienced an event of disease progression or death (all causes of mortality) if
disease progression was not reached. ORR was defined as the proportion of
patients with complete response (CR) or partial response (PR). TTP, PFS, and
ORR were all based on RECIST, v1.1.26 Radiographic tumor assessments were
performed at screening, every 6 weeks until week 42, and every 9 weeks
thereafter. Treatment emergent adverse events (AEs) were summarized by
system organ class and preferred term according to the Medical Dictionary for
Regulatory Activities (MedDRA). In addition, AEs of hemorrhage were sum-
marized based on a narrow standardized MedDRA query, excluding clinical
laboratory terms. AE severity was graded using the National Cancer Institute
Common Terminology Criteria for Adverse Events (version 4.0). When an
investigator determined that a patient should discontinue the study, a final
visit was conducted. All patients were to have one follow-up visit approxi-
mately 30 days after the last dose of linifanib or sorafenib.

Statistical Methods
In our current study, both noninferiority and superiority hypotheses

were tested. This design would allow for superiority assessment only if and
after noninferiority was achieved. Because no single prior study of linifanib
compared safety outcomes versus sorafinib, noninferiority testing was
planned in case safety data favored linifanib. Assuming the true hazard ratio
(HR) in favor of the linifanib group is 0.80, a total of 667 deaths would be
needed for the study to have 80% power at a one-sided � level of 0.025 to detect
a statistically significant treatment effect for the linifanib group using the
log-rank test for OS. Two interim analyses, one for futility alone and one for
both efficacy and futility, were performed and reviewed by an independent
data monitoring committee when approximately 200 deaths (30% of the
required number of events) and 333 deaths (50% of the required number of
events) were observed, respectively. The Lan-DeMets alpha spending function
with an O’Brien-Fleming boundary was to be used to ensure that the one-sided
false positive rate would be 0.025 or less for OS.

Using a noninferiority test on the primary efficacy end point of OS
with a noninferiority margin of 1.0491, the power of the study to declare
noninferiority is tabulated in the Data Supplement for the same range of
possible HRs (one interim analysis for futility alone and one interim
analysis for both efficacy and futility are assumed when approximately 200
and 333 deaths occur, respectively). The power for HRs of 0.80, 0.82, and
0.85 was 93%, 88%, 80%, and 74%, respectively.

The distribution of OS was estimated for each treatment group using
Kaplan-Meier methodology. Estimated median survival time and 95% CI for
the estimated median survival time were presented for each treatment group.
Both noninferiority and superiority hypotheses were tested for the primary
efficacy end point of OS using the Cox proportional hazards model with
treatment as a factor, stratified by region (outside Asia, Japan, or rest of Asia),
ECOG PS (0 v 1), vascular invasion or extrahepatic spread (yes v no), and
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hepatitis B virus infection (yes v no). Within each stratum, a permutated-block
randomization method was used to generate the patient randomization sched-
ules. Noninferiority for OS was tested first with a margin value of 1.0491. If
noninferiority was declared for OS, then superiority was to be tested for OS.
The HR and the corresponding CI were estimated using the stratified Cox
proportional hazards model. Additional details of the statistical methods are
provided in the Data Supplement (online only).

After enrollment was complete, the data were analyzed by the indepen-
dent data monitoring committee, at which time they recommended stopping
the trial based on futility to show superiority (HR for OS, 0.989; 95% CI, 0.821
to 1.192; 455 OS events). The investigators were notified and the study was
amended for early closure. To allow time to plan subsequent treatment, the
remaining active patients (n � 184) continued on study drug per investigator
discretion. The results presented are based on the final analysis as conducted
per protocol at 667 OS events. The data cutoff was on May 31, 2012.

RESULTS

Study Conduct, Patients, and
Treatment Administration

We randomly assigned 1,035 patients to receive linifanib 17.5
mg once daily (n � 514) or sorafenib 400 mg twice per day (n �
521). The efficacy population comprised all 1,035 patients (Fig 1).
Six patients did not receive study medication and the remaining
1,029 patients (linifanib, n � 510; sorafenib, n � 519) received at
least one dose of study medication and made up the safety analysis
population (Fig 1). The treatment arms were well balanced for
demographic, disease, prior treatment characteristics and stratifi-
cation subgroups (Table 1). Overall, most patients were male
(84.6%), Asian (66.6%), had HBV infection (53.2%), Child-Pugh
Class A liver function (94.4%), ECOG PS 0 (64.4%), and Barcelona
Clinic Liver Cancer stage C HCC (82.3%).

Patients’ mean duration of exposure to linifanib and sorafenib
was 127.2 days (range, 2 to 775 days) and 127.8 days (range, 3 to 729
days), respectively (Appendix Table A1 [online only]). No statistically
significant differences in duration of exposure were observed between
treatment groups. Patients’ mean daily dose was 13.7 mg for the
linifanib arm (standard deviation, 4.42 mg) and 667.1 mg for the
sorafenib arm (standard deviation, 164.36 mg). The mean linifanib
dose-intensity was 78.2% and the mean sorafenib dose-intensity was
83.4%, which was significantly higher (P � .001). Of patients receiving
linifanib or sorafenib, 55.9% and 40.8%, respectively, had a dose
reduction. The most common reasons for study drug discontinuation
were disease progression (linifanib arm, 68.6%; sorafenib arm 62.0%)
and AEs not related to progressive disease (linifanib arm, 15.2%;
sorafenib arm, 22.9%; Fig 1).

Efficacy
Median OS was 9.1 months (95% CI, 8.1 to 10.2) for patients

receiving linifanib and 9.8 months (95% CI, 8.3 to 11.0) for patients
receiving sorafenib (Fig 2). Compared with the sorafenib group, the
median stratified HR was 1.046 (95% CI, 0.896 to 1.221) for the
linifanib group (Fig 2). OS was not superior with linifanib treatment.
Furthermore, the HR 95% CI upper limit of 1.221 did not meet the
prespecified study definition of linifanib noninferiority (upper limit of
HR 95% CI � 1.0491). We conducted analyses of OS by prespecified
stratification subgroups (region: outside Asia, Japan, or rest of Asia;
baseline ECOG PS: 0 v 1; vascular invasion or extrahepatic spread: yes
v no; and HBV infection: yes v no). For all prespecified subgroups, the
OS HRs ranged from 0.793 to 1.119 and the 95% CI contained 1.0 (Fig
3). Therefore, OS was similar across all prespecified subgroups. Over-
all death rates were similar between the linifanib group (66.5%) and
sorafenib group (65.3%).

Patients were screened
(N = 1,358)

Randomly assigned
(n = 1,035)

Assigned to receive linifanib (intention-to-treat population)
(n = 514)

Assigned to receive sorafenib (intention-to-treat population)
(n = 521)

Received sorafenib (safety population)
(n = 519)

Received linifanib (safety population)
(n = 510)

All discontinued study drug
    Disease progression
    AE not related to PD
    Withdrew consent
    Lost to follow-up
    Because of other reason
    Because of study discontinuation

(n = 316)
(n = 117)
(n = 35)
(n = 3)

(n = 12)
(n = 27)

All discontinued study drug
    Disease progression
    AE not related to PD
    Withdrew consent
    Lost to follow-up
    Because of other reason
    Because of study discontinuation

 
(n = 356)
(n = 79)
(n = 23)
(n = 7)

(n = 13)
(n = 41)

Withdrew consent
Other

(n = 1)
(n = 1)

Withdrew consent
Other

(n = 2)
(n = 2)

Failed screening
    Had protocol exclusion criteria
    Withdrew consent
    Had an adverse event
    Not treated due to progression
    Died
    Lost to follow-up
    Other

(n = 323)
(n = 271)

(n = 29)
(n = 2)
(n = 4)
(n = 3)
(n = 2)

(n = 12)

Fig 1. CONSORT diagram. AE, adverse event; PD, progressive disease.
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Table 1. Baseline Patient and Disease Characteristics

Characteristic

Linifanib (n � 514) Sorafenib (n � 521)

No. of Patients % No. of Patients %

Age, years
Median 59 60
Range 21-84 23-87

Male sex 444 86.4 436 83.7
Region

Outside Asia 175 34.0 171 32.8
Japan 40 7.8 44 8.4
Rest of Asia 299 58.2 306 58.7

Underlying risk factors for cirrhosis�†
HBV 275 53.5 276 53.0
HCV 130 25.3 129 24.8
Alcohol cirrhosis 66 12.8 63 12.1
Hemochromatosis 5 1.0 4 0.8
Other 103 20.0 116 22.3

ECOG performance status†
0 323 62.8 344 66.2
1 191 37.2 176 33.8

Child-Pugh class‡
A 484 93.2 493 95.0
B 30 5.8 26 5.0

BCLC stage
B 81 15.8 102 19.6
C 433 84.2 418 80.4

Vascular invasion†
Yes 238 46.3 211 40.5

Extrahepatic spread†
Yes 307 59.7 296 56.8

No. of target lesions at baseline
1 129 24.8 111 21.4
2 233 46.5 247 47.7
3 70 13.7 103 19.9
� 4 75 14.6 57 11.0

Sites of extrahepatic spread
Lung 172 33.5 152 29.2
Lymph node 142 27.6 132 25.3
Brain 1 0.2 0 0
Bone 40 7.8 52 10.0
Peritoneum 21 4.1 17 3.3
Other 54 10.5 52 10.0

Prior locoregional therapies
Yes 233 45.3 241 46.3

Prior oncology surgery 157 30.1
Yes 153 29.1

�-fetoprotein, ng/mL§
Median 352 415
� ULN

No. of patients 430 448
% 84.8 86.3

Hepatitis B infection�

No 263 51.2 264 50.7
Yes 251 48.8 257 49.3

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; CRF, case report form; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C
virus; IVRS, interactive voice response system; ULN, upper limit of normal.

�Patients with multiple hepatic histories were counted for each type of hepatic history.
†Per electronic CRF.
‡Child-Pugh class was determined from assessments most proximal to the beginning of treatment. Per protocol, patients were Child-Pugh class A

before randomization.
§Percentages calculated on nonmissing values.
�Data from IVRS, which were used for stratification. Other stratification factors from IVRS are shown in Figure 3.
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Median TTP was 5.4 months for patients receiving linifanib
(95% CI, 4.2 to 5.6) and 4.0 months for patients receiving sorafenib
(95% CI, 2.8 to 4.2; Fig 4). Compared with the sorafenib group, the
stratified HR was 0.759 for the linifanib group (95% CI, 0.643 to
0.895), which was statistically significant (P � .001). The TTP advan-
tage for linifanib was maintained until approximately 400 days of
treatment; however, once the number of at-risk patients was reduced
to fewer than 30 in each arm, the estimated probability of progression
favored the sorafenib arm for the remaining patients. Median PFS was
4.2 months for patients receiving linifanib (95% CI, 4.1 to 5.4) and 2.9
months for patients receiving sorafenib (95% CI, 2.8 to 4.0). Com-
pared with the sorafenib arm, the stratified HR was 0.813 for the
linifanib arm (95% CI, 0.697 to 0.948), which was statistically signifi-
cant (P � .008). For TTP in prespecified subgroups, the upper limit of
the 95% CI of the HR for linifanib versus sorafenib was less than 1.0 in
patients in Asia (excluding Japan) who had a baseline ECOG PS of 0
and HBV infection (Appendix Fig A1 [online only]). Therefore, TTP
seemed to be significantly more favorable with linifanib than with
sorafenib in these three prespecified subgroups; TTP was similar with
either treatment in the other subgroups.

A total of 67 patients receiving linifanib (13.0%) and 36 patients
receiving sorafenib (6.9%) had a CR or PR per RECIST, v1.1 (Table 2).
A total of 52 patients receiving linifanib (10.1%) and 32 patients
receiving sorafenib (6.1%) had a confirmed ORR (CR or PR), which
was significantly different between treatment groups (P � .018)
(Table 2).

Safety
The overall safety summary and specific grade 3/4 AEs occurring

in more than 3% of patients in either treatment arm are listed in Table
3. Grade 3/4 AEs; serious AEs; and AEs leading to discontinuation,
dose interruption, or reduction were more frequent on the linifanib
arm versus the sorafenib arm (all P � .001). Of the patients receiving
sorafenib, 75.0% experienced a grade 3 AE or higher; of the patients
receiving linifanib 85.3% did so. Grade 3/4 AEs that were observed
more frequently on the linifanib arm than the sorafenib arm (P � .05)
were hypertension (20.8% v 10.6%), fatigue (9.6% v 4.8%), hepatic
encephalopathy (7.3% v 3.3%), asthenia (7.1% v 2.1%), ascites (6.1%
v 3.3%), thrombocytopenia (5.3% v 2.1%), hypokalemia (4.7% v
2.3%), vomiting (4.3% v 0.8%), and hypoglycemia (3.1% v 0.8%). The

Favor
Linifanib

Favor
Sorafenib

20 1

HR (95% CI)

Regions
   Non-Asia 
   Japan 
   Rest of Asia 
Baseline ECOG
   0 
   1 
VI or EHS
   No 
   Yes 
Hepatitis B Infection
   No 
   Yes 

Overall 

0.844 to 1.456
0.469 to 1.342
0.857 to 1.258

0.834 to 1.216
0.855 to 1.409

0.622 to 1.130
0.940 to 1.332

0.897 to 1.381
0.782 to 1.190

0.894 to 1.208

1.108
0.793
1.038

1.007
1.098

0.838
1.119

1.113
0.965

1.039

12.4
9.5
8.5

10.2
8.5

11.9
8.5

11.5
8.2

9.8

101/171
30/44

209/306

217/342
123/179

93/157
247/364

162/264
178/257

340/521

11.3
14.8
8.2

10.2
7.2

14.2
7.9

10.4
7.9

9.1

106/175
27/40

209/299

217/333
125/181

81/152
261/362

168/263
174/251

342/514

Event/No. Median (mo)
Linifanib
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Fig 3. Analysis of overall survival by prespecified stratification subgroups, per interactive voice response system for stratification factors. ECOG, Eastern Cooperative
Oncology Group; EHS, extrahepatic spread; HR, hazard ratio; mo, months; VI, vascular invasion.
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only grade 3/4 AE observed more frequently on the sorafenib arm than
the linifanib arm (P � .05) was increased ALT (4.8% v 2.2%). On the
linifanib arm, 52.4% of patients experienced a serious AE and 36.3%
of patients experienced an AE that led to discontinuation of study
drug. On the sorafenib arm, 38.5% of patients experienced a serious
AE and 25.4% of patients experienced an AE that led to discontinua-
tion of study drug. An AE of hemorrhage (all-grade bleeding event)
was experienced by 27.3% of patients receiving linifanib and 17.7% of
patients receiving sorafenib, the most common of which were epi-
staxis and gingival bleeding.

DISCUSSION

Our phase III trial, comparing the efficacy of oral linifanib to that of
sorafenib, failed to meet the primary end point: OS was not signifi-
cantly different between the two treatments. Median OS was 9.1
months for linifanib (95% CI, 8.1 to 10.2) and 9.8 months for
sorafenib (95% CI, 8.3 to 11.0). OS was similar across all prespecified
subgroup analyses (region: outside Asia, Japan, or rest of Asia; baseline
ECOG PS: 0 v 1; vascular invasion or extrahepatic spread: yes v no; and
HBV infection: yes v no).

To date, sorafenib is the only approved systemic drug therapy for
patients with advanced HCC. Based on the increasing knowledge of
the large number of molecular pathways involved in HCC, numerous
targets specific and/or broad spectrum tyrosine kinase inhibitors have
been developed and tested in first- and second-line therapy. So far, the
results have been, at best, somewhat disappointing. The phase III trial
of sunitinib versus sorafenib was terminated early owing to safety and
lack of efficacy (median OS, 7.9 v 10.2 months; HR, 1.30).27 The phase
III trial of brivanib versus sorafenib also did not meet its primary end
point of noninferiority in OS.28 In addition, brivanib also failed to
improve OS when compared with placebo in second-line HCC treat-
ment.29 Adding other tyrosine kinase inhibitors to sorafenib also
failed, so far, to improve clinical outcomes; an example of this were the
results of a study that explored adding erlotinib to sorafenib (median
OS, 9.5 v 8.5 months; HR, 0.929).30 Whether tyrosine kinase inhibitors
targeting the MET signal transduction pathway will improve outcome

for patients with advanced HCC is currently being investigated in
second-line treatment studies.31

The secondary objectives of our study were to assess the TTP and
ORR of linifanib compared with sorafenib. Patients receiving linifanib
had a significantly longer TTP than patients receiving sorafenib (P �
.001). ORR was also significantly higher on linifanib compared with
sorafenib (P � .018). The response rates according to RECIST v1.1 for
linifanib (13.0%) and sorafenib (6.9%) each compare favorably to
previous phase III trials of sorafenib in advanced HCC patients.21,23

Unfortunately, the improvements in TTP, PFS, and ORR did not
translate to improvements in OS, a finding that has been reported with
another antiangiogenic agent in the treatment of HCC.29 TTP was
chosen as a key secondary end point to determine the effect of linifanib

Table 2. Secondary End Points: TTP or ORR

End Point
Linifanib 17.5 mg Once

Daily (n � 514)
Sorafenib 400 mg Twice

per Day (n � 521)

TTP
Median 5.4 4.0
95% CI 4.2 to 5.6 2.8 to 4.2

Disease progression
events

No. of patients 278 327
% 54.1 62.8

HR 0.759
95% CI� 0.643 to 0.895
P† .001
Best response rate, %‡ 13.0 6.9

Abbreviations: HR, hazard ratio; ORR, objective response rate; TTP, time
to progression.

�Stratified Cox proportional hazards model for comparison with
sorafenib group.
†Stratified log-rank test (two sided).
‡Confirmed response rates were 10.1% and 6.1%, respectively.

Table 3. Safety Summary

Adverse Event

Linifanib 17.5 mg
Once Daily
(n � 510)

Sorafenib 400
mg Twice per
Day (n � 519)

No. of
Patients %

No. of
Patients %

Any AE 508 99.6 511 98.5
Any AE that could be related to

SD 483 94.7 481 92.7
Any AE grade � 3 435 85.3� 389 75.0
Any serious AE 267 52.4� 200 38.5
Any AE leading to SD

discontinuation 185 36.3� 132 25.4
Any AE leading to SD

interruption 389 76.3� 261 50.3
Any AE leading to SD reduction 231 45.3� 162 31.2
Any fatal AEs 83 16.3 73 14.1
Deaths 351 68.8 338 67.1
Grade 3 or 4 AEs occurring in

� 3% of patients in either
arm

Hypertension 106 20.8� 45 10.6
Palmar-plantar

erythrodysesthesia
syndrome 70 13.7 77 14.8

AST increased 62 12.2 65 12.5
Diarrhea 61 12.0 48 9.2
Fatigue 49 9.6† 25 4.8
Hepatic encephalopathy 37 7.3† 17 3.3
Asthenia 36 7.1� 11 2.1
Hyperbilirubinemia 32 6.3 21 4.0
Ascites 31 6.1† 17 3.3
Thrombocytopenia 27 5.3† 11 2.1
Hypokalemia 24 4.7† 12 2.3
Blood bilirubin increased 23 4.5 18 3.5
Abdominal pain 23 4.5 14 2.7
Decreased appetite 22 4.3 13 2.5
Vomiting 22 4.3� 4 0.8
Neutropenia 20 3.9 12 2.3
Hyponatremia 19 3.7 17 3.3
Leukopenia 18 3.5 12 2.3
Platelet count decreased 17 3.3 10 1.9
Hypoglycemia 16 3.1† 4 0.8
Anemia 15 2.9 28 5.4
ALT increased 11 2.2 25 4.8†

Abbreviations: AE, adverse event; SD, study drug.
�P � .001 for comparison between the sorafenib and linifanib groups.
†P � .05 for comparison between the sorafenib and linifanib groups.
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on tumor progression. The link between tumor progression and sur-
vival in HCC may be complicated because of the competing risk of
death as a result of liver dysfunction.29

A greater portion of patients receiving linifanib than those receiv-
ing sorafenib experienced AEs that were grade � 3; serious; or led to
the reduction, interruption, or discontinuation of the study drug. The
most frequent grade 3/4 AEs were hypertension and palmar-plantar
erythrodysesthesia syndrome. The AEs reported in our study are sim-
ilar to those seen in other studies of linifanib and with other agents in
the VEGF/PDGF receptor tyrosine kinase inhibitor class.23,27,29

In summary, linifanib and sorafenib resulted in similar OS in
advanced HCC. Predefined superiority and noninferiority OS bound-
aries were not met for linifanib, and the study failed to meet the
primary end point. TTP and ORR favored linifanib whereas safety
results favored sorafenib.
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ASCO CancerLinQ: Unlocking Data to Transform Cancer Care

CancerLinQ, a historic undertaking from ASCO, is a rapid learning system that will unlock data from millions of patients with
cancer to help guide treatment. Oncologists will be able to consult a robust database that will pinpoint patient
characteristics, treatments, and outcomes to provide personalized suggestions that are based on similar cases.

CancerLinQ will:

● Advance the quality of cancer care

● Improve personalized treatment decisions made by cancer care teams by capturing patient information at the point of
care

● Educate and empower patients by linking them to their cancer care teams and providing personalized educational
information

● Create a powerful new data source

● Generate new ideas for clinical research
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Appendix

Table A1. Summary of Drug Exposure

Drug Exposure

Linifanib (n � 514) Sorafenib (n � 521)

No. of Patients % No. of Patients %

Duration of study drug, days
Mean 127.2 127.8
Median 87 84
Range 2-775 3-729

Duration, interval days
� 0-21 77 15.1 54 10.4
� 21-42 62 12.2 93 17.9
� 42-63 55 10.8 83 16.0
� 63-84 47 9.2 37 7.1
� 84-105 48 9.4 42 8.1
� 106 221 43.3 210 40.5

Average daily dose, mg
Mean 13.7 667.1
Median 13.8 765.9
Range 3.2-70 200-800

Dose-intensity, %
Mean 78.2 83.4
Median 78.8 95.7
Range 18.6-400 25-100

Favor
Linifanib

Favor
Sorafenib

20 1

HR (95% CI)

Regions
   Non-Asia 
   Japan 
   Rest of Asia 
Baseline ECOG
   0 
   1 
VI or EHS
   No 
   Yes 
Hepatitis B Infection
   No 
   Yes 

Overall 

0.764 to 1.420
0.433 to 1.207
0.580 to 0.869

0.644 to 0.947
0.699 to 1.244

0.565 to 1.041
0.705 to 1.027

0.814 to 1.324
0.522 to 0.802

0.706 to 0.972

1.042
0.723
0.710

0.781
0.932

0.767
0.851

1.038
0.647

0.828

5.8
2.7
2.8

3.4
4.1

4.1
4.0

5.4
2.7
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29/44
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229/342
98/179

94/157
233/364

140/264
187/257

327/521

5.4
4.2
5.5

5.5
4.8

5.6
4.3

5.5
5.4

5.4

73/175
32/40

173/299

189/333
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205/362

124/263
154/251

278/514

Event/No. Median (mo)
Linifanib

Event/No. Unstratified HR 95% CIMedian (mo)
Sorafenib

Fig A1. Analysis of time to progression by prespecified stratification subgroups, per interactive voice response system for stratification factors. ECOG, Eastern
Cooperative Oncology Group; EHS, extrahepatic spread; HR, hazard ratio; mo, months; VI, vascular invasion.
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Percutaneous endoscopic gastrostomy with

Funada-style gastropexy greatly reduces the risk

of peristomal infection
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Abstract

Background and aims: Peristomal wound infections are common complications of percutaneous endoscopic gastrostomy
(PEG). The Funada-style gastropexy device has two parallel needles with a wire loop and suture thread, and was developed
about 20 years ago in Japan. This kit has allowed us to perform dual gastropexy very easily; PEG with gastropexy has become
a very popular technique in Japan. The present study aimed to compare the advantages and disadvantages of PEG with the
gastropexy technique with the standard ‘pull’ method.
Methods:We retrospectively reviewed 182 consecutive, non-randomized patients undergoing PEG in our hospital, and a
comparative analysis was made between the gastropexy (87 patients) and non-gastropexy (95 patients) groups.
Results: The rates of patients having erythema (11.6% vs. 47.9%; P<0.001), exudates (2.3% vs. 14.9%; P<0.01) and infection
(0% vs. 6.4%; P¼0.01) in the peristomal area were lower in the gastropexy than in the non-gastropexy group. The rate of
minor bleeding from the peristomal area was higher in the gastropexy than in the non-gastropexy group (12.8% vs. 2.1%;
P<0.01), but no patient required a blood transfusion. Mean procedure time was longer in the gastropexy group than in the
non-gastropexy group (31 vs. 24min; P<0.001). The 30-day mortality rates were 4.7% and 5.3% respectively, and these
deaths were not related to the gastrostomy procedure.
Conclusion: PEG with gastropexy markedly reduces peristomal inflammation. Althoughminor bleeding and a longer
procedure time were disadvantages, there were no severe complications. The findings suggested that PEG with Funada-style
gastropexy was a safe and feasible method for reducing early complications of PEG.
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Introduction

Percutaneous endoscopic gastrostomy (PEG) is currently the
standard method for enteral nutrition in patients with swallow-
ing disorders, and the most widely used technique is the pull-
or pull-through method described by Ponsky and Gauderer [1].
Fistula infections are a common early complication, and are be-
lieved to be caused by bacterial infection of the tube when it
passes through the oropharynx. The introducer-PEG that is
placed transabdominally into the stomach was first reported
about 30 years ago [2], but it did not become widely used be-
cause it was technically difficult and associated with many
complications; however, a Japanese surgeon invented a new
gastropexy kit in 1991 [3]. This kit allowed us to perform dual
gastropexy very easily and introducer PEG with gastropexy has
become a common technique in Japan. The aim of our study
was to assess the advantages and disadvantages of PEG with
the gastropexy technique, compared with the standard pull
method.

Patients and methods
Patients

We retrospectively reviewed 182 consecutive patients undergo-
ing PEG in our hospital between 2003 and 2009. There were
95 patients in the standard ‘pull non-gastropexy’ group and
87 patients in the gastropexy group. The gastropexy group con-
sisted of 28 patients undergoing pull-PEG with gastropexy
and 58 patients receiving modified introducer-PEG (Figure 1).
The anterior wall of the middle-to-lower body of the stomach
was chosen as the PEG site. We compared the peristomal in-
flammation, bleeding, overall procedure times, and short-term
prognoses of the two groups. All patients received prophylactic
antibiotics. The diameters of erythema were measured and
indulation, exudates, ulcer, and bleeding were recorded
by nurses in charge, according to the clinical pathway of our
hospital and, if infection was suspected, a Polaroid photograph
of the stomal site was attached to the patient’s records. We di-
agnosed peristomal infection based on a combination of ery-
thema, exudates, and induration, development of pus, or focal
peritonitis. All bleedings—intra-operative and post-operative,
including very minor ones controlled by compresses—were
recorded.

Most of the procedures were conducted by fellows of our di-
vision. Overall procedure durations were timed from skin disin-
fection before procedure until fixation of the feeding tube

and re-sterilization of the skin after removing the endoscope.
All patients received an abdominal computed tomography (CT)
scan before the procedure. The study was conducted in accor-
dance with the principles of the Helsinki Declaration and was
approved by the local ethics committee of Kinki University
Faculty of Medicine.

Pull method (Ponsky technique)

In this technique, the stomach was inflamed by introducing air
via an endoscope. After transillumination, a small incision is
made and a needle is inserted through the abdominal wall into
the stomach, a guide wire is passed through the needle, grasped
endoscopically and withdrawn through the mouth. A 20 Fr
gastrostomy tube (Bard PEG Kit Safety system, MEDICON INC,
Japan) is affixed to the guide wire before being pulled
through the oesophagus into the stomach and out of the
abdominal wall.

Dual gastropexy

The Funada-style gastropexy device has two parallel, 20-gauge
needles and a suture-holding loop (Figure 2). After transillumi-
nation, the two parallel needles penetrate both the abdominal
and anterior gastric walls. The suture-holding loop is inserted
through the first needle. The suture thread is inserted through
the second needle and grasped with the snare. The needles are
withdrawn and the suture thread is tied on the abdominal wall
(Figure 3). In the same way, a second gastropexy is made about
2 cm away.

Modified introducer method

After dual gastropexy, a skin incision about 1.5 cm in length was
made between the two gastropexy sites. We punctured the
stomach with an 18-gauge needle, inserted the guide wire
through the needle, inserted the dilator over the guide wire, re-
moved the dilator, and finally directly inserted a 24 Fr bumper-
type gastrostomy tube (Ideal PEG kit, Olympus, Tokyo, Japan or
Endovive Seldinger kit, Boston Scientific, Japan) from the ab-
dominal wall (Figure 4). The suture thread was removed 1–2
weeks later.

Figure 1. Flow diagram summarizing patients treated with different PEG

methods.

Figure 2. Funada-style gastropexy device. By courtesy of the Create Medic

Company.
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Statistics

Statistical analysis was performed using the v2 test and Fisher’s
test for categorical data and the Mann-Whitney U test for con-
tinuous data. IBM SPSS 17.0 software was used, and significance
was accepted at a P-value of less than 0.05.

Results
Non-gastropexy vs. gastropexy

The success rates in both groups were 99%. In one patient from
each group, transillumination of light at appropriate sites was
not possible. There were no significant differences between the
non-gastropexy and gastropexy groups with respect to patients’
clinical backgrounds, i.e. age and gender distributions, albumin
and body mass index (BMI), and basic illnesses (Table 1).

The rate of patients with erythema in the peristomal area in
the gastropexy group was 11.6%—significantly lower than that
of the non-gastropexy group (47.9%; P< 0.001). The rate for exu-
date was only 2.3%, compared with 14.9% in the non-gastropexy
group (P< 0.01). No patient had ulcer formation or focal

peritonitis in the gastropexy group. Six patients (6.4%) in non-
gastropexy group were diagnosed with peristomal infection,
while none was diagnosed with either perisotmal infection or
focal peritonitis in the gastropexy group. All patients with peri-
stomal infection received antibiotics. In addition, two patients

Figure 3. Endoscopic view of Funada-type gastropexy. Puncture of two parallel needles and forming a loop to hold the suture (A). The distal end of the suture from one

straight needle passes through the loop wire from the other needle (B). The loop is placed back in the needle and the device is pulled out of the body (C). The freed su-

ture is knotted.

Figure 4. Endoscopic view of modified introducer methods. Puncture the stomach with an 18-gauge needle in the center of two sutures (A), insert the guide wire

through the needle (B), insert the dilator over the guide wire (C), insert a 24 Fr bumper-type gastrostomy tube (D), finely open the bumper (E).

Table 1. Demographics and baseline characteristics of patients

Non-gastropexy
(n¼ 94)

Gastropexy
(n¼ 86)

P-value

Mean age, years (range) 69.7 (30–96) 69.9 (33–90) 0.62
Male, n (%) 55 (58.5) 46 (53.5) 0.49
Mean albumin, g/dL (range) 3.3 (2.1–4.8) 3.4 (2.1–4.6) 0.10
Mean BMI, kg/m2 (range) 19.3 (11.7–27.4) 18.4 (11.0–29.6) 0.18
Underlying disease, n (%) 0.93
CNS disorders 55 (58.5) 53 (61.6)
Cerebrovascular disorders 22 (23.4) 19 (22.1)
Tumour 5 (5.3) 3 (3.5)
Others 12 (12.8) 11 (12.8)

BMI¼body mass index; CNS¼ central nervous system
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with focal peritonitis received parenteral nutrition until the
peritonitis improved. No patients needed surgical procedures.
The rate of bleeding from the peristomal area in the gastropexy
group was significantly higher than that in the non-gastropexy
group (12.8% vs. 2.1%; P< 0.01), but no patients required a blood
transfusion. All post-operative bleeding occurred within three
days. The 30-day mortality rates were 4.7% and 5.3%, respec-
tively, and these deaths were unrelated to the gastrostomy
procedure. The mean procedure time in the gastropexy group
was significantly longer than that in the non-gastropexy group
(31 vs. 24 minutes; P< 0.001) (Table 2).

Pull-PEG vs. gastropexy pull-PEG

To assess the gastropexy effect more rigorously, we compared
28 gastropexy pull-PEG patients and 94 pull-PEG patients
(Table 3). The rate of erythema in the gastropexy pull-PEG group
was significantly lower than that in the pull-PEG group (10.7%
vs. 47.9%; P< 0.001). No patients in the gastropexy pull-PEG
group showed peristomal infection. Mean overall procedure
time in gastropexy group was significantly longer than that in
the standard pull methods (29 vs. 23 minutes; P< 0.001).

Pull-PEG vs. introducer PEG

To assess the different methods, we compare the pull-PEG and
introducer-PEG groups (Table 4). Peristomal inflammation and

infection was lower in the introducer-PEG group, while the rate
of bleeding was significantly higher and mean procedure time
was 9minutes longer.

Discussion

Gastropexy is mainly used by radiologists to perform direct
percutaneous gastrostomy under fluoroscopic guidance [46].
T-fastener kits are the most commonly used accessories for
gastropexy [7]. The metal T-bars are attached to a suture, with
a straight surgical needle attached to the other end. The num-
ber of T-fasteners used varies between one and four.

Russell et al. first reported percutaneous gastrostomy with-
out gastropexy under endoscopic guidance (introducer method)
in 1984 [2]. In his original method, the stomach was punctured
using an 18-gauge needle percutaneously, a guide wire was
passed through the needle into the stomach, and then the nee-
dle was removed. A 16 Fr dilator-peel-away sheath set was
passed over the guide wire, and the dilator and guide wire were
then removed. A 14 Fr Foley catheter was advanced through the
peel-away sheath, after which the sheath was removed.

In 1987, Hashiba reported introducer-PEG with gastropexy
[8]. After 2000, several studies on introducer-PEG with gastro-
pexy were reported [9–12]; it has been reported that introducer
methods are superior in preventing infection. In patients with
head and neck cancers, introducer methods are particularly im-
portant prophylactically, to prevent wound infection and cancer
metastasis [13, 14].

The reason why introducer methods did not become popular
seems to be the complexity of gastropexy. Many PEG-indicated
patients are in poor general condition, and the length of the pro-
cedure is very important for such patients. The Ponsky (pull)
technique is a relatively easy technique for endoscopists, not
requiring much time to perform gastrostomy. The main factor
referring to the duration of the procedure seems to be finding
an appropriate puncture site.

In Japan, Funada invented the gastropexy kit about 20 years
ago [3]. The Funada-style gastropexy device has two parallel 20-
gauge needles with a wire loop and suture thread (Funada-style
Loop Gastropexy Device, Create Medic, Kanagawa, Japan). We
think the Funada-style gastropexy and T-bar technique may be
almost the same in terms of infection rates and efficacy points,
but we believe that Funada-style gastropexy is superior at sev-
eral pointsin several respects. With the Funada-style procedure,
we can fix two points by one operation, using surgical sutures,

Table 2. Comparison of clinical outcomes between non-gastropexy
and gastropexy

Non-gastropexy
(n¼ 94)

Gastropexy
(n¼ 86)

P-value

Peristomal inflammation, n (%)
Erythema 45 (47.9) 10 (11.6) <0.001
Exudate 14 (14.9) 2 (2.3) <0.01
Ulcer 2 (2.1) 0 0.51
Focal peritonitis 2 (2.1) 0 0.51

Peristomal infection*, n (%) 6 (6.4) 0 0.01
Bleeding, n (%) 2 (2.1) 11 (12.8) <0.01
Mean procedure duration,

minutes (range)
23 (6–77) 31 (14–72) <0.001

30-day mortality, n (%) 5 (5.3) 4 (4.7) 0.89

*Combination of erythema, indulation, pus discharge or peritonitis

Table 3. Comparison of clinical outcomes between pull-PEG and
agstropexy pull-PEG

Pull-PEG
(n¼ 94)

Gastropexy
pull-PEG
(n¼ 28)

P-value

Peristomal inflammation, n (%)
Erythema 45 (47.9) 3 (10.7) <0.001
Exudate 14 (14.9) 1 (3.6) 0.09
Ulcer 2 (2.1) 0 0.59
Focal peritonitis 2 (2.1) 0 0.59

Peristomal infection, n (%) 6 (6.4) 0 0.20
Bleeding, n (%) 2 (2.1) 2 (7.1) 0.22
Mean procedure duration,

minutes (range)
23 (6–77) 29 (14–72) <0.001

30-day mortality, n (%) 5 (5.3) 1 (3.6) 0.58

PEG¼percutaneous endoscopic gastrostomy

Table 4. Comparison of clinical outcomes between pull-PEG and
modified introducer-PEG

Pull-PEG
(n¼ 94)

Modified
introducer-PEG
(n¼ 58)

P-value

Peristomal inflammation, n (%)
Erythema 45 (47.9) 7 (12.1) <0.001
Exudate 14 (14.9) 1 (1.7) <0.01
Ulcer 2 (2.1) 0 0.38
Focal peritonitis 2 (2.1) 0 0.38

Peristomal infection, n (%) 6 (6.4) 0 0.05
Bleeding, n (%) 2 (2.1) 8 (13.8) <0.01
Mean procedure duration,

minutes (range)
23 (6–77) 32 (17–64) <0.001

30-day mortality, n (%) 5 (5.3) 3 (5.2) 0.63

PEG¼percutaneous endoscopic gastrostomy
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while with the T-bar technique, we had to fix one by one, and in
addition stoppers are necessary on the surface of an abdominal
wall. Suture thread is harmless to the human body, while the
T-bar technique uses a metallic anchor that may cause foreign-
body reaction. We can carry out numerous gastropexies using
the Funada technique, requiring only extra suturing thread, as
opposed to a quantity of T-bars. Nothing remains in the body
when sutures are removed, whereas metallic anchors remain
in the gastrointestinal tract when T-bars are removed, and
there was a case report of pneumoperitoneum from an eroded
T-fastener [15].

Dormann et al. reported 46 cases of PEG with gastropexy.
They employed the Funada-style device for gastropexy. They
used an introducer technique and the gastrostomy tube was the
13 Fr balloon type [9]. The diameter of the initial gastrostomy
tube was reportedly 12–19 Fr in a percutaneous radiological gas-
trostomy or introducer-PEG, being smaller than in pull-PEG
(more than 20 Fr). Inoue reported the first modified introducer
method in 2002 [16]. In the modified introducer method, a large-
bore tube can be initially inserted, as in the pull-PEG methods.
After modified introducer-PEG kits became commercially avail-
able in Japan, modified introducer-PEG with Funada-style gas-
tropexy became a widely used technique.

Gastropexy has advantages and disadvantages: the main ad-
vantage is the reduction of peristomal infection and inflamma-
tion, as our study and others reported. Prophylactic antibiotics
for PEG are recommended in both the ASGE (American
Society of Gastroenterology) and BSG (British Society of
Gastroenterology) guidelines [17, 18]; however, several PEG
studies using the introducer method reported that it was unnec-
essary to use prophylactic antibiotics [19, 20]. With gastropexy,
fistula formation is possible, even if we do not apply the pres-
sure with the bumper, which is thought to contribute to the
blood circulation defect due to excessive pressure. Gastropexy
prevents peritonitis in the event of accidental removal of the
gastrostomy tube before maturation of the gastrostomy tract.
With gastropexy, the abdominal wall and stomach are fixed
tightly and the gastrostomy tract matures rapidly and becomes
more stable, which causes less-frequent damage to the gastro-
stomy tract at the time of exchanging the gastrostomy tube.
Ascites is one of the contraindications of PEG, but Wejda et al.
reported the safe placement of PEG in patients with ascites
using gastropexy [21].

The main disadvantages of gastropexy are the complexity
and long duration of the procedure. Other disadvantages are
bleeding due to multiple punctures and the cost of the gastro-
pexy device. Impairment of peristalsis by fixation is also a pre-
dictable complication, but we did not experience any definite
cases of this.

Several studies have compared the pull-through and intro-
ducer techniques, and they all concluded that the introducer
technique reduced the risk of peristomal infection, as in our
study [10, 11]. They suggested that the reason why the intro-
ducer method reduced the risk of infection was that the gastro-
stomy tube did not pass through the mouth and pharyngeal
bacterial flora; however in our small series, the infection rates
of pull-PEG with gastropexy and introducer-PEG were almost
the same. We are of the opinion that bacterial translocation is
the most important factor in peristomal infection and inflam-
mation, but other factors such as gastric juice leakage and local
circulatory insufficiency by compression of the bumper are also
related to peristomal inflammation. These results mean that,
with gastropexy, the stoma infection rates were almost the
same in pull- and direct PEG patients. Fixation of the stomal

site itself seems to be very important in protecting against sto-
mal infection. Although very small in number, our gastropexy
pull-PEG group showed a very low rate of infection, while bleed-
ing rate was lower and procedure duration was shorter than in
the introducer-PEG group. Funada-style gastropexy is a simple
and quick method, which can be performed successfully, re-
gardless of experience. In our hospital, most PEG procedures are
performed by Fellows without any severe complications. The
Loop Fixture II advanced model of the Funada-type gastropexy
device has been developed, which can be manipulated with a
single hand, enabling us to perform gastropexy more quickly
and easily.

This study is a single-centre, just retrospective, and non-
randomized study. Therefore it has limitations. Many of studies
that compare pull-PEG and introducer-PEG have emphasized
that direct insertion from the abdominal wall prevents peristo-
mal infection, but they did not assess the importance of gastro-
pexy. Prospective study to compare pull-PEG and gastropexy
pull-PEG is necessary to prove the importance of gastropexy.
And a prospective randomized study to compare Funada-style
gastropexy and T-fasteners is also necessary.

In conclusion, gastropexy seems desirable for the prevention
of early complications of PEG, with either the pull- or introducer
methods; however prospective study is required.
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Recent technological advancements in comprehensive 
genome and transcriptome analyses have clarified the 
molecular pathways underlying the development of human 
hepatocellular carcinomas (HCCs). However, there is still 
a gap between the results of multi-omics analyses and their 
clinical implications. Because of the large quantity of data 
obtained through these types of analyses, identifying target 
molecules important for clinical uses is difficult.

Miao et  al .  l inked multi-omics results with the 
management of HCC (1). They performed whole genome 
sequencing of noncancerous liver samples and multiple 
HCC nodules of the same patients. They distinguished 
two types of nodules—metastatic nodules derived from 
a primary tumor and multicentric nodules that occur 
synchronously—and successfully clarified the clonality 
and aggressiveness of multifocal HCCs. For example, 
metastatic nodules showed a sequential progression of 
genetic alterations from the primary tumor to the portal 
vein thrombus and metastatic satellite metastatic lesions. 
Previously, Tao et al. also analyzed mutations in multiple 
nodules of the same patients using whole genome data; 
they elucidated cancer growth dynamics and the associated 
mutations (2). It is possible that comprehensive analyses of 
genetic alterations should be a powerful tool to distinguish 
metastatic lesions from the multicentric occurrence of 
HCCs, and to manage HCCs. For example, the recent 
development of direct-acting antiviral agents for hepatitis 
C has enabled the eradication of the virus even in patients 
with advanced liver cirrhosis and HCC (3). It is also known 
that a sustained virologic response after treatment of 
hepatitis can decrease the emergence of HCC and mortality. 
Therefore, if it could be demonstrated that nodules were 
not metastatic but instead originated from independent 

tumors, such patients would be suitable for antiviral 
therapies after the curative treatment of HCC, preventing 
recurrence. Moreover, the indication of liver transplantation 
for patients with HCC could be expanded by this type of 
molecular analysis. Typically, the Milan criteria are applied 
for selecting cases with HCC that are appropriate for liver 
transplantation. However, it is possible that the risk of 
recurrence differs for patients with and without metastatic 
lesions. From this point of view, the clonality of multifocal 
nodules should be considered for the indication of liver 
transplantation in HCC patients. 

Using a large patient cohort, Miao et al. also identified 
the key mitotic checkpoint regulator TTK as a promising 
overall prognostic marker for HCC (1). Based on the 
transcriptome analysis, more molecules responsible for 
cellular function were found to be deregulated to a greater 
extent in metastatic lesions than in primary tumors. On the 
other hand, gene expression alterations in non-metastatic 
nodules resulting from multicentric occurrences were trivial. 
TTK expression was significantly correlated with tumor 
grade in the expression analysis using a large cohort of HBV-
positive HCC cases. Importantly, TTK mRNA expression 
levels were inversely correlated with the recurrence-free 
survival and overall survival of these patients. The group 
with high TTK expression showed shorter times to HCC 
recurrence than the group with low TTK expression. This 
finding could also have clinical importance because it affects 
the HCC management strategy; the selection of HCC cases 
for invasive treatment including liver transplantation, and 
the need for antiviral treatment for HCV-positive cases after 
curative treatment of HCC (4). Further validation using 
HCV-related and non-viral HCC patients is necessary 
because the mutational profile might differ between HBV-
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positive and -negative HCCs (5,6). Nevertheless, it is 
possible that “omics” analyses will be a powerful tool for the 
development of a cure for liver disease including HCC in 
the near feature. 
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Abstract
Background: Hepatocellular carcinoma (HCC) is the fifth most common type of cancer and 
the third leading cause of cancer-related death worldwide. HCC is most common in Asia, but 
its prevalence is rapidly increasing in Western countries; consequently, HCC is a global medi-
cal issue that urgently needs to be addressed. Japan is the only developed country that has 
experienced both hepatitis B-related and hepatitis C-related HCC and has a long history of 
innovation when it comes to new diagnostic and therapeutic modalities, such as computed 
tomography angiography, anatomical resection, ablation, and transarterial chemoemboliza-
tion. Among these innovations, a nationwide surveillance program was well established by 
the 1980s, and such a long-term national program does not exist anywhere else in the world. 
Summary: More than 60% of the initially detected HCCs in Japan are Barcelona Clinic Liver 
Cancer stage 0 or A, which can undergo curative therapies such as resection, ablation, or 
transplantation. The recent 5-year survival rate of HCC patients in Japan was 43% and the 
median survival time was 50 months. In addition, both incidence and mortality rates are dras-
tically declining as a result of the successful surveillance program, careful diagnostic flow, and 
extensive repeated treatments. Key Message: Japan’s successful model in the surveillance, 
diagnosis, and treatment of HCC should be adopted as widely as possible to improve the 
survival of HCC patients worldwide. Copyright © 2015 S. Karger AG, Basel
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Epidemiology

Hepatocellular carcinoma (HCC) is the fifth most common type of cancer and the third 
leading cause of cancer-related death worldwide [1]. Twenty to thirty years ago, liver can-
cer was most prevalent in Asia and Africa, but it is now rapidly becoming more prevalent 
in Western countries as a result of the spread of hepatitis C infection and increased rates 
of liver cancer associated with alcohol use and non-alcoholic steatohepatitis (NASH). Liver 
cancer is, therefore, increasingly becoming a global problem. In Japan, nationwide follow-
up surveys by the Liver Cancer Study Group of Japan show that the total number of deaths 
from liver cancer began to increase sharply in 1975, but have been declining since peaking 
in 2004 (fig. 1). Furthermore, data from GLOBOCAN show that the rate at which the inci-
dence is decreasing in Japan is faster than the rate at which it was increasing sharply after 
1975 [1] (fig. 2). Another reason for the declining incidence rate may be the great success 
of vaccination and gamma-globulin injection programs started in 1986 to prevent transmis-
sion of hepatitis B from mothers to their children. In addition, screenings of donated blood 
and efforts to educate the general public about hepatitis C have also been successful, and 
so the number of people newly infected by blood from tattooing or razors, as well as other 
sources, is also decreasing dramatically. Another factor that likely reduced the incidence of 
hepatitis C-related liver cancer is that a sustained virologic response (SVR, i.e., elimination 
of the hepatitis C virus) has been obtained in increasingly more patients since the advent of 
interferon therapy in 1992. Patients with hepatitis C and cirrhosis have also aged, so many 
have already died from liver cancer. For these reasons, the total number of deaths from liver 
cancer in Japan has noticeably decreased from its peak in 2004 (fig. 3). According to recent 
statistics, in 2012 a total of 30,690 people died from liver cancer in Japan.

Additionally, Japan introduced a liver cancer screening program as early as the 1980s. 
Although most cases were diagnosed with an alpha-fetoprotein (AFP) test or a 99m Tc col-
loid liver scan before the 1980s, electronic ultrasound scanning devices were introduced in 
the early 1980s, before computed tomography (CT) and magnetic resonance imaging (MRI) 
were gradually introduced for the diagnosis of liver cancer. Over time, these advances con-
tributed to the establishment of a program that made liver cancer screening possible across 
Japan.

In 1999, the Japan Society of Hepatology (JSH) began the Eliminate Liver Cancer Pro-
gram and started publishing white papers on liver cancer. JSH has organized educational 
events at least once a year through appointed coordinators in each of Japan’s 47 prefec-
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Fig. 1.  Total deaths from HCC in Japan (1958–2006).
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tures to educate both the general public and healthcare providers not specialized in liver 
cancer. Thanks to these efforts, it became possible to detect liver cancer at an early stage 
through regular screening of people already infected with hepatitis C or B. In addition, the 
Basic Act on Hepatitis Measures enacted by the Japanese Ministry of Health, Labour and Wel-
fare (MHLW) in 2009 established a system by which public health centers and clinics could 
perform blood tests free of charge for the general public to check for infection with hepatitis 
B or C. By means of these initiatives, Japan has created the world’s first nationwide HCC 
surveillance program, a feat that should be globally acclaimed [2]. As a result of this nation-
wide surveillance system, and of other advances in diagnostic and treatment methods, liver 
cancer is now detected at a stage where it can be treated with curative therapy, such as resec-
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Fig. 2.  a Global incidence of hepatocellular carcinoma per 100,000 population for men, clearly show-
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tion [3] or ablation [4], in a larger number of patients than in other countries, and the 5-year 
survival rate (fig. 4) [5] and median survival time (MST) have rapidly improved (fig. 5)[5].

Advances in Surveillance, Diagnostic Methods, and Treatments

The only diagnostic method available before 1980 was contact compound ultrasound, 
and it was able to diagnose only cholelithiasis, because it was exceedingly difficult to de-
tect small liver cancers with this method. At that time, liver cancer was almost always de-
tected from the appearance of jaundice or ascites or rupturing of esophageal varices, and 
early detection was virtually impossible. However, in the early 1980s, image resolution 
improved with the transition from contact compound scanning to electronic scanning ul-
trasound. Around this time, physicians gradually began to conduct surveillance using ultra-
sound and AFP testing. In addition, hepatectomy techniques were almost fully established 
in 1985, making it possible to perform hepatectomy safely from that point onward. At about 
the same time, Yamada et al. developed transcatheter arterial chemoembolization (TACE) 
[6], the use of which spread widely across Japan. In the 1990s, Sugiura et al. of Chiba Univer-
sity established the percutaneous ethanol injection (PEI) technique, and helical CT and MRI 
also began to be used in the diagnosis of liver cancer. Around 1995, hepatic arterial infusion 
chemotherapy (HAIC) with an implanted port capable of continuous 24-h infusion was de-
veloped; this technique is unique to Japan. Several researchers demonstrated that this treat-
ment was extremely effective (response rate: 30–40%), and reliably improved the prognosis 
of patients in whom a partial or complete response was obtained [7]. As a result, HAIC began 
to be adopted as a de facto standard of care across Japan.

In 1992, interferon therapy for hepatitis C was introduced. The initial dosing regimen 
at that time involved administering 600 million IU interferon three times per week for 6 
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months, but this was gradually replaced by combination therapy with pegylated interferon 
(Peg-IFN) and ribavirin and triple-drug therapy with Peg-IFN, ribavirin, and a protease in-
hibitor. It is now possible to cure 90% of cases of genotype 1b hepatitis C with high viral 
load (i.e., refractory cases) through an all oral interferon-free regimen with direct-acting 
antivirals. This is an important factor that has contributed to the decreased incidence and 
mortality of liver cancer. Because of these dramatic advancements in treating hepatitis C, the 
incidence of liver cancer associated with hepatitis C gradually declined.

Moreover, tumor markers such as PIVKA-II (des-gamma carboxyprothrombin) and AFP-
L3 fraction [8] were approved and tests for them came to be routinely available in 1988 and 
1996, respectively; these tests are completely covered by national health insurance in Japan. 
There is no doubt that the widespread use of such tumor markers has also contributed to the 
screening and diagnosis of liver cancer as well as to the assessment of therapeutic effects. In 
1999, radiofrequency ablation (RFA) was first used in Japan; the technique was adopted very 
rapidly, with almost all institutions in Japan performing this procedure by 2000. There were 
also dramatic advances in liver cancer diagnostics: multidetector computed tomography 
was introduced around 2000, Sonazoid contrast-enhanced ultrasound (CEUS) was approved 
in 2007, and gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced MRI 
(EOB-MRI) was approved in 2008.

CT during hepatic arteriography (CTHA) and CT during arterial portography (CTAP), 
which were developed by Matsui et al. at Kanazawa University, are highly precise methods 
of diagnosing HCC with blood flow imaging [9, 10]. These methods can be used not only to 
detect small nodules precisely, but also to evaluate arterial blood flow and portal venous 
blood flow separately. Ultrasound angiography with intra-arterial infusion of carbon dioxide 
also has excellent sensitivity for detecting arterial blood flow [11], but it was used less and 
less after the emergence of Sonazoid CEUS and is almost never used today. One disadvantage 
of ultrasound angiography with intra-arterial infusion of carbon dioxide, CTHA, and CTAP 
is that they are invasive techniques that require an angiographic procedure. However, the 
sensitivity of Sonazoid CEUS for detecting arterial blood flow is comparable to that of ultra-
sound angiography with intra-arterial infusion of carbon dioxide, and the sensitivity of EOB-
MRI for detecting liver cancer is almost equivalent to that of CTHA and CTAP. Sonazoid CEUS 
and EOB-MRI were breakthrough advances in that they enabled the non-invasive, exhaustive 
diagnosis of HCC. In addition, a study using single-slice dynamic CTHA demonstrated clearly 
by comprehensive hemodynamic analyses that the portal vein is the tumor-draining vein in 
HCC, a finding that came to be known as “corona enhancement” [12]. This finding provided 
very important information for interpreting images taken with dynamic CT, and thereby es-
tablished dynamic CT as a good diagnostic modality. Of course, it remains useful today not 
only in diagnosis, but also in treatment, as CT angiography machines are used for monitoring 
treatment procedures during TACE.

The development of defect reperfusion imaging with Sonazoid CEUS was also an epoch-
making event [13]. With this method, nodules that would not be detected with B-mode ul-
trasound and residual cancer after RFA can be diagnosed by performing a full liver scan and 
reinjecting Sonazoid into areas where defects appear in the Kupffer phase. This is a very 
simple and extremely useful technique, but no-one considered the possibilities of this inno-
vative procedure before its invention by Kudo et al. [13].

Advances have also been made in resection techniques. The technique of intraoperative 
ultrasonography for systematic subsegmentectomy developed by Makuuchi et al. [14] was 
a pioneering technique that came to be widely used across the world. However, in Europe 
and the United States, surgery is contraindicated in patients with portal hypertension and 
instead they are quickly scheduled for liver transplantation [15, 16]. Nonetheless, many pa-
tients lose their eligibility status for transplantation because they progress beyond the Milan 
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criteria while they are waiting. It is Japan’s position, therefore, that hepatectomy should ac-
tively be performed because it has a 5-year survival rate of more than 50%, even in patients 
with portal hypertension. This unique Japanese technique for systematic subsegmentectomy 
should be globally recognized.

TACE was also empirically developed in Japan, and unique techniques such as superse-
lective subsegmental TACE with lipiodol have become commonplace here [17, 18]. However, 
these techniques are not usually performed in other countries, even now. One well-known 
historical fact is that the effectiveness of TACE itself was once doubted outside Japan. Several 
randomized controlled trials (RCT) of TACE versus no treatment were conducted worldwide, 
including Europe and the United States, with the first four RCTs showing that TACE offered no 
survival benefit [19]. However, physicians in other countries do not reproduce the techniques 
of Japanese experts in liver cancer treatment, so they do not employ superselective TACE, and 
this was also the case in these RCTs. Thus, patients with Child-Pugh grade B or C cirrhosis were 
embolized in one or both hepatic lobes, which can lead to death from hepatic failure. These 
factors may explain why no difference was found between the treated and untreated groups. 
Another failure in these RCTs was that hepatic functional reserve was not really considered 
an important factor in patient selection. Although currently the RCT is seen as the supreme 
study design for providing scientific evidence, we should bear in mind that even if a study is 
an RCT, its conclusions may not be valid because of problems with patient selection or treat-
ment techniques. When these issues were pointed out by Japanese TACE experts, a new RCT 
was conducted at the same institution where Bruix et al. obtained their negative data [20].  
This study, conducted by Llovet et al. [21], showed that TACE did offer a survival benefit [21] 
and the following meta-analysis of six RCTs clearly showed a survived benefit of TACE [19]. 
For these reasons, although Japan was the first to develop TACE, a group from Barcelona is 
globally recognized for making TACE the standard therapy. This was a painful lesson for Japa-
nese researchers to learn.

Similarly, it is regrettable that hepatic arterial infusion chemotherapy (HAIC), the thera-
peutic effect of which has been empirically validated, is not globally recognized as the stan-
dard of care at present. Japan must be sure to avoid making the same mistake made again 
and must promote HAIC to the world as the standard of care. To accomplish this goal, a group 
led by the author and funded by a research grant from the MHLW just finished enrolling pa-
tients to a comparative randomized study of sorafenib with sorafenib plus HAIC (NCT No. 
00933816). The study is about to be completed, and if it produces positive results, it will 
verify the survival benefit of arterial infusion chemotherapy. For this reason, the results are 
eagerly awaited.

One treatment developed in the West is the use of the molecular targeted agent sorafenib, 
which was approved in Japan in 2009. It was approved in Europe and North America in suc-
cession in 2007 and 2008, and is presently the only drug in the world that offers a survival 
benefit [22]. Sorafenib is indicated for Child-Pugh grade A cirrhosis patients with advanced 
HCC involving vascular invasion or extrahepatic spread and for patients with intermediate-
stage HCC that does not respond to TACE [23]. However, the survival benefit is not large: it 
is mild to moderate. Therefore, the most effective way to use sorafenib may be to combine it 
with a conventional treatment such as TACE [24, 25] or arterial infusion chemotherapy. The 
results of clinical studies with such combination treatments are also eagerly awaited.
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Establishment of the Concept of Early HCC

By the mid-1980s, a large number of small nodules were being detected by ultrasound 
in cirrhotic livers, and many of these did not exhibit the classical HCC feature of arterial en-
hancement with late washout on corona enhancement on CT/MRI or CT angiography [12]. 
Starting around this time, institutions across Japan began to actively perform liver tumor 
biopsies. However, it was initially very difficult to diagnose liver cancer because it was not 
possible to identify the characteristic features of classical liver cancer on histological find-
ings from liver tumor biopsy, and only hyperplasia could be observed. During this period, 
the Japan Liver Tumor Biopsy Study Group was established and sparked lively discussion 
between clinicians and pathologists. These discussions also inspired the establishment of 
MHLW research groups on the diagnosis of early HCC that were primarily led by Masamichi 
Kojiro of Kurume University and Setsuo Hirohashi of the National Cancer Center. Research 
conducted by such study groups and MHLW-funded groups on methods such as follow-up bi-
opsies revealed that hypovascular nodules that do not demonstrate hypervascularity are ei-
ther precancerous lesions or tumors in the early stage of carcinogenesis. The third edition of 
the General Rules for the Clinical and Pathological Study of Primary Liver Cancer published 
by the Liver Cancer Study Group of Japan, published as far back as February 1992, describes 
“early-stage, well-differentiated HCC where the existing liver structure is not highly dam-
aged” [26, 27], which seems very cutting-edge in retrospect.

As a result of this observational research, it was verified that HCC shows multistep car-
cinogenesis in which a sequence from dysplastic nodule (DN) to an early HCC within a DN 
(nodule in nodule), an early HCC, and finally to classical hypervascular HCC. This is another 
highly significant finding. Until just recently, such a clinical and pathological concept of early 
HCC was not recognized globally because Japan was much further ahead in this field. Howev-
er, the first International Consensus Group Meeting on the diagnosis of early HCC was orga-
nized by Masamichi Kojiro at Kurume University in 2002; a second meeting was later held at 
Leuven (hosted by Tania Roskams), Belgium, in 2004; and a third and final consensus meet-
ing was held in Thessaloniki, Greece, in 2006. Through these meetings, a consensus emerged 
from leading liver pathologists in Asia (mainly from Korea and Japan), Europe, Australia, 
South America, and the United States, and a consensus paper on early HCC was published in 
Hepatology in 2009 [28]. This paper brought about global recognition of the concept of early 
HCC. The article was even referenced in a WHO “Blue Book” [29], and its contents are now 
globally established as common knowledge.

Table 1.  Global liver cancer treatment outcomes: results of the GIDEON study

n MST, months (95%CI)

Japan 500 79.6 (62.1–96.0)

European Union 1115 25.0 (22.9–28.7)

Asia Pacific 955 20.9 (17.3–25.2)

South America 90 19.5 (13.5–NE)

North America 553 14.8 (13.1–17.0)

MST = median survival time; CI = confidence interval; NE = Not, evaluable. 
Reproduced with permission from Kudo M, et al. [53].

－138－



Kudo: Liver Cancer in Japan

Liver Cancer 2015;4:39–50

DOI: 10.1159/000367727
Published online: February 17, 2015

© 2015 S. Karger AG, Basel
www.karger.com/lic

47

At around the same time, following the emergence of EOB-MRI in 2008, it was found that 
hypovascular nodules that do not exhibit reduced portal flow exhibit low signal intensity in 
the hepatocyte phase of EOB-MRI, and that such nodules are early HCC with decreased ex-
pression of OATP8 (1B3) [30–32]. It is now known that when such nodules follow their natu-
ral course, many eventually become hypervascular and progress to classical hypervascular 
HCC [33–51]. For these reasons, it has recently become a reality in the diagnosis of early HCC 
that among existing imaging diagnostic modalities, EOB-MRI is achieving a level of diagnostic 
performance approaching that of liver pathology experts. Such facts will soon be shared with 
Europe and the United States through the publication of many Japanese studies.

Improvements in the Prognosis of Liver Cancer

Japan’s comprehensive screening system, advances in diagnostic approach, and careful 
application of recently developed treatment methods have improved the 5-year survival rate 
from 5% in 1978 to 43% in a nationwide follow-up survey conducted by the Liver Cancer 
Study Group of Japan between 1978 and 2005 (fig. 4)[5]. In addition, MST has improved from 
4 months to 50 months over the past 28 years (fig. 5)[5]. This is an exceptional treatment out-
come that no other country in the world has come close to achieving; for example, the 5-year 
survival rate for liver cancer is 11% in the United States [52], 19% in South Korea, and 20% in 
Taiwan. Clearly, the survival rate for liver cancer in Japan is by far the best in the world.

One more set of data that illustrates the superiority of Japan’s treatment outcomes for 
liver cancer is the non-interventional GIDEON study, in which MST was 79.6 months in Japan 
compared to 25 months in European Union member countries, 20.9 months in the Asia Pacific 
region, 14.8 months in the United States, and 19.5 months in Latin America [53].The progno-
sis for patients with liver cancer is considerably better in Japan (table 1).

Advancements in Basic Research

The prognosis of liver cancer has conventionally been determined based on TNM staging 
and hepatic functional reserve. However, physicians are now beginning to understand that 
the prognosis of liver tumors of the same size that are treated by curative therapy can differ 
immensely. This is because some liver cancers have stem cell features that are thought to in-
dicate the presence of EpCAM and AFP or CK19, and it is known that the prognosis of patients 
who are positive for these markers is very poor. Also, in recent years, there have been many 
attempts to classify HCC based on molecular biology, among which a typical example is the 
molecular classification by Hoshida et al. [54]. According to this classification, aggressive (S1, 
S2) and less aggressive (S3) types of liver cancer exist, with S1 and S2 typically being HCCs 
with stem cell features and thus a poor prognosis [55]. Furthermore, it is becoming clear that 
Wnt/β-catenin signaling induces expression of the EOB uptake transporter OATP8 [56, 57], 
and studies have shown that OATP8-positive liver cancers have a better clinical course than 
other liver cancers [58, 59]. Such findings have now ushered in an age in which basic molecu-
lar classifications and molecular pathology are directly linked with the imaging findings or pa-
tient prognosis; therefore, it may also be necessary for treatment strategy to change to accom-
modate this subtype of HCC. That is to say, it is becoming recognized that liver cancer should 
be actively subclassified to determine the prognosis and to consider the treatment strategy. 
These molecular classification systems are also gaining attention for their use in identifying 
new target molecules.
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Conclusion

Japan is the only developed country that has faced a high incidence of both hepatitis 
B-related liver cancer in the past and hepatitis C-related liver cancer in the past 30 years. 
Hepatitis B-related liver cancer has been conquered, and hepatitis-C related liver cancer is 
now facing the same fate. The favorable treatment outcomes we have obtained in Japan were 
made possible by our unique approach to screening via a nationwide surveillance program, 
a precise diagnostic algorithm, and a careful treatment strategy, and these factors have given 
us the best treatment outcomes in the world. Despite liver cancer incidence and mortality 
decreasing in Japan, it is likely that liver cancer will remain a major cause of death at least 
over the next 20 years. Furthermore, although NASH and metabolic syndrome do not have 
the same level of impact as hepatitis B or C, the number of cases of non-B and non-C liver 
cancer associated with these two diseases is undoubtedly increasing.

Japan will have an important role to play in tackling the future challenges of (1) how to 
establish a surveillance system for non-B and non-C liver cancer to promote early detection, 
(2) how to identify factors that predict carcinogenesis in patients with hepatitis C after SVR 
and how to establish a follow-up system, and (3) how to expand the surveillance, diagnosis, 
and treatment systems successfully established in Japan to the rest of the world, including 
Western countries.
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Editorial

Clinical Practice Guidelines for  
Hepatocellular Carcinoma Differ  
between Japan, United States,  
and Europe

Introduction

Hepatocellular carcinoma (HCC) is a malignant tumor that is the fifth most common 
type of cancer and the third leading cause of cancer-related death globally. Although HCC 
was once thought to be a special type of cancer prevalent only in Southeast Asia and Africa, 
it has rapidly become more common in other regions, particularly Europe and the United 
States, which has led to greater interest in the diagnosis and treatment of HCC worldwide. 
Consequently, the American Association for the Study of Liver Diseases (AASLD) [1] and the 
European Association for the Study of the Liver and the European Organisation for Research 
and Treatment of Cancer (EASL-EORTC) [2] have published clinical practice guidelines for 
liver cancer. In Japan, the first edition of evidence-based clinical practice guidelines was pub-
lished in 2005 [3, 4], followed by a revised edition in 2009 and a third revision in 2013 [5, 6]. 
In addition, 1 or 2 years after the publication of each revised edition of the evidence-based 
treatment guidelines, The Japan Society of Hepatology (JSH) has also published consensus-
based clinical practice manuals for HCC. The first edition was published in 2007 and the 
second edition in 2010 [7, 8]. A third edition will be published in 2015. In this article, dif-
ferences between the aforementioned European and American clinical practice guidelines 
and Japanese clinical practice guidelines will be discussed. Specifically, as these guidelines 
primarily consist of both a surveillance and diagnostic algorithm and a treatment algorithm, 
each component of the algorithms will be explained in detail.

Surveillance and Diagnostic Algorithms

The AASLD diagnostic algorithm (fig. 1) and the EASL-EORTC diagnostic algorithm (fig. 
2) are basically the same; the AASLD and EASL-EORTC surveillance and diagnostic algo-
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rithms differ from the JSH surveillance algorithm in that they do not make use of tumor 
markers such as alpha-fetoprotein (AFP) and recommend surveillance with ultrasound 
alone. Essentially, for the AASLD and EASL-EORTC surveillance and diagnostic algorithms, 
only cirrhotic patients are considered candidates for surveillance, and surveillance is per-
formed with ultrasound every 6 months. If a nodule ≤1 cm is found, ultrasound examina-
tions are performed every 3 months, and dynamic computed tomography (CT) or magnetic 
resonance imaging (MRI) scans are not performed unless the nodule exceeds 1 cm. If arterial 
enhancement and venous equilibrium phase washout are observed with either modality, 
HCC can be diagnosed noninvasively. If a diagnosis cannot be made by CT or MRI, HCC can 
be diagnosed if this imaging hallmark is observed in another dynamic study. Liver biopsy is 
recommended only when these imaging features are not observed.

The algorithm in the EASL-EORTC guidelines differs only in some minor respects from 
the AASLD algorithm. When a tumor ≤1 cm is detected, both algorithms propose that CT 
and MRI examinations should not be performed, but the AASLD algorithm recommends an 
ultrasound examination every 3 months, whereas the EASL algorithm recommends an ul-
trasound examination every 4 months. In addition, although the EASL guidelines present 
different diagnostic algorithms for 1- to 2-cm nodules and nodules >2 cm, this distinction is 
essentially meaningless, and the EASL algorithm is largely the same as the AASLD algorithm. 
As such, it should not really be necessary to have separate approaches for 1- to 2-cm nod-
ules and nodules >2 cm. Specifically, the EASL guidelines state that typical features of HCC 
must be observed with both modalities (CT and MRI) to diagnose 1- to 2-cm nodules in in-
stitutions other than centers of excellence, whereas the clear appearance of typical features 

Liver nodule

>1cm<1cm

4-phase MDCT/ dynamic
contrast enhanced MRI

Arterial hypervascularity
AND venous or delayed

phase washout

Other contrast
enhanced study 

(CT or MRI)
Yes No

HCC Arterial hypervascularity
AND venous or delayed

phase washout
Biopsy

Yes No

Investigate
according to

size

Repeat US at 
3 months

Growing/changing
character

Stable

Fig. 1.  AASLD practice guidelines for HCC surveillance and diagnosis [1]. MDCT=multidetector CT;  
US=ultrasound. Modified with permission from Bruix J et al. [1].
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of HCC on only one dynamic study is sufficient to diagnose nodules >2 cm. This essentially 
means that a single modality is sufficient for either size of nodule, so there is no need to delib-
erately differentiate the two sizes of nodules. The EASL and AASLD algorithms have identical 
recommendations for cirrhotic patients: they both recommend only an ultrasound examina-
tion every 6 months and do not recommend the use of tumor markers.

The Japanese evidence-based clinical practice guidelines for HCC (fig. 3) deliberately di-
vide patients into an extremely high-risk group (hepatitis B or C cirrhosis) and a high-risk 
group (patients with chronic hepatitis B, chronic hepatitis C, or non-viral cirrhosis) and rec-
ommend an ultrasound examination every 3–4 months along with measurement of three tu-
mor markers [AFP, proteins induced by vitamin K absence (PIVKA-II), and AFP-L3] [9, 10] 
every 3–4 months for the extremely high-risk group. They also recommend CT and MRI ex-
aminations every 6–12 months as an optional screening method. For the high-risk group, they 
recommend an ultrasound examination every 6 months and measurement of three tumor 
markers every 6 months.

The Japanese diagnostic algorithm differs from the European and American algorithms in 
that it recommends gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced 
MRI (EOB-MRI), contrast-enhanced ultrasound (CEUS), or CT angiography as an optional 
imaging test when a nodule shows early contrast enhancement without late washout and 
is ≥1 cm; if a diagnosis is not confirmed, then liver tumor biopsy is recommended. In other 
words, The Japanese algorithm takes a more rigorous approach to noninvasive diagnosis. If 
there is no early contrast enhancement and the tumor diameter is >1.5 cm, the same option-
al tests can be performed; however, if it is ≤1.5 cm, the patient should be followed every 3 
months and another dynamic CT or MRI performed if the tumor enlarges or tumor marker 
levels increase. If the tumor size is unchanged or regresses, the algorithm recommends the 
regular surveillance schedule be resumed.

a:
b b

Fig. 2.  EASL-EORTC practice guidelines for HCC surveillance and diagnosis [2]. 
aOne imaging technique only recommended in centers of excellence with high-end radiological equip-
ment. bHCC radiological hallmarks: arterial hypervascularity and venous/late phase washout.
Modified with permission from EASL-EORTC. [2].
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As in the Japanese evidence-based guidelines, the consensus-based clinical practice 
guidelines for liver cancer (fig. 4) use identical definitions for the extremely high-risk group 
and high-risk group. They are also similar to the evidence-based guidelines in that they rec-
ommend surveillance with dynamic CT or MRI every 6–12 months for cirrhotic patients be-

Extremely High-Risk Group:
 Ultrasound every 3-4 months
 Measure AFP/DCP/AFP-L3 every 3-4 months
 CT/MRI (optional) every 6-12 months
High-Risk Group:
 Ultrasound every 6 months
 Measure AFP/DCP/AFP-L3 every 6 months

Surveillance Algorithm - Diagnostic Algorithm

Nodule detected by ultrasound

Dynamic CT/MRIa

Early-phase contrast 
enhancement

Delayed-phase
washout

No delayed-phase
washout

No early-phase
contrast

enhancement

No lesions

 

Increase in size
/increase in

tumor marker
levels

Follow-up every 
3 months

No increase in
size/tumor

disappearanceOptional testing

Tumor diameter
>1 cm?

Definitive diagnosis of
hepatocellular

carcinoma

Regular surveillance

Tumor diameter
 >1.5 cm?

Hepatocellular carcinoma

Yes

Yes

No

No

Fig. 3.  Japanese evidence-based clinical practice guidelines for HCC: surveillance and diagnostic algo-
rithm [6]. AFP=alpha-fetoprotein; DCP=des-gamma carboxyprothrombin (also known as PIVKA-II). Op-
tional testing=EOB-MRI, CEUS, CT angiography or tumor biopsy.
aCT/MRI are used for some patients even if the nodule(s) are not visualized using ultrasound because 
of poor visualization capability. Contrast-enhanced ultrasound may be considered for patients with re-
nal impairment and/or allergies to contrast media of CT/MRI. Modified with permission from Kokudo N  
et al. [6].
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cause nodules may not be detected on ultrasound alone. However, the consensus-based algo-
rithm differs in that it recommends EOB-MRI, which has higher detection sensitivity than CT, 
as the first-line modality for surveillance every 6–12 months. This algorithm classifies nod-
ules as having one of three patterns: arterial hypervascularity and late washout, hypervascu-
larity but no late washout, or arterial hypovascularity. Hypervascular nodules with washout 
can be diagnosed as HCC by imaging alone. Hypervascular nodules without washout can be 
diagnosed as HCC if they are hypointense in the hepatobiliary phase of EOB-MRI. Biopsy is 
recommended if the nodules are isointense or hyperintense in the hepatobiliary phase.

Nodules that are hypovascular on EOB-MRI have strong malignant potential if they are 
hypointense in the hepatobiliary phase and therefore, in these cases, Sonazoid CEUS is per-
formed. If the nodule is hypervascular on Sonazoid CEUS or there is a defect in the Kupffer 
phase, it is definitively diagnosed as HCC, although biopsy can be performed as an optional 
test. This is because such cases may include not only well-differentiated HCC but also moder-
ately and poorly differentiated HCC, which could affect the treatment options. If the nodule is 

a

b

c

Hypervascular
without washout

Hypervascular
with washout

3-6 months

Hypovascular

Dynamic MDCT
(When MRI is not available)

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

Gd-EOB-DTPA MRI
Hepatobiliary phase

Hypointense Iso-/hyperintenseGd-EOB-DTPA MRI
Hepatobiliary phase

Hypointense Iso-/hyperintense

CEUS
(Sonazoid)

HCC

HCC

HCC

Early HCC

Gd EOB-DTPA MRI
(Dynamic CT)  

every 3-6 months

Biopsy

DN∙borderline

Small nodule ≥(1-1.5cm) Small nodule (<1-1.5cm)

Hypovascular and
no defect in

Kupffer phaseHypervascular
and/or defect in
Kupffer phase

Biopsy

Dynamic Gd-EOB-DTPA MRI

Fig. 4.  Consensus-based surveillance and diagnostic algorithm for HCC (Proposed by Liver Cancer Study 
Group of Japan 2014 [19]). Gd-EOB-DTPA=gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic ac-
id-enhanced; DN=dysplastic nodule. SPIO=superparamagnetic iron oxide; CTAP=CT during arterial por-
tography; CTHA=CT during hepatic arteriography. Optional examinations such as SPIO MRI, CTAP, CTHA 
and highly sensitive tumor marker measurement are recommended in difficult to diagnose cases.
aCavernous hemangioma may show hypointensity on equilibrium (transitional) phase of dynamic Gd-
EOB-DTPA MRI (pseudo-washout). Cavernous hemangioma should be excluded by other sequences of MRI 
and/or other imaging modalities. bCavernous hemangioma usually shows hypointensity on hepatobiliary 
phase of Gd-EOB-DTPA MRI. Cavernous hemangioma should be excluded by other sequences of MRI and/
or other imaging modalities. cBiopsy may be considered for confirmation.
Modified with permission from Kudo M et al. [19].
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neither hypovascular on Sonazoid CEUS nor shows a defect in the Kupffer phase, biopsy is 
recommended if the nodule is 1–1.5 cm or larger in order to differentiate between early HCC 
and a dysplastic nodule [11]. Even small nodules 1–1.5 cm or smaller have a strong potential 
to become hypervascular if they are hypointense in the hepatobiliary phase of EOB-MRI, so 
intensive follow up with EOB-MRI is recommended every 3–6 months. A fundamental princi-
ple of these consensus-based guidelines is that for institutions that cannot perform EOB-MRI 
so frequently, it is acceptable to substitute dynamic CT for both surveillance and follow up.

To summarize, the Japanese guidelines differ completely from the European and Ameri-
can guidelines in that they propose a diagnosis be made on the basis of very sophisticated 
surveillance, and this aspect makes them superior.

Treatment Algorithms

The treatment algorithms in the AASLD and EASL-EORTC guidelines are identical (fig. 
5). Basically, they use the Barcelona-Clinic Liver Cancer (BCLC) staging system and define 
very early stage cancer (<2 cm, single nodule, Child-Pugh A) as stage 0 and cases involving 
single nodules or ≤3 nodules of ≤3 cm as early stage (stage A) HCC. They define multinodu-
lar HCC as intermediate stage (B), cases involving vascular invasion or extrahepatic spread 
as advanced stage (C), and cases where the patient has Child-Pugh C cirrhosis or a perfor-

HCC

Stage 0 Stage A-C Stage D

PST 0, Child-Pugh A PST 0-2, Child-Pugh A-B PST >2, Child-Pugh C*

Very early stage (0) Early stage (A) Intermediate stage (B) Advanced stage (C) Terminal stage (D)
Single <2 cm,

Carcinoma in situ
Single or ≤3 nodules ≤3 cm,

PS 0
Multinodular, 

PS 0
Portal invasion,
N1, M1, PS 1-2

Single 3 nodules ≤3 cm

Associated diseases

Portal pressure/bilirubin

Increased

Normal

Resection Liver transplantation
(CLT/LDLT) RF/PEI TACE Sorafenib Best supprtive

care

Curative treatment (30-40%)
Median OS >60 mo; 5-yr survival: 40-70%

Target: 20%
OS: 20 mo (14-45)

Target: 40%
OS: 11 mo (6-14)

Target: 10%
OS: <3 mo

No Yes

Fig. 5.  AASLD/EASL-EORTC treatment algorithm for HCC (1, 2). PST=performance status; CLT=cadaveric 
liver transplantation; LDLT=living donor liver transplantation; RF/PEI=radiofrequency ablation/percu-
taneous ethanol injection; OS=overall survival; mo=months; Target 20% means expected target popula-
tion is 20%. The numbers in parentheses after the overall survival in months indicate the OS range of 
reported series. Modified with permission from Bruix J et al. and EASL-EORTC.[1,2].

－148－



Liver Cancer 2015;4:85–95

DOI: 10.1159/000367730
Published online: March 24, 2015

© 2015 S. Karger AG, Basel
www.karger.com/lic

91

mance status ≥2 as terminal stage (D), with a different treatment option recommended for 
each stage. They recommend resection [12] and ablation [13] or transplantation [14] for very 
early stage and early stage HCC, transcatheter arterial chemoembolization (TACE) [15] for 
intermediate-stage HCC, sorafenib for advanced-stage HCC [16], and best supportive care for 
terminal-stage HCC.

In contrast, the Japanese evidence-based clinical practice guidelines (fig. 6) recommend 
resection as the first-line treatment in patients with Child-Pugh A or B liver function with a 
single tumor, with ablation as an alternative when the tumor is ≤3 cm. Resection and ablation 
are both options for patients with 2–3 tumors that are ≤3 cm, and resection is considered the 
first-line treatment and embolization the second-line treatment for patients with 2–3 tumors 
>3 cm. Embolization is considered the first-line treatment and hepatic arterial infusion che-
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(1) Liver resection
(2) Percutaneous
ablation therapy

Liver resection
Percutaneous
ablation therapy

(1) Liver resection
(2) Embolization

(1) Embolization
(2) Chemotherapy

Liver
transplant-

ation

Palliative
care

At times, liver resection, chemotherapy, and embolization therapy may be selected for patients with
Child-Pugh class A liver damage along with vascular invasion
Chemotherapy is recommended for patients with Child-Pugh class A disease with extrahepatic metastases

•

•

Fig. 6.  Japanese evidence-based clinical practice guidelines for hepatocellular carcinoma: treatment 
algorithm [6].
aThe Child-Pugh classification may also be used when non-surgical treatment is considered. bCan be 
selected for tumors with a diameter of ≤3 cm. cOral administration and/or hepatic arterial infusion are 
available. dA single tumor ≤5 cm or 2–3 tumors ≤3 cm in diameter. ePatients aged ≤65 years.
Modified with permission from Kokudo N et al. [6].
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motherapy (HAIC) [17] the second-line treatment for patients with ≥4 tumors. It should be 
noted that chemotherapy includes oral drugs (sorafenib) and HAIC. Liver transplantation is 
recommended for patients with Child-Pugh C cirrhosis who meet the Milan criteria, but the 
maximum age is generally 65 years. Palliative care is recommended for patients who do not 
meet the Milan criteria.

The consensus-based treatment algorithm (fig. 7), in contrast, establishes different 
treatment options based on five factors: extrahepatic spread, liver function, vascular inva-
sion, tumor number, and tumor size. This algorithm differs from the European and American 
algorithms in the following aspects. First, it recommends intensive follow up or ablation for 
hypovascular pathologically early HCC [18]. Also, it recommends a combination of TACE and 
ablation for patients with ≤3 tumors that are >3 cm in size. Moreover, it considers resec-
tion and ablation to be indicated for patients with multiple nodules (≥4) when possible, if 
used in combination with TACE. It also recommends HAIC for patients with multiple nod-
ules. For Child-Pugh A/B patients with vascular invasion, it recommends HAIC in addition 
to sorafenib [17, 19]. If the vascular invasion is minor (e.g., Vp1 or Vp2), TACE or resection 
is also recommended. Finally, locoregional therapy performed in Japan is believed to confer 
a survival benefit for HCC patients with Child-Pugh C cirrhosis who meet the Milan criteria 
and have a Child-Pugh score of 10 or 11 [20–25]. Alternatives such as ablation and TACE are 
recommended if liver transplantation is not possible.

Summary

The main differences between the surveillance and diagnostic algorithms of Europe and 
USA and those of Japan can be summarized as follows.
1) Whereas the European and American guidelines propose a surveillance interval of 6 
months regardless of whether the patient has cirrhosis, the Japanese guidelines propose 
a shorter interval of 3–4 months for cirrhotic patients. Because of this, more cases of small 
HCCs are detected in Japan compared with Europe and America.
2) The surveillance methods also differ. Whereas the three tumor markers AFP, PIVKA-II, and 
AFP-L3 are used in addition to ultrasound in Japan, not even AFP is recommended in Europe 
and America, and PIVKA-II and AFP-L3 are not recommended because these tests are not 
routinely available outside Japan.
3) The Japanese guidelines recommend EOB-MRI or dynamic CT be performed every 6–12 
months for surveillance for cirrhotic patients.
4) The European and American diagnostic guidelines recommend prompt biopsy when typi-
cal features of liver cancer are not observed, whereas the Japanese guidelines recommend 
more sophisticated imaging, such as hepatobiliary-phase EOB-MRI or Sonazoid CEUS.
5) Another major difference is that even hypovascular pathologically early HCC is diagnosed 
with EOB-MRI or biopsy in Japan.
6) The Japanese guidelines propose that when HCC cannot be detected with ultrasound, 
screening with EOB-MRI should be done every 6–12 months. This has enabled the detection 
of a large number of very small HCCs, including hypovascular pathologically early HCC.

The Japanese treatment algorithm’s are different and considered to be superior to the 
European and American treatment algorithms for the following reasons.
1) Consensus-based treatment algorithm provides a treatment option for hypovascular 
pathologically early HCC.
2) When used in combination with TACE, ablation is still indicated as a treatment for pa-
tients with ≤3 nodules that are >3 cm.
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(TACE refractory, Child-Pugh A) 

Fig. 7.  JSH/Liver Cancer Study Group of Japan consensus-based treatment algorithm for HCC revised in 
2014 [19]. HAIC=hepatic arterial infusion chemotherapy. 
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 Ev-
idence-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-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 
nodules are known to frequently progress to typical hypervascular HCC. dEven for HCC nodules exceed-
ing 3 cm in diameter, combination therapy of TACE and ablation is frequently performed when resection 
is not indicated. eTACE is the first choice of treatment in this setting. HAIC using an implanted port is 
also recommended for TACE-refractory patients . The regimen for this treatment is usually low-dose FP 
[5-fluorouracil (5FU) + cisplatin] or intraarterial 5FU infusion combined with systemic interferon thera-
py. Sorafenib is also a treatment of choice for TACE-refractory patients with Child-Pugh A liver function.
fResection is sometimes performed even when the number of nodules is >4. Furthermore, ablation is 
sometimes performed in combination with TACE. gMilan criteria: tumor size ≤3 cm and tumor num-
ber ≤3; or solitary tumor ≤5 cm. Even when liver function is good (Child-Pugh A/B), transplantation is 
sometimes considered for frequently recurring HCC patients. hSorafenib and HAIC are recommended for 
HCC patients with Vp1,2 (minor portal vein invasion) and 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. iResec-
tion and TACE are frequently performed when portal invasion is minimum, such as Vp1 (portal invasion 
at the 3rd or more peripheral portal branch) or Vp2 (portal invasion at the 2nd portal branch). jLocal ab-
lation therapy or subsegmental TACE is performed even for Child-Pugh C patients when transplantation 
is not indicated when there is no hepatic encephalopathy, no uncontrollable ascites, and a low bilirubin 
level (<3.0 mg/dl). Although it is a well-accepted treatment in the routine clinical setting, there is no 
evidence of its survival benefit in Child-Pugh C patients. A prospective study is necessary to clarify this 
issue. Even in Child-Pugh A/B patients, transplantation is sometimes performed for relatively younger 
patients with frequently or early recurring HCC after curative treatments.
Modified with permission from Kudo M et al. [19].
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3) If there are ≥4 nodules, the Japanese algorithm recommends that potentially curative 
therapy with resection and ablation be attempted if possible. Conversely, if there are large 
nodules or multiple nodules in both hepatic lobes, it recommends HAIC.
4) The European and American guidelines consider sorafenib to be the only treatment in-
dicated for cases involving vascular invasion, whereas the Japanese guidelines also recom-
mend TACE or resection in the case of minor vascular invasion (Vp1 or Vp2) and HAIC in the 
case of major vascular invasion.
5) Like the European and American algorithms, the Japanese algorithms consider transplan-
tation to be the first-line treatment for HCC patients with Child-Pugh C cirrhosis who meet 
the Milan criteria. However, the Japanese algorithms completely differ in that it recommends 
TACE or ablation when transplantation is not possible (e.g., due to donor shortage).

In conclusion, when we compare the Japanese surveillance and diagnostic algorithm 
and treatment algorithm against the European and American algorithms in detail, the Japa-
nese clinical practice guidelines can be clearly differentiated from the European and Ameri-
can guidelines (and by extension, the management of HCC in these regions can be differenti-
ated), and the Japanese guidelines (and routine diagnosis and treatment of HCC in Japan) can 
be seen to be different and superior in many aspects.
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The combination of second-generation ultrasound contrast
agents and an endoscopic ultrasonography (EUS) system with a
broad-band transducer has allowed contrast-enhanced harmonic
imaging in the field of EUS. In contrast-enhanced harmonic EUS
(CH-EUS), diffuse homogeneous enhancement is obtained in
normal parenchyma of the pancreas. The bile duct and pancre-
atic duct are depicted as non-enhanced ductal structures with
strong contrast in comparison to the surrounding parenchyma.
CH-EUS identifies pancreatic adenocarcinomas as solid lesions
exhibiting hypo-enhancement with a sensitivity and specificity of
88–96% and 88–94%, respectively. In particular, 80–100% of false-
negative cases in endoscopic ultrasound-guided fine-needle aspi-
ration (EUS-FNA) are correctly classified by CH-EUS, suggesting
CH-EUS complements EUS-FNA. Moreover, CH-EUS improves
depiction of some subtle lesions in

conventional EUS, thus facilitating EUS-FNA. For quantitative per-
fusion analysis, a time–intensity curve (TIC) for the region of inter-
est can be generated during CH-EUS. Themaximum intensity gain
and the echo intensity reduction rate from the peak at 1 min
obtained by TIC can be used for differentiation of pancreatic
adenocarcinoma from other tumors. CH-EUS is also useful for
differentiation of invasive intraductal papillary mucinous neo-
plasms (IPMN) from non-invasive IPMN, identification of malig-
nant lesions in the gallbladder, and T- and N-staging of
pancreatobiliary tumors.

Key words: contrast-enhanced harmonic endoscopic ultraso-
nography (CH-EUS), endoscopic ultrasonography (EUS), pancre-
atic carcinoma, pancreatobiliary disease

INTRODUCTION

CONTRAST-ENHANCED HARMONIC IMAGING
was developed to enhance ultrasound images by intra-

venously infusing ultrasound contrast agents composed of
microbubbles of approximately 2–5 μm in diameter.1–4 The
main principle of contrast-enhanced harmonic imaging is to
selectively depict signals from the microbubbles of the ultra-
sound contrast agents by filtering signals from the tissue
(Fig. 1).1–4 When exposed to ultrasonic beams with a certain
range of acoustic power, microbubbles are disrupted or reso-
nated, and this releases a large amount of harmonic signals
(Fig. 1). When tissues and microbubbles receive transmitted
ultrasound waves, the harmonic content from the micro-
bubbles is higher than that from the tissues (Fig. 1). Selective

depiction of the second harmonic component visualizes
signals from microbubbles more strongly than those from
tissues.1–4

Levovist (Bayer Schering Pharma, Berlin, Germany), the
first generation of ultrasound contrast agents composed of
air with a palmitic acid shell, requires high acoustic power to
release harmonic signals by resonation, which the microar-
ray probe for endoscopic ultrasound (EUS) does not
produce.1–3 By contrast, the second generation of ultrasound
contrast agents including Sonazoid (Daiichi-Sankyo, Tokyo,
Japan; GE Healthcare Milwaukee, WI, USA), SonoVue
(Bracco SpA, Milan, Italy) and Definity (Lantheus Medical
Imaging, Billerica, MA, USA), which are composed of other
gases (perfluorobutane, sulfur hexafluoride and perflutren,
respectively) with a phospholipid or lipid shell, are more
suitable for a small transducer equipped with an echoendo-
scope because they resonate with a lower acoustic power
than Levovist.3,4 The combination of second-generation
ultrasound contrast agents and an EUS system with a broad-
band transducer has allowed contrast-enhanced harmonic
imaging in the field of EUS.3,5
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BASIC TECHNIQUE OF CONTRAST-ENHANCED
HARMONIC EUS

WHEN A LESION is depicted in the digestive tract or
pancreatobiliary system, contrast-enhanced harmonic

EUS (CH-EUS) helps to characterize it by image enhance-
ment.5 Before carrying out CH-EUS, the ideal imaging plane
of each lesion for CH-EUS is determined during conven-
tional EUS and the presetting is subsequently conditioned.
The monitor is changed to dual imaging with the specific
mode for CH-EUS (CH-EUS mode) and fundamental B
mode (monitor mode). Before infusion of the ultrasound
contrast agent, the image on the specific mode for CH-EUS
is dark.5 The MI, a unitless number that reflects the acoustic
power based on the derated peak rarefactional pressure (p)
and the fundamental frequency (f) (MI = p/f1/2), is set to
0.2–0.4.5

Immediately before carrying out contrast enhancement,
the ultrasound contrast agents are reconstituted with sterile
water. A bolus injection of the ultrasound contrast agent is
given through a 22-gauge cannula placed in the antecubital
vein.5 This is followed by a 10-mL saline solution flush to
ensure that the entire contrast agent was given into the cir-
culation system. In CH-EUS mode, signals from micro-
bubbles appear approximately 10 s after infusion and peak
20–30 s after infusion (Fig. 2).5 When signals peak, diffuse
homogeneous enhancement is obtained in normal paren-
chyma of the pancreas (Fig. 2).5 The bile duct and pancreatic
duct are depicted as non-enhanced ductal structures with
strong contrast in comparison to the surrounding paren-
chyma (Fig. 2). Real-time observation can be continued for
longer than 1 min.

ENHANCEMENT PATTERNS OF PANCREATIC
SOLID LESIONS WITH CH-EUS

FOR PANCREATIC DISEASES, the main purpose of
CH-EUS is to characterize a solid lesion detected by

conventional EUS. The characterization of solid lesions, par-
ticularly the differentiation of inflammatory tumors from
neoplasms, is crucial in order to make decisions regarding
treatment. However, it is sometimes difficult to characterize
solid lesions with conventional EUS alone.6,7 CH-EUS helps
this characterization by analyzing the relative intensity of
enhancement compared with the surrounding tissue.7–11 In
CH-EUS, solid lesions in the pancreas are categorized into
three to four patterns according to the intensity of enhance-
ment: non-enhancement; hypo-enhancement (Fig. 3a); iso-
enhancement (Fig. 3b); and hyper-enhancement (Fig. 3c).7–11

Interobserver agreement among endosonographers for
CH-EUS was satisfactory (κ coefficient = 0.57–0.92).8,9,12

Non-experienced endosonographers demonstrated compa-
rable interobserver agreement with experienced ones, sug-
gesting that CH-EUS is an extremely reproducible tool with
a short learning curve.9,12

DIAGNOSIS OF PANCREATIC
ADENOCARCINOMAS ACCORDING TO THE
ENHANCEMENT PATTERNS OF CH-EUS

MOST PANCREATIC CARCINOMAS exhibit hypo-
enhancement in CH-EUS (Fig. 3a).7–11 A recent meta-

analysis of reports concerning contrast-enhanced EUS
showed that this method identifies pancreatic adenocarcino-
mas as solid lesions exhibiting hypo-enhancement with a

Figure 1 Principle of contrast enha-
nced harmonic imaging. When exposed
to ultrasonic beams with a certain
range of acoustic power, microbubbles
are disrupted or resonated, and this
releases a large amount of harmonic
signals. When tissues and micro-
bubbles receive transmitted ultrasound
waves, the harmonic content from the
microbubbles is higher than that from
the tissues. Selective depiction of
the second harmonic component visu-
alizes signals from microbubbles more
strongly than those from tissues.
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pooled sensitivity and specificity of 94% and 89%, respec-
tively.10 However, this meta-analysis not only included
CH-EUS but also contrast-enhanced Doppler EUS which
suffers from artifacts such as blooming.5,11

Fusaroli et al. reported that identification of hypo-
enhancing masses with an inhomogeneous pattern in
CH-EUS is a sensitive and accurate identifier of patients
with adenocarcinoma (sensitivity and accuracy of 96% and
82%, respectively).7 This identification by CH-EUS is more
accurate than the finding of a hypoechoic lesion using stan-
dard EUS (sensitivity and accuracy of 85% and 58%, respec-
tively).7

We previously compared CH-EUS and contrast-enhanced
multidetector-row computed tomography (MDCT) for the
identification of adenocarcinomas.8 CH-EUS (sensitivity and
specificity of 91.2% and 94.4%, respectively) was superior
to MDCT (sensitivity and specificity of 70.6% and 91.6%,
respectively) in diagnosing small (≤2 cm) carcinomas
(P < 0.05).8

CH-EUS FOR EUS-FNA

THREE STUDIES COMPARED CH-EUS with EUS-
guided fine-needle aspiration (EUS-FNA) in the identi-

fication of adenocarcinomas.8,9,11 In these, the sensitivity and
specificity of hypo-enhancement in CH-EUS for diagnosing
pancreatic adenocarcinoma were 89–96% and 88–94%,
respectively, which were not significantly different from the
corresponding values in EUS-FNA of 72–95% and 100%,
respectively.8,9,11 However, 80–100% of false-negative cases
in EUS-FNA were correctly classified by CH-EUS.8,9,11

These results suggest that CH-EUS could help to decide
between surgery and follow up when the results of EUS-
FNA are inconclusive.

CH-EUS is also useful for identification of the target of
EUS-FNA.7,8,13 CH-EUS improves depiction of some subtle
lesions in conventional EUS, thus facilitating EUS-FNA
(Fig. 4).7,8,13 Moreover, CH-EUS plays an important role in
finding a specific site within a lesion that would be more
suitable for EUS-FNA than other sites.14 Identification of the
avascular sites in a lesion may help avoid sampling necrotic
areas and improve the sensitivity of EUS-FNA in the diag-
nosis of pancreatic tumors.14

QUANTITATIVE PERFUSION ANALYSIS WITH
TIME–INTENSITY CURVE DURING CH-EUS

FOR QUANTITATIVE PERFUSION analysis, a time–
intensity curve (TIC) for region of interest (ROI) can be

generated during CH-EUS. Many variables are reported for a
TIC, including the ratio of uptake inside the mass to uptake
in the surrounding parenchyma, median intensity, maximum
intensity, time to peak, area under the curve, and echo
intensity reduction rate.15–18 Imazu et al. reported that
maximum intensity gain was the best variable to differentiate

a

b

c

Figure 2 Time course of contrast-enhanced harmonic endo-
scopic ultrasonography (CH-EUS) images in a pancreas without
any findings suggestive of lesions (pancreas head). (a) CH-EUS
image before infusion of the contrast agent. No signals from
microbubbles can be observed. (b) CH-EUS image 13 s after infu-
sion of the contrast agent. Spotty signals from microbubbles
(arrows) and fine branching vessels (arrowheads) appear in the
pancreas. (c) CH-EUS image 21 s after infusion of the contrast
agent. Diffuse parenchymal perfusion of microbubbles can be
imaged. The main pancreatic duct is depicted as an avascular
structure with strong contrast to the surrounding tissue (arrow).
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Figure 3 Typical images of pancreatic
solid tumors on contrast-enhanced har-
monic endoscopic ultrasonography
(EUS). (Left) Conventional EUS image.
(Right) Contrast-enhanced harmonic
EUS image. (a) Ductal carcinoma with
hypo-enhancement. Conventional EUS
(left) shows a hypoechoic area (arrow-
heads) of 23 mm in diameter at the pan-
creas tail. CH-EUS (right) indicates that
theareahashypo-enhancement (arrow-
heads) compared with the surrounding
tissue. (b) Tumor-forming chronic pan-
creatitis with iso-enhancement. Con-
ventional EUS (left) shows a hypoechoic
area (arrowheads)of 22 mmindiameter
at the pancreas head. CH-EUS (right)
indicates that the area has homoge-
neous enhancement similar to the sur-
rounding tissue. The margin is not
observed on CH-EUS. (c) Neuroendo-
crine tumor with hyper-enhancement.
Conventional EUS (left) shows a
hypoechoic area (arrowheads) of
14 mm in diameter at the pancreas tail.
CH-EUS (right) indicates that the area
has hyper-enhancement (arrowheads)
compared with the surrounding tissue.
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Figure 4 Contrast-enhanced harmo-
nic endoscopic ultrasonography-
guided fine-needle aspiration (CH-EUS-
FNA for a subtle lesion in the pancreas.
(a) Conventional EUS (left) shows a
subtle hypoechoic lesion at the pan-
creas body. CH-EUS (right) shows clear
demarcation between the lesion and
the surrounding tissue (arrowheads).
(b) On real-time imaging with CH-EUS,
the lesion with hypo-enhancement
(arrowheads) is punctured with an EUS-
FNA needle (arrow). (c) Histological
examination of samples obtained by
CH-EUS-FNA shows relative non-
cohesive, pleomorphic mononuclear
cells admixedwithmultinucleated giant
cells (arrow). The final diagnosis of the
lesion is anaplastic carcinoma.
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autoimmune pancreatitis from pancreatic carcinoma with a
sensitivity of 100% and a specificity of 100%.15 On the other
hand, Matsubara et al. reported that the echo intensity reduc-
tion rate from the peak at 1 min was greatest in pancreatic
adenocarcinomas.16 They concluded that when TICs were
generated during CH-EUS, sensitivity, specificity, and accu-
racy increased to 95.8%, 92.6%, and 94.7%, respectively.16

Although the most reliable variable of TICs should be iden-
tified by further large multicenter studies, this quantitative
perfusion analysis may be complementary to classification
according to enhancement patterns to characterize pancre-
atic solid lesions.

DIFFERENTIATION OF MALIGNANT AND
BENIGN INTRADUCTAL PAPILLARY
MUCINOUS NEOPLASMS WITH
CONTRAST-ENHANCED EUS

EUS IS THE most sensitive method for detection of the
mural nodule in intraductal papillary mucinous neo-

plasms (IPMNs). Ohno et al. assessed whether enhance-
ment patterns of contrast-enhanced EUS using color
Doppler mode differentiate malignant and benign IPMNs.19

In their report, mural nodules were classified into 4 types
according to the enhancement patters: low papillary nodule,
polypoid nodule, papillary nodule and invasive nodule.19

When the presence of papillary module or invasive nodule
was diagnosed as evident of invasive IPMN, the sensitivity,
specificity and accuracy were 84.2%, 79.4%, and 80.5%,
respectively.19 Multivariable logistic regression analysis
showed that contrast (OR, 10.8) and symptomatic IPMNs
(OR, 4.31) were significant for malignancy.19 They con-
cluded that the type of mural nodules obtained by CE-EUS
may be the most reliable diagnostic method to differentiate
malignant from benign IPMNs. CH-EUS more clearly
depicts morphological structures of mural nodules without
blooming artifacts than contrast-enhanced Doppler EUS
(Fig. 5), and may be also useful for identification of inva-
sive IPMNs.

CHARACTERIZATION OF GALLBLADDER
LESIONS WITH CH-EUS

THREE ARTICLES REPORTED that characterization of
gallbladder diseases with CH-EUS.20–22 Imazu et al.

compared conventional EUS and CH-EUS for the differen-
tial diagnosis of gallbladder wall thickening.20 In their report,
the inhomogeneous enhanced pattern in CH-EUS was a
strong predictive factor of malignant gallbladder wall thick-
ening, and the overall accuracy for diagnosing malignant
gallbladder wall thickening was significantly higher for

CH-EUS (94.4%) than for conventional EUS (73.1%).20

Choi et al. assessed the utility of CH-EUS for differential
diagnosis between benign and malignant polyps of the gall-
bladder.21 An irregular vessel pattern determined by
CH-EUS aided the diagnosis of malignant polyps with a
sensitivity and specificity of 90.3% and 96.6%, respec-
tively.21 The presence of perfusion defects, as determined by
CH-EUS, was used to diagnose malignant polyps with a
sensitivity and specificity of 90.3% and 94.9%, respec-
tively.21 In eight cases, management changed after carrying
out contrast-enhanced EUS, suggesting that CH-EUS
slightly improves diagnostic accuracy in comparison to con-
ventional EUS.

STAGING OF PANCREATOBILIARY TUMORS
WITH CH-EUS

FOR T-STAGING, IMAZU et al. compared conventional
tissue harmonic EUS and CH-EUS, and showed the

accuracy of CH-EUS (92.4%) was significantly higher than
that for conventional tissue harmonic EUS (69.2%)
(P < 0.05).23 In particular, CH-EUS was superior to conven-
tional tissue harmonic EUS in terms of specificity for iden-
tification of portal venous involvement.23 For N-staging,
Kanamori et al. compared features of benign and malignant
lymph nodes with contrast-enhanced Doppler EUS, and
found a defect of enhancement that diagnosed malignant
lymph nodes with a sensitivity of 100% and a specificity of
82%.24 The diagnostic ability of contrast-enhanced Doppler
EUS was superior to the morphological classification based

Figure 5 Contrast-enhanced harmonic endoscopic ultrasonog-
raphy (CH-EUS) image of an intraductal papillary mucinous neo-
plasm. Slight dilatation of the main pancreatic duct (MPD; 4 mm)
is observed at the pancreas head. There is a mural nodule with
contrast enhancement in the dilated duct (arrowheads).
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on conventional EUS (sensitivity and specificity of 88% and
77%, respectively).24 We previously assessed the CH-EUS
images of intra-abdominal lesions of undetermined origin,
and classified these lesions into two types according to
enhancement patterns: homogeneous (Fig. 6a) and heteroge-
neous enhancement (Fig. 6b).25 The sensitivity and specific-
ity with which CH-EUS differentiated malignant from
benign lesions were 96.3% and 100%, respectively, suggest-
ing that CH-EUS is useful for N-staging of pancreatobiliary
tumors.25

CONCLUSION

DEVELOPMENT OF CH-EUS technique allowed visu-
alization of real-time perfusion imaging of the pancrea-

tobiliary system. CH-EUS improved ability of EUS in
detection, characterization and staging of pancreatobiliary
tumors. CH-EUS also complements EUS-FNA. However,

most studies were carried out in a small number of patients
by a single center. Further multicenter studies with larger
numbers of patients would prove its utility.
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Pharmacy Timişoara, Romania; 19Department of Thyroid and Endocrinology, Fukushima Medical University, School of

Medicine, Fukushima, Japan; 20Department of Diagnostic Imaging, Foothills Medical Centre, University of Calgary, Calgary,
AB, Canada; and 21Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Osaka-Sayama,

Osaka, Japan

Abstract—Conventional diagnostic ultrasound images of the anatomy (as opposed to blood flow) reveal differences
in the acoustic properties of soft tissues (mainly echogenicity but also, to some extent, attenuation), whereas
ultrasound-based elasticity images are able to reveal the differences in the elastic properties of soft tissues (e.g.,
elasticity and viscosity). The benefit of elasticity imaging lies in the fact that many soft tissues can share similar
ultrasonic echogenicities but may have different mechanical properties that can be used to clearly visualize normal
anatomy and delineate pathologic lesions. Typically, all elasticity measurement and imaging methods introduce a
mechanical excitation and monitor the resulting tissue response. Some of the most widely available commercial
elasticity imaging methods are ‘quasi-static’ and use external tissue compression to generate images of the result-
ing tissue strain (or deformation). In addition, manymanufacturers now provide shear wave imaging andmeasure-
ment methods, which deliver stiffness images based upon the shear wave propagation speed. The goal of this review
is to describe the fundamental physics and the associated terminology underlying these technologies. We have
included a questions and answers section, an extensive appendix, and a glossary of terms in this manuscript.
We have also endeavored to ensure that the terminology and descriptions, although not identical, are broadly
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INTRODUCTION

It is known that changes in tissue stiffness are involved in
various diseases such as cancerous masses, fibrosis asso-
ciated with liver cirrhosis, and atheroma and calcification
associated with arteriosclerosis. While a variety of tech-
niques such as CT, MRI, and PET are being put to prac-
tical use for diagnostic imaging of morphology and
function, a technique for objectively assessing tissue stiff-
ness was only recently made widely available with the
commercial introduction of ultrasound elastography.
Some examples of the clinical usefulness of tissue stiff-
ness measurement are:

1) Use in early detection and differential diagnosis of
diseases because it may reflect qualitative changes
even when morphological changes are not apparent.

2) Improvement in accuracy for diagnosing diseases
involving fibrosis, such as cancer, chronic hepatitis
and atherosclerosis, by evaluating the extent of lesions
and the degree of progression.

3) Assessment of response to treatments, such as radio-
frequency ablation and chemotherapy.

In elastically uniform materials, stiffness can easily
be expressed using the elastic modulus as described in
Section 2.1; however, in the case of biological tissues,
there are a variety of factors that determine stiffness
including the tissue’s fatty and fibrous constituents. For
example, it is known that atherosclerotic plaques become
stiffer with disease progression as their composition
changes from lipid to fibrosis and calcified tissue. At
the macroscopic level, it is known that the tissue in the
margins around a malignant breast tumor is resistant to
deformation and feels hard during palpation; therefore,
tissue elasticity will differ depending on the microscopic
or macroscopic observation. Moreover, the elasticity of
biological tissue, which is anisotropic, viscous and
nonlinear, will differ depending on the direction, extent
and rate of deformation. Nevertheless, even when the
elastic modulus is determined using the assumption that
it is independent of these variables, it shows a high corre-
lation with disease. As shown in Table 1, the results of
mechanical measurement of resected breast cancer tissue

(DCIS: ductal carcinoma in situ, IDC: invasive ductal car-
cinoma) showed that its elastic modulus (Young’s
modulus) was significantly higher than that of normal
glandular tissue (Krouskop et al. 1998; Wellman et al.
1999; Samani et al. 2007).

PRINCIPLES OF ELASTOGRAPHY

Measured physical quantity and excitation methods
Differences in the elasticity of soft tissues are

expressed by elastic moduli such as Young’s modulus
(E) and shear modulus (G), which indicate how difficult
it is to deform tissues via compression and shear, respec-
tively. In the commercially available elasticity imaging
systems, these moduli are typically calculated using one
of the following methods with respect to the directly
measured quantity of tissue deformation (see the rela-
tional equations in Appendix):

1) Calculate E using the following equation (Hooke’s
law, Eq. (A1) in Appendix) after externally applying
stress s and measuring strain ε,

E5 s=ε (1)

2) Calculate E or G using Eq. (2) (derived from Appen-
dix Eqs. (A7) and (A9)) after propagating shear waves
(transverse waves) and measuring the propagation
speed cS.

E5 2ð11vÞG 5 3G 5 3rcs
2 (2)

Here, we assume that Poisson’s ratio (n) of soft tis-
sue is near 0.5 for an incompressible medium, which is
a good approximation (Eq. (A7)), and r is the tissue den-
sity. Thus, Young’s modulus will be equal to about three
times the shear modulus for most assumed incompress-
ible and isotropic tissues.

Although work on ultrasonic assessment of tissue
elasticity dates back to the 1970s (Bamber 1999),
research on both of the above methods started at the
same time in the early 1990s (Ophir et al. 1991; Parker
et al. 1990, 2011). The former was called the quasi-
static method and the latter the dynamic method accord-
ing to how the external mechanical excitation was
applied, but subsequently these have been referred to as
strain imaging and shear wave imaging, respectively,
based on the measured quantity.

Both strain and shear wave imaging require mechan-
ical excitation that can be divided into (A) Manual
compression (by hand or using cardiovascular pulsa-
tion or respiratory motion), (B) Acoustic Radiation
Force Impulse, and (C) External mechanical vibration.
Elastography is generally classified by the differences
in the measured physical quantity, the excitation method,
and the method of displaying the measured quantity

Table 1. Young’s modulus of breast tissue samples
(Samaniet al. 2007)

Breast tissue type Young’s modulus: Mean 6 SD (kPa)

Normal fat 3.25 6 0.91
Normal fibroglandular tissue 3.24 6 0.61
Fibroadenoma 6.41 6 2.86
DCIS 16.38 6 1.55
Low-grade IDC 10.40 6 2.60
High-grade IDC 42.52 6 12.47
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(Table 2a). Methods that have been integrated into clin-
ical practice can be categorized into the following groups:

1) Strain elastography
Strain induced by quasi-static methods such as manual
compression or cardiovascular/respiratory pulsation is
estimated, and the distributions of strain or normalized
strain values within the ROI are displayed.

2) Transient elastography

A controlled vibrating external ‘punch’ is used to
generate shear waves, and the average shear
wave speed within an ROI is measured and converted
toYoung’smodulus usingEqn. (2).At present, commer-
cialized technology is specialized for measuring the
stiffness of liver tissue and not for imaging.

3) Acoustic Radiation Force Impulse (ARFI) Imaging
Focused acoustic radiation force ‘pushing’ pulses are
used to deform the tissue. The resulting tissue

Table 2a. Elastography methods. Each column shows methods and measured physical quantities for elastography. Each row
shows methods for inducing displacement. Each cell shows a type of elastography.

*The term ‘ARFI’ is often employed to refer tomethods that use ARFI excitation independent of the physical quantity that is beingmeasured (i.e., both
for methods measuring strain/displacement and methods measuring shear wave speed), whereas the term ‘ARFI Imaging’ specifically refers to the use of
an ARFI excitation and the subsequent measurement/display of tissue displacement or related physical quantity within the ARFI push region. Methods
that employ an ARFI excitation and report shear wave speed have also been referred to as quantitative ARFI methods.
**The term point shear wave measurement has been introduced for the method where a local average of shear wave speed is determined using ARFI

excitation with subsequent monitoring of the shear wave propagation outside of the push location throughout a specified region of interest that is pre-
sumed to be homogeneous (typically �1 cm2).
***Transient elastography (TE) also performs point shear wave speedmeasurement (a term that has been introduced subsequent to the development of

TE), but its name refers to the excitation method (i.e., the dynamic nature of the vibration in contrast to the quasi-static excitation used in strain imaging),
rather than the physical quantity that is being measured.
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displacement is measured within the focal region
of each push within a specified ROI, and the
distribution of displacement or its normalized values
within the ROI is displayed. This imaging method pro-
vides similar information as the strain images of
Group 1 because both strain and displacement are
inversely related to tissue stiffness, and neither method
provides a quantitative estimate of the tissue elastic
moduli because they are both affected by tissue
geometry.

4) Shear wave speed measurement and imaging using
acoustic radiation force impulse excitation
Focused acoustic radiation force pushing pulses of
short duration (i.e., temporal impulse, , 1 ms) are
used to generate shear waves within an organ of inter-
est, and the speed of the shear waves propagating away
from the pushing location is measured. The informa-
tion can be reported as either an average value within
an ROI (a point measurement) or as an image, and the
values are reported as either shear wave speed or con-
verted to elastic modulus using Eq. (2).

Outputs obtained from each of these elastography
techniques correspond to a measured physical quantity,
as shown in Table 2b. For strain, geometric measures
include the size or shape of the low strain area, strain ratio
of the lesion to reference and E/B size ratio (ratio of the
size of a lesion in the strain image to its size in the
B-mode image). For shear wave speed-based methods,
the physical quantity is speed itself, and/or Young’s
modulus converted from shear wave speed on assump-
tions of constant density, homogeneity, isotropy, and
incompressibility using Eq. (2). The characteristics of
each technology are described below.

STRAIN AND DISPLACEMENT

Strain elastography
The first style of elastography put to practical use is a

method for measuring the tissue deformation generated
by applying pressure with a probe on the body surface.
It is classified as strain elastography in Table 2a.

As shown in Figure 1, when a very slight pressure is
applied to tissue with a probe in the beam direction,
displacement d(z) at each site z is calculated by comparing
the echo signal before and after compression. Next, strain
(ε), the deformation ratio between two adjacent points
with interval, L, is obtained as shown in Eq. (3):

ε5 dd

dz
/

d22d1

L
(3)

As shown in Eq. (1), Young’s modulus E can be
obtained if stress s and strain ε are known; however,
because it is difficult to actually calculate the stress
distribution in vivo, it is assumed to be uniform. As
a result, stiff segments with a large elastic modulus
E will have a small strain ε; therefore, strain represents
relative stiffness.

Strain imaging was first developed in the 1970s and
named elastography by Dr. Jonathan Ophir (Ophir et al.
1991). Through various investigations of approaches for
measurement of strain and its imaging (Bamber et al.,
1996; Shiina et al., 1996; Varghese et al., 1997; Bamber
et al., 2002; Hall et al., 2003), the method of strain
elastography has been commercialized, with the
pressure applied manually, similar to palpation, or by
cardiovascular pulsation and is currently being used in
various fields of clinical medicine, including breast
cancer diagnosis (Hall et al. 2003; Itoh A, et al, 2006).

Table 2b. Elastography output. Each column shows methods for elastography. Each row shows methods for inducing
displacement. Each cell shows one or more outputs. The table is designed to be read in conjunction with Table 2a.
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With respect to manual compression of the body sur-
face, it is possible to apply pressure up to the normal diag-
nostic depth of superficial organs such as the breast and
thyroid gland; however, stress is not easily transmitted
to deep organs such as the liver, making it difficult to elicit
strain. Therefore, strain induced by either cardiovascular
pulsation or respiration is used for evaluation of liver
fibrosis with strain imaging (Morikawa et al. 2011).

Commercial system of strain elastography
The first commercial sale of ultrasound elastography

was for strain elastography in 2003, employing manual
compression with a probe. The efficacy of this system
was demonstrated in the diagnosis of breast cancers
together with the ‘‘Tsukuba (elasticity) score’’ (Shiina
et al. 2002; Itoh et al. 2006). Strain imaging has the
advantages of being easy to use and provides elasticity
images with a high spatial resolution in a manner
similar to palpation (i.e., tissue deformation). Currently,
many manufacturers produce ultrasonographic equip-
ment with a strain elastography function.

Display methods for strain images. Strain is a rela-
tive indicator of stiffness, which changes depending on
the degree of compression. For example, the elastogram

(strain image) shown in Figure 2(a) displays the normal-
ized strain as the mean within the ROI to obtain a stable
image without being subjected to fluctuations in the
intensity of compression.

For clinical use, the display method of the elastogram
is an important factor because it is useful for diagnosis to
easily relate the location in the elastogram to the B-mode
morphology. It is common to superimpose a translucent
colored elastogram on the B-mode image. Dr. Ueno (Itoh
et al. 2006) proposed a color scale that was applied to the
first widely available commercial system (Figure 2(a)).
At present, different color or gray scale displays are used
for different ultrasonographic equipment (Figure 2(b)). In
most equipment, users can select the color scale as desired.

Trial of quantitative evaluation based on strain
elastography. As mentioned above, strain imaging is
essentially qualitative because its quantification requires
knowledge about the stress distribution within the body,
so it is difficult to perform quantitative comparisons be-
tween cases. There are some approaches to solving in-
verse problems which estimate quantitatively elastic
modulus from strain or displacement under certain as-
sumptions (Barbone et al., 2004; Fehrenbach et al.,
2007). However clinical application of those methods

Figure 1. Principle of strain elastography.When very slight pressure (approximately 1%; e.g., for a typical breast depth of
3 cm, a compression of 1% would be 0.3 mm) is applied to tissue with a probe in the beam direction, the majority of the
displacement will be in the direction of the propagation of the ultrasound pulse, and the tissue deformation can be approx-
imated using a 1D spring model. Displacement d(z) at each site z in the beam direction of the tissue is then calculated. This
is obtained by calculating the correlation between the echo signal before and after compression. Next, strain ε is obtained
by spatial differentiation (gradient) of displacement, that is, a ratio of the difference in displacement between two points to

their distance pre-compression, L.
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Figure 2. Display methods of strain image. (a) Elastogram displays the normalized strain as the mean within the ROI to
obtain stable images without being subjected to fluctuations in the intensity of compression. The translucent colored elas-
togram within the ROI is superimposed on the corresponding B-mode image; the average strain in the ROI is indicated in
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are still being investigated. Therefore, pseudo-
quantitative methods such as the strain ratio,
(Figure 3(a)) (Ueno et al. 2007; Farrokh et al. 2011)
and the ratio of the size of the tumor in an elastogram
to the size of the low-echo area in B-mode (Garra et al.
1997) (Figure 3(b)) have been used.

Elasticity score. Strain images depict the relative
difference in elasticity between a lesion, such as a mass
and the surrounding tissue, making it suitable for detect-
ing patterns in images. In practice, the elasticity score
(Tsukuba score) is widely used for breast cancer diag-
nosis (Itoh et al. 2006) (Figure 4).

ARFI Imaging
A method called acoustic radiation force impulse

(ARFI) imaging that images the tissue deformation

induced using focused ultrasound beams has been devised
(Nightingale et al., 2001, Nightingale et al., 2002) and is
commercially available. Imaging pulses before and after
application of focused acoustic radiation force ‘push’
pulses are used to monitor the tissue displacement (as a
measure of deformation) within the region of the ‘push’
(see Section 4.2 for a description of acoustic radiation
force). The same transducer is used to generate the push
pulse as well as to monitor the resulting tissue displace-
ment. The tissue displacement response is directly related
to the magnitude of the applied force and inversely related
to the tissue stiffness. By sequentially interrogating
different beam lines with focused radiation force and
then synthesizing an image from the tissue response at a
given time after the push (typically, 1ms), as shown sche-
matically in Figure 5, images of tissue displacement

green, areas of low strain (stiff tissue) in blue, and areas of high strain (soft tissue) in red. (b) Different color scale; red
means stiff tissue. (c) Another type of displaymethod is to show the elastogram in gray scalewith B-mode images side-by-

side. In this case, the location in the elastogram can be indicated on the B-mode display with a cursor.

=

Figure 3. Quantitative diagnosis based on strain elastography. (a) The fat lesion ratio (FLR) is the strain ratio between the
fat and the lesion based on the fact that the change in elasticity of fat caused by disease is minimal. (b) The size of the
tumor in an elastogram is often measured and compared with the size of the low-echo area in B-mode (Matsumura

et al. 2009).
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that portray relative differences in tissue stiffness aregener-
ated (Figure 6) with similar information to the images
generated in strain imaging. This imaging approach is
implemented as Siemens Virtual TouchTM Imaging (VTI).

Appropriate measurement conditions and artifacts in
strain imaging

Manymanufacturers provide elastography equipment
employing strain elastography, but the imaging methods
differ slightly, as do the recommendedmeasurement condi-
tions. In terms of artifacts in strain elastography, it should
be noted that the stress distribution is not uniform within
the body and that tissue elasticity is nonlinear as explained
in the next paragraph and in section 4.3.

An artifact resulting from non-uniform stress distri-
bution is shown in Figure 7. In many cases, this type of
artifact is easily recognized by a priori information such
as the shape of the tumor. Artifacts due to the nonlinearity
of tissue are also observed (Figure 8). The nonlinearity be-
comes marked when the compression generates strain in
excess of several percent (i.e., for a typical breast of
3-cm thickness, a reading of 1.5 mmwould be 5% strain).
However, when strain of approximately 1% (i.e., 0.3 mm
for a typical breast of 3-cm thickness) is generated in the
mammary gland, stability and reproducibility can be
achieved even if the level of compression fluctuates
because it is within the linear range. Various available
commercial systems have different image processing

Figure 4. Elasticity score in breast cancer diagnosis. The elasticity score is a five-point scale used to classify elastography
patterns from benign to malignant as follows: score 1 (benign), score 2 (probably benign), score 3 (benign or malignant
are equivocal), score 4 (malignancy suspected), and score 5 (malignancy strongly suggested). In the case of cysts, a spe-
cific blue-green-red (or black-gray-white) pattern called the BGR sign is seen from the body surface side. This is a type of
artifact, but because the level of the internal echo signals from a cyst is low, it can be used for cyst diagnosis, like a lateral

shadow or posterior enhancement on B-mode images.

Figure 5. Pulse sequence in ARFI Imaging.
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methods, and thus, they have different recommended
methods for the magnitude of the applied compression,
as well as the rate at which it should be applied.

ARFI imaging does not rely on transducer compres-
sion as the quasi-static strain elastography methods do,
and thus, it has the advantage of being able to focus the
‘push’ within deep lying organs, where it can be difficult
to generate deformation with compression from the body
surface. However, as with strain elastography, nonlinear
tissue responses can be generated by transducer compres-
sion, so minimal compression should be applied during
ARFI imaging. In addition, the ‘push’ pulses are of longer
duration than standard diagnostic pulses, and current
methods typically employ relatively low frame rates to
maintain acoustic output within diagnostic limits.

SHEARWAVE SPEED MEASUREMENTAND
IMAGING

Shear wave imaging methods monitor the propaga-
tion of shear waves in tissue. In contrast to ultrasonic or
compressive waves that propagate in the same direction
as the tissue displacement, shear waves propagate in a
direction orthogonal to the direction of the tissue displace-
ment (Table A1 in Appendix). These methods estimate the

speed of shear wave propagation (cs) through tissues,
which, assuming that tissue has very simple behaviors
(i.e., linear, isotropic, and homogeneous), is related
to the underlying material stiffness through Eq. (2)
(G 5 rcs

25 E/3). As with strain imaging, shear waves
can be generated from a variety of sources, including
external vibration, physiologic motion, and acoustic radi-
ation force, and in the research community, methods have
been developed exploiting each of these. Tables 2a and 2b
summarize the commercially available shear wave speed
systems, including their methods of excitation and mea-
surements reported, as described in the following sections.

Shear wave methods that use external sources
Two commercial methods employ external sources

to induce shear waves. One uses ultrasound to monitor
the shear wave propagation and is called Transient
Elastography, as described below. The other employs
magnetic resonance imaging to monitor shear wave prop-
agation, called magnetic resonance elastography (MRE)
(Mariappan, Glaser, & Ehman, 2010). Unlike all currently
available ultrasound shear-wave elastography systems,
which use shear-wave pulses, MRE tends to employ
continuously vibrating sources. It should also be noted
that MRE methods report images of shear modulus

Figure 6. The top image pair shows a metastatic melanoma mass in an otherwise healthy liver. The mass appears as a
hypoechoic region in the B-mode image; in the corresponding ARFI image, the malignant mass does not displace (darker
region) as much as the background liver tissue (white) and can be interpreted to be stiffer than the liver tissue. The lower
image pair shows B-mode andARFI images of a hepatocellular carcinoma in a cirrhotic liver. In the ARFI image, the mass
appears more compliant (i.e., displaces more) than the stiffer, diseased liver tissue. (Image reproduced and modified with

permission from Physics in Medicine and Biology (Fahey et al., 2008)).
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(G5 E/3), whereas ultrasonic-based shear wave methods
report either shear wave speed (cs) or Young’s modulus
(E53G53rcs

2), which are related through Eq. (2).

Transient Elastography. The first commercially
available ultrasonic shear wave measurement system, Fi-
broScanTM (Echosens, Paris, France), was based upon the
concept of transient elastography (Sandrin et al., 2003).
This systememploys a controlled externalmechanical exci-
tation (using a piston that ‘punches’ the body surface) that is
integratedwithanultrasonic transducer tomonitor thepulse
of shear waves that is generated by the punch. The ultra-
sonic transducer has a fixed focal configuration, and the
shear wave speed that is measured corresponds to the
average shear wave speed in the region of tissue along the
‘A-line’ that is imaged by the transducer. The FibroScanTM

displays the correspondingYoung’smodulus, computed us-
ing Eq. (2), and is specifically designed for measuring liver
stiffness without displaying a B-mode image.

Acoustic Radiation Force shear wave methods
In acoustic radiation force-based shear wave

methods, a focused acoustic beam is used to generate

shear waves via an acoustic radiation force impulse,
and ultrasonic imaging is used to monitor the resulting
shear wave propagation away from the radiation force
‘push’ location. B-mode image guidance is possible
during the measurement because the same transducer
is used to generate the shear waves and to image its
propagation. As shown in Tables 2a and 2b, methods
have been developed that provide ‘point’ measure-
ments, reporting average shear wave speed (and/or
Young’s modulus) in a local region of interest, as
well as 2D images that portray shear wave speed
(and/or Young’s modulus) at rates of up to a few frames
per second.

What is Acoustic Radiation Force?. Acoustic radia-
tion force results from a transfer of momentum from the
propagating ultrasonic wave to the tissue through which
it is propagating due to absorption and scattering mech-
anisms. The magnitude of the applied acoustic radiation
force (F) can be related to the acoustic absorption (a)
and speed of sound (c) in the tissue and the temporal
average intensity of the acoustic beam (I) by (Nyborg,
Litovitz, & Davis, 1965; Torr, 1984):

Figure 7. Artifacts due to stress concentration. Strain is used as the index of stiffness instead of Young’s modulus on the
assumption that stress is uniform based on Eq. (1). However, in practice, stress tends to concentrate on curved boundaries
so that strain increases along a boundary compared with the adjacent area. This phenomenon causes artifacts such that the

region near the boundary looks softer than the adjacent area.
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The transfer of momentum from the propagating
acoustic wave to the tissue occurs over the duration of
the acoustic pulse. In addition to vibrating at the ultrasonic
frequency, the tissuewithin the region of excitation (ROE,
or region where the ultrasound waves propagate and are
absorbed) is deformed in response to a focused acoustic
radiation force excitation, and shear waves propagate
away from the ROE (Figure 9). While this phenomenon
occurswith conventional B-mode imaging, the forcemag-
nitudes are too small to generate tissue motion that could
be measured with conventional ultrasound. Through the
use of longer duration acoustic pulses (0.05-1 ms) than
are typically used in diagnostic ultrasound (, 0.02 ms),

transient soft tissue deformation on the order of microns
(10-6 m) can be generated in vivo. Acoustic radiation force
can be applied at a single focal location or amultiple focal
zone configuration in which each focal zone is interro-
gated in rapid succession, leading to a cylindrically
shaped shear wave extending over a larger depth, enabling
real-time shear wave images to be formed. This multiple
focal zone approach has been termed ‘supersonic shear
imaging’ (SSI, J. Bercoff, Pernot, Tanter, & Fink, 2004).

Types of Displays. There is a tradeoff between preci-
sion and spatial resolution in shear wave speed estimation
methods. The use of larger propagation distances to
compute the wave speed presumes a larger homogeneous
region and typically is associated with higher precision
and accuracy; however, this comes at the expense of spatial

Figure 8. Nonlinearity of tissue elasticity and effect of excessive compression (breast cancer). In the case of biological
tissue, when the compression is intensified, Young’s modulus, i.e., stiffness, tends to increase and the contrast between fat
and a malignant mass decreases as shown in (a). The extent of nonlinearity differs from tissue to tissue (Barr and Zhang
2012). For example, when the degree of compression is slight, the difference in Young’s modulus between breast tissue
and tumor is large, and the tumor is clearly displayed as a relatively low strain region, as shown in (b), but when the
compression is too strong, the stiffness of the mammary gland increases, and the difference between it and the tumor
will be smaller, possibly resulting in a false negative finding, as in (c). In the case of breast cancer diagnosis, one indicator
is that the pectoralis major muscle is uniformly blue or black in grayscale (small strain) when elastography is performed
with proper compression, but when the pectoralis major muscle is red, or white in grayscale (large strain) and the sub-
cutaneous fat layer has blue (or black in grayscale) mixed in, it often means that excessive compression has been used.
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resolution (Rouze et. al., 2012). Systems employing this
approach are listed as ‘point measures’ in Table 2a,b. To
generate two-dimensional shear wave images, smaller
propagation distances are utilized to obtain better spatial
resolution; however, decreasing the distance over which
the shear wave is monitored increases the variance of the
estimate at each pixel. Resolution of 1-2 mm has been re-
ported for shear wave imaging systems (Deffieux et al.
2009; McLaughlin & Renzi, 2006). Examples of point
measurement and imaging approaches are shown in
Figure 10.

Safety of Acoustic Radiation Force Imaging
Methods. The safety of diagnostic ultrasonic imaging
methods is monitored through several metrics, including
Thermal Index (TI) related to the expected tissue heating
and Mechanical Index (MI) related to the potential for
inducing acoustic cavitation (i.e., rapid and violent
collapse of a bubble which can be associated with highly
localized tissue damage) (Meltzer, 1996). Acoustic radi-
ation force-based imaging methods typically employ
excitation pulses with similar pulse amplitudes (1.0 ,
MI , 1.9) and longer pulse durations (several hundred
cycles) than those commonly used for diagnostic imaging
(10-20 cycles for Doppler methods). Commercially avail-

able radiation force-based systems are designed to oper-
ate within accepted diagnostic limits; thus, no
detrimental bioeffects are anticipated with these methods
and none have been reported to date.

There are some specific imaging scenarios wherein
bioeffects have been reported for diagnostic ultrasound,
and given the longer pulse durations used in ARFI pulses,
bioeffects would be anticipated, and possibly increased,
in these cases. Application of the ALARA principle
(Orenstein, 2011) would not likely support the use of
ARFI imaging in these clinical scenarios until further bio-
effects studies are performed. Reports of cavitation-based
bioeffects have been associated with diagnostic ultrasound
imaging in the presence of contrast agents and tissues
known to contain gaseous bodies (e.g., lung) using MI
values greater than 0.4 (Miller et al., 2008)(Claudon
et al., 2013).Given that theMIvalues employedbyacoustic
radiation force excitation pulses are generally greater than
0.4 and approach 1.9 for liver imaging, it is likely that ultra-
sonic contrast agents would cavitate if exposed to these
pulses. In addition, pulsed diagnostic ultrasound has been
reported to increase fetal activity during exposure
(Fatemi, Alizad, & Greenleaf, 2005),(Stratmeyer et al.,
2008), which has been postulated to be associated with

Figure 9. Examples of shear wave propagation represented as isocontours of displacement at different times after
impulsive (i.e., , 1 ms) focused (white arrow) acoustic radiation force excitation. The 0 ms image reflects the force
distribution in the region of excitation (ROE). The displacement amplitude is dictated by the underlying material stiff-
ness, with more compliant materials displacing farther than stiffer materials. The ARFI images (Fig. 6) are generated
by monitoring displacement along the central axis of the ROE, and translating the excitation throughout the imaging
FOV. The plot in the upper right shows the displacement through time profiles at the focal depth of the radiation force
excitation at three different lateral positions (indicated by the colored arrows in the isocontour images). Shear wave
speed measurements are generated by monitoring the propagation between different lateral positions, as shown in
the plot, where, for example, the wave arrives at 1.5 mm at 1.8 ms, and at 3 mm at 3.1 ms, so the wave speed is

(3 mm – 1.5 mm)/(3.1 ms-1.8 ms) 5 1.15 m/s.
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radiation force on the head or the inner ear, specifically the
semicircular canals, in the audible frequency range (Fatemi
et al., 2005). Although this bioeffect has not been shown to
be detrimental, the radiation forces generated by ARFI
pulses are applied using pulse durations 1-2 orders of
magnitude longer than those associated with conventional
B-mode/Doppler imaging and pre-clinical studies investi-
gating the impact of ARFI-scale radiation forces on the
fetus are needed to assess the ALARA principle for this
application.

Appropriate measurement conditions and artifacts in
shear wave speed measurement and imaging

While simplifying assumptions are employed in all of
the systems listed in Tables 2a and 2b, soft tissues are
known to be inherently nonlinear, viscoelastic,

and heterogeneous. These properties can affect the mea-
surements. For example, adding viscosity to the tissue
description (see appendix) means that the tissue stiffness
and, thus, the shear wave speed, also depend on the excita-
tion frequency, which is a phenomenon called dispersion.
The effects of dispersion could result in differences be-
tween the measured shear wave speeds obtained with
different commercial systems in a given patient.

Tissue material nonlinearities (e.g., hyperelastic
material models) imply that the strain (ε) in response to
an applied stress (e.g., transducer compression or acous-
tic radiation force) is dependent on the initial strain state
of the material (i.e., the values reported by the systems
can change with tissue compression). This phenomenon
is described in the context of strain imaging in
Figure 8, and it similarly impacts shear wave measure-
ment systems. Increasing shear wave speeds have
been correlated with increasing transducer compression
during measurement in both breast and prostate tissues
(Barr & Zhang, 2012). In addition, liver shear wave speed
increases have been correlated with portal hypertension
(Bureau et al., 2008), a phenomenon that has been shown
to be associated with the nonlinear nature of hepatic tis-
sue (Rotemberget al. 2012). The impact of neglecting
this behavior is currently unclear; however, similar to
strain imaging, application of minimal compression
(e.g.,, 0.3 mm in a typical 3 cm thick breast) during im-
aging is desirable to improve reproducibility.

When the assumption of tissue homogeneity within
the shear wave estimation region is violated, artifacts can
occur, leading to incorrect shear wave speed estimates.
These artifacts arise from shear wave reflections at struc-
tural interfaces and can result in a ‘soft-center’ artifact in
shear wave images of very stiff lesions (Deffieux et al.
2011; Rouze et al., 2012). This artifact is likely a
contributing factor to the challenges reported in
characterizing BIRADS-5 breast lesions with shear
wave speed imaging (Berg et al., 2012). It is helpful
to exclude structural boundaries that are visible on
B-mode from the measurement region when using ‘point
measurement’ systems.

The development of application-specific algorithms,
standardization of imaging protocols, and calibration
standards for shear wave imaging systems is underway
through an international effort supported by the RSNA
Quantitative Imaging Biomarker Alliance (Hall et al.
2013), with the goal of characterizing and minimizing
the impact of these confounding effects.

RELATIONSHIP BETWEEN STRAIN,
DISPLACEMENT, AND SHEAR WAVE SPEED

Strain, displacement, and shear wave speed images
provide information related to the underlying tissue

Figure 10. Example breast shear wave image (top) and corre-
sponding BIRADS-5 B-mode image (middle) obtained with
the SWETM method on an Aixplorer� system of a biopsy-
confirmed infiltrating ductal carcinoma, which is very stiff
(E5 180 kPa, or 7.7 m/s), making it highly suspicious for ma-
lignancy (reproduced from Berg et. al., 2012). Example point
measurement of local shear wave speed in a liver obtained
with the VTTMQ (ARFI) method on an S2000� system (bottom)

(image reproduced from Bota et. al., 2012).
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stiffness. As such, in the absence of artifacts, correlation
between these image types in a given patient is expected
to be high. In general, strain images exhibit higher spatial
resolution, and shear wave images have higher contrast;
however, when the simplifying assumptions used to
derive the images and measurements for different
methods do not accurately reflect tissue behaviors, differ-
ences between images from different techniques can be
anticipated. Tissue nonlinearity is associated with
decreased elastogram contrast for some pathologies
(Figure 8) and increased shear wave speeds with exces-
sive transducer compression. As a result, for both strain
and shear wavemethods, minimizing the amount of trans-
ducer compression used during imaging (less than 1% or
0.3 mm for a typical 3-cm thickness breast) will result in
the most reproducible imaging scenario. Tissue heteroge-
neities will also impact both approaches, leading to arti-
facts arising from the reflected waves in shear wave
speed images and strain concentrations surrounding
tissue heterogeneities. A more detailed investigation of
the impact of these assumptions and associated image
artifacts should be carried out in the future.

CONCLUSION

Tissue elasticity imaging and measurement provide
the opportunity to improve the value of ultrasonography
by combining the characteristic features of ultrasound,
i.e., noninvasiveness, real-time capability, and ease of
use, with the ability to provide new diagnostic informa-
tion on the elastic properties of tissues. The first commer-
cial equipment for elastography was released in 2003, but
today most manufacturers offer an elastography option,
and some manufacturers offer both strain and shear
wave-based approaches. This could be considered a testa-
ment to the utility of elasticity imaging. On the other
hand, it is still an evolving technology with much tech-
nical potential for clinical application in the future,
including expanding its scope of quantification, 3D mea-
surement, and treatment support. One might anticipate
that it will continue to evolve in the future and will attain
a position equal to that of Doppler as a new mode of
ultrasound imaging.

Questions and Answers
1. What is the difference between point shear wave

speed measurement and shear wave speed imaging?
Point shear wave speed measurement provides an

average measurement of stiffness from a localized region
of tissue indicated by the size and position of the ROI box,
which should be positioned in a homogeneous region of
tissue, away from structural boundaries. Shear wave
speed imaging generates a 2D image of stiffness over a
larger region of tissue, and generally with improved res-

olution, but with decreased precision at each image pixel.
The resolution of a shear wave image may, of course, be
sacrificed to improve precision by averaging the data
within an analysis ROI box.

2. How is the Young’s modulus, E, (kPa) related
to the shear wave speed, cs, (m/s) when reported by
commercially available shear wave imaging systems?

E5 3cs
2 (under certain limiting assumptions, which

may include neglecting structural stiffness). Note that
MRE systems report shear modulus, G, (kPa), related
to the above as G5cs

2 5E/3.
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GLOSSARY

acoustic radiation force
- A physical phenomenon resulting from the interac-

tion of an acoustic wave with the medium through
which it is propagating, generated by a transfer of
momentum from the wave to the medium, arising
from the absorption and/or scattering/reflection of
acoustic energy; the term ‘acoustic radiation’ refers
to the propagation of acoustic energy, which is a
form of non-ionizing radiation.

acoustic radiation force impulse (ARFI)
- A temporally impulse-like (i.e., very short duration,,

1 msec) acoustic radiation force, typically generated
with a focused acoustic beam. In the technical litera-
ture, this term has been used interchangeably with
‘ARFI imaging’, however, in the clinical and commer-
cial product literature, this term has been used to refer
to both ARFI imaging and quantitative ARFI.

acoustic radiation pressure
- The acoustic radiation force exerted on the surface of

an object placed in the path of a propagating acoustic
wave.

ARFI imaging
- A form of elasticity imaging that uses acoustic radia-

tion force impulse (ARFI) excitation, and generates
images related to the corresponding tissue displace-
ment within the ARFI excitation beam. ARFI excita-
tions are used to sequentially interrogate adjacent
lateral positions within a specified field of view,
with the corresponding images reflecting relative tis-

sue displacement. The information in these images is
similar to that from strain images generated with
external compression

ARFI quantification
- A term widely used in the clinical literature to

describe the point shear wave elastography method
employed by the Siemens VTTMQ feature. See also
point shear wave elastography

axial strain
- Strain in the direction of the applied force. In elastog-

raphy, this is generally in the direction of the acoustic
beam, or the depth direction.

bulk modulus
- A fundamental material property that quantifies the

resistance to volume change with increasing pressure.
It is equivalent to the resistance to increase density
with increasing pressure. The bulk modulus is the
inverse of compressibility.

compressibility
- A measure of the relative volume change in response

to a pressure change. Compressibility is the inverse of
the bulk modulus. Note that there is a distinction be-
tween adiabatic (constant entropy) compressibility
and isothermal (constant temperature) compress-
ibility, but the distinction is beyond the scope of
most needs in elastography.

compressional wave
- A mechanical wave that propagates in the direction of

the particle displacement. A compressional wave is a
propagating increase (and then decrease) in the local
pressure or density. These are also known as acoustic
waves, sound waves, pressure waves, p-waves or lon-
gitudinal waves.

dispersion (acoustics)
- The phenomena of a wave separating into its fre-

quency components as it propagates. Dispersion is
caused by the phase velocity in the material being
frequency-dependent (generally, higher frequency
component of the wave traveling faster than lower
frequency components).

dispersive medium
- A material that exhibits dispersion.
elastic modulus
- A quantity relating the ability of a material to resist

deformation when a force is applied. There are
many elastic moduli that are specific to the type of
force (or stress) and the type of deformation (or
strain); see, for example, bulk modulus, shear
modulus, Young’s modulus, and Poisson’s ratio.

elastic nonlinearity
- The increase in the slope of the stress-strain curve

with increasing strain. It is a measure of the increased
stiffness of a material as the deformation of that ma-
terial increases.
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elastogram
- An image of the (visco-) elastic properties of tissue.
elastography
- Any imaging method that provides information

related to the stiffness (or another elastic property)
of tissue.

group velocity
- The velocity at which the overall shape (modulation,

envelope) of a wave propagates. It is the wave speed
associated with the weighted sum of the individual
phase velocities comprising the wave.

indentation test
- A method for estimating the mechanical properties of

a material. Specifically, indentation tests are designed
to measure the ‘‘hardness’’ of a material (generally, its
ability to resist plastic deformation or fracture). This
approach is sometimes used to estimate the Young’s
modulus of a material.

kilopascal
- One thousand Pascals (kPa).
loss modulus
- The quantity describing inelastic (or viscous) res-

ponse of a viscoelastic material to an applied force
(stress). The loss modulus combines with the storage
modulus (the elastic response or stored energy) to
express the complex modulus.

magnetic resonance elastography (MRE)
- An elasticity imaging method that uses an external

vibration device to generate shear waves, and
Magnetic Resonance Imaging to monitor the tissue
response to generate images of shear modulus (which
is related to Young’s modulus by a factor of 1/3 under
certain simplifying assumptions).

modulus of rigidity
- See shear modulus.
pascal
- A unit measure of pressure, stress, shear modulus,

Young’s modulus or tensile strength. Named for the
French mathematician and physicist Blaise Pascal,
one pascal (Pa) is equivalent to one newton per square
meter, and 1 kPa is approximately 0.01 atmospheres.

phase velocity
- The rate at which the phase of a wave, or any single

frequency component of the wave, travels in space.
The phase velocity is the ratio of the wavelength to
the period of the wave.

point shear wave elastography
- An elasticity estimation method that generates a shear

wave with acoustic radiation force, and reports a
quantitative stiffness metric (either shear wave speed
or Young’s modulus) that represents the average of
that metric within a local region of interest that is
assumed to be homogeneous.

Poisson’s ratio
- A fundamental material property that quantifies the

negative ratio of transverse strain to longitudinal
strain in an elastic material. For isotropic materials,
Poisson’s ratio lies between -1 and 0.5. Incompress-
ible materials have a Poisson’s ratio of 0.5. Named
after the French mathematician and physicist
Sim�eon Denis Poisson, Poisson’s ratio, like the shear
modulus, describes the resistance of a material to
changes in shape, but Poisson’s ratio relates a change
in dimension in the direction of the applied load to the
change in shape of the material in the perpendicular
direction.

quasi-static loading
- The application of stress that happens sufficiently

slowly such that the inertial effects are negligible
(time dependence of the load and inertial mass can
be ignored). This is in contrast to dynamic loading.

radiation force
- See acoustic radiation force.
shear modulus
- A material property that quantifies the resistance of a

material to change its shape in shear (deformation of a
material in which parallel internal surfaces slide past
one another). It is defined as the ratio of the shear stress
to the shear strain and is also known as the modulus of
rigidity. The units of the shear modulus are Pascals.

shear strain
- The deformation of a body in which a cross sectional

plane through the body is displaced parallel to itself.
Such a deformation is the result of a shear stress.

shear stress
- The component of stress on a surface that is tangential

to the surface. For flat surfaces, the force vector is in
the plane of the surface. The units of shear stress are
Pascals.

shear viscosity
- The resistance of a fluid to deformation (flow). A fluid

with no viscosity is called an ‘ideal fluid’. Fluids that
flow readily, such as water, are low viscosity. Fluids
that resist flow, such as molasses, are high viscosity.
The units of viscosity are Pascal – second.

shear wave
- A mechanical wave that propagates in the direction

perpendicular to the particle displacement in an infin-
ite material. These are a special type of transverse
waves and are also known as s-waves.

shear wave elastography
- An elasticity imaging method that uses acoustic radi-

ation force to generate shear waves and generates
quantitative images of a stiffness metric (where the
color bar represents either Young’s modulus or shear
wave speed).
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shear wave imaging
- An elastography method that induces and monitors

shear wave propagation in tissue and reports a quan-
titative value related to the stiffness (i.e., shear wave
speed, Young’s modulus, shear modulus).

SNR (signal to noise ratio)
- The ratio of the amount of signal divided by the

amount of noise present in data.
stiffness
- The extent to which an object resists deformation in

response to an applied force.
strain
- A measure of relative deformation. The most

commonly used form is referred to as ‘‘infinitesimal
strain’’ or ‘‘engineering strain,’’ which is the ratio of
the total deformation (DL) divided by the initial
dimension of the material (L), so that strain 5 DL/L.

strain imaging
- An elastography method that generates images of tis-

sue strain, which is related to both the structural stiff-
ness of the object and the shear modulus of tissue.

stress
- The force per unit area acting on a body. Stresses can

result from forces on the surface of the body or can be
due to an internal particle (volume element) acting on
an adjacent particle (volume element). The units of
stress are the Pascal. See also particular types of stress
such as compressive stress, shear stress and uniaxial
stress.

stress concentration
- Localized stress that is considerably higher than the

average surrounding stress. This is usually caused
by an irregular surface shape or a local inclusion
with different viscoelastic properties.

stress decay
- A loss in stress in an object either with time (such as

in a stress relaxation experiment) or in space (such as
due to diffraction effects from a surface indenter).

structural stiffness
- Stiffness arising from the structure of an object; an

object’s stiffness arises from both its shear modulus
and the effect of its structure. For example, a thin
membrane will have a lower structural stiffness and,
hence, lower stiffness, than a thicker membrane of
the same shear modulus, or a tube formed from a
sheet of paper is stiffer than the sheet of paper due
to the differences in structural stiffness.

transient elastography
- An elasticity estimation method that generates a shear

wave with an external vibration and reports a quanti-
tative stiffness metric (Young’s modulus) that repre-
sents the average of that metric within a local
region that is assumed to be homogeneous.

transverse strain
- That component of strain perpendicular to some rele-

vant axis of the material.
transverse wave
- A wave that propagates in a direction that is perpen-

dicular to the particle displacement.
uniaxial strain
- An idealized condition in which a planar surface

(or cross section through a material) has uniform
displacement perpendicular to the plane of the sur-
face (or cross section).

uniaxial stress
- An idealized condition in which a planar surface

(or cross section through a material) has uniformly
distributed force over the entire surface and that force
is perpendicular to the plane of the surface (or cross
section).

viscoelastic material
- A material, such as a polymer or tissue, that is not

perfectly elastic. A perfectly elastic material stores
all energy from a deformation and releases that
energy (such as to return to its initial state) when
the applied force is removed. When a dynamic load
is applied to a perfectly elastic material, the strain is
in phase with the stress. For a purely viscous fluid,
the strain will lag the stress by 90 degrees. A visco-
elastic material will respond somewhere between
these ideal cases.

viscosity
- See shear viscosity.
wave
- A disturbance or oscillation that travels through a

medium.
Young’s modulus
- A material property that indicates how difficult it is to

deform a material by stretching or compression. It is
the ratio of the uniaxial stress to the uniaxial strain
(either compressive or tensile loading).

APPENDIX

This appendix provides a more in depth, although brief,
description of the technical details related to tissue biomechanics
and elasticity imaging. For thorough reviews of elasticity imaging
methods, the reader is referred to the following review articles:
(Duck 1990; Fung 1993; Saada 1993; Sarvazyan 2004; Sarvazyan
2001; Wells & Liang, 2011; Doherty et al. 2013); (Greenleaf, Fatemi,
& Insana, 2003; Parker et al., 2005).

A.1 – Tissue Biomechanics
Stiffness is resistance to deformation, and application of external

force is required to measure it. The behavior exhibited when a force is
applied to the tissue is described as a viscoelastic body with viscosity
and elasticity, and it can be approximated using the model shown in
Figure A1. As shown in Figure A1(a), the stress s (equal to external
force per unit area) and strain ε (equal to expansion per unit length)
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exhibit proportionality, which is known in Hooke’s law in Eq. (A1), and
its coefficient is elastic modulus G.

s1 5G$ε (A1)

As shown in Figure A1 (b), as for the viscosity component, stress
s2 is proportional to the speed of deformation, i.e., strain rate dε/dt, and
its coefficient m is the viscosity coefficient.

s2＝m
dε
dt

(A2)

The mechanical characteristics of general tissue consist of a com-
plex combination of elastic and viscous components, which are often
approximated using a simplified model such as the one in Figure A1
(c). Where the speed of the applied external force is slow (such as
manual compression), and the effect of viscosity can be disregarded in
Eq. (A2), the model shown in Figure A1 (c) can approximate the dy-
namic properties with only the elastic component Figure A1 (a).
Conversely, if high-frequency vibration is applied, the viscous compo-
nent will have a major effect, the extent of which will depend on the
frequency.

With regard to elasticity, three types of elastic moduli
(Young’s modulus, shear modulus, and bulk modulus) are defined
based on the method of deformation. Young’s modulus E is defined
by the following equation when stress is applied longitudinally to a
long, thin cylindrical object, and strain occurs as shown in
Figure 2(a).

s5E$εL (A3)

where s is stress and εL＝DL/L is (longitudinal) strain.
In the absence of volume change, a cylindrical object becomes

thinner when stretched in Figure A2 (a). The percent change in the radial
direction, εr＝Dr／r, is called transverse strain, and the ratio of longitu-
dinal strain to transverse strain,

n5
εr
εL (A4)

is called Poisson’s ratio. Poisson’s ratio indicates the extent of volume
change caused by deformation, and n is no higher than 0.5 in the case of
an incompressible medium.

Figure A1. Viscoelastic model.

Figure A2. Various elastic moduli.
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Shear modulus G is defined by the following equation for the
shear deformation shown in Figure A2 (b).

s5G$εs (A5)

where εs＝q is shear strain.
Bulk modulus K is defined by the following equation when the

volume changes under pressure.

s5K$εv (A6)

where εv＝DV/V is the volume strain. The larger the elastic modulus is,
the smaller the strain will be with the same stress, so the object will be
stiffer. For example, Young’s modulus E is expressed as in Eq. (A7)
using shear modulus G and Poisson’s ratio n. The water content of
soft tissue is high, and consequently, its Poisson’s ratio is near 0.5 of
an incompressible medium, so Young’smodulus will be equal to approx-
imately three times the shear modulus, as in the following equation.

E5 2 v11ð ÞG (A7)

j3G
Thus, the elastic modulus is defined for static deformations, but it

is also a component that determines the propagation velocity of waves.
Wave propagation generally involves longitudinal waves and trans-
verse waves, as shown in Table A1. In the case of ordinary ultrasound
images, longitudinal waves are used, and the speed cL of the longitudinal
waves is

cL 5

ffiffiffiffi
K

r

r
(A8)

where r indicates the density of the medium, which is approximately
1540 m/s in soft tissues. Using the shear modulus, the speed cS of trans-
verse waves is expressed as

cs 5

ffiffiffiffi
G

r

s
(A9)

which is approximately 1-10 m/s in soft tissues.
Equations (A8) and (A9) indicate that the larger K and G are, i.e.,

the stiffer the medium is, the faster the wave will propagate. In the case
of soft tissue, the speed of a longitudinal wave is comparable to the
sound speed in water (cL51500 m/s); this means that there is little dif-
ference in K between tissues. In contrast, transverse waves, which are
often called shear waves, attenuate rapidly and disappear in the MHz
ultrasound band, but attenuation is lower and they can propagate
in vivo when the frequency is below 1 kHz. Moreover, their velocity is
quite low (cS51-10 m/s) compared with longitudinal waves, so G is

low (1-100 kPa), and the difference between tissues is large, which
enables elasticity imaging methods to reconstruct images with high tis-
sue contrast (Saravazyan et al. 2004).

On the other hand, unlike static deformation, velocity dispersion
caused by the viscosity occurs during wave propagation when the fre-
quency is high in soft tissues. For example, when the Kelvin-Voigt
model is used (Figure A1 (c)), the following equation is derived for
the speed of a transverse wave instead of Eq. (A9) as a result of taking
viscosity into account (Deffieux et al. 2009).

cs 5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2
�
G2 1 ð2pmf Þ2�

r

�
G1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G2 1 ð2pmf Þ2

q �
vuuut (A10)

Thus, shear wave speed becomes a function of frequency f, and the
higher the frequency is, the faster the speed. This could lead to differ-
ences in shear wave speeds measured with different imaging systems,
and the magnitude of this possible effect remains the focus of the
QIBAwork (RSNA, n.d.).

A.2 Ultrasonic displacement measurement
In strain imaging, displacement in the direction of pulse propaga-

tion is measured to calculate strain, while in shear wave speed imaging,
the displacement of tissue in the direction perpendicular to the shear
wave propagation is measured to calculate their speed. Thus, measure-
ment of displacement is a key technology in all elastography techniques,
and there are several methods for measuring it. As shown in Table 2a,
strain elastography is now installed in ultrasound equipment of many
manufacturers; however, each manufacturer uses their own method for
measuring displacement, which results in differences in image charac-
teristics such as spatial and temporal resolution and differences in
optimal measurement conditions.

The typical methods for measuring displacement are shown
below.

(1) Spatial correlation method (speckle tracking method, pattern
matching method)

This is a method that tracks the movement of image patterns.
Because patterns move while maintaining their speckle pattern as
long as the strain is extremely slight, in this method, the amount of
movement, i.e., displacement, is sought by setting a region of interest
(ROI) and calculating the spatial correlation of the ROI before and after
compression.

The simplest method is to measure 1D displacement along the
beam axis, as shown in Figure A3 (a). The cross-correlation coefficient
in Eq. (A11) is calculated to evaluate the degree of similarity. Calcula-
tion of the cross-correlation coefficient is repeated while moving the
window, and displacement is defined as the amount of movement
when the correlation is at its maximum.

Table A1. Longitudinal waves and transverse waves
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RðdÞ5
Ð
xðz; tÞyðz 1 d; tÞdtffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiÐ

x2ðz; tÞdt Ð y2ðz 1 d; tÞdtp (A11)

where, x (z;t) and y(z;t) are echo signals before and after compression,
respectively, which are clipped out in the window centered around a
depth z.

In reality, each ROI moves in the azimuth direction in the cross
section. Therefore, an adjustment is made to estimate the displacement
more accurately by performing a 2D search in both the range direction
and the azimuth direction, as shown in Figure A3(b). In addition, tissue
also moves in the slice direction, but the beam width in the slice direc-
tion is generally large when an ordinary electronic scanning probe is
used, so the impact is smaller than in the azimuthal direction as long
as the cross section does not deviate considerably.

(2) Phase difference detection method (Doppler method)
As shown in Figure A4, this is basically the same method as that

used in color Doppler and tissue Doppler (Thomas et al. 2007). The
phase difference between echo signals obtained by transmitting repea-
ted pulses is detected by an autocorrelation method to calculate
displacement.

As shown in Table A2, the advantages of the Doppler method are
its excellent real-time capability and its relative robustness to noise, but
only 1D displacement in the beam direction can be measured because of
angle dependence, and errors occur from aliasing when measuring a
large displacement that exceeds half the wavelength.

The advantages of the speckle tracking method are that it is
possible to measure large displacements that exceed the wavelength,

provided the change in the speckle pattern is within a small range,
and it is possible to track the movement of the ROI in 2D and 3D.
However, the disadvantage is that the real-time capability may be
lost as the calculation of correlation requires enormous computational
power. In addition, it is susceptible to the effects of noise, and it is
prone to detection errors when the speckle pattern is unclear because
of weak echoes, etc.

(3) Combined method
From the standpoint of practical application in clinical settings,

a high degree of accuracy to accommodate small displacements and a
dynamic range wide enough to handle large displacements are neces-
sary because fluctuations in the speed of compression are large when
manual compression is used. In addition, deformation occurs not only
in one dimension in the beam direction but also in the azimuthal di-
rection because of the lateral deformation of tissue, etc. Moreover,
in practice, the real-time capability is critical along with accuracy.
Therefore, a combined autocorrelation method that combines the
merits of the phase difference detection method and the spatial corre-
lation method was developed (Shiina et al. 1996, 2002), as shown in
Figure A5.

This combined method with the improved spatial correlation
method and phase difference method have been implemented in cur-
rent systems, but differences in their characteristics are manifested
as differences in frame rate, image quality, and measurement condi-
tions, etc.

A.3 Shear wave imaging
The first shear wave imaging methods to be developed employed

external vibration to induce shear waves in tissues, with both ultrasonic
(Sandrin et al., 2003) and MR imaging (Manduca et al., 2001; Sinkus
et al., 2000a; Sinkus et al., 2005) methods used to monitor the wave
propagation. Shear waves that are generated by acoustic radiation
force, as shown in Figure 10, were first proposed for shear wave imaging
methods by Sugimoto et al. (Sugimoto et. al., 1990) and Sarvazyan et al.
(Sarvazyan et al. 1998), and this concept was developed in the context of
diagnostic ultrasonic imaging concurrently by several groups in the
early 2000s (K. R. Nightingale, McAleavey, & Trahey, 2003; J. J.
Bercoff, Tanter, & Fink, 2004; Chen, Fatemi, & Greenleaf, 2004). The
propagation speed of shear waves in soft tissue is several orders of
magnitude slower than the speed of sound in soft tissue (1-10 m/s
compared to 1540 m/s), so ultrasonic correlation and Doppler-based
method can be used to monitor their propagation. Equations modeling
shear wave propagation can be derived from the constitutive properties
reflected in (1) and Newton’s 2nd law (conservation of momentum) as
shown below:

Figure A4. Measurement of displacement with the phase differ-
ence detection method.

Figure A3. Calculation of correlation using the spatial correlation method.
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GV2u2r
v2u

vt2
5 0; (A12)

where r is the material density (typically assumed to be 1 g/cm3 for soft
tissue), u is the tissue displacement, V2 is the Laplacian operator deter-
mining the spatial gradients of displacement, G is the shear modulus,
and t is time. The shear wave propagation speed that is associated
with solving the above wave equation is related to the underlying tissue
shear modulus (G), through Eq. (A9) (elastic material assumption,
G5rcs

2) or Eq. (A10) (which can be derived using viscoelastic material
assumptions).

Ideally, shear wave speeds can be reconstructed from 3D
displacement data, as is commonly used in magnetic resonance elas-
tography (MRE) (Oliphant, Manduca, Ehman, & Greenleaf, 2001;
Sinkus et al., 2000b). Ultrasonic elasticity imaging, however, is
generally restricted to a single tomographic imaging plane that
does not allow for full 3D displacement monitoring. Additionally,

the presence of jitters in the ultrasonic displacement estimates can
yield data with 10-20 dB SNR that is not amenable to second-
order differentiation in space and time without excessive amplifica-
tion of the jitters, leading to exceedingly noisy shear wave speed
estimates when employing inversion of Eq. (A12) to determine shear
wave speed, as was initially pursued with transient radiation force
excitation methods (J. J. Bercoff et al., 2004; K. R. Nightingale
et al., 2003). For these reasons, time-of-flight (TOF) methods that
perform a linear regression of the wave arrival time versus position
data are now typically used.

TOF-based methods employ a priori assumptions, including local
homogeneity, and a known direction of propagation, such that the arrival
time of the wave at adjacent positions can be used to determine the shear
wave speed. All of the commercially available methods make assump-
tions about tissue behavior to generate a shear wave speed estimate,
and the accuracy of those assumptions ultimately impacts the accuracy
of the resulting estimate.

Table A2. Speckle tracking vs. Doppler method

Combined Autocorrelation Method  (CAM)
Pre compression

Step1 : Coarse estimation

2 steps
τ : displacement

Pre-compression

Post-compression

Detect large displacement from envelopes
Select optimal zone without aliasing
Resolution = a half wavelength

envelope
t1

Step2 : Fine estimation t2
carrier

2
Detect unwrapped phase shift from carriers 

Improvement in the accuracy and processing speed
Large dynamic range of strain  ( 0.05% to 5.0 % )

Both steps are processed by 
autocorrelation method

τ=t1+t2

2-D search Robust to probe movement                                          
Freehand compression

CAM is suitable for real-time and free-hand elasticity evaluation

Figure A5. Principle of the combined autocorrelation method. The rough displacement is first calculated from the enve-
lope using the resolution of half a wavelength, and then the displacement is calculated in high resolution using the phase
difference after correcting the rough displacement. Because both processes use the autocorrelation method used in color
Doppler, it achieves high speed. As a result, it has a wide dynamic range and provides high accuracy, being able to accom-
modate strain ranging from approximately 0.05% to 5%without causing aliasing errors. Therefore, the method is suitable
for manual compression methods. It was installed in the first equipment that was put to practical use, and it is currently

being used in a 3D elastography system.
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d WFUMB Guidelines and Recommendations on the Clinical use of Ultrasound
Elastography

FOREWORD TO THE WFUMB GUIDELINES AND RECOMMENDATIONS ON THE CLINICAL USE OF
ULTRASOUND ELASTOGRAPHY

The recent trend of a significant increase in publications on elastog-
raphy evoked the World Federation for Ultrasound in Medicine and
Biology (WFUMB) to feel the urgent need to create guidelines on
the clinical use of elastography. At theWFUMB congress in Vienna
in August 2011, theWFUMB leadership decided to take initiative to
create the guidelines; the first consensus meeting was held in March
2013 in Washington, DC, and this was followed by sponsoring an
elastography consensus session at the WFUMB Congress in San
Paolo in May 2013. This is the first time that elastography experts
from around the world have come together to create unified guide-
lines on the clinical use of this technique.

Conventional ultrasound echography portrays differences in
the acoustic properties of soft tissues (mainly echogenicity but
also, to some extent, attenuation), whereas elasticity imaging (elas-
tography) portrays differences in their elastic properties (e.g., elastic-
ity and viscosity). The effective medical use of the two modalities in
combination therefore requires sophisticated judgment based on
knowledge of how tissue differences and pathologies influence these
two different types of mechanical characteristics. Furthermore, the
rapid dissemination of ultrasound elastography machines into the
market place, the range of apparently different elasticity imaging
methods available and the daunting research literature on the physics
and medical applications of elastography have created a potentially
confusing situation for those who may be considering using elastog-
raphy. The definite need was therefore strongly felt by the WFUMB
to create this set of guidelines and recommendations on the clinical
use of ultrasound elastography, which is divided into two clinical
papers, each dealing with an existing important application of elas-
tography (of the liver and breast), and to precede these with a basic
paper, the goal of which is to introduce the fundamental physics
and associated terminology underlying elastography technologies.
A similar set of guidelines has been published recently by the Euro-
pean Federation forUltrasound inMedicine and Biology (EFSUMB)
as two papers, one on the basic principles and technology (Bamber
et al. 2013), and the other on the main clinical applications
(Cosgrove et al. 2013). Following these publications, another set of
guidelines has been published by the Japan Society of Ultrasonics
in Medicine (JSUM) as three papers, one on the basics and terminol-
ogy (Shiina 2013), one on liver applications (Kudo et al. 2013), and
the other on breast applications (Nakashima et al. 2013).

Although there are some differences in the clinical topics
covered, the main difference between the WFUMB guidelines
and recommendations and those of the EFSUMB is that the
WFUMB guidelines, being divided into three discrete papers
instead of two, are able to cover some of the topics in greater detail.
In addition, the main difference between the WFUMB guidelines
and the JSUM guidelines on the clinical topics covered is that the

former are essentially evidenced-based guidelines and the latter
are consensus-based guidelines. The most important part of the
WFUMB guidelines is the basic principles and terminology part;
in other words, we have included a question and answer section,
an extensive appendix, and a glossary of terms, which are not found
in the other guidelines. We have also endeavored to ensure that the
terminology and descriptions, although not identical, are broadly
compatible across the three sets of guidelines.

This international cooperative product gives the document
more strength and proclaims the worldwide recognition of the use
of elastography to diagnose breast and liver diseases, resulting in
these three sets of guidelines that should be a major reference for
anyone who is going to start or who is already performing elastog-
raphy of the breast and the liver.

MASATOSHI KUDO, MD, PHD
Immediate Past President, WFUMB

Organizer, WFUMB Elastography Guideline Project
Department of Gastroenterology and Hepatology

Kinki University School of Medicine
Osaka, Japan
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Abstract—TheWorld Federation for Ultrasound inMedicine and Biology (WFUMB) has produced these guidelines
for the use of elastography techniques in liver disease. For each available technique, the reproducibility, results, and
limitations are analyzed, and recommendations are given. Finally, recommendations based on the international
literature and the findings of theWFUMB expert group are established as answers to common questions. The docu-
ment has a clinical perspective and is aimed at assessing the usefulness of elastography in the management of liver
diseases. (E-mail: m-kudo@med.kindai.ac.jp) � 2015 Published by Elsevier Inc. on behalf of World Federation
for Ultrasound in Medicine & Biology.

Keywords: WFUMB, guidelines, liver diseases, elastography, transient elastography, shear wave elastography,
strain elastography, liver, ultrasound, liver fibrosis, liver stiffness, focal liver lesions.

INTRODUCTION

Diffuse liver disease is a major health problem world-
wide. Awide range of liver insults (chronic viral hepatitis,
alcoholic and non-alcoholic fatty liver disease, autoim-
mune hepatitis drug-induced liver injury, primary biliary
cirrhosis and several rarer causes) set up a common
pathway of fibrosis, which, if the damage continues, pro-
gresses and leads to cirrhosis which may be complicated

by portal hypertension, liver failure and the development
of hepatocellular carcinoma.

Accurate staging of the degree of fibrosis is essential
in planning therapy (including antiviral therapy) and pre-
dicting response to treatment and malignant potential.
Although liver biopsy has long been the gold standard,
it is an invasive procedure with potential complications
such as bleeding and severe pain (Bravo et al. 2001;
Cadranel et al. 2000). In addition, sampling error is an
intrinsic problem because of the small sample size
taken from a heterogeneous organ (Cholongitas et al.
2006), and diagnostic consistency may be influenced by
interobserver variability (Maharaj et al. 1986; Bedossa
et al. 2003; Regev et al. 2002).
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Therefore, there has been great interest in the devel-
opment of noninvasive techniques for the diagnosis of
liver fibrosis. There are many reports on the use of blood
markers for liver fibrosis, such as platelets, hyaluronic
acid, type IV collagen, aminotransferase/platelet ratio
index (APRI), and algorithm-based serum models (such
as Fibro Index, FIB-4, and Fibro Test) (Martinez et al.
2011a). However, these methods can be affected by fac-
tors unrelated to the liver.

As chronic liver damage results in hepatic fibrosis
characterized by an increase of extracellular matrix pro-
duced by fibroblast-like cells, the liver becomes stiffer
than normal.

Elastography can be used to assess liver stiffness
noninvasively. It measures tissue behavior when a me-
chanical stress is applied using ultrasound (US) or mag-
netic resonance imaging.

Several US-based elastography techniques are avail-
able and have been extensively described in Part 1.
Table 1 lists those that are in clinical use. They differ in
the physical properties used.

SHEAR WAVE-BASED techniques measure the
speed of shear waves in tissues. The shear waves can be
generated by an external push (transient elastography)
or by ultrasound radiation force enabling a single mea-
surement (point shear wave speed measurement) or an
image (shear wave speed imaging). The main difference
between these techniques is that shear wave speed, being
linked with stiffness, can be measured and converted into
kPa, the unit of Young’s modulus whereas strain elastog-
raphy gives relative estimates only.

STRAIN IGINGmeasures the deformation of tissue.
The European Federation of Societies for Ultrasound

in Medicine and Biology (EFSUMB) has recently issued
guidelines and recommendations on the clinical use of ul-
trasound elastography (Bamber et al. 2013; Cosgrove et al.
2013). Accordingly, our objectives are to determine based
on the evidence whether elastography is useful and
reproducible in the evaluation of diffuse liver disease, in
particular, in terms of the accuracy and limitations of the
available techniques depending on the indications and
etiologies. The impact of elastography on liver biopsy
(reduction and/or replacement) for diffuse liver disease
will be discussed. Finally, we discuss the potential role
of elastography in the characterization of focal liver
diseases.

TRANSIENT ELASTOGRAPHY

Procedure
Transient elastography (TE) is performed on a pa-

tient lying supine, with the right arm elevated to facilitate
access to the right liver. The tip of the probe is in contact
with the intercostal skin through a coupling gel in the 9th

to 11th intercostal space at the level where a liver biopsy
would be performed. The operator, assisted by a time-
motion image, locates a liver portion at least 6 cm deep
and free of large vascular structures. The operator then
presses the probe button to start the measurements
(‘‘shots’’). TE measures the liver stiffness in a volume
that approximates a cylinder 1 cm wide and 4 cm long,
between 25 mm and 65 mm below the skin surface
(Figure 1). The software determines whether each mea-
surement is successful or not. When a shot is unsuccess-
ful, the instrument does not return a value. The entire
procedure is considered to have failed when no values
are obtained after ten shots. Successful measurements
are validated using the following criteria: 1) number of
valid shots$ 10; 2) ratio of valid shots to the total number
of shots $ 60%; and 3) interquartile range (IQR, reflect-
ing the variability of measurements) less than 30% of the
median liver stiffness measurement (LSM) value (IQR/
LSM #30%) (Castera et al. 2008).

TE is a user-friendly procedure: it only requires a short
time (,5 minutes) and can be performed at the bedside or
in an outpatient clinic. The results, expressed in kilopascals
(kPa) and ranging from 2.5 to 75 kPa, are available imme-
diately. Finally, it is not a difficult procedure to learn and
can be performed by a nurse after minimal training (about
100 examinations) (Boursier et al. 2008a). Nevertheless,
the clinical interpretation of TE results should be always
in the hands of an expert clinician and should be made
with full knowledge of the patient demographics, disease
etiology and essential laboratory parameters.

Reproducibility. Two independent groups (Boursier
et al. 2008b; Fraquelli et al. 2007) have evaluated its
reproducibility. In the earlier study (Fraquelli et al.
2007), the reproducibility of TE was excellent for both
inter-observer and intra-observer agreement, with an in-
traclass correlation coefficient (ICC) of 0.98. However,
interobserver agreement was significantly lower in pa-
tients with lower degrees of hepatic fibrosis (ICC for
F0-F1 0.60 vs. 0.99 for F $ 2), with hepatic steatosis
(ICC for steatosis $ 25% of hepatocytes 0.90 vs. 0.98
for ,25%) and those with increased body mass index
(ICC for BMI $ 25 kg/m2 0.94 vs. 0.98 for ,25 kg/
m2). Consistent results were reported by Boursier et al.
(2008) in a series of 46 patients examined by 4 different
operators, suggesting that the ideal candidate for TE is a
lean patient with severe fibrosis.

Table 1. Elastography methods in clinical use for the
liver.

1- Shear wave speed
techniques

Transient elastography
Point shear wave speed measurement
Shear wave speed imaging

2- Strain/displacement
techniques

Strain elastography
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Normal values. ‘‘Normal’’ liver stiffness values
have been examined in 429 healthy subjects without overt
causes of liver disease and normal liver enzymes, who
were undergoing a medical check-up (Roulot et al.
2008). The mean liver stiffness value in these patients
was 5.561.6 kPa. Age had no influence but, as suggested
previously (Corpechot et al. 2006a), liver stiffness values
were higher in men than in women (5.861.5 vs. 5.261.6
kPa, p50.0002) and in subjects with BMI.30 kg/m2

(6.361.9 vs. 5.461.5 kPa, p50.0003). However, even af-
ter adjustment for gender and BMI, liver stiffness values

remained higher in 59 subjects with the metabolic syn-
drome (6.561.6 vs. 5.361.5 kPa, p,0.0001). In a more
recent study of 746 Italian subjects analyzed according
to the absence (602) or presence of fatty liver (144) at
ultrasonography, liver stiffness was significantly lower
in normal livers without steatosis than in fatty livers
(median 4.4 vs. 5.3 kPa, p,0.001), and male gender
was associated with increased liver stiffness (Colombo
et al. 2011). However, all these studies were conducted
in developed countries. Recent data from India, using a
populations-based approach in 437 healthy subjects,
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Figure 1. (Adapted from Castera et al. 2008).
a. Position of probe and explored volume (Imaging from Echosens).
b. Shear wave propagation according to the severity of hepatic fibrosis (Metavir score). The elastic modulus E expressed
as E5 3rV2, where V is the shear velocity and r is the mass density (constant and close to 1 kg/m3 for tissue): the stiffer
the tissue, the faster the shear wave propagates. In the absence of fibrosis (F0), the velocity is 1.0 m/s and elasticity is 3 kPa

whereas with cirrhosis (F4), the velocity is 3.0 m/s and elasticity is 27 kPa.
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suggest that in healthy individuals, undernutrition and
leanness (lower BMI), increase liver stiffness values in
a similar way to obesity, providing a U-shaped distribu-
tion of normal liver stiffness values (Das et al. 2012).

Results

1. Diagnostic performances for staging liver
fibrosis. Viral hepatitis and HIV coinfection. Two index
studies suggest the value of TE in the assessment of liver
fibrosis in patients with chronic hepatitis C (Castera et al.
2005; Ziol et al. 2005). Liver stiffness values correlated
strongly with Metavir fibrosis stages. However, despite
high area under the receiver operator characteristic
curve (AUROC) values, a substantial overlap in liver
stiffness between adjacent stages of hepatic fibrosis was
observed, particularly for lower stages. Many other
groups have confirmed these results (Arena et al.
2008a; Degos et al. 2010; Lupsor et al. 2008; Zarski
et al. 2012), also in hepatitis B (Chan et al. 2009; Coco
et al. 2007; Degos et al. 2010; Marcellin et al. 2009;
Oliveri et al. 2008) and HIV-HCV coinfection (de
Ledinghen et al. 2006; Kirk et al. 2009; Pineda et al.
2009; Vergara et al. 2007).

TE accurately discriminates cirrhosis from signifi-
cant fibrosis (AUROC 0.87–0.98; correct classification
85% to 94%) (AUROC 0.75–0.93; correct classification
from 57% to 90%). Several meta-analyses (Friedrich-
Rust et al. 2008, Shaheen et al. 2007, Talwalkar et al.
2007, Tsochatzis et al. 2011) have confirmed the better
diagnostic performance of TE for cirrhosis than for
fibrosis, with mean AUROC values of 0.94 and 0.84,
respectively (Friedrich-Rust et al. 2008). In a meta-
analysis of 40 studies (32 papers and 8 abstracts), sensi-
tivity and specificity values were 0.83 and 0.89 for
patients with cirrhosis and 0.79 and 0.78 for patients
with significant fibrosis. However, only 9 studies (1364
patients) had acceptable standards for both liver biopsy
and TE, which limits the conclusions (Tsochatzis et al.
2011).

The performance of TE is similar in patients with
HBV and HCV infection (Cardoso et al. 2012).

In the metanalysis of Chon et al. (2012), 18 studies
comprising 2,772 patients with chronic hepatitis B were
analyzed. The mean AUROC values for the diagnosis
of significant fibrosis, severe fibrosis, and cirrhosis were
0.86, 0.89, and 0.93, respectively. The estimated cutoffs
for F2, F3 and F4 were 7.9 kPa (sensitivity, 74.3%; spec-
ificity, 78.3%), 8.8 kPa (sensitivity, 74.0%; specificity,
63.8%), and 11.7 kPa (sensitivity, 84.6%; specificity,
81.5%), respectively.

Serum aminotransferases should be considered in
interpreting the results from TE in patients with hepatitis
B because elevated enzymes are associated with

increased stiffness readings (Fraquelli et al. 2011). To
avoid false positive results, some authors have proposed
using modified TE cut-offs based on ALT levels (Chan
et al. 2009) - a strategy that might not apply to patients
with fluctuating levels of ALT or hepatitis flares. Con-
versely, in hepatitis B e antigen negative patients with
normal ALT levels, non-invasive methods, particularly
TE, could be used as adjuncts to HBV DNA measure-
ments, to follow inactive carriers or better identify
patients who require liver biopsy (those with ongoing dis-
ease activity or significant fibrosis, despite normal ALT
levels) (Castera et al. 2011; Maimone et al. 2009; Ngo
et al. 2008; Oliveri et al. 2008).

NAFLD. So far, the number of studies that have
investigated TE in NAFLD patients remains limited
(Gaia et al. 2011; Nobili et al. 2008; Petta et al. 2011;
Wong et al. 2010; Yoneda et al. 2008; Wong et al.
2012; Kumar et al. 2013). TE results should be
interpreted with caution because these studies have
been conducted either in particular populations (Asian
with low BMI or pediatric population) or with small
sample size. Nevertheless, TE could be useful to
confidently exclude severe fibrosis and cirrhosis with a
high negative predictive value (approximately 90%) in
these patients (Wong et al. 2010). In a very recent
meta-analysis, 9 studies including 1,047 NAFLD patients
were compared. The analysis was performed only on the
data obtained with the M probe in 854 patients. The over-
all results suggest that TE is good in diagnosing F $ 3
(sensitivity, 85%; specificity, 82%) and F54 (sensitivity,
92%; specificity, 92%) and has moderate accuracy for F
$ 2, (sensitivity, 79%; specificity 75%) (Kwok et al.
2014).

Other liver diseases. TE has also been evaluated in
cholestatic liver diseases (Corpechot et al. 2012,
Corpechot et al. 2006b), in a variety of chronic liver
diseases (Foucher et al. 2006a; Fraquelli et al. 2007;
Ganne-Carrie et al. 2006) as well as in alcoholic liver
disease (Nahon et al. 2008; Nguyen-Khac et al. 2008).
In the study of Corpechot et al. (2012), there was a signi-
ficant association between TE and histological fibrosis
stage (P , 0.0001), but no correlation with necroinflam-
matory activity grade or the presence of ductopenia. It has
been suggested by several groups that the presence of
alcoholic hepatitis may influence the liver stiffness results
(Bardou-Jacquet et al. 2013; Mueller et al. 2010; Trabut
et al. 2012) and thus TE should be performed after
alcohol withdrawal to improve accuracy.

Cut-offs. TE appears as a reliable method for the
diagnosis of cirrhosis, better at excluding than at predict-
ing cirrhosis. For instance, in a population of 1,007
patients with different chronic liver diseases, a cut-off
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value of 14.6 kPa yielded positive and negative predictive
values of 74% and 96%, respectively (Ganne-Carrie et al.
2006). Interestingly, proposed cut-off values for cirrhosis
ranged from 11 kPa in patients with hepatitis B to 22.7
kPa in patients with alcoholic liver disease. Some re-
searchers have proposed cut-off values based on the
causes of liver disease (Ganne-Carrie et al. 2006). How-
ever, differences among cut-off values could result from
differences in the prevalence of cirrhosis among the study
populations (ranging from 8% to 25%). A cut-off value
for one population might not be applicable to another
with a different prevalence of disease. Most studies
used single cut-off values for patients with cirrhosis or
advanced fibrosis, but more information can be obtained
when values are interpreted as a continuum. For example,
when liver stiffness values range from 2.5 to 7 kPa,
fibrosis is likely mild or absent, whereas when values
are above 12.5 kPa, cirrhosis is likely (Castera et al.
2008) (Figure 2).

2. Monitoring disease progression and prog-
nosis. Portal hypertension. TE results can identify
patients most likely to develop clinically significant por-
tal hypertension, but are not able to identify patients with
esophageal varices (Castera et al. 2012). Given its likely
prognostic value for patients with cirrhosis, TE could be
used to discriminate among patients at different stages of
progression of compensated cirrhosis, and stratify them
in different risk categories.

TE has recently been used to evaluate the stiffness of
the spleen. Colecchia et al. (2012) have reported that in
patients with compensated liver cirrhosis spleen stiffness
correlates with portal pressure gradient and is accurate in
predicting esophageal varices. However, the accuracy of
spleen stiffness in ruling in or ruling out clinically signif-
icant portal hypertension or esophageal varices needs to
be validated. A recent meta-analysis including 12 studies
performed with either TE, PSWSM or magnetic reso-
nance elastography, has concluded that the accuracy is
still limited to allow its use in clinical practice (Singh
et al. 2013).

Hepatocellular carcinoma. Large, prospective
cohort studies in Asia of patients with hepatitis B or C
correlated liver stiffness values with HCC occurrence
(Fung et al. 2011a; Jung et al. 2011; Masuzaki et al.
2009). Among 866 Japanese patients with HCV
infection, the cumulative incidence of HCC within 3
years was as high as 38.5% among those with baseline
liver stiffness values .25 kPa, compared with 0.4%
among subjects with values #10 kPa (Masuzaki et al.
2009). Although the measurements of liver stiffness
could be used to identify patients at risk of developing
HCC, more data are needed before they can be integrated
into a HCC surveillance program.

Prognosis and survival. Recently, it has been sug-
gested that TE could be used to predict the prognosis of
patients with chronic liver disease related to viral hepatitis
or other causes (Robic et al. 2011; Vergniol et al. 2011;
Merchante et al. 2012). When compared with serum bio-
markers, TE had the highest 5-year predictive value to pre-
dict survival and liver-related death in 1,457 patients with
HCV infection, and this did not change after adjustment
for treatment response, patient age, or estimates of nec-
roinflammatory grade (Vergniol et al. 2011). Similarly,
in a cohort of 600 patients with chronic hepatitis B, the
5-year overall survival was 97.1% in patients with liver
stiffness,9 kPa, and 61.5% in patients with liver stiffness
.20 kPa. At 5 years, no liver-related death was observed
in inactive carriers, and the association of liver stiffness
with survival persisted after adjustment for potential con-
founders (age, treatment, and estimate of necroinflamma-
tory activity) (de Ledinghen et al. 2013).

Monitoring the response to antiviral treatment. In
patients already receiving antiviral therapy, TE can be
used to monitor the response and evaluate the regression
of fibrosis. Significant histologic improvements have
been documented in studies of paired liver biopsies
from patients with chronic hepatitis C who achieved sus-
tained viral eradication (Poynard et al. 2002; Shiratori
et al. 2000) and patients with chronic hepatitis B who
received long-term antiviral therapy (Chang et al. 2010;
Hadziyannis et al. 2006). Several studies reported a
significant decrease in liver stiffness values, compared
with baseline values, in patients with HCV who
achieved sustained viral eradication (Fontana et al.
2009; Hezode et al. 2011; Martinez et al. 2011b;
Ogawa et al. 2009; Vergniol et al. 2009; Stasi et al.
2013; Casado et al. 2013), as well as in HBV-infected pa-
tients treated with nucleoside analog drugs (Enomoto
et al. 2010; Fung et al. 2011b; Lim et al. 2011; Ogawa
et al. 2011; Osakabe et al. 2011; Wong et al. 2011; Kim
et al. 2013; Kuo et al. 2014).

Despite these encouraging results, following the
progress of treated patients with TE can be confounded

75 kPa2.5 7.0 9.5 12.5

Absent or mild
fibrosis

(Metavir F0-F1)

Significant
fibrosis

(F2)

Severe
fibrosis

(F3)

Cirrhosis
(F4)

Figure 2. (Adapted from Castera et al. 2008). Clinical signifi-
cance of liver stiffness cut-offs in chronic liver diseases.
When liver stiffness values range between 2.5 and 7.0 kPa,
mild or no fibrosis is likely, whereas when liver stiffness values

are greater than 12.5 kPa, cirrhosis is likely.
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by changing levels of ALTand inflammation. Similarly, a
decrease in liver stiffness could result from reductions in
inflammatory activity, rather than fibrosis. However, in
the only study (Hezode et al. 2011) that assessed liver
stiffness kinetics at multiple time points during (weeks
4 and 12) and after therapy (week 24), liver stiffness
decreased significantly with treatment among all patients
but only continued to decrease significantly after the
end of treatment in those patients with sustained viral
eradication.

Limitations

Applicability: failure and unreliable results. TE
can be difficult in obese patients or those with narrow
intercostal space and cannot technically be performed
in patients with ascites (Sandrin et al. 2003).

In an initial trial of 2114 examinations, failure
occurred in 4.5% of cases (Foucher et al. 2006b). In a
multivariate analysis, the only factor associated with fail-
ure was obesity (body mass index . 28 kg/m2 (OR 10.0
(95% CI 5.7-17.9), p50.001). Updating this experience
with more than 13,000 examinations in 7,261 patients
seen over a 5 years period, failure to obtain any measure-
ment was observed in 4% of examinations and unreliable
results in 17% (Castera et al. 2010). Thus, TE was not
successful in almost 20% of cases. In the multivariate
analysis, failure and unreliable results were associated
with obesity and limited operator experience. However,
a fatty thoracic belt, not a fatty mass index, was a limiting
factor for the success rate. Indeed, when metabolic syn-
drome and waist circumference were taken into account
in a subgroup of 2,835 patients, waist circumference
was the most important determinant of unreliable results
and LSM failure.

Whether unreliable results translate into decreased
accuracy is an important question in clinical practice. It
has been suggested that among the recommendations,
the IQR/LSM .30% is the most important for good
diagnostic accuracy (Lucidarme et al. 2009; Myers
et al. 2010). In 1165 patients with chronic liver
diseases (798 with chronic hepatitis C), Boursier et al.
(2013) found no difference in the overall diagnostic ac-
curacy. In a multivariate analysis, they found that
fibrosis staging was independently associated with the
median liver stiffness and IQR/LSM for all stages and
proposed new reliability criteria: very reliable: IQR/M
, 0.10; reliable: IQR/M 0.10–0.30 or IQR/M .0.30
and median liver stiffness ,7.1 kPa; and poorly
reliable: IQR/M .0.30 and median liver stiffness
.7.1 kPa. Using these new criteria, only 9.1% of the ex-
aminations were unreliable. These results warrant
further validation.

Confounding factors. The liver is encapsulated in a
distensible but stiff envelope (Glisson’s capsule), such that
additional space-occupying changes, such as edema,
inflammation, extra-hepatic cholestasis, or congestion,
can increase its stiffness and elevate the measurements,
independently of fibrosis. The extent of necro-
inflammatory activity has been shown to influence TE
measurements in patients with viral hepatitis, with a
steady increase of liver values in parallel with the degree
of histological activity (Arena et al. 2008b; Chan et al.
2009; Fraquelli et al. 2007). Consistent with these
results, overestimation of liver stiffness has been
reported during ALT flares in patients with acute viral
hepatitis or chronic hepatitis B (Arena et al. 2008b;
Coco et al. 2007; Sagir et al. 2007) as well as in cases of
extrahepatic cholestasis (Millonig et al. 2008) or conges-
tive heart failure (Millonig et al. 2010). The influence of
steatosis is still a matter of debate because of conflicting
results: some studies suggest a detrimental effect (Gaia
et al. 2011) whereas others do not (Wong et al. 2010).

Influence of food intake. Food intake increased liver
stiffness values in patients with cirrhosis and portal hyper-
tension, and in healthy controls (Mederacke et al. 2009;
Arena et al. 2013, Berzigotti et al. 2013), thus patients
should fast before TE (and all liver elastography)
examinations.

Recommendations

� The interpretation of TE results should always be in the
hands of an expert clinician and should bemade in light
of the patient demographics, disease etiology and key
laboratory findings, as well as according to the manu-
facturer’s recommendations, particularly the IQR/M
ratio, which should be less than 30%.

� The main limitation to the use of TE in clinical practice
is its limited applicability in obese patients. The use of
the XL probe reduces the failure rate in obese patients
but results in a high rate of unreliable results (approx-
imately 25%). The clinical value of unreliable results
remains a matter of debate.

� TE cannot be performed in patients with ascites.
� Several factors, including acute hepatitis, cholestasis,

liver congestion, and food intake, increase the liver
stiffness. Therefore, TE should be performed in fasting
patients, and avoided or interpreted cautiously in pa-
tients with elevated transaminases (.5 x upper limit
of normal), cholestasis, congestive cardiac failure,
ongoing alcohol intake or alcoholic hepatitis.

� TE has been well validated in chronic viral hepatitis
(C better than B) and can confidently be used as first
line method for staging liver fibrosis. This strategy re-
mains to be validated for other liver diseases.
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� Combining TE with serum biomarkers of fibrosis in-
creases the diagnostic accuracy for significant fibrosis
in patients with chronic hepatitis C, a strategy that
needs to be validated for other liver diseases, such as
hepatitis B or NAFLD.

� TE offers better performance for detecting cirrhosis
than significant fibrosis and is currently the standard
among non-invasive methods.

� In patients with cirrhosis, liver stiffness has a prog-
nostic value for the occurrence of portal hypertension.
However, TE cannot replace upper GI endoscopy for
the detection of esophageal varices.

� Current evidence suggests that TE could be used for
monitoring the response to antiviral treatment and for
predicting the prognosis of patients with chronic liver
disease.

POINT SHEAR WAVE SPEED MEASUREMENT
(PSWSM) AND SHEARWAVE SPEED IMAGING

(SWSI)

Procedure
All technologies are implemented in a conventional

US system under direct visualization using a curved array
broadband transducer. A sample box is positioned on
B-mode image of the liver and elastography measure-
ments are obtained by pressing a button.

Optimal conditions include:

� Fasting;
� Dorsal decubitus position, with the right arm elevated

above the head for optimal intercostal access;
� Resting respiratory position (breath-hold without deep

inspiration);
� ROI placement beneath Glisson’s capsule by 1.5-2.0

cm to avoid reverberation artifacts and increased sub-
capsular stiffness;

� ROI placement to avoid large liver vessels;
� The median value of 5-10 measurements is considered

with PSWSM, and the mean value of 4 measurements
with SWSI.

Specific recommendations include:

� For SWSI, the sample box size should be large enough
to reduce the variation between measurements. This
provides a cumulative value that is the average of stiff-
ness at several points, thus being more representative
of the heterogeneous stiffness in abnormal and normal
livers.

� For PSWSM, the ROI should be placed perpendicular
to the center of the transducer surface as the angle of
insonation may have a slight but significant influence
on the result.

Results

Point Shear Wave Speed Measurement. As of
today, there are two techniques: Virtual Touch Tissue
Quantification (VTTQ�) technique that expresses the
results in m/sec (Figure 3) and ElastPQ� that gives the
results in m/sec or in kPa (Figure 4). There are numerous
reports of studies performed using the VTTQ� tech-
nique, which has been commercially available since
2009, but only a few using ElastPQ�, which was intro-
duced in 2012.

The reproducibility of the VTTQ� technique is
excellent, with an intraclass correlation coefficient
ranging from 0.84 to 0.87 (Bota et al. 2012; Boursier
et al. 2010; D’Onofrio et al. 2010; Guzman-Aroca et al.
2011). Operator training does not appear to be necessary
(Boursier et al. 2010). Similarly, the ElastPQ� technique
is highly reproducible, with an interobserver agreement
ranging from 0.83 for comparison of single measure-
ments to 0.93 for the median value of 10 measurements
(Ferraioli et al. 2014).

In healthy volunteers, the values of PSWSM per-
formed with VTTQ are available in several publications
(D’Onofrio et al. 2010; Friedrich-Rust et al. 2009a;
Goertz et al. 2012; Grgurevic et al. 2011; Kaminuma
2011; Karlas 2011; Kim 2010; Kircheis 2012; Osaki
2010; Piscaglia 2011; Rifai 2011; Rizzo et al. 2011;
Son et al. 2012; Sporea et al. 2011; Takahashi et al.
2010). In all studies, the values were lower (, 1.2
m/sec) than in patients with chronic hepatitis. Food
intake significantly increases the liver stiffness values
(Goertz et al. 2012; Popescu et al. 2013).

Themedian value of PSWSMobtained with ElastPQ
in healthy volunteers is 3.5 kPa (Ling et al. 2013;
Ferraioli et al. 2014).

Chronic viral hepatitis. The range of cut-offs for
each fibrosis stage is quite large with overlap between
consecutive stages. The range of cut-offs for the fibrosis
stage ranges from 1.13 to 1.55 m/sec for F.2; from
1.43 to 1.81 m/sec for F.3; and from 1.36 to 2.13
m/sec for F4. The largest series comprises more than
600 patients withmixed etiologies of chronic liver disease
(Kircheis et al. 2012). Using TE as the reference method,
the investigators obtained cut-off values of 1.32 m/sec for
F2 and 1.62 m/sec for F4. Similar cut-offs were obtained
in the meta-analysis of Friedrich-Rust et al. (2012a), in
which nine studies were analyzed. Patients with chronic
liver disease of several etiologies were included, and the
cut-off values were 1.34, 1.55 and 1.80 m/sec, for signif-
icant fibrosis, severe fibrosis and cirrhosis, respectively.
PSWSM showed accuracy similar to that of TE for the
diagnosis of severe fibrosis, whereas a slightly but signif-
icantly higher diagnostic accuracy of TE with respect to
PSWSM was found for the diagnosis of significant
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fibrosis and liver cirrhosis. In the more recent meta-
analysis of Bota et al. (2013), in which thirteen studies
were included, PSWSM showed a predictive value similar
to TE for significant fibrosis and cirrhosis.

In an international multicenter study comprising
1,095 patients (181 with chronic hepatitis B and 914
with chronic hepatitis C), the correlation of PSWSM
with histological fibrosis was significantly higher in
patients with chronic hepatitis C compared with those
with chronic hepatitis B (r50.653 vs. r50.511,
p50.007), whereas both groups showed similar PSWSM
values for each fibrosis stage (Sporea et al. 2012).

In the study of Rizzo et al. (2011), using the PSWSM
cut-offs of 1.3 m/sec for the diagnosis of significant
fibrosis (F $ 2), 1.7 m/s for severe fibrosis (F $ 3), and
2.0 m/sec for cirrhosis (F 5 4), the highest concordance
was obtained for the diagnosis of mild fibrosis. TE may
overestimate the fibrosis stage in cases with severe liver
inflammation (Sagir et al. 2008; Arena et al. 2008). The
same limitation has been observed in some studies with
PSWSM (Takahashi et al. 2010; Yoon et al. 2012; Chen
et al. 2012), but not in others (Friedrich-Rust et al.
2009a; Palmeri et al. 2011; Rizzo et al. 2011;
Nishikawa et al. 2014).

Figure 3. VTTQ technique in a healthy subject. Measurements of liver stiffness are given in m/sec; the sample box
is shown.

Figure 4. ElastPQ in a patient with chronic hepatitis C of F4Metavir stage on liver histology. The values of liver stiffness
are expressed in kPa. Bottom left corner of the image: the stiffness is estimated and displayed by using a scale that ranges

from soft to hard.
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The grade of liver steatosis appears not to influence
PSWSM (Friedrich-Rust et al. 2009a; Rizzo et al. 2011;
Rifai et al. 2011).

Measurement failure with PSWSM is reported in less
than 3% of patients (Friedrich-Rust et al. 2012a). No
invalid measurement occurred in the series of Rizzo et al.
(2011) and in the study of Crespo et al. (2012). PSWSM
provided valid results in all patients whereas TE failed in
11% of cases. In the series of Bota et al. (2014), reliable
measurements were obtained in 93.3% of cases. Older
age, higher BMI and male gender were associated with
the risk of failed and unreliable measurements.

A recent meta-analysis, which included either full
papers or abstracts for a total of 36 studies, has shown
that BMI has a significant influence for the diagnosis of
significant fibrosis (F $ 2) (Nierhoff et al. 2013). In
this meta-analysis, the diagnostic accuracy expressed as
the area under the ROC curve was 0.84, 0.89 and 0.91
for the diagnosis of significant fibrosis, advanced fibrosis,
and cirrhosis, respectively. Measurements are not limited
by ascites because the US push beam, which generates the
shear waves, propagates through fluids and appears not to
be influenced by clinical and biochemical variables
(Rizzo et al. 2011).

The possibility to evaluate several areas of the liver
parenchyma could be another advantage of PSWSM.
Indeed, histological studies have shown that liver fibrosis
is not homogeneously distributed within the liver, and can
be missed when performing liver biopsy at one site only,
thus leading to underestimation of liver fibrosis (Bedossa
et al. 2003; Maharaj et al. 1986). It should be noted that
D’Onofrio et al. (2010) reported significant differences
between intercostal and subcostal scans, and Kaminuma
et al. (2011) found that PSWSM were more reliable
when performed in a deep portion of the right lobe. In
their series of patients with chronic hepatitis, Toshima
et al. (2011) obtained significantly higher values in the
left lobe of the liver than the right lobe. It has been sug-
gested that oscillation of the left liver by cardiac activity
may interfere with stiffness measurements (Osaki et al.
2010).

Karlas T et al. (2011) found that, in healthy individ-
uals, the shear wave speed was higher in the left liver than
in the right, but no difference in speed was observed in pa-
tients with advanced fibrosis and cirrhosis. The authors
suggest that the absence of differences between the two
sides could be a criterion for the diagnosis of advanced
liver disease.

Preliminary results of PSWSM using ElastPQ� in
102 patients with chronic hepatitis C have shown that
the accuracy of the method for staging liver fibrosis is
similar to that of TE and the best cut-off value for signif-
icant fibrosis (F$ 2) is 5.7 kPa (Ferraioli et al. 2014). In a

series of 291 patients with chronic hepatitis B, the
AUROCs for significant fibrosis and cirrhosis were 0.94
and 0.89, respectively (Ma et al. 2014).

Monitoring disease progression and prog-
nosis. Very few studies regarding disease progression
and prognosis have been published with conflicting re-
sults. In the cohort of Vermehren et al. (2012), the diag-
nostic accuracy of PSWSM of the liver and the spleen
for the prediction of esophageal varices was not signifi-
cantly different from that of TE and the Fibrotest; how-
ever, the AUROCs of all methods were fairly low,
ranging from 0.50 to 0.58. In the series of Morishita
et al. (2013), a cutoff value of 2.39 m/s had a sensitivity
of 81% and a specificity of 82% for detecting high-risk
esophageal varices.

In a recent study, a spleen stiffness value ,3.3 m/s
ruled out the presence of high-risk varices in patients
with compensated or decompensated liver cirrhosis (nega-
tive predictive value, 99.4%). Regardless of the etiologies
of liver disease, spleen stiffness was highly accurate for
the detection of esophageal varices (Takuma et al. 2013).

Nonalcoholic fatty liver disease (NAFLD). Only
few studies in small series of patients are available
(Yoneda et al. 2010; Osaki et al. 2010; Palmeri et al.
2011; Friedrich-Rust et al. 2012b; Fierbinteanu
Braticevici et al. 2013).

In 172 patients diagnosed with NAFLD, a cutoff of
4.24 kPa distinguished low (fibrosis stage 0–2) from
high (fibrosis stage 3–4) fibrosis stages with a sensitivity
of 90% and a specificity of 90% (AUROC 0.90) (Palmeri
et al. 2011). In a study on 61 patients with NAFLD/
NASH, the paired comparison of diagnostic accuracies
between TE and PSWSM for the diagnosis of significant
fibrosis, severe fibrosis and liver cirrhosis were similar
(Friedrich-Rust et al. 2012). In 64 patients with histolog-
ically proven NAFLD, the diagnostic performance of
PSWSM in predicting significant fibrosis and cirrhosis
had an AUROC of 0.94 and 0.98, respectively
(Fierbinteanu Braticevici et al. 2013).

Shear Wave Speed Imaging. SWSI expresses the re-
sults in m/sec or kPa (Figure 5). Ferraioli et al. (2012b)
found ICCs of 0.95 and 0.93 for expert and novice oper-
ators when comparing measurements performed on the
same day, and 0.84 and 0.65 for measurements performed
on different days. The interobserver agreement was 0.88.
These results have been confirmed in the recently pub-
lished study of Hudson et al. (2013). Like conventional
US, SWSI technology may be user dependent, so it is
recommended that at least 50 supervised scans and mea-
surements should be performed by a novice to obtain
consistent measurements (Ferraioli et al. 2012b).
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Values ranging from 2.6 to 6.2 kPa have been re-
ported for histologically proven normal livers (Suh
et al. 2013).

In patients with chronic hepatitis C, cut-off values for
SWSI are reported in two publications based on 4
(Ferraioli et al. 2012c) or 5 (Bavu et al. 2011) measure-
ments from an intercostal space. Bavu et al. (2011) evalu-
ated 113 patients with chronic hepatitis C, comparing the
results to those obtainedwith TE; liver biopsywas not per-
formed. The results showed a good agreement between
fibrosis staging and elasticity assessment. SWSI showed
a higher accuracy in assessing mild and intermediate
stages of fibrosis. The diagnostic accuracy of SWSI in
the assessment of liver fibrosis in patients with chronic
hepatitis C was evaluated in a pilot study on 121 patients
(Ferraioli et al. 2012c). The optimal cut-off values of
SWSI were 7.1 kPa for significant fibrosis (F $ 2), 8.7
kPa for advanced fibrosis (F $ 3), and 10.4 kPa for
cirrhosis (F54). Areas under the ROC curves were 0.92
for F$ 2; 0.98 for F$ 3 and 0.98 for F54. A better per-
formance of SWSI compared to TE has also been observed
in 226 patients with chronic hepatitis B (Leung et al.
2013). In a study that evaluated liver fibrosis in a cohort
of 422 patients without a gold standard, Poynard et al.
(2013) report that the applicability of SWSI is lower
than that of TE whereas the performance of the two
methods is similar. In the same study, the applicability of
SWSI was higher than that of TE in patients with ascites.

It has been reported that stiffness values are not
correlated with liver steatosis (Ferraioli et al. 2012c;
Suh et al. 2013) or with necro-inflammation (Ferraioli
et al. 2012c).

Limitations

- SWSI accuracy has only been assessed in the right lobe
through intercostal access. Interlobe variations of liver
stiffness have been reported with PSWSM. Body
habitus (obesity, narrow intercostal spaces) may ham-
per the results.

- Because of the frequency-dependency of the elasticity
properties of tissue, great care and consideration must
be used when comparing quantitative results among
these techniques.

- Results in kilopascals are not comparable between
SWSI, PSWSM and TE.

- The majority of the studies has been performed in
patients with chronic hepatitis C, therefore these cut-
offs may not be applicable to other viral etiologies or
to NAFLD. Only small series of patients with NAFLD
have been studied, therefore the cut-offs in these pa-
tients need further assessment.

- Readings may be higher in patients with ALT levels
greater than five times the upper limit of normal;
thus, the effect of inflammation should be taken into ac-
count, and the results should always be evaluated in the
clinical setting. As with TE, it is likely that congestive
heart failure, and feeding will be associated with a
stiffer liver.

Recommendations
PSWSM and SWSI can be used to assess the severity

of liver fibrosis in patients with chronic viral hepatitis,
best evidenced in patients with hepatitis C. Nonetheless,
the evidence that is available is still limited, particularly

Figure 5. SWSI technique in a patient with decompensated liver cirrhosis. Measurements of liver stiffness are given in
kPa. The mean value along with the minimum and maximum values and the standard deviation are shown.
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for SWSI. Like TE, PSWSM and SWSI are more accurate
in detecting cirrhosis than significant fibrosis.

STRAIN ELASTOGRAPHY

Procedures

Scanning method. Successful real-time strain elas-
tography (SE) depends on the clarity of B-mode images -
the fundamental US images - and therefore, B-mode
images need to be of good quality and free from artifacts.

� Visualize the right liver through a right intercostal
space with the patient supine and the right arm elevated
to widen the intercostal spaces;

� Place the probe lightly on the skin without moving it,
since the method relies on intrinsic, mainly cardiac,
movement to displace the tissue;

� Select a region of interest in which B-mode images are
free from interfering structures;

� Obtain images displaying axial, not lateral, movement
by pointing the probe towards the heart;

� With a transient breath hold, make sure that SE images
are displayed consistently. (Fujimoto et al. 2013,
Morikawa et al. 2011, Tatsumi et al. 2010, Tatsumi
et al. 2008, Yada et al. 2013)

Region of Interest (ROI) placement. The manufac-
turer recommends that the ROI should be placed deep to
the liver capsule (Fujimoto et al. 2013, Morikawa et al.
2011, Tatsumi et al. 2010, Tatsumi et al. 2008, Yada
et al. 2013). Some researchers include the surrounding
tissues, such as the subcutaneous and muscle layers
(Kanamoto et al. 2009, Saftoiu et al. 2007); however,
placing the ROI entirely inside the liver is the key to
generate uniform images (Ferraioli et al. 2013,
Morikawa et al. 2011, Tatsumi et al. 2010, Yada et al.
2013). To avoid large blood vessels, imaging using a
2.5 3 2.5cm ROI is recommended (Fujimoto et al.
2013, Yada et al. 2013).

Elimination of artifacts requires attention to tech-
nique. The ROI should not include large blood vessels
to eliminate anechoic areas. It should not be placed close
to ribs or the liver capsule, or too deep in the parenchyma
as acoustic shadows, reverberation artifacts, and lack of
sufficient penetration will generate incorrect higher read-
ings. Experimentation with placement of the transducer
between the ribs will lead to the optimal positioning.

When an examination is difficult, it is recommended
to try another intercostal space, selecting one that is softer
and has a thinner subcutaneous layer. Other subcutaneous
structures, such as ribs and lungs, should not be included
in the image.

For the analysis, frames with strain generated in the
depth direction with no artifacts should be selected. Good

images may be obtained at the end of diastole with elec-
trocardiographic gating or at the largest downward wave
on a strain graph.

Results

Reproducibility of the technique. The intra-observer
variability and intra-observer agreement of SE for the
assessment of liver fibrosis have been criticized in several
studies (Friedrich-Rust et al. 2009b; Saftoiu et al. 2007;
Ferraioli et al. 2007). In a recent study, a Japanese
group (Koizumi et al. 2011) used a semi-quantitative
method (elastic ratio) and found that the measurements
obtained from four separate locations had no observed
variation between the two operators (ICC 0.97).

Chronic hepatitis. In chronic hepatitis, the liver tis-
sue hardens unevenly as fibrosis advances. Accordingly,
if the ROI is placed only over the liver, it will highlight
the color variation of the SE images, emphasizing areas
with relatively low strain (blue areas). This generates im-
ages with a mottled appearance (Fig. 6) (Tatsumi et al.
2008, Yada et al. 2013).

Evaluation methods. The examiner’s experience
and subjectivity influence the outcome of visual assess-
ments. To overcome this, various quantitative methods
have been developed to assess tissue stiffness objectively.

� Image pattern recognition

Indices obtained by adjusting grayscale, histogram,
and binarization are called feature values, and are used
in pattern recognition. In SE imaging, feature values
given by the scanner or by separate imaging software
can be used to calculate correlations with liver fibrosis.
The strain estimate is converted to numerical values using
color gradations, with blue being 0 and red being 255.

Tatsumi et al. and Morikawa et al. have reported that
mean strain values inversely correlated with liver stiffness
and fibrosis in patients with chronic hepatitis C. On the
other hand, the standard deviation of mean values of
strain, the percentage of area of low strain and its
complexity were positively correlated with liver stiffness
and fibrosis (Morikawa et al. 2011, Tatsumi et al. 2008).

Calculation of function values

a. Liver Fibrosis (LF) Index

For the calculation of the LF index, nine features -
mean and standard deviation of the relative strain value,
complexity and ratio of the blue area in the ROI, skew-
ness, kurtosis, entropy, inverse difference moment,
angular second moment – are extracted (Fujimoto et al.
2013).

In a validation study of the LF Index using 245
patients with cirrhosis and chronic hepatitis B and C,
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Yada et al. observed significant differences between
advanced fibrosis and cirrhosis (AUROC 0.80) but not be-
tween other consecutive stages of liver fibrosis (Yada
et al. 2013).

LF index is a company-recommended standard ana-
lytic method.

The positive results obtained in the Japanese series
were not confirmed in other series (Ferraioli et al. 2012a).

b. Strain ratios

There are two types of evaluation methods that use
the strain ratio for analysis. The mainstream method
places the ROI only in the liver parenchyma for analysis
and calculates the ratio between the parenchyma and a
blood vessel. In another method, the ROI includes the
liver parenchyma and the surrounding tissue, and the
strain ratio between the two tissues is used in the
analysis.

Koizumi et al. (2011) imaged 70 chronic hepatitis C
patients with the ROI placed only in the liver paren-
chyma; they used the strain ratio (elastic ratio) between
the liver parenchyma and a peripheral hepatic vein for

evaluation. The elastic ratio increased with the progres-
sion of liver fibrosis and was not affected by
inflammation.

In patients with NAFLD, Ochi et al. (2012) observed
a significant correlation between the elasticity ratio and
liver fibrosis. In addition, there was a significant differ-
ence in elasticity ratios between patients with NAFLD ac-
tivity score #4 and those with scores $ 5.

The elasticity ratio is not the manufacturer-
recommended technique for SE.

c. Other methods

In patients with hepatitis B and C, Friedrich-Rust
et al. calculated the tissue elasticity from every pixel in
SE images and performed multivariate analysis to obtain
a unique formula (Friedrich-Rust et al. 2007). Elasticity
scores calculated using that formula showed a significant
correlation with liver fibrosis. These results were not
confirmed in a more recent study by the same group
(Friedrich-Rust et al. 2009b).

� Influences other than liver fibrosis

Figure 6. SE images of different stages of liver fibrosis in patients with chronic hepatitis C. The histogram displays the
color dispersion in the region of interest. The x-axis shows the color scale of the elastogram, coded from 0 (dark blue) to
255 (dark red); the y-axis shows the percentage of each color. LF index can be calculated on the ultrasound device. F1 (a),

F2 (b), F3 (c) and F4 fibrosis stage (d).
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SE can evaluate liver fibrosis without being affected
by inflammation, jaundice, and blood congestion. SE
evaluation is possible in patients with ascites (Hirooka
et al. 2011).

Limitations
Various SE imaging and analysis methods are

currently available, and they all show a clear correlation
with liver fibrosis. However, a comparative study is
needed to reveal the best method. Although the technique
that uses cardiac activity as the driving force is most pop-
ular today, weak pulsation can adversely affect the quality
of SE images. Moreover, even though SE can be applied
to most cases because it can assess patients with ascites
and narrow intercostal spaces, it is difficult to generate
clear SE images in severely obese patients. It is also
necessary to learn to avoid artifacts. The experience
and skill of examiners can influence the accuracy of ultra-
sonography; however, variability among examiners with
proper training is reportedly low (Koizumi et al. 2011).
To expand the use of liver SE and further improve accu-
racy, the imaging and analysis methods need to be stan-
dardized and an effective SE training system needs to
be established. The current standard analytic method of
SE is the LF index ( Fujimoto et al. 2013, Yada et al.
2013).

Lastly, negative results should not be neglected
(Ferraioli et al. 2012a; Friedrich-Rust et al. 2009b).

Recommendations
Objective assessment can be made only by the use of

the LF index.
Multicenter studies are currently being performed

and the results are anticipated.

FOCAL LIVER MASSES

Diagnosis of focal liver masses is needed to identify
patients with malignant liver disease, to determine the
correct management and to differentiate these patients
from those with benign and insignificant pathology.
Although historically, these diagnoses were obtained
with liver biopsy, today we live in an era of noninvasive
diagnosis. For many years, contrast enhanced CT and
MR scans, and more recently contrast enhanced ultra-
sound (CEUS), have shown their value and ability to pro-
vide correct diagnoses without the requirement for
surgery or biopsy.

Currently, the use of elastography for characteriza-
tion of focal liver masses remains investigational. It is
hoped that elastography may supplement imaging to
give more specific diagnoses in selected patients.

RECOMMENDATIONS

- Is elastography useful in the evaluation of diffuse
liver disease?

Liver elastography is useful for the evaluation of
diffuse liver diseases. The level of evidence is high for
TE, moderate for PSWSM, and still low for SWSI and
SE. Some methods have been used for more than ten
years while others have been introduced more recently,
resulting in large variability in the number of published
manuscripts on different techniques.

The majority of studies have evaluated patients with
viral chronic hepatitis and results obtained in this setting
may not be applicable to other clinical situations as the
critical cut-offs are strongly dependent on the etiology.

Values with shear wave-based elastography and with
strain techniques vary between manufacturers.

Thus, the cutoffs are both system and etiology
dependent.

Elastography is capable of distinguishing significant
fibrosis (F2 or greater) from non-significant (F0 - F1)
fibrosis. However, more data are needed to confirm its
use to distinguish between consecutive stages of early
fibrosis.

It is also important to note that each method may
provide different values expressed in different units (me-
ters per second, kilopascals) or indices.

Several confounding factors have been identified,
such as liver inflammation, liver congestion and biliary
obstruction.

Elastography results should be interpreted in the full
clinical context of the patient, taking into account the
method used to obtain the results.

Elastography can be used for follow-up of patients
with chronic liver diseases.

- Is the method reproducible?

Generally, the reproducibility of elastography tech-
niques is good. However, manufacturer recommendations
should be followed. Dedicated training is required for all
elastography methods.

- What is its accuracy in a range of pathologies?

The accuracy of elastography methods improves
with the severity of fibrosis. The most studied etiology
is chronic viral hepatitis. The body of evidence is highly
dependent on the method for other etiologies.

- What are the limitations?

Obesity is a common limitation of all ultrasound-
based elastographymethods. Other limitations are narrow
intercostal spaces and, for transient elastography, the
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presence of ascites. Most methods show higher values
when the levels of aminotransferases are elevated.

Some manufacturers do not recommend the use of
liver elastography in pregnancy.

- To what extent can elastography reduce the use of
liver biopsies?

In some countries, where liver elastography is used
in clinical practice, the number of liver biopsies has
decreased significantly. When elastography results are
consistent with other clinical findings, liver biopsy may
be avoided.

- Can elastography provide additional information
for focal liver lesions?

Currently, the body of evidence concerning the use
of elastography in focal liver lesions is not strong enough
to recommend its use in clinical practice.

These recommendations are based on the interna-
tional literature and on the findings of the WFUMB
expert group.
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Abstract—The breast section of these Guidelines and Recommendations for Elastography produced under the
auspices of the World Federation of Ultrasound in Medicine and Biology (WFUMB) assesses the clinically used
applications of all forms of elastography used in breast imaging. The literature on various breast elastography
techniques is reviewed, and recommendations are made on evidence-based results. Practical advice is given on
how to perform and interpret breast elastography for optimal results, with emphasis placed on avoiding pitfalls.
Artifacts are reviewed, and the clinical utility of some artifacts is discussed. Both strain and shear wave techniques
have been shown to be highly accurate in characterizing breast lesions as benign or malignant. The relationship
between the various techniques is discussed, and recommended interpretation based on a BI-RADS-like malig-
nancy probability scale is provided. This document is intended to be used as a reference and to guide clinical users
in a practical way. (E-mail: rgbarr@zoominternet.net) � 2015 Published by Elsevier Inc. on behalf of World
Federation for Ultrasound in Medicine & Biology.

Key Words: Breast, Breast Cancer, strain, Shear wave, elastography, guidelines, artifacts.

INTRODUCTION

Elastography is the most noteworthy of the new technol-
ogies in recent diagnostic ultrasound systems. Cancer tis-
sue is stiffer than normal breast tissue, and it is believed

that the stiffening process begins in the early stage of can-
cer. The idea of using this stiffness information for diag-
nosis evolved into a new diagnostic imaging method for
detecting tissue elasticity (stiffness) and evaluating it
noninvasively and objectively using ultrasound.

Initially introduced in 2003, elastography technol-
ogy has since improved together with advances in diag-
nostic ultrasound systems; some form of elastography is
available on most commercially available ultrasound
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systems today. Current elastography systems can not only
differentiate between benign andmalignant tissue but also
evaluate histological information by depicting the distri-
bution of tissue stiffness, which may have the potential
to evaluate the therapeutic effect of treatment with anti-
cancer agents. Elastography allows for diagnosis and eval-
uation not only of masses but also of non-mass lesions.

More recently, systems equipped with various
methods that apply strain have become available. They
include systems with strain elastography (SE), which re-
quires manual compression vibration, and systems equip-
ped shear wave elastography (SWE) technology that
supply vibration energy by means of ultrasound. These
methods share the concept of bringing qualitative diag-
nostic capability, i.e., imaging and numerical expression
of the stiffness of a target, into the field of ultrasonogra-
phy, which is primarily concerned with morphological
diagnosis. However, these methods differ in terms of their
theory, the direction of their development, and their accu-
racy. Moreover, there are various methods and terms
related to diagnostic assessment, such as elasticity scores
(Tsukuba score, strain pattern), E/B ratio (width ratio,
length ratio), strain ratio (fat-lesion ratio (LFR)), and
shear wave measurements (kPa, and m/s), which often
lead to confusion when initially using elastography.

Guidelines have been proposed by EFSUMB
(Cosgrove, Piscaglia et al. 2013) and JSUM (Nakashima
et al 2013).

The WFUMB Guidelines and Clinical Practice Recom-
mendations for Elastography of Breast advocate an elas-
tography classification table (Table 1) to help organize
and understand the wide variety of elastographic
methods. This report describes this classification and pre-
sents and explains the evidence for elastography, its clin-
ical utility, the characteristics of each method, clinical
images, etc.

CLASSIFICATION OF ELASTOGRAPHY

Classification by technical method
The WFUMB Expert Members for Elastography

Consensus Guideline advocated the following classifica-
tion (Table 1).

In this table, the applied stress is classified (columns)
into Manual Force (achieved by vibration caused by
manual compression or involuntary movement of arm
muscles, etc., or vibration caused by the patient’smuscular
contraction or breathing, etc.) and Acoustic Force
(achieved by ultrasound irradiation force from a probe),
while imaging information is classified (rows) into strain
imaging, which is calculated based on (relative) displace-
ment, and shear wave imaging, which is calculated based
on the propagation speed of shear waves. In actual clinical
practice, shear wave imaging using manual compression

for applying vibration/compression is not used for breast
imaging, so elastographic techniques can be classified
into the following three groups.

� Strain Imaging: Esaote, GE, Hitachi-Aloka, Medison
Samsung, Philips, Siemens, Toshiba,Ultrasonix, Zonare

� ARFI displacement: Siemens
� SWSMeasurement and Imaging: Siemens, SuperSonic

Imagine

Classification by interpretation
Three main diagnostic methods are used to classify

lesions based on reported evidence and similar findings
from clinical investigations and based on the manu-
facturer’s recommended method in the absence of such
reports. Each has its advantages and disadvantages, and
not all are supported by good evidence. A detailed expla-
nation of each unit will be given in the latter half of this
report.

� Pattern diagnosis is based on color or grayscale elas-
tography images, and a diagnosis is made based on
the assessed score.

Terminology: Tsukuba score (Elasticity Score,
Strain Pattern)

� Grayscale images from elastography are compared
with B-mode images, and a diagnosis is made based
on the size ratio of the target lesion.

Terminology: EI/B ratio, width ratio, length ratio

� Diagnosis is made by assigning a relative numerical
value to the stiffness (tissue elasticity)

Terminology: Strain ratio (fat-lesion ratio (FLR)),
kPa (unit of stiffness), m/s

a. Strain ratio (fat-lesion ratio (FLR)) Semi-quantitative
method for numerically evaluating how many times
stiffer a target mass is compared to subcutaneous fat
by SE.

b. kPa (unit of stiffness), m/s (unit of SWS): quantitative
values calculated for the SWS determined by stiffness
in Shear Wave Elastography system.

PROCEDURES (TIPS AND TRICKS)

How to obtain a good elastography
Be mindful of the following 3 points when gener-

ating images.

Obtain a good B-mode image to get a good elastog-
raphy image!. Elastography images are often generated
based on raw data from B-mode images, and many
methods require good B-mode images to succeed. The
examiner should switch to elastography after first ascer-
taining that the B-mode images are optimal.
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Table 1. Information on the classification of ultrasound elastography. Different methods for the applied stress and imaging
information are organized into columns and rows, respectively.

Measured physical quantity

Strain or Displacement  Shear wave speed 

V

Excitation methods
Strain imaging Shear wave imaging

(A) Manual compression
- Palpation,
- Cardiovascular 

pulsation
- Respiration

Strain elastography N/A

ElaXtoTM

Real-time tissue elastographyTM

Elastography

ElastoScanTM

eSieTouchTM Elasticity Imaging

Esaote
Hitachi Aloka
GE, 
Philips,Toshiba
Ultrasonix,
Mindray
Samsung
Siemens

(B) Acoustic radiation force 
impulse excitation *ARFI Imaging

**Point shear wave speed measurement 
(Average shear wave speed in a region of interest)

VirtualTouchTM

Imaging (VTI /ARFI)
Siemens Virtual TouchTM

Quantification (VTQ/ARFI) 

ElastPQTM

Siemens 
Philips

Shear wave speed imaging

ShearWaveTM Elastography: (SWETM)

Virtual TouchTM Image 
Quantification (VTIQ/ARFI)

SuperSonic-
Imagine 
Siemens

(C) Controlled external 
vibration

***Transient elastography
(Point shear wave speed measurement)

FibroScanTM Echosens

Methods

Excitation method
Strain imaging Shear wave imaging  

(A) Manual compression

Palpation,
Cardiovascular pulsation
Respiratory 

Strain elastography 

Strain or normalized strain
Geometric measures
Strain ratio
E/B size ratio

(B) Acoustic radiation
force impulse excitation

ARFI Imaging Point shear wave speed measurement 

Displacement or normalized displacement
Geometric measures
Displacement ratio
E/B size ratio

Shear wave speed (m/s) 
Young’s modulus (kPa)

Shear wave speed imaging 

Shear wave speed (m/s)
Young’s modulus (kPa)

(C) Mechanical external 
vibration

Transient Elastography

Young’s modulus (kPa)

Methods
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Keep the angle of the probe perpendicular to the
skin.. Both manual compression and acoustic radiation
force are meaningless if the probe moves across the target
and this will occur with even slight changes in the probe
angle, so it is of paramount importance to ensure that the
probe remains perpendicular to the skin. Therefore, it is
important to ensure that you find a position that allows
for stable vibration, compression, and minimal patient
motion (see WFUMB website for examples).

For Strain Imaging, know the best maneuver for
each system and target.. There are three main types of
compression or vibration methods: ‘‘no manual compres-
sion,’’ ‘‘minimal vibration,’’ and ‘‘significant compres-
sion’’; video clips of each technique are available
online (2013). It is not necessary to generate much vibra-
tion when imaging shallow lesions, but greater vibration
is needed for deep lesions (Table.1).

� No Manual Compression

Place the probe vertically on the skin without
consciously applying any vibration/compression. Keep
the probe lightly touching the skin and try not to apply
pressure (Barr and Zhang 2012). It is important to keep
your hands vertical with no pressure (minimal pre-
compression) and still on the skin above a target (Barr
and Zhang 2012).

Here the minimal vibration energy of the operator
and patient is exploited, so images with good spatial reso-
lution are possible. However, in some cases (large breasts
or deep lesions) minimal vibration may be required.

� Minimal vibration

Place the probe vertically on the skin and apply
very mild vibration. Do not push too hard. The vibration
stroke should be no more than 1 mm. Keep the probe
lightly touching the skin, and apply extremely fine vi-
bration with a few cycles/second, as if lifting up the
skin with the probe, likening the coupling gel to glue.
Vibration should be applied as if you are not moving
your hand at all when you observe it. This method
can be used for relatively shallow lesions to moderately

deep lesions, and it allows elastography imaging of
small targets several millimeters in size such as non-
mass abnormalities. It can depict the distribution of
soft areas (areas with significant strain), and it provides
useful diagnostic information (see WFUMB website for
examples)

� Significant compression

Place the probe vertically on the skin, and apply
fairly significant compression/release (approximately
1-2 mm). This method is similar to the dynamic test in
B-mode imaging. As long as the tumor is fairly large,
adequate elastography images of lesions at most depths
can be obtained (see WFUMB website for examples).

� Results and Limitations

Strain

Diagnostic approach and evidence. Some reports
suggest the utility of strain imaging is to up-grade or
down-grade a lesion ultrasound BI-RADS classifica-
tion of a lesion (Chiorean 2008, Tan, Teh et al.
2008). Other reports suggest elastography can not
only be used to differentiate benign and malignant tu-
mors, but can be effective for evaluation of therapy
and for lesions that do form a mass (Nakashima and
Moriya 2012)

Utility for differentiating benign and malignant
masses. The Tsukuba score (Itoh, Ueno et al. 2006) (Elas-
ticity score), EI/B mode ratio and strain ratio (FLR) have
been proposed for characterizing breast masses as benign
or malignant (Ueno E 2007).

� Tsukuba score (Elasticity score)

The Tsukuba score (Figure 1) is a five-point scale
that visually grades the stiffness of a mass. Its sensitivity,
specificity, and accuracy for differentiating between
benign and malignant breast masses were reported to be
86.5%, 89.9%, and 88.3% (Itoh, Ueno et al. 2006),
respectively. A score from 1 to 5 is assigned based on
the color (balance of green and blue) inside the tumor

1 2 3 4 5 BGR

Figure 1. Graphic depiction of the Tsukuba score (Elasticity score) (Itoh, Ueno et al. 2006). This scale combines the size
ratio changes and degree of stiffness of the lesion. If the lesion is soft, it is classified as a score of 1; if the lesion has a
mixed pattern, it is given a score of 2. A lesion that is hard but smaller on the elastogram is given a score of 3. When the
lesion is hard and the same size on elastography as in B-mode, the lesion is given a score of 4. If the lesion is hard and
larger on elastography the lesion is classified as 5. It is recommended that lesions with scores of 4 or 5 be biopsied (Itoh,
Ueno et al. 2006). Scores of 1 to 3 are classified as probably benign.With some equipment (Hitachi, Toshiba) a tri-laminar

appearance of blue, green, and red (BGR) is identified in cysts (tri-color artifact).

WFUMB Guidelines for Ultrasound Elastography - Breast d R. G. BARR et al. 1151

－207－



and the surrounding area, with a higher score indicating a
higher diagnostic confidence of malignancy.

Raza S et al.(Raza, Odulate et al. 2010) reported a
prospective clinical study using Ito et al.’s elasticity
score, and they reported a sensitivity of 92.7% and a spec-
ificity of 85.8%.

A ROI that includes various tissue types (fat, fibro-
glandular tissue, pectorals muscle) in which the lesion
accounts for no more than ¼ of the ROI should be chosen.
Limitations include the fact that judgment is subjective
and that it cannot be used for large tumors because the
tumor and the surrounding tissue affect assessment.

Chang JM et al. (Chang, Moon et al. 2011) analyzed
factors that affect the accuracy of elasticity scores in a
prospective study and determined that the accuracy of
elastography differed depending on the depth of the
lesion and that accuracy control was necessary.

� EI/B ratio, width ratio, length ratio

Using a real-time dual SE system, Hall (Hall, Zhu
et al. 2003) demonstrated that benign lesions are smaller
than the corresponding B-mode image while malignant le-
sions are larger (Figure 2). They proposed utilizing the ra-
tio of the lesion size on elastography to the B-mode size
(EI/B-mode ratio) as a diagnostic criterion for benign or
malignant. Barr (Barr 2010) in a single center un-blinded
trial of 123 biopsy-proven cases using an EI/B-mode ratio
of,1.0 as benign and$1.0 as malignant had a sensitivity
of 100% and a specificity of 99% in distinguishing benign
from malignant breast lesions. A large multi-center, un-
blinded trial evaluating 635 biopsy proven cases using
Barr’s criteria had a sensitivity of 99% and a specificity
of 87% (Barr, Destounis et al. 2012). A single center trial
of 230 lesions showed a 99% sensitivity, 91.5% specificity,
PPVof 90% and a NPVof 99.2% using the EI/B-mode ra-
tio (Destounis, Arieno et al. 2013). The EI/B-mode ratio
has been shown to be highly significant between tumor
grades of invasive ductal cancers, with the EI/B-mode ratio
increasing with tumor grade (Grajo 2013).

Either the lesion length ratio or a lesion area ratio
can be used. The lesion is measured in the same position
on both the elastogram and B-mode image. The use of a
mirror function/copy function is helpful in the measure-
ment technique. Difficulty can occur when measuring
the lesion on the elastogram when a fibroadenoma or
fibrocystic lesion arises in dense breast tissue. The strain
properties of the lesion are similar to the background
dense breast tissue. Therefore, one may visualize the
combination of the lesion and normal dense breast tissue
as one lesion, creating a false positive (Barr 2012). This
problem can be avoided by comparing the stiffness of
the lesion to surrounding tissue; if it is similar to fibro-
glandular tissue, it is most likely benign. Using the color
scale or LFR may help eliminate this problem. Strain
images obtained using the ARFI technique can be inter-
preted using this technique.

Figure 2. A 45-year-old woman presenting with an abnormality
in her right breast on screening mammography. In this Philips
image, the SE is present on the right and the B-mode image is
presented on the left. By measuring the lesion on the SE image
and the B-mode image, the system calculates the EI/B ratio. In
this case, the EI/B ratio is 1.94, suggesting a malignant lesion.

The final diagnosis is invasive ductal carcinoma.

Figure 3. A 69-year-old woman presenting with a 6-mmmass on screening ultrasound. The Hitachi-Aloka SE image is on
the right side of the image while the B-mode image is on the left. Regions of interested have been placed in the tumor and
in a region of fat. The system calculated the lesion to fat ratio (LFR or Strain Ratio). The Strain Ratiowas 14.57 in this case
suggestive of malignancy. The mass was diagnosed as an invasive ductal carcinoma (pT1b, pN0, Luminal A type) on core

needle biopsy.
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� Strain ratio (LFR: lesion to fat ratio)

This diagnostic approach was advocated by Ueno
et al. (Ueno E 2007) as a semi-quantitative method of
evaluating stiffness. As shown in Figure 3, it is the ratio
of the strain in a mass to the strain in subcutaneous fat,
and it is a semi-quantitative method for evaluating how
much stiffer a mass is compared with fat. The tumor
ROI should be placed entirely in the tumor in B-mode.
The target ROI for subcutaneous fat should be limited
to fat that does not contain fibroglandular breast tissue
at a similar depth to the lesion.

Because this method allows evaluation of the stiff-
ness of one specific region of a mass by positioning the
ROI, not only is it possible to measure very large tumors,
it is also possible to evaluate the stiffness of non-mass
abnormalities. This easy to apply approach provides an
approximation of tumor stiffness.

Farrokh et al. (Farrokh, Wojcinski et al. 2011) re-
ported a sensitivity of 94.4% and specificity of 87.3%
with a cut-off above 2.9 in a prospective study using
the strain ratio (FLR). In a study using B-mode, strain
pattern (elasticity score), width ratio, and strain ratio,
Alhabshi et al. (Alhabshi, Rahmat et al. 2013) reported
that width ratio and strain ratio were the most useful
methods of lesion characterization, with a cut-off value
of 1.1 for width ratio and a cut-off value of 5.6 for strain
ratio. Stachs et al. (Stachs, Hartmann et al. 2013)
demonstrated the FLR utility in 224 breast masses in
215 patients that the strain ratio was predominantly
higher in malignant tumors, i.e., 3.04 6 0.9 (Mean 6
SD) for malignant tumors versus 1.91 6 0.75 for benign
tumors. In a meta-analysis of 2,087 lesions, Sadigh (Sa-
digh, Carlos et al. 2012) found an overall sensitivity of
88% and specificity of 83% when using strain ratio. Us-
ing the length ratio his data showed a sensitivity of 98%
and a specificity of 72%.

Estimation of pathological features (diagnosis of
non-mass abnormalities and differentiation of patholog-
ical features).Many clinicians think SE reflects patholog-
ical features relatively well, and there have been many

reports of comparisons with resected specimens. A min-
imal breast cancer elastography image, a macroscopic
image of the resected specimen, and an image of hema-
toxylin and eosin staining are shown in Figure 4. The stiff
part (blue) on elastography corresponds to the spread of
breast cancer in the radial direction.

In addition, SE subtly depicts not only stiff regions
(with little strain) but also soft regions (with much strain),
greatly increasing the diagnostic range of ultrasound.

Breast-conserving surgery is the mainstay of breast
cancer surgery, but the common widespread intraductal
component makes assessment of the extent of resection
important. Using elastography to determine tumor spread
before breast-conserving surgery, Nakashima et al.
(Nakashima and Moriya 2012) reported that it was
effective for evaluation of the intraductal component.
As elastography was useful for assessing the intraductal
component, which is similar to a non-mass abnormality,
elastography may also be useful for non-mass abnormal-
ities. Color changes on the elastography of an intraductal
component are useful for predicting the pathological fea-
tures of intraductal progression.

Adamietz et al. (Adamietz, Kahmann et al. 2011)
reported that elastography color patterns were useful
for comparing and differentiating phyllodes tumors and
fibroadenomas.

Recommended imaging techniques. SE supports ‘‘no
manual compression,’’ ‘‘minimal vibration,’’ and ‘‘signif-
icant compression.’’ It is certainly possible to diagnosis
many masses using the ‘‘significant compression’’ ap-
proach to elastography, but it is impossible to acquire
elastography images in the case of minute lesions such
as intraductal lesions using this approach. Therefore,
‘‘minimal vibration’’ is recommended for elastography
imaging of minute lesions. In the case of deep lesions,
however, ‘‘significant compression’’ may be better for
acquiring an adequate elastography image, as the other
approaches might not provide sufficient vibration energy.

For beginners, it may be useful to refer to a strain
graph that shows in real time the changes in strain over

Figure 4. A 55-year-old woman, who presented with a speculated mass on screening mammography. A speculated mass
(max length 10 mm) was detected on ultrasound B mode image. The diagnosis was invasive ductal carcinoma (pT2, pN0,
Luminal A type) on using core needle biopsy. The Hitachi-Aloka SE image is on the center of the imagewhile the B-mode
image is on the right and the pathological image is on the left. The SE’s stiff area (blue area) is very similar to the cancer on

gross pathology (white area) and is larger than the mass depicted on the B-mode.
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time to assist deploying these techniques, but experts can
usually assess accuracy using the images.

� Displayed Range of Interest (ROI)

Various color or gray scale maps can be used in SE
as well as grey scale. To avoid confusion, the scale should
always be included in images or discussions. The scale is
relative and is based on the range of tissue stiffness in the
image. The ROI should partly include subcutaneous tis-
sue and the pectoralis muscle for a more consistent scale
range, and it should be expanded to its maximal width to
express relative values more accurately. Ribs and lungs
should not be included (Barr 2012). In most systems,
the color-coding is post processing and the color maps
can be changed after acquisition.

� Imaging time

In SE, the color-coding is visualized immediately
after the initial vibration (approximately 1 sec), but imag-
ing needs to continue until the color of the entire target is
completely stable in order to acquire reliable results.
The amount of time required will shorten as your
skill improves, so it is recommended that you start

by taking plenty of time and continue until the color is
stable.

Images and pathological features. The most useful
point to remember in everyday practice is that informa-
tion that can be used to determine benignity without
cytology or biopsy can be acquired by differentiating im-
ages of cysts, fibroadenomas, and fat islands in patients
recalled for closer examination. Elastography also in-
creases confidence that a stiff lesion is a malignancy.
Representative images that illustrate the usefulness of
elastography for diagnosis are provided elsewhere (see
WFUMB website).

� Cystic lesions

There are characteristic SE patterns that can charac-
terize a lesion as cystic.

� Bull’s Eye Artifact

A characteristic elastogram, the Bull’s Eye Artifact,
is observed with benign simple and complicated cysts
with some systems (Barr and Lackey 2011). This artifact
is characterized by a white central signal within a black
outer ring and a bright spot posterior to the lesion. It

Figure 5. (A) Simple cyst in a 39-year-old woman who presents with a palpable mass. The B-mode image is on the left
and the elastogram on the right. The elastogram shows the characteristic ‘‘Bull’s Eye’’ artifact, a black area (red arrow)
with a central bright spot (green arrow) and posterior bright spot (blue arrow). (B) In this complex mass, the solid compo-
nent (blue arrow) and the cystic area (red arrow) can be identified in the elastogram. A core biopsy of the solid component
demonstrated a 2-mm benign papilloma. Courtesy of Carmel Smith, Queensland Imaging, Brisbane Australia.

(Figures with permission from Ultrasound Quarterly (Barr and Lackey 2011)).
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results from the movement of fluid which causes de-
correlation between images (Barr and Lackey 2011)
(Figure 5). In a monocentric study, this artifact had a
high predictive value for the lesion being a benign cyst.
Any solid component in the cyst appears as a solid lesion
within the pattern (Figure 5b). Although limited cases

have been reported, this artifact is not observed in
mucinous or colloid cancers (Barr and Lackey 2011).
The artifact can be used to decrease the number of bi-
opsies performed (Barr and Lackey 2011). In one series,
10% of solid lesions on B-mode were in fact complicated
cysts (Barr and Lackey 2011). This useful artifact is
observed with some equipment (Siemens and Philips)
but may not be observed with other equipment.

� BGR sign

In the case of strain imaging with other vendors’ sys-
tems, a red band is visualized in the deep part of a lesion
that is nearly anechoic. This unique pattern appears when
there are no echoes in the mass and increased strain
directly deep to it, and it is thought to indicate that the in-
side of the mass is liquid. It presents as blue, green, and
red layers beginning in the shallow area, which is referred
to as the BGR sign (Figure 6).

Limitations. Accuracy differs between shallow sites
and deep sites due to problems associated with propaga-
tion of vibration energy. Further improvement of applica-
tions and adjustments to imaging methods are needed.

Reports on the strain ratio have used different cut-off
values, so a multicenter study that includes accuracy con-
trol is needed.

Summary. There is significant evidence that SE has
high sensitivity and specificity for differentiating benign
from malignant masses and for non-mass abnormalities.
Various methods of interpretation (5 point color scale,
length ratio, and lesion to fat ratio) have all been shown
to be effective. Currently, there is not enough evidence
to suggest that one technique is superior to another.

SWS measurement and imaging

Introduction. With SWE, a quantitative measure of
the lesion stiffness can be obtained either in a small fixed
ROI (single measurement) or pixel by pixel in a Field-of-
View (FOV) box giving a color map. The results are usu-
ally coded with red as stiff and blue as soft. The technique

Figure 6. A 45-year-old woman presented with a 10-mm mass on ultrasound screening. On the Hitachi system, the cyst
has the BGR artifact, suggesting it is a benign cyst. Diagnosis confirmed by fine needle aspiration cytology.

Figure 7. Upper: A 50-year-old woman with an abnormality in
her left breast on screening mammography. The upper image is
the color-coded SWE image and the B-mode image is below the
SWE image. The mass had a high shear wave speed (153 kPa)
color-coding red. On biopsy, the lesion was an invasive ductal
carcinoma (pT1a, pN0). Lower: A 48-year-old woman who pre-
sented with an abnormality in her left breast on screening ultra-
sound. The mass color-coded blue, having a low shear wave
speed (8.7 kPa). On biopsy, the lesion was a fibroadenoma.
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using SE also pertains to SWE, and pre-compression
should be avoided.

Recommendations; see strain section
Classification; see strain section
Procedures; see strain section

Results. Based on a recent large multi-center study
(BE1) using 2D SWE, a cut-off value of 80 kPa (5.2
m/s) was determined to distinguish BI-RADS category
3 and BI-RADS category 4a lesions with better specificity
(Berg, Cosgrove et al. 2012). Examples are presented in
Figure 7. Tissue measurements in an ROI can be dis-
played in speed (m/s) or in pressure/elasticity (kPa).
The measurement of stiffness should be obtained from
the area of highest stiffness within the lesion or the
surrounding tissue. This large multi-center trial demon-
strated that when SWS is added to BIRADS classification
in B-mode imaging diagnostic accuracy increases (Berg,
Cosgrove et al. 2012). The evaluation of SWE signal ho-
mogeneity and lesion to fat ratios were the best differen-
tiators of benign and malignant. The addition of SWE
increased the characterization of lesion over BI-RADS
alone, with a sensitivity and specificity of 93.1% and
59.4% for BI-RADS and 92.1% and 76.4% with the addi-
tion of SWE. The authors note that the major value of the
addition of SWE is in BI-RADS 3 and 4a lesions where
the SWI results are used to upgrade or downgrade the
lesion (Berg, Cosgrove et al. 2012, Schaefer 2013). The
same study included an analysis of reproducibility, which
was very high (Cosgrove, Berg et al. 2012).

The BE1 rules can be summarized as

1. Any of the features analyzed in SWE could improve
the diagnostic performance (AUCs) of the BI-RADS
score. Thus, SWE features should be combined with
B Mode features, and should not be used alone.

2. The best performing SWE features were the quantified
maximum stiffness of the lesions (inside or on the
periphery), as E Max measurement (Q Box) or visual
color assessment (5-level color scale).

3. The publication suggested aggressive and conserva-
tive rules (i.e., using different stiffness thresholds) to
help assess the level of suspicion of the breast masses,
depending on their initial BI-RADS score. In the stud-
ied population:

A. All BI-RADS 3 masses with high stiffness (E Max
. 160 kPa (7.3 m/s) or E Color 5 Red with SWE
scale set at 180 kPa (7.7 m/s)) could have been up-
graded to biopsy. This would have enabled the early
management of 4 breast cancers.

B. BI-RADS 4a masses with low stiffness could have
been downgraded to follow-up. This would have
increased the specificity and PPV for biopsy of the
ultrasound diagnosis.

a. Aggressive rule: low stiffness would be considered
with E Max below 80 kPa (5.2 m/s) or E Color light
blue or below with SWE scale set at 180 kPa (7.7 m/s).

b. Conservative rule: low stiffness would be considered
with E Max below 30 kPa (3.2 m/s) or E Color dark
blue or below with SWE scale set at 180 kPa (7.7 m/s).

c. The aggressive rule would have enabled a higher
improvement in specificity; however, 4 cancers would
have been downgraded to follow-up. With the conser-
vative rule, all cancers would have remained in the
initial biopsy group, while retaining a significant in-
crease in specificity (Schaefer 2013).

In a study of 158 consecutive patients, Chang
(Chang, Moon et al. 2011) found that the mean elasticity
values were significantly higher in malignant masses
(153 kPa 1/- 58) than benign masses (46kPa 1/-43)
(P,0.0001). They determined an optimal cut-off value
of 80 kPa (5.2 m/s) which resulted in a sensitivity and
specificity of 88.8% and 84.9%, respectively. The area
under the ROC curve was 0.898 for conventional US;
0.932 for SWE; and 0.982 for the combined data. In a
study of 48 breast lesions, Athanasiou (Athanasiou,
Tardivon et al. 2010) found similar results with similar
stiffness values for benign lesions (45 1/- 41 kPa) and
malignant lesions (147 kPa 1/- 40)(P,0.001). Their
results suggest that the addition of SWE to conventional
ultrasound could be used to decrease the number of bi-
opsies performed in benign lesions. In a small series
Evans (Evans,Whelehan et al. 2010) found the sensitivity
and specificity for SWE (97% and 83%) to be better than
B-mode alone (87% to 78%). In their series, they used a
cutoff value of 50 kPa (4.1 m/s). They also confirmed that
the technique is highly reproducible.

Quantitative pSWE with ARFI can be used for char-
acterizing breast masses. In a series of 161 masses,
including 43 malignancies, using a SWS cut-off of 3.6
m/s (38 kPa), a sensitivity of 91% and a specificity of
80.6% were achieved (Tozaki, Isobe et al. 2012)

3-D shear wave elastography is in development
(Youk, Gweon et al. 2012, Lee, Chang et al. 2013) and
no recommendations can be made at this time.

Limitations. When using pSWE (Virtual Touch
QuantificationTM (VTq) (Siemens Ultrasound)), where a
single measurement is obtained from a small ROI, it is
not possible to determine where the area of highest
stiffness is located on the B-mode image. Multiple mea-
surements within the lesion and surrounding tissue need
to be obtained to acquire optimal measurements. The
measurement within the tumor often results in ‘‘x.xx’’
signifying that an adequate shear wave for evaluation
was not obtained (Barr 2012). Bai (Bai, Du et al. 2012)
reported that if a lesion is solid and x.xx is obtained the
lesion is most likely a malignancy. With this assumption,
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they obtained a sensitivity and specificity of 63.4% and
100%.

Shear waves do not propagate in low viscosity liq-
uids; therefore, simple cysts will not be color-coded.
Shear waves are detected using ultrasonic echo signals.
Therefore, shear waves cannot be detected in areas with
extremely low B-mode signals (anechoic). These regions
appear void of signal and are not color-coded. Examples
are shadowing from ribs or tumors with significant shad-
owing (Barr 2012).

Quality Factor. In very stiff lesions such as invasive
cancers, shear waves may not propagate so that no results
are obtained. The area with no results is not color-coded
(Barr 2012) and interpretation is not possible. In general,
however, the desmoplastic reaction surrounding the tu-
mor will be stiff and appear as a stiff (red) halo surround-
ing the lesion. Even if the entire mass is not coded as stiff,
heterogeneity of the SWE is part of the criteria for a sus-
picious lesion. Pre-compression must be avoided as this
can create the same appearance in a benign lesion (Barr
and Zhang 2012).

In a large number of malignant lesions, the area
identified on B-mode as the hypoechoic mass does not
code on SWE because a shear wave is not identified or

may code with a low cs. Bai found that 63% of breast ma-
lignancies have this finding (Bai, Du et al. 2012). Prelim-
inary evaluation of this phenomenon suggests that shear
waves may not propagate as expected in some cancers
(Barr 2012) (Figure 8). The shear waves in these tumors
demonstrate significant noise that may be incorrectly
interpreted as a low SWS by the system. The addition
of a quality measure that evaluates the shear waves gener-
ated and determines if they are adequate for an accurate cs
measurement will help in eliminating possible false nega-
tive cases (Barr 2014, Barr 2012) (Figure 9).

RECOMMENDATIONS

Should Elastography be performed/interpreted without
B-mode?

Elastography is a complimentary technique to
B-mode imaging. Elastography (SE or SWE) should be
performed and interpreted along with standard B-mode
imaging.
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Figure 8. A 57-year-old woman presented with a palpable mass
in her right breast. Mammographic and sonographic workup in-
dicates a BI-RADS 4b lesion that proved to be a poorly differ-
entiated invasive ductal cancer on biopsy. The cancer is the
hypoechoic mass in the deeper portion of the image. Two wave-
forms were obtained using the acoustic radiation force impulse
technique, one in the tumor and one in the peri-tumoral area.
The one taken deeper is from the cancer. The more superficial
one is taken in the peritumoral area. The waveform from the
cancer is all noise and not interpretable. The waveform in the
adjacent peri-tumoral tissue has more noise than in the fat sig-
nals but is still interpretable and provides a shear wave speed

(with permission from JUM (Barr 2012)).

Figure 9. Shear wave elastogram (SWE) of a biopsy proven
invasive ductal cancer in a 64-year-old female presenting with
a palpable mass. The velocity map in the upper image shows
a maximum shear wave speed of 3.27 m/s, suggesting a benign
lesion. However, in the Quality Map below, the mass is yellow
and red, indicating that the shear waves are not adequate for
interpretation. Without the quality map, the lesion could have
been classified as a false negative. (Courtesy of Richard G.

Barr MD, PhD).
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Should one perform SE or SWE imaging?
Both Strain and SWE have been shown to improve

characterization of breast masses. There have been no
comparative studies to suggest one technique is better
than the other.

How many techniques should be performed on each
patient?

No studies have been performed to confirm that one
technique is better than the other. Performing more than
one technique on a patient may improve confidence in
the findings.

Should a benign elastography downgrade a BIRADS 4b,
4c, or 5 lesion to BIRADS 2 or 3?

Downgrading B3 or B4A is reasonable, but down-
grading a B4b, B4c, or B5 is not recommended. If a B3
lesion has characteristics of a malignancy on strain or

SWE, the lesion should be upgraded to a biopsy. If
B-mode or another imaging technique is diagnostic of a
B2 (e.g., fat necrosis), elastography should not be used
to upgrade a lesion.

Should the Bull’s Eye artifact (or BGR Sign) be used to
cancel breast biopsies?

The Bull’s Eye artifact (seen only with certain strain
equipment) has been demonstrated to be highly specific
for benign cystic lesions. It is recommended that the ac-
curacy of the finding first be confirmed in the lab before
biopsies are cancelled. The BGR artifact (seen with
certain equipment) is most likely equivalent to the Bull’s
Eye artifact, but this has not been biopsy proven.

When should elastography (SE or SWE) be performed?
Elastography should be used to characterize an ab-

normality identified on conventional B-mode imaging.

Table 2. Summary of the interpretation methods and their relationships based on a BI-RADS classification system (along the
bottom of the table). EI/B - Ratio of the lesion size on elastography to the B-mode size. Strain ratio (fat-lesion ratio

(FLR)) - Ratio of target mass stiffness to that of subcutaneous fat (Semi-quantitative value derived from strain elastography
(SE)). Vs - Shear wave velocity or shear wave speed (SWS) in units of m/s and stiffness or elasticity in units of kPa are

quantitative values in Shear Wave Elastography (SWE) systems.

1 2 3 4 5 C1 C2

Hard

Soft

Soft

Soft

Hard

Hard

El/B
<1

El/B
=1

El/B
>1

Strain
Ratio
<2.8

Vs
<2.6m/s
or 20kPa

>2.6m/s
and <4.5m/s
or >20kPa

and <60kPa

>4.5m/s
and <5.2m/s
or >60kPa

and <80kPa

Vs
>5.2m/s
or 80kPa

Strain
Ratio

>2.8, <4.5

Strain
Ratio
>4.5
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Are there situations when elastography should not be
used?

Elastography (SE or SWE) should not be used when
a lesion is very superficial (,3 mm) from the skin sur-
face. SE should not be used if the lesion is larger than
the FOV box.

What are the limitations of elastography in breast
imaging?

In addition to those listed above, occasionally a ma-
lignant breast lesion may appear soft in shear wave elas-
tography (blue, low shear wave speed (SWS)). In these
situations, it is important to look at the tissue surrounding
the lesion to identify the stiffest part of the lesion. The
heterogeneity or increased SWS in surrounding tissues
is relevant information and will help characterize the
lesion as malignant.

CONCLUSION

There are several methods to obtain and interpret
elastography of the breast. No comparative studies have
been performed to suggest that one method is better
than another.

Table 2 summarizes the various methods of interpretation
and how they are related based on a BI-RADS classifica-
tion system. Elastography systems and the applications
themselves continue to evolve, and new tools and new ev-
idence will likely emerge.We anticipate that the direction
of development, imaging methods, and diagnostic ap-
proaches will change and fragment in the future.
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Abstract

Background This study examined the effects of peretin-

oin, an acyclic retinoid, on the survival of patients with

hepatitis C virus-related hepatocellular carcinoma (HCC)

who had completed curative therapy and participated in a

randomized, placebo-controlled trial.

Methods This study was an investigator-initiated retro-

spective cohort study. Subjects were all patients who were

administered the investigational drug (peretinoin 600 mg/

day, peretinoin 300 mg/day, or placebo) in the randomized

trial. Survivals between the groups were compared using

the log-rank test, and hazard ratios were estimated by Cox

regression.

Results Survey data were collected from all patients

(n = 392) who participated in the randomized trial, all of

whom were then divided into the peretinoin 600 mg/day

(n = 132), peretinoin 300 mg/day (n = 131), and placebo

(n = 129) groups. At the median follow-up of 4.9 years,

5-year cumulative survival rates for patients in the 600 mg/

day, 300 mg/day, and placebo groups were 73.9, 56.8, and

64.3 %, respectively. Comparison of overall survival

among patients classified as Child-Pugh A revealed that
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survival of the 600 mg/day group (n = 105) was signifi-

cantly longer than that of the placebo group (n = 108)

(hazard ratio 0.575, 95 % CI 0.341–0.967; P = 0.0347).

Conclusions Administration of 600 mg/day peretinoin to

patients with hepatitis C virus-related HCC who have

completed curative therapy may improve survival for those

classified as Child-Pugh A, for whom liver function is

relatively stable.

Keywords Hepatocellular carcinoma � Hepatitis C virus �
Multicentric carcinogenesis � Overall survival � Peretinoin

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common

cancer in the world, affecting 740,000 people annually [1].

The incidence of HCC has been rising due to an increase in

hepatitis C virus (HCV) infections [2–4]. HCC comprises

94 % of all primary liver cancers in Japan; one prominent

cause is infection by HCV [4]. Hepatitis C virus-related

HCC (HCV-HCC) comprises 75 % of all HCC cases, while

HCC due to hepatitis B virus infection (HBV-HCC) com-

prises 10–15 % [5].

Early diagnosis and curative treatment for HCC, such as

hepatectomy or radiofrequency ablation (RFA, a localized

therapy), has become more prevalent in recent years.

However, high recurrence rates and unfavorable prognoses

remain even after curative treatment for HCV-HCC.

Cumulative recurrence rates of HCV-HCC are high, with

reported rates of 24, 76, and 92 % at 1, 3, and 5 years,

respectively, after treatment for the initial onset of liver

cancer [6]. Characteristics of HCC recurrence include

metastases within the liver, and many patients experience

multicentric cancer onset due to underlying liver conditions

(e.g., cirrhosis) related to viral liver disease. As underlying

liver disease can provide optimal sites for oncogenesis,

suppression of multicentric cancer onset is particularly

important for improving HCC prognosis, even after cura-

tive treatment. Hepatitis virus-related HCC is often treated

effectively by antiviral therapies such as interferon [7–9].

However, strategies to control recurrence following cured

HCC have not yet been established [10–12].

One method used to control cured HCC recurrence

employs a retinoid-based chemoprevention strategy [13].

Peretinoin [(2E,4E,6E,10E)-3,7,11,15-tetramethylhexa-

deca-2,4,6,10,14-pentaenoic acid] is a retinoid with a

vitamin A-like structure discovered by Muto et al. (1980)

[14], and currently is one of the potential drugs anticipated

to suppress HCC recurrence [15–17].

According to a randomized trial [18], administration of

600 mg/day peretinoin suppressed HCV-HCC recurrence

following curative therapy. In Japan, 75 % of patients with

HCC test positive for HCV, and compared to other causes

of HCC, HCV has the highest risk of recurrence. Thus, the

randomized trial aimed to examine the suppressive effects

of peretinoin on recurrence among a population with a

homogeneously high risk for recurrence, and thus focused

on patients who tested positive for HCV following curative

therapy. The trial was a multicenter, parallel-group, dou-

ble-blind, randomized, placebo-controlled trial. Patients

who tested positive for HCV (negative for HBV) and

underwent liver resection or RFA to treat initial onset or

initial recurrence, and who were classified as Child-Pugh A

or B, were assigned to one of the following three groups:

peretinoin 600 or 300 mg/day, or placebo. The investiga-

tional drug was administered orally once a day, for no

longer than 2 years. Of the 401 patients registered in the

randomized trial between March 2005 and July 2007, 268

were administered the investigational drugs (peretinoin

600 mg/day, n = 134; peretinoin 300 mg/day, n = 134;

placebo, n = 133). Our analysis revealed no superiority of

the treatment groups (peretinoin 600 and 300 mg/day) over

the placebo group with respect to the primary endpoint of

recurrence-free survival (P = 0.434). However, the highest

3-year cumulative recurrence-free survival rate (43.7 %)

was found in the group administered 600 mg/day peretin-

oin. The peretinoin 600 mg/day group also showed a sig-

nificantly lower recurrence rate after 2 years relative to that

of the placebo group (hazard ratio 0.27; 95 % CI
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0.07–0.96). Sub-group analysis revealed that within the

peretinoin 600 mg/day group, the recurrence risk also

decreased significantly among those classified as Child-

Pugh A (hazard ratio to the placebo group, 0.60; 95 % CI

0.41–0.89) and those with tumor size under 2 cm (hazard

ratio to the placebo group, 0.41; 95 % CI 0.23–0.73).

Notably, the follow-up duration for the randomized trial

was short (median, 2.5 years), and we did not evaluate

overall survival among groups.

This study was conducted as an investigator-initiated

research, independently of the randomized trial to evaluate

the effects of peretinoin on the overall survival up to

6 years of follow-up.

Methods

Study design

This study was a retrospective cohort study which assessed

survival outcomes of all participating patients to the ran-

domized trial from the time the trial ended through

December 31, 2011. The randomized trial was conducted

in accordance with Good Clinical Practice guidelines.

Setting and participants

The principal investigator obtained permission to conduct

the study from the ethics committee of Shimonoseki

Kohsei Hospital. Approval for data provision was

obtained in accordance with the respective institution’s

regulations. The study was conducted in compliance with

the Declaration of Helsinki, as well as the ‘‘Ethical

Guidelines for Epidemiological Research’’ set in Japan by

the Ministry of Education, Culture, Sports, Science, and

Technology and the Ministry of Health, Labour, and

Welfare.

Of the 41 medical institutions where the randomized trial

was conducted, we targeted all the institutions that provided

written consent to participate in this cohort study and used a

data collection form to collect data in the medical records.

The collected data included the dates of any deaths up

through December 31, 2011 and the last recorded date of

survival (in cases where observation was not possible). Data

collection forms were collected between January 1, 2012

and December 31, 2012. Data collection forms were mailed

from the data center to the medical institutions providing the

data. At the medical institutions providing the data, either

the physician in charge of the study or the person delegated

by this physician provided answers to the questions

according to existing resources (medical records, etc.).

Anonymized data collection forms were then sent back to

the data center.

The primary endpoint was overall survival, defined by

the time period beginning on the date of patient registration

for the randomized trial until death from all causes or the

final date when survival was confirmed. Patients for whom

survival was last confirmed before December 2011 were

treated as ‘‘lost to follow-up.’’

At the medical institutions providing the data, if a del-

egate of the physician in charge of the study completed the

data collection form, the physician validated the data such

that data reliability was guaranteed. The data center con-

ducted an independent and careful review of the collected

data according to the data management plan, and then

created and maintained the database.

Statistical analysis

In accordance with the principle of the intention-to-treat

analysis, this study analyzed data from all patients who had

been administered the investigational drug in the random-

ized trial. Cumulative survival rates in each treatment

group were calculated by the Kaplan–Meier method with

the dates of each patient registration for the randomized

trial as the starting point. The log-rank test was used to

compare the 600 mg/day peretinoin and placebo groups,

and the 300 mg/day peretinoin and placebo groups. We

also calculated hazard ratios and 95 % confidence intervals

(CIs) using the Cox proportional hazards model. Two-

tailed statistical significance was set at P\ 0.05, and P

values were not adjusted for multiplicity. All data from

December 31, 2011 onwards were treated as censored.

In sub-group analyses, the same survival time analysis

method used to evaluate primary endpoints was employed

on the classification factors which were set in advance.

Classification factors included Child-Pugh classification

(A, B), tumor size (\2 cm, C2 cm), curative treatment

procedure (local ablation, resection), sex (male, female),

and age when consent was provided (\65 years,

65–74 years, C75 years). All statistical analyses were

performed using SAS software version 9.2 (SAS Institute

Inc., Cary, NC, USA). This study is registered in the UMIN

Clinical Trials Registry (UMIN000006728).

Results

Patients

Survey data were collected from all 392 patients (600 mg/

day, n = 132; 300 mg/day, n = 131; placebo, n = 129)

(Fig. 1). Patient demographic factors are summarized in

Table 1. Sex, age, treatment approach, Child-Pugh classi-

fication, and primary tumor size were well balanced among

the three treatment groups. Number of deaths in the
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600 mg/day group, the 300 mg/day group, and the placebo

group were 36, 55, and 47, respectively. In the 600 mg/day

group, the 300 mg/day group, and the placebo group, 19,

15, and 15 patients, respectively, were ‘‘lost to follow-up.’’

The median follow-up duration was 1,782 days

(4.9 years), with a maximum of 2,364 days (6.5 years).

Median and maximum follow-up durations for each of the

groups were as follows: 1,815 days (5.0 years) and

2,364 days (6.5 years) for the 600 mg/day group,

1,681 days (4.6 years) and 2,320 days (6.4 years) for the

300 mg/day group, and 1,768 days (4.8 years) and

2,336 days (6.4 years) for the placebo group.

Overall survival

Table 2 shows cumulative survival rates determined using

the Kaplan–Meier method. The 2-year survival rates in the

600 mg/day, 300 mg/day, and placebo groups were 93.1,

88.5, and 93.0 %, respectively. The 5-year survival rates in

the 600 mg/day, 300 mg/day, and placebo groups were

Fig. 1 Flow diagram of patient selection. For the randomized trial, a

total of 401 individuals were registered and assigned randomized

treatments (peretinoin 600 mg/day, n = 134; peretinoin 300 mg/day,

n = 134; placebo, n = 133). Of these, those who were ultimately not

administered the investigational drug (2 in the 600 mg/day group, 3 in

the 300 mg/day group, and 2 in the placebo group) were excluded,

and data from the remaining patients were analyzed (peretinoin

600 mg/day, n = 132; peretinoin 300 mg/day, n = 131; placebo,

n = 129)

Table 1 Patient demographics

Peretinoin Placebo (n = 129) P value (v2)

600 mg/day (n = 132) 300 mg/day (n = 131)

Sex

Male 85 (64.4 %) 76 (58.0 %) 89 (69.0 %) 0.1806

Female 47 (35.6 %) 55 (42.0 %) 40 (31.0 %)

Age (years)a

\65 38 (28.8 %) 42 (32.1 %) 41 (31.8 %) 0.7331

65–74 69 (52.3 %) 62 (47.3 %) 57 (44.2 %)

C75 25 (18.9 %) 27 (20.6 %) 31 (24.0 %)

Curative treatment

Local ablation 85 (64.4 %) 84 (64.1 %) 85 (65.9 %) 0.9497

Resection 47 (35.6 %) 47 (35.9 %) 44 (34.1 %)

Child-Pugh

A 105 (79.5 %) 107 (81.7 %) 108 (83.7 %) 0.6842

B 27 (20.5 %) 24 (18.3 %) 21 (16.3 %)

Tumor size

\2 cm 58 (43.9 %) 58 (44.3 %) 59 (45.7 %) 0.9531

C2 cm 74 (56.1 %) 73 (55.7 %) 70 (54.3 %)

a Age at the time of registration in the randomized trial
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73.9, 56.8, and 64.3 %, respectively, with the maximum

cumulative survival rate observed in the 600 mg/day

group. Median survival time in the 300 mg/day and pla-

cebo groups were 2,102 days (5.8 years) and 2,165 days

(5.9 years), respectively; this parameter could not be cal-

culated for the 600 mg/day group due to good prognosis.

Figure 2 shows the Kaplan–Meier curves for the 600 mg/

day and placebo groups. With regard to overall survival, no

significant difference was observed between the 600 mg/

day and placebo groups (hazard ratio 0.726; 95 % CI

0.470–1.122; P = 0.1475 by the log-rank test). Similarly,

no significant difference in overall survival was observed

between the 300 mg/day and placebo groups (hazard ratio

1.253; 95 % CI 0.849–1.850; P = 0.2547 by the log-rank

test).

Sub-group analysis (600 mg/day vs. placebo group)

Results from the sub-group analysis of survival time, which

compared the 600 mg/day and placebo groups, are shown

in Fig. 3. Factors from the sub-group analysis that were

significant at the P\ 0.05 level by the log-rank test

included the Child-Pugh A classification (hazard ratio

0.575; 95 % CI 0.341–0.967; P = 0.0347 by the log-rank

test) and primary tumor size under 2 cm (hazard ratio

0.447; 95 % CI 0.218–0.919; P = 0.0245 by the log-rank

test). Kaplan–Meier curves by Child-Pugh A classification

for the 600 mg/day and placebo groups (600 mg/day,

n = 105; placebo, n = 108) are shown in Fig. 4.

Discussion

Early diagnosis and curative treatment for HCC has

become widespread, but following completion of curative

treatment for HCV-HCC, recurrence rates remain high and

prognosis is poor. The 5-year cumulative survival rate in

this cohort study was higher in the 600 mg/day peretinoin

group than in the placebo group. Particularly for patients

with the Child-Pugh A classification, the 600 mg group had

significantly longer survival compared to the placebo

group. We believe that this finding will contribute to future

attempts for developing measures to prevent HCC

recurrence.

The guidelines for clinical studies of HCC [19] recom-

mend that only patients with the Child-Pugh A classifica-

tion be incorporated into clinical studies, because death due

to cirrhosis among patients classified as Child-Pugh B or

Child-Pugh C could mask treatment effects. In this study,

roughly 80 % of our patients were classified as Child-Pugh

A, and thus our results relating to this group may be gen-

eralizable. In addition, the results of this study, expressed

in patients with tumor size of under 2 cm, are consistent

with the report of Nakashima et al. [20] that suggests the

incidence of multicentric recurrence is high amongst

Table 2 Patients with follow-up and survival rates

Group n Censoreda Eventc Survival rate

2 years 5 years

600 mg/day 132 96 (19b) 36 93.1 % 73.9 %

300 mg/day 131 76 (15b) 55 88.5 % 56.8 %

Placebo 129 82 (15b) 47 93.0 % 64.3 %

Median follow-up time: 4.9 years
a Data from after 12/31/2011 were considered censored cases
b If the last date on which survival was confirmed was before

December of 2011, then the patient was considered lost to follow-up
c Death due to any cause was considered an event

Fig. 2 Kaplan–Meier plot of

overall survival: peretinoin

600 mg/day vs placebo. Hazard

ratio 0.726; 95 % CI

0.470–1.122; P = 0.1475 by

log-rank test
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patients with tumor size of under 2 cm, and peretinoin is

particularly effective at suppressing multicentric recur-

rence in such cases.

From the results of this study and the randomized trial,

we speculate that peretinoin improves patient survival time

by suppressing HCC recurrence. Among those classified as

Child-Pugh A, the hazard ratio of recurrence-free survival

for peretinoin and placebo in the randomized trial was 0.60

(95 % CI 0.41–0.89) [18], and the hazard ratio of overall

survival for peretinoin 600 mg/day and placebo was 0.575

(95 % CI 0.341–0.967). The similar hazard ratios could be

explained by the following reasons. First, the investiga-

tional drug was administered for 2 years maximum in the

randomized trial, and the median follow-up duration of this

cohort study was nearly 5 years. Peretinoin is particularly

well-known for its capacity to suppress multicentric

recurrence, so given that a certain duration of time is

required for a pre-cancerous lesion to develop into cancer,

we surmise that peretinoin may have continued to work

effectively in suppressing recurrence even after completion

of peretinoin treatment. A follow-up survey [21] of the

randomized trial conducted by Muto et al. [16] found that

after administering this drug for 1 year, continued effects

were noted for at least 150 weeks (roughly 3 years) fol-

lowing treatment completion. In addition, peretinoin has

been found to suppress platelet-derived growth factor C

Group Number Hazard Ratio
Low Upper P Value ‡

Child-Pugh
A
B

2cm
2cm

Tumor size

Local ablation
Resection

Curative treatment

Male
Female

Sex

<65
65-74

Age

75

213
48

117
144

170
91

174
87

79
126
56

0.00 1.00 2.00 3.00
Hazard Ratio

0.575
1.317

0.447
1.014

0.801
0.596

0.778
0.640

0.669
0.599
1.161

0.341
0.575

0.218
0.578

0.477
0.267

0.462
0.290

0.277
0.330
0.458

0.967
3.014

0.919
1.776

1.345
1.327

1.308
1.415

1.616
1.088
2.943

0.0347
0.5136

0.0245
0.9621

0.4005
0.1998

0.3418
0.2667

0.3688
0.0890
0.7535

95% Confidence 
Interval

Fig. 3 Sub-group analysis:

peretinoin 600 mg/day vs.

placebo. Age at the time of

registration to the randomized

trial. Log-rank test

Fig. 4 Kaplan–Meier plot of

overall survival in Child-Pugh

A: peretinoin 600 mg/day vs.

placebo. Hazard ratio 0.575;

95 % CI 0.341–0.967; log-rank

test, P = 0.0347
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[22, 23], and thus it may be continuously suppressing

recurrence by inhibiting the progression of hepatic fibrosis.

The limitation of this study was that the randomized trial

was designed to evaluate recurrence-free survival in pere-

tinoin-treated patients, and thus the number of patients may

have been insufficient for evaluating the primary endpoint

of this cohort study, i.e., overall survival. However, being

able to collect and evaluate data from all patients who were

administered the investigational drug in the randomized

trial improved the statistical accuracy of our analysis.

Despite the limitation, the important point of this study

is that by focusing on survival versus death, which is an

index with no room for subjectivity, we were able to

determine that among those classified as Child-Pugh A, the

600 mg/day group had a significantly longer overall sur-

vival compared to the placebo group. Notably, independent

of this cohort study, a phase III trial is currently underway

to examine the effects of peretinoin on controlling HCC

recurrence among those classified as Child-Pugh A who

have completed curative treatment for HCV-HCC. In

conclusion, administration of 600 mg/day peretinoin to

patients who have completed curative treatment for HCV-

HCC is anticipated to improve survival of patients with

relatively stable liver function, such as those classified as

Child-Pugh A. Our finding provides novel insights into the

understanding of 5-year survival after treatment with

investigational drug in patients with HCV-HCC.
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Abstract

Background Effective prophylactic therapies have not

been established for hepatocellular carcinoma recurrence.

Peretinoin represents one novel option for patients with

hepatitis C virus-related hepatocellular carcinoma (HCV-

HCC), and it was tested in a multicenter, randomized,

double-blind, placebo-controlled study.

Methods Patients with curative therapy were assigned to

one of the following regimens: peretinoin 600, 300 mg/

day, or placebo for up to 96 weeks. The primary outcome

was recurrence-free survival (RFS).

Results Of the 401 patients initially enrolled, 377 patients

were analyzed for efficacy. The RFS rates in the 600-mg

group, the 300-mg group, and the placebo group were 71.9,

63.6, and 66.0 % at 1 year, and 43.7, 24.9, and 29.3 % at

3 years, respectively. The primary comparison of peretin-

oin (300 and 600-mg) with placebo was not significant

(P = 0.434). The dose–response relationship based on the

hypothesis that ‘‘efficacy begins to increase at 600 mg/

day’’ was significant (P = 0.023, multiplicity-adjusted

P = 0.048). The hazard ratios for RFS in the 600-mg group

vs. the placebo group were 0.73 [95 % confidence interval

(CI) 0.51–1.03] for the entire study period and 0.27 (95 %

CI 0.07–0.96) after 2 years of the randomization. Common

adverse events included ascites, increased blood pressure,

headache, presence of urine albumin, and increased

transaminases.

Conclusions Although the superiority of peretinoin to

placebo could not be validated, 600 mg/day was shown to

be the optimal dose, and treatment may possibly reduce the

recurrence of HCV-HCC, particularly after 2 years. The
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efficacy and safety of peretinoin 600 mg/day should con-

tinue to be evaluated in further studies.

Keywords Liver neoplasms � Recurrence � Multicentric

de novo carcinogenesis � Retinoids � Dose–response
relationship

Abbreviation

CI Confidence interval

CT Computed tomography

HCC Hepatocellular carcinoma

HR Hazard ratio

RFS Recurrence-free survival

Introduction

Hepatocellular carcinoma (HCC) is the sixth most com-

mon cancer in the world, affecting 740,000 people

annually [1]. The incidence of HCC has been rising due

to an increase in hepatitis-C virus infections [2–4].

Curative resection or ablation is indicated for early HCC

[5–7]. However, the 3-year recurrence rate after curative

treatment in the general population is 50 % [8, 9]. Fur-

thermore, the recurrence rate is [70 % in hepatitis C

virus-positive patients [10]. Recurrence within 2 years of

curative treatment is mainly associated with intrahepatic

metastasis, whereas multicentric de novo carcinogenesis

(second primary HCC) is the common cause of recurrence

after 2 years [11, 12]. Most importantly, no effective

approach has been established to prevent HCC recurrence

[13–15].

The concept of chemoprevention using retinoids has

been proposed as a means to delay or prevent recurrence

after treatment of HCC [16]. Peretinoin [(2E,4E,6E,10E)-

3,7,11,15-Tetramethylhexadeca-2,4,6,10,14-pentaenoic

acid] is a synthetic retinoid with a retinoic acid receptor

and retinoid X receptor agonist activity [17]. Peretinoin is

known to suppress tumor growth in the human liver by

inducing apoptosis and differentiation of liver cancer cells

[18, 19]; it also acts by increasing p21 protein levels and

reducing cyclin D1 levels to inhibit proliferation of these

cells [20]. Recently, a small-scale, randomized study has

demonstrated that peretinoin (600 mg/day) reduced HCC

recurrence and increased the survival of patients treated

with curative therapy [21, 22].

Multiple other studies have evaluated the safety of

peretinoin dosages. A phase I study evaluated the propor-

tionality of blood concentration using three peretinoin

doses (300, 600, and 900 mg/day) [23]. Based on non-

clinical studies and phase I studies, a dose of 300 mg/day

was assumed to result in a drug concentration in the liver

sufficient to produce medicinal action (apoptosis and

induction). The 900 mg/day dose resulted in unacceptable

hypertension.

Based on these findings and the hypothesis that pere-

tinoin efficacy saturates at 300 mg/day, this clinical study

evaluated the efficacy and dose–response relationship of

peretinoin in a randomized, double-blind, placebo-con-

trolled study.

In Japan, approximately 70 % of HCC patients are

HCV-positive, and there is a higher risk of HCC recurrence

due to HCV than due to other causes of recurrence. To

verify an inhibitory effect on recurrence in a population

that is uniform in having a high risk of recurrence, this
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study was conducted in HCV-positive patients after having

a complete response to treatment.

Methods

Patients

Patients were recruited from outpatient groups at 41 insti-

tutions in Japan. Patients with primary HCV-HCC or first

recurrence successfully treated with resection or radiofre-

quency ablation were included in the study. HCC was

diagnosed based on the finding of a typical vascular pattern

(hypervascularity in the arterial phase and wash-out in the

portal equilibrium phase) on dynamic CT, according to the

Consensus-Based Clinical Practice Manual proposed by the

Japan Society of Hepatology [5]. Complete response was

defined similarly to that of the modified Response Evalu-

ation Criteria in Solid Tumors (modified RECIST) defini-

tion and required a diagnosis of a complete cure. Three

independent radiologists reviewed all CT images to con-

firm complete cure. Eligibility criteria included: positive

for serum hepatitis C virus RNA; Child-Pugh liver function

class A or B (Table S1); platelet count C50000/lL; and age
C20 years. Exclusion criteria included: positive for hepa-

titis B surface antigen; portal invasion with HCC; con-

current use of transcatheter arterial embolization/

chemoembolization for curative treatment; use of other

investigational drugs, antitumor drugs, interferon, or vita-

min K2; uncontrollable blood pressure under drug therapy

(systolic blood pressure C160 mmHg or diastolic blood

pressure C100 mmHg); serious complications; allergy to

retinoids or contrast agents for CT; past total gastric

resection; and being pregnant or breastfeeding. This study

was approved by the institutional review board at each

center and conducted in accordance with Good Clinical

Practice guidelines and the Declaration of Helsinki. All

patients provided written informed consent. The study

protocol is registered at JAPIC Clinical Trials: JapicCTI-

060250 (http://www.clinicaltrials.jp/user/cteSearch.jsp).

Study design

This study was a multicenter, parallel-group, double-

blind, randomized, placebo-controlled study (Fig. S1).

Patients who satisfied the eligibility criteria were assigned

to receive peretinoin 600 mg/day, peretinoin 300 mg/day,

or placebo at a 1:1:1 ratio. The randomization was cen-

tralized, and assignment to study groups was conducted

by computer using the minimization method with

adjustment for primary tumor/first recurrence and curative

treatment (resection/ablation). Equal intra-institutional

distribution was ensured. Patients orally ingested the

assigned study drug twice daily for up to 96 weeks.

Follow-up of individual patients was to be discontinued

and study completion would occur when the number of

events (HCC recurrence or death) reached 180–200.

Patients visited the institutions once every 4 weeks during

the study treatment period and once every 12 weeks

thereafter. Treatment compliance was evaluated by pill

counts. Use of antitumor drugs, interferon, vitamin K2,

vitamin A, or an antiviral drug ribavirin was prohibited

during the study duration. All those involved in this study,

including patients, were blinded to the treatment regimen

and a placebo identical in external appearance to the

study drug was used.

Endpoints

The primary endpoint was recurrence-free survival (RFS),

defined as the time from randomization to HCC recurrence

or death from any cause, whichever occurred first.

Abdominal dynamic CT was performed every 12 weeks.

Tumor markers (a-fetoprotein, Lens culinaris agglutinin-

reactive a-fetoprotein isoform, and protein induced by

vitamin K absence or antagonist-II) were measured every

12 weeks. If tumor markers rapidly increased, abdominal

dynamic CT was additionally performed. Recurrence of

HCC was confirmed based on findings of hypervascularity

(nodules enhanced in the arterial phase and washout in the

late phase) by dynamic CT images. Recurrence of HCC

was judged by three independent radiologists, who

reviewed all dynamic CT images. The secondary endpoint

was disease-free survival, which was defined as the time

from randomization to HCC recurrence, death from any

cause, or onset of secondary tumor, whichever occurred

first. For safety assessments, incidences of adverse events

were evaluated based on periodic examinations and tests.

Laboratory tests were performed collectively at the central

laboratory.

Statistical analysis

The primary comparison of this study was to examine the

superiority of peretinoin (300 and 600-mg) to placebo by

RFS. RFS was estimated and presented as survival curves

for the treatment groups using the Kaplan–Meier method.

Subsequently, the dose–response relationship of peretinoin

was evaluated. A stratified log-rank test was performed

according to the type of curative treatment (resection/

ablation) in the pre-specified three sets of contrasts (Fig.

S2). The contrast reflecting the hypothesis that the efficacy

of peretinoin saturates at 300 mg/day was tested as the

‘‘primary comparison’’. To evaluate the dose–response

relationship of peretinoin, tests were also performed for the

two other sets of contrasts (‘‘efficacy increases linearly’’
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and ‘‘efficacy begins to increase at 600 mg/day’’). The

multiplicity of the three sets of contrasts was adjusted using

a permutation test [24].

Sample size was determined based on the primary aim.

The number of events required when the clinically useful

hazard ratio (HR) supporting a reduction in recurrence was

around 0.60 with a 0.025, one-sided significance level, a

0.90 power, and a 2:1 patient ratio [peretinoin (300 and

600-mg) vs. placebo] was calculated using Freedman’s

formula [25]. Based on 180 expected events and the 3-year

mean duration of follow-up, 120 patients in each treatment

group (360 patients in total) were required.

Hazard ratios and 95 % confidence intervals (CIs) for

RFS in the peretinoin 600-mg or the 300-mg group vs.

placebo group were calculated for the entire study period

and at predefined intervals (within 1 year of randomization,

at 1–2 years, and after 2 years) with Cox regression anal-

yses using curative treatment as a covariate.

In exploratory, post-hoc, subgroup analysis, the Cox pro-

portional-hazard model was used to evaluate the interaction

between baseline characteristics and the effect of peretinoin

(peretinoin 600-mg vs. placebo). Factors chosen as baseline

characteristics were sex, age, HCC (primary or first

recurrence), treatment (local ablation or surgical resection),

number of tumor masses, tumor size, and Child-Pugh class.

Efficacy analysis was performed after excluding ineligible

patients, patients whose efficacy data were missing, and

patients who had never taken the study drug based on the

intention-to-treat principle. A two-sided significance level of

0.05 was used. The analysis of disease-free survival was

performed in the same manner as the RFS analysis. All

patients who had taken the study drug at least once were

included in the safety analysis set. Adverse events were

classified according to Medical Dictionary for Regulatory

Activities (MedDRA) Version 12.0. The dose–response

relationship for safety was evaluated using the Cochran–Ar-

mitage test.

The independent data and safety monitoring committee

performed an interim analysis twice in accordance with the

study protocol as follows: first, safety was analyzed when

approximately 60 patients had been in the study for at least

1 year; second, safety and efficacy were analyzed when the

number of events reached approximately 100. The study

was continued after these two interim analyses because

none of the discontinuation criteria defined in the study

protocol were applicable.

113 Were excluded
♦ 98 Ineligible
♦ 10 Withdrew consent
♦ 5 Had other reason

401 Were randomized 

126 Were included in efficacy analysis  
♦ 5 Excluded from analysis
- 1 Had uncured HCC
- 4 Had no efficacy data

131 Received intervention 
(safety analysis set)

♦ 42 Completed 96-week treatment
♦89 Discontinuedstudy treatment
- 67 Discontinued study treatment due to 

event
- 11 Discontinued study treatment due to 

adverse event
- 6 Withdrew consent
- 5 Withdrawn for other reasons

♦ No one lost to follow-up

129 Received intervention 
(safety analysis set)

♦ 53 Completed 96-week treatment
♦ 76 Discontinued study treatment
- 60 Discontinued study treatment due to 

event
- 8 Discontinued study treatment due to 

adverse event
- 4 Withdrew consent
- 4 Withdrawn for other reasons

♦ No one lost to follow-up

514 Patients consented

134 Were allocated to peretinoin 300 
mg/day
♦ 3 Did not receive intervention
- 2 Withdrew consent
- 1 Had gastric cancer

132 Received intervention 
(safety analysis set)
♦ 42 Completed 96-week treatment
♦ 90 Discontinuedstudy treatment

- 49 Discontinued study treatment due to 
event

- 27 Discontinued study treatment due to 
adverse event

- 9 Withdrew consent 
- 5 Withdrawn for other reasons 

♦ No one lost to follow-up

133 Were allocated to placebo
♦ 4 Did not receive intervention
- 2 Withdrew consent
- 1 Ineligible
- 1 Had other reason

127 Were included in efficacy analysis 
♦ 2 Excluded from analysis
- 1 Had uncured HCC
- 1 Had no efficacy data

134 Were allocated to peretinoin 600 
mg/day
♦ 2 Did not receive intervention
- 1 Had HCC recurrence
- 1 Had other reason

124 Were included in efficacy analysis 
♦ 8 Excluded from analysis
- 2 Had uncured HCC
- 6 Had no efficacy data

Fig. 1 Flow diagram of study patients
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Table 1 Baseline characteristics of study patients

Variable Peretinoin Placebo n = 127

600 mg/day n = 124 300 mg/day n = 126

Number (%)

Gender

Male 81 (65.3) 73 (57.9) 87 (68.5)

Female 43 (34.7) 53 (42.1) 40 (31.5)

Age (year)

\65 37 (29.8) 38 (30.2) 40 (31.5)

65–75 63 (50.8) 61 (48.4) 57 (44.9)

C75 24 (19.4) 27 (21.4) 30 (23.6)

Mean (SD) 68.1 (7.1) 68.2 (7.7) 68.6 (7.8)

BMI (kg/m2)

\25 95 (76.6) 98 (78.4) 106 (83.5)

C25 29 (23.4) 27 (21.6) 21 (16.5)

Platelet (9104/lL)

\10 44 (35.5) 49 (38.9) 58 (45.7)

C10 80 (64.5) 77 (61.1) 69 (54.3)

Means (SD) 12.0 (5.1) 11.5 (4.0) 11.4 (4.3)

Child-Pugh classa

A 100 (80.6) 104 (82.5) 106 (83.5)

B 24 (19.4) 22 (17.5) 21 (16.5)

HCC

Primary 111 (89.5) 111 (88.1) 115 (90.6)

First recurrence 13 (10.5) 15 (11.9) 12 (9.4)

Treatment

Local ablation 78 (62.9) 81 (64.3) 83 (65.4)

Surgical resection 46 (37.1) 45 (35.7) 44 (34.6)

Number of tumor masses

1 104 (83.9) 106 (84.1) 105 (82.7)

2–3 19 (15.3) 20 (15.9) 21 (16.5)

C4 1 (0.8) 0 (0.0) 1 (0.8)

Tumor size (cm)

\2 56 (45.2) 55 (43.7) 57 (44.9)

C2 68 (54.8) 71 (56.3) 70 (55.1)

AFP (ng/mL)

B10 57 (46.0) 47 (37.3) 45 (35.4)

[10 67 (54.0) 79 (62.7) 82 (64.6)

Means (SD) 44.8 (152.8) 37.3 (76.3) 39.4 (82.4)

AFP-L3 (%)

B10 113 (91.1) 116 (92.1) 117 (92.1)

[10 11 (8.9) 10 (7.9) 10 (7.9)

Means (SD) 3.9 (10.1) 3.2 (4.8) 4.3 (8.3)

PIVKA-II (mAU/mL)

B40 115 (92.7) 118 (93.7) 118 (92.9)

[40 9 (7.3) 8 (6.3) 9 (7.1)

Means (SD) 42.9 (227.0) 26.8 (44.1) 86.5 (711.3)

BMI body mass index, HCC hepatocellular carcinoma, AFP alpha-fetoprotein, AFP-L3 alpha-fetoprotein L3, PIVKA-II protein induced by vitamin K

absence or antagonist-II, SD standard deviation
a Severity of hepatic dysfunction evaluated on the scale of Child-Pugh class A to C. The analysis excluded patients with class C hepatic dysfunction
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Results

Patients

Patients were recruited from March 14, 2005, through July

30, 2007. The study was terminated on August 27, 2009,

because the target number of events (180–200) was

achieved. The median follow-up period was 911 days

(95 % CI 845–937 days). A total of 401 patients were

randomized (Fig. 1). Patient characteristics were compa-

rable among the three treatment groups (Table 1). Patients

aged C65 years accounted for about 70 % of the study

population, and those who were Child-Pugh class A

accounted for about 80 % of patients in each treatment

group. The mean duration of the study treatment was

416 days (95 % CI 392–441 days) (600-mg group,

398 days; 300-mg group, 410 days; placebo group,

442 days). Of those who were included in the efficacy

analysis, 368 patients (97.6 %) complied with the study

treatment for at least 70 % of the time (96.0, 98.4, and

98.4 %, respectively).

Efficacy

A total of 377 patients were analyzed (600-mg group: 124,

300-mg group: 126, placebo group: 127). Figure 2 shows

300, 600-mg Kaplan–Meier curves of the 600-mg group,

the 300-mg group, and the placebo group for RFS. In the

primary comparison, the effect of peretinoin (300 and

600-mg) on RFS compared to that of the placebo was not

significant (P = 0.434). As shown in the Kaplan–Meier

curves, RFS in the 600-mg group during the entire course of

the study trended slightly higher than in the other two

groups. The proportions of patients with RFS in the 600-mg

group, the 300-mg group, and the placebo group, respec-

tively, were 71.9, 63.6, and 66.0 % in year 1, 48.3, 43.4, and

42.3 % in year 2, and 43.7, 24.9, and 29.3 % in Year 3

(Table S2). Hazard ratios for the RFS results of peretinoin

600 mg/day vs. placebo and peretinoin 300 mg/day vs.

placebo are shown in Table 2. The risks were comparable in

the 300-mg and placebo groups (HR during the entire study

period, 1.06; 95 % CI 0.78–1.45; HR after 2 years, 1.19;

95 % CI 0.55–2.60). In contrast, the risk of recurrence after

2 years of randomization in the 600-mg group decreased by

70 % compared to the placebo group (HR during the entire

study period, 0.73; 95 % CI 0.51–1.03; HR after 2 years,

0.27; 95 % CI 0.07–0.96). During the study, RFS events

were defined as HCC recurrence or death of any cause; there

were 53 RFS events observed in patients in the 600-mg

group, 80 events in the 300-mg group, and 77 events in the

placebo group (Table S2). The analysis of disease-free

survival showed comparable results (Fig. S3).

Dose–response relationship

Table 3 shows the results of log-rank tests on the three pre-

specified comparisons, which were based on the three

hypotheses for the dose–response relationship of peretin-

oin. No significant dose–response relationship was seen in

the comparison that tested whether ‘‘peretinoin efficacy

saturates at 300 mg/day’’ (P = 0.434, the same test applied

to the ‘‘primary comparison’’ described previously). When

testing whether ‘‘peretinoin efficacy increases linearly’’, no

significance was obtained (P = 0.079). In contrast, the

dose–response relationship was significant in the compar-

ison that tested whether ‘‘peretinoin efficacy begins to

increase at 600 mg/day’’ (P = 0.023, multiplicity-adjusted

P = 0.048).

Post-hoc subgroup analysis

The effect of the 600 mg dosage of peretinoin observed in

the entire study population was consistent with each sub-

group except in patients with tumor size C2 cm and Child-

Pugh B (Fig. 3a). There were significant treatment effect

interactions with tumor size and Child-Pugh class

(P = 0.039 and P = 0.035, respectively), and the interac-

tion with Child-Pugh class was the largest both in magni-

tude of the effect size and in statistical significance.

Kaplan–Meier curves of the 600-mg group vs. placebo

group for RFS in patients with Child-Pugh A are shown in

Fig. 3b.

Safety

A total of 392 patients were analyzed (600-mg group: 132,

300-mg group: 131, placebo group: 129). The overall

incidence of adverse events was 95.5 % (126/132) in the

600-mg group, 93.9 % (123/131) in the 300-mg group, and

90.7 % (117/129) in the placebo group. Common adverse

events that occurred in C10 % of patients in either the 600

or 300-mg of the treatment groups included ascites, diar-

rhoea, oesophageal varices, nasopharyngitis, back pain,

headache, oedema peripheral, albumin urine present,

increased blood pressure and increased transaminases

(Table 4). Incidences of these events mainly increased with

peretinoin dose. Most of these events were mild or mod-

erate in severity and controllable. The proportion of

adverse events which resulted in discontinuation of the

study treatment increased with dose: 15.9 % (21/132) in

the 600-mg group, 6.9 % (9/131) in the 300-mg group, and

4.7 % (6/129) in the placebo group (P = 0.002). These

events included onychoclasis, headache, anemia, renal

impairment, edema, peripheral edema, and increased

transaminases.
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The overall incidence of serious adverse events

increased with peretinoin dose: 31.1 % (41/132) in the

600-mg group, 29.8 % (39/131) in the 300-mg group, and

20.2 % (26/129) in the placebo group (P = 0.048). Seven

patients treated with peretinoin died from serious adverse

events. They were all aged C65 years (including three aged

C75 years). The baseline Child-Pugh class was A in three

patients and B in four. The causes of death varied: three

patients in the 600-mg group died of cardiorespiratory

arrest, sepsis, and hepatic failure, and four in the 300-mg

group died of pneumonia, hepatic failure, sudden death,

and diffuse large B-cell lymphoma.

Discussion

This study could not confirm the efficacy of peretinoin (300

and 600 mg/day) for reducing the recurrence of HCV-HCC.

Based on the previous Phase I study [26], peretinoin was

assumed to be effective from the 300 mg/day dose level;

thus, this study was designed to compare peretinoin (300

and 600-mg) dosage groups to a placebo group as the pri-

mary objective. Unfortunately, the results did not achieve

statistical significance. The number of recurrences and the

HR observed in the peretinoin 300-mg group were equiv-

alent to that of the placebo group, which indicated the dose

level of peretinoin 300 mg/day was ineffective in this

patient population. Sample size of the study was determined

to test the primary comparison of peretinoin (300 and

600-mg) group vs. placebo group with number of patients in

2:1 ratio. Since there was no statistically significant dif-

ference, the comparisons between peretinoin 300-mg or

600-mg to the placebo group were underpowered.

The gene expression pattern in the liver before and after

peretinoin treatment was examined in a clinical pharma-

cological study performed in humans simultaneously with

this study. Genes expected to result in inhibition of

recurrence, including retinoid-induced genes, interferon-

and tumor suppressor-related genes, and hepatocyte dif-

ferentiation genes, were among the genes that changed

markedly before and after treatment with 600 mg/day.

However, there was little change or no change in expres-

sion of these genes with treatment at 300 mg/day [27].

Consequently, while it was assumed that non-clinical

studies and pharmacokinetic results showed that treatment

of 300 mg/day elicited sufficient medicinal action, the

above results of treatment with 300 mg/day in humans

shows insufficient change in gene expression, and as such,

probably does not confirm the previous result.

The optimal dose of peretinoin was found to be 600 mg/

day, and it was possibly effective, particularly after 2 years

Number at risk
600 mg/day 124 70 36 10 0
300 mg/day 126 71 39 11 0
Placebo 127 75 40 10 0
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Fig. 2 Kaplan–Meier curves for recurrence-free survival

Table 2 Hazard ratios for recurrence-free survival

Hazard ratio (95 % CI)

\1 year 1–2 years [2 years Overall study period

Peretinoin 600 mg/day vs. placebo 0.72 (0.45–1.17) 0.93 (0.52–1.66) 0.27 (0.07–0.96) 0.73 (0.51–1.03)

Peretinoin 300 mg/day vs. placebo 1.11 (0.73–1.70) 0.89 (0.50–1.60) 1.19 (0.55–2.60) 1.06 (0.78–1.45)

Hazard ratios for the predetermined periods starting on the day of patient registration and for the entire study period, estimated for peretinoin 600

and 300 mg/day against placebo in a Cox regression analysis with surgical procedure as a covariate. Patients with no events and uncensored

patients at the start of predetermined period were included; those with an event and censored patients at the end of predetermined period were

censored

Table 3 Dose–response relationship of peretinoin for recurrence-free

survival

Set of contrast [Placebo,

300 mg/day, 600 mg/day]

Standardized

log-rank scorea
P-value Adjusted

P-value

[-2, 1, 1] Efficacy saturates

at 300 mg/day

-0.782 0.434 –

[-1, 0, 1] Efficacy increases

linearly

-1.756 0.079 –

[-1, -1, 2] Efficacy begins

to increase at 600 mg/day

-2.269 0.023 0.048b

a Stratified log-rank test based on surgical procedure
b Multiplicity between contrasts adjusted by permutation test
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from curative treatment. A previous study reported that the

overall HR for peretinoin 600 mg/day vs. placebo was 0.31

(95 % CI 0.12–0.78) [21]. This result is comparable to the

HR after 2 years (0.27; 95 % CI 0.07–0.96) in our study.

While the previous study evaluated recurrence of only de

novo carcinogenesis (second primary HCC), this study

evaluated both intrahepatic metastasis and de novo carci-

nogenesis. However, multicentric de novo carcinogenesis

is the common cause of recurrence after 2 years [11, 12].

Adverse reactions associated with other retinoids [26]

(e.g., mucocutaneous symptoms such as cheilitis and

peeling skin, abnormal lipid metabolism, musculoskeletal

disorders, and ocular symptoms) occurred infrequently in

patients treated with peretinoin. Ascites and increased

blood pressure were specific to peretinoin. Blood pressure

should be periodically monitored before and during treat-

ment with peretinoin and controlled with antihypertensives

as appropriate. Seven patients died from various adverse

events. Associations between peretinoin and these adverse

events were undeterminable, because all seven patients

who died from adverse events were aged C65 years, and

four among them had Child-Pugh B hepatic impairment.

Thus, age and advanced hepatic impairment could have

been the causative factor rather than the treatment. The

Number at risk
600 mg/day 100 65 34 9 0
Placebo 106 61 30 9 0
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Fig. 3 a Exploratory, post-hoc, subgroup analysis of hazard ratio for recurrence-free survival. b Exploratory, post-hoc, subgroup analysis for

recurrence-free survival
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Table 4 Adverse events in safety analysis set

Adverse events Peretinoin Placebo n = 129

600 mg/day n = 132 300 mg/day n = 131

Total Serious Total Serious Total Serious
Number (%)

Overall incidence 126 (95.5) 41 (31.1) 123 (93.9) 39 (29.8) 117 (90.7) 26 (20.2)

Gastrointestinal disorders

Ascites 21 (15.9) 8 (6.1) 15 (11.5) 1 (0.8) 8 (6.2) 1 (0.8)

Diarrhoea 16 (12.1) 1 (0.8) 10 (7.6) 0 7 (5.4) 0

Varices oesophageal 13 (9.8) 5 (3.8) 15 (11.5) 7 (5.3) 11 (8.5) 4 (3.1)

Constipation 8 (6.1) 0 10 (7.6) 0 5 (3.9) 0

Abdominal discomfort 8 (6.1) 0 4 (3.1) 0 2 (1.6) 0

Stomatitis 7 (5.3) 0 5 (3.8) 0 2 (1.6) 0

Nausea 7 (5.3) 0 2 (1.5) 0 6 (4.7) 0

Cheilitis 7 (5.3) 0 1 (0.8) 0 0 (0.0) 0

Gastritis 4 (3.0) 0 7 (5.3) 0 2 (1.6) 0

Gastric polyps 1 (0.8) 0 12 (9.2) 0 10 (7.8) 0

Infections and infestations

Nasopharyngitis 50 (37.9) 0 57 (43.5) 1 (0.8) 46 (35.7) 0

Cystitis 9 (6.8) 0 6 (4.6) 0 4 (3.1) 0

Urinary tract infection 8 (6.1) 0 6 (4.6) 3 (2.3) 0 (0.0) 0

Eye disorders

Cataract 5 (3.8) 2 (1.5) 7 (5.3) 3 (2.3) 4 (3.1) 2 (1.6)

Musculoskeletal and connective tissue disorders

Back pain 17 (12.9) 0 11 (8.4) 0 10 (7.8) 0

Arthralgia 7 (5.3) 0 5 (3.8) 0 8 (6.2) 0

Muscle spasms 3 (2.3) 0 7 (5.3) 0 7 (5.4) 0

Blood and lymphatic system disorders

Anemia 7 (5.3) 0 1 (0.8) 0 2 (1.6) 0

Vascular disorders

Hypertension 12 (9.1) 0 10 (7.6) 0 4 (3.1) 0

Respiratory, thoracic and mediastinal disorders

Cough 4 (3.0) 0 7 (5.3) 0 9 (7.0) 0

Upper respiratory tract inflammation 2 (1.5) 0 5 (3.8) 0 7 (5.4) 0

Injury, poisoning and procedural complications

Contusion 8 (6.1) 0 7 (5.3) 0 7 (5.4) 0

Nervous system disorders

Headache 17 (12.9) 0 15 (11.5) 0 11 (8.5) 0

Dizziness 9 (6.8) 0 5 (3.8) 0 4 (3.1) 0

General disorders and administration site conditions

Edema peripheral 16 (12.1) 0 11 (8.4) 0 11 (8.5) 0

Pyrexia 12 (9.1) 2 (1.5) 13 (9.9) 1 (0.8) 8 (6.2) 0

Edema 10 (7.6) 0 3 (2.3) 0 4 (3.1) 0

Metabolism and nutrition disorders

Diabetes mellitus 3 (2.3) 1 (0.8) 7 (5.3) 0 9 (7.0) 0

Skin and subcutaneous tissue disorders

Pruritus 11 (8.3) 0 12 (9.2) 0 9 (7.0) 0

Rash 7 (5.3) 0 9 (6.9) 0 9 (7.0) 0

Nail disorder 4 (3.0) 0 7 (5.3) 0 2 (1.6) 0
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fact that 70 % of study patients were aged C65 years

attests to the overall tolerability of peretinoin in elderly

patients. The Child-Pugh class could also affect peretinoin

efficacy. The guidelines for clinical studies of HCC rec-

ommend inclusion of patients with Child-Pugh A in clin-

ical trials because death from cirrhosis in patients with

Child-Pugh B or C could mask the efficacy of treatment

[28]. The proportion of patients with Child-Pugh A was

about 80 % in this study. Subgroup analysis revealed that

the effect of peretinoin 600-mg in Child-Pugh A patients

was significant (HR, 0.60; 95 % CI 0.41–0.89), even

though these analyses were post-hoc and exploratory.

Recently, a confirmatory peretinoin study was initiated and

will be focused on Child-Pugh A patients.

Systemic chemotherapy, immunotherapy, and interferon

have not been established as a standard treatment for the

prevention of HCV-HCC [13–15]. Through its antiviral

action, interferon delays the progression of cirrhosis and

hepatic impairment and prolongs survival (pooled risk

ratio, 0.65; 95 % CI 0.52–0.80). However, it does not

significantly reduce recurrence (pooled risk ratio, 0.86;

95 % CI 0.76–0.97) [13]. Peretinoin was previously shown

to decrease the risk of recurrence of de novo carcinogenesis

by about 70 % [20], and this result was reproduced in this

study. Considerably prolonged survival was observed (risk

ratio, 0.3; 95 % CI 0.1–0.8) [21].

A previous study revealed that 25 % of adverse reac-

tions to interferon were severe, resulting in treatment dis-

continuation or dose reduction [13]. While safety issues

prevent the use of interferon in elderly patients [29, 30],

this study indicated that peretinoin was well tolerated by

such elderly patients.

One limitation of this study is that the median follow-up

period of 2.5 years may be considered short. Since

recurrences due to de novo carcinogenesis peak after

4 years postoperatively [11], the reduction of de novo

carcinogenesis due to peretinoin may have been more

accurately reflected with a longer follow-up period. How-

ever, the sample size at 2 years in this study (about 40

patients in each group) was comparable to the sample size

of a previous study [21] and adequate to statistically

evaluate the efficacy of peretinoin. Future studies should,

however, include longer follow-up analysis if feasible.

In this study, the superiority of peretinoin (300 and

600-mg) to placebo could not be evaluated. Peretinoin

600 mg/day was found to be the optimal dose, and it could

possibly reduce the recurrence of HCV-HCC. Although the

HR for the RFS in the peretinoin 600 mg/day vs. placebo

was not statistically significant for the entire study period,

the significant reduction by [70 % in recurrence after

2 years is clinically meaningful and consistent with pre-

vious study results [21]. Further confirmatory studies on

Child-Pugh class A patients are worth conducting and

would continue to ensure the efficacy of the peretinoin

600 mg/day regimen and thoroughly explore its safety.
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Table 4 continued

Adverse events Peretinoin Placebo n = 129

600 mg/day n = 132 300 mg/day n = 131

Total Serious Total Serious Total Serious
Number (%)

Investigations

Albumin urine present 29 (22.0) 0 14 (10.7) 0 8 (6.2) 0

Blood pressure increased 26 (19.7) 0 20 (15.3) 0 19 (14.7) 1 (0.8)

Transaminases increased 23 (17.4) 0 10 (7.6) 0 15 (11.6) 0

Protein urine present 8 (6.1) 0 2 (1.5) 0 0 (0.0) 0

Blood urine present 5 (3.8) 0 7 (5.3) 0 3 (2.3) 0

Gamma-glutamyl transferase increased 3 (2.3) 0 5 (3.8) 0 12 (9.3) 0

Adverse events occurred in C5 % of patients in any of the treatment groups in the safety analysis set, as shown in Medical Dictionary for
Regulatory Activities (MedDRA) Version 12.0. Adverse events were classified as being serious or non-serious in accordance with definition
adopted by the International Conference on Harmonization
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Summary
Background VEGF and VEGF receptor-2-mediated angiogenesis contribute to hepatocellular carcinoma pathogenesis. 
Ramucirumab is a recombinant IgG1 monoclonal antibody and VEGF receptor-2 antagonist. We aimed to assess the 
safety and effi  cacy of ramucirumab in advanced hepatocellular carcinoma following fi rst-line therapy with sorafenib.

Methods In this randomised, placebo-controlled, double-blind, multicentre, phase 3 trial (REACH), patients were 
enrolled from 154 centres in 27 countries. Eligible patients were aged 18 years or older, had hepatocellular carcinoma 
with Barcelona Clinic Liver Cancer stage C disease or stage B disease that was refractory or not amenable to locoregional 
therapy, had Child-Pugh A liver disease, an Eastern Cooperative Oncology Group performance status of 0 or 1, had 
previously received sorafenib (stopped because of progression or intolerance), and had adequate haematological and 
biochemical parameters. Patients were randomly assigned (1:1) to receive intravenous ramucirumab (8 mg/kg) or 
placebo every 2 weeks, plus best supportive care, until disease progression, unacceptable toxicity, or death. Randomisation 
was stratifi ed by geographic region and cause of liver disease with a stratifi ed permuted block method. Patients, medical 
staff , investigators, and the funder were masked to treatment assignment. The primary endpoint was overall survival in 
the intention-to-treat population. This study is registered with ClinicalTrials.gov, number NCT01140347.

Findings Between Nov 4, 2010, and April 18, 2013, 565 patients were enrolled, of whom 283 were assigned to 
ramucirumab and 282 were assigned to placebo. Median overall survival for the ramucirumab group was 9·2 months 
(95% CI 8·0–10·6) versus 7·6 months (6·0–9·3) for the placebo group (HR 0·87 [95% CI 0·72–1·05]; p=0·14). 
Grade 3 or greater adverse events occurring in 5% or more of patients in either treatment group were ascites (13 [5%] 
of 277 patients treated with ramucirumab vs 11 [4%] of 276 patients treated with placebo), hypertension (34 [12%] vs 
ten [4%]), asthenia (14 [5%] vs fi ve [2%]), malignant neoplasm progression (18 [6%] vs 11 [4%]), increased aspartate 
aminotransferase concentration (15 [5%] vs 23 [8%]), thrombocytopenia (13 [5%] vs one [<1%]), hyperbilirubinaemia 
(three [1%] vs 13 [5%]), and increased blood bilirubin (fi ve [2%] vs 14 [5%]). The most frequently reported (≥1%) 
treatment-emergent serious adverse event of any grade or grade 3 or more was malignant neoplasm progression.

Interpretation Second-line treatment with ramucirumab did not signifi cantly improve survival over placebo in patients 
with advanced hepatocellular carcinoma. No new safety signals were noted in eligible patients and the safety profi le is 
manageable.

Funding Eli Lilly and Co.

Introduction
Liver cancer is the sixth most commonly diagnosed 
cancer worldwide and the second most common cause of 
cancer death.1 Hepatocellular carcinoma occurs most 
frequently in patients with cirrhosis from chronic 
hepatitis B or hepatitis C virus infection or long-standing 
alcohol abuse, although other causes can also contribute.2 
Many factors are relevant to hepatocellular carcinoma 
prognosis, including cancer stage, performance status, 
severity of underlying disease, and tumour markers such 
as α-fetoprotein.

Increased concentrations of α-fetoprotein are 
associated with larger tumours, bilobar involvement, 

portal vein invasion, poorly diff erentiated histology, and 
decreased median survival.3 Thus, the concentration of 
α-fetoprotein has been incorporated into some 
hepatocellular carcinoma prognostic scoring systems.4

Sorafenib, the only drug shown to improve median 
overall survival, is approved globally for advanced 
hepatocellular carcinoma;5,6 however, the drug is 
associated with major toxicities, and about 30% of 
patients stop it because of intolerance.7 Since the approval 
of sorafenib, several drugs have failed to achieve positive 
results in phase 3 trials in fi rst-line or second-line 
treatment of hepatocellular carcinoma.8,9 In view of the 
biological and clinical heterogeneity of hepatocellular 
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carcinoma, patient enrichment strategies or selection 
would be crucial to show a benefi t in overall survival.8

VEGF and VEGF receptor (VEGFR)-2-mediated 
signalling have an important role in angiogenesis and 
tumour growth.10–12 VEGF is overexpressed in hepato-
cellular carcinoma and associated with poorer clinical 
outcomes, suggesting VEGF-mediated signalling is 
important in hepatocellular carcinoma pathogenesis and 
is a therapeutic target.13

Ramucirumab is a recombinant IgG1 monoclonal 
antibody that specifi cally binds to the extracellular 
domain of VEGFR-2 with high affi  nity, preventing 
binding of VEGF ligands and receptor activation.14 
Results of phase 2 studies showing antitumour activity of 
ramucirumab in fi rst-line treatment of hepatocellular 
carcinoma15 and in treatment of renal cell cancer after 
previous tyrosine-kinase inhibitor (TKI) treatment, 
including sorafenib,16 provided a rationale for the 
development of ramucirumab in hepatocellular 
carcinoma after previous sorafenib treatment.

No drugs have clearly shown a survival benefi t in 
second-line treatment after sorafenib failure in advanced 
hepatocellular carcinoma. In view of the unmet medical 
need and few treatments in this setting, an eff ective drug 
with an acceptable safety profi le is needed. We aimed to 
assess the safety and effi  cacy of ramucirumab in 
advanced hepatocellular carcinoma following fi rst-line 
therapy with sorafenib.17,18

Methods
Study design and participants
In this randomised, placebo-controlled, double-blind, 
multicentre, phase 3 trial (REACH), patients were 
enrolled from 154 centres in 27 countries. Eligible 
patients included in the intention-to-treat population for 

fi nal analysis were aged 18 years or older, had a diagnosis 
of hepatocellular carcinoma and Barcelona Clinic Liver 
Cancer stage C or stage B that was refractory or not 
amenable to locoregional therapy, and had Child-Pugh A 
liver disease. Diagnosis of hepato cellular carcinoma was 
based on histopathological fi ndings from tumour tissue, 
or in the absence of histological confi rmation, patients 
had clinical fi ndings consistent with a diagnosis of liver 
cirrhosis and a liver mass measuring at least 2 cm with 
characteristic vascularisation (intense inhomogeneous 
enhancement seen in the hepatic arterial-dominant 
phase and contrast washout in the late portal venous 
phase) seen on either triphasic CT scan or MRI with 
gadolinium undertaken and reviewed locally. Patients 
were previously treated with and discontinued sorafenib 
at least 14 days before randomisation and had 
radiographically documented disease progression during 
sorafenib therapy or after discontinuation of sorafenib 
therapy. Patients were required to have an Eastern 
Cooperative Oncology Group performance status 0 or 1 
and adequate haematological and biochemical 
parameters. Exclusion criteria included major surgery or 
hepatic locoregional therapy within 28 days before 
randomisation, previous systemic therapy with VEGF or 
VEGFR inhibitors other than sorafenib, ongoing 
therapeutic anticoagulation or antiplatelet therapy, 
history of or current hepatic encephalopathy or current 
clinically meaningful ascites, arterial thrombotic event 
within 6 months before randomisation, high bleeding 
risk from oesophageal or gastric varices, and uncontrolled 
arterial hypertension. In the original protocol, patients 
with Child-Pugh B disease were eligible. During the 
study, an imbalance between treatment groups of adverse 
liver events was noted and this imbalance was evaluated 
by the independent data monitoring committee (IDMC). 

Research in context

Evidence before this study
During development of the study rationale and protocol, we 
systematically searched PubMed and abstracts of major oncology 
congresses with MeSH and full-text search terms for 
hepatocellular carcinoma and molecular targeted therapies, 
including hepatocellular carcinoma, sorafenib, hepatocellular 
carcinoma and angiogenesis, hepatocellular carcinoma 
treatment, and hepatocellular carcinoma prognostic factors. 
Results were limited to articles published in English and within 
the previous 4 years. Various signalling processes, including those 
involved in angiogenesis, have been implicated in the 
development and progression of hepatocellular cancer. 
Experience with sorafenib suggests that targeting angiogenesis is 
a valid approach. In a phase 2 study, ramucirumab, a recombinant 
monoclonal antibody that targets angiogenesis by specifi cally 
binding to VEGFR-2, has been shown to have a suitable safety and 
effi  cacy profi le for further clinical testing in hepatocellular 
carcinoma after previous tyrosine-kinase inhibitor treatment. 

Added value of this study
Second-line treatment with ramucirumab showed 
improvements in progression-free survival, time to tumour 
progression, and objective response, but did not improve 
median overall survival for the unselected population with 
advanced hepatocellular carcinoma when compared with 
placebo. An improvement in overall survival was noted in the 
population with a baseline concentration of α-fetoprotein of 
400 ng/mL or greater. These fi ndings, if validated, support 
targeting angiogenesis as a treatment strategy for advanced 
hepatocellular carcinoma.

Implications of all the available evidence
Our fi ndings suggest that patients with elevated baseline 
α-fetoprotein might derive a survival benefi t from second-line 
treatment with ramucirumab. However, these fi ndings were 
hypothesis-generating only, and require further study and 
confi rmation. 

－238－



Articles

www.thelancet.com/oncology   Vol 16   July 2015 861

Based on this evaluation, the IDMC recommended 
stopping enrolment of patients with Child-Pugh B 
disease and the protocol was amended to exclude patients 
with Child-Pugh B disease from future enrolment. 
Emerging clinical data from studies assessing sorafenib 
in the treatment of hepatocellular carcinoma indicated 
that patients with Child-Pugh B disease constitute a 
clinically distinct patient population relative to patients 
with Child-Pugh A disease.7,19,20 Based on the identifi ed 
distinctions between these two populations, the protocol 
was also amended to restrict the intention-to-treat 
population to patients with Child-Pugh A disease. The 
enrolled Child-Pugh B patients were not analysed as part 
of the intention-to-treat population. Analyses were done 
but should be considered exploratory.

Each centre’s institutional review board or ethics 
committee approved the study. The trial followed the 
principles of the Declaration of Helsinki and the Good 
Clinical Practice Guidelines of the International 
Conference on Harmonisation. All patients provided 
written informed consent.

Randomisation and masking
Patients were randomised (1:1) via a call-in interactive 
web response system to receive either ramucirumab or 
placebo. Randomisation was stratifi ed by geographic 
region (North and South America, Europe, or East Asia) 
and cause of liver disease (hepatitis B, hepatitis C, or 
other) with a stratifi ed permuted block method. Patients, 
medical staff , investigators, and the funder were masked 
to treatment assignment. Study group assignment could 
be unmasked in emergency situations where knowledge 
of the patient’s treatment assignment was needed to 
ensure his or her wellbeing.

Procedures
Patients received either ramucirumab 8 mg/kg (ImClone 
Systems Corporation, Branchburg, NJ, USA) or placebo 
intravenously over 1 h every 2 weeks until disease 
progression, unacceptable toxicity, or withdrawal of 
consent. All patients received best supportive care. 
Predefi ned dose modifi cations were allowed to manage 
treatment-related toxicity. Up to two reductions to the 
dose of ramucirumab or placebo (to 6 mg/kg every other 
week and subsequently to 5 mg/kg every other week) 
were allowed in the setting of related, non-life-threatening, 
reversible grade 3 clinical adverse events or grade 4 fever 
or laboratory abnormalities that resolved to grade 1 or less 
or pretreatment baseline within one treatment cycle. If 
the dose of ramucirumab or placebo was reduced because 
of potentially related adverse events, subsequent dose 
increases were not allowed. Ramucirumab or placebo 
were to be discontinued in case of related grade 4 toxicities 
other than fever or laboratory abnormalities. Dose delays 
were only allowed within 3 days after the date of a 
regularly scheduled treatment. If a patient was unable to 
receive treatment on or within 3 days before or after the 

date of the patient’s regularly scheduled dose for any 
reason (including adverse events), the next dose of 
ramucirumab or placebo was to be given at the fi rst 
regularly scheduled treatment timepoint after the 
resolution of the event causing the delay. Treatment in 
this situation (missed dose or cycle) was regarded to occur 
at the subsequently numbered cycle. Make-up doses 
occurring between regularly scheduled treatment 
timepoints were not allowed. Disease assessment and 
imaging studies were undertaken according to the 
original study schedule (every 6 weeks after fi rst dose for 
the fi rst 6 months and every 9 weeks thereafter), 
regardless of dose delays or the actual number of on-
study treatments received. Specifi c guidelines for 
infusion-related reactions, hypertension, and proteinuria 
are provided in the appendix (p 9).

Local radiological imaging was done at baseline, every 
6 weeks during the fi rst 6 months of treatment, and every 
9 weeks thereafter. α-fetoprotein concentrations were 
measured locally at baseline (within 2 weeks before 

Figure 1: Trial profi le
*Information about Child-Pugh B collected based on interactive voice and web response system.
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randomisation), every 6 weeks until treatment discon-
tinuation, and at short-term follow up. Safety data were 
collected continuously and local laboratory assessments 
were done at baseline, before every treatment, at the end 

of treatment, and 30 days after the last dose, and were 
graded according to National Cancer Institute Common 
Terminology Criteria for Adverse Events version 4.0. 
Blood for analysis of anti-ramucirumab antibodies 
(immunogenicity) was collected at baseline, before 
cycles 4 and 7, and at 30-day follow-up.

Outcomes
The primary outcome was overall survival, which was 
defi ned as the time from randomisation to death from 
any cause. Secondary effi  cacy outcomes included 
progression-free survival, which was defi ned as the time 
from randomisation to radiographic progression or 
death; time to tumour progression, defi ned as the time 
from randomisation to radiographic progression; 
response, as assessed by protocol-defi ned criteria based 
on Response Evaluation Criteria in Solid Tumors 
version 1.1 (appendix p 10); objective response, defi ned as 
the proportion of patients who achieved complete 
response plus partial response as their best overall 
response; and disease control, defi ned as the proportion 
of patients who achieved complete response plus partial 
response plus stable disease as their best overall 
response.

Statistical analysis
The intention-to-treat population consisted of all eligible 
randomised patients, regardless of study drug admin-
istration. Assuming an increase in median overall 
survival from 8 months in the placebo group to 
10·67 months in the ramucirumab group, enrolment of 
544 patients (438 deaths) conferred 85% power to detect a 
hazard ratio (HR) of 0·75 with an overall one-sided 
signifi cance level of 0·025.

To control an overall type I error rate at 0·05 (two-
sided), a sequential gatekeeping strategy was applied 
among effi  cacy endpoints in the order of overall survival, 
progression-free survival, and objective response. All 
effi  cacy endpoints were tested at the same signifi cance 
level. Overall survival, progression-free survival, and 
time to radiographic progression were evaluated by the 
Kaplan-Meier method. The primary analysis compared 
the overall survival in the ramucirumab group versus 
that in the placebo group with a stratifi ed log-rank test. 
HR was generated with a stratifi ed Cox regression model. 
Progression-free survival and time-to-progression were 
evaluated with similar methods. Response is presented 
with a two-sided 95% CI. Response in both treatment 
groups was compared with the Cochran-Mantel-Haenszel 
test adjusted for stratifi cation variables. The same 
statistical methods were used in subgroup analyses. 
Tests within each subgroup and tests for subgroup-by-
treatment interaction terms used an unstratifi ed test and 
unstratifi ed Cox proportional hazards model. Prespecifi ed 
subgroups, such as patients with a baseline α-fetoprotein 
concentration of 400 ng/mL or greater, were listed in the 
statistical analysis plan, which was fi nalised before the 

Ramucirumab (n=283) Placebo (n=282)

Age (years)

Median (range) 64 (28–87) 62 (25–85)

<65 150 (53%) 162 (57%)

≥65 133 (47%) 120 (43%)

Sex

Male 236 (83%) 242 (86%)

Female 47 (17%) 40 (14%)

Ethnic origin*

White 139 (49%) 137 (49%)

Asian 131 (46%) 135 (48%)

Other 13 (5%) 10 (4%)

ECOG performance status†

0 159 (56%) 153 (54%)

1 124 (44%) 129 (46%)

Geographic region‡

Region 1: North and South America 32 (11%) 33 (12%)

Region 2: Europe 125 (44%) 123 (44%)

Region 3: East Asia 126 (45%) 126 (45%)

Cause of liver disease

Hepatitis B 100 (35%) 101 (36%)

Hepatitis C 77 (27%) 77 (27%)

Other 106 (37%) 104 (37%)

Baseline Child-Pugh A¶ 277 (98%) 276 (98%)

Macrovascular invasion present 82 (29%) 79 (28%)

Extrahepatic spread present 207 (73%) 200 (71%)

Baseline BCLC stage

Stage B 33 (12%) 34 (12%)

Stage C 250 (88%) 248 (88%)

Previous sorafenib therapy

Sorafenib only 244 (86%) 253 (90%)

Sorafenib and other systemic therapy 39 (14%) 29 (10%)

Reason for discontinuation of sorafenib

Progressive disease 246 (87%) 239 (85%)

Toxicity 37 (13%) 43 (15%)

α-fetoprotein (ng/mL)

<400 160 (57%) 150 (53%)

≥400 119 (42%) 131 (46%)

Missing 4 (1%) 1 (<1%)

Mean (SD) 15 886 (77 144) 14 469 (52 127)

Median§ (range) 174 (0–853 200) 330 (0–628 390)

Data are n (%) or median (range), unless otherwise indicated. ECOG=Eastern Cooperative Oncology Group. 
BCLC=Barcelona Clinic liver cancer. *Ethnic origin was determined by self-report. †ECOG performance status: 0 indicates 
asymptomatic, 1 indicates restricted in strenuous activity, but ambulatory and able to do light work. ‡Region 1: Brazil, 
Canada, and USA; Region 2: Australia, Austria, Belgium, Bulgaria, Czech Republic, Finland, France, Germany, Hungary, 
Israel, Italy, The Netherlands, Norway, Portugal, Romania, Spain, Sweden, and Switzerland; Region 3: Hong Kong, Japan, 
South Korea, Philippines, Taiwan, and Thailand. §Median baseline α-fetoprotein concentrations did not diff er between 
the treatment groups by the Wilcoxon rank sum test. ¶There is a small discrepancy between interactive voice response 
system (randomisation based) and case report form (analyses based, prespecifi ed), which accounts for the six patients 
in each group that were not Child-Pugh A.

Table 1: Demographic and baseline characteristics 
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Figure 2: Kaplan-Meier plot of 
overall survival (A) and 
forest plot for subgroup 
analyses of overall survival 
(B; univariate analyses)
HR=hazard ratio. 
BCLC=Barcelona Clinic Liver 
Cancer. ECOG PS=Eastern 
Cooperative Oncology Group 
performance status.
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Figure 3: Kaplan-Meier plot of 
progression-free survival (A) 

and forest plots for subgroup 
analyses of progression-free 

survival (B; univariate 
analyses)

HR=hazard ratio. 
BCLC=Barcelona Clinic Liver 

Cancer. ECOG PS=Eastern 
Cooperative Oncology Group 

performance status.
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data cutoff  date (appendix pp 14, 15). An α-fetoprotein 
concentration above the threshold of 400 ng/mL has 
consistently defi ned a poorer prognostic group in several 
treatment settings21–24 and is an established parameter in 
prognostic scoring systems. For the subgroup with 
baseline α-fetoprotein of 400 ng/mL or greater, overall 
survival, progression-free survival, and the treatment 
interaction tests were prespecifi ed. All other analyses of 
this subgroup were post-hoc. Interim analyses for 
effi  cacy and safety were undertaken by an independent 
data monitoring committee (appendix pp 11, 12).

Data were analysed with SAS software version 9.2. This 
study is registered with ClinicalTrials.gov, number 
NCT01140347.

Role of the funding source
The funder provided the study drug and collaborated 
with investigators on the protocol and were involved in 
the study design, data collection, analysis, interpretation, 
and writing and preparation of this report. AXZ prepared 
the fi rst draft in collaboration with the study funder and 
other coauthors. AXZ had full access to the study data 
and all authors approved submission for publication. All 
authors had responsibility to submit the report for 
publication.

Results
Between Nov 4, 2010, and April 18, 2013, 565 patients 
were enrolled, of whom 283 were assigned to 
ramucirumab and 282 were assigned to placebo (fi gure 1). 
79 patients with Child-Pugh B disease (41 received 
ramucirumab and 38 received placebo) were enrolled 
before the protocol amendment, and were subsequently 
excluded from the intention-to-treat population; these 
patients were replaced in the intention-to-treat population 
with patients with Child-Pugh A disease. The data 
collection cutoff  date was March 18, 2014. Baseline patient 
and tumour characteristics were well balanced between 
treatment groups (table 1). All patients received previous 
sorafenib therapy; most patients discontinued sorafenib 
because of progressive disease (table 1). The proportion of 
patients receiving systemic post-discon tinuation therapy 
was comparable between treatment groups, with chemo-
therapy being the most common (appendix p 16).

The median duration of therapy was 12·0 weeks 
(IQR 6·0–29·4) for the ramucirumab group versus 
8·0 weeks (6·0–17·8) for the placeb o group, with similar 
median relative dose intensities in both groups (appendix 
p 17). Median cumulative doses, number of infusions, 
and treatment durations of ramucirumab and placebo 
are shown in the appendix (p 17). Median follow-up for 
the ramucirumab group was 8·3 months (IQR 4·0–14·9) 
and for the placebo group was 7·0 months (3·2–12·9).

Median overall survival in the ramucirumab group was 
9·2 months (95% CI 8·1–10·6) compared with 
7·6 months (6·0–9·3) in the placebo group (HR 0·87 
[95% CI 0·72–1·05]; p=0·14; fi gure 2A). Subgroup 

analyses of overall survival are shown in fi gure 2B. 
Subsequent progression-free survival and objective 
response results are non-inferential because no 
signifi cant diff erence in overall survival was noted.

Median progression-free survival was 2·8 months 
(95% CI 2·7–3·9) in the ramucirumab group versus 
2·1 months (1·6–2·7) in the placebo group (HR 0·63 
[95% CI 0·52–0·75]; p<0·0001; fi gure 3A). Subgroup 
analyses are shown in fi gure 3B. Median time to tumour 
progression in the ramucirumab group was 3·5 months 
(95% CI 2·8–4·5) versus 2·6 months (1·6–2·8) in the 
placebo group (HR 0·59 [95% CI 0·49–0·72]; p<0·0001).

An objective response was noted in 20 patients (7%; 
95% CI 4·6–10·7) in the ramucirumab group compared 
with two patients (<1%; 0·2–2·5) in the placebo group 
(p<0·0001; table 2). 159 patients (56%; 95% CI 50·4–61·8) 
achieved disease control in the ramucirumab group 
compared with 129 patients (46%; 40·0–51·6) in the 
placebo group (p=0·011).

Prespecifi ed tests for overall survival subgroup-by-
treatment interaction identifi ed baseline α-fetoprotein 
concentration as the only clinically relevant factor with 
an interaction with treatment (p=0·027; appendix p 15). 
Assessment of known prog nostic factors and 
pretreatment disease characteristics in the populations 
defi ned by a baseline α-fetoprotein concentration above 
or below the 400 ng/mL threshold did not show any 
signifi cant diff erences between the ramucirumab and 
placebo groups (appendix p 18).

In the prespecifi ed subgroup of patients with a baseline 
α-fetoprotein concentration of 400 ng/mL or greater, 
median overall survival was 7·8 months (95% CI 5·8–9·3) 
for the ramucirumab group versus 4·2 months (3·7–4·8) 
for the placebo group (fi gure 4A). The overall survival 
data by subgroup is shown in the appendix p 22. In 
patients with a baseline α-fetoprotein concentration of 
400 ng/mL or greater, median progression-free survival 
was 2·7 months (95% CI 1·5–2·8) in the ramucirumab 
group versus 1·5 months (1·4–2·1) for the placebo group. 
For patients with a baseline α-fetoprotein less than 
400 ng/mL, median overall survival was 10·1 months 
(8·7–2·3) in the ramucirumab group versus 11·8 months 
(9·9–13·1) in the placebo group (fi gure 4B). In patients 

Ramucirumab
(n=283)

Placebo
(n=282)

Complete response 1 (<1%) 0

Partial response 19 (7%) 2 (<1%)

Stable disease 139 (49%) 127 (45%)

Progressive disease 97 (34%) 129 (46%)

Not evaluable* 27 (10%) 24 (9%)

Data are n (%). *Includes non-evaluable based on Response Evaluation Criteria in 
Solid Tumors version 1.1 and patients who did not have post-baseline tumour 
scans.

Table 2: Best response to treatment
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with a baseline α-fetoprotein concentration less than 
400 ng/mL, median progression-free survival was 
4·5 months (95% CI 3·0–5·6) in the ramucirumab group 
versus 2·8 months (2·2–3·0) for the placebo group.

We further analysed the interaction between the 
treatment eff ect of ramucirumab on survival and baseline 
α-fetoprotein concentration. In patient subgroups 
defi ned by diff erent thresholds of baseline α-fetoprotein, 
we noted an eff ect of ramucirumab over a wide range of 
elevated baseline α-fetoprotein values in addition to the 
prespecifi ed threshold of 400 ng/mL (appendix pp 23, 24). 
The association between survival and baseline 

α-fetoprotein was also evaluated in a Cox model with 
baseline α-fetoprotein fi tted as a continuous variable 
(appendix p 25). This model suggested an increasing 
eff ect of ramucirumab with increasing values of baseline 
α-fetoprotein. Analyses by diff erent defi nitions of 
baseline α-fetoprotein concentration are shown in the 
appendix (p 26).

The safety population consisted of 553 patients who 
received treatment, of whom 277 received ramucirumab 
and 276 received placebo. A higher proportion of 
patients in the ramucirumab group than in the placebo 
group had dose level reductions (19 patients [7%] vs one 

Figure 4: Kaplan-Meier plot of overall survival in patients with baseline α-fetoprotein concentration of 400 ng/mL or greater (A) and in patients with 
baseline α-fetoprotein less than 400 ng/mL (B)
HR=hazard ratio. 
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patient [<1%]) and dose omissions (60 [22%] vs 28 [10%]). 
28 (10%) patients in the ramucirumab group had 
adverse events possibly related to study drug leading to 
discontinuation versus eight (3%) patients in the 
placebo group.

The most common grade 1 or 2 treatment-emergent 
adverse events with an incidence of at least 10% (and at 
least 10 percentage-point diff erence between the groups) 
were peripheral oedema (100 [36%] of 277 patients vs 
49 [18%] of 276 patients), ascites (61 [22%] vs 29 [11%]), 
and headache (51 [18%] vs 15 [5%]; table 3). Of grade 1–2 
treatment-emergent adverse events with an incidence of 
at least 10%, none were associated with a higher 

incidence of grade 3 or higher occurrences (with at least 
5 percentage-point diff erence) in the ramucirumab 
group than in the placebo group. Grade 3 or greater 
adverse events occurring in 5% or more of patients in 
either treatment group were ascites (13 [5%] of 
277 patients treated with ramucirumab vs 11 [4%] of 
276 patients treated with placebo), hypertension (34 [12%] 
vs ten [4%]), asthenia (14 [5%] vs fi ve [2%]), increased 
aspartate aminotransferase concentration (15 [5%] vs 
23 [8%]), thrombocytopenia (13 [5%] vs one [<1%]), 
malignant neoplasm progression (18 [6%] vs 11 [4%]), 
hyperbilirubinaemia (three [1%] vs 13 [5%]), and increased 
blood bilirubin (fi ve [2%] vs 14 [5%]).

Ramucirumab (n=277) Placebo (n=276)

Grades 1–2 Grade 3 Grade 4 Grade 5 Grades 1–2 Grade 3 Grade 4 Grade 5

Grade 1–5 treatment-emergent adverse events in patients with ≥10% grade 1–2  events

Peripheral oedema 100 (36%) 1 (<1%) 0 0 49 (18%) 1 (<1%) 0 0

Ascites 61 (22%) 13 (5%) 0 0 29 (11%) 11 (4%) 0 0

Fatigue 58 (21%) 6 (2%) 0 0 50 (18%) 8 (3%) 0 0

Decreased appetite 56 (20%) 4 (1%) 1 (<1%) 0 48 (17%) 2 (1%) 0 0

Nausea 52 (19%) 0 0 0 52 (19%) 0 0 0

Headache 51 (18%) 2 (1%) 0 0 15 (5%) 0 0 0

Diarrhoea 48 (17%) 2 (1%) 1 (<1%) 0 37 (13%) 1 (<1%) 0 0

Pyrexia 45 (16%) 0 1 (<1%) 0 25 (9%) 1 (<1%) 0 0

Abdominal pain 42 (15%) 5 (2%) 0 0 50 (18%) 12 (4%) 0 0

Cough 40 (14%) 1 (<1%) 0 0 24 (9%) 0 0 0

Proteinuria 39 (14%) 6 (2%) 0 0 13 (5%) 0 0 0

Epistaxis 38 (14%) 0 0 0 17 (6%) 0 0 0

Constipation 36 (13%) 0 0 0 34 (12%) 0 0 0

Asthenia 37 (13%) 13 (5%) 0 1 (<1%) 31 (11%) 5 (2%) 0 0

Thrombocytopenia 35 (13%) 11 (4%) 2 (1%) 0 11 (4%) 1 (<1%) 0 0

Hypoalbuminaemia 30 (11%) 3 (1%) 0 0 13 (5%) 0 0 0

Pruritus 28 (10%) 0 0 0 28 (10%) 1 (<1%) 0 0

Vomiting 28 (10%) 2 (1%) 0 0 38 (14%) 2 (1%) 0 0

Adverse events of special interest*

Liver injury or failure 82 (30%) 40 (14%) 13 (5%) 5 (2%) 38 (14%) 53 (19%) 9 (3%) 3 (1%)

Hepatic encephalopathy 10 (4%) 6 (2%) 2 (1%) 0 1 (<1%) 2 (1%) 0 0

Bleeding or haemorrhage 73 (26%) 13 (5%) 1 (<1%) 3 (1%) 34 (12%) 17 (6%) 3 (1%) 1 (<1%)

Gastrointestinal haemorrhage† 14 (5%) 9 (3%) 1 (<1%) 1 (<1%) 6 (2%) 16 (6%) 0 1 (<1%)

Pulmonary haemorrhage† 8 (3%) 1 (<1%) 0 0 2 (1%) 2 (1%) 0 0

Hepatic haemorrhage† 0 1 (<1%) 0 1 (<1%) 0 0 2 (1%) 0

Hypertension‡ 21 (8%) 35 (13%) 0 0 10 (4%) 10 (4%) 0 0

Proteinuria 42 (15%) 6 (2%) 0 0 13 (5%) 0 0 0

Renal failure 14 (5%) 3 (1%) 1 (<1%) 2 (1%) 15 (5%) 3 (1%) 0 0

Infusion-related reaction 17 (6%) 3 (1%) 0 0 2 (1%) 0 0 0

Venous thromboembolic 4 (1%) 2 (1%) 0 0 0 2 (1%) 1 (<1%) 1 (<1%)

Arterial thromboembolic 2 (1%) 0 0 0 3 (1%) 1 (<1%) 0 0

Congestive heart failure 0 0 0 0 1 (<1%) 1 (<1%) 0 0

Healing complication 0 0 0 0 1 (<1%) 0 0 0

Data are n (%). Adverse events are according to Preferred Term (Medical Dictionary for Regulatory Activities version 16.1) *Pooled adverse event terms.†Pooled adverse event 
category comprising synonymous Medical Dictionary for Regulatory Activities preferred terms. ‡Occurrences of the adverse event preferred term ‘hypertension’ and 
‘increased blood pressure’ comprised the adverse events of special interest for hypertension.

Table 3: Adverse events
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The frequency of advsere events of special interest was 
higher in the ramucirumab group than in the placebo 
group. Any grade events that occurred at a higher 
frequency in the ramucirumab group than the placebo 
group included bleeding or haemorrhage (90 [32%] of 
277 patients vs 55 [20%] of 276 patients), which was 
primarily due to grade 1–2 epistaxis (38 [14%] vs 17 [6%]) 
and gingival bleeding (18 [6%] vs four [1%]); hypertension 
(56 [20%] vs 20 [7%]); proteinuria (48 [17%] vs 13 [5%]); liver 
injury or failure (140 [51%] vs 103 [37%]); and infusion-
related reactions (20 [7%] vs two [1%]). The incidence of 
any-grade liver failure or liver injury events or both were 
further analysed as these events are of concern in patients 
with hepatocellular carcinoma and underlying liver 
disease. When adjusted for overall duration of exposure to 
study treatment, no diff erence was noted between 
treatment groups (incidence rates per 100 patient years: 
ramucirumab 131·9 vs placebo 129·3). The only adverse 
event of special interest of grade 3 or more with an 
incidence of at least 5% and with at least a 5 percentage-
point diff erence between groups was hypertension; no 
grade 4 hypertension was reported. Overall, deaths that 
occurred on treatment and up to 30 days after the last dose 
of treatment were similar in the ramucirumab group and 
the placebo group (26 [9%] vs 17 [6%]). Seven (3%) patients 
in the ramucirumab group had adverse events leading to 
death that were possibly related to the study drug; two 
(1%) instances of hepatic failure, and one instance (<1%) 
each of multiorgan failure, renal failure, acute hepatic 
failure, death of unknown cause, sepsis, and urinary tract 
infection, and four (1%) patients in the placebo group had 
adverse events possibly related to study drug leading to 
death; one (<1%) instance of pulmonary embolism, 
oesophageal varices haemorrhage, septic shock, and acute 
respiratory distress syndrome.

A higher percentage of patients in the ramucirumab 
group than in the placebo group had any grade 
treatment-emergent serious adverse events (122 [44%] of 
277 patients vs 89 [32%] of 276 patients, respectively). 
When adjusted for the duration of exposure, the 
frequency of treatment-emergent serious adverse events 
were similar between the ramucirumab and placebo 
groups (incidence per 100 person-years: treatment-
emergent serious adverse events 115·0 vs 111·7, 
respectively). The incidence of grade 3 or more 
treatment-emergent serious adverse events was higher 
in the ramucirumab group than in the placebo group 
(100 [36%] patients vs 79 [29%] patients, respectively).
The most frequently reported treatment-emergent 
serious adverse event was malignant neoplasm 
progression (any grade: 19 [7%] patients in the 
ramucirumab group vs 12 [4%] patients in the placebo 
group; grade ≥3: 17 [6%] patients vs 11 [4%] patients).

The safety profi le of ramucirumab in patients with a 
baseline α-fetoprotein concentration of 400 ng/mL or 
greater was similar to that noted in the overall safety 
population. Treatment-emergent adverse events and 

adverse events of special interest for patients by baseline 
α-fetoprotein concentration are in the appendix (pp 19, 20).

Discussion
Second-line treatment with ramucirumab did not show 
an improvement in overall survival for patients with 
advanced hepatocellular carcinoma when compared with 
placebo. However, improvements in the secondary 
endpoints of progression-free survival, time to tumour 
progression, and objective response were noted.

The absolute improvements in the median progression-
free survival and time to tumour progression seem small 
for the intention-to-treat population, and are probably 
related to the timing of tumour assessments. However, 
landmark analyses at 6-month and 9-month progression-
free survival show a clear improvement with ramucirumab 
treatment versus placebo. Measurement of response is 
challenging in hepatocellular carcinoma. Furthermore, 
many molecularly targeted treatments used as a single 
drug are not usually expected to produce signifi cant 
objective responses. In view of these considerations, the 
objective response of 7% in the ramucirumab group is 
not unexpected. By comparison, sorafenib produced a 2% 
objective response in the SHARP study,5 in which a 
survival benefi t was shown in the fi rst-line setting. The 
effi  cacy results suggest that ramucirumab has antitumour 
activity in a subset of patients with advanced hepatocellular 
carcinoma, but identifi cation of patients most likely to 
derive a survival benefi t is required.

Serum α-fetoprotein has long been recognised as both a 
diagnostic and prognostic marker. Analyses from our 
study confi rm elevated α-fetoprotein concentration as a 
marker of poor prognosis in advanced hepatocellular 
carcinoma. In the placebo group, patients with baseline 
α-fetoprotein less than 400 ng/mL had a greater median 
overall survival than did patients with baseline α-fetoprotein 
400 ng/mL or more (fi gure 4). Subgroup analyses suggest 
that an elevated baseline concentration of α-fetoprotein 
might identify patients more likely to derive an overall 
survival benefi t from ramucirumab; these fi ndings warrant 
further investigation and confi rmation.

The biological mechanism underlying the potential 
association of baseline α-fetoprotein with a ramucirumab 
survival benefi t is uncertain. The molecular hetero-
geneity of hepatocellular carcinoma is increasingly 
recognised. Molecular classifi cation based on tran-
scriptome analysis has shown a unique subclass of 
hepatocellular carcinoma (S2) with elevated baseline 
α-fetoprotein that is associated with poor survival. S2 is 
enriched with expression of several kinases implicated 
in growth signalling, such as FGFR3, FGFR4, and IGF2 
and its receptor,25 which might increase VEGF/VEGFR-2 
pathway activity and aff ect sensitivity to ramucirumab. 
Elevated AFP has been associated with elevated VEGFR 
expression, increased angiogenesis, and poor prognosis 
in hepatocellular carcinoma.26–28 Collectively, these 
studies25–28 suggest that high α-fetoprotein expression is 
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associated with a particular subtype of hepatocellular 
carcinoma with increased angiogenesis and possibly 
enhanced sensitivity to VEGFR-2 inhibition. The 
potential association between effi  cacy and baseline 
α-fetoprotein could be because of the unique selective 
inhibition of only VEGFR-2 by ramucirumab. 
Alternatively, an elevated baseline α-fetoprotein could 
simply be a better marker of poor prognosis hepato-
cellular carcinoma that could benefi t from ramucirumab. 
We are currently analysing circulating biomarkers and 
assessing these biomarkers, either alone or in 
combination with α-fetoprotein, will better predict 
benefi t to ramucirumab treatment.

Of note, ramucirumab was associated with a consistent 
improvement in progression-free survival in both high 
and low baseline α-fetoprotein groups. By contrast, 
ramucirumab only seemed to aff ect overall survival in 
patients with high baseline α-fetoprotein. In patients 
with high baseline α-fetoprotein, hepatocellular 
carcinoma is more probably the cause of death; in 
patients with low baseline α-fetoprotein, underlying liver 
disease, cirrhosis, or other unidentifi ed factors could be a 
more frequent cause of death, which might explain the 
absence of survival benefi t, despite the signifi cant 
increase in progression-free survival, time to progression, 
and disease control with ramucirumab. Recent studies 
have shown the importance of progression patterns after 
sorafenib failure and its eff ect on overall survival,29,30 
which might be informative in future trial designs in 
advanced hepatocellular carcinoma.

The noted safety profi le was consistent with advanced 
hepatocellular carcinoma and the previously reported 
safety profi le for single-drug ramucirumab.15,31 Ascites 
and asthenia were among the most frequently reported 
non-haematological toxicities in both treatment groups. 
The safety profi le of ramucirumab in patients with 
elevated α-fetoprotein was consistent with that recorded 
in the overall safety population.

Limitations of the study include the inability to establish 
a clear biological mechanistic link between baseline 
α-fetoprotein and the mechanism of action of 
ramucirumab; we did not collect tumour tissue for analysis 
in the study. A clear mechanism is also unknown as to why 
an improvement in progression-free survival only 
translates to a survival benefi t in those patients with an 
elevated baseline α-fetoprotein concentration. Finally, the 
subgroup analysis based on α-fetoprotein concen trations 
of 400 ng/mL or more is hypothesis-generating only and 
still requires confi rmation by prospective analysis.

Second-line treatment of advanced hepatocellular 
carcinoma has been an area of high unmet need, and so 
far no drugs have clearly shown a survival benefi t after 
sorafenib. Although we failed to demonstrate an improve-
ment in overall survival with the use of ramucirumab 
after fi rst-line sorafenib, the eff ects of the drug in patients 
with elevated baseline α-fetoprotein concentrations of 
400 ng/mL may warrant further investigation.
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Most hepatocellular carcinomas (HCCs) develop in the context of chronic liver

inflammation. Oxidative stress is thought to play a major role in the pathogene-

sis of HCC development. In this study, we examined whether cold-inducible RNA-

binding protein (Cirp) controls reactive oxygen species (ROS) accumulation and

development of HCC by using murine models of hepatocarcinogenesis and

human liver samples. Cirp expression, ROS accumulation, and CD133 expression

were increased in the liver of tumor-harboring mice. Cirp deficiency reduced pro-

duction of interleukin-1b and interleukin-6 in Kupffer cells, ROS accumulation,

and CD133 expression, leading to attenuated hepatocarcinogenesis. Thioaceta-

mide treatment enhanced hepatic expression of CD133 and phosphorylated signal

transducer and activator of transcription 3 (STAT3), which was prevented by

treatment with the antioxidant butylated hydroxyanisole. Intriguingly, the risk of

human HCC recurrence is positively correlated with Cirp expression in liver. Cirp

appears to play a critical carcinogenic function and its expression might be a use-

ful biomarker for HCC risk prediction.

H epatocellular carcinoma is the most common form of liver
cancer and the third leading cause of cancer deaths world-

wide, and is usually associated with a very poor prognosis.(1) In
addition to chronic exposure to toxic chemicals, chronic infec-
tions with hepatitis B virus or hepatitis C virus as well as non-
alcoholic steatohepatitis are the major risk factors for HCC.(2,3)

Oxidative stress is thought to play a major role in the pathogen-
esis of cancer development.(4,5) The great majority of HCC
cases arise in the setting of chronic liver disease and usually
present when that disease process is at a cirrhotic stage, a final
irreversible stage of chronic inflammation.(6,7) Progression of
chronic liver disease is associated with hepatocyte death and a
subsequent inflammatory response, both of which involve ROS
accumulation in the liver.(8) Thus, the risk of hepatocarcinogen-
esis depends on background liver factors. However, the underly-
ing molecular mechanisms linking ROS and cancer remain to
be fully explored.
The concept that tumors are maintained by dedicated stem

cells, the so-called cancer stem cell hypothesis, has attracted
much interest. According to this hypothesis, cancer cannot
be viewed as simple monoclonal expansions of functionally
equal tumor cells. Instead, only a small minority of tumor
cells, the cancer stem cells or tumor-initiating cells, have the
ability to maintain the malignant population.(9,10) CD133, a

transmembrane glycoprotein, is a valuable marker of cancer
stem cells.(11) Sox2, a member of the Sox HMG box family of
transcription factors, has been shown to participate in repro-
gramming of adult somatic cells to a pluripotent stem cell state
and has been implicated in tumorigenesis in various
organs.(12,13) In the malignant transformation of foregut basal
progenitor cells, Sox2 cooperates with inflammation-mediated
STAT3 activation.(14)

The chemical thioacetamide (TAA) can induce liver cirrho-
sis and cancer of the bile ducts when given to rats over a per-
iod of several months.(15) Previously, we found that mice
given TAA for 10 months develop HCC rather than cholangio-
cellular carcinoma subsequent to appearance of liver fibrosis,
thus providing a model that closely mimics the natural history
of human chronic liver disease.(16) In addition, the histology of
the TAA-exposed rat liver was reported to resemble human
liver cirrhosis.(17) Thus, the mouse TAA model may be suit-
able for studying the relationship between inflammation and
hepatocarcinogenesis and allows studies to be carried out that
are of relevance to human chronic liver disease such as
hepatitis C virus-related liver disease and non-alcoholic
steatohepatitis.
Cold-inducible RNA-binding protein (Cirp, also called Cirbp

and hnRNP A18), originally identified as the first mammalian
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cold shock protein,(18) is induced by cellular stresses such as
UV irradiation and hypoxia.(19–21) and is suggested to mediate
the preservation of neural stem cells.(22) In response to the
stress, Cirp, which migrates from the nucleus to the cytoplasm,
affects post-transcription expression of its target mRNAs(23–25)

and functions as a damage-associated molecular pattern mole-
cule that promotes inflammatory responses when expressed
extracellularly.(26) Cirp also affects cell growth and cell death
induced by TNF-a or genotoxic stress.(27,28) Recently, Cirp
was found to link inflammation and tumorigenesis in colitis-
associated cancer.(29) However, the involvement of Cirp in
HCC development is not well understood.
Here we examined whether Cirp plays a role in tumorigene-

sis in the liver by using Cirp-deficient (Cir�/�) mice and found
that Cirp increases ROS accumulation and CD133 expression,
leading to enhanced liver tumorigenesis. This represents the
first report of the functional link between Cirp and hepatocar-
cinogenesis.

Materials and Methods

Mice and treatment. The generation of Cirp�/� mice has
been described previously.(30) The animals showed neither
gross abnormality nor hepatic inflammation. Sex- and age-
matched C57BL ⁄6 WT and Cirp�/� mice (8–12 weeks old)
were given 0.03% TAA (Sigma, St. Louis, MO, USA) in
drinking water. After 2 and 10 months on normal chow, mice
were killed and analyzed for presence of fibrosis and HCCs.
Wild-type mice were fed either butylated hydroxyanisole-con-
taining (0.7%) or regular chow and treated with TAA for
8 weeks. Two-week old male WT and Cirp�/� mice were
injected i.p. with 25 mg ⁄kg DEN (Sigma). After 8 months on
normal chow, mice were killed and their livers were removed
and analyzed for the presence of HCCs. Kupffer cells were
isolated as described before.(31)

Biochemical and immunochemical analyses. Real-time qPCR,
immunoblotting, and immunohistochemistry were previously
described.(18,29,32) Reverse transcription–PCR was carried out
with primers for mouse Cirp, 50-gaggactcagcttcgacacc-30 and
50-ctccctgtcctttaccacca-30 and mouse CD133, 50-tcaaagggaccca-
gaaactg-30 and 50-gccttgttcttggtgttggt-30. Antibodies used were:
anti-actin (Sigma); anti-Sox2, anti-STAT3, anti-phospho-
STAT3 (Cell Signaling Technology, Danvers, MA, USA);
anti-PRMO1 (CD133; Abnova, Newmarket, UK); and anti-8-
OHdG (Japan Institute for the Control of Aging, Shizuoka,
Japan). Anti-Cirp antibody was described before.(30) Protein
oxidation was assessed by the OxyBlot Protein Oxidation
Detection Kit (Merck Millipore, Billerica, MA, USA). Immu-
nohistochemistry was carried out using ImmPRESS reagents
(Vector Laboratories, Burlingame, CA, USA) according to the
manufacturer’s recommendations. Hydroxyproline content was
assessed using Hydroxyproline Assay Kit (BioVision, Milpitas,
CA, USA).

Human tissue samples. Hepatocellular carcinoma tissues and
non-cancerous liver tissues were obtained from 12 patients
who had undergone curative hepatectomy for HCC at the
Kinki University Hospital (Osaka-Sayama, Japan). The speci-
mens used were routinely processed, formalin-fixed, and paraf-
fin-embedded. After H&E staining, all samples were diagnosed
as HCC. The HCC and non-cancerous specimens were frozen
and stocked at �80°C. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki and was
approved by the institutional review boards. Written informed

consent was obtained from all patients for subsequent use of
their resected tissues.

Statistical analysis. Data are presented as means � SEM.
Differences were analyzed by Student’s t-test. P values <0.05
were considered significant.

Results

Attenuated hepatocarcinogenesis in Cirp�/� mice. Hepatocellu-
lar carcinoma is a paradigm for inflammation-induced cancer,
as it most frequently develops on grounds of chronic hepati-
tis, consecutive cellular damage, and compensatory regenera-
tion.(6) Wild-type and Cirp�/� mice were given 0.03% TAA
in drinking water. After 8 weeks of TAA treatment, we
observed inflammation and formation of fibrotic septa.(18)

Wild-type and Cirp�/� mice given TAA for 10 months
developed severe inflammation, fibrosis, and well-differenti-
ated HCCs (Figs 1a,S1a). Tumor sizes and numbers were
considerably smaller in Cirp�/� mice relative to similarly
treated WT mice (Fig. 1b). However, no significant difference
in liver fibrosis was found between WT and Cirp�/� mice
(Fig. S1b).

Cirp deficiency attenuated ROS accumulation in TAA-treated

liver. Cirp expression was increased in the liver of tumor-har-
boring mice given TAA for 10 months (Fig. 1c). A causal link
between oxidative stress and cancer was proposed.(4,16,33)

When mice were given TAA for 10 months, WT livers had
significantly higher levels of oxidized protein than Cirp�/� liv-
ers (Fig. 1d). Immunohistochemical analysis showed that 8-
OHdG-specific signals were observed in periportal cells
(Fig. 1e), including but not limited to Kupffer cells (Fig. S2),
and suggested that ROS accumulation was attenuated in Cirp�/

� mice (Fig. 1e).
Decreased expression of phosphorylated STAT3, Sox2, and

CD133 in Cirp�/� mice. Accumulation of ROS, which was
enhanced by Cirp (Fig. 1d,e), activates the transcription factor
STAT3 through src homology-containing phosphatase 1 ⁄ 2
inactivation in the absence of IKKb.(34) Deletion of Cirp
decreased expression of phosphorylated STAT3 in non-treated
and TAA-treated livers (Fig. 2). Activation of STAT3 is
required for liver cancer stem cell expansion and HCC forma-
tion.(34,35) Correspondingly, Cirp�/� mice were found to have
lower levels of Sox2 and CD133 protein than WT mice
(Fig. 2a,b). Immunohistochemical analysis was carried out to
identify the cells expressing Sox2 in the liver. In the normal
liver, neither hepatocytes nor inflammatory cells expressed
Sox2 protein, whereas in TAA-treated livers, Sox2 was
expressed in periportal parenchymal cells. Deletion of Cirp
decreased the number of Sox2-positive cells in TAA-treated
livers (Fig. 2c). Cirp deficiency was associated with decreased
CD133 mRNA levels both in livers and tumors (Fig. 2e).
However, the direct causal link between STAT3 and cancer
stem cells has not been established in this study. The reduced
stem cell marker expression seen in Cirp�/� mice would be
due to the secondary effects associated with reduced STAT3
activation and inflammation. Thus, Cirp-mediated STAT3 acti-
vation in inflammatory cells might regulate cancer stem cell
expansion through augmented inflammatory response in the
liver.
To evaluate the contribution of oxidative stress to CD133

upregulation in the liver, we placed a group of mice on
chow diet supplemented with the antioxidant butylated
hydroxyanisole. Mice kept on this diet showed a significant
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reduction in expression of CD133 and phosphorylated
STAT3 (Figs 2f,S3). Thus, CD133 expression is upregulated
at least partially through mechanisms that may depend on
ROS accumulation.

Cirp deficiency attenuated proinflammatory cytokine produc-

tion in Kupffer cells. We confirmed that Cirp was mainly
expressed in the resident liver macrophages called Kupffer
cells when mice were given TAA for 10 months (Fig. 3a).
Cirp disruption significantly inhibited production of IL-1b
and IL-6 in Kupffer cells (Fig. 3b) and attenuated inflamma-
tory response and hepatocyte death (Fig. 3c–e). To examine
the effect of Cirp on acute liver injury, serum ALT was
measured in mice given TAA for 2 months. No significant

difference was found between WT and Cirp�/� mice
(Fig. 3c). Chronic inflammation results in accumulation of
ROS.(16) Cirp would induce liver inflammation by enhancing
cytokine production in Kupffer cells, leading to ROS accu-
mulation.

Cirp deficiency inhibited DEN-induced hepatocarcinogene-

sis. After DEN injection on postnatal day 14, WT mice
develop well-differentiated HCCs but have neither chronic
inflammation nor fibrosis in the liver.(32,33,36) Tumor numbers
and sizes were smaller in Cirp�/� mice relative to similarly
treated WT mice, but the difference in tumor size was not sig-
nificant between WT and Cirp�/� mice (Fig. 4a,b). Cirp

(a)
(b)

(c) (d)

(e)

Fig. 1. Attenuated hepatocarcinogenesis in Cirp�/� mice. (a) Wild-
type and Cirp�/� mice were treated with thioacetamide (TAA) for
10 months. Typical examples of macroscopic tumorigenesis in the TAA
model are shown. In the lower panels, liver tumor sections were
examined using H&E staining. Scale bar = 200 lm. (b) Numbers and
maximum sizes of tumors in mice were determined (WT mice, n = 8;
Cirp�/� mice, n = 8). Results are means � SEM. *P < 0.05 versus WT
mice. (c) WT mice were treated with TAA for 2 or 10 months (mo) and
liver RNA was extracted from non-cancerous tissues (liver) and tumors.
Relative mRNA amounts of Cirp were determined by real-time quanti-
tative PCR and normalized to the amount of actin mRNA. The amount
of mRNA in untreated liver was given an arbitrary value of 1.0. Results
are means � SEM (n = 5). *P < 0.05 versus non-treated liver. (d) Ly-
sates of non-tumor liver tissue from TAA-treated mice were extracted
at the indicated time points and assessed by immunoblotting and
quantified using image analysis software. The amount of protein oxi-
dation in untreated liver was given an arbitrary value of 1.0. Results
are means � SEM (n = 4). *P < 0.05 versus WT mice. (e) Representative
immunostaining images of non-tumor and tumor tissues with anti-8-
hydroxy-20-deoxyguanosine antibody.

(a) (b)

(c)

(d) (e) (f)

Fig. 2. Decreased expression of phosphorylated (p-)STAT3, Sox2, and
CD133 in Cirp�/� mice. Wild-type and Cirp�/� mice were treated with
thioacetamide (TAA) for 10 months. (a, b) Homogenates of tumors (a)
and non-tumor liver tissues (b) were gel-separated and immunoblot-
ted with the indicated antibodies. Representative data are shown.
Cont., non-treated liver. (c) Representative immunostaining images of
non-tumor tissues with anti-Sox2 antibody. Cont., non-treated liver.
(d) The p-STAT3 ⁄ actin ratio was measured. Quantification of Western
blot bands was carried out using densitometry. *P < 0.05 compared
with WT mice. (e) RNA was extracted from tumors and non-tumor tis-
sues. Relative mRNA amounts of CD133 were determined by real-time
quantitative PCR and normalized to the amount of actin mRNA. The
amount of mRNA in untreated liver was given an arbitrary value of
1.0. Results are means � SEM (n = 6 per group). *P < 0.05 compared
with WT mice. (f) WT mice were fed either butylated hydroxyanisole
(BHA)-containing (0.7%) or regular chow and treated with TAA for
8 weeks. Relative amounts of mRNA were determined by real-time
quantitative PCR and normalized to the amount of actin mRNA. The
amount of CD133 mRNA in untreated liver was given an arbitrary
value of 1.0. Results are means � SEM (n = 4). *P < 0.05 compared
with mice fed regular chow.
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expression was increased in the liver of tumor-harboring mice,
but not in tumors (Fig. 4c). Wild-type mice had significantly
higher levels of oxidized protein than Cirp�/� mice (Fig. 4d).
Cirp�/� tumors were found to have lower levels of CD133
protein than WT tumors (Fig. 4e). There was no significant
difference in Sox2 expression between WT and Cirp�/�

tumors (data not shown).
Association between risk of HCC recurrence and Cirp expres-

sion in human liver. Intrahepatic HCC development after hepa-
tectomy is caused by de novo HCC development and ⁄or
metastasis from the resected HCCs. The risk of the former
depends on background liver factors, such as liver fibrosis,
whereas the risk of the latter mainly depends on the character-
istics of the resected HCCs.(37) Enhanced ROS accumulation
in non-cancerous liver was associated with increased risk for
HCC recurrence after hepatectomy.(16) In mouse models, Cirp
is involved in ROS accumulation and enhances de novo HCC
development. We examined whether this hypothesis is applica-
ble to humans. Immunohistochemical analysis showed that
Cirp was mainly expressed in the periportal areas (Fig. 5a). In
patients with HCC recurrence after hepatectomy, Cirp expres-
sion levels in the non-tumor tissues were significantly higher
than in those without HCC recurrence (Figs 5b,c,S4). These

data, coupled with the contribution of Cirp to tumorigenesis in
mice, suggest that elevated Cirp expression in inflammatory
cells is associated with increased risk of human HCC develop-
ment or recurrence.

Discussion

Hepatic progenitor cells are bipotential cells residing in normal
liver. Their proliferation is observed in reactive conditions of
the liver and in primary liver cancers. Hepatic progenitor cells,
found in the periportal areas, are believed to represent liver
stem cells. After genetic deregulation of the self-renewal path-
way, liver stem cells may transform into cancer stem
cells.(10,38) Here we found that Cirp disruption decreased
expression of cancer stem cell marker CD133 in the non-
tumorous liver and tumor of tumor-harboring mice and inhib-
ited tumorigenesis. Cirp might promote hepatocarcinogenesis
through cancer stem ⁄progenitor cell expansion.

(a)

(b) (c)

(d) (e)

Fig. 3. Cold-inducible RNA-binding protein (Cirp) deficiency attenu-
ated proinflammatory cytokine production in Kupffer cells. (a) Immu-
nohistochemistry was carried out on liver sections of thioacetamide
(TAA)-treated WT mice. Cells stained with indicated antibodies were
identified by confocal microscopy. (b) Production of interleukin (IL)-1b
and IL-6 mRNA was measured by real-time quantitative PCR in Kupffer
cells from WT and Cirp�/� mice. The amount of mRNA in hepatocytes
was given an arbitrary value of 1.0. Results are means � SEM (n = 4).
*P < 0.05 compared with WT mice. (c) ALT levels in serum were deter-
mined after 2 and 10 months (mo) of TAA treatment. Results are
means � SEM (n = 5). *P < 0.05 compared with WT mice. (d, e) Extent
of hepatocyte apoptosis was determined by TUNEL staining. Results
are means � SEM (n = 6). *P < 0.05 compared with WT mice.

(a)
(c)

(b) (d)

(e)

Fig. 4. Cold-inducible RNA-binding protein (Cirp) deficiency inhibited
DEN-induced hepatocarcinogenesis. WT and Cirp�/� mice were
injected with diethylnitrosamine (DEN) injection (25 mg ⁄ kg) and killed
8 months later. (a) Representative livers of WT and Cirp�/� mice. (b)
Tumor number (>0.5 mm) and tumor size in livers of WT (n = 8) and
Cirp�/� mice (n = 8). Data are means � SEM. *P < 0.05 compared with
WT mice. (c) Liver RNA was extracted from non-treated livers (Cont.),
non-tumor tissues, and tumors. Relative mRNA amounts of Cirp were
determined by real-time quantitative PCR and normalized to the
amount of actin mRNA. The amount of mRNA in untreated liver was
given an arbitrary value of 1.0. Results are means � SEM (n = 5).
*P < 0.05 compared with non-treated liver (Cont.). (d) Lysates of non-
tumor liver tissue from DEN-injected mice were extracted, assessed by
immunoblotting, and quantified using image analysis software. The
amount of protein oxidation in untreated liver was given an arbitrary
value of 1.0. Results are means � SEM (n = 4). *P < 0.05 versus WT
mice. (e) Lysates of non-treated liver (Cont.), tumor, and non-cancer-
ous liver tissue were assessed by immunoblotting with the indicated
antibodies.
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Reactive oxygen species and cellular oxidant stress are
associated with cancer, and elevated ROS level is a hallmark
of highly invasive cancer and high risk for HCC recur-
rence.(18,39,40) By contrast, there is a hypothesis that keeping
ROS levels low within cancer stem cells or tumor-initiating
cells is an important feature of stemness and offers protection
against the cell toxicities of ROS.(41,42) However, in prolifera-
tive neural stem cells, high levels of ROS regulate self-
renewal by driving PI3K ⁄AKT signaling.(43) After Apc loss,
Lgr5+ intestinal stem cell ⁄progenitor cell expansion is a criti-
cal process during colorectal tumor initiation and is dependent
on RAC1-driven ROS production.(44) In the absence of
p38MAPK, upregulation of Sox2 expression is dependent on
ROS accumulation.(16) Thus, the role of ROS in stem cell
maintenance, cellular transformation, and cancer stem cell
survival appears to be contextually and tissue-specific. Our
data suggest that Cirp disruption downregulated hepatic
CD133 expression partially through reduced ROS accumula-
tion.
Cold-inducible RNA-binding protein released into the circu-

lation stimulates the release of TNF-a from macrophages
through Toll-like receptor 4 and nuclear factor-jB activation,
and triggers an inflammatory response to hemorrhagic shock
and sepsis.(26) Cirp promotes the development of intestinal
inflammation and colorectal tumors through regulating apopto-
sis and production of TNF-a and IL-23.(29) In bone marrow-
derived macrophages, expression of IL-1b was decreased in
the absence of Cirp.(29) Here we have shown that Cirp upregu-
lated expression of IL-1b and IL-6 in Kupffer cells, resident
liver macrophages. Given that chronic liver inflammation
results in ROS accumulation in the liver,(16) the production of
proinflammatory cytokine would be one of mechanisms by
which Cirp regulates ROS accumulation. It should be noted,
however, that the direct causal link between Cirp and ROS

production has not been established in this study. In this
regard, the reduced ROS accumulation seen in the absence of
Cirp might be due to the secondary effects associated with
reduced inflammation. Consistently, 8-OHdG-positive cells
were mainly found in the periportal areas where many inflam-
matory cells are located.
In inflammatory bowel disease, chronic inflammation upre-

gulates Cirp expression and a major site of Cirp action is an
inflammatory cell.(29) The relative proportion of inflammatory
cells is lower in HCC tissues than in the surrounding liver tis-
sues. Consistently, Cirp expression was increased in the liver
of tumor-harboring mice given TAA for 10 months, but not in
tumors. Deletion of Cirp decreased expression of phosphory-
lated STAT3 in TAA-treated livers but not in tumors, which is
also caused by the decreased proportion of inflammatory cells
in tumors. Additionally, in tumor cells, the main cellular com-
ponent of HCC tissues, STAT3 activation could be regulated
independently of Cirp expression. STAT3 is required for liver
cancer stem cell expansion.(34,35) Cirp-mediated STAT3 activa-
tion in inflammatory cells might regulate cancer stem cell
expansion through augmented inflammatory response in the
liver.
Hepatocellular carcinoma is an appropriate target for surveil-

lance programs for early cancer detection. Currently, liver
ultrasonography combined with serum a-fetoprotein measure-
ment is the standard method of HCC surveillance. However,
such a surveillance program has several limitations, including
low sensitivity, high cost, and suboptimal adherence to the sur-
veillance.(45) The ability to reliably predict an individual’s risk
of HCC, such that surveillance strategies could be appropri-
ately personalized, would represent a substantial advance in
surveillance programs. A number of molecular markers predic-
tive for HCC have been reported,(45,46) but are not yet feasible
for practical management. Here we showed that Cirp expres-
sion was significantly increased in non-cancerous liver samples
from patients with post-operative recurrence in the future. Fur-
thermore, in two murine HCC models, Cirp expression was
found to increase in livers of tumor-harboring mice. Cirp
expression could be a marker for predicting the risk of HCC
development. Hypoxia that is enhanced in chronic inflamma-
tory diseases upregulates Cirp expression by a mechanism that
involves neither hypoxia-inducible factor-1 nor mitochon-
dria.(21) This may be one explanation for Cirp induction in the
liver. However, the exact mechanisms by which Cirp expres-
sion is upregulated in the liver remain to be elucidated.
Recently, Cirp was reported to be released into the circula-
tion.(26) The analysis of the Cirp level in the serum may
increase the identification rate of patients with a higher risk of
HCC development. A future large-scale study of Cirp in
patients with chronic hepatitis at different stages will be cru-
cial to determine whether the Cirp expression in the serum is
able to predict the risk of cancer and prognosis of patients with
chronic liver disease.
In summary, Cirp could enhance tumorigenesis by control-

ling ROS accumulation and might be associated with stem cell
maintenance. Modulation and measurement of Cirp expression
might hold promise for advanced treatment and personalized
management in patients with chronic liver disease.
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Fig. 5. Association between risk of hepatocellular carcinoma (HCC)
recurrence and cold-inducible RNA-binding protein (Cirp) expression
in human liver. (a) Representative immunostaining images of non-
tumor and HCC tissues with anti-Cirp antibody. Scale bar = 100 lm.
(b) Lysates of non-cancerous liver tissue from patients who underwent
partial hepatectomy for HCC with (+) or without (�) HCC recurrence
in the future were extracted and assessed by immunoblotting with
the indicated antibodies. Representative data are shown. (c) Cirp pro-
tein levels in the liver were quantified using image analysis software.
Results are means � SEM (n = 6 per group). *P < 0.05 versus patients
without HCC recurrence.
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Cirp Cold-inducible RNA-binding protein
DEN Diethylnitrosamine
HCC Hepatocellular carcinoma

IL Interleukin
8-OHdG 8-hydroxy-20-deoxyguanosine
qPCR Quantitative PCR
ROS Reactive oxygen species
STAT3 Signal transducer and activator of transcription 3
Sox2 Sex determining region Y-box 2
TAA Thioacetamide
TNF Tumor necrosis factor
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Supporting Information

Additional supporting information may be found in the online version of this article:

Fig. S1. (a) Thioacetamide treatment induced liver fibrosis in mice. (b) Mice were treated with thioacetamide (TAA) for 10 months. No significant
difference in hydroxyproline contents was found between WT and Cirp�/� mice.

Fig. S2. Immunohistochemistry was carried out on liver sections of thioacetamide (TAA)-treated WT mice.

Fig. S3. Treatment with the antioxidant decreased protein level of phosphorylated STAT3.

Fig. S4. Representative immunostaining images of non-tumor livers of patients with (a–c) and without (d–f) hepatocellular carcinoma recurrence.
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The Journal of Immunology

Plasmacytoid Dendritic Cell Activation and IFN-a Production
Are Prominent Features of Murine Autoimmune Pancreatitis
and Human IgG4-Related Autoimmune Pancreatitis

Yasuyuki Arai,* Kouhei Yamashita,* Katsutoshi Kuriyama,† Masahiro Shiokawa,†

Yuzo Kodama,† Toshiharu Sakurai,‡ Kiyomi Mizugishi,* Kazushige Uchida,x

Norimitsu Kadowaki,* Akifumi Takaori-Kondo,* Masatoshi Kudo,‡ Kazuichi Okazaki,x

Warren Strober,{ Tsutomu Chiba,† and Tomohiro Watanabe†,{,‖

The abnormal immune response accompanying IgG4-related autoimmune pancreatitis (AIP) is presently unclear. In this study, we

examined the role of plasmacytoid dendritic cell (pDC) activation and IFN-a production in this disease as well as in a murine model

of AIP (MRL/Mp mice treated with polyinosinic-polycytidylic acid). We found that the development of AIP in treated MRL/Mp

mice occurred in parallel with pancreatic accumulation of pDCs producing IFN-a, and with pDC depletion and IFN-a-blocking

studies, we showed that such accumulation was necessary for AIP induction. In addition, we found that the pancreas of treated

MRL/Mp mice contained neutrophil extracellular traps (NETs) shown previously to stimulate pDCs to produce IFN-a. Consistent

with these findings, we found that patients with IgG4-related AIP also exhibited pancreatic tissue localization of IFN-a–expressing

pDCs and had significantly higher serum IFN-a levels than healthy controls. In addition, the inflamed pancreas of these patients

but not controls also contained NETs that were shown to be capable of pDC activation. More importantly, patient pDCs cultured

in the presence of NETs produced greatly increased levels of IFN-a and induced control B cells to produce IgG4 (but not IgG1) as

compared with control pDCs. These data suggest that pDC activation and production of IFN-a is a major cause of murine AIP; in

addition, the increased pDC production of IFN-a and its relation to IgG4 production observed in IgG4-related AIP suggest that

this mechanism also plays a role in the human disease. The Journal of Immunology, 2015, 195: 3033–3044.

I
mmunoglobulin G4–related disease (IgG4-RD) is a newly
established chronic inflammatory disorder characterized by
massive infiltration of IgG4-expressing plasma cells into mul-

tiple organs, elevated serum IgG4 levels, and storiform fibrosis (1, 2).
Various inflammatory disorders, such as those formerly diagnosed as
autoimmune pancreatitis (AIP), sialadenitis, and autoimmune chol-
angitis, are now regarded as organ-specificmanifestations of systemic
IgG4-RD (1–4). Although elevated serum IgG4 levels define the
presence of IgG4-RD–associated inflammation in a variety of organs,
and thus it is essential for disease diagnosis, the pathophysiological
role of this elevated Ig subtype is poorly understood. On one hand,
elevated IgG4 levelsmaybeanepiphenomenonassociatedwith IgG4-
RD–associated chronic inflammation, because this IgG subtype
exhibits limited ability to bind to complement and FcgRs (5, 6) and
has been shown to have anti-inflammatory activity in experimental
myasthenia gravis (7). On the other hand, enhanced IgG4 levels may
play a vital immunopathologic role in this disease, because IgG4Abs
against autoantigens have also been shown to participate in the
pathogenesis of autoimmunity (8, 9).
Adaptive immune responses involving T cell–derived cytokines

such as IL-4, IL-10, and IL-13 that have been found to promote IgG4
production by B cells (5, 10, 11) may be involved in IgG4-RD–
associated IgG4 production, because the number of Th2 cells and
regulatory T cells (Tregs) producing these cytokines are increased in
IgG4-RD patient lesions and peripheral blood (12–14). However,
innate immune responses that activate B cells in a T cell–independent
manner to induce Ig production upon exposure to microbial-
associated molecular patterns (MAMPs) and damage-associated
molecular patterns (15) may also be involved in the enhanced IgG4
production. This possibility is suggested by our previous studies in
whichwe reported that TLR and nucleotide-binding oligomerization
domain-like receptor activation in monocytes (16) and basophils
(17) from patients with IgG4-RD enhance IgG4 production by
B cells from healthy control individuals via production of BAFF.
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Plasmacytoid dendritic cells (pDCs) are another potential
source of BAFF in IgG4-RD, because these cells produce IFN-a,
a cytokine known to enhance BAFF production (18, 19). The in-
volvement of pDCs in IgG4-RD immunopathogenesis aligns with
the fact that pDCactivation leading to increased IFN-aproduction
has been postulated to be a major mechanism of autoantibody
production in systemic lupus erythematosus (SLE). In this dis-
ease, FcR-mediated endocytosis of DNA/RNA-containing im-
mune complexes are thought to activate pDCs expressing TLR7
and TLR9 and the pDCs so activated then induce autoantibodies
(20, 21). However, little is known regarding the potential in-
volvement of pDC-mediated IFN-a production in IgG4-RD de-
velopment.
In the current study, we show that increased number of pDCs

producing IFN-a populate the inflamed pancreas in both the murine
model of AIP and patients with IgG4-relatedAIP. In themurinemodel,
we demonstrate by pDC depletion and IFN-a receptor blocking that
these cells are amajor cause of the pancreatitis. Furthermore, in both
the murine model and humans with IgG4-related AIP, the inflamed
pancreas contained neutrophil extracellular traps (NETs) that could
be shown to activate pDCs from patients with IgG4-related AIP to
produce IFN-a and BAFF, which leads to production of IgG4
by B cells. Overall, these data provide strong evidence that pDC
activation and IFN-a production are prominent features of IgG4-
related AIP.

Materials and Methods
Induction of AIP in MRL/Mp mice

Female MRL/Mp mice were purchased from Japan SLC (Shizuoka, Japan).
All mice were bred at Kyoto University animal facility under specific
pathogen-free conditions. This study was approved by the Kyoto University
ethics review boards for animal experiments. Six-week-old femaleMRL/Mp
mice were treated by i.p. injections with 100 mg polyinosinic-polycytidylic
acid [poly (I:C); InvivoGen, San Diego, CA] twice a week for a total of 14 or
16 injections to induce experimentalAIP (22, 23). In some experiments,mice
were treatedwithAb against bonemarrow stromal cell Ag 2 (100mg, 120G8;
Bioceros, Utrecht, the Netherlands) and Ab against IFN-ab receptor
(100 mg, anti–type I IFN receptor [IFNAR] Ab, MAR1-5A3; BD Bio-
sciences, San Jose,CA) (24) prior to eachpoly (I:C) injection todeplete pDCs
and inhibit type I IFN–mediated signaling pathways, respectively. Control
micewere treatedwith either 100mg rat IgG (Sigma-Aldrich, St. Louis,MO)
or mouse IgG (Sigma-Aldrich).

Cytokine and chemokine array analysis

Pancreatic lysates were prepared as described previously (25). Pancreatic
lysates (100mg) and serum (100ml) were applied to a commercialmembrane
with boundmouse cytokine array panelA (R&DSystems,Minneapolis,MN)
to screen for cytokine and chemokine profiles.

Flow cytometry analysis of the intrapancreatic immune cells

The pancreas was minced with scissors and shaken in RPMI 1640 buffer
containing 10% FBS, 25 mmol/l HEPES, and 3 mg/ml collagenase (Wako,
Osaka, Japan) at 37˚C and 180 rpm for 30 min. The cell suspension was
spun at 50 3 g for 30 s to remove debris, followed by centrifugation with
30%Percoll solution (GEHealthcare, Tokyo, Japan) at 2000 rpm for 30min
at room temperature. Isolated pancreatic immune cells were stained with
FITC, PE, or allophycocyanin-conjugated B220 Ab (eBioscience, San
Diego, CA), pDC Ag (PDCA)-1 (eBioscience), Gr-1 Ab (eBioscience),
CD3 Ab (eBioscience), CD11b Ab (BD Biosciences), CD19 Ab (Bio-
Legend, San Diego, CA), sialic acid–binding Ig-like lectin (Siglec)-H Ab
(BioLegend), CD11c Ab (BioLegend), rat IgG (BioLegend), or hamster
IgG (BioLegend). Flowcytometric analysiswas performed using anAccuri
C6 flow cytometer (BD Biosciences) and CFlow Plus software (BD Bio-
sciences).

Serum cytokine assay

Serum was subjected to separate ELISAs for a murine cytokine Ab array,
IFN-a, IFN-b, BAFF (R&D Systems), and dsDNA Ab titer (Shibayagi Co.,
Gunma, Japan). Serum levels of anti-lactoferrin (LF) Ab titer weremeasured
as previously described (26).

Histology and immunohistochemistry

H&E staining was performed on paraffin-embedded pancreas samples.
Histopathological evaluation of pancreatic lesions was performed to assess
the degree of inflammatory cell infiltration (22, 23, 27). Inflammatory infil-
trates were scored as follows: 0, pancreas without mononuclear cell infil-
tration; 1, mononuclear cell aggregation and/or infiltration within the
interstitium, with no parenchymal destruction; 2, focal parenchymal de-
struction with mononuclear cell infiltration; 3, diffuse parenchymal de-
struction but some intact parenchymal residue retained; and 4, almost all
pancreatic tissue, except the pancreatic islets, destroyed or replaced with
fibrosis or adipose tissue (22). Immunofluorescence staining was performed
using anti-amylase (Sigma-Aldrich), anti–PDCA-1 (BioLegend), and anti-
myeloperoxidase (MPO; Abcam, Eugene, OR) Abs followed by the incu-
bation with matched secondary Abs (anti-rabbit or rat IgG–Alexa Fluor 488/
546; Life Technologies, Carlsbad, CA) (28). Depletion of pDCs was con-
firmed by the immunohistochemical analysis by using anti–PDCA-1 Ab
(BioLegend) or anti-Siglec H Ab (Abcam). In some analyses, dsDNA in
NETs and nuclei were stained with Sytox Orange (Life Technologies)
(28, 29).

Patient characteristics

We enrolled patients who were recently diagnosed with IgG4-RD and
exhibited clinical features of AIP at Kyoto University Hospital and Kansai
MedicalUniversityHospital between January 2007 and September 2013.All
human protocols were in compliance with the Declaration of Helsinki and
approved by Kyoto University ethics committee. Written informed consent
wasobtainedfromeachpatient.Twentypatientswereincluded(16malesand4
females; age range, 42–83 y;median, 68 y). Resected pancreas samples were
obtained from 4 patients, peripheral blood cell samples were obtained from
13 patients, and serum samples were obtained from 15 patients. All patients
were diagnosed with IgG4-related AIP according to the Japanese diagnostic
criteria (30). Patient serum IgG4 levels were much higher (range 226–1490
mg/dl; median 528.5 mg/dl) than the upper normal limit (135 mg/dl). In
addition to healthy control samples, serum samples from patients with al-
coholic chronic pancreatitis (n = 10) were also evaluated (all males; age
range, 49–73 y; median 67 y).

Evaluation of serum IFN-a, BAFF, NETs, and anti-LF Ab titer

Serum samples from patients with IgG4-related AIP before therapeutic in-
tervention (n = 11), healthy controls (n = 10), and patients with chronic
pancreatitis (n = 10) were subjected to ELISA for measuring IFN-a (R&D
Systems) and BAFF (Antigenix America, Huntington Station, NY). Serum
NETs was quantified from the same samples using the Quant-iT PicoGreen
dsDNAReagent (LifeTechnologies) (28). Serumanti-LFAb levelswere also
measured by ELISA (n = 15) (26).

Immunofluorescence staining of human pancreas samples

Paraffin-embeddedpancreas tissuesamplesresectedfrompatientswithIgG4-
relatedAIP (n=4), patientswith pancreatic cancer (as controls; sectionswere
free of tumor invasion as confirmed by H&E; n = 8), and patients with al-
coholic chronic pancreatitis (n = 9) were prepared. Immunofluorescence
staining was performed using anti-CD123 (Miltenyi Biotec, Auburn, CA),
anti-CD303 (blood DC Ag 2 [BDCA2]; Miltenyi Biotec), anti-IgG4
(Southern Biotechnology Associates, Birmingham, AL), anti–IFN-a (Mil-
tenyi Biotec), anti-BAFF (R&D Systems), and anti-MPO (Abcam) Abs,
followed by incubation with matched secondary Abs (anti-mouse/rabbit
IgG–Alexa Fluor 488/546; Life Technologies) (28). In some analyses,
dsDNA in NETs and nuclei were stained with Sytox Orange (Life Tech-
nologies) (28, 29).

Observation and measurement of NET formation

Humanneutrophils (23 107/ml)were isolated fromperipheral blood, and
NET formation was visualized after stimulation with monosodium urate
(MSU) crystals (InvivoGen; 50 mg/ml), rabbit anti-human LF IgG Ab
(10 mg/ml; Sigma-Aldrich), or control rabbit IgG (10 mg/ml; Sigma-
Aldrich). Quantitative analysis was performed by counting the number
of NET-forming neutrophils per field under confocal laser scanning
fluorescence microscopy (data are the mean from five randomly selected
fields) (29).

In vitro coculture and evaluation of cytokines and Igs in culture
supernatants

Neutrophils were isolated from the peripheral blood of healthy controls
and patients with IgG4-related AIP. CD19-positive B cells and pDCs were
isolated from PBMCs using CD19 and CD303 (BDCA2) MicroBeads
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(Miltenyi Biotec), respectively. The purity of pDCs was .90% as assessed
by flow cytometric analysis (data not shown). Neutrophils (1 3 106/ml)
were incubated with MSU crystals (50 mg/ml) or rabbit anti-LF IgG Ab
(10 mg/ml; Sigma-Aldrich) for 3 h. Purified B cells (13 106/ml) and pDCs
(13106/ml)wereadded to thewells and incubatedfor7d. Insomeexperiments,
DNase (3 U/ml; Sigma-Aldrich), anti-IFNAR Ab (1 mg/ml; PBL Biomedi-
cal Laboratories, Piscataway, NJ), or control IgG (1 mg/ml; Sigma-Aldrich)
was added to the coculture. Culture supernatants were collected and sub-
jected toELISAs formeasuring IFN-a, BAFF, and IgG1, IgG4, or IgA (16, 17).

Statistical analyses

For statistical analyses, t tests were performed using GraphPad Prism
(GraphPad Software, La Jolla, CA). Differences with p , 0.05 were con-
sidered statistically significant.

Results
Type I IFN production and pDC infiltration characterize the
pancreatitis induced by poly (I:C) in MRL/Mp mice, a model of
AIP

In our initial studies, we used a well-established animal model of
human AIP to identify the type of immune cells and cytokines that

might be involved in the development of human AIP (27, 31).

Consistent with previous reports (27, 31), MRL/Mp mice treated

with poly (I:C) exhibited several important histological features of

pancreatitis that were similar to human AIP. Thus, after treatment

with poly (I:C), the pancreatic tissue of MRL/Mp mice exhibited

a massive infiltration of immune cells, destruction of the pancreatic

acinar architecture, and pancreatic fibrosis (Fig. 1A); consistentwith

these changes, treated mice exhibited significantly higher pancrea-

titis inflammatory scores than untreated mice (Fig. 1A). In addition,

treated mice exhibited a marked elevation in serum autoantibody

levels, including anti-dsDNA Ab and anti-LF Ab (Fig. 1B). Ac-

companying flow cytometric analysis revealed that treated mice as

compared with untreated mice had a marked increase in the number

of intrapancreatic CD3+ T cells, B220+ B cells, Gr-1+ neutrophils,

and CD11b+ macrophages (Fig. 1C).
In further studies, we evaluated the cytokines and chemokines

produced in mice with murine AIP. For this purpose, we analyzed

serum or pancreatic lysates obtained from MRL/Mp mice with or

without poly (I:C) treatment with cytokine and chemokine arrays.

This analysis showed, as expected, that serum levels of prototypical

proinflammatory cytokines such as TNF-a, IFN-g, and IL-6 were

elevated in mice treated with poly (I:C). More interestingly, this

analysis also showed that poly (I:C) injection was accompanied by

amarked increase in a group of five chemokines, CXCL9, CXCL10,

CXCL11, CCL2, and CCL5 in both serum and pancreatic lysates

that are tightly regulated by type I IFNs (Fig. 1D) (25, 32). These

findings prompted us to measure IFN-a and IFN-b serum levels in

mice treated with poly (I:C), and indeed, we found that poly (I:C)

injection led to amarked elevation of IFN-a and IFN-b serum levels

(Fig. 1E). These elevations also relate to the fact that serum levels of

BAFF, a cytokine induced by type I IFN and considered to be in-

volved in the immunopathogenesis of human IgG4-related AIP (16,

17), were also elevated upon injection of mice with poly (I:C).
We reasoned that pDCs in the inflamed pancreas of poly (I:C)–

treated mice might be the source of the increased type I IFN pro-
duction in these mice because pDCs are known to produce high
levels of this cytokine (20). To examine this possibility, we con-
ducted flow cytometric analysis of pancreatic infiltrates derived
from treated and untreated mice and indeed found that pDCs, defined
as B220dimPDCA-1+ cells (33, 34), were significantly increased in
the pancreatic infiltrate of mice treated with poly (I:C) (Fig. 1F, left
and middle panels). Consistent with previous reports regarding the
cell-surface markers of pDCs (35, 36), triple-color stainings
revealed that pancreatic B220dimPDCA-1+ pDCs were positive for

both Siglec-H and CD11c and negative for CD19 (Supplemental
Fig. 1). In addition, accompanying immunofluorescence analysis
of pancreatic tissue from treated and untreated mice revealed in-
creased accumulation of PDCA-1+ pDCs in the pancreas of the
treatedmice (Fig. 1F, right panel). These findings led us to conclude
that pDCs are greatly increased in the inflamed pancreas of mice
treated with poly (I:C). In addition, as shown by pDC depletion
studies described below, these pDCs are the major source of the
greatly increased type I IFN produced by these treated mice.
Finally,we turnedour attention to the possiblemechanismof pDC

stimulation in the inflamed pancreas of poly (I:C)–treated mice.
Whereas poly (I:C) stimulation of pathogen recognition receptors in
pDCs is likely to be one source of stimulation at least initially, two
recent studies addressing the pathogenic roles of pDCs in SLE have
provided evidence that neutrophil-associated NETs containing self-
DNA as well as neutrophil-derived proteins are potent inducers of
IFN-a production of pDC that is then involved in autoantibody
production (37, 38). Based on these studies, plus the facts that the
pancreatitis inMRL/Mpmice treated with poly (I:C) contains Gr-1+

neutrophils and that serum Ab titer against LF, prototypical NET
component (39), was elevated, we determined if NETs are present in
the inflamed pancreatic tissue. In fact, we found that NETs as
defined by colocalization of extracellular dsDNA and MPO were
present in the pancreatic tissue of mice treated with poly (I:C), but
not in control mice (Fig. 1G). These data thus suggest the possi-
bility that pDCs producing IFN-a in the pancreas of MRL/Mp
mice are being stimulated by NETs. Of interest, in the studies
mentioned above (37, 38), type I IFN is an inducer of NETs so that
the latter is part of a positive-feedback loop that is both involved in
type I IFN induction and is itself induced by type I IFN.

Depletion of pDCs prevents AIP in MRL/Mp mice

ThepresenceofpDCsandtypeIIFNinexperimentalAIPinMRL/Mp
mice documented above led us to evaluate the role of these com-
ponents in development of the AIP. To address this question, we
determined the effect ofmultiple injections of 120G8Ab, anAb that
has previously been shown to deplete pDCs (40), on AIP develop-
ment. We found that repeated injections of 120G8 Ab were in fact
effective in greatly reducing the number and percentages of pDCs in
the pancreas of MRL/Mp mice as compared with mice treated with
control Ab (Fig. 2A). The depletion of pDCs was further confirmed
by the tissue-staining studies in which treatment with 120G8 Ab
markedly reduced pancreatic infiltration of PDCA-1+ or Siglec-H+

cells (Supplemental Fig. 2). In addition, such depletion of pDCs
prevented AIP development as assessed by pathological analysis
(Fig. 2B) and reductions in the numbers of infiltrating T cells,
B cells, andCD11b+macrophages in the pancreas (Fig. 2C). Perhaps
more importantly, depletion of pDCs led to a marked decrease in
systemic type I IFN–related responses, as assessed by greatly di-
minishedproduction of IFN-a andBAFF (Fig. 2D). In addition, such
depletion caused greatly reduced pancreatic NETs formation (Fig.
2E) as well as a significant reduction in serum Ab titers against LF,
a prototypical NET component (Fig. 2F). These data thus suggested
that pDCs play a critical role in the pathogenesis of AIP inMRL/Mp
mice treated with poly (I:C).

IFN-a–mediated signaling pathway blockade prevents AIP in
MRL/Mp mice

The pDC depletion studies above showed that depletion resulted in
a significant reduction of type I IFN production in mice with ex-
perimentalAIPbutdidnotdeterminehowsuchreductionoftypeIIFN
led to reduced pancreatitis. To answer this question, we determined
the effect of treating mice with neutralizing Ab against IFNAR
(24) on the development of experimental AIP.
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FIGURE 1. Massive increase in pDCs in the pancreas ofMRL/Mpmice treated with poly (I:C). MRL/Mpmice (n = 10) received i.p. injections with 100mg

poly (I:C) twice a week for 8 wk (a total of 16 injections). Mice were sacrificed 3 h after the last injection. Nontreated mice (n = 5) were used as controls. (A)

Pancreas pathology by H&E staining of nontreated MRL/Mp mice (left panel) and poly (I:C)–treated MRL/Mpmice (middle panel). Pancreatitis scores were

assessedusing the scoring systemdescribed in theMaterials andMethods (right panel). (B) Serumautoantibody levels (anti-dsDNAAb in the left panel andanti-

LFAb in the right panel) in mice treatedwith poly (I:C) and control mice (n = 5 each). The anti-LFAb titer was defined as the ratio to the average controlmouse

titer (arbitrary units [a.u.]). (C) Flow cytometric analysis of pancreatic immune cells. The numbers and percentages of CD3+ T cells, B220+ B cells, Gr-1+

neutrophils, and CD11b+ macrophages are shown together with representative dot plots and histograms. The data shown were obtained from MRL/Mp mice

treated with poly (I:C) (n = 10) and nontreated MRL/Mp mice (n = 5). (D) Serum and pancreatic lysate cytokine and chemokine arrays. Array analyses were

performed using serum or pancreatic lysates. The relative expression of cytokines and chemokines in serum and pancreatic lysates are shown together with the

representative images. The data presentedwere obtained fromMRL/Mpmice treatedwith poly (I:C) (n = 4) and nontreatedMRL/Mpmice (n = 4). Note that the

duplicate dots and red squares indicate chemokines related to type I IFNproduction. (E) Serum levels of IFN-a, IFN-b, andBAFF in (Figure legend continues)
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We found that such treatment of MRL/Mp mice inhibited AIP
development to about the same extent as pDC depletion (Fig. 3A)

and coincided with the fact that the number of pDCs in the pan-

creas was also significantly reduced, indicating that type I IFN

production is involved in the pancreatic accumulation of pDCs

(Fig. 3B). Consistent with this reduction in the number of pancreatic

pDCs, serum levels of IFN-a and BAFF were significantly reduced

in mice treated with the anti-IFNAR Ab, as was the case with mice

treated with pDC-depleting Ab (Fig. 3C). Moreover, pancreatic

NET formation and elevation of the serum anti-LF Ab titer was

inhibited in mice treated with anti-IFNARAb (Fig. 3D). These data

have several implications. First, they show that production of

type I IFN (particularly IFN-a) is a critical factor in the development

of experimental murine AIP. Second, they show that type I IFN

production is required for the maintenance of the increased pan-

creatic infiltration of pDCs necessary for AIP development. The

most likely explanation for this latter effect is that type I IFN is also

necessary for NET generation, a possible activator of pDCs.

Pancreatic infiltration of IFN-a producing pDCs in patients
with IgG4-related AIP

The studies of experimental AIP in MRL/Mpmice discussed above
allowed us to probe the mechanism of human IgG4-related AIP; in
particular, they allowed us to determine the relevance of pDC-
mediated IFN-a signaling pathways in this disease.
In initial studies, we measured IFN-a levels in the serum of pa-

tients with IgG4-related AIP and control individuals. Serum IFN-a
levels were markedly elevated in patients with IgG4-related AIP as
comparedwith healthy controls or patients with chronic pancreatitis
(Fig. 4A). Consistent with previous reports (41, 42), this elevation
correlated with elevated serum BAFF levels (Fig. 4A).
We next conducted immunohistochemical studies of pancreatic

tissue from patients with IgG4-related AIP who had undergone
pancreatectomy (n = 4) as well as control pancreatic tissue from
patients with pancreatic cancer (noncancerous tissue) (n = 8) and
with alcoholic chronic pancreatitis (n = 9) to determine levels of
pancreatic pDC infiltration in these diseases. The pancreatic tissues

mice treatedwith poly (I:C) and controlmice (n=5 each). (F) Pancreatic accumulation of pDCs.Representative dot plots offlowcytometric analyses; pancreatic

immune cells were stained with B220 and PDCA-1. pDCs were defined as B220dimPDCA-1+ cells (left panel). The total number of pancreatic pDCs in mice

treatedwith poly (I:C) and controlmice (n=5 each) (middle panel). Immunofluorescence stainings showing pancreatic infiltration of pDCsvisualized as PDCA-

1+ cells. Pancreatic tissueswere stainedwith amylase (green) and PDCA-1 (red) (right panel). Nucleiwere counterstainedwithDAPI. (G) Immunofluorescence

detection of NETs visualized by extracellular colocalization of MPO and dsDNA. NET formation was indicated by white arrows. Results are expressed as the

mean6 SE. *p, 0.05, **p, 0.01.

FIGURE 2. Depletion of pDCs prevents AIP in MRL/Mp mice treated with poly (I:C). MRL/Mp mice were treated with the pDC-depleting Ab (100 mg,

120G8; n = 5) or control Ab (100mg; n = 5) prior to each poly (I:C) injection.Mice in each group received i.p. injectionswith 100mg poly (I:C) twice aweek for

a total of 14 times. (A) Confirmation of pDC depletion by flow cytometry. Representative dot plots of flow cytometric analyses for the detection of pDCs are

shown (left panel). The number of pDCs in the pancreaswas determined as described in Fig. 1 (right panel). (B) Prevention ofAIP development by the depletion

of pDCswith 120G8Ab. Representative images ofH&E staining are shown in the left panel. The pancreatic pathology ofMRL/Mpmice treatedwith 120G8Ab

or a control Ab was evaluated as described in Fig. 1 (right panel). (C) Flow cytometric analysis of pancreatic immune cells. The numbers and percentages of

CD3+T cells, B220+B cells, Gr-1+ neutrophils, andCD11b+macrophageswere determined as described in Fig. 1. (D) Serum levels of IFN-a, IFN-b, andBAFF

inmice treatedwith 120G8Ab and controlAb. (E) Immunofluorescence detection ofNETs visualized by extracellular colocalization ofMPOand dsDNA.NET

formationwas indicated bywhite arrows. (F) Serum levels of anti-LFAb titerwere determined as described in Fig. 1 (arbitrary units [a.u.]).Results are expressed

as the mean6 SE. *p, 0.05, **p, 0.01.
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of patients with IgG4-related AIP were distinguished from the
control tissues by the fact that they displayed storiform fibrosis
(Fig. 4B, left panel) as well as a massive infiltration of inflammatory
cells enriched in IgG4+ plasma cells (Fig. 4B, right panel). These
characteristics were in line with the published Japanese criteria for
the diagnosis of IgG4-related AIP (30). More importantly, the
pancreatic tissues from patients with IgG4-related AIP, but not
control pancreas tissues or chronic pancreatitis tissues, contained
easily identified cells bearingCD123 andBDCA2, both ofwhich are
established markers of human pDCs (43) (Fig. 4C, Supplemental
Fig. 3). In addition, the pancreatic BDCA2+ pDCs from patients

with IgG4-related AIP expressed both IFN-a and BAFF (Fig. 4D).
These data suggest that pDCs are a major component of the pan-
creatic lesion in patientswith IgG4-relatedAIP; in addition, because
these cells express IFN-a, it is likely that pDC-derived IFN-a re-
sponses are one of the prominent features of IgG4-related AIP, as is
the case in the murine AIP model described above.

NET formation in patients with IgG4-related AIP

Having confirmed that pDCs producing IFN-a are present in the
inflamed pancreas of both experimental AIP and human IgG4-
related AIP, we hypothesized that AIP in humans was similar to

FIGURE 3. Blockade of IFN-a–mediated signaling pathways prevents

AIP in MRL/Mp mice treated with poly (I:C). MRL/Mp mice were treated

with a type I IFN receptor–neutralizingAb (100mg, anti-IFNARAb;n=5) or

a controlAb (100mg; n=4) prior to each poly (I:C) injection.Mice fromeach

group received i.p. injections with 100 mg poly (I:C) twice a week for a total

of 14 times. (A) Prevention ofAIP development by anti-IFNARAb injection.

Representative images by H&E staining are shown in the left panel. The

pancreatic pathology of MRL/Mp mice treated with anti-IFNAR Ab or

control Ab was evaluated as described in Fig. 1 (right panel). (B) Repre-

sentative dot plots of flow cytometric analyses for the detection of pDCs (left

panel). The number of pDCs in the pancreas was determined as described in

Fig. 1 (right panel). (C) Serum levels of IFN-a, IFN-b, and BAFF in mice

treated with anti-IFNAR Ab and control Ab. (D) Immunofluorescent detec-

tion of NETs visualized by extracellular colocalization ofMPO and dsDNA.

NET formation is indicated bywhite arrows. Serum levels of anti-LFAb titer

were determined as described in Fig. 1 (arbitrary units [a.u.]). Results are

expressed as the mean6 SE. *p, 0.05, **p, 0.01. FIGURE 4. Serum levels of IFN-a and pancreatic localization of IFN-a–

producingpDCs inpatientswith IgG4-relatedAIP. (A) Serumlevels of IFN-a

and BAFF in patients with IgG4-related AIP (n = 11), healthy controls (n =

10), and patients with chronic pancreatitis (n = 10). Each dot corresponds to

the value of an assayed sample, and black bars indicate the mean values. (B)

Massive infiltration of immune cells and storiform fibrosis in the pancreatic

tissue specimens from patients with IgG4-related AIP (H&E staining, top

panel). Accumulation of IgG4+ plasma cells in the pancreas of patients with

IgG4-related AIP was also observed (inset in top panel). (C) Localization of

CD123+BDCA2+ pDCs in IgG4-related AIP pancreas tissue samples. (D)

Localization of pDCs expressing IFN-a and BAFF as determined by double

staining for BDAC2 with either IFN-a or BAFF in pancreatic tissues of

patientswith IgG4-relatedAIP.One representative image from four pancreas

specimens from patients with IgG4-related AIP is presented (C and D).

*p, 0.05, **p, 0.01.
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that in mice in that NET formation in the pancreas also contrib-
utes to pDC activation and subsequent IFN-a production.

To examine this possibility, we initially performed immunohis-
tochemicalstudies todeterminewhetherNETformationoccursinthe
inflamed pancreas of IgG4-related AIP patients. To this end, we
stained pancreatic tissue to identify both extracellular MPO and
dsDNA using a method similar to that employed in the detection of
NETs in the inflamedpancreasofMRL/Mpmice treatedwithpoly (I:
C). We found that pancreatic tissue from patients with IgG4-related
AIP does contain extracellular NET structures characterized by
dsDNA colocalized with MPO, whereas pancreatic tissues from
controls and patients with chronic pancreatitis did not contain these
structures (Fig. 5A). Serum NET concentrations, as determined by
measuring serum dsDNA, were also higher in patients with IgG4-
related AIP than in either healthy controls or patients with chronic
pancreatitis, albeit with borderline significance (Fig. 5B). These
data suggest that NET formation is in fact induced in pancreatic
lesions of patients with IgG4-related AIP.
Recent studies have shown that neutrophils can be stimulated to

produceNETsby immune complexes composedof proteins released
by the neutrophils and autoantibodies recognizing these proteins or

simply by the autoantibodies alone if they recognize neutrophil
surface Ags (44). In addition, Okazaki et al. (26) have reported that
Ab titers against LF, a NET component protein, were elevated in
patients with AIP as well as in the mice with experimental AIP de-
scribed above.With this information in hand, we next considered the
possibility that NET formation in IgG4-related AIP pancreatic tissue
is induced, at least in part, byLF–anti-LFAb immune complexes.We
found first that the serum anti-LFAb titer was increased in the serum
of patients with IgG4-related AIP and that this increase was espe-
cially prominent in Abs of the IgG4 subclass (i.e., the IgG subclass
associated with this disease) (Fig. 5C). We then found that exposure
of neutrophils from normal individuals to polyclonal anti-human LF
Ab induced the formation of NETs to the same extent as exposure to
MSUcrystals, awell-establishedNETinducer (Fig. 5D, 5E). Thus, it
seemed likely that NET formation in IgG4-related AIP pancreatic
tissue is due, in part, to release ofLFand the formationofLF–anti-LF
Ab immune complexes (38, 45) (see further discussion below).

IgG4 production by NET-stimulated pDC

Having established that neutrophils in pancreatic lesions of patients
with IgG4-related AIP produce NETs as well as the potential

FIGURE 5. NET formation in patients with IgG4-

related AIP. (A) Detection of pancreatic NET formation

in samples obtained from patients with IgG4-related

AIP. Resected pancreatic specimens from patients with

IgG4-related AIP (n = 4), chronic pancreatitis (n = 9),

and healthy controls (n = 8) were prepared. NETs were

identified by immunofluorescence staining of MPO and

dsDNA (Sytox Orange). White arrows show extracel-

lular dsDNA (deposition of NETs). Note that NET for-

mation was observed only in the IgG4-related AIP

specimen (bottom panels). (B) Serum NET levels in

samples from patients with IgG4-related AIP (n = 11),

patients with chronic pancreatitis (n = 10), and healthy

controls (n = 10). Each dot corresponds to the value of an

assayed sample, and black bars indicate themeanvalues.

(C) Serum anti-LFAb titers in IgG4-relatedAIP (n = 15),

patients with chronic pancreatitis (n = 10), and healthy

controls (n = 14). LF-specific IgG, IgG1, and IgG4 Ab

titers were determined by ELISA (arbitrary units [a.u.]).

(D and E) NET induction by anti-LF Ab and MSU

crystals. Neutrophils (23 107/ml) isolated from healthy

controls (n = 5) were stimulated with MSU (50 mg/ml),

anti-LFAb (10mg/ml), or control IgG (10mg/ml) for 3 h

to induceNET formation.NETreleasewas visualized by

confocal microscopy (white arrows) (D) and quantified

by counting the number of NET-forming cells per field

(E). Results are expressed as the mean6 SE. *p, 0.05,

**p, 0.01.
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relation between such NET formation and patient anti-LF Ab pro-
duction, we next turned our attention to the role of NETs in pDC
function. In initial studies along these lines, we determined the ca-
pacity of peripheral blood CD19+ B cells from healthy control
individuals to produce IgG4 when cocultured with neutrophils and/
or pDCs in the presence or absence of NETs induced by the addition
of MSU crystals to the culture. The results showed that in the
presence of MSU-induced NETs and pDCs, healthy control B cells
produced significantly greater amounts of IgG4 (but not IgG1 or
IgA) than when cultured with pDCs alone (Fig. 6A). This enhanced
IgG4B cell responsewas accompanied by amarked increase in both
IFN-a and BAFF production (Fig. 6B). The latter were likely due
to NET-induced IFN-a production, because the increases were
blocked by DNase inhibition of NET formation or by neutraliza-
tion of IFN-a–mediated signaling pathways by anti-IFNAR Ab
(Fig. 6C). In addition, the NETs themselves were not directly in-
volved in IgG4 production because addition of IFN-a or BAFF to
cultures ofBcells fromcontrol individuals in the absence ofNETsor
pDCs also led to enhanced IgG4 production (data not shown).
Very similar results were obtainedwith cocultures inwhichNETs

were induced by a polyclonal anti-LF IgGAb instead ofMSU in the
absence of the addition of exogenous LF (Fig. 6D, 6E). Presumably
the latter can occur because, as shownpreviously, the neutrophils are
capable of producing LF that can then react with anti-LFAb to form
NET-stimulating immune complexes (46, 47). It should be noted,
however, that IgG4 subclass isolated from patient serum did not

have the capacity to induce NETs in vitro, probably because the
concentration of anti-LF Ab in this preparation was too low (data
not shown).
Taken together, these coculture studies provide evidence that

NETs inducedbyMSUoranti-LFAb lead to IgG4Abproductionby
control B cells through a pDC IFN-a–mediated signaling pathway.
It should be noted that such IFN-a/BAFF mediated IgG4 pro-
duction could be due to either expansion of a pre-existing IgG4
B cell subset or to selective IgG4 class-switch differentiation plus
expansion.

pDC activation by NETs plays an essential role in IgG4
generation

Although the above coculture studies using healthy control samples
identified the important role of the neutrophil–pDC interaction in
IgG4 production, they did not specifically address the contributions
of the patient and control neutrophils or pDCs to such production.
To answer this question, we evaluated IgG4 production in

cocultures containing neutrophils, pDCs, and B cells from both
controls andpatientswith IgG4-relatedAIP invariouscombinations.
The results indicated that IgG4 production by control B cells was
markedly enhanced by cocultures containing pDCs from patients
with IgG4-related AIP in the presence of MSU-induced NETs as
compared with cultures containing pDCs from control individuals,
regardless of the source of the NET-producing neutrophils (Fig.
7A). In addition, IFN-a and BAFF production were also markedly

FIGURE 6. Enhanced IgG4 production by pDCs in response to NETs. (A and B) Ig production by B cells cocultured with NET-activated pDCs. Neutrophils

(Neut), pDCs, andB cellswere isolated from the peripheral blood of healthy controls (n= 6).Neutrophils (13 106/ml)were incubatedwithMSUcrystals for 3 h

to induce NET formation, after which pDCs (1 3 106/ml) and B cells (1 3 106/ml) were added to the coculture for 7 d and Ig production in the culture

supernatants was measured (A). IFN-a and BAFF production in the culture supernatants was measured by ELISA (B). (C) Inhibition of IgG4 production by an

anti–IFN-ab receptor (IFNAR) Ab (1 mg/ml) and DNase (3 U/ml) in the coculture composed of MSU-induced NETs, pDCs, and B cells from healthy controls

(n=6). Productionof IgG4, IFN-a, andBAFF in culture supernatantswasmeasuredbyELISA.Productionof IgG4or cytokines in the presenceof controlAband

the absence of anti-IFNARAborDNasewas defined as 100% in each sample. (D andE) Ig production byB cells coculturedwith pDCs activated byNETs,which

were induced by an anti-LFAb. (D) Neutrophils were incubated with anti-LFAb (10 mg/ml) or MSU (50 mg/ml) for 3 h to induce NET formation, after which

pDCs andBcellswere added as described in (A). (E)Neutrophilswere incubatedwith anti-LFAborMSUfor 3 h to induceNET formation, afterwhichpDCs and

B cells were added in the presence of anti-IFNARAb andDNase for 7 d (n=4). IgG4 and IFN-a productionwasmeasured in culture supernatants. Production of

IgG4 or cytokines in the presence of control Ab and the absence of anti-IFNARAb or DNasewas defined as 100% in each sample. Results are expressed as the

mean6 SE. *p, 0.05, **p, 0.01.
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elevated in supernatants from cocultures containing pDCs from
patients with IgG4-related AIP, but not those containing pDCs from
control individuals (Fig. 7A).
Consistentwith the fact that control and patient neutrophils had an

equal capacity to support IgG4 production in the coculture system,
neutrophils isolated from healthy controls and patients with IgG4-
related AIP exhibited equivalent amounts of NET formation upon
exposure to MSU crystals (Fig. 7B). In addition, inhibition of NET
formation by DNase or blockade of IFN-a–mediated signaling
pathways by anti-IFNARAb significantly reduced IgG4 production
in a coculture system comprised of control B cells, patient-derived
neutrophils, and patient-derived pDCs (Fig. 7C). Finally, IgG4
production by control B cells was also enhanced in the presence of
NETs induced by anti-LF Ab when the cells were cocultured with
pDCs from patients with IgG4-related AIP (Fig. 7D), and this en-
hancement was again inhibited by the addition of DNase or by anti-
IFNAR Ab (Fig. 7E). Taken together, these data suggest that pDCs,
rather than neutrophils, have an indispensable role in the generation
of IgG4 responses by B cells in patients with IgG4-related AIP and

that NET-triggered pDC activation followed by IFN-a production is
required for the development of IgG4-related AIP.

Discussion
The immunologicmechanismsunderlying thepathogenesisof IgG4-
RD as well as the increased production of the IgG4 subclass that
characterizes this inflammatory disease are still poorly defined. In this
study,weaddressthisquestionwithstudiesofmicewithexperimental
AIP, MRL/Mp mice treated with poly (I:C), and studies of patients
with IgG4-related AIP. The studies of the treated MRL/Mp mice
showed that experimental AIP is characterized by a chronically
inflamed pancreas exhibiting destruction of acinar architecture,
massive infiltration of immune cells, and fibrosis; all findings were
shared by human AIP. Although the pathogenic roles of proin-
flammatory cytokines such as IFN-g, IL-6, and TNF-a are impli-
cated in the development of such experimental AIP (31, 48), the
roles of type I IFNs in this model had been poorly defined. In this
study, we showed that experimental AIP is associated with the
pancreatic infiltration of pDCs that have either migrated to or have

FIGURE 7. Enhanced NET-induced pDC activation in patients with IgG4-related AIP. (A) Coculture experiments composed of pDCs, B cells, and MSU-

inducedNETswere performed as described in Fig. 6A.Neutrophils isolated fromhealthy controls (Ctrl; n = 6) or patients with IgG4-relatedAIP (Pt; n = 8)were

subjected toNETinductionbyMSUasdescribed inFig. 6. pDCs isolated fromhealthy controls (Ctrl) or patientswith IgG4-relatedAIP (Pt)were subjected to the

coculture assay togetherwithB cells isolated fromhealthy controls (Ctrl B). IgG4, IFN-a, andBAFF production in the coculture supernatant was determined by

ELISA. (B) Neutrophils (Neut) isolated from healthy controls (Ctrl; n = 5) and patients with IgG4-related AIP (Pt; n = 5) were subjected to NET induction by

MSU, as described in Fig. 5. NET formation was determined by counting the number of NET-forming cells under high-power field. (C) Inhibition of IgG4

production by the addition of an anti–IFN-ab receptor Ab (IFNARAb) and DNase. B cells from healthy controls (Ctrl B; n = 6) were cocultured with pDCs (Pt

pDCs) andMSU-inducedNETs (PtNeut) derived frompatientswith IgG4-relatedAIP (n=6) in the presence of anti-IFNARAborDNase for 7 d, as described in

Fig. 6C. Productionof IgG4or cytokines in the presence of controlAb and absence of anti-IFNARAborDNasewas defined as 100% in each sample. (D andE) Ig

productionbyhealthycontrolBcells (CtrlB) coculturedwith pDCs frompatientswith IgG4-relatedAIP (Pt pDCs) activatedbyNETs,whichwere inducedbyan

anti-LF Ab. IgG4-related AIP patient-derived neutrophils (Pt Neut) were incubated with anti-LF Ab (10 mg/ml) or MSU (50 mg/ml) for 3 h to induce NET

formation, after which Pt pDCs and Ctrl B cells were added (D). Pt Neut were incubated with anti-LFAb for 3 h to induce NET formation, after which Pt pDCs

andCtrlBcellswere added in thepresenceof the anti-IFNARAbandDNase for 7d (n=4) (E). IgG4and IFN-aproduction in culture supernatantsweremeasured

as described in Fig. 6. Production of IgG4 or cytokines in the presence of control Ab and absence of anti-IFNAR Ab or DNase was defined as 100% in each

sample. Results are expressed as the mean6 SE. *p, 0.05, **p, 0.01.
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been expanded in this organ; these cells are the likely source of
a markedly increased production of IFN-a. We confirmed the im-
portance of this pDC-mediated IFN-a production to the develop-
ment of the pancreatic inflammation by showing that systemic
administration of pDC-depleting Ab (120G8 Ab) and neutralizing
Ab against IFNAR led to almost complete amelioration of disease.
In parallel with the murine AIP findings, studies of IgG4-related

AIP disclosed that human AIP was also associated with pDCs lo-
calized in the pancreas producing IFN-a. Whether or not such
production is a major driver of the human pancreatic inflammation
as in themousemodel is still not established and awaits the outcome
of clinical trials with anti–IFN-aAb or anti-IFNARAb. In any case,
we could show that patient-derivedperipheral blood pDCs enhanced
IgG4 Ab production by B cells through an IFN-a–mediated sig-
naling mechanism. Thus, a central feature of both experimental
murine AIP and human IgG4-related AIP pathogenesis is the acti-
vation of pDCs producing IFN-a, and in the case of the human
disease, this pDC abnormality is a factor in the excessive IgG4
production that characterizes this disease.
Our studies of both the murine model of AIP and patients with

IgG4-related AIP disclosed that the inflamed pancreas harbored
NETs (i.e., weblike structures composed of chromatin, molecules
derived from granules, and some cytoplasmic proteins that are
generated by stimulated and dying neutrophils) (21). In addition, the
titer of autoantibody against LF, a NET component protein, is
markedly elevated in the serum of mice with murine experimental
AIP and patients with IgG4-related AIP. These structures in other
studies have been shown to be involved in pDC activation (34, 38)
and were therefore assumed to have a similar role in AIP. In the case
of human IgG4-related AIP, the role of NETs in activation of pDCs
was actively studied using pDCs isolated from the circulation aswell
asNETsgenerated invitrowith eitherMSUor anti-LFAb. In support
of the hypothesis that NETs are stimulators of pDC production of
IFN-a, we found that cocultures of pDCs with neutrophils induced
to express NETs by either MSU or anti-LFAb lead to stimulation of
pDCproduction of IFN-a andBAFFaswell as the induction of IgG4
production by normal B cells also present in the coculture. Thus,
assuming that the induced NETs in the culture mimic those in the
pancreas, these in vitro data offer convincing evidence that NET
structures are in fact an important stimulatory component in the
pancreas in bothmurine and humanAIP. However, it is also possible
that other signaling mechanisms are also present, such as direct
stimulation of pDCs by TLR7 and TLR9 ligands associated with
commensal flora that have gained access to the inflamed pancreas.
Finally, it should also be noted that pDCs in patients with IgG4-
related AIP have other as-yet-undisclosed abnormalities that ren-
der them more susceptible to NET activation than normal pDCs.
Although in the current study, we showed that MSU and anti-LF

Ab were capable of initiating IFN-a production by pDCs, it is not
clear that these stimulants are actually those that are operative in the
induction of this cytokine in patients with IgG4-related AIP. The
deposition of MSU into appendicular joints has an essential role in
the development of acute gout (49), and recent studies have pro-
vided evidence that MSU-induced NETs initiate inflammatory re-
sponses in this disease (50, 51). Whether a similar mechanism is
applied to IgG4-related AIP requires further studies to demonstrate
that MSU deposition occurs in IgG4-related pancreatic lesions as
well as evaluation of whether uric acid-clearing agents have effi-
cacy in patients with IgG4-relatedAIP. The relevance of anti-LFAb
to IFN-a production in IgG4-related AIP is somewhat more likely
than MSU, because serum anti-LF Ab titers were elevated in the
serum of patients with IgG4-RD and experimental AIP. However,
these datamaymerely indicate that neutrophil function as a general
source of autoantigens in IgG4-related AIP, and any of several of

these autoantigens can trigger the formation of immune complexes
that stimulate NET formation. In this regard, we speculate that
neutrophil release of autoantigens and subsequent formation of
immune complexes comprise a positive-feedback loop that favors
NET induction, ultimately leading to the release of NETAgs with
the capacity to stimulate pDCs to produce IFN-a. However, con-
firmation of this idea requires future studies that evaluate serumAb
profiles against various types of NET proteins in IgG4-related AIP;
in addition, studies that evaluate whether immune complexes, in-
cluding LF–anti-LF Ab immune complexes, can stimulate pDCs
independently of NETs are also needed.
Our coculture experiments using neutrophils and pDCs from

healthy controls and patients with IgG4-related AIP incubated to-
gether invarious combinations clearly showed that pDCs, rather than
neutrophils,were indispensable for thegenerationof IgG4 responses
in patients with IgG4-related AIP. In most instances, pDCs serve
important host-defense functions, particularly in relation to viral
infection (20). This protection is accomplished by their ability to
sense microbial nucleic acids by TLR7 and TLR9 and then produce
IFN-a, a cytokine that leads to adaptive generation of Th1 and Th17
responses (20, 52). However, evidence has recently been obtained
that such IFN-a production could also be involved in initiation of
various diseases. In particular, excessive IFN-a production by pDCs
in response to self-DNA has been implicated in the pathogenesis of
autoimmune diseases such as psoriasis and SLE (20, 53). In the case
of SLE, such IFN-a production is considered to arise from NET
release of autoimmune complexes that activate pDCs in the same
way suggested in this study to occur in IgG4-related AIP. However,
despite these mechanistic similarities, the clinicopathological fea-
tures of these two diseases are completely different. In particular,
enhancement of IgG4Ab responses and storiformfibrosis formation
are observed in IgG4-related AIP and not in SLE, whereas wide-
spread organ and tissue damage from autoantibody deposition is
seen in SLE but not in IgG4-related AIP. This discrepancy can be
partially explained by the presence of a significant population of
patientswith SLEhaving autoantibodies against BAFF that partially
blunt certain autoimmune responses including IgG4 production
(54). In addition, there is likely to be a difference between SLE and
IgG4-related AIP in Treg responses. Thus, whereas Treg responses
are increased in IgG4-relatedAIP (13, 14), they are defective in SLE
(55, 56). Given that pDCs have been shown to induce and support
Treg function (53, 57), we assume that pDC activation in IgG4-
related AIP is accompanied by the induction of Treg-derived cyto-
kines that limit the production of destructive autoantibodies.
We previously showed that TLR and nucleotide-binding oligo-

merization domain-like receptor activation of monocytes and
basophils isolatedfrompatientswithIgG4-relatedAIPenhanceIgG4
production byB cells from healthy controls (16, 17). This correlated
with evidence that monocytes and basophils activated by MAMPs
could be involved in the development of IgG4-related AIP. In
the current study, we identified another type of innate immune
response mediated by neutrophils and pDCs in the development
of IgG4-related AIP. Distinct from the MAMP-activated pathways
mentioned above, this pathway is triggered by the activation of
neutrophils byendogenousdanger signals, suchasdamage-associated
molecular patterns (MSU crystals) and autoantibodies (anti-LFAb).
At the moment, it is not clear if these pathways are largely separate
and thus that responses to either microbial Ags or endogenous fac-
tors can trigger the abnormal innate immune response leading to
IgG4-related AIP or, alternately, these pathways are interrelated.
The latter possibility is suggested by the fact that both pathways
result in enhancement of BAFF production by innate cells and the
subsequent production of IgG4 by B cells (16, 17). Clinical obser-
vations showing that serum BAFF levels are significantly higher in
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patients with IgG4-related AIP than in normal individuals (41, 42)
support the importance of this cytokine in the immunopathogenesis
of this disease.
In conclusion, our findings show that bothmurine AIP and human

IgG4-related AIP are characterized by greatly increased pDC acti-
vation and IFN-a production and that, in the case of the murine
disease, this could be shown to be a critical mechanism underlying
the pancreatic inflammation. In addition, both the murine and hu-
man AIP were associated with the presence of pancreatic NETs,
neutrophil-derived structures that in the case of the human disease
were shown with in vitro studies of induced NETs to be a cause of
pDC activation as well as increased IFN-a and BAFF production.
Finally, this NET-induced IFN-a and BAFF production by pDCs
was shown to be responsible, at least in part, for B cell production of
the signature abnormality of this form of autoimmunity in humans,
IgG4-RD.
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47. Behnen, M., C. Leschczyk, S. Möller, T. Batel, M. Klinger, W. Solbach, and
T. Laskay. 2014. Immobilized immune complexes induce neutrophil extracel-
lular trap release by human neutrophil granulocytes via FcgRIIIB and Mac-1.
J. Immunol. 193: 1954–1965.

48. Fitzner, B., S. A. Holzhueter, S. Ibrahim, H. Nizze, and R. Jaster. 2009.
Interferon-gamma treatment accelerates and aggravates autoimmune pancreatitis
in the MRL/Mp-mouse. Pancreatology 9: 233–239.

49. Knight, J. S., C. Carmona-Rivera, and M. J. Kaplan. 2012. Proteins derived from
neutrophil extracellular traps may serve as self-antigens and mediate organ
damage in autoimmune diseases. Front. Immunol. 3: 380.

50. Mitroulis, I., K. Kambas, A. Chrysanthopoulou, P. Skendros, E. Apostolidou,
I. Kourtzelis, G. I. Drosos, D. T. Boumpas, and K. Ritis. 2011. Neutrophil

extracellular trap formation is associated with IL-1b and autophagy-related
signaling in gout. PLoS One 6: e29318.

51. Schauer, C., C. Janko, L. E. Munoz, Y. Zhao, D. Kienhöfer, B. Frey, M. Lell,
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Abstract Primary leiomyosarcomas of the gastrointesti-

nal (GI) tract are extremely rare and highly aggressive

neoplasms, and only a small number of true cases have

been reported since the concept of GI stromal tumors was

established. Here, we report a case of a primary

leiomyosarcoma of the transverse colon. A 46-year-old

Japanese male with a large mass in the right upper abdo-

men was admitted to our hospital. Computed tomography

and magnetic resonance imaging revealed long segments of

wall thickening of the transverse colon with large consec-

utive tumors measuring 12 cm in diameter. A projecting

irregular mass with marked mucosal necrosis was found on

colonoscopy. Pathological examination revealed a spindle

cell tumor growing circumferentially and transmurally to

replace the muscularis propria in the transverse colon. The

spindle cells were positive for smooth muscle actin, and

negative for KIT, CD34, DOG-1, and S-100 protein. The

patient has shown repeat recurrence in spite of sufficient

surgical excision being promptly performed.

Keywords Leiomyosarcoma � Colonic mesenchymal

tumor � GIST

Introduction

Primary leiomyosarcomas of the gastrointestinal (GI) tract

are extremely rare neoplasms. Many mesenchymal tumors

previously reported as leiomyosarcomas in the era of pre-

gastrointestinal stromal tumors (GISTs) were reviewed and

proved to be GISTs [1]. At present, most GI mesenchymal

tumors are differentiated into GISTs, smooth muscle

tumors, and schwannomas. Immunohistochemically,

smooth muscle tumors are positive for smooth muscle actin

(SMA) and desmin, negative for GIST markers—KIT,

CD34, and DOG1, and negative for the schwannoma

marker S100-protein [2, 3]. Most mesenchymal tumors of

the colon are leiomyomas; GISTs are extremely rare in the

colon, and leiomyosarcomas of the colon are even rarer [4].

Only a small number of colonic leiomyosarcomas have

been reported and all of them were highly aggressive and

associated with a poor prognosis [5, 6]. Here, we describe a

rare case of a primary leiomyosarcoma of the transverse

colon.

Case report

A 46-year-old Japanese male had experienced intermittent

abdominal pain, appetite loss, and body weight loss since

November 2012. He was admitted to our hospital in March

2013 because his abdominal pain was gradually worsening,
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and watery diarrhea appeared. On physical examination, a

huge mass with tenderness was palpable in the right upper

abdomen. Laboratory tests revealed iron-deficiency ane-

mia, leukocytosis (14,000/mL) and raised C-reactive pro-

tein (11 mg/dL). He was negative for sIL2R,

carcinoembryonic antigen, and carbohydrate antigen 19-9,

while the neuron specific enolase level was slightly

increased to 27.6 ng/mL. Computed tomography (CT)

demonstrated bulky, long-segmental circumferential wall

thickening of the transverse colon and a continuous bul-

ging, solid enhancing mass measuring 12 cm in diameter

outside the colonic wall. There was a low-density area,

suspected of being necrosis in the mass (Fig. 1).

On magnetic resonance imaging (MRI), most of the

tumor showed low intensity on T1-weighted imaging and

more than half of the tumor showed high intensity on T2-

weighted imaging. Colonoscopy revealed an irregular,

protruding tumor with ulceration in the right transverse

colon (Fig. 2). The lumen of the oral side was extended and

the mucosa was diffusely ulcerated and friable. The biopsy

specimens of hematoxylin and eosin (H&E) staining

showed an interlacing fascicular pattern of spindled tumor

cells with eosinophilic cytoplasm. Inmunohistochemically,

the tumor cells were positive for a-SMA, vimentin, cal-

ponin, desmin, and negative for c-KIT, CD34, DOG-1, and

S-100 protein. The tumor was diagnosed as a leiomyosar-

coma based on histological and immunohistochemical

findings. Right hemicolectomy with partial ileotomy was

performed, because the ileum at 70 cm toward the oral side

of the ileocecal valve was attached to the tumor. On gross

examination, a solid, multinodular whitish tumor grew

circumferentially and transmurally in the transverse colon

with a subserosal exophytic mass measuring 118 mm in

maximum diameter and a large polypoid mass with ulcer-

ation in the tract (Figs. 3, 4). Microscopically, the tumor

was composed of spindle cells with eosinophilic cytoplasm

and slightly atypical nuclei (Fig. 5). The mitotic count was

Fig. 1 a Contrast-enhanced CT showed diffuse, homogeneous, and

lobulated wall thickening of the right transverse colon. b Contrast-

enhanced CT caudad to a showed a solid mass with a central low-

density area suggesting necrosis

Fig. 2 a On magnetic resonance imaging, axial T1-weighted imaging

showed a homogeneous lesion isointense to muscle. b Sagittal T2-

weighted imaging showed a heterogeneous signal
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61 per 10 high-power fields. On immunohistochemistry,

the tumor cells were strongly positive for a-SMA and

muscle actin (HHF35), positive for calponin, and negative

for c-KIT, CD34, DOG1, pan-keratin, and S-100 protein.

The circumferential tumor showed continuity with the

muscularis propria of the transverse colon, suggesting that

the leiomyosarcoma was of muscularis propria origin.

There was no regional lymph node metastasis.

In spite of complete resection, peritoneal recurrence in

the pelvis occurred 9 months later, and the recurrent tumor

was surgically removed. After 4 months, another recurrent

tumor appeared on the surface of the liver, and was also

removed. The patient is now being followed up carefully.

Discussion

Primary leiomyosarcomas of the GI tract became extre-

mely rare neoplasms after Hirota et al. reported the onco-

genic role of KIT in GISTs in 1998 [1]. Most mesenchymal

tumors of the GI tract which were previously diagnosed as

leiomyomas, leiomyoblastomas, or leiomyosarcomas are

now classified as GISTs. GISTs are diagnosed based on

immunohistochemical positivity for KIT, CD34, and

DOG1, and sometimes with molecular evaluations of

activating mutations in the KIT or PDGFRA gene [7].

Immunohistochemical features of smooth muscle tumors

are positivity for SMA and desmin, and negativity for

GIST markers—KIT, CD34, and DOG1 [8]. The proposed

cellular origin of GISTs is the interstitial cells of Cajal in

the muscularis propria, while the proposed cellular origin

of smooth muscle tumors is the fibers of the muscularis

mucosae and muscularis propria. GISTs span the clinical

spectrum from benign to malignant, and the prognosis is

highly dependent on tumor size and mitotic activity [9].

Smooth muscle tumors of the GI tract are divided into

leiomyomas and leiomyosarcomas. Leiomyomas are clas-

sified into polypoids and intramural leiomyomas [10]; the

former originates from the muscularis mucosae and the

latter originates from the muscularis propria. In a large

series of GISTs and smooth muscle tumors reported by the

Fig. 3 a Colonoscopy showed a large polypoid mass with ulceration

in the right transverse colon. b The oral side of a showed dilatation of

the lumen with diffuse ulceration of the mucosa

Fig. 4 a Gross specimen showed a whitish, multinodular, extralu-

minal, large tumor and intraluminal polypoid mass. b The tumor also

grew circumferentially and transmurally in the transverse colon
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Armed Forces Institute of Pathology,[90 % of mesency-

mal tumors were GISTs, and true smooth muscle tumors

were rare [8, 11–13]. However, in a series of 262 GI

mesenchymal lesions in a single institute reported by

Agaimy and Wünsch, GISTs comprised 54 %, while

smooth muscle tumors comprised 32 %, representing the

second most common mesenchymal tumor of the GI tract

[10]. As most of the series was investigated using surgical

resected materials or sometimes endoscopically resected

materials, the true incidence of smooth muscle tumors of

the GI tract is uncertain, but leiomyosarcomas are extre-

mely rare neoplasms, with only approximately 60 cases

reported in the English literature in the post-GIST era [5,

6]. Many leiomyosarcomas reported before 1998 appeared

to be GISTs. Leiomyosarcomas closely resemble GISTs

both macroscopically and histologically, which is why

immunohistochemistry and sometimes genetic searches

may be necessary for differentiation; however, there are

various differences. GISTs occur most commonly in the

stomach (60–70 %), followed by the small intestine

(20–25 %), the rectum and anus (4 %), and are rare in the

esophagus (1 %) and colon (1 %). In contrast,

leiomyosarcomas occur preferentially in the small intestine

(45 %) and colon (38 %), and are extremely rare in the

stomach and esophagus [5, 6]. Leiomyomas, which are

benign counterparts, occur chiefly in the esophagus and

colon. According to Miettinen et al., the border between

leiomyomas and leiomyosarcomas is sharp, and they raised

doubts about the malignant transformation of benign

leiomyomas into leiomyosarcomas, which was reported in

the pre-GIST era [12]. Yamamoto et al. proposed the

classification of GI smooth muscle tumors into leiomy-

omas, smooth muscle tumors of undetermined malignant

potential, and leiomyosarcomas [6]. They reviewed and

analyzed the prognosis of patients with leiomyosarcoma of

the GI tract. They reported an estimated 5-year overall

survival rate of 51.6 %, a tumor size of[5 cm as the only

significant poor prognosis factor, and mitosis and the pri-

mary site were not risk factors. The most common mes-

enchymal tumors of the colon are leiomyomas, and they

appear as small, polypoid, intraluminal masses originating

from the muscularis mucosae and most of them are endo-

scopically removed [4]. Only 12 adult cases of primary

colonic leiomyosarcomas have been reported. They inclu-

ded 8 males and 4 females with an average age of 66 years

(range 36–94 years). Their locations were the cecum in 1

case, ascending colon in 3 cases, transverse colon in 1 case,

descending colon in 2 cases, sigmoid colon in 4 cases, and

left colon not otherwise specified in 1 case. Tumor sizes

ranged from 3.2-25 cm. Their gross appearance was

reported as polypoid, plaque-like, Borrmann type-2-like,

and intramural-infiltrating type [6]. Our case showed an

intramural-infiltrating pattern with long-segmental cir-

cumferential wall thickening. Circumferential intramural-

infiltrating growth replacing the muscularis propria appears

to be an extremely rare and unique pattern, and we suspect

this pattern is one of the characteristic growth patterns of

GI smooth muscle tumors. A few cases of GISTs showing

Fig. 5 a Microscopic

photograph of the tumor showed

a fascicular esoinophilic spindle

cell tumor. b There was marked

mitosis on high-power view

(H&E staining), and (c) strong
expression of SMA, (d) while it

was negative for KIT

(immunostaining)

220 Clin J Gastroenterol (2015) 8:217–222

123

－272－



an infiltrating pattern replacing the muscularis propria have

also been reported [14]; these types of GIST were called

long segmental hyperplasia of interstitial cells of Cajal, and

seemed to be a special type of GIST which did not form

macroscopic masses and were diagnosed by microscopic

examinations.

Surgery is the standard treatment for all patients with an

adult-type, localized soft tissue sarcoma [15], and surgical

resection appears to be standard therapy for leiomyosar-

comas of the GI tract, as most of the reported cases were

diagnosed using surgically resected materials. Even after

adequate resection, many of them recur. There is no stan-

dard therapy for recurrent or metastatic tumors. Conven-

tional chemotherapy for soft tissue sarcomas is based on

anthracyclines as the first-line treatment. Doxorubicin plus

dacarbazine is an option for multi-agent first-line

chemotherapy of leiomyosarcomas [15]; however,

leiomyosarcomas are relatively insensitive to chemother-

apy [5]. Surgery for responding metastases may be offered

as an option as in our case. Imatinib, a multi-targeted tyr-

osine kinase inhibitor, is highly effective for GISTs [16],

and sunitinib, another multi-targeted tyrosine kinase inhi-

bitor is also active against imatinib-refractory GISTs [17].

Unfortunately, as imatinib is not effective for leiomyosar-

comas such as other adult-type soft tissue sarcomas [18],

and the efficacy of sunitinib is also limited [19, 20], a

differential diagnosis of these two tumors is essential.

There is no systematic review of the radiological

imaging features of GI leiomyosarcomas, as the majority of

the lesions previously reported as leiomyosarcomas of the

GI tract have now been classified as GISTs. CT and MRI

features of retroperitoneal and peripheral soft tissue

leiomyosarcomas are non-specific. In large tumors, there is

a central area of low density which demonstrates hemor-

rhage, necrosis, or cystic change on CT. Moderate contrast

enhancement is seen at the periphery of large primary and

metastatic lesions. On MRI, it is isointense to muscle on

T1-weighted imaging and intermediate to hypointense to

fat on T2-weighted imaging [21]. In our case, the exophytic

tumor outside the colon revealed CT and MRI imaging

patterns similar to retroperitoneal or peripheral

leiomyosarcomas; however, our case also showed circum-

ferential wall thickening as if imitating the muscularis

propria. Radiological differential diagnoses for

leiomyosarcomas include GISTs, large necrotic lym-

phomas, and neuroectodermal tumors; tissue-based diag-

nosis is necessary as these tumors are chemosensitive

whereas leiomyosarcomas are not.

In conclusion, we described a case of a primary

leiomyosarcoma of the transverse colon. The tumor

showed long-segmental wall thickening of the transverse

colon with a large extraluminal mass. Intramural-infiltrat-

ing circumferential growth replacing the muscularis

propria seemed a significant feature of our case. In spite of

complete resection, the patient has shown repeat

recurrence.
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Background & Aims: Tigatuzumab is a humanized monoclonal
antibody that acts as a death receptor-5 agonist and exerts
tumour necrosis factor-related apoptosis-inducing ligand-like
activity. In this phase II study, safety and tolerability of the com-
bination of tigatuzumab and sorafenib was evaluated in patients
with advanced hepatocellular carcinoma.
Methods: Adults with advanced hepatocellular carcinoma, mea-
surable disease, and an Eastern Cooperative Oncology Group per-
formance score 6 1 were enrolled. Eligible subjects were
randomly assigned 1:1:1 to tigatuzumab (6 mg/kg loading,
2 mg/kg/week maintenance) plus sorafenib 400 mg twice daily;

tigatuzumab (6 mg/kg loading, 6 mg/kg/week maintenance) plus
sorafenib 400 mg twice daily; or sorafenib 400 mg twice daily.
The primary end point was time to progression. Secondary end
points included overall survival and safety.
Results: 163 subjects were randomized to treatment. Median
time to progression was 3.0 months in the tigatuzumab
6/2 mg/kg combination group (p = 0.988 vs. sorafenib),
3.9 months in the tigatuzumab 6/6 mg/kg combination group
(p = 0.586 vs. sorafenib), and 2.8 months in the sorafenib alone
group. Median overall survival was 12.2 months in the tigatuzu-
mab 6/6 mg/kg combination group (p = 0.659 vs. sorafenib), vs.
8.2 months in both other treatment groups (p = 0.303,
tigatuzumab 6/2 mg/kg combination vs. sorafenib). The most
common treatment–emergent adverse events were palmar–plan-
tar erythrodysesthesia syndrome, diarrhea, and decreased
appetite.
Conclusions: Tigatuzumab combined with sorafenib vs. sorafenib
alone in adults with advanced hepatocellular carcinoma did not
meet its primary efficacy end point, although tigatuzumab plus
sorafenib is well tolerated in hepatocellular carcinoma.
� 2015 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) remains one of the most com-
mon malignancies worldwide and is a major global cause of
cancer-related deaths [1]. Studies have shown that although the
incidence of HCC has plateaued or is declining in Asian countries
such as China and Japan [2,3], countries such as USA are
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experiencing an acceleration of cases [3,4]. The risk factors for
these HCC cases include infection with hepatitis B or C virus
(HBV, HCV), non-alcoholic fatty liver disease, and alcoholic liver
disease [5].

Common therapies for HCC are resection, transcatheter arte-
rial chemoembolization, radioembolization, partial hepatectomy,
cryoablation, percutaneous alcohol injection, microwave therapy,
stereotactic body radiotherapy, or external body radiotherapy.
Systemic chemotherapy and radiotherapy (RT) have no clear sur-
vival benefit and excessive toxicity [6–8]. Patients with
advanced-stage disease have unsatisfactory long-term survival
outcomes, often owing to underlying liver disease, with high
rates of tumour recurrence [9]. There is thus a substantial need
for novel treatments for advanced disease.

Sorafenib is a multi-kinase inhibitor with antiangiogenic,
pro-apoptotic, and Raf kinase inhibitory activity [10]. Sorafenib
showed a survival benefit over placebo in the SHARP (A phase
III Study of Sorafenib in Patients with Advanced HCC) and the
Asian-Pacific pivotal studies in patients with advanced HCC
[11,12], and is now the standard of care for this indication.

Tigatuzumab is a humanized monoclonal antibody that acts as
a death receptor 5 (DR5) agonist, exerting tumour necrosis
factor-related apoptosis-inducing ligand (TRAIL)-like activity
[13]. In a phase I, single agent study in 17 patients with meta-
static solid tumours or lymphomas, tigatuzumab showed evi-
dence of preliminary anticancer effects, including 26 months of
stable disease in a patient with advanced HCC, and a favourable
toxicity profile [14].

In preclinical studies, sorafenib overcame TRAIL resistance in
HCC cells and enhances tigatuzumab-induced apoptosis [15].
Several reports have shown the cytotoxic synergy of sorafenib
in combination with TRAIL receptor antibodies in various types
of cancer cells [16–19]. According to these reports, sorafenib
may downregulate Mcl-1, a key molecule playing a critical role
in the resistance to TRAIL-induced apoptosis. Thus, administra-
tion of tigatuzumab in combination with sorafenib may have syn-
ergistic effects for treating HCC. This phase II study aimed to
assess the safety and efficacy of tigatuzumab in combination with
sorafenib in adult subjects with advanced HCC from Asia and
USA.

Patients and methods

Study design

This was a phase II, multi-centre, open-label, randomized study, conducted at 28
study sites in Japan, South Korea, Taiwan, and the USA. All therapies were admin-
istered on an outpatient basis, with each treatment cycle lasting three weeks
(21 days). As the clinical safety of the proposed weekly regimen of tigatuzumab
with daily sorafenib was not established, this trial started with safety cohorts
receiving sequentially escalating maintenance doses of tigatuzumab, to gradually
reach steady-state levels with repeated dosing, plus regular doses of sorafenib.
The loading dose of tigatuzumab 6 mg/kg and the weekly tigatuzumab dosing
schedule were largely based on data derived from the phase I dose-escalation
study [14].

The dosing schedule for the three safety cohorts is shown in Fig. 1A.
Dose-limiting toxicity (DLT) in three subjects in a cohort would halt dose progres-
sion, and the prior dose level would be designated the maximum tolerated dose
(MTD) (Fig. 1A). If 6 mg/kg/week tigatuzumab was determined not to be above
the MTD, the randomized portion of the study would be initiated as planned.

In the randomized portion of the study, �150 eligible subjects were randomly
assigned 1:1:1 to; i) tigatuzumab (6 mg/kg loading [or MTD as determined],
2 mg/kg/week maintenance) plus sorafenib 400 mg twice daily (BID); ii) tigatuzu-
mab (6 mg/kg loading [or MTD as determined], 6 mg/kg/week [or MTD]

maintenance) plus sorafenib 400 mg BID; or iii) sorafenib 400 mg BID.
Tigatuzumab did not reach an MTD in its single agent phase I study, and the tiga-
tuzumab low dosage was based on a population PK model derived from data from
this phase I study [14]. The low dose level was predicted to produce serum trough
levels in excess of the levels corresponding to maximal efficacy in preclinical
xenograft models (data not shown). To assess dose dependency of the efficacy
in patients in a phase II study, the higher dose level, previously shown to be safe
in phase I, was added in case a higher dose level was required clinically to uni-
formly penetrate the intra-tumoural space. Human tumours are larger and have
higher interstitial pressure than murine tumours, which may impede the uniform
biodistribution of antibodies [20]. In some instances, higher doses may provide a
sufficient concentration gradient to allow more uniform penetration of tumours,
potentially providing more complete target coverage and tumour cell death [21].

Disease assessments were performed at screening/baseline and at the end of
every two treatment cycles (six weeks) (Fig. 1B). There was no limit to the num-
ber of treatment cycles that could be administered.

Tigatuzumab was administered intravenously over 30 ± 10 min before a dose
of sorafenib on day one of each week. Sorafenib was to be taken 61 h before or
P2 h after meals.

An interactive web response system was used to enrol/randomize subjects.
Subjects were provided with a subject identification number when they were
enrolled/randomized, and were randomized to one of three treatments according
to a randomization schedule. This schedule was computer generated before the
randomized portion of the study began by the clinical research organization
(ICON Clinical Research, North Wales, PA, USA), under the direction of the spon-
sor’s biostatistics department. Randomization was stratified by Eastern
Cooperative Oncology Group (ECOG) performance status (0 vs. 1); extrahepatic
metastasis and/or macrovessel invasion (yes vs. no), and region (USA, Japan,
and Asia [Taiwan and South Korea]). The time between randomization and initi-
ation of treatment was to be 67 days.

The study was conducted in compliance with the protocol, the ethical princi-
ples set forth in the Declaration of Helsinki, International Conference on
Harmonisation (ICH) Guideline E6 for Good Clinical Practice (GCP), and applicable
regulatory requirement(s).

Participants

The key inclusion criteria were: subjects aged P18 years; histologically or cyto-
logically confirmed HCC or clinical diagnosis of HCC; advanced disease; measur-
able disease based on RECIST criteria (version 1.1) [22] of P1 untreated target
lesion that can be measured in one dimension; ECOG performance status 0 or
1; Child-Pugh class A; life expectancy of P12 weeks; and adequate organ and
bone marrow function.

Key exclusion criteria included: any prior systemic therapy for HCC; RT,
major surgical procedure, or use of any investigational agent within four weeks
and minor surgical procedures within two weeks of the first dose of study treat-
ment; anticipation of need for RT or a major surgical procedure during the study;
history of organ transplantation; or clinically significant, severe, active infection
requiring intravenous antibiotics.

Outcomes

The primary endpoint was time to progression (TTP). Secondary endpoints were
objective response rate (ORR), overall survival (OS), and safety (adverse events
[AEs] and clinical laboratory evaluations).

Assessments

Efficacy assessments were based on tumour measurements obtained from serial
radiographs and clinical measurements (e.g., CT scans) performed at baseline
then after the end of every two treatment cycles, and survival status. Tumour
measurements, disease progression (PD), ORR, and variables based on response
to treatment were assessed in accordance with RECIST (version 1.1) [22]. An inde-
pendent radiological review of tumour measurements and independent review of
response rates was also carried out at Columbia University, NY, USA.

TTP was defined as the time from the date of registration/randomization until
PD according to RECIST criteria (version 1.1) [22] or symptomatic progression
(defined as deterioration to ECOG performance status 4).

All clinical AEs occurring 630 days after the last dose of study medication
were recorded. After discontinuation from study treatment, subjects were to be
contacted every three months, until death or for up to 16 months after last sub-
ject randomization, to obtain information concerning subsequent treatments and
survival status.
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Statistical methods

The primary efficacy analysis was performed on the full analysis set, which com-
prised all subjects in the randomized portion of the study who received P1 dose
of study drug. The safety analysis set comprised all subjects, in both the safety
cohort and randomized portion, who received any amount of study drug (tigatu-
zumab or sorafenib) and had P1 safety assessment.

For sample size planning in the randomized portion, based on the primary
endpoint of TTP, 150 subjects randomized with a 1:1:1 ratio to one of the three
treatment groups was considered to provide reasonable precision for the estima-
tion of the hazard ratio (HR) between treatment groups.

A Cox proportional hazards model was employed to estimate the HR (and 95%
confidence interval [CI]) between treatment groups. The model included, as fac-
tors, treatment groups and stratification factors used in randomization
(Fig. 1B). Other important pre-specified prognostic variables such as age and
HBV/HCV infection status were also explored and included in the model as appro-
priate. In addition, a stratified log-rank test was employed to assess whether
there was a difference between sorafenib treatment alone and sorafenib in com-
bination with tigatuzumab 6/2 or 6/6 mg/kg per week (both separately and com-
bined), with p values presented for the comparisons. Kaplan–Meier product limit
estimates for TTP and OS were calculated and plotted for each treatment group,
and the estimate of median TTP and OS provided, along with the 95% CI.

AEs were coded using the Medical Dictionary for Regulatory Activities and
assigned grades based on National Cancer Institute’s Common Terminology
Criteria for Adverse Events (NCI CTCAE), Version 4.0. There was no formal safety
and data monitoring board. Toxicity was assessed by the sponsor/ICON medical
monitor and investigator.

Results

The first subject enrolled in the study on 9 July 2010 and the last
subject completed on 9 September 2013.

Safety cohort

Nine subjects were enrolled in the safety cohort (n = 3 per tigatu-
zumab 2, 4, or 6 mg/kg weekly maintenance dosing group).
Median (range) age was 49 (37–81) years, six (66.7%) subjects
were men, and all nine were Asian. Two-thirds (66.7%) of subjects
had an ECOG performance status of 0. All had received prior can-
cer therapy. As of the primary analysis cut-off date (13 July 2012),

all nine subjects discontinued from the study: 7 (77.8%) due to
PD, 1 (11.1%) due to a serious AE (SAE) or AE, and 1 (11.1%) due
to withdrawal of consent.

No DLTs were observed in the safety cohort and the MTD of
tigatuzumab was not reached. Therefore, the randomized portion
of the study was conducted using the tigatuzumab loading dose
of 6 mg/kg.

Randomized portion

Patients
In total, 163 subjects were randomized to treatment (Fig. 2). The
median (range) age was 63 (27–84) years, 134 (82.7%) subjects
were men and the majority (159 [98.1%]) were Asian. Baseline
demographics and clinical characteristics for randomized

A B

Fig. 1. Study design. (A) Safety cohort and (B) randomized portion. DLTs, any of the following considered related to tigatuzumab: Grade 3/4 non-hematologic toxicities
(except alopecia, fatigue, anorexia, nausea/diarrhoea, fever without neutropenia); failure to recover to baseline toxicity (except alopecia) after delaying next dose by
>3 weeks; Grade 3/4 neutropenia complicated by fever/infection or Grade 4 neutropenia P7 days; Grade 3 thrombocytopenia complicated by hemorrhage/Grade 4
thrombocytopenia. BID, twice daily; CR, complete response; DLT, dose-limiting toxicity; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; IV,
intravenous; MTD, maximum tolerated dose; PO, oral; PD, disease progression; PR, partial response; PS, performance status; QW, weekly; SD, stable disease.

Enrolled, n = 172

Safety cohort, 
n = 9

Randomized, 
n = 163

Tigatuzumab 6/2 mg/kg + 
sorafenib, 

n = 53

Sorafenib, 
n = 55

Tigatuzumab 6/6 mg/kg + 
sorafenib, 

n = 55

Discontinued, n = 50 
(94.3%)
• AE/SAE, n = 8 (15.1%)
• Withdrew consent, n = 9 
(17.0%)
• PD, n = 32 (60.4%)
• Other, n = 1 (1.9%)

Full analysis set, n = 53 Full analysis set, n = 54 Full analysis set, n = 55

Discontinued, n = 53 
(96.4%)
• AE/SAE, n = 6 (10.9%)
• Withdrew consent, n = 2 
(3.6%)
• PD, n = 41 (74.5%)
• Investigator discr./other, 
n = 4 (7.2%)

Discontinued, n = 49 
(89.1%)
• AE/SAE, n = 10 (18.2%)
• Deaths, n = 2 (3.6%)
• Withdrew consent, n = 2 
(3.6%)
• PD, n = 35 (63.6%)

Fig. 2. Subject disposition (as of primary analysis cut-off date, 13 July 2012).
AE, adverse event; PD, disease progression; SAE, serious AE.
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subjects are summarized in Table 1. Baseline alpha-fetoprotein
(AFP) was not well balanced, with low AFP favouring the tigatu-
zumab high-dose arm. As this was a randomized trial with no
stratification of baseline AFP, this observation is a random effect,
as no evidence of other factors are noted for this imbalance.
Within the efficacy analysis set, the number of subjects with nor-
mal AFP 6200 IU/ml in sorafenib (SOR) alone, tigatuzumab (TIG)
6/2 mg/kg + SOR, and TIG 6/6 mg/kg + SOR groups is 23 (41.8%),
19 (35.8%), and 25 (46.3%), respectively; the number of subjects
with baseline AFP >200 IU/ml is 32 (58.2%), 34 (64.2%), and 28
(51.9%), respectively; and the number of subjects with baseline
AFP >400 IU/ml is 31 (56.4%), 32 (60.4%), and 23 (42.6%) respec-
tively. As of the primary analysis cut-off date, 11 of the 163 ran-
domized subjects remained in the study and 152 had
discontinued, mostly due to PD (Fig. 2). In total, 162 were
included in the full analysis set, which included the originally
assigned groups. All subjects had discontinued from the study
as of 9 September 2013.

Efficacy
HRs for comparisons of TTP were 1.12 (95% CI 0.69–1.80) for TIG
6/2 mg/kg + SOR vs. SOR alone (p =0.657), and 1.15 (95% CI 0.73–
1.81) for TIG 6/6 mg/kg + SOR vs. SOR alone (p =0.548). Median
(95% CI) TTP was 3.0 (2.6–5.5) months in the TIG
6/2 mg/kg + SOR group, 3.9 (2.7–5.3) months in the TIG
6/6 mg/kg + SOR group, and 2.8 (1.5–6.6) months in the SOR
alone group. Neither of the treatment differences for the compar-
ison with SOR alone were statistically significant (Fig. 3A). The
combined p value for both TIG + SOR groups vs. SOR alone was
0.794.

TTP as assessed by independent radiological review showed
similar results, especially in the higher dose TIG and SOR alone
groups: median TTP (95% CI) of 4.0 (2.8–5.4) months with TIG
6/2 mg/kg + SOR (p = 0.898 vs. SOR alone), 4.1 (2.7–5.7) months
with TIG 6/6 mg/kg + SOR (p = 0.868 vs. SOR alone), and 2.8
(1.6–5.6) months with SOR alone. The combined p value for both
TIG + SOR groups vs. SOR alone was 0.790.

Table 1. Patient baseline demographics and clinical characteristics (full analysis set).

             Randomized portion
Tigatuzumab 6/2 
mg/kga +
sorafenib
(n = 53)

Tigatuzumab 6/6 
mg/kgb +
sorafenib
(n = 54)

Sorafenib
(n = 55)

Total 
(N = 162)

Median age, years (range) 63 (27-82) 62.5 (39-84) 66 (39-84) 63 (27-84)
Sex, n (%)

Male 45 (84.9) 45 (83.3) 44 (80.0) 134 (82.7)
Race, n (%) 

Asian 52 (98.1) 53 (98.1) 54 (98.2) 159 (98.1)
ECOG performance status, n (%)

0
1
Missing

32 (60.4)
21 (39.6)
0

31 (57.4)
23 (42.6)
0

30 (54.5)
25 (45.5)
1 (1.8)

93 (57.4)
69 (42.6)
0

Tumor staging at diagnosis, n (%)
I
II
IIIA
IIIB
IIIC
IV
Other
Missing

5 (9.4)
8 (15.1)
7 (13.2)
8 (15.1)
1 (1.9)
9 (17.0)
15 (28.3)
0

4 (7.4)
4 (7.4)
7 (13.0)
5 (9.3)
1 (1.9)
17 (31.5)
15 (27.8)
1 (1.9)

6 (10.9)
11 (20.0)
9 (16.4)
2 (3.6)
5 (9.1)
14 (25.5)
7 (12.7)
1 (1.8)

15 (9.3)
23 (14.2)
23 (14.2)
15 (9.3)
7 (4.3)
40 (24.7)
37 (22.8)
2 (1.2)

Contributing cause of disease, n (%)
HBV
HCV
HBV/HCV
Alcohol use
Alcohol use/HBV
Missing

32 (60.4)
16 (30.2)
1 (1.9)
3 (5.7)
0
1 (1.9)

24 (44.4)
20 (37.0)
1 (1.9)
5 (9.3)
1 (1.9)
3 (5.6)

25 (45.5)
19 (34.5)
0
7 (12.7)
0
4 (7.3)

81 (50.0)
55 (34.0)
2 (1.2)
15 (9.3)
1 (0.6)
8 (4.9)

Prior cancer therapyc, n (%) 34 (64.2) 34 (63.0) 36 (65.5) 104 (64.2)
Prior radiation therapy, n (%) 9 (17.0) 9 (16.7) 7 (12.7) 25 (15.4)
Prior cancer surgery, n (%) 24 (45.3) 25 (46.3) 26 (47.3) 75 (46.3)
Prior locoregional therapy, n (%) 33 (62.3) 32 (59.3) 30 (54.5) 95 (58.6)
Median AFP, IU/ml (range) 3291 (1.54-851,200) 297 (1.96-746,400) 1366 (0.97-694,600) --

AFP, alpha-fetoprotein; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C virus.
a6 mg/kg loading dose followed by 2 mg/kg maintenance dose.
b6 mg/kg loading dose followed by 6 mg/kg maintenance dose.
cCytostatics, chemotherapeutics, biologics and small molecules.
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Median TIG 6/2 mg/kg + SOR = 8.2 (95% Cl 5.7-10.4) months (p = 0.303 vs. SOR)
Median TIG 6/6 mg/kg + SOR = 12.2 (95% Cl 9.0-15.0) months (p = 0.659 vs. SOR)
Median SOR = 8.2 (95% Cl 4.9-13.4) months

Months from randomization
Subjects remaining at risk (cumulative events)
SOR
TIG 6/2 mg/kg + SOR
TIG 6/6 mg/kg + SOR

55 (0)
53 (0)
54 (0)

44 (9)
41 (5)
45 (5)

30 (22)
27 (16)
38 (11)

23 (29)
11 (32)
25 (24)

20 (23)
31 (18)
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SOR
TIG 6/2 mg/kg + SOR

TIG 6/6 mg/kg + SOR

Median TIG 6/2 mg/kg + SOR = 3.0 (95% Cl 2.6-5.5) months (p = 0.988 vs. SOR)
Median TIG 6/6 mg/kg + SOR = 3.9 (95% Cl 2.7-5.3) months (p = 0.586 vs. SOR)
Median SOR = 2.8 (95% Cl 1.5-6.6) months

SOR
TIG 6/2 mg/kg + SOR

TIG 6/6 mg/kg + SOR

A

B

Months from randomization
Subjects remaining at risk (cumulative events)
SOR
TIG 6/2 mg/kg + SOR
TIG 6/6 mg/kg + SOR

55 (0)
53 (0)
54 (0)

28 (19)
29 (13)
35 (13)

22 (25)
18 (22)
22 (24)

18 (28)
9 (28)
14 (31)

12 (25)
17 (29)

13 (30) 9 (34)
5 (32)
10 (34)

7 (30)
10 (34)

10 (33)

Fig. 3. Efficacy outcomes (full analysis set): (A) Time to tumour progression and (B) overall survival at the OS update. Censored observations indicated by a circle,
triangle, or square. TIG, Tigatuzumab; SOR, Sorafenib.
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We examined the effect of hepatitis viral infection status on
the efficacy results. The median TTP in patients with HCV in the
SOR alone, TIG 6/2 mg/kg + SOR, and TIG 6/6 mg/kg + SOR groups
was 4.2 months, 3.0 months, and 6.0 months, respectively; and in
patients with HBV, 2.6 months, 4.0 months, and 2.7 months,
respectively. The median OS in patients with HCV in the SOR
alone, TIG 6/2 mg/kg + SOR, and TIG 6/6 mg/kg + SOR groups
and HCV groups was 9.2 months, 7.6 months, and 13.9 months,
respectively; and in patients with HBV, 6.2 months, 9.3 months,
and 9.0 months, respectively.

The effect of country of origin on efficacy was also evaluated.
The median TTP in patients in Taiwan in the SOR alone, TIG
6/2 mg/kg + SOR, and TIG 6/6 mg/kg + SOR groups was
2.3 months, 5.4 months, and 2.7 months, respectively; in South
Korea 2.0 months, 5.5 months, and 2.8 months, respectively;
and in Japan, 8.3 months, 2,9 months, and 7.2 months, respec-
tively. The median OS in patients in Taiwan in the SOR alone,
TIG 6/2 mg/kg + SOR, and TIG 6/6 mg/kg + SOR groups was
4.9 months, 9.4 months, and 11.1 months, respectively; in South
Korea, 7.6 months, 9.3 months, and 9.7 months, respectively;
and in Japan, NA, 7.6 months, and 15.0 months, respectively.
Three patients were enrolled from the United States, insufficient
data for a separate evaluation of efficacy in that region.

The sample sizes and numbers of events in each of these sub-
groups are small to moderate, and the associated confidence
intervals of median PFS/OS are wide and overlapping between
treatment groups. Additionally, Cox regression model analysis
does not suggest an interaction between the treatment groups
and any of the following factors: HBV infection status, HCV infec-
tion status, and region.

At study end, the number of subjects with radiographic pro-
gression or symptomatic progression was 34 (64.2%), 41
(75.9%), and 37 (67.3%) in the TIG 6/2 mg/kg + SOR, TIG
6/6 mg/kg + SOR, and SOR alone groups, respectively. These pro-
portions were notably lower in all treatment groups following
independent radiological review: 54.7%, 53.7%, and 58.2%.

At the final OS update, median (95% CI) OS was highest in the
group receiving TIG 6/6 mg/kg + SOR (12.2 [9.0–15.0] months). In
comparison, median OS was 8.2 months in the TIG
6/2 mg/kg + SOR (95% CI, 5.7–10.4) and the SOR alone groups
(95% CI, 4.9–13.4). Neither of the treatment differences for the
comparison with SOR alone were statistically significant
(Fig. 3B). The combined p value for both TIG + SOR groups vs.
SOR alone was 0.737.

No subjects achieved a complete response. A partial response
was confirmed in 5.7% of subjects in the TIG 6/2 mg/kg + SOR
group, 14.8% in the TIG 6/6 mg/kg + SOR group, and 10.9% in
the SOR alone group. In subjects with a partial response, the
mean (SD) duration of response was 27.8 (13.5) weeks for sub-
jects in the TIG 6/2 mg/kg + SOR group (n = 3), 14.0 (10.6) weeks
for those in the TIG 6/6 mg/kg + SOR group (n = 8), and 31.4
(18.8) weeks in the SOR alone group (n = 6). Stable disease was
observed in 49.1% of subjects receiving TIG 6/2 mg/kg + SOR,
53.7% receiving TIG 6/6 mg/kg + SOR, and 43.6% receiving SOR
alone. In subjects with stable disease, the mean (SD) duration
of response was 21.6 (13.0) weeks with TIG 6/2 mg/kg + SOR
treatment (n = 26), 24.5 (16.6) weeks with TIG 6/6 mg/kg + SOR
(n = 29), and 23.3 (14.6) weeks with SOR alone (n = 24).
Response rates as assessed by independent review showed simi-
lar results (data not shown).

Pre-specified subgroup analyses performed to identify charac-
teristics potentially predictive of a longer TTP following study
treatment showed that there were no significant interactions
between treatment and any of the subgroup classification factors
(Fig. 4).

Exploratory

An exploratory analysis was performed with the Cox proportional
hazards model of OS incorporating baseline AFP level, as this was
imbalanced at baseline. At the final OS update, the HR (95% CI) for
the comparison between TIG 6/2 mg/kg + SOR and SOR treatment
alone was 1.24 (0.77–1.99) (p = 0.372), and 0.84 (0.52–1.35) for
the comparison between TIG 6/6 mg/kg + SOR and SOR treatment
alone (p = 0.466). After incorporating logarithm of baseline AFP
level as a covariate in the exploratory analysis, the HR (95% CI)
estimates were 1.27 (0.79–2.05) and 0.93 (0.58–1.50), respec-
tively (p = 0.321 and 0.760, respectively).

Safety (includes safety cohort)

In total, 171 (99.4%) subjects were included in the safety analysis
set, which included the originally assigned groups. Mean dura-
tion of treatment ranged from 15.6 to 19.1 weeks for tigatuzu-
mab, and 15.4 to 18.9 weeks for sorafenib across all treatment
groups. Mean (SD) dose intensity of tigatuzumab was 3.96
(1.70) mg/kg/week.

Safety data are based on the primary analysis. Most subjects
experiencedP 1 treatment–emergent AE (TEAE) assessed as
Grade 3 or higher (Supplementary Table 1). In total, 75.9%
(88/116) of tigatuzumab-treated subjects experienced P1 TEAE
that was considered related to tigatuzumab, and 98.3%

Covariate Hazard ratio (95% Cl)

HBV infaction status
(yes vs. no)
HBV infaction status
(TIG vs. SOR)
Region
(Taiwan vs. Japan)

Region
(South Korea vs. Japan)
Region
(TIG vs. SOR)
Baseline ECOG
(1 vs. 0)
Baseline ECOG
(TIG vs. SOR)
Extrahepatic metastasis*
(yes vs. no)
Extrahepatic metastasis*
(TIG vs. SOR)
HCV infection status
(yes vs. no)
HCV infection status
(TIG vs. SOR)
Locoregional therapy
(yes vs. no)
Locoregional therapy
(TIG vs. SOR)

Hazard ratio (95% Cl)

1 2 3 4 5 6 7 8 90

0.110

0.057

0.091

0.651

0.062

0.481

1.685 (0.875-3.242)

1.195 (0.671-2.128)

2.387 (0.951-5.993)

3.460 (1.392-8.599)

2.091 (0.898-4.865)

2.478 (1.266-4.849)

1.633 (0.923-2.891)

0.909 (0.427-1.936)

0.919 (0.401-2.104)

0.757 (0.371-1.542)

1.211 (0.743-1.972)

1.257 (0.650-2.430)

1.416 (0.774-2.593)

p value† for 
interaction between

treatment and 
subgroup class

Fig. 4. Cox proportional hazards model analysis of time to tumour progres-
sion, including interaction between treatment and subgroup classification
factor (full analysis set). ECOG, Eastern Cooperative Oncology Group; HBV,
hepatitis B virus; HCV, hepatitis C virus; SOR, sorafenib; TIG, tigatuzumab.
⁄Includes microvessel invasion. �Wald test.
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(114/116) experienced P1 TEAE that was considered related to
sorafenib. The most common tigatuzumab-related TEAE was
decreased appetite (27.6% of all tigatuzumab-treated subjects),
and the most common sorafenib-related TEAE was diarrhoea
(40.0–66.7% of subjects across all treatment groups).

Among all tigatuzumab-treated subjects, the most common
TEAEs were palmar-plantar erythrodysesthesia (PPE) syndrome,
diarrhoea, decreased appetite, increased aspartate aminotrans-
ferase (AST), and alopecia (Table 2), and the most common
Grade 3–5 TEAEs were increased AST, increased lipase, hypophos-
phatemia, PPE syndrome and hypertension (Supplementary
Table 1). During the randomized portion of the study, Grade 3–
5 TEAEs (most commonly disease progression) occurred with
similar frequency across all three treatment groups

(Supplementary Table 1). In total, 12.1% and 14.7% discontinued
tigatuzumab or sorafenib, respectively, due to TEAEs.
Discontinuation of sorafenib due to TEAEs ranged from 11.1% to
32.7% across all treatment groups. The percentage of subjects
with TEAEs leading to death ranged from 10.9% to 20.0% across
all treatment groups; none of these TEAEs were considered
related to tigatuzumab. The percentage of subjects who died dur-
ing the study or follow-up ranged from 44.4% (safety cohort) to
61.8% (randomized to sorafenib alone).

The most common treatment-emergent SAEs were ascites in
tigatuzumab-treated subjects (n = 5), and hepatic encephalopa-
thy in sorafenib-treated subjects (n = 4).

No clinically meaningful mean changes from baseline in
hematology, serum chemistry, or coagulation values were

Table 2. TEAEs experienced by P20% of subjects in the ‘All Tigatuzumab’ group (safety analysis set).

                                                             Randomized portion

System organ class
preferred term, n (%)

Safety cohort 
portion
(n = 9)

Tigatuzumab 6/2 mg/kga + 
sorafenib 
(n = 52)

Tigatuzumab 6/6 
mg/kgb + sorafenib 
(n = 55)

Sorafenib
(n = 55)

All tigatuzumab 
(N = 116)

Gastrointestinal disorders

Abdominal pain 3 (33.3) 14 (26.9) 17 (30.9) 12 (21.8) 34 (29.3)

Abdominal pain 
upper

3 (33.3) 10 (19.2) 13 (23.6) 3 (5.5) 26 (22.4)

Constipation 4 (44.4) 19 (36.5) 13 (23.6) 9 (16.4) 36 (31.0)

Diarrhea 6 (66.7) 23 (44.2) 36 (65.5) 27 (49.1) 65 (56.0)

Nausea 4 (44.4) 10 (19.2) 11 (20.0) 8 (14.5) 25 (21.6)

General disorders and administration site conditions

Fatigue 3 (33.3) 13 (25.0) 14 (25.5) 17 (30.9) 30 (25.9)

Edema peripheral 2 (22.2) 14 (26.9) 10 (18.2) 11 (20.0) 26 (22.4)

Fever 4 (44.4) 16 (30.8) 15 (27.3) 9 (16.4) 35 (30.2)

Investigations

ALT increased 4 (44.4) 14 (26.9) 15 (27.3) 14 (25.5) 33 (28.4)

AST increased 5 (55.6) 20 (38.5) 21 (38.2) 24 (43.6) 46 (39.7)

Blood amylase 
increased

2 (22.2) 12 (23.1) 11 (20.0) 8 (14.5) 25 (21.6)

Blood bilirubin 
increased

3 (33.3) 12 (23.1) 9 (16.4) 13 (23.6) 24 (20.7)

Lipase increased 5 (55.6) 17 (32.7) 17 (30.9) 19 (34.5) 39 (33.6)

Platelet count 
decreased

2 (22.2) 8 (15.4) 15 (27.3) 14 (25.5) 25 (21.6)

Metabolism and nutrition disorders

Decreased appetite 5 (55.6) 25 (48.1) 26 (47.3) 25 (45.5) 56 (48.3)

Hypoalbuminemia 2 (22.2) 12 (23.1) 12 (21.8) 13 (23.6) 26 (22.4)

Hypophosphatemia 2 (22.2) 17 (32.7) 17 (30.9) 14 (25.5) 36 (31.0)

Respiratory, thoracic, and mediastinal disorders

Cough 6 (66.7) 7 (13.5) 11 (20.0) 7 (12.7) 24 (20.7)

Dysphonia 1 (11.1) 14 (26.9) 14 (25.5) 14 (25.5) 29 (25.0)

Skin and subcutaneous tissue disorders

Alopecia 4 (44.4) 19 (36.5) 18 (32.7) 16 (29.1) 41 (35.3)

Palmar-plantar 
erythrodysesthesia 
syndrome

7 (77.8) 37 (71.2) 42 (76.4) 35 (63.6) 86 (74.1)

Vascular disorders

Hypertension 4 (44.4) 13 (25.0) 19 (34.5) 20 (36.4) 36 (31.0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
a6 mg/kg loading dose followed by 2 mg/kg maintenance dose.
b6 mg/kg loading dose followed by 6 mg/kg maintenance dose.
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observed. Differences among treatment groups in vital signs were
clinically non-significant. Furthermore, all blood samples assayed
for human antihuman antibody (HAHA) were negative.

Discussion

With limited therapeutic options available for advanced HCC,
novel treatments are warranted to improve prognoses. This phase
II randomized study was conducted to assess the safety and effi-
cacy of the novel humanized monoclonal antibody tigatuzumab
in combination with the standard of care, sorafenib, in adults
with advanced HCC from Japan, South Korea, Taiwan, and USA.

In the safety cohort portion of the study, there were no
observed DLTs for tigatuzumab, up to a dose of 6 mg/kg weekly,
and the MTD for the drug was not reached. In the randomized
portion of the study, no significant differences between the treat-
ment groups were observed for the primary efficacy endpoint,
TTP, or the secondary efficacy endpoints. The independent radio-
logical review yielded similar results for TTP, although the data
suggested that the proportion of subjects with radiographic or
symptomatic progression at study end was notably lower across
treatment groups. This is likely due to differences in reviewer
judgment.

Generally, the combination of tigatuzumab and sorafenib pro-
vided acceptable tolerability in adults with advanced HCC. The
most common TEAEs (e.g. PPE syndrome, diarrhoea, decreased
appetite) were consistent with sorafenib use [23] or underlying
liver disease [24]. Reassuringly, no TEAEs leading to death were
considered by the investigator to be related to tigatuzumab.
Although allergic and anaphylactic reactions may occur with
therapeutic proteins [25], there were no reports of anaphylactic
reactions or severe hypersensitivity in this study, and there was
no evidence of the HAHA antibody. These safety data are consis-
tent with results from prior phase II studies of tigatuzumab in
combination with other anticancer therapies, such as gemc-
itabine and carboplatin/paclitaxel [14,26].

This study has a few limitations. There was a large imbalance
between groups in baseline AFP, a prognostic marker for HCC [27]
which favoured the high-dose tigatuzumab group, giving the ini-
tial impression of a large advantage in OS at the median. Serum
tigatuzumab concentrations increased dose-dependently, and
for both dose groups exceeded the target concentration derived
from preclinical data (data on file), suggesting that the drug con-
centrations were sufficient to mediate clinical effects. However,
there were imbalances in AFP at baseline between the treatment
groups, and this apparent advantage in OS is not maintained
throughout the Kaplan–Meier curves, as reflected in the OS
HRs, which are near one; further, adjustment for the imbalance
in AFP brings the HR even closer to one. In addition, the use of
TTP (as a surrogate of OS) as the standard primary end point in
studies assessing primary treatments for HCC, as recommended
by the American Association for the Study of Liver Diseases
[28], is currently under question, following results from the
recent phase III BRISK-PS study (Brivanib Study in HCC Patients
at Risk Post sorafenib) of brivanib in advanced HCC, where a ben-
efit in TTP, but not in OS, was observed. Thus, appropriate end-
points for HCC primary treatment studies require further
investigation and clarification [29]. Finally, HCC biopsy and tissue
analyses were not performed, as is becoming increasingly impor-
tant in HCC clinical trials.

Conclusions

Tigatuzumab in combination with sorafenib vs. sorafenib alone in
adults with advanced HCC did not meet its primary efficacy end-
point, although the combination is well tolerated.
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Value of dynamic contrast enhanced MRI in predicting outcomes
of HCC receiving radiotherapy
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Radiotherapy (RT) is an emerging treatment option for

advanced hepatocellular carcinoma (HCC). RT is effective

and confers a survival benefit in selective cases [1], but it is

not recommended in most HCC treatment guidelines such

as AASLD [2], EASL-EORTC [3], APASL [4], or JSH [5,

6]. An imaging biomarker that predicts the outcome of RT

is urgently needed.

Dynamic contrast-enhanced magnetic resonance imag-

ing (DCEMRI) is a routine radiological modality that is

frequently used to evaluate treatment response in the

clinical setting. In particular, DCEMRI is used to evaluate

changes of vascularity or hemodynamics in HCC nodules,

similar to dynamic CT. A feature of DCEMRI that is dif-

ferent from dynamic CT is its ability to precisely measure

the properties of the microcirculation using special analytic

methods. In this issue of Hepatology International, Liang

et al. [7] attempted to calculate semiquantitative perfusion

parameters, such as initial first-pass enhancement slopes

(Slope) and peak enhancement ratios (Peak), which rep-

resent microcirculation and permeability to contrast

medium in the evaluation of treatment response to RT.

Slope is more closely related to the vascular density of the

tissue, whereas Peak represents a complex process in-

volving blood flow, transit, and permeability that affect the

contrast media concentration in the total extracellular

space. This study aimed to answer three questions: (1)

Does concomitant use of the anti-angiogenic agent,

thalidomide, with RT enhance the treatment response? (2)

Can Slope and Peak of the tumor be used as imaging

biomarkers to predict treatment outcome such as progres-

sion free survival (PFS) or overall survival (OS)? (3) Can

Slope and Peak of the non-tumor liver parenchyma be used

as imaging biomarkers to predict treatment outcome such

as PFS or OS?

For the first question, the authors clearly showed that

concomitant use of thalidomide did not improve treatment

response or survival compared with RT alone, although

modification of dosage and schedule of thalidomide use

might result in different outcomes.

With respect to the second question, baseline Peak and

Slope of the tumor at day 14 of RT correlated well with the

response rate assessed with RECIST, but surprisingly, the

perfusion parameters did not correlate with PFS or OS.

Therefore, the answer to question 2 remains unknown. It is

also unclear why RT increases the perfusion parameters of

HCC nodules after 2 weeks of RT.

For the third question, only the increased Slope of liver

parenchyma at 14 days after RT was independently asso-

ciated with shorter PFS on multivariate analysis. In addi-

tion, multivariate analysis showed that elevated Peak of

liver parenchyma one month after RT predicts shorter OS.

Correlation of the elevated perfusion parameters of the

liver parenchyma surrounding the tumor, but not the tumor

itself, with shorter PFS and OS is very surprising. The

authors reasoned that the well-perfused and oxygenated

microenvironment of non-tumor liver parenchyma favors

tumor progression regardless of the tumor response. If this

is true, why was RT performed? In other words, it is not

clear why RT was associated with shorter PFS and OS even

though a tumor response was obtained. It was suggested

that RT is not the choice of treatment for the heavily

treated HCC patient group because these phenomena are

caused by RT. RT might shorten PFS and OS in these

patients.
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Since this is a phase II single-arm trial, a phase III trial to

examine the survival benefit of RT by comparing RT with

best supportive care using Slope and Peak data is awaited.

In any case, this study using DCEMRI to establish an

imaging biomarker that correlates with PFS or OS is a

promising and relevant approach in the treatment of ad-

vanced HCC by RT or targeted agents. More extensive

studies are warranted to demonstrate its utility.
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Abstract
Background & Aims: Hepatocellular carcinoma (HCC) is the second most
common cause of cancer deaths worldwide. The global HCC BRIDGE study
was a multiregional, large-scale, longitudinal cohort study undertaken to
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cutaneous ethanol injection or radiofrequency ablation in Japan and resec-
tion in Taiwan. Survival from first HCC treatment varied significantly by
region, with median overall survival not reached for Taiwan and 60, 33, 31,
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China respectively (P < 0.0001). Conclusions: Initial results from the
BRIDGE study confirm previously reported regional trends in patient demo-
graphic characteristics and HCC risk factors, document the heterogeneity of
treatment approaches across regions/countries and underscore the need for
earlier HCC diagnosis worldwide.
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Worldwide, liver cancer is the fifth most common can-
cer in men and ninth most common in women (1), with
hepatocellular carcinoma (HCC) accounting for >90%
of primary liver cancer cases (2). In 2012, there were
approximately 782 000 new cases and 746 000 deaths
from liver cancer worldwide, making it the second most
common cause of cancer deaths (after lung cancer) (1).
The greatest burden of HCC is in the developing world,
with cases in eastern and southeastern Asia, and central
and western Africa accounting for more than 80% of
the total; 50% of all cases occur in China alone (1).

In most cases, HCC develops in cirrhotic livers, and
cirrhosis is the strongest risk factor for the disease (3).
The variation in incidence and prevalence of HCC by
geographical region is primarily a result of regional dif-
ferences in exposure to causal factors for cirrhosis, such
as hepatitis B virus (HBV) in Asia and sub-Saharan
Africa and hepatitis C virus (HCV) in the West and
Japan (2–4). Dietary ingestion of fungal aflatoxins has
also been recognized as a major risk factor in southern
Asia and sub-Saharan Africa (5). Although the incidence
of HCC has historically been low in North America and
Europe, there is evidence for a significant upward trend
in the United States in recent years (6, 7), which has
been attributed to an increased prevalence of HCV
infection (8). The rise in obesity and diabetes world-
wide, particularly in North America and Europe, is also
leading to recognition of non-alcoholic fatty liver dis-
ease as a significant contributor to the aetiology of HCC
(8).

Potentially curative treatments for HCC include sur-
gery (resection or transplant), radiofrequency ablation
(RFA) and percutaneous ethanol injection (PEI);
approximately 30–40% of HCC patients globally who
are diagnosed with very early (Stage 0) or early (Stage
A) disease are eligible for these procedures (2, 9–11).

For patients with intermediate stage disease (Stage B),
transarterial chemoembolization (TACE) is recom-
mended to establish local control and palliation (3).

Approximately 25–70% of patients with HCC are
diagnosed with advanced-stage disease, which is
regarded as incurable (6, 7, 12–14). Patients with
advanced HCC have limited treatment options, and
chemotherapy provides minimal clinical benefit (14).
Sorafenib, a multitargeted kinase inhibitor, is the only
systemic agent shown to extend overall survival (OS)
compared with placebo in patients with advanced HCC
(15). However, the survival benefit with sorafenib is
modest (a 2- to 3-month extension in median OS com-
pared with placebo in two phase III trials) (16, 17), and
there is a pressing need for more effective therapies for
patients with advanced HCC.

The outcome for patients with HCC treated in ran-
domized clinical trials is unlikely to fully reflect out-
comes in daily clinical practice, as the patient
populations in each setting are likely to differ consider-
ably (18). Clinical trials employ strict eligibility criteria
and, in the case of HCC, are often limited to patients
with good liver function to avoid confounding results.
Because patients treated in clinical practice may have
less thorough follow-up and patient counselling, com-
pliance may be reduced compared with that in clinical
trials. Real-world observational studies are needed to
gain better insight into the management of patients with
HCC (19).

The global HCC BRIDGE (‘Bridge to Better Out-
comes in HCC’) study was the first multiregional, large-
scale, longitudinal cohort study to document the HCC
patient experience from diagnosis to death, and aimed
to include all patients, regardless of treatment received
(20). The objective was to provide an improved under-
standing of global patterns of HCC therapy and associ-
ated outcomes across real-world clinical practice, with
data collected retrospectively from patient charts.
Patients were recruited from Asia, Europe and North
America, and data were captured for both systemic and
non-systemic treatments with the intent to assess HCC
management in the real-world setting and compare it
with that recommended by therapeutic guidelines, for
example the Barcelona Clinic Liver Cancer (BCLC)
guidelines recommended by the American Association
for the Study of Liver Diseases (AASLD) (9) and the
European Association for the Study of the Liver (EASL)
(2).

Here, we describe the methodology of the BRIDGE
study and present an overview of the final data from the
full cohort of study patients.

Patients and methods

Study design, patients and data collection

The BRIDGE study was a real-world, observational,
longitudinal cohort study, with data collected from 1

Key Points

• The global HCC BRIDGE (‘Bridge to Better Out-
comes in HCC’) study was the first multiregional,
large-scale, longitudinal cohort study to document
the HCC patient experience from diagnosis to death.
• The objective was to provide an improved under-
standing of global patterns of HCC therapy and asso-
ciated outcomes across real-world clinical practice.
• The study showed the pattern of initial and second
recorded treatments in real practice.
• These results confirm previously reported regional
trends in patient demographic characteristics and
HCC risk factors, document treatment heterogeneity
across regions/countries, and underscore the need for
earlier HCC diagnosis worldwide.
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January 2005 to 30 September 2012. The primary
objective was to assess current treatment approaches
and associated clinical outcomes in HCC. Secondary
objectives were to assess and compare the characteris-
tics of patients with HCC treated with sorafenib or
with other therapies in the same time period, and to
evaluate the treatment pattern and resource use. The
study was done in accordance with ethical principles
based on those in the current Declaration of Helsinki,
and was consistent with International Conference on
Harmonization Good Clinical Practice guidelines,
Good Epidemiology Practices and applicable regulatory
requirements.

Eligible patients were male or female; aged 18 years
or older; newly diagnosed with HCC between 1 January
2005 and 30 June 2011 in accordance with AASLD,
EASL or comparable local guidelines (2, 9, 21, 22); and
who received or were receiving HCC treatment through
a selected study site. Patients whose primary treatment
was via participation in a randomized clinical trial were
excluded; similarly, patients who, at a later point in time
consented to take part in a clinical trial, were with-
drawn, with the exception of patients entering single-
arm trials or adjuvant treatment trials. Other exclusion
criteria were unknown date of HCC diagnosis or
unknown date of first visit for HCC at a given study site.

Sites were instructed to enrol all eligible patients on a
sequential basis, with data to be extracted on a rolling
basis from patient charts by personnel at the study site.
A selection scheme was employed to cap enrolment at
specific sites when the number of eligible patients
exceeded the number allowed by power calculation. Sea-
sonality was avoided by distributing the number of
patients entered in a given cohort year based on month
of diagnosis (e.g. if 120 patients were entered as part of
a cohort, the first 10 eligible patients diagnosed each
month would be entered). Study data were entered into
a web-based, electronic data-capture system developed
by Outcome Sciences, Inc. (Cambridge, MA, USA), and
subject to rigorous monthly monitoring and cleaning.
Key data collected included patient demographics; HCC
risk factors; selected laboratory values required to stage
patients; tumour characteristics; HCC-directed therapy;
and outcomes. Data on resource use in addition to
treatment (e.g. physician visits, type and date of assess-
ments) were also collected.

Study sites

Criteria for site selection included tertiary referral centre
providing surgical and routine follow-up care of HCC;
oncology centres treating patients with HCC; patient
population with HCC aetiologies consistent with the
national average (by type and proportion); and centres
utilizing HCC screening practices in accordance with
national standards. Centres with a patient population
previously used to represent the national population for

other research purposes (i.e. development of staging
systems, or determination of national incidence or
prevalence rates) were also considered. Study sites are
listed in Table S1.

Data analysis

The results reported here were based on the final data
set, including all available data as of September 30,
2012. All eligible patients enrolled in the study were
included in the analysis population, with information
from patients who did not complete follow-up included
in the analyses, unless the patient requested otherwise.
The primary measure of treatment outcome was OS, as
measured from date of first HCC treatment to death (to
be consistent with clinical trial data). Secondary mea-
sures of treatment outcome included evidence of disease
progression (yes/no), systemic treatment-limiting
adverse event and systemic treatment failure, as well as
the time to each of these events (also measured from
date of starting treatment). Patient follow-up was
defined as date of HCC diagnosis or first date on record
at the site where the patient was seen for HCC, which-
ever was earlier, until death or end of study, whichever
came first. An ongoing effort to limit the amount of
missing data was made by alerting sites to missing data
identified during monthly monitoring and cleaning. No
missing value imputation technique was applied in the
present analysis.

Results are presented as descriptive statistics, based
on patients for whom data were available; results for
which data are missing for >30% of patients are noted.
OS was estimated using Kaplan-Meier methods, with
analyses by BCLC stage and by region reported here.
Data are available to perform analyses on OS by treat-
ment type; however, initial results suggested the need
for further study, which was considered to be beyond
the scope of this initial report. Cox proportional hazards
models were used to test for significance and all
reported P-values are two-sided.

Results

Patient demographics and clinical status at diagnosis

As of September 30, 2012, a total of 42 sites in 14 coun-
tries had participated in the study (Fig. 1). Data were
available for a total of 18 031 patients treated for HCC
[Asia: 15 sites, n = 12 031 (67% of patients); Europe: 23
sites, n = 3673 (20%) and North America: four sites,
n = 2326 (13%)]. Because of the large percentage of
patients from China, and also because of substantial dif-
ferences in risk factors and treatment patterns between
all four Asian countries included, results for the Asian
countries are presented separately (either by all four
countries separately or by China, separately from
grouped Taiwan, South Korea and Japan). The study
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included a total of 8683 patients from China (72% of
Asian patients and 48% of all patients); 1587 patients
from Taiwan (13% of Asian patients); 1227 patients
from South Korea (10% of Asian patients); and 534
patients from Japan (4% of Asian patients).

The most common risk factor for HCC was HCV in
North America, Europe and Japan, and HBV in China,
South Korea and Taiwan (Table 1). Alcoholic liver dis-
ease was a substantially higher risk factor in North
America and Europe than in any Asian country. In
North America, Europe and South Korea, at least 40%
of patients reported past or current alcohol abuse, and
more than 50% of patients reported past or current
tobacco use; these rates were lower in China, Taiwan
and Japan. Median alpha-fetoprotein (AFP) varied
greatly between the regions. Patients from North Amer-
ica, Europe, Taiwan and Japan had median AFP in the
range of 17–25 ng/ml, while median AFP was 101 ng/
ml for South Korean patients and 219 ng/ml for Chi-
nese patients.

Among patients with known staging information, the
most common BCLC stage at diagnosis was stage C in
North America, Europe, China and South Korea, and
stage A in Taiwan and Japan (see Table 1). In Taiwan
and Japan, approximately 70% of patients were diag-
nosed with HCC at BCLC stage 0 or A, and less than
20% were diagnosed at BCLC stage C or D. In all other
regions or countries (North America, Europe, China
and South Korea), more than 50% of HCC cases were
stage C or D at diagnosis. Using the Child-Pugh scoring

system, the most common status at diagnosis was A
across all regions and countries, although the propor-
tion of A was much higher in China, Taiwan and Japan
(~90%) compared with North America and Europe
(~70%). Median tumour diameter at diagnosis ranged
from 2.5–6.7 cm, with the largest median tumour diam-
eter observed in Chinese patients. The highest inci-
dences of portal vein invasion or thrombosis and
extrahepatic spread occurred in South Korea (29 and
10%, respectively), followed by China and North Amer-
ica. Across regions/countries, most patients had Eastern
Cooperative Oncology Group/World Health Organiza-
tion (ECOG/WHO) performance status grade (23) of 0
or 1 (≥87% per region) and Karnofsky scores (24) of
80–100 (≥79% per region).

First and second recorded treatments

First recorded HCC treatment varied substantially
between regions (Fig. 2A). Across all disease stages,
TACE was most frequently used first in North America,
Europe, China and South Korea, while PEI or RFA were
most frequently used first in Japan; in Taiwan, resection
was the most common first treatment (see Fig. 2A). For
patients with BCLC stage 0–C at diagnosis, resection,
TACE and PEI or RFA were the most frequently used
first treatments, while palliative care was most fre-
quently used in patients with stage D disease (Fig. 2B).

The most common second treatment following first
treatment with resection, TACE or PEI/RFA varied by

Total number of sites = 42

North America = 4

Europe = 23

Asia-Pacific = 15

United States
2 sites

Canada
2 sites

Italy
2 sites

Germany
2 sites

France
6 sites

Spain
3 sites

China
12 sites

South Korea
1 site

Taiwan
1 site

United 
Kingdom

5 sites Sweden
2 sites

Austria
2 sites

Portugal
1 site

Japan
1 site

Fig. 1. Distribution of sites participating in the HCC BRIDGE study by country.
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Table 1. Patient demographics and clinical characteristics at diagnosis (N = 18 031)

Variable/group*
North America
n = 2326

Europe
n = 3673

China
n = 8683

Taiwan
n = 1587

South Korea
n = 1227

Japan
n = 534

Age, mean (SD) 62 (11) 65 (11) 52 (12) 61 (12) 57 (10) 69 (9)
Gender (male), n (%) 1786 (77) 2860 (78) 7497 (86) 1143 (72) 1021 (83) 340 (64)
Comorbidities, n (%)
Tobacco use† 1187 (61) 1759 (54) 3042 (36) 531 (34) 802 (69) 173 (39)
Alcohol abuse† 759 (40) 1459 (44) 2034 (24) 287 (18) 779 (67) 7 (2)

HCC risk factors, n (%)‡ n = 2243 n = 3466 n = 8538 n = 1580 n = 1172 n = 446

HBV 522 (23) 362 (10) 6575 (77) 987 (63) 884 (75) 64 (14)
HCV 876 (39) 1590 (46) 255 (3) 489 (31) 112 (10) 284 (64)
ALD 471 (21) 1290 (37) 416 (5) 66 (4) 110 (9) 59 (13)
NASH 275 (12) 334 (10) 53 (1) 84 (5) 68 (6) 9 (2)

AFP, ng/mL n = 2023 n = 2922 n = 8048 n = 1572 n = 1169 n = 445

Median 24 17 219 25 101 18

Child-Pugh status, n (%) n = 2051 n = 2513 n = 7859 n = 1559 n = 1164 n = 442

A 1458 (71) 1801 (72) 6819 (87) 1439 (92) 911 (78) 390 (88)
B 469 (23) 627 (25) 960 (12) 115 (7) 228 (20) 49 (11)
C 124 (6) 85 (3) 80 (1) 5 (<1) 25 (2) 3 (1)

BCLC stage, n (%) n = 1588§ n = 2261§ n = 6501 n = 1461 n = 1152 n = 433

0 107 (7) 84 (4) 192 (3) 213 (15) 82 (7) 107 (25)
A 474 (30) 582 (26) 1973 (30) 810 (55) 290 (25) 206 (48)
B 157 (10) 253 (11) 591 (9) 176 (12) 149 (13) 62 (14)
C 673 (42) 1158 (51) 3606 (55) 250 (17) 605 (53) 53 (12)
D 177 (11) 184 (8) 139 (2) 12 (1) 26 (2) 5 (1)

Tumour diameter, cm¶ n = 2081 n = 3163 n = 6984 n = 1467 n = 1160 n = 433

Median 3.8 3.5 6.7 3.5 4.4 2.5
Range 0.8–28 0.1–35 0.5–28 0.5–22 0.2–25 0.7–18

Multiple tumours n = 2198 n = 3324 n = 7131 n = 1535 n = 1160 n = 433

Yes/no (%) 39/61 44/56 29/71 26/74 49/51 34/66

Any portal vein invasion or thrombosis n = 2199 n = 3290 n = 7828 n = 1561 n = 1162 n = 439

Yes/no (%) 19/81 14/86 23/77 10/90 29/71 10/90

Any extrahepatic spread n = 2200 n = 3302 n = 7888 n = 1558 n = 1162 n = 439

Yes/no/not assessed (%) 8/90/2 4/85/11 8/62/31 2/97/1 10/90/<1 3/95/3

ECOG/WHO performance
status grade, n (%)**

n = 1736 n = 3051 n = 8363 n = 1565 n = 1169 n = 443

0 907 (52) 1328 (44) 3445 (41) 1286 (82) 734 (63) 403 (91)
1 621 (36) 1325 (43) 4663 (56) 238 (15) 414 (35) 33 (7)
>1 208 (12) 398 (13) 255 (3) 41 (3) 21 (2) 7 (2)

Karnofsky score, n (%)†† n = 1430 n = 1670 n = 8327 n = 1563 n = 1169 n = 2

<50 59 (4) 12 (1) 59 (1) 5 (<1) 0 (0) 0 (0)
50–70 238 (17) 200 (12) 352 (4) 40 (3) 239 (20) 0 (0)
80–100 1133 (79) 1458 (87) 7916 (95) 1518 (97) 930 (80) 2 (100)

AFP, alpha-fetoprotein; ALD, alcoholic liver disease; BCLC, Barcelona Clinic Liver Cancer; ECOG/WHO, Eastern Cooperative Oncology Group/World Health

Organization; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis; SD, standard deviation.

*Statistics based on patients with known values.

†Past or current.

‡Percentages were calculated among patients evaluated for HCC risk factors; patients who were not evaluated had missing data and were not

included in the calculations.

§Data missing in >30% of patients.

¶Includes patients with missing number of measurable lesions who had values for ‘largest diameter in liver.’

**A greater ECOG/WHO performance status grade indicates worse health status (5 = death; 0 = asymptomatic).

††A greater Karnofsky score indicates better health status (100 = normal, no complaints, and no evidence of disease; 0 = death).
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region, but was most often another non-systemic ther-
apy (Fig. 3). After resection, TACE was the most fre-
quently recorded second treatment for HCC in all
analysis groups apart from Europe, where PEI/RFA were
used more frequently. TACE was also the most common
second treatment for HCC after PEI/RFA in all regions
apart from North America, where liver transplant was
more common. Second treatments showed greatest vari-
ation by region after first-line TACE; transplant was
most frequently used in North America, PEI/RFA in
grouped Taiwan, South Korea and Japan, sorafenib in
Europe, and palliative care in China.

Survival analyses

OS from first HCC treatment by BCLC stage is shown
in Fig. 4A. Median OS was not reached for BCLC stage

0, and was 80, 27, 15 and 4 months for BCLC stages A,
B, C and D respectively (P < 0.0001). Median OS was
34 months among patients who could not be staged by
the BCLC staging system. There was significant varia-
tion in survival from first HCC treatment by region
(Fig. 4B). Median OS was not reached for Taiwan and
60, 33, 31, 24 and 23 months for patients from Japan,
North America, South Korea, Europe and China respec-
tively (P < 0.0001).

Discussion

This report describes the first global and largest-to-
date observational study in patients with HCC, pro-
viding a valuable opportunity to learn from real-
world practice in managing this disease. The study
data also allow some assessment of the merit of treat-
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Fig. 2. First recorded HCC treatment by country/region (A) and BCLC stage (B). *Percentages are based on percent of population with
known values. †Any systemic therapy other than sorafenib, e.g., doxorubicin, gemcitabine, cisplatin, or other cytotoxic or biological agent.
‡Any locoregional therapy not clearly PEI/RFA or TACE, e.g., transarterial radioembolization (TARE) or cryoablation. §Percentages are based
on number of patients with data available; total may add up to >100% if more than one treatment was started concurrently. PEI, percutane-
ous ethanol injection; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.
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ment guidelines based on the results of rigorously
conducted clinical trials.

Demographic characteristics and HCC risk factors at
diagnosis in the BRIDGE study appeared to confirm
well-known trends. The high prevalence of male
patients in this study support previous findings that
HCC is up to four times more commonly diagnosed
in males than in females (1, 25, 26)]. Similarly, the
predominant risk factors identified in the BRIDGE
study are consistent with those previously reported
(25, 27), comprising HBV infection in Asian countries
(excluding Japan) and HCV infection in Europe,
North America and Japan. The younger mean age at
diagnosis in China (and, to some extent, also in South
Korea) may reflect vertical transmission of HBV from
mother to infant (4). Although HBV was also the most
common risk factor in Taiwan, the proportion of
affected patients (63%) was lower than in China and
South Korea (77 and 75%, respectively), and the mean
age at diagnosis in Taiwan was older and similar to
that in North America. These observations suggest that
the universal HBV vaccination program in Taiwan,
which has led to a significant decline in HBsAg carrier
rates in the Taiwanese population, may also be
influencing the epidemiology of HCC in this country
(28, 29).

The BCLC staging system, which incorporates patient
performance status, number and size of nodules, cancer
symptoms and liver function, has been proposed as a
standard method to determine prognosis and guide
treatment selection among patients with HCC by the
AASLD and EASL clinical practice guidelines (2, 9). In
the BRIDGE study, the predominant BCLC stage at
diagnosis was stage C in all regions or countries apart
from Japan and Taiwan. The high rate of advanced-stage

disease at diagnosis underscores the need for earlier
diagnosis of HCC, and suggests that surveillance efforts
for HCC could be improved in many countries.
Although Japan, Taiwan and South Korea have all intro-
duced surveillance programs (30–33), government-
funded or national surveillance programs have yet to be
established in China (32, 33), or in countries in Europe
or North America.

The observed differences in disease stage at diagnosis
(later in South Korea compared with Taiwan and Japan)
and median OS (31 months for South Korea compared
with not reached in Taiwan and 60 months in Japan)
suggest that surveillance programs in Japan and Taiwan
may have been more effective than the program in
South Korea, although data from the single site in South
Korea may not well reflect the general outcome for the
country-wide program. These results could also reflect
differences in surveillance program design (with respect
to screening tools used, frequency of testing and target
population), in implementation and uptake (affected by
the proportion of population funded by the government
and commitment of clinicians) or a mixture of these
factors. Whether patients were diagnosed during sur-
veillance was a data point captured for each patient in
this study. However, the way this question was under-
stood by personnel entering data appears to have dif-
fered across the participating sites, precluding our
ability to clearly assess the influence of surveillance on
the overall study results. Evidence from one of the par-
ticipating sites in the United States does suggest that
surveillance can have a positive effect on patient out-
comes. In a retrospective analysis of all patients diag-
nosed with HCC from 2007–2009 (n = 460) at the
Mayo Clinic in Rochester, Minnesota, patients diag-
nosed during surveillance had less advanced disease,

First recorded
therapy

Region

North America (18%)

Europe (16%)

Asia-T/SK/J  (33%)

China (32%)

North America (33%)

Europe (29%)

Asia-T/SK/J  (35%)

China (51%)

North America (18%)

Europe (28%)

Asia-T/SK/J  (16%)

China (4%)

Most common second
recorded treatment †

Resection

TACE

TACE (31%)

TACE (43%)

TACE (72%)

TACE (54%)

TACE (48%)

TACE (59%)

Transplant (32%)

Transplant (34%)

Palliative (31%)

Sorafenib (26%)

PEI/RFA (33%)

PEI/RFA (36%)

PEI/RFA

Fig. 3. Second recorded HCC treatment after first recorded resection, TACE, or PEI/RFA. *Combination therapy was not defined in the
BRIDGE data; however, patients treated with either PEI or RFA were pooled together. †Percentages are based on percentage of population
with known values. ‡Includes grouped patients from Taiwan (n = 1587; 47%), South Korea (n = 1227; 37%), and Japan (n = 534; 16%).
PEI, percutaneous ethanol injection; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.
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were more likely to be eligible for potentially curative
treatments and had increased survival times (after
40 months of follow up, median OS not reached in
patients diagnosed during surveillance vs. 12.5 months
in patients not diagnosed during surveillance,
P < 0.001) (34).

While widely recognized to be essential for the effec-
tive treatment of patients with the disease, surveillance-
supported early diagnosis of HCC also results in
lead-time bias that increases OS (35). This is consistent
with our finding of superior OS (not adjusted for lead-
time bias) for patients in Taiwan and Japan when com-
pared with China, Europe, South Korea and North
America (see Fig. 4B). However, there were also differ-
ences in survival between regions or countries where the

distribution of stage at diagnosis was similar; for exam-
ple, median OS in North America and South Korea was
better than that observed in Europe or China. This may
reflect variation in data collection, patient populations
(other than stage at diagnosis) or variation in manage-
ment including treatment patterns. As expected, median
OS decreased with progressing BCLC stage (see
Fig. 4A), supporting the prognostic utility of the BCLC
staging system. Our estimates of 27, 15 and 4 months
for median OS for BCLC stages B, C and D, respectively,
are somewhat higher than those reported for clinical tri-
als in the literature: ~20 months for BCLC stage B (36),
~10 months for BCLC stage C treated with sorafenib in
the SHARP trial (16) and 3 months for BCLC stage D
(36).
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Fig. 4. Survival estimates from first HCC treatment by BCLC stage (A) and country/region (B), with number of subjects at risk and 95% Hall-
Wellner bands (shaded colours). *Results shown are unadjusted and impacted to unknown degrees by lead-time and selection bias, as well
as by censoring that decreases reliability with increasing time.
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The BRIDGE study showed differences in choice of
first treatment by region and stage at diagnosis. In early-
stage disease (stage 0 or stage A), for which resection,
liver transplant or RFA/PEI are recommended by the
AASLD/EASL guidelines as potentially curative treat-
ments (2, 9), PEI/RFA, resection and TACE were the
most frequently used first treatments. The use of TACE
in these patients is inconsistent with the AASLD/EASL
guidelines. However, some of these cases may be
explained by the use of TACE as neoadjuvant therapy,
highlighting a possible limitation in the way the data
were collected. Indeed, pre-operative TACE has been
used extensively in patients with resectable HCC,
although a systematic review of the literature has con-
cluded that TACE in this setting does not improve dis-
ease-free survival (37). TACE is also frequently used
prior to liver transplantation, and approximately 30%
of patients receiving TACE in North America subse-
quently underwent liver transplantation (see Fig. 3). An
additional explanation for TACE in BCLC stage A is that
these patients are either unfit or partial responders to
curative therapies. In North America, a fair number of
patients who were candidates for transplantation instead
received TACE or RFA as first treatment, which may
have also resulted in down-staging. Although combina-
tion therapy with TACE or RFA plus transplantation
was the actual intention, TACE/RFA and transplanta-
tion were counted separately given the observational
nature of the BRIDGE study.

Despite the known efficacy of liver transplantation,
only a minority of patients received this procedure.
Possible reasons include ineffective or non-existent
identification and surveillance of transplant-suitable
candidates, as well as limited availability of organ
donors. However, data on whether patients were placed
on a transplant registry were not collected as part of the
BRIDGE study, limiting its ability to further inform on
this issue. It should also be recognized that the treat-
ment patterns observed were also likely influenced by
substantial regional differences in practice related to
access and cost. While all participating centres likely
reflect the best care that can be delivered in each coun-
try, what constitutes best care in a resource-rich country
(e.g. the United States) will differ from best care offered
in less resource-rich countries (e.g. China). Given this
difference, it is perhaps not surprising that transplant
and systemic therapy with sorafenib, two resource-
intensive treatments, were used more frequently in
North America and Europe than elsewhere. In addition,
in countries with nationalized healthcare and limited
resources, the use of transplant and high-cost/low-bene-
fit treatments like sorafenib are likely to be constrained
by public policies aimed at delivering benefits broadly
across the population in need.

The BCLC treatment algorithm, adopted by AASLD/
EASL guidelines, recommends the use of sorafenib for
stage C disease (2). However, in the real-world BRIDGE
study, use of sorafenib as first recorded treatment was

low, despite the high number of patients diagnosed with
BCLC stage C disease. Since sorafenib efficacy is consid-
ered modest, many physicians may have tried to reduce
the tumour burden directly by locoregional therapies,
which could be expected to result in survival gain. Alter-
natively, the use of first-line sorafenib may have been
affected by intercountry variations in access, as noted
above. Rather than sorafenib, TACE and resection were
the most frequent first recorded treatments for patients
with stage C disease. This finding underscores the
unmet need for evaluating the outcome of surgical
resection vs. locoregional therapy vs. systemic therapy
in advanced stage HCC (14, 38). In patients with BCLC
stage D disease, the proportion who received palliative
care was surprisingly low across these real-world set-
tings, and the proportion who received liver transplant
was surprisingly high. This may have reflected liver
transplantation of patients with Child-Pugh class C or
ECOG/WHO performance status greater than 2 who
otherwise have liver disease meeting Milan criteria. It is
unclear, however, what proportion of stage D patients
received best supportive care [as recommended by the
BCLC treatment algorithm and by the Asian Pacific
Association for the Study of the Liver (APASL) consen-
sus guidelines (2, 35)], which may not always have been
captured in our data collection under ‘palliative care’. In
our analysis, any patient who did not receive a definitive
therapy was assumed to have received best supportive
care only.

Analysis of first recorded treatment by region shows
that sorafenib was used more frequently in North Amer-
ica, Europe and South Korea, compared with China,
Taiwan and Japan, possibly reflecting later regulatory
approval as well as reduced access to sorafenib in Asia.
Additionally, resection and TACE were the most fre-
quently recorded first treatments in China, Taiwan and
South Korea, compared with TACE and PEI/RFA in
Europe and Japan, and TACE, PEI/RFA and resection in
North America. This variation in first recorded treat-
ment by region may be because of real differences in the
accepted management strategies in Western countries,
where the BCLC treatment algorithm is most widely
used, compared with Asian countries, where other
guidelines predominate. The latter include Japanese
guidelines for HCC first compiled in 2005 (21, 39),
South Korean guidelines initially published in 2003 and
updated in 2009 (22), and the APASL consensus guide-
line for treatment of HCC (35). Further analysis of how
such regional guidelines might have influenced the prac-
tice patterns reported here, particularly in China, is
ongoing.

The primary strengths of the BRIDGE study are the
large patient population, wide geographical spread and
the capture of real-world clinical practice data from
patient charts. However, as with all observational cohort
studies, the BRIDGE study also has many limitations.
Because it is a medical chart-review study, the robust-
ness of the data depends on the thoroughness of each
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site’s understanding and documentation of medical his-
tory, treatment and response. Missing data and loss of
patients to follow-up are additional limitations of obser-
vational studies and may affect the results and their
interpretation. Although substantial effort was made to
encourage complete collection of all requested data at
the participating sites, there are some results reported
here (as noted in Table 1) for which the proportion of
missing data was >30%. In addition, it is possible that
the results are not generalizable because the study was
performed at tertiary referral centres, which might be
expected to provide the best care available in each coun-
try. In an attempt to maximize generalization of results
across a particular country, study sites were selected
where patient populations had HCC etiologist consis-
tent with previously reported national patterns. In the
case of single sites within one country (Taiwan, South
Korea and Japan), sites were additionally chosen to be
representative of the practice of other centres in the
country. However, it is possible that more treatable
patients with better liver function and good perfor-
mance status may have been enrolled, thereby introduc-
ing a selection bias. In particular, the lack of enrolled
BCLC stage D patients in China (2%), as well as the low
proportion with Child-Pugh stage B and C (12 and 1%,
respectively), suggest that such patients were not seen at
the participating sites and may therefore not have been
included in the study. Similarly, the relatively low rates
of patients reporting alcohol abuse in China, Taiwan
and Japan suggest that such patients also may not have
been treated at the participating sites for some reason
(for example, such patients might be expected to be less
likely to seek and receive care at a tertiary centre, and
less likely to be supported in doing so). These low rates
could also, however, reflect under-reporting because of
the possible stigma associated with admitting such abuse
in some countries. WHO estimates of per capita alcohol
consumption (litres of pure alcohol) for 2011 were 9.4
for the United States, 12.2 for Europe, 5.9 for China,
14.8 for South Korea and 8.0 for Japan (40). Given these
figures and the known strong interaction between alco-
hol abuse and other risk factors for HCC, the reported
rates of alcohol abuse for China (24%), Taiwan (18%)
and especially Japan (2%) seem unexpectedly low. These
conjectures regarding potentially ‘missing’ advanced-
stage patients may help to explain the possibly higher-
than-expected median OS reported here for China. They
could also contribute to the superior OS seen here for
Taiwan and Japan, but this more likely can be attributed
to the aforementioned lead-time bias, as well as, particu-
larly in the case of Taiwan, artificial inflation because of
the effects of censoring, which makes the OS reported
here increasingly less reliable with time. Finally, interac-
tions between variables in such a large sample size as the
population in this study are hard to control, and our
results must accordingly be interpreted with caution.

In conclusion, these real-world findings from the
BRIDGE study provide a broad overview of the current

state of HCC treatment and document the heterogeneity
of treatment approaches across regions and in different
countries. Results from the study confirm previously
reported regional trends in patient demographic charac-
teristics and HCC risk factors, underscore the need for
earlier diagnosis of HCC worldwide, and also suggest
that treatment guidelines may benefit from re-evalua-
tion. The data from Taiwan and Japan, in particular,
suggest it may be possible to improve outcomes by
focusing on identifying high-risk individuals and then
following them with surveillance to achieve early detec-
tion. It is hoped that information obtained from the
BRIDGE study will help identify unmet clinical needs
and contribute to the development of new treatment
paradigms that ultimately improve outcomes in patients
with HCC. The study has generated a very large dataset
which could potentially be used to address unanswered
research hypotheses and is available for further analysis
by interested investigators. Additional analyses of poten-
tial value could include the aforementioned survival by
treatment type, including systemic vs. non-systemic
therapy, assessment of regional practice vs. regional
guidelines, as well as exploratory identification of possi-
ble predictors of survival, such as changes in tumour
size or AFP levels over time.
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HEPATOBILIARY MALIGNANCIES

The Role of Hepatic Resection in the Treatment of
Hepatocellular Cancer

Sasan Roayaie,1 Ghalib Jibara,2 Parissa Tabrizian,3 Joong-Won Park,4 Jijin Yang,5 Lunan Yan,6

Myron Schwartz,3 Guohong Han,7 Francesco Izzo,8 Mishan Chen,9 Jean-Fr�ed�eric Blanc,10 Philip Johnson,11

Masatoshi Kudo,12 Lewis R. Roberts,13 and Morris Sherman14

Current guidelines recommend surgical resection as the primary treatment for a single
hepatocellular cancer (HCC) with Child’s A cirrhosis, normal serum bilirubin, and no
clinically significant portal hypertension. We determined how frequently guidelines were
followed and whether straying from them impacted survival. BRIDGE is a multiregional
cohort study including HCC patients diagnosed between January 1, 2005 and June 30,
2011. A total of 8,656 patients from 20 sites were classified into four groups: (A) 718
ideal resection candidates who were resected; (B) 144 ideal resection candidates who were
not resected; (C) 1,624 nonideal resection candidates who were resected; and (D) 6,170
nonideal resection candidates who were not resected. Median follow-up was 27 months.
Log-rank and Cox’s regression analyses were conducted to determine differences between
groups and variables associated with survival. Multivariate analysis of all ideal candidates
for resection (A1B) revealed a higher risk of mortality with treatments other than resec-
tion. For all resected patients (A1C), portal hypertension and bilirubin >1 mg/dL were
not associated with mortality. For all patients who were not ideal candidates for resection
(C1D), resection was associated with better survival, compared to embolization and
“other” treatments, but was inferior to ablation and transplantation. Conclusions: The
majority of patients undergoing resection would not be considered ideal candidates based
on current guidelines. Not resecting ideal candidates was associated with higher mortality.
The study suggests that selection criteria for resection may be modestly expanded without
compromising outcomes, and that some nonideal candidates may still potentially benefit
from resection over other treatment modalities. (HEPATOLOGY 2015;62:440-451)

See Editorial on Page 340

T
he current European Association for Study of
the Liver (EASL) and American Association for
the Study of Liver Diseases (AASLD) guide-

lines recommend resection as the primary treatment

for hepatocellular carcinoma (HCC) in patients with a
single tumor, Child class A liver function with total
bilirubin �1mg/dL, no evidence of clinically signifi-
cant portal hypertension (CSPH), and excellent per-
formance status.1,2 The criteria also require patients to
have no evidence of extrahepatic disease or invasion of
portal or hepatic veins on imaging.

Abbreviations: AASLD, American Association for the Study of Liver Diseases; BCLC, Barcelona Clinic Liver Cancer; CSPH, clinically significant portal hyper-
tension; EASL, European Association for Study of the Liver; HCC, hepatocellular carcinoma; HVPG, hepatic vein portal gradient; PH, portal hypertension; RFA,
radiofrequency ablation; WHO, World Health Organization.
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These guidelines are essentially based on a study from
1999 that drew its conclusions from 77 patients under-
going hepatic resection for HCC.3 In addition, the
guidelines are centered on the concept of who would be
“ideal” candidates for resection, thus yielding the highest
survival for surgery as a treatment modality. The guide-
lines do not base their recommendations on what treat-
ment modality yields the best outcome in a particular
individual. Thus, whereas a patient may not be an ideal
candidate for resection, surgery may still yield better out-
comes for that individual than the alternative treatment
modality proposed by the current guidelines.

It is unclear what proportion of HCC patients are
actually treated according to these guidelines in real-
world practice. Two Italian studies looking at adher-
ence to HCC guidelines have found that the majority
of patients with HCC are not treated according to
AASLD/EASL guidelines.4,5 A multinational study
looking specifically at resection of HCC had a popula-
tion comprised of 36% Barcelona Clinic Liver Cancer
(BCLC) B and 14% BCLC C patients.6

In addition, multiple studies have tried to show that
expanding the guidelines to include patients with mul-
tiple tumors, portal hypertension (PH), or Child’s B
liver function will not have an adverse effect on out-
come.7-14 All of these studies have included a relatively
small number of patients and based their conclusions
on a lack of significance in univariate log-rank or mul-
tivariate Cox’s analyses.

BRIDGE is a multiregional, longitudinal cohort
study of newly diagnosed cases of HCC. Centers were
free to use whatever treatment algorithm they saw fit.
We used data from this study to answer the following
questions regarding resection:

1. In what proportion of cases are the guidelines followed?
2. Does straying from the guidelines result in lower

survival?
3. What factors are associated with mortality after

resection and can inclusion criteria be expanded
without increasing mortality?

4. How does resection compare to other treatment
modalities in patients who do not meet criteria for
resection based on current guidelines?

Patients and Methods

The global HCC BRIDGE study is a multiregional
longitudinal cohort trial including patients newly diag-
nosed with HCC between January 1, 2005, and June
30, 2011, who are receiving treatment for HCC at
sites in the Asia-Pacific, European, and North Ameri-
can regions. The study recruited patients from 42 sites
and followed them until death or the data cut-off date
of March 1, 2012. Centers were provided funds for
data entry by Bristol-Meyers Squibb. This analysis of
the data and preparation of the manuscript received
no funding from any source. The treatments employed
were at the discretion of the centers. Requests to par-
ticipate in the study were sent to all centers.

During the initial data collection, centers were
audited after enrolment of 15 patients and again
after 50 patients to ensure accurate data entry. Dur-
ing the audit, source data were reviewed and com-
pared to entries in the BRIDGE database. All staging
was entirely based on imaging data from multiphase
contrast enhanced computer-assisted tomography scan
or magnetic resonance imaging. Pathological data
were not used in this analysis. Study coordinators
were educated and repeatedly reminded that World
Health Organization (WHO) performance status was
to be determined based on tumor-related symptoms.

Ablation included both alcohol ablation as well as
radiofrequency ablation (RFA). Embolization included
transarterial chemoembolization as well as bland embo-
lization. “Other” therapies included locoregional treat-
ments, such as hepatic artery chemoinfusion without
embolization, yttrium-90 radioembolization, and exter-
nal beam radiation, as well as systemic treatments,
such as sorafenib, erlotinib, bevacizumab, and
adriamycin.

All treatments for each patient were recorded. For
the purposes of this analysis, patients with multiple
types of treatments were categorized as the treatment
modality with the highest likelihood of cure as follows:

Transplantation ! Resection ! Ablation ! Embo-
lization ! Other.

Patients were divided into four groups as follows:

Address reprint requests to: Sasan Roayaie, M.D., North Shore-LIJ Health Systems, Lenox Hill Hospital, 110 East 59th St, Suite 10B, New York, NY 10022.
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A. Ideal candidates resected. These patients were
required to have a single tumor of any size on
imaging with no evidence of extrahepatic spread
and no evidence of invasion of the hepatic or por-
tal vein branches. They also were required to have
no evidence of CSPH defined as either splenomeg-
aly, varices, or ascites on imaging or platelet count
<100,000/lL. In addition, patients were required
to have a WHO performance status of 0. Finally,
all patients were required to have Child’s A liver
function with total bilirubin �1 mg/dL. All
patients in this group underwent resection. Sepa-
rate analyses were also run, defining PH as both
platelet count <100,000/lL and the presence of
splenomegaly, varices, or ascites on imaging.

B. Ideal candidates not resected. This group was com-
prised of patients who met criteria for group A, but
were treated with a modality other than resection.

C. Nonideal candidates resected. This group was com-
prised of patients who underwent resection, but
did not meet the criteria for group A.

D. Nonideal candidates not resected. This group con-
sisted of patients who did not meet criteria for
group A and were treated with a modality other
than resection.

The primary endpoint studied was survival. Survival
was calculated using Kaplan-Meier’s method, and
groups were compared using the log-rank test for uni-
variate analyses. Multivariate analyses were conducted
with step-down Cox’s proportional hazard regression
models. Variables entered into the model included
ones that have been repeatedly shown to correlate with
survival in HCC patients, those found significant on
univariate analysis, as well as those that were signifi-
cantly different among the groups included in the
model.

Three multivariate models were constructed:

1. All patients who were ideal candidates for resec-
tion—groups A1B.

2. All patients who were resected—groups A1C.
3. All patients who were not ideal candidates for

resection—groups C1D.

Results

Of the 42 centers enrolling patients, 20 agreed to
submit data for inclusion in this study. Of the 10,135
patients, 1,479 were missing essential data that would
not allow them to be properly categorized into any of
the four groups and were excluded from the analysis.
Figure 1A demonstrates the distribution of the

patients. The majority of the patients (5,886; 68%)
were enrolled from Asian centers, followed by 1,472
(17%) from North American centers, and 1,298
(15%) from European centers.

Patient demographics and clinical data are summarized
in Table 1. Median follow-up of patients was 27 months.
There were 3,605 deaths during follow-up. There were a
total of 82 perioperative deaths within 90 days of surgery
among all of the resected patients (groups A1C). The
90-day perioperative mortality rate was significantly lower
among ideal candidates (group A) than among nonideal
candidates (group C; 9 of 718 [1.2%] vs. 73 of 1,624
[4.5%]; P< 0.001). However, the rate of morbidity caus-
ing prolongation of hospital stay was similar for ideal
(group A, 7%) and nonideal candidates (group C, 8%)
undergoing resection (P5 0.734).

In What Proportion of Cases Are the Guidelines
for Resection Followed?

Figure 1B demonstrates that, overall, more than
80% of patients who met criteria as ideal candidates
were treated with resection. However, only one third of
patients undergoing resection met criteria as appropri-
ate candidates. These proportions varied considerably
among the three different regions contributing patients.

Fig. 1. Flowchart of patients included within the study (A). Adher-
ence to AASLD/EASL criteria by region (B).
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Table 1. Patient Demographics, Liver Disease, Tumor Characteristics, and Treatments

Variable n (%)

A Ideal Candidates

Resected (n5 718)

B Ideal Candidates

Not Resected (n5 144)

C Nonideal Candidates

Resected (n5 1,624)

D Nonideal Candidates

Not Resected (n5 6,170)

Age, years, mean (SD) 55 (13.4) 62(12.9) 55 (13.0) 59(12.6)

Median (Q1-Q3) 55 (45-65) 63 (54-73) 55 (45-64) 59 (51-68)

Range 19-90 24-88 18-85 18-91

Gender (male, %) 603 (84) 120 (83) 1,327 (82) 4,970 (81)

Liver disease (%)

None 64 (9) 19 (13) 155 (10) 401 (6)

HBV 501 (70) 67 (47) 1,043 (64) 3,066 (50)

HCV 78 (11) 35 (24) 281 (17) 1,357 (22)

Alcohol 24 (3) 13 (9) 63 (4) 580 (9)

Other 22 (3) 9 (6) 37 (2) 756 (12)

Missing: 85 29 (4) 1 (1) 45 (3) 10 (0.1)

Comorbidities (%)

Cardiovascular 51 (7) 21 (15) 169 (10) 849 (14)

Missing: 349 13 (2) 0 44 (3) 292 (5)

Diabetes 110 (15) 29 (20) 230 (14) 1,375 (22)

Missing: 296 14 (2) 0 47 (3) 235 (4)

Hypertension 191 (27) 56 (39) 395 (24) 1,878 (30)

Missing: 190 9 (1) 0 36 (2) 145(2)

Pulmonary 29 (5) 10 (7) 196 (12) 683 (11)

Missing: 378 11 (1) 11(8) 48 (3) 308 (5)

Renal 29 (4) 8 (6) 84 (5) 367 (6)

Missing: 445 16 (2) 10 (7) 59 (4) 360 (6)

Tumor size, cm, mean (SD) 5.5 (3.4) 4.7 (3.4) 6.0 (3.6) 5.6 (4.1)

Median (Q1-Q3) 4.6 (3.0-7.2) 3.7 (2.2-6.0) 5.0 (3.2-8.0) 4.1 (2.4-8.0)

Range 1.0-22.0 1.0-20.0 0.9-20.0 0.7-28.0

Missing: 761 (%) 8 (1) 6 (4) 102 (6) 645 (10)

Single tumor <2 cm (%) 86 (12) 28 (19) 101 (6) 659 (11)

Missing: 761 8 (1) 6 (4) 102 (6) 645 (10)

Multiple tumors (%) 0 0 425 (26) 2,526 (41)

Missing: 392 0 0 50 (3) 342 (6)

Gross invasion (%) 0 0 191 (12) 587 (10)

Missing: 161 0 0 20 (2) 141 (3)

Extrahepatic (%) 0 0 215 (13) 995 (16)

Missing: 995 0 0 24 (2) 971 (16)

AFP, ng/mL, mean (SD) 5,503 (20,549) 3,916 (25,765) 12,009 (114,531) 12,142 (170,871)

Median (Q1-Q3) 36 (5-672) 10 (4.8-98) 64 (7-1,210) 64 (10.0-944.5)

Range 0.6-178,518 0.7-248,750 0.5-3,011,250 0.6-12,223,000

Missing: 849 (%) 46 (6) 17 (12) 121 (7) 665 (11)

AFP >400 ng/mL (%) 253 (35) 31 (21) 517 (32) 1,797 (29)

Bilirubin mg/dL, mean (SD) 0.67 (0.19) 0.69 (0.19) 1.04 (1.20) 1.34 (1.81)

Median (Q1-Q3) 0.68 (0.50-0.81) 0.70 (0.55-0.84) 0.85 (0.6-1.2) 0.99 (0.70-1.46)

Range 0.2-1.0 0.2-1.0 1.0-7.8 0.1-43.2

Missing: 340 (%) 0 0 29 (2) 311 (5)

Creatinine mg/dL, mean (SD) 0.95 (0.44) 0.96 (0.58) 0.90 (0.29) 1.12 (0.52)

Median (Q1-Q3) 0.90 (0.80-1.03) 0.87 (0.74-1.01) 0.89 (0.76-01.00) 1.00 (1.00-1.10)

Range 0.4—8.4 0.4-6.8 0.1-4.7 0.5-12.6

Missing: 611 (%) 0 8 (6) 55 (3) 548 (9)

INR, mean (SD) 1.03 (0.09) 1.05 (0.11) 1.07 (0.16) 1.15 (0.34)

Median (Q1-Q3) 1.02 (0.98-1.10) 1.00 (1.00-1.10) 1.05 (0.99-1.11) 1.10 (1.02-1.20)

Range 0.8-1.6 0.8-1.7 0.7-3.7 0.8-21.1

Missing: 710 (%) 0 0 58 (4) 652 (11)

Albumin g/dL, mean (SD) 4.2 (0.4) 4.0 (0.4) 4.0 (0.5) 3.8 (2.2)

Median (Q1-Q3) 4.2 (4.0-4.5) 4.1 (3.8-4.4) 4.1 (3.7-4.4) 3.8 (3.4-4.1)

Range 3.5-6.8 3.0-4.9 1.0-7.8 1.2-5.7

Missing: 490 (%) 0 0 87 (5) 403 (7)

Platelet 31,000/mL, mean (SD) 196 (66) 175 (61) 170 (93) 139 (85)

Median (Q1-Q3) 181 (147-230) 162 (121-214) 153 (103-215) 126 (82-189)

Range 101-656 100-380 11-850 4-507

Missing: 439 (%) 0 0 68 (4) 371 (6)

MELD, mean (SD) 7.5 (1.68) 7.7 (2.22) 8.2 (2.33) 9.7 (3.39)

Median (Q1-Q3) 7.5 (6.4-7.9) 7.4 (6.4-8.3) 7.5 (6.4-8.8) 8.8 (7.5-10.9)

Range 6-27 6-25 6-37 6-43
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The most common area in which people strayed
from the guidelines was by inclusion of patients with a
performance status >0, followed by resection of
patients with PH (Table 1).

Does Straying From Guidelines Result in Lower
Survival?

Median survival was not reached for group A; the
3- and 5-year survival rates were 74% and 65%.
Group B also did not reach median survival and had
3- and 5-year survivals of 55% and 55%. The median
survival for group C was 32.4 months, with 3- and 5-
year survivals of 47% and 35% (Fig. 2A).

It is possible that some patients in group B were
not resected because of significant comorbidities. To
help address this issue, the 21 patients originally
included in group B who had cardiac comorbidities
were reassigned to group D and survival was reex-
amined; there was no appreciable change in outcomes
(Fig. 2B).

Group C included patients with tumors at more
advanced stages; thus, lead-time bias might explain the
decreased survival of this group. To help address this

issue, survival was compared among the three groups
including only the patients with BCLC stage A
tumors. While the outcomes for groups A and B
remained unchanged, survival for group C improved
appreciably, but remained significantly lower than
group A (Fig. 2C).

Multivariate analysis of all ideal candidates for resec-
tion (groups A1B) revealed that treatments other than
resection were associated with a nearly 2-fold increase
in risk of mortality (Table 2).

What Factors Are Associated With Mortality After
Resection and Can Inclusion Criteria Be
Expanded Without Increasing Mortality?

Multivariate analysis of all patients undergoing resec-
tion (groups A1C) confirmed that most factors typi-
cally thought to be correlated with survival after
resection were indeed significantly associated with mor-
tality (Table 2). However, in those undergoing resec-
tion, PH alone, defined as the presence of either
varices, splenomegaly, or platelet count <100,000/lL,
but excluding those with ascites, was not associated
with an appreciable decrease in survival either on uni-

TABLE 1. Continued

Variable n (%)

A Ideal Candidates

Resected (n5 718)

B Ideal Candidates

Not Resected (n5 144)

C Nonideal Candidates

Resected (n5 1,624)

D Nonideal Candidates

Not Resected (n5 6,170)

Missing: 934 (%) 0 8 (6) 89 (5) 837 (13)

Child’s Class (%)

A 718 (100) 144 (100) 1,388 (85) 4,219 (68)

B 0 0 113 (7) 981 (16)

C 0 0 2 (0.1) 95 (2)

Missing: 996 0 0 121 (8) 875 (14)

PH (%) 0 0 595 (37) 3,507 (57)

Missing: 231 0 0 0 231 (4)

Varices/splenomegaly 0 0 347 (21) 2,262 (37)

imaging (%) 0 0 68 261

Missing: 329

WHO performance status (%)

0 718 (100) 144 (100) 772 (48) 535 (9)

1-4 0 0 798 (49) 5,142 (83)

Missing: 549 0 0 56 (3) 493 (8)

BCLC stage (%)

A 718 (100) 144 (100) 448 (28) 317 (5)

B 0 0 110 (7) 40 (1)

C 0 0 969 (60) 5,213 (84)

D 0 0 41 (3) 173 (3)

Missing: 483 0 0 56 (4) 427 (7)

Treatments (%)

Resection 718 (100) 0 1,624 (100) 0

Ablation 0 68 (47) 0 1,917 (31)

Transplant 0 9 (6) 0 515 (8)

Embolization 0 61 (42) 0 3,569 (57)

Others 0 6 (4) 0 169 (3)

Abbreviations: SD, standard deviation; HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, alpha-fetoprotein; INR, international normalized ratio; MELD, Model for

End-Stage Liver Disease.
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or multivariate analyses (Table 2; Fig. 3A). In patients
with Child’s A liver disease undergoing resection, plate-
let count ranged from 11,000 to 817,000/lL, with
only 38 patients having a platelet count <50,000/lL.
Expansion of criteria to include more-severe liver dys-

function (Fig. 3A), advanced tumor characteristics (Fig.
3B), or compromised performance status (Fig. 3C) was
associated with a significant detrimental effect on survival.

Resection of otherwise ideal candidates, but with
total bilirubin over 1 mg/dL, did not have an appreci-
able impact on survival. The range for total bilirubin
in this group was 0.2-2.2 mg/dL, with only 8 patients
having total bilirubin >2 mg/dL. Figure 4A shows
that, in patients who were otherwise ideal candidates
for resection, a total bilirubin cutoff of 1 mg/dL had
no correlation with survival. However, if the criteria
were slightly expanded to also include patients with
PH, then a total bilirubin cutoff of 1 mg/dL played a
more discriminatory role (Fig. 4B). Thus, either PH
alone or elevated total bilirubin alone had minimal
effects on survival, but the presence of both was
detrimental.

A total of 3,103 patients were found to have PH
when defined as the presence of both platelet count
<100,000/lL as well as imaging findings of spleno-
megaly, varices, or ascites (missing5 439). The
patient flow diagram and results of univariate analy-
ses of survival when defining PH as both the pres-
ence of imaging findings and platelet count
<100,000/lL are displayed in Fig. 5. Likewise, the
results of the multivariate analysis of all resected
patients (groups A1C) using this definition of PH
are listed in Table 2. There was no meaningful dif-
ference in outcomes when using the varying defini-
tions of PH. Median survival after resection for
patients with PH who were otherwise ideal candi-
dates was 48 months, irrespective of which definition
of PH was used.

How Does Resection Compare to Other Treatment
Modalities in Patients Who Do Not Meet Criteria
for Resection Based on Current Guidelines?

Multivariate analysis of all patients who were not
ideal candidates for resection (groups C1D) revealed
that age >70 years along with the typical tumor char-
acteristics and markers of liver function correlated sig-
nificantly with mortality (Table 2). However, the
presence of multiple tumors was not significantly asso-
ciated with survival in these patients. Multivariate anal-
ysis of this same group of patients was conducted,
substituting BCLC class for its individual components,
Child’s class, gross vascular invasion, and performance
status. BCLC stage was independently associated with
outcome, but the other results remained unchanged
(Table 3).

In these patients, none of whom met criteria as ideal
candidates for resection, surgery was associated with
lower mortality, when compared to embolization and
“other” treatments when controlling for variables that
significantly impact survival of HCC patients. However,

Fig. 2. Survival curves of patients stratified by whether they met
AASLD/EASL criteria for resection and type of treatment used. All
patients (A). Patients with cardiac comorbidities in group B removed
(B). Including only BCLC A patients (C).
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surgery fared worse than ablation and transplantation in
the same population on the multivariate analysis.

Discussion

The vast majority of patients with HCC who meet
the EASL/AASLD criteria for resection are treated with
surgery. However, it seems that the majority of patients,
roughly two thirds, of those undergoing resection do
not meet these criteria. It seems that the most common
areas where clinicians stray from the current recommen-

dations are by inclusion of patients with a performance
status >0 and inclusion of patients with PH.

It would appear that the EASL/AASLD guidelines
function well in fulfilling the role for which they were
designed, identifying those who will have the best out-
comes after resection. In fact, median survival was not
reached in ideal patients undergoing hepatic resection.
In addition, it seems that straying from EASL/AASLD
guidelines for resection, either by resecting nonideal
candidates or denying surgery to ideal ones, was associ-
ated with a significant decrease in median survival.

Table 2. Multivariate Analyses of Survival

Hazard Ratio 95% Confidence Interval P Value

All ideal candidates for resection (groups A1 B), n5 862

Age >70 years 1.068 0.655-1.740 0.792

Cardiac comorbidity 1.158 0.655-2.134 0.655

AFP >400 ng/mL 1.566 1.085-2.261 0.017

Treatment other than resection 2.068 1.349-3.170 <0.001

Tumor size >3 cm 3.041 1.781-5.193 <0.001

All resected patients (groups A1C), n5 2,342: PH defined as presence of either imaging findings (splenomegaly, varices, and ascites) or platelet count

<100,000/lL
Age >70 years 0.984 0.755-1.281 0.902

PH 1.170 0.959-1.427 0.123

Multiple tumors 1.278 1.036-1.576 0.022

AFP >400 ng/mL 1.445 1.207-1.730 <0.001

WHO performance >0 1.503 1.375-1.644 <0.001

Extrahepatic tumor 1.513 1.167-1.961 0.002

Gross vascular Invasion 1.783 1.373-2.315 <0.001

Tumor size >3 cm 1.839 1.482-2.415 <0.001

Child’s B or C (only 2 patients Child’s C) 1.923 1.446-2.558 <0.001

All resected patients (groups A1C), n5 2,342: PH defined as presence of both imaging findings (splenomegaly, varices, and ascites) and platelet count

<100,000/lL
Age >70 years 1.083 0.832-1.410 0.555

PH 1.237 0.973-1.571 0.082

Multiple tumors 1.346 1.095-1.654 0.005

AFP >400 ng/mL 1.435 1.198-1.719 <0.001

WHO performance >0 2.300 1.923-2.750 <0.001

Extrahepatic tumor 1.558 1.209-2.008 <0.001

Gross vascular Invasion 1.759 1.357-2.280 <0.001

Tumor size >3 cm 1.817 1.425-2.316 <0.001

Child’s B or C(only 2 patients Child’s C) 1.750 1.311-2.337 <0.001

All nonideal patients (groups C1D), n5 7,794

Age >70 years 1.314 1.175-1.470 <0.001

Multiple tumors 1.0256 0.967-1.154 0.226

PH 1.109 1.013-1.215 0.026

Gross vascular invasion 1.353 1.198-1.528 <0.001

AFP >400 ng/mL 1.4216 1.292-1.551 <0.001

Extrahepatic tumor 1.563 1.408-1.735 <0.001

Child’ class (reference5 A)

B 1.581 1.419-1.763 <0.001

C 1.855 1.299-2.648 <0.001

Tumor size >3 cm 1.728 1.543-1.963 <0.001

WHO performance >0 2.158 1.858-2.507 <0.001

Treatment (reference5 resection)

Embolization 1.257 1.109-1.429 <0.001

Ablation 0.843 0.722-0.981 0.029

Transplant 0.189 0.133-0.271 <0.001

Other 1.782 1.334-2.383 <0.001

Abbreviation: AFP, alpha-fetoprotein.
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Expansion of criteria along the lines of tumor char-
acteristics, liver function, and performance status was
associated with a significantly lower survival, even
when limiting analysis to BCLC stage A patients. Like-
wise, subjecting patients who were ideal candidates for

resection to a treatment other than hepatectomy was
also associated with a 2-fold increase in risk of death,
even when taking into account the presence of cardiac
comorbidities.

Our analyses did reveal that there may be modest
room for expansion of criteria for resection without
any appreciable compromise in survival. We found
that patients with Child’s A liver disease and moderate
PH had essentially the same survival after resection as
those without PH. It is very important to point out
that our definition of CSPH, platelet count
<100,000/lL or presence of splenomegaly and/or vari-
ces on imaging, is different than the one used by
EASL/AASLD guidelines, with hepatic vein portal gra-
dient (HVPG) �10 mmHg.2 However, data are
emerging that there is, in fact, good correlation
between HVPG and platelet count as well as with
imaging findings of PH.15

Fig. 3. Survival for patients undergoing resection stratified by liver
function (A), tumor characteristics (B), and WHO performance status
(C). Abbreviation: HTN, hypertension.

Fig. 4. Survival for ideal candidates undergoing resection stratified
by total bilirubin (Bili) cutoff at 1 mg/dL (A). Survival of Child’s A
patients with PH undergoing resection stratified by total bilirubin cutoff
at 1 mg/dL (B). Abbreviation: HTN, hypertension.
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Many, if not most, centers do not routinely perform
venous pressure measurements and rely instead on the
universally available surrogates of platelet count,
splenomegaly, and varices to determine the presence
and degree of PH. In fact, of the 13 referral centers
represented by the authors in this article, only one
routinely measures HVPG before hepatectomy for
HCC. Thus, it seems that the current EASL/AASLD
recommendations are based on a definition of PH that
is not used by a large proportion of centers treating
HCC. Perhaps future versions of EASL/AASLD guide-
lines can incorporate these more widely used, noninva-
sive methods for assessing PH.

Whereas it seems that many centers are already
offering hepatectomy to such patients, formally
expanding resection criteria to include those with
moderate PH, with a limit of platelet count above
50,000/lL and without ascites, would increase the
pool of ideal candidates by approximately 60%. It is
difficult to comment on expansion beyond this limit
owing to such a small number of patients with platelet
count below this level in our cohort. These results

were consistent across two separate definitions of PH,
one defining PH as the presence of either imaging
findings of PH or platelet count <100,000/lL whereas

Fig. 5. Figures based on a definition of PH that required both platelet count <100,000/lL and imaging findings of PH (varices, splenomeg-
aly, or ascites). Flowchart of patients included within the study (A). Survival curves of patients stratified by whether they met AASLD/EASL criteria
for resection and type of treatment used. All patients (B). Including only BCLC A patients (C). Survival for patients undergoing resection stratified
by liver function (D). Abbreviation: HTN, hypertension.

Table 3. Multivariate Analysis of Survival of All Patients That
Are Not Ideal candidates for Surgery*

Hazard

Ratio

95% Confidence

Interval P Value

Age >70 years 1.2237 1.119-1.369 <0.001

Multiple tumors 1.034 0.954-1.119 0.416

PH 1.156 1.068-1.2751 <0.001

AFP >400 ng/mL 1.515 1.398-1.642 <0.001

Tumor size >3 cm 1.770 1.597-1.961 <0.001

BCLC stage (reference5 A)

B 1.431 1.039-2.019 0.039

C 2.4319 1.905-2.823 <0.001

D 5.612 4.272-7.371 <0.001

Treatment (reference5 resection)

Embolization 1.431 1.271-1.611 <0.001

Ablation 0.849 0.737-0.979 0.022

Transplant 0.195 0.141-0.272 <0.001

Other 1.784 1.358-2.344 <0.001

Groups C1D, n5 7,794, with BCLC stage in place of Child’s class, gross vas-

cular invasion, extrahepatic disease, and performance status.

Abbreviation: AFP, alpha-fetoprotein.
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the second definition required the presence of both
criteria.

A recent meta-analysis by Berzigotti et al. also
looked at the role of PH in the outcomes after resec-
tion of HCC, but drew a very different conclusion.16

They found PH as significantly associated with mortal-
ity after hepatic resection. The definition of PH used
in the study was slightly different than the ones used
here. In addition, the Berzigotti et al. study was a
meta-analysis spanning 17 years whereas the study
reported here is based on individual patient data over
a much shorter, more contemporary period. Whereas
some of the differences in the conclusions can be
attributed to differences in definition and study design,
it is clear that the role of PH in outcomes after resec-
tion of HCC remains a topic of debate.

We also discovered that, in otherwise ideal candi-
dates, a bilirubin cutoff of 1 mg/dL resulted in no
appreciable difference in survival after resection. Again,
formal expansion of criteria to include patients with
mild elevation of bilirubin up to 2 mg/dL would allow
for approximately 25% more patients to undergo
resection without any loss in long-term outcome.
Again, our data do not allow us to comment on
expansion beyond this cutoff.

However, it seems that, in the context of PH, a bili-
rubin cutoff of 1 mg/dL does have the ability to strat-
ify patients in terms of survival after resection. Thus,
whereas expansion along each variable by itself, in oth-
erwise ideal resection candidates, did not worsen out-
comes after surgery in our study, the combination of
the two does seem to yield significantly lower survival.

Another point on which to caution readers is
regarding the lack of data on the extent of resection.
Thus, it is possible that patients with PH or elevated
bilirubin had more-limited resections than those with-
out. We simply do not know. However, we must keep
in mind that the current guidelines do not allow for
even limited resections in such patients. The data from
the BRIDGE study clearly demonstrate that safe resec-
tion with excellent outcomes is possible for patients
with moderate PH or for those with slightly elevated
bilirubin, but not both. Unfortunately, BRIDGE does
not allow us to define the extent of a safe resection.
Clearly, clinical judgment will be paramount in select-
ing these patients for surgery.

A far more complex issue than which patients will
achieve the best outcomes with resection is the ques-
tion of which treatment modality would be best to use
for patients who are not considered ideal candidates
for hepatic surgery. The current guidelines are based
on the principle of selecting candidates who will

achieve the best results with surgical resection, not on
selecting the treatment that yields the best results in a
particular patient. Thus, whereas a patient may not be
an ideal candidate for resection, surgery may still yield
the best survival of all the available treatment strategies
(Tables 2 and 3). Unfortunately, our data did not
allow us to identify the characteristics of these patients
that might benefit from surgery.

Our multivariate analysis of over 7,600 nonideal
patients (groups C1D) seemed to support the major-
ity of the currently endorsed treatment algorithm.
Those patients who are not ideal candidates for hepatic
resection are better served by transplantation or abla-
tion. In fact, transplantation was associated with a 5-
fold decrease in mortality, compared to hepatectomy,
in patients that did not meet AASLD/EASL criteria
for resection. Though it true that this was not exam-
ined on an intention-to-treat basis, the inclusion of
dropouts is unlikely to completely eliminate such a
large hazard-ratio benefit. Nevertheless, our results
show that the applicability of transplant is quite lim-
ited, given that transplantation accounted for only 7%
of treatments in this group of patients.

The relative roles of resection and ablation as first-
line treatments have been debated, even among HCC
patients who would meet AASLD/EASL criteria for
surgery. Three randomized trials have provided con-
flicting results.17-19 Again, our study seems to suggest
that hepatic resection is the best choice in such
patients, corroborating the findings of a large cohort
study recently published from the Japanese nation-
wide survey.20 However, our study also finds that noni-
deal surgical candidates may be better served with
ablation, rather than resection, and that ablation seems
to be a much more widely applied treatment modality,
compared to transplantation, for this group of
patients.

A more unexpected finding was that resection of
such nonideal patients yielded better outcomes than
embolization and “other” treatments. These findings
will undoubtedly lead to significant debate, but are
consistent with some previously published studies sup-
porting resection over embolization.21-23 More impor-
tant, a recent randomized trial comparing resection
with arterial embolization for patients with BCLC B
HCC found a significant survival advantage with sur-
gery.24 These findings will certainly bring into ques-
tion the role of transarterial chemoembolization in
treatment of patients with BCLC stage B tumors.

There are some obvious shortcomings of this study
that must be acknowledged. Perhaps the most limiting
deficiency is the short follow-up of 27 months. This
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results in the survival data being reliable only to
approximately 36 months, after which less than 10%
of the population remains at risk. As a result, conclu-
sions regarding long-term survival are not possible.
Nevertheless, the large number of patients allows us to
reach robust conclusions regarding intermediate out-
comes. Another limitation was the lack of a uniform
treatment algorithm used across the centers. However,
this particular aspect of the study does allow us to
compare similar patients that were treated with differ-
ent modalities at different institutions. Finally, there
was no uniform standard technique used for the vari-
ous treatment modalities at the various centers. For
instance, whereas one center may use drug-eluting
beads for embolization, another may still be using gel-
atin foam and lipiodol. There is no easy way to sur-
mount this particular limitation other than relying on
the very large sample size to overcome the heterogene-
ity of technique within each of the various treatments
used. As with any large database study, it is impossible
to determine exactly how certain treatment decisions
were made. Though we have attempted to correct for
this to the best of our abilities by running a separate
analysis excluding patients with cardiac comorbidities,
it is certainly possible that patients were assigned to a
particular treatment for reasons not obvious from
review of the data.

In summary, our analysis of over 8,500 patients
undergoing treatment for HCC yielded important
insights into the role of hepatic resection. It appears
that, though a relatively rare event, approximately
20% of candidates who meet current EASL/AASLD
criteria for resection are denied surgery, and this course
of action is associated with a 2-fold increase in mortal-
ity. A much more common practice is to offer surgery
to patients beyond the recommended criteria. In fact,
the majority of patients in all regions undergoing
resection did not meet AASLD/EASL criteria. Our
study suggests that the current AASLD/EASL criteria
might be expanded to include patients with either
moderate PH or slightly elevated total bilirubin
>1 mg/dL, but not both, without any appreciable
increase in mortality. However, expansion of criteria
along other lines, such as tumor characteristics, liver
function, and performance status, is associated with
significantly lower survival. Finally, for patients who
do not meet AASLD/EASL criteria for surgery, resec-
tion may still associated with longer survival, when
compared to embolization and “other” treatments,
and shorter survival, in comparison to ablation and
transplantation, when controlling for other relevant
factors.
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Abstract

Aims and Methods Heat shock protein A4 (HSPA4, also

called Apg-2), a member of the HSP110 family, regulates

the immune response in the gut. Here, we assessed the

involvement of HSPA4 in gastric ulcer healing by using

fibroblasts from wild-type and HSPA4-deficient mice, a

murine gastric ulcer model, and samples from 65 patients

with gastric cancer.

Results HSPA4 expression was inversely correlated with

gastric ulcer healing following endoscopic resection of gas-

tric cancer. In the human gastric mucosa, the expression of

HSPA4 was inversely correlated with the expression of

stromal cell-derived factor 1 (SDF-1), its cognate receptor

CXCchemokine receptor 4 (CXCR4), the stromal cellmarker

vimentin, and the epithelial–mesenchymal transition regula-

tor Twist. HSPA4 was overexpressed in stromal cells as well

as in human gastric cancer cells. HSPA4 deficiency increased

the expression of SDF-1 andCXCR4, aswell as the numberof

fibroblast-specific protein 1-positive cells, leading to accel-

erated ulcer healing in the murine gastric ulcer model.

Deletion of HSPA4 promoted cell migration in mouse fi-

broblasts through increased expression of SDF-1 and Twist.

Conclusion HSPA4 regulates the expression of SDF-1

and Twist in fibroblasts, thereby controlling gastric ulcer

healing.

Keywords HSP � SDF-1 � CXCR4 � Twist � FSP-1 �
Gastric cancer

Abbreviations

CTGF Connective tissue growth factor

CXCR4 CXC chemokine receptor 4

DAPI 4,60-Diamidino-2-phenylindole

EMT Epithelial–mesenchymal transition

ESD Endoscopic submucosal dissection

EMR Endoscopic mucosal resection

FSP-1 Fibroblast-specific protein 1

HSP Heat shock protein

IBD Inflammatory bowel disease

MEF Mouse embryonic fibroblast

SDF-1 Stromal cell-derived factor 1

WT Wild type

Introduction

Wound healing comprises a complex and coordinated

series of events involving inflammation, tissue deposition,

remodeling, and scarring. Fibroblasts are known to be

essential in tissue repair [1]. They move to the affected area

upon wound formation and synthesize collagen together

with other extracellular matrix components, thereby gen-

erating the conditions required to repair the wound. The
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movement of fibroblasts during wound healing includes

migration as well as deformation. Twist is required for the

migration and invasion of fibroblast-like synoviocytes [2].

Fibroblast-specific protein 1 (FSP-1), a marker of fibrob-

lasts, belongs to the S100 family of calcium-binding pro-

teins and regulates cellular motility through direct

interaction with myosin-IIA [3]. Vimentin, a major inter-

mediate filament expressed in fibroblasts, is a part of

cytoskeletal systems in eukaryotic cells. It is considered a

driving force of cell strength and tissue integrity [4].

A number of studies have shown that the chemokine

stromal cell-derived factor-1 (SDF-1, also known as

CXCL12) is critical to mesenchymal cell chemotaxis and

organ-specific homing in injured tissues through interaction

with its cognate receptor, CXC chemokine receptor 4

(CXCR4), on the cell surface [5–7]. SDF-1 contributes to

wound healing by recruiting progenitor cells to the site of

injury, promoting full wound reepithelialization, and

enhancing the revascularization of damaged tissues [8, 9].

The activity of heat shock protein A4 (HSPA4, also

called Apg2), a member of the HSP110 family, is inducible

under various conditions, including chronic inflammation

and cancer [10–12]. HSPA4 inhibits apoptosis of inflam-

matory cells and augments immune response through the

up-regulation of Bcl-2 and IL-17 expression, leading to

treatment resistance in inflammatory bowel disease (IBD)

[12]. In this study, we examined whether HSPA4 is in-

volved in gastric ulcer healing, using HSPA4-deficient

(HspA4-/-) mice and human tissue samples. We found that

HSPA4 regulates SDF-1 and Twist expression and that

HSPA4 expression is inversely correlated with ulcer heal-

ing. To our knowledge, this is the first report of HSPA4 as

a possible regulator of wound healing.

Patients and Methods

Human Tissue Samples

Endoscopic submucosal dissection (ESD) is performed

with a circumferential mucosal incision, followed by sub-

mucosal dissection. In 45 patients with early gastric cancer,

RNA was extracted from biopsies of non-neoplastic tis-

sues, obtained by ESD of cancer tissues. The site of biopsy

was gastric mucosa near gastric lesions. Immediately fol-

lowing the ESD procedure, the size of the artificial ulcer

created by the resection was measured. The ulcer area was

calculated by multiplying the maximum diameter by the

vertical diameter, for convenience. During a follow-up

endoscopy 4 weeks later, the remaining ulcer area was

measured and calculated as the percentage of the initial

ulcer area. The subjects were divided into a rapid ulcer

healing group and a slow ulcer healing group, based on

whether the remaining ulcer area was smaller or larger than

the median, respectively. The median level of mRNA ex-

pression of HSPA4, as determined by real-time qPCR, was

used to distinguish between the low- and high-expression

groups. In 20 patients with advanced gastric cancer, im-

munohistochemistry was performed using an anti-HSPA4

antibody. A biopsy of the upper gastrointestinal tract with

culture or a urea breath test was used to diagnose Heli-

cobacter pylori (H. pylori) infection. All study protocols

conformed to the ethical guidelines of the Declaration of

Helsinki (1975) and have been approved by the appropriate

institutional review boards.

Mice and Treatment

HspA4-/- mice were produced as previously described

[12]. Gastric ulcers were induced by the serosal application

of acetic acid, according to a previously described method

[13]. Briefly, under anesthesia, the abdomen was incised

and the stomach was exposed. A round mold was placed on

the serosal surface of the corpus, and acetic acid (40 %)

was applied for 10 s. The treated surface was rinsed with

saline, the abdomen was closed up, and the mice were

routinely maintained. Seven days later, the animals were

killed and their stomachs were removed, opened along the

greater curvature, and prepared for histological evaluation.

All animal procedures were performed based on approved

protocols and in accordance with the recommendations for

the proper care and use of laboratory animals. The Medical

Ethics Committee of the Kinki University Faculty of

Medicine has approved this study.

Cell Culture

Cell lines of mouse embryonic fibroblasts with HspA4-/-

genotype were established using the so-called 3T3 proto-

col. To produce stable isogenic cell lines, the Flp-In system

was used as previously described. The expression of

HSPA4 was confirmed by Western blotting using an anti-

HSPA4 antibody [12]. A scratch assay was performed, in

which cells were plated onto 6-well plates and incubated

until they reached confluence. The confluent cell mono-

layer was scratched with the tip of a plastic pipette, the

cells were cultured with DMEM containing 10 % FBS at

37 �C, and the scratch area was photographed. The wound

distance was measured from edge to edge at five different

points per wound area and averaged for each experiment.

The migration assay was performed by the Boyden

chamber method, using polycarbonate membranes with an

8-lm pore size (Chemotaxicell, Osaka, Japan). The mem-

branes were coated on their outer side with fibronectin and

dried for 2 h at room temperature. The cells to be analyzed

(2 9 104 cells/well) were seeded onto the upper chambers

Dig Dis Sci (2015) 60:850–857 851
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with 200 lL of migrating medium (DMEM containing

0.5 % FBS), and the upper chambers were placed into the

lower chambers of 24-well culture dishes, in 600 lL of

DMEM containing 10 % FBS with 10 ng/mL of HGF.

Following incubation for 24 h, the medium in the upper

chambers was aspirated, and the cells that had not mi-

grated, i.e., those present on the inner side of the mem-

branes, were removed with a cotton swab. The cells that

had migrated to the outer side of the membranes were fixed

with 4 % paraformaldehyde for 10 min, stained with 0.1 %

Giemsa solution for 15 min, and counted under a light

microscope. The number of migrated cells was averaged

from five fields per chamber, and three chambers were used

per experiment. Each experiment was performed in

triplicate.

Biochemical and Immunochemical Analyses

Real-time qPCR, immunoblotting, and immunohisto-

chemistry were performed as previously described [14].

The primer sequences are provided in Table S1. The fol-

lowing antibodies were used: anti-b-actin, anti-HSPA4

[12], and anti-FSP-1 (Cell Signaling, Danvers, MA). Im-

munohistochemistry was performed using ImmPRESSTM

reagents (Vector Laboratory, Burlingame, CA), according

to the manufacturer’s recommendations. Five image fields

were obtained for each sample, and in each one, the

HSPA4-positive areas were counted using the Image J

software (NIH, Bethesda, MD).

Statistical Analysis

The data are presented as mean ± SEM. In each compar-

ison, the difference between groups was analyzed with

Student’s t test or Fisher’s exact test, and the relationship

between the respective expression levels of several genes

was analyzed with a Spearman rank correlation test.

P values\0.05 were considered statistically significant.

Results

HSPA4 Expression Is Inversely Correlated with Gastric

Mucosal Repair Following Endoscopic Submucosal

Dissection

Endoscopic submucosal dissection (ESD) has been estab-

lished as an alternative method to open surgery for node-

negative early cancer of the gut, and it enables en bloc

resection, even for large lesions that were previously

considered too difficult to treat using conventional endo-

scopic mucosal resection (EMR). It is well known that an

artificial ulcer created using an ESD procedure heals in a

few months (Fig. 1a). We examined the association

between HSPA4 expression and the healing process of

artificial gastric ulcers following ESD. The mRNA

expression levels of HSPA4 in non-tumorous gastric mu-

cosa were significantly correlated with the remaining ulcer

areas following ESD (Fig. S1). As shown in Fig. 1b, the

remaining ulcer areas were significantly smaller in cases

with low HSPA4 expression than in those with high

HSPA4 expression. We compared several factors including

location of ESD, resected area, and status of H. pylori in-

fection between HSPA4-high and HSPA4-low groups. No

significant difference was found between the two groups

(Table S2). An immunohistochemical analysis was per-

formed to identify the cells that expressed HSPA4 in the

human stomach. In the normal mucosa, both epithelial cells

and stromal cells expressed the HSPA4 protein (Fig. 1c).

HSPA4 expression levels were significantly lower in

patients with rapid ulcer healing than in those with slow

ulcer healing (Fig. 1d, e). Cancers are often described as

resembling chronic wounds. HSPA4 was overexpressed in

18 of 20 gastric cancer cases. HSPA4 was expressed in

cancer cells and in stromal cells (Fig. 1f).

Correlation Between HSPA4 and Stromal Cell-Derived

Factor 1 in the Human Gastric Mucosa

Fibroblasts play an important role in the wound healing

process, as they are involved in the physiological recon-

struction of connective tissue [1]. RNA was extracted from

the non-neoplastic tissues obtained using the ESD proce-

dure, and gene expression was quantified by real-time

qPCR. Twist is involved in cell migration as well as in

epithelial–mesenchymal transition (EMT) [2]. The ex-

pression of HSPA4 inversely correlated with that of vi-

mentin, a marker for fibroblasts, and with that of Twist,

with linear coefficients of -0.51 and -0.58, respectively

(Fig. 2a, b). SDF-1/CXCR4 signaling contributes to wound

healing by recruiting progenitor cells to the site of injury

and by promoting complete re-epithelialization of the

wound [8, 9]. HSPA4 expression inversely correlated with

the expression levels of SDF-1 and CXCR4 in the human

gastric mucosa, with linear coefficients of -0.67 and

-0.37, respectively (Fig. 2c, d). No significant correlation

was found between the HSPA4 expression and the

expression of MPO, HGF, IGF, FGF, and Snail (data not

shown).

HSPA4 Deficiency Promoted Gastric Ulcer Healing

in the Murine Gastric Ulcer Model

In order to clarify the role of HSPA4 in gastric ulcer

healing, we compared the progression of gastric ulcer

healing in HspA4-/- mice to that in wild-type (WT) mice.
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HspA4-/- mice did not show gross abnormalities; how-

ever, they exhibited lower fertility rates as compared to

those observed in WT mice [12]. As shown in Fig. 3a, b,

the healing of gastric ulcers that were induced by acetic

acid was more rapid in HspA4-/- mice than in WT mice.

In WT mice, none of gastric ulcers were at scarring stage

while 2 out of 4 HspA4-/- mice were at scarring stage.

More ulcers were at the scarring stage in HspA4-/- mice

than in WT mice (Table S3). In line with the data obtained

from humans (Fig. 2), HSPA4 deletion increased the

Fig. 1 HSPA4 expression

inversely correlated with gastric

mucosal repair following

endoscopic submucosal

dissection (ESD). a Endoscopic

images of artificial ulcers at

4 weeks following ESD.

b Relative mRNA levels were

compared between the HSPA4

low-expression and high-

expression groups. The median

mRNA level, as determined by

real-time qPCR, was used to

distinguish between the low-

and high-expression groups.

c Representative images of

immunohistochemical detection

of HSPA4 of human gastric

mucosa. Scale bar 30 lm.

d Sections of stomach resected

by ESD were examined by

immunohistochemistry with a

HSPA4-specific antibody. e The
surface area stained with the

antibody against HSPA4 was

quantified and then compared

between patients with rapid

ulcer healing and those with

slow ulcer healing. The data are

expressed as mean ± SEM.

*P\ 0.05. f Representative
immunostaining images of

gastric cancer tissues with an

anti-HSPA4 antibody. Scale bar

200 lm
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expression of SDF-1, CXCR4, and FSP-1 in the murine

gastric ulcer model (Fig. 3c). FSP-1, a marker of fibrob-

lasts, regulates cellular motility [3]. In the gastric mucosa

of HspA4-/- mice that had been treated with acetic acid,

the number of FSP-1-positive cells was increased com-

pared to that in controls subjected to the same treatment

(Fig. 3d). These data suggest that the expression of HSPA4

inhibits the migration of fibroblasts as well as gastric ulcer

healing.

HSPA4 Inhibited the Migration of Fibroblasts

We used HSPA4-deficient mouse embryonic fibroblasts

(MEFs) expressing HSPA4 for the migration assay. The

HSPA4 expression level of HspA4-/- MEFs expressing

HSPA4 is similar to that of WT MEFs [12]. The scratch

assays revealed that the overexpression of HSPA4 sig-

nificantly inhibited wound closure in HSPA4-deficient

MEFs (Fig. 4a, b). A transwell migration assay was per-

formed to test the involvement of HSPA4 in in vivo cell

migration. After being placed above a permeable cell

membrane for 2 h, a higher number of HSPA4-deficient

fibroblasts, than HSPA4-expressing fibroblasts, had mi-

grated through the micropores of the membrane (Fig. 4c).

The respective expression levels of SDF-1 and Twist,

which are known to play critical roles in cell migration,

were down-regulated by HSPA4 (Fig. 4d). HSPA4 over-

expression did not affect cellular proliferation in HspA4-

deficient mouse fibroblasts (data not shown). HSPA4,

therefore, significantly prevented the migration of

fibroblasts.

Discussion

The balance between harmful and protective factors de-

termines the development and healing of gastric ulcers; a

relative increase in harmful factors or a relative decrease in

protective factors can result in disorders. Fibroblasts,

known to be essential to tissue repair, move to the affected

area upon wound formation and secrete protective factors

such as SDF-1 and Twist [2, 8, 9]. Here, we demonstrated

that the expression of HSPA4 expression is inversely cor-

related with that of SDF-1 and Twist, as well as with the

healing rate of post-ESD ulcers. In addition, HSPA4 defi-

ciency up-regulated the expression levels of SDF-1 and

Twist in the gastric mucosa, leading to enhanced gastric

ulcer healing in the murine gastric ulcer model. Mohamed

et al. have reported that disruption of the HspA4 gene in-

creased the expression of connective tissue growth factor

(CTGF) in the heart [15], and CTGF contributes to wound

healing [16]. TGF-b expression increases in ulcer relapse

caused by IL-1b in rats, which augments inflammatory

response and induces ulcer recurrence [17]. However, there

was no significant difference in expression of IL-1b and

TGF-b between WT and HspA4-/- stomachs (data not

Fig. 2 Association between

HSPA4 and Vimentin, Twist,

SDF-1, and CXCR4 in the

gastric mucosa of patients with

gastric cancer. Scatter plot of

the relative mRNA levels of

HSPA4 and of the indicated

genes (a vimentin, b Twist,

c SDF-1, and d CXCR4) in

human gastric mucosa
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shown). No significant correlation between HSPA4 and

MPO was found in human gastric mucosa.

Stress triggers important adaptive responses to maintain

homeostasis. The most conserved and ubiquitous of the

stress responses is the induced expression of heat shock

proteins that act as chaperones against stress-induced de-

naturation of proteins. In contrast, an increased or reduced

stress response can create pathogenic conditions such as

inflammation and carcinogenesis [12, 18, 19]. Here, we

found that down-regulation of HSPA4 expression promotes

gastric ulcer healing and that HSPA4 expression levels were

lower in H. pylori-positive cases than in H. pylori-negative

cases (Fig. S2). Down-regulation of HSPA4 expression

might be an adaptive response to H. pylori infection, the

cause of most gastric ulcers. The exact mechanisms under-

lying the up- or down-regulation of HSPA4 expression in the

stomach remain to be elucidated.

The failure of molecular chaperones to direct the correct

folding of newly synthesized proteins leads to the accumu-

lation of misfolded proteins in cells. HSPA4 has a chaper-

one-like activity similar to that of HSP110 [10] and

maintains proper protein folding and homeostasis [15].

HSPA4 deficiency activated STAT3 in cardiomyocytes [15],

but not in gastric epithelial cells (data not shown). In the

Fig. 3 HSPA4 deficiency

promoted gastric ulcer healing

in the murine gastric ulcer

model. a Representative

photographs of H&E-stained

stomachs of WT and HspA4-/-

mice at 7 days following the

application of acetic acid. b WT

mice (n = 10) and HspA4-/-

mice (n = 6) were killed 7 days

following the application of

acetic acid. The diameters of the

remaining ulcers were

compared. The data are

expressed as mean ± SEM.

*P\ 0.05. c Effect of HSPA4

on gene expression in the

stomach. Stomachs were

removed, and the level of

mRNA expression was analyzed

by real-time qPCR. The mRNA

expression level in the stomachs

of non-treated WT mice was set

at a value of 1. The results are

expressed as mean ± SEM

(n = 4 per group). *P\ 0.05

compared with WT mice.

d Representative images of the

immunohistochemical detection

of fibroblast-specific protein 1

(FSP-1), a marker of fibroblasts,

in gastric tissue
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intestine, HSPA4 increased the expression of the antiapop-

totic proteins Bcl-2 and Bcl-xL, leading to attenuated

apoptosis [12]. However, in the stomach, no correlation be-

tween HSPA4 and Bcl-2 or Bcl-xL has been found (data not

shown). The ablation of the HspA4 gene alters cellular sig-

naling, probably through its role in protein quality control

mechanisms, which would depend on multiple factors such

as the cell type, stress type, and microbiota composition.

In summary, we demonstrated that HSPA4 down-reg-

ulates the expression of SDF-1 and Twist and inhibits

cell migration, which in turn controls gastric ulcer healing

induced by endoscopic submucosal dissection.
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Special Report

Evidence-based Clinical Practice Guidelines for
Hepatocellular Carcinoma: The Japan Society of
Hepatology 2013 update (3rd JSH-HCC Guidelines)

Norihiro Kokudo, Kiyoshi Hasegawa, Masaaki Akahane, Hiroshi Igaki, Namiki Izumi,
Takafumi Ichida, Shinji Uemoto, Shuichi Kaneko, Seiji Kawasaki, Yonson Ku,
Masatoshi Kudo, Shoji Kubo, Tadatoshi Takayama, Ryosuke Tateishi, Takashi Fukuda,
Osamu Matsui, Yutaka Matsuyama, Takamichi Murakami, Shigeki Arii, Masatoshi Okazaki
and Masatoshi Makuuchi

The Committee for Revision of the Clinical Practice Guidelines for Hepatocellular Carcinoma, Tokyo, Japan

The 3rd version of Clinical Practice Guidelines for Hepatocel-
lular Carcinoma was revised by the Japan Society of
Hepatology, according to themethodology of evidence-based
medicine, which was published in October 2013 in Japanese.
Here, we briefly describe new or changed recommendations
with a special reference to the two algorithms for surveil-
lance, diagnosis, and treatment.

Key words: algorithm for surveillance and diagnosis,
algorithm for treatment, clinical practice guidelines, clinical
question, evidence-based medicine

INTRODUCTION

THE SECOND VERSION of Evidence-based Clinical
Practice Guidelines for Hepatocellular Carcinoma

(2nd JSH-HCC Guidelines) conducted by the Japan
Society of Hepatology (JSH) was published in 2009 in
Japanese, and its English version was released in 2010.1

Because new knowledge and information have been
increasingly accumulated since the end-point of the
published work search in June 2007, the second revision
was initiated in September 2011, and the new third
version was published in October 2013 in Japanese.

As was the case in the first2–4 and second1 versions of
the JSH-HCC Guidelines, the third was strictly revised
by the methodology of evidence-based medicine. In the
revision procedures, we set a total of 57 clinical ques-
tions (CQ), constructed retrieval styles for each CQ, and

systematically searched scientific papers (n = 6750 in
total) published between July 2007 and December 2011
in the medical databases (PubMed and Medline) by
the retrieval styles. The entire published work search
formula is open to the public (https://www.jsh.or.jp/
English/), which has not been always the case in other
HCC guidelines. After critical reading of all abstracts
and sometimes whole manuscripts (when necessary)
for a total of 1648 relevant publications, we finally
selected a total of 596 papers, wrote recommen-
dations for each CQ and decided the grade of the
recommendations.

The full English version of the 3rd JSH Guidelines is
available including the retrieval styles for all clinical
questions on the JSH website (https://www.jsh.or.jp/
English/). Herein, we highlight the important revision
points in recommendations and algorithms in the new
guidelines.

ALGORITHM FOR SURVEILLANCE
AND DIAGNOSIS

THE FUNDAMENTAL STRATEGY for HCC surveil-
lance and diagnosis is demonstrated in a revised
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algorithm (Fig. 1), in which ultrasonography (US) is
the first choice for screening, and dynamic study of
contrast-enhanced computed tomography (CT) or mag-
netic resonance imaging (MRI) follow to obtain a final
diagnosis. In spite of the remarkable advance of various
kinds of imaging modalities, fundamental B-mode US
is regarded as the most important, because of its low
cost, lesser invasiveness, simplicity to perform and
high sensitivity. “Typical imaging findings of HCC” for
final diagnosis, which have been defined as intense
arterial enhancement followed by washout of contrast
media in the venous-delayed phases in dynamic CT in
the Guidelines of the American Association for the
Study of Liver Diseases (AASLD)5 and the previous JSH-
HCC Guidelines1–4 are also adopted in the third
version. Accounting for the recent progress in diagnos-
tic imaging, several revisions have been made, as
follows.

So-called “typical imaging findings of HCC” are
divided into two components, “intense arterial enhance-
ment“ and “washout of contrast media in the venous-
delayed phase”, and they are separately applied to the
decision tree (Fig. 1). If both factors are positive, the
diagnosis of HCC is confirmed. If either of the factors
were negative in a case with a tumor larger than 2 cm,
further optional diagnostic modalities were recom-
mended in the previous JSH-HCC Guidelines. However,
size cut-off for recommending further evaluation has
been changed in the third version; namely, optional
modalities are conducted for a tumor with negative arte-
rial enhancement and size larger than 1.5 cm, as well as
being performed for a tumor with negative delayed
washout and size larger than 1 cm. In other words, indi-
cations of optional modalities for small HCC have been
widened and the size cut-offs vary according to the pres-
ence or absence of arterial enhancement and/or delayed
washout. In addition, enhanced MRI using gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid has
been added to the list of optional diagnostic modalities
in the third version.

ALGORITHM FOR TREATMENT OF HCC

SINCE THE FIRST version of our JSH-HCC Guide-
lines, this algorithm has been simple and easy to

memorize, consisting of three factors: (i) degree of liver
damage; (ii) number of tumors; and (iii) tumor diam-
eter (Fig. 2). The recommendable treatment options are
narrowed down to one or two by referring to this algo-
rithm. The revision in the third algorithm can be sum-
marized in three points, as follows:

1 The order of recommendation for surgical resection
and percutaneous radiofrequency ablation (RFA) has
been clarified. Based on the results of nationwide
large cohort studies conducted by the Liver Cancer
Study Group of Japan,6,7 surgical resection is set as the
first therapeutic choice for a HCC patient with liver
damage of grade A or B and with a single tumor. If a
tumor is smaller than 3 cm in the above conditions,
RFA is recommended as the second choice. During
the targeted period for the current revision (2007–
2011), there were three randomized controlled trials
(RCT) comparing surgery and RFA.8–10 However, we
did not reflect the results of the RCT in the treatment
algorithm, because they had several problems as
described elsewhere.11 For a case with liver damage of
grade A or B and two or three tumors smaller than
3 cm, either surgical resection or RFA is recom-
mended with no priority, considering the Japanese
cohort study.6,7

2 Based on the results of the SHARP study,12 a
molecular-targeted agent (sorafenib) is included in
the third treatment algorithm. In a case with liver
damage of grade A or B and four or more tumors,
systemic chemotherapy including molecular-targeted
agent and hepatic arterial infusion chemotherapy
is regarded as the second recommendation after
transcatheter arterial chemoembolization (TACE).

3 Since the 1st JSH-HCC Guidelines, “liver damage”
consisting of five factors including the indocyanine
green (ICG) test has been used as an indicator of liver
function. Although the ICG test is considered indis-
pensable for surgical decision-making in Japan, it is
not routinely performed before non-surgical treat-
ments, such as RFA and TACE in the current daily
practice in Japan. Considering these situations, the
Child–Pugh classification can be a substitute liver
function grading only before non-surgical treatments.
We also discussed whether extrahepatic disease

and/or vascular invasion should be newly added to the
decision factors in the treatment algorithm. In fact, these
two factors are clinically important and adopted in
other guidelines, such as the Guidelines of the AASLD5

and the Asian Pacific Association for the Study of the
Liver.13 We decided not to increase the number of deci-
sion factors mainly in order to keep the treatment algo-
rithm simple and to observe our policy since the first
version. Furthermore, there are few evidences available
to recommend a certain treatment option for HCC with
vascular invasion. Extrahepatic HCC at the time of
initial diagnosis is considered rare in daily practice in
Japan.

© 2015 The Japan Society of Hepatology
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No early-phase
contrast

enhancement

Dynamic CT/MRI*

Nodule detected by ultrasound

Surveillance Algorithm - Diagnostic Algorithm

Extremely High-Risk Group:
                           Ultrasound every 3–4 months
                           Measure AFP/DCP/AFP-L3 every 3–4 months
                           CT/MRI (optional) every 6–12 months

High-Risk Group:
                           Ultrasound every 6 months
                           Measure AFP/DCP/AFP-L3 every 6 months

Early-phase contrast
enhancement

Delayed-phase
washout

No delayed-phase
washout

Tumor diameter
> 1 cm?

Follow-up every 3
months

Regular surveillance

No increase in
size/tumor

disappearance

increase in size
/increase in tumor

marker levels

Definitive diagnosis of
hepatocellular

carcinoma

Hepatocellular carcinoma

*CT/MRI are used for some patients even if the nodule(s) are not visualized using ultrasound
because of poor visualization capability. Contrast-enhanced ultrasound may be considered for
patients with renal impairment and/or allergies to contrast media of CT/MRI.

Tumor diameter
> 1.5 cm?

Optional testing

Yes

Yes

No

No

No lesions

Figure 1 Algorithm for surveillance and diagnosis in the 3rd JSH-HCC Guidelines. AFP, α-fetoprotein; AFP-L3, Lens culinaris
agglutinin-reactive fraction of AFP; CT, computed tomography; DCP, des-γ-carboxyprothrombin; MRI, magnetic resonance
imaging.
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In summary, the 3rd JSH-HCC Guidelines was com-
piled under the same policy as the first and second
versions, in which objectivity and reproducibility are
warranted. We believe that the 3rd JSH-HCC guide-
lines would be useful for proper decision-making in
the management of HCC worldwide as well as in
Japan.
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BACKGROUND & AIMS: Transarterial chemoembolization (TACE) is used to treat hepatocellular carcinoma (HCC), but it
is a challenge to predict patient survival. The hepatic arterial embolization prognostic (HAP)
score has been shown to predict which patients will have shorter survival times and should not
undergo TACE. We aimed to validate this scoring system in a prospective study of patients in
Europe and Asia.

METHODS: We evaluated the prognostic accuracy of the HAP score in estimating overall survival (OS) of
126 patients with HCC who received TACE in the United Kingdom or Italy (training set) from
2001 through 2013. We also analyzed data from 723 patients treated in Korea and Japan
(validation set), including 79 with newly diagnosed HCC, who underwent TACE in Korea or
Japan from 2004 through 2013. Response to TACE was determined based on computed to-
mography analysis. OS was calculated from the time of the first TACE until death or the last
follow-up evaluation.

RESULTS: OS was associated with hypoalbuminemia, a-fetoprotein level greater than 400 ng/mL, and
tumor size greater than 7 cm at diagnosis (P < .01), but not a bilirubin level greater than 17
umol/L (P > .05), in both data sets. The lack of association between OS and bilirubin level was
confirmed using receiver operating characteristic analysis. We developed a modified version of
the HAP score, based on the level of albumin and a-fetoprotein and tumor size, which predicted
OS with increased accuracy in the training and validation cohorts.

CONCLUSIONS: In a multicenter validation study, we developed a modified version of the HAP that predicts
survival of patients with HCC treated with TACE in Europe and Asia. This system might be used
to identify patients with HCC most likely to benefit from TACE in clinical practice.

Keywords: Outcome; Liver Cancer; Therapy; Hepatic; AUROC.

The prognosis of patients with hepatocellular car-
cinoma (HCC) undergoing transarterial chemo-

embolization (TACE) is notoriously variable. In patients
with fully compensated hepatic function, liver-confined
HCC, and good performance status the 2-year survival
rates approach 63%,1 deteriorating, however, by half
when the disease becomes symptomatic or spreads to
the portal vein.2

The hepatoma arterial-embolization prognostic
(HAP) score recently was qualified as a prognostic tool
that classifies patients into 4 strata based on hypo-
albuminemia, bilirubin level of 17 mmol/L or greater,
a-fetoprotein level of 400 ng/mL or greater, and tumor

size greater than 7 cm at diagnosis.3 Given the limited
survival of patients with an increased HAP score, it has
been suggested that TACE should be avoided in the poor
prognostic group. However, this recommendation, which

Abbreviations used in this paper: BCLC, Barcelona Clinic Liver Cancer; CI,
confidence interval; HAP, hepatic arterial embolization prognostic; HCC,
hepatocellular carcinoma; HR, hazard ratio; mHAP, modified hepatic
arterial embolization prognostic; mRECIST, modified Response Evalua-
tion Criteria in Solid Tumors; OS, overall survival; TACE, transarterial
chemoembolization.
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potentially could optimize the provision of TACE in HCC,
has not been validated in independent confirmatory
studies including patients of diverse ethnicities. We
sought to validate the prognostic accuracy of the HAP
score in independent patient cohorts from Europe and
Asia.

Materials and Methods

Patient Population

Our study population consisted of a training data set
of 126 patients, including 64 patients who had under-
gone TACE at Imperial College, London (UK), between
2001 and 2012, and a second subgroup of 62 patients
from the academic Liver Unit in Novara (Italy), treated
between 2004 and 2013.

The validation set consisted of 723 patients,
including 79 with newly diagnosed HCC referred to St.
Mary’s Hospital Catholic University of Korea (Incheon),
prospectively recruited between June 2011 and July
2012, and a further 644 consecutive patients with
unresectable HCC treated with TACE at the Kinki Uni-
versity Faculty of Medicine (Japan) between January
2004 and August 2013. The radiologic response to TACE
was based on modified Response Evaluation Criteria in
Solid Tumors (mRECIST)4 on contrast-enhanced
computed tomography scan, 6 to 8 weeks after TACE.
In all institutions TACE was administered conventionally
on demand until achievement of complete response.
Overall survival (OS) was calculated from the time of the
first TACE to the time of death or the last-documented
follow-up evaluation. Patients were staged according
to the Barcelona Clinic Liver Cancer (BCLC) and Cancer
of the Liver Italian Program scores as previously
described.5

Table 1. Demographic and Clinical Characteristics of Patients
With HCC Treated With TACE: Training and
Validation Data Sets

Baseline characteristic
Training data
set (n ¼ 126)

Validation data
set (n ¼ 723)

Age, y 69 (33–84) 73 (34–89)
Sex

Male 95 (75) 392 (70)
Female 31 (25) 165 (30)

Risk factors for chronic liver
disease
Hepatitis C virus infection 52 (41) 454 (63)
Hepatitis B virus infection 16 (13) 127 (18)
Ethanol excess 52 (41) 134 (19)
Others 13 (10) 4 (4)

Child–Turcotte–Pugh class
A5 47 (38) 355 (50)
A6 50 (40) 187 (26)
B7 18 (14) 100 (14)
B8 8 (6) 47 (6)
B9 3 (2) 28 (3)
Missing - 6 (1)

BCLC stage
A 47 (38) 270 (37)
B 67 (53) 390 (54)
C 12 (9) 63 (9)

Performance status (ECOG)
0 119 (94) 692 (96)
1 7 (6) 31 (4)

CLIP score
0–2 114 (90) NA
>2 12 (10)

Maximum tumor diameter, cm
�7 103 (82) 477 (86)
>7 23 (18) 80 (14)

Portal vein invasion
(segmental)
Absent 121 (96) 525 (94)
Present 5 (4) 32 (6)

Albumin level, g/L 37 (14–49) 37 (20–50)
Total bilirubin

level, umol/L
19 (4–124) 14 (3–70)

ALT level, IU/L 48 (10–348) 37 (4–277)
AST level, IU/L 56 (16–365) 49 (6–303)
ALP level, IU/L 262 (62–563) 345 (108–1220)
AFP level, ng/mL 15 (4–130.000) 28 (1–974.820)
INR 1.1 (1.0–1.4) 1.0 (1.0–2.0)
Platelet count, �109/L 115 (26–446) 115 (14–1653)
Number of TACE procedures

1 66 (52) 199 (27)
2 28 (22) 156 (22)
�3 32 (26) 289 (40)
Missing 79 (11)

Prior treatments
First-line TACE 77 (61) 239 (43)
Resection 8 (6) 73 (13)
Transplantation 1 (1) 0 (0)
Radiofrequency ablation 27 (21) 221 (40)
Systemic treatment 13 (10) 24 (4)

Modified RECIST response
after TACE
Complete response 27 (21) 218 (40)
Partial response 55 (43) 95 (17)
Stable disease 20 (16) 56 (10)
Progressive disease 21 (17) 179 (32)
Missing 4 (3) 9 (2)

Table 1. Continued

Baseline characteristic
Training data
set (n ¼ 126)

Validation data
set (n ¼ 723)

HAP score
A 22 (17) 259 (36)
B 46 (37) 236 (33)
C 41 (32) 173 (24)
D 13 (11) 55 (7)
Missing 4 (3) -

mHAP score
A 45 (36) 317 (44)
B 52 (41) 298 (41)
C 20 (16) 86 (12)
D 5 (4) 22 (3)
Missing 4 (3) -

NOTE. Data are n (%) or median (range).
AFP, a-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; CLIP, Cancer of the Liver Italian Program
score; ECOG, Eastern Cooperative Oncology Group; INR, international
normalized ratio.

June 2015 Validation of the HAP Score 1205

－324－



Statistical Analysis

Kaplan–Meier statistics followed by stepwise back-
ward Cox regression was used for univariate and
multivariate analyses of survival.5 Receiver operating
characteristic methodology was used to validate the
optimal cut-off point for continuous prognostic traits and
to test the accuracy of the studied scores at predefined

time points.6 The accuracy of HAP and modified HAP
(mHAP) prognostic scores was assessed in terms of ho-
mogeneity, discriminatory ability, and monotonicity.7

Discriminatory ability was estimated using Harrel’s
c-index, with confidence intervals estimated empirically
via bootstrapping, using 500 iterations. Statistical ana-
lyses were performed using SPSS package version 20.0
(IBM, Inc, Armonk, NY).

Figure 1. Kaplan–Meier curve analysis showing the difference in median OS for patients with unresectable HCC catego-
rized according to the studied prognostic scores. (A and B) HAP score and the mHAP tested in the training set. (C)
Kaplan–Meier curve analysis for the mHAP score in the validation set. (D) Comparison of HAP and mHAP score in pre-
dicting OS at 6, 12, 24, 36, and 60 months using area under the receiver operating characteristic (AUROC) curve analysis in
the training set patients.
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Results

Characteristics of the studied populations are pre-
sented in Table 1. Median OS in the training set was 17.6
months (range, 2.0–162.0 mo), and 36.2 months (range,
1.1–115.0 mo) in the validation set, the median follow-up
times were 23 and 37 months, respectively. At the time
of reporting, 53 of 126 (42%) subjects in the training set
and 402 of 723 (56%) in the validation set had died.

Each individual variable first was assessed in the
training set, and we confirmed that an albumin level less
than 36 g/L (P ¼ .007), an a-fetoprotein level greater
than 400 ng/dL (P < .001), tumor size greater than 7 cm
(P < .001), portal vein involvement (P < .001), and
mRECIST response after TACE (P < .0001) were signif-
icant predictors of OS (Supplementary Table 1). How-
ever, no prognostic role was found for a bilirubin level
greater than 17 umol/L (P ¼ .8). Receiver operating
characteristic curve analysis failed to identify a cut-off
value (Supplementary Figure 1), further substantiating
the lack of prognostic significance in our cohort.

The HAP score predicted patient survival after TACE.
The median OS was not reached in HAP stage A. In
stage B, the OS was 54.3 months (range, 39.6–69.0 mo),
46.7 months (range, 2.0–91.0 mo) in stage C, and 7.4
months (range, 4.7–10.0 mo) in stage D (hazard ratio
[HR], 2.5; 95% confidence interval [CI], 1.7–3.6; P <
.001) (Figure 1A). On multivariate analyses the HAP
score retained independent prognostic ability (HR, 1.4;
95% CI, 1.0–2.1; P ¼ .05) together with the Cancer of the
Liver Italian Program score (HR, 2.4; 95% CI, 1.6–3.5;
P < .001) and the mRECIST response (HR, 2.0; 95% CI,
1.5–2.9; P < .001), but not the BCLC stage (P ¼ .4).

Given the lack of prognostic significance observed for
bilirubin, we modified the HAP score by removing this
variable from the model,3 leaving the other variables
unmodified. Prognostic stratification was not changed:
patients with more than 2 adverse traits were defined as
mHAP stage D, whereas all the others were allocated to
mHAP stages A to C based on the presence of 0 to 2
factors.

When reclassified according to the mHAP score, pa-
tients in the training set showed an improved prognostic
categorization according to OS with patients in mHAP
stage A stage having a median OS of 104 months (range,
25.4–183.5), 46.7 months (range, 30.8–62.6) for patients
in mHAP stage B, 8.0 months (range, 5.3–10.8) in mHAP
stage C, and 3.8 months (range, 2.5–5.0) in mHAP stage D
(HR, 3.7; 95% CI, 2.5–5.5; P < .001) (Figure 1B and
Supplementary Table 2). The mHAP score preserved
prognostic prediction in the validation set, in which pa-
tients showed significantly different OS times: 48.2
(range, 44.6–51.8), 33.6 (range, 27.1–40.0), 13.0 (range,
8.2–17.8), and 6.5 (range, 3.7–9.3) months for mHAP
stages A, B, C, and D, respectively (HR, 2.1; 95% CI,
1.9–2.4 mo; P < .001) (Figure 1C). A significant effect on
survival was confirmed for mHAP (HR, 1.8; 95% CI,

1.6–2.1), BCLC (HR, 1.4; 95% CI, 1.2–1.7), and mRECIST
response (HR, 1.6; 95% CI, 1.5–1.8) on multivariate an-
alyses (P < .001). When compared with the original
score, the mHAP score achieved better prediction of
early mortality (Figure 1D). As shown in Supplementary
Table 3, the mHAP score achieved better prognostic ac-
curacy compared with HAP in the training set in terms of
homogeneity, monotonicity, and discriminatory ability,
whereas in the validation set the 2 scores achieved
similar accuracy.

Discussion

Although the HAP score was devised using parame-
ters reflecting both tumor phenotype and impairment of
hepatic reserve, 2 prognostic domains of key importance
in dictating early mortality from HCC, our study has
highlighted some critical issues with regard to its
accuracy.

By testing each individual component, we showed
that an increased bilirubin level lacked survival predic-
tion. In retrospect, bilirubin was the least significant
parameter composing the score, which previously was
validated as a whole and not in its individual compo-
nents.3 This may have introduced a weaker variable in an
apparently robust algorithm, reducing its accuracy.
Although increasing bilirubin levels8 and deteriorating
liver function is a harbinger of worse survival outcomes
after TACE,9 the consensual adoption of stringent criteria
in selecting patients for TACE may explain why hyper-
bilirubinemia lacks prognostic value in patients with
Child A/B class.

Our proposed modification of the HAP score, vali-
dated in more than 800 patients from 4 countries, has
emerged as an accurate and reproducible prognostic
index in patients with HCC undergoing TACE, with
improved accuracy in identifying individuals with a
poorer clinical course of the disease despite adequate
locoregional treatment.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at http://dx.doi.org/10.1016/j.cgh.2014.11.037.

References
1. Llovet JM, Real MI, Montana X, et al. Arterial embolisation or

chemoembolisation versus symptomatic treatment in patients
with unresectable hepatocellular carcinoma: a randomised
controlled trial. Lancet 2002;359:1734–1739.

2. Lo CM, Ngan H, Tso WK, et al. Randomized controlled trial of
transarterial lipiodol chemoembolization for unresectable hepa-
tocellular carcinoma. Hepatology 2002;35:1164–1171.

3. Kadalayil L, Benini R, Pallan L, et al. A simple prognostic scoring
system for patients receiving transarterial embolisation for
hepatocellular cancer. Ann Oncol 2013;24:2565–2570.

June 2015 Validation of the HAP Score 1207

－326－



4. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment
for hepatocellular carcinoma. Semin Liver Dis 2010;30:52–60.

5. Pinato DJ, Stebbing J, Ishizuka M, et al. A novel and validated
prognostic index in hepatocellular carcinoma: the inflammation
based index (IBI). J Hepatol 2012;57:1013–1020.

6. Hanley JA. Receiver operating characteristic (ROC) methodol-
ogy: the state of the art. Crit Rev Diagn Imaging 1989;
29:307–335.

7. Camma C, Di Marco V, Cabibbo G, et al. Survival of patients
with hepatocellular carcinoma in cirrhosis: a comparison of
BCLC, CLIP and GRETCH staging systems. Aliment Pharmacol
Ther 2008;28:62–75.

8. Cabibbo G, Genco C, Di Marco V, et al. Predicting survival in
patients with hepatocellular carcinoma treated by transarterial
chemoembolisation. Aliment Pharmacol Ther 2011;34:196–204.

9. Sieghart W, Hucke F, Pinter M, et al. The ART of decision
making: retreatment with transarterial chemoembolization in
patients with hepatocellular carcinoma. Hepatology 2013;
57:2261–2273.

Reprint requests
Address requests for reprints to: Rohini Sharma, MBBS, PhD, FRACP, Imperial
College London, Hammersmith Campus, Du Cane Road, W12 0HS London,
United Kingdom. e-mail: r.sharma@imperial.ac.uk; fax: þ44 (0) 20 8383 1783.

Acknowledgments
The authors would like to acknowledge Dr Ramya Ramaswami for insightful
comments on the manuscript.

Conflicts of interest
The authors disclose no conflicts.

1208 Pinato et al Clinical Gastroenterology and Hepatology Vol. 13, No. 6

－327－



Supplementary Table 1. Univariate Analysis of Survival:
Training Set

Baseline characteristic

Training set
(n ¼ 126)

Univariate
analysis

(%) or median
(range)

Hazard ratio
(95% CI),
P value

Age, y 69 (33–84) -
Sex

Male 95 (75) p ¼ .69
Female 31 (25)

Etiology of chronic liver disease 52 (41)
Viral 66 (52)
Nonviral 8 (7) p ¼ .22
Uncharacterized

Child–Turcotte–Pugh class
A 97 (77) p ¼ .22
B 28 (22)
C 1 (1)

Albumin level, g/La

�36 54 (43) 2.2 (1.2–3.9)
<36 72 (57) p ¼ .007

Total bilirubin, umol/L
�17 61 (48) p ¼ .8
>17 65 (52)

a-fetoprotein level, ng/mLa

�400 107 (85) 8.2 (4.1–16.4)
>400 15 (12) p < .001
Missing 4 (3)

Tumor size, cma

�7 103 (82) 7.1 (3.6–14.0)
>7 23 (18) p < .001

Segmental portal vein invasiona

Absent 121 (96) 3.7 (1.4–9.5)
Present 5 (4) p ¼ .005

Modified RECIST response after
TACEa

Complete response 27 (21) 2.4 (1.8–3.3)
Partial response 55 (43) p < .001
Stable disease 20 (16)
Progressive disease 21 (17)
Missing 4 (3)

HAP scorea

A 22 (17) 2.5 (1.7–3.6)
B 46 (37) p < .001
C 41 (32)
D 13 (11)
Missing 4 (3)

NOTE. The cut-off values used follow the HAP prognostic score.3
aAssociations reaching statistical significance (P < .05).

Supplementary Figure 1. Receiver operating characteristic
(ROC) curve analysis showing the lack of prognostic predic-
tion for serum bilirubin in estimating overall survival (training
set). AUROC, area under the ROC.
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Supplementary Table 2. Comparison of the Prognostic Performance of the HAP and mHAP Scores in the Training Set

Prognostic
score

Median OS
training set HR (95% CI) P value

Prognostic
score

Median OS
training set HR (95% CI) P value

HAP A Not reached - - mHAP A 104 (25.4–183.5) - -
HAP B 54.3 (39.6–69.0) 1.7 (0.7–4.3) .21 mHAP B 46.7 (30.8–62.6) 1.9 (1.0–3.9) .05
HAP C 46.7 (2.0–91.0) 2.9 (1.2–7.3) .01 mHAP C 8.0 (5.3–10.8) 12.5 (5.6–29.5) <.001
HAP D 7.4 (4.7–10.0) 29.1 (9.3–90.8) <.001 mHAP D 3.8 (2.5–5.0) 49.6 (14.7–167.1) <.001

Supplementary Table 3. Comparison of Prognostic Stratification of HAP and mHAP Score in Patients With HCC Treated With
TACE: Training and Validation Data Sets

Homogeneity log-
likelihood ratio test

Monotonicity log-
likelihood ratio test

C-index (95% CI)c2 P value c2 P value

Training data set (n ¼ 126)
HAP 25.4 <.0001 34.7 <.0001 0.70 (0.63–0.79)
mHAP 43.3 <.0001 47.7 <.0001 0.74 (0.67–0.83)

Validation data set (n ¼ 723)
HAP 130 <.0001 135 <.0001 0.68 (0.65–0.71)
mHAP 122 <.0001 131 <.0001 0.66 (0.64–0.70)
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hypervascular HCCs. However, detectability of hypovas-
cular HCCs was inferior to the above-mentioned modal-
ities, whereas hypovascular HCC could be diagnosed well 
by the hepatobiliary phase of MRI using gadolinium (Gd) 
ethoxybenzyl diethylenetriamine pentaacetic acid as a 
contrast agent  [14] .

  Arizumi et al.  [15]  examined the efficacy and adverse 
events in 241 patients treated with sorafenib over a 6-year 
period at a single institution. They concluded that con-
tinuation of treatment with sorafenib for  ≥ 90 days with-
out deterioration of liver function was critical for obtain-
ing the survival benefit of the patients if tumor response 
was determined as stable disease or higher.

  Piscaglia et al.  [16]  evaluated the potential of MRI 
in  the diagnosis of intrahepatic cholangiocellular 
 carcinoma using ‘hepatocyte-specific’ Gd-based con-
trast agents. They concluded that MRI with hepatocyte-
specific Gd-based contrast agents showed a pattern of 
 malignancy in almost all intrahepatic cholangiocellular 
carcinoma, concurrently avoiding misdiagnosis with 
HCC.

  Nishida et al.  [17]  studied epigenetic alterations that 
were responsible for HCC development  [18]  and identi-
fied the risk factors that were associated with DNA meth-
ylation in background liver tissue of non-B, non-C 
(NBNC) HCC patients. They concluded that background 
methylation was mostly associated with age in NBNC-
HCC patients; some age-related methylation events could 
contribute to the emergence of NBNC-HCC in elderly 
individuals  [19] .

 The 12th Japan–Korea Liver Symposium was held in 
Osaka on July 5, 2015, in conjunction with the 6th 
 Asia-Pacific Primary Liver Cancer Expert Meeting.

  Nishida et al.  [1]  evaluated the antiviral response of 
triple therapy using peg-interferon, ribavirin and simepre-
vir (PEG-IFN/RBV/SMV) in the context of early reduc-
tion of viral load during treatment. They concluded that 
early viral response is a predictive factor for the achieve-
ment of sustained viral response 12, even in antiviral ther-
apy with PEG-IFN/RBV/SMV. An extended treatment 
period should be used for patients who show detectable 
serum HCV-RNA at week 4.

  Hasegawa et al.  [2]  evaluated cytokeratin-18M65 (CK-
18M65) for distinguishing between simple steatosis and 
non-alcoholic steatohepatitis (NASH) against healthy in-
dividuals in the Japanese population. They concluded 
that serum CK-18M65 distinguished NASH from simple 
steatosis, but could not assess the severity of steatosis in 
non-alcoholic fatty liver disease patients on the grade of 
fibrosis in NASH patients with non-alcoholic steatohepa-
titis.

  Sugimoto et al.  [3]  compared the characteristics of hy-
povascular and hypervascular well-differentiated hepato-
cellular carcinoma (HCC) in terms of tumor size, tumor 
markers  [4–8]  and detectability by imaging modalities 
 [9–13] . They found that no difference was observed in 
tumor size and tumor markers between the 2 types of 
HCCs; however, the sensitivity of dynamic CT, contrast-
enhanced ultrasonography with sonazoid and CT during 
arterial portography was significantly better in detecting 

 Masatoshi Kudo, MD, PhD 
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  Kudo et al.  [20]  developed the subclassification of 
BCLC B intermediate stage HCCs by modifying the Blon-
di’s subclassification. They state that the Kinki criteria 
subclassified BCLC B stage into 3 substages: B1 (Child-
Pugh score 5–7, within up-to-7 criteria), B2 (Child-Pugh 
score 5–7, beyond up-to-7 criteria) and B3 (Child-Pugh 
score 8, 9 and any tumor status). They emphasized that 
the stratification ability of this criteria is more efficient 
and easier to apply to clinical practice than the original 
Blondi’s subclassification. Furthermore, the concept of 
treatment indication ranges from curative intent (B1), 
palliative treatment (B2) and no treatment (B3) sub-
groups, which is relevant to clinical practice of BCLC B 
patients  [21] .

  Minami et al.  [22]  described that cone-beam CT angi-
ography is capable of providing more information than 
the standard 2D angiography in visualizing HCCs and 
targeting tumors through precise microcatheter place-
ment in close proximity to HCCs. They concluded that 
cone-beam CT has the potential to significantly impact 
the practice of interventional radiology.

  Kudo et al.  [23]  described the significance of establish-
ing general rules, a nationwide follow-up survey and clin-
ical practice guidelines for liver cancer in Japan. They em-

phasized that both the evidence-based and consensus-
based treatment algorithms for HCC are used to 
complement each other in clinical practice in Japan  [24] .

  Nishida et al.  [25]  reported the molecular mechanism 
and prediction of sorafenib chemoresistance in human 
HCC. To date, a number of studies have examined the 
underlying mechanisms involved in the response to 
sorafenib and trials have been performed to overcome the 
acquisition of drug resistance. They stated that the activa-
tion of an escape pathway from RAF/MEK/ERK possibly 
results in chemoresistance. In addition, there are several 
features of HCCs indicating sorafenib resistance, such as 
epithelial mesenchymal transition and positive stem cell 
markers.

  Kudo et al.  [26]  overviewed the challenges of clinical 
practice and research on HCC regarding tumor markers, 
imaging, pathological diagnosis, treatment strategy, stag-
ing system and subclassification. They also described the 
difference in the practice pattern between Japan and 
Western countries.

  Finally, I strongly believe that this special issue ‘Chron-
ic Liver Diseases and Liver Cancer: An Update in 2015’ 
will be beneficial and invaluable for all readers who spe-
cialize in liver diseases and HCC. 
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apy (p = 0.0005). The achievement of serum HCV-RNA 
<2 log 10  IU/ml on day 7, RVR, EVR and EOT were associated 
with SVR12 (p = 0.0050, p = 0.0002, p = 0.0009 and p = 0.0002, 
respectively).  Conclusions:  Rapid decline of HCV is a predic-
tive factor for the achievement of SVR12, even in antiviral 
triple therapy with PEG-IFN/RBV/SMV. An extended treat-
ment period should be applied for patients who show de-
tectable serum HCV-RNA at week 4.  © 2015 S. Karger AG, Basel 

 Introduction 

 Chronic hepatitis C (CHC) is one of the leading causes 
of liver cirrhosis worldwide and a major etiology for the 
emergence of hepatocellular carcinoma (HCC)  [1] . Re-
cent advancements in antiviral therapy for CHC allow us 
to have more treatment options, including triple therapy 
using peg-interferon (PEG-IFN), ribavirin (RBV) and 
NS3 protease inhibitors  [2, 3] . Although IFN-free regi-
mens are becoming more common, IFN-based regimens 
are still widely used for antiviral therapy of hepatitis C 
virus (HCV) because they can have a suppressive effect 
on the emergence of HCC and are associated with lower 

 Key Words 
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 Abstract 
  Objectives:  Triple therapy using peg-interferon, ribavirin 
and simeprevir (PEG-IFN/RBV/SMV) has reportedly resulted 
in high-sustained virological response (SVR) rates in patients 
with chronic hepatitis C (CHC), especially in naïve cases and 
relapsers to prior PEG-IFN/RBV therapy. Here, we retrospec-
tively analyzed the antiviral response associated with a triple 
regimen, in the context of early reduction of viral load during 
treatment.  Methods:  Forty-six CHC patients with HCV geno-
type 1b were treated with PEG-IFN/RBV/SMV triple therapy: 
20 were naïve cases, 12 were relapsers and 14 were non-re-
sponders to prior PEG-IFN/RBV therapy. We evaluated rapid 
virological response (RVR), complete early virological re-
sponse (EVR), viral clearance at the end of the treatment 
(EOT) and at 12 weeks after the EOT (SVR12). In addition, we 
quantified the serum HCV-RNA on the 1st day and the 7th 
day after initiating treatment.  Results:  Multivariate analysis 
revealed that response to prior treatment was identified as 
an independent factor for achieving SVR12 after triple ther-
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risk for developing virus mutations that are resistant to 
direct-acting antivirals (DAAs)  [4, 5] .

  Simeprevir (SMV) is a second-generation non-struc-
tural protein (NS) 3/4 protease inhibitor with a better 
safety profile than first-generation NS3/4 protease inhib-
itors; the latter, for example, are known to induce severe 
drug-induced eruptions  [6] . Several reports have suggest-
ed that antiviral triple therapy with PEG-IFN, RBV and 
SMV (PEG-IFN/RNV/SMV) have shown powerful anti-
viral effects on HCV  [2, 3, 7–9] . For example, 88.6% of 
patients in a study demonstrated sustained virological re-
sponse 12 weeks after treatment end (SVR12) in treat-
ment-naïve cases with HCV genotype 1 infection and 
high viral load (HCV-RNA  ≥ 5 log 10  IU/ml)  [10] . In addi-
tion, SVR12 was achieved in 95.9% of the patients who 
relapsed prior to receiving PEG-RFN and RBV combina-
tion therapy (PEG-IFN/RBV) and in 52.8% of prior non-
responders (NRs)  [11] . It has also been reported that 
PEG-IFN/RBV/SMV triple therapy may be effective after 
24 weeks, compared to that after the standard 48-week 
regimen used in conventional PEG-IFN/RBV treatment 
 [7] . Due to the potential efficacy of a PEG-IFN-based tri-
ple regimen, a treatment plan using triple therapy with 
SMV for 12 weeks, followed by additional administration 
of PEG-IFN/RBV for 12 weeks (SMV12/PR12), has been 
recommended for the treatment of naïve patients and pri-
or relapsers. For prior NRs, an additional 36 weeks of ad-
ministration of PEG-IFN/RBV after the initial 12 weeks 
of administration of 3 agents was also admitted (SMV12/
PR36)  [12] .

  Based on these findings, we conducted a retrospective 
analysis of the antiviral response of patients treated with 
a triple regimen of PEG-IFN/RBV/SMV, especially in the 
context of early reduction of viral load after treatment was 
initiated. For this purpose, we examined viral load inten-
sively in the early phase of treatment.

  Materials and Methods 

 Patients 
 Forty-six CHC patients infected with HCV genotype 1b were 

treated with PEG-IFN/RBV/SMV triple therapy between 
 December 2013 and March 2015. All patients had a viral load of  ≥ 5 
log 10  IU/ml before the treatment. The median age of the patients 
was 64.5 years, with a range of 33–81 years. Eighteen were men and 
28 were women. Twenty-five patients were treated with PEG-IFN 
α-2a (Pegasys ® , Chugai Pharmaceutical Co., Ltd., Tokyo, Japan), 
and 21 patients were administered PEG-IFN α-2b (PegIntron ® , 
Merck Sharp & Dohme, Whitehouse Station, N.J., USA). Twenty-
one showed  IL-28B  T/T genotype (rs8099917) and 12 were T/G, 
and data were missing for 13 patients. HCV with a mutation at the 

core amino acid 70 (core 70) was detected in 9 patients, while a wild 
mutation for core 70 was noted in 9 patients (data were missing for 
19 patients). Of 46 patients, 20 were naïve cases, 12 were relapsers 
and 14 were NRs to prior treatment with PEG-IFN/RBV.

  Assessment of Viral Response 
 Serum HCV-RNA was quantified at week 4 and week 12 to 

evaluate rapid virological response (RVR) and complete early vi-
rological response (EVR), respectively. Similarly, we analyzed viral 
clearance at the end of the treatment (EOT) and 12 weeks after the 
EOT (SVR12). In order to evaluate the decline of serum HCV-
RNA during the initial treatment phase, we also quantified the se-
rum HCV-RNA on the 1st day and the 7th day after treatment was 
initiated. Quantification was performed using the COBAS ®  
 TaqMan ®  HCV Auto Assay System (Roche, USA; lower limit of 
quantification, 1.2 log 10  IU/ml).

  Statistical Analysis 
 The Pearson’s chi-square test or the Fisher’s exact test was used 

to compare categorical variables. For comparisons of continuous 
variables, the Wilcoxon rank-sum test and the Student t test were 
applied. All p values were 2-sided, and p value of <0.05 was con-
sidered statistically significant. All statistical analyses were per-
formed using JMP version 9.0 software (SAS Institute Inc., Cary, 
N.C., USA).

  Results 

 Alteration of Serum HCV-RNA during Treatment and 
Response to Prior Antiviral Therapy 
 Among the 46 patients treated with PEG-IFN/RBV/

SMV, 20 were naïve cases, 12 were relapsers and 14 were 
NRs to prior dual therapy with PEG-IFN/RBV. Naïve cas-
es and prior relapsers received treatment for 24 weeks 
(SMV12/PR12). Among 14 prior NRs, 2 patients who 
showed EVR (undetectable HCV-RNA at week 12) dur-
ing PEG-IFN/RBV/SMV therapy received treatment with 
SMV12/PR36, while 7 NRs with EVR received SMV12/
PR12 treatment. Five patients did not achieve serum 
HCV-RNA level <1.2 log 10  IU/ml between the 12th week 
and the 24th week, and therapy was therefore discontin-
ued before the completion of 24th week.  Figure 1  illus-
trates the changes in serum HCV-RNA levels during and 
after treatment. We evaluated undetectable serum HCV-
RNA 12 weeks after the completion of treatment (SVR12) 
in 42 patients, and of these, 30 achieved SVR12. Among 
20 naïve cases, 1 patient showed EOT but did not achieve 
SVR12 (relapse) after the completion of triple therapy, 
and 1 patient showed breakthrough (BT) in the 20th 
week, although the HCV-RNA level was below the lower 
limit of quantification. Among 12 patients who showed 
relapse after the prior treatment, one relapsed again after 
triple therapy with PEG-IFN/RBV/SMV. Conversely, re-
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lapse after triple therapy was observed in 4 of 14 NRs for 
prior treatment, and serum HCV-RNA did not reach the 
undetectable level (NR) in 5 patients.

   Figure 2  shows the proportion of patients who 
achieved a defined virological response at each stage of 
the  PEG-IFN/RBV/SMV treatment. Virological respons-
es after initiation of treatment were defined as follows: 
achievement of HCV-RNA decline  ≥ 2 log 10  IU/ml from 
baseline (2 log drop on day 1), HCV-RNA level <2 log 10  
IU/ml on day 7 (<2 log on day 7), undetectable serum 
HCV-RNA at week 4 (RVR), undetectable serum HCV-
RNA at week 12 (EVR) and undetectable serum HCV-
RNA at the EOT. Although not statistically significant, 
prior NRs had a lower achievement rate than naïve cases 
and prior relapsers for 2 log drop on day 1, <2 log on day 7 
and RVR, suggesting that the decline of serum HCV-
RNA was slower in prior NRs than in naïve cases and 
prior relapsers. In addition, EVR, EOT and SVR12 rates 
were significantly lower in prior NRs than in naïve cases 
and prior relapsers. All naïve cases, all relapsers and 63% 
of NRs achieved EVR (p = 0.0020). In all, 94% of naïve 
cases, all relapsers and 64% of NRs achieved EOT (p = 
0.0151). Finally, 88% of naïve cases, 92% of relapsers and 
35% of NRs achieved SVR12 (p = 0.0014).

  Pretreatment Conditions and Response to PEG-IFN/
RBV/SMV Treatment 
 We analyzed the association between background 

conditions and response after PEG-IFN/RBV/SMV treat-
ment. Among the background factors,  IL-28B  genotype 
was associated with viral response to PEG-IFN/RBV/
SMV treatment in all phases of treatment, and T/T geno-
type was associated with good antiviral response ( fig. 3 a). 
Of special importance, significant associations were ob-
served for EVR and SVR12, where 95% of T/T and 64% 
of T/G cases achieved EVR (p = 0.0367;  fig. 3 a), and 85% 
of T/T and 45% of T/G cases showed SVR12 (p = 0.0377; 
 fig. 3 a and  table 1 ). On the other hand, no associations 
were observed between the presence of core 70 mutations 
and antiviral response ( fig. 3 b).

  Among the 42 patients who were evaluated for SVR12, 
31 were analyzed for  IL-28B  genotype. Twenty were of 
genotype T/T and 11 were of T/G genotype. Among the 
20 patients with T/T genotype, 17 achieved SVR12 (85%), 
2 showed BT/relapse (10%) and 1 was considered as NR 
(5%) for triple therapy. On the other hand, among the 11 
patients carrying T/G genotype, 5 (45%), 2 (18%) and 
4 patients (36%) showed SVR12, BT/relapse and NR, re-
spectively (p = 0.0437;  fig. 3 c).
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  Fig. 1.  The alteration of serum HCV-RNA 
level during and after the treatment with 
PEG-IFN/RBV/SMV. The alteration of se-
rum HCV-RNA level in naïve cases ( a ), in 
relapsers to prior PEG-IFN/RBV treatment 
( b ) and prior NRs ( c ). The vertical showed 
HCV-RNA level (log 10  IU/ml). The gray 
rectangle showed the periods under antivi-
ral therapy. Two of 14 prior NRs received 
antiviral therapy for 48 weeks.  M = Month.
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  Fig. 3.  The association between  IL-28B  genotype, presence of HCV 
with core 70 mutation and antiviral response of the PEG-IFN/
RBV/SMV. Achievement rate in each phase of treatment is shown 
in the context of  IL-28B  genotype ( a ) and presence or absence of 
HCV core 70 mutation ( b ). p values are calculated by the Fisher’s 
exact test. Association between  IL-28B  genotype and responses to 

PEG-IFN/RBV/SMV treatment at 12 weeks after the EOT are 
shown ( c ). Among 20 patients with T/T genotype, 17 achieved 
SVR12, 2 showed BT/relapse and 1 was a NR. On the other hand, 
among the 11 patients carrying T/G genotype, 5, 2 and 4 patients 
showed SVR12, BT/relapse and NR, respectively. p values are cal-
culated by the Pearson’s chi-square test. 
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  Fig. 2.  Percentage of the patients who 
achieved a defined virological response at 
each stage of the PEG-IFN/RBV/SMV 
treatment: 2 log drop on day 1, decrease of 
serum HCV-RNA is 2 log 10  IU/ml or grater 
from base line on day 1 of the treatment; <2 
on day 7, serum HCV-RNA level <2 log 10  
IU/ml; RVR, undetectable serum HCV-
RNA at week 4; EVR, undetectable serum 
HCV-RNA at week 12; EOT, undetectable 
serum HCV-RNA at the EOT; SVR12, un-
detectable serum HCV-RNA 12 weeks af-
ter the EOT. p values are calculated by the 
Pearson’s chi-square test. 
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   Figure 4  represents the association between response to 
prior treatment with PEG-IFN/RBV and achievement of 
SVR12 after triple therapy. Among 16 naïve cases, 14 had 
SVR12 (88%). Similarly, 11 of 12 prior relapsers achieved 
SVR12 (92%). On the other hand, only 5 showed SVR12 
(36%) among 15 prior NRs (p = 0.0036;  fig. 4 ). We also 
conducted multivariate analysis using  IL-28B  genotype 
and response to prior treatment as co-variables. Response 
to prior treatment was identified as an independent factor 
for achieving SVR12 after triple therapy (naïve or relapser 
vs. NR, p = 0.0005, OR 37.4, 95% CI 4.30–875.7;  table 1 ).

  EVR and Achievement of SVR12 in PEG-IFN/RBV/
SMV Treatment 
 We also analyzed the association between an early an-

tiviral response for PEG-IFN/RBV/SMV triple therapy 
and achievement of SVR12 ( fig. 5 ). Reduction of 2 log on 
day 1, <2 log on day 7, RVR, EVR and EOT were associ-
ated with SVR12 (this was statistically significant for 
<2 log on day 7, RVR, EVR and EOT with p values 0.0050, 
0.0002, 0.0009 and 0.0002, respectively). All patients who 
failed to achieve EVR and EOT resulted in relapse, BT or 
NR, after PEG-IFN/RBV/SMV triple therapy. Among 21 
patients who showed <2 log on day 7, 19 achieved SVR12 
(positive predictive value (PPV 91%)). Ten patients failed 
to achieve SVR12 among 19 patients that did not demon-
strate <2 log on day 7 (negative predictive value (NPV 
53%)). Similarly, among 29 patients who showed RVR, 16 
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  Fig. 4.  The association between response to prior treatment with 
PEG-IFN/RBV and achievement of SVR12 after triple therapy. 
Among 16 naïve cases, 14 showed SVR12. Similarly, 11 of 12 prior 
relapsers achieved SVR12. On the other hand, only 5 showed 
SVR12 among 15 prior NRs. p values are calculated by the Pear-
son’s chi-square test. 

Table 1.  Pretreatment conditions that are associated with achievement of SVR at 12 weeks post treatment

Univariate  Multivariate

SVR12 (+) 
(n = 30)

SVR12 (–) 
(n = 12)

p value O R (95% CI) p value

Age, years
Mean (95% CI) 64 (60–68) 57 (51–63) 0.0655

Sex
Male/female 12/18 5/7 1.0000

IL-28B1

TT/TG 17/5 3/6 0.0377 2.72 (0.25–30.0) 0.3951
Core 702

Wild/mutant 11/6 5/3 1.0000
Prior treatment3

Naïve or relapse/NR 25/5 3/9 0.0006 37.4 (4.30–875.7) 0.0005

 1 Genotype is determined at rs8099917. 
2 Presence (mutant) or absence (wild) of HCV with the mutant core 70 mutation. 
3 Response to prior treatment with PEG-INF and RBV. Naïve, a patient without prior treatment. Relapser, a 

patient who showed undetectable HCV-RNA at the end of the treatment but detectable HCV-RNA during follow-
up. NR, a patient who never showed undetectable HCV-RNA. p values <0.05 are shown in bold.
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achieved SVR12 (PPV 90%), and 9 failed to achieve 
SVR12 among 13 patients without RVR (NPV 69%). The 
16 naïve cases and the 12 prior relapsers could be evalu-
ated for SVR12. Of these, 3 patients failed to achieve 
SVR12. Notably, in 2 of 3 naïve/prior relapsers who did 
not show SVR12 after triple therapy, HCV-RNA was de-
tectable at week 4, although it was below the lower limit 
of quantification. On the other hand, among 5 patients 
who were NRs to prior treatment and achieved SVR12 
after triple therapy, all showed undetectable HCV-RNA 
at week 4, although 2 of 5 patients received SMV12/PR36.

  Discussion 

 Recently, IFN-free regimens for CHC using DAAs 
have been shown to achieve high SVR rates, even for pa-
tients who did not respond to IFN-based therapy  [13] . On 
the other hand, there are still concerns about IFN-free reg-
imens, and emergence of mutated HCV resistant to DAAs 
could affect the efficacy of future antiviral treatments  [14, 
15] . Furthermore, in contrast to IFN-based therapy, the 
suppressive effect of DAAs on HCC development is still 
unclear  [5] . Therefore, for treatment of CHC with geno-
type 1b and high viral load, triple therapy using a second-
generation protease inhibitor, PEG-IFN, and RBV should 
still be considered for naïve cases, as well as for re-treat-

ment cases without a history of protease inhibitor use. 
This approach is supported by the most recent guide-
lines for the management of HCV infection proposed by 
the Japan Society of Hepatology (http://www.jsh.or.jp/ 
medical/guidelines/jsh_guidlines/hepatitis_c). However, 
failure of a triple regimen could also lead to the emergence 
of resistant viruses for NS3/4A protease inhibitors, which 
is mainly attributable to the amino acid substitution at 
D168  [14, 16] . From this point of view, predicting relapse 
in the early phase of treatment is important so the length 
of treatment can be extended such as SMV12/PR36 regi-
men. In this study, we demonstrated that EVR is a predic-
tive factor for the achievement of SVR12, even in antiviral 
therapy with PEG-IFN/RBV/SMV.

  In concordance with earlier studies, our data also show 
that a genotype of  IL-28B  and responses to prior treatment 
are significantly associated with the achievement of SVR12 
following triple regimen therapy  [8] . Response to prior 
treatment is identified as a particularly important inde-
pendent factor for SVR12. It is also well documented that 
response to prior IFN-based treatment reflects the antivi-
ral effect of IFN that is critical for achieving SVR, even for 
patients treated with PEG-IFN/RBV/SMV  [9, 11] . Our 
data also show that SVR12 rates are high in naïve cases and 
prior relapsers, reaching 88 and 92%, respectively.

  On the other hand, 2 naïve cases and 1 relapser failed 
to achieve SVR12. Two of the 3 patients who were naïve 
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or prior relapsers, and failed to achieve SVR12, revealed 
detectable HCV-RNA at week 4, although the level was 
below the lower limit of quantification. On the other 
hand, 5 prior NRs achieved SVR12 following triple ther-
apy; all of them showed RVR. Therefore, we further ana-
lyzed the viral response of each phase of treatment in the 
context of achieving SVR12. We found that, in addition 
to EVR and EOT, the degree of HCV decline on day 7 and 
the rate of undetectable HCV at week 4 were both sig-
nificantly associated with subsequent achievement of 
SVR12 (PPV and NPV for SVR12 were 91 and 53% for 
achievement of <2 log on day 7, and 90 and 69% for RVR, 
respectively). It has been previously reported that the de-
cline of serum HCV-RNA at treatment week 4 was a good 
marker of SVR in patients with HCV genotype 1/high 
viral load, who received treatment with response-guided 
PEG-IFN plus RBV combination therapy  [17] . This evi-
dence suggests that EVR is a surrogate marker of the an-
tiviral effect of IFN, and this could affect antiviral re-
sponse even in treatment with PRG-IFN/RBV/SMV.

  In this report, we showed that rapid decline of HCV 
and undetectable HCV-RNA at week 4 of treatment, 
should be a surrogate marker for predicting SVR12 in tri-
ple therapy using REG-IFN/RBV/SMV in both naïve/pri-
or relapser and in NRs. From this point of view, extension 
of the treatment period should be considered for patients 
with detectable serum HCV-RNA at week 4, even in naïve 
cases and prior relapsers to PEG-IFN/RBV.
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1.0073). At the optimal cut-off level of 548 U/l, CK-18M65 had 
an AUC value of 0.7369, 60.00% sensitivity and 85.70% spec-
ificity. In patients with NASH, no significant difference was 
observed between low fibrosis (Stage 0–1, 794.30 ± 454.41, 
n = 10) and high fibrosis (Stage 2–3, 809.70 ± 641.43, n = 10; 
p = 0.5967) and between slight steatosis (<33%, 512.89 ± 
229.65, n = 9) and moderate steatosis ( ≥ 33%, 655.13 ± 480.78, 
n = 32) in patients with non-alcoholic fatty liver disease 
(NAFLD; p = 0.7647) with the use of CK-18M65.  Conclusion:  
Serum CK-18M65 distinguished NASH from SS, but could not 
assess the severity of steatosis in NAFLD patients or the grade 
of fibrosis in NASH patients in Japanese population. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Non-alcoholic fatty liver disease (NAFLD), one of the 
most common and chronic liver diseases worldwide  [1] , 
comprises simple steatosis (SS) and non-alcoholic steato-
hepatitis (NASH); the latter is considered the hepatic 
manifestation of metabolic syndrome.

 Key Words 
 Non-alcoholic steatohepatitis · Non-alcoholic fatty 
liver disease · CK-18M65 · Serum biomarker · Japanese 
population 

 Abstract 
  Objective:  The aim of this study was to evaluate cytokeratin-
18M65 (CK-18M65) for distinguishing between simple ste-
atosis (SS) and non-alcoholic steatohepatitis (NASH) against 
healthy individuals (HIs) in Japanese population.  Methods:  
The serum from 24 HIs, 21 patients with SS and 20 patients 
with NASH were examined. Serum CK-18M65 was measured 
by enzyme-linked immunosorbent assay.  Results:  Aspartate 
aminotransferase was significantly different between NASH 
patients and HIs with p < 0.0001 (SS patients and HIs: p < 
0.0001), as was alanine aminotransferase between NASH pa-
tients and HIs with p < 0.0001 (SS patients and HIs: p < 0.0001). 
Serum CK-18M65 increased in a stepwise fashion in HIs and 
also in SS and NASH patients. Multivariate logistic regression 
analysis revealed that NASH could be diagnosed with the use 
of CK-18M65 alone (p = 0.0285, OR 1.0038, 95% CI 1.0004–
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  Among individuals with NAFLD, SS is a benign condi-
tion, but NASH can progress to fibrosis, cirrhosis and ulti-
mately hepatocellular carcinoma  [2–6] . The precise mech-
anism of NASH is poorly understood  [7] , although its eti-
ology is attributed to insulin resistance and oxidative stress. 
Although used in the detection of NAFLD, imaging tech-
niques such as CT and ultrasonography are not adequate 
for distinguishing between SS and NASH  [7, 8] . Steatosis, 
ballooning, inflammation and fibrosis are major histo-
pathological features of NASH  [7, 9] . Liver biopsy used in 
the diagnosis of SS and NASH is an invasive procedure that 
requires hospitalization  [10, 11]  and may sometimes cause 
major complications like hemorrhage  [10] .

  Therefore, there is an urgent need to develop simple, 
non-invasive serum biomarkers that can accurately dis-
tinguish between NASH and SS in patients and in healthy 
individuals (HIs), and to identify the grade of liver fibro-
sis in patients with NASH and the severity of steatosis in 
patients with NAFLD  [7, 10] .

  Several serum biomarkers such as cytokeratin-18 
 (CK-18M65 and CK-18M30) and CD14 have been used 
to distinguish between SS and NASH  [12–14] . CK-18M65 
as a serum biomarker measuring overall cell death includ-
ing cleaved and uncleaved caspase can distinguish NASH 
from SS patients, versus HIs in European populations, 
and has been useful in differentiating the severity of he-
patic steatosis in patients with NAFLD and the degree of 
fibrosis in patients with NASH  [7] .

  The aim of this study is to assess the clinical value of 
CK-18M65 as a tool for distinguishing between SS and 
NASH, and assessing the grade of fibrosis in patients with 
NASH and the severity of steatosis in patients with 
NAFLD in Japanese population.

  Patients and Methods 

 NAFLD was diagnosed by abdominal ultrasonography and CT. 
The serum from 41 patients who underwent liver biopsy at Kobe 
Asahi Hospital were analyzed: 20 patients (8 men, 12 women, 
58.80 ± 14.59 years) with NASH, 21 patients (15 men, 6 women 
47.52 ± 14.38 years) with SS and 24 HIs (4 men, 20 women, 57.46 ± 
6.88 years) who did not undergo biopsy ( table 1 ).

  Patients with evidence of excessive alcohol use ( ≥ 80 g/week) 
and other causes of liver disease (hepatitis B, hepatitis C, autoim-
mune liver disease and drug- or toxin-induced liver steatosis) were 
excluded from the study.

  The study protocol was approved by the Clinical Research Eth-
ics Committee of Kobe Asahi Hospital.

  Liver Histology 
 Liver biopsy specimens were fixed in formalin and embedded 

in paraffin, sectioned and stained with hematoxylin-eosin for rou-
tine histological analysis and evaluation by 2 expert hepatopathol-
ogists (S.R.K. and Y.I.). Fibrosis in NASH was evaluated using the 
Azan-Mallory stain.

  Histological grading and staging of NAFLD were scored ac-
cording to the system reported by Kleiner et al.  [9] . Steatosis 
was classified by degree: F0 <5%, 5% ≤  F1 <33%, 33% ≤  F2 <66% 
and F3  ≥ 66%. Fibrosis was staged from 0 to 4: 0 = no fibrosis, 
1 = perisinusoidal or periportal fibrosis, 2 = perisinusoidal and 
portal/periportal fibrosis, 3 = bridging fibrosis and 4 = cirrho-
sis.

  Clinical and Laboratory Assessments 
 Serum samples were examined for aspartate aminotransferase 

(AST; in IU/l), alanine aminotransferase (ALT; in IU/l), gamma-
glutamyl transpeptidase (γ-GTP; in IU/l), total cholesterol (TC; in 
mg/dl), triglyceride (TG; in mg/dl), high-density lipoprotein cho-
lesterol (HDL-C; in mg/dl), glucose (GLU; in mg/dl), hemoglobin 
(Hb; in g/dl) and platelets (PLT; in 10 4 /μl).

  The serum level of CK-18M65 was measured using the M65 
ELISA kit (PEVIVA, Stockholm, Sweden) according to the manu-
facturers’ instructions  [15]  to determine the stages of fibrosis from 

Table 1.  Participant characteristics and univariate analysis in distinguishing between SS and NASH against HIs

NASH SS HI  p value

N ASH vs. SS NASH vs. HI SS vs. HI

Age, years 58.80±14.59 47.52±14.38 57.46±6.88 0.0843 0.8896 0.0217
Sex, male/female 8/12 15/6 4/20
CK-18M65 802.00±541.08 454.29±215.46 211.38±92.19 0.0255 <0.0001 <0.0001
AST 65.85±58.17 41.86±31.63 18.83±3.63 0.0620 <0.0001 <0.0001
ALT 80.30±59.24 70.48±76.53 16.08±3.87 0.5737 <0.0001 <0.0001
γ-GTP 64.00±59.66 95.67±108.18 25.96±15.50 0.9966 0.0001 0.0012
TC 214.70±31.39 183.38±48.02 220.50±34.84 0.0896 0.8256 0.0256
TG 176.40±74.54 161.67±104.72 121.92±58.94 0.6153 0.0440 0.3234
HDL-C 58.75±39.97 50.90±15.49 66.04±18.76 0.9338 0.0256 0.0090
GLU 117.25±46.26 97.00±20.22 90.42±9.55 0.2323 0.0209 0.4825
Hb 14.28±1.88 14.85±1.46 13.30±1.03 0.5244 0.0806 0.0019
PLT 20.86±4.88 23.19±5.40 25.17±4.79 0.5656 0.0344 0.3293
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low (F0–F1, n = 10) to high (F2–F3, n = 10) in patients with NASH 
and the severity of steatosis from slight to moderate in patients 
with NAFLD.

  Statistical Analysis 
 Variables are shown as means ± SD or percentages. Serum bio-

markers in HIs as well as in patients with SS and NASH were com-
pared using the Kruskal–Wallis and the Steel–Dwass tests.

  Receiver operating characteristics (ROCs) was calculated for 
the cut-off value of NASH. The cut-off value was analyzed by the 
ROC curve. A p value of <0.05 was considered significant. Vari-
ables with a p value of <0.1 in the univariate analysis were includ-
ed in stepwise multivariate logistic regression analysis. Variables 
with a p value of <0.05 in multivariate analysis were considered 
statistically significant. A multivariate logistic regression analysis 
was conducted to adjust for variables associated with NASH. Sta-
tistical analyses were computed with the use of Ekuseru-Toukei 
2012 (Social Survey Research Information Co., Ltd., Japan).

  Results 

 Participant Characteristics and Univariate Analysis in 
Distinguishing between SS and NASH Patients against 
HIs 
 The clinical and laboratory characteristics of the par-

ticipants are described in  table 1 . Serum CK-18M65, AST, 
ALT, TG and GLU were high in SS and NASH patients 
compared with HIs. On the other hand, serum PLT was 
low in SS and NASH patients than in HIs. Significant dif-
ferences were observed in the values of AST: NASH vs. HI 
(p < 0.0001) and SS vs. HI (p < 0.0001); ALT: NASH vs. 
HI (p < 0.0001) and SS vs. HI (p < 0.0001); γ-GTP: NASH 
vs. HI (p = 0.0001) and SS vs. HI (p = 0.0012); TC: SS vs. 
HI (p = 0.0256); TG: NASH vs. HI (p = 0.0440); HDL-C: 
NASH vs. HI (p = 0.0256) and SS vs. HI (p = 0.0090); 
GLU: NASH vs. HI (p  = 0.0209); Hb: SS vs. HI (p  = 
0.0019); PLT: NASH vs. HI (p = 0.0344). Also, CK-18M65 
was significantly different among patients with NASH 
and SS and HIs (NASH vs. SS: p = 0.0255; NASH vs. HI: 
p < 0.0001; SS vs. HI: p < 0.0001).

  Diagnosis of NASH Using Serum Biomarkers in 
NAFLD Patients 
 Multivariate logistic regression analysis revealed that 

NASH could be diagnosed by CK-18M65 alone (p  = 
0.0285, OR 1.0038, 95% CI 1.0004–1.0073;  table 2 ).

  To determine the predictive discriminating value of 
the serum biomarkers for the detection of NASH, ROC 
analysis was performed.

  At the optimal cut-off level of 548 U/l, CK-18M65 
demonstrated an AUC value of 0.7369, 60.00% sensitivity 
and 85.70% specificity in detecting NASH ( fig. 1 ).

  At a cut-off value of 548 U/l for CK-18M65, PPV and 
NPV in the diagnosis of NASH and SS demonstrated 
80.00 and 69.23%, respectively, with a significant differ-
ence between them (p = 0.0036;  fig. 1 ; data not shown).

  Relation of CK-18 in NASH Fibrosis Grade and in 
NAFLD Steatosis Grade 
 Fibrosis in 20 NASH patients ranged from stages 0 to 

4: stage 0 (n = 0), stage 1 (n = 10), stage 3 (n = 6) and stage 
4 (n = 4). No significant difference was found in the stag-
es of fibrosis between low 0–1 (794.30 ± 454.41, n = 10) 
and high 2–3 (809.70 ± 641.43, n = 10; p = 0.5967;  fig. 2 ). 
Also, no significant difference was observed between 
mild steatosis in 2 patients (<33%, 419.50 ± 12.02) and 
moderate steatosis in 18 patients ( ≥ 33%, 884.50 ± 555.04).

Table 2.  Multivariate logistic regression analysis associated with 
NASH

OR 95% CI p value

Age 1.0827 1.0126–1.1577 0.0200
CK-18M65 1.0038 1.0004–1.0073 0.0285
AST 1.0099 0.9928–1.0272 0.2585
TC 1.0224 0.9960–1.0495 0.0975

  Fig. 1.  Prediction of NASH by ROC analysis. 
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  Because of the small number of patients with NASH, 
the severity of steatosis analyzed in NAFLD patients (n = 
41) was mild (<33% in 9 patients, 512.89 ± 222.65) and 
moderate (>33% in 32 patients, 655.13 ± 480.78), with no 
significant difference between them ( fig. 3 ).

  Discussion 

 NAFLD comprises a spectrum of chronic diseases 
ranging from SS to NASH  [16, 17] .

  Distinguishing between SS and NASH is crucial be-
cause the latter increases the risk of the progression of the 
disease to cirrhosis and hepatocellular carcinoma  [18] .

  In distinguishing intermediate from minimal fibro-
sis – a prerequisite to clinical decision-making – fibrosis 
serum biomarkers such as collagen IV and hyaluronic 
acid do so only slightly, but are not useful in distinguish-
ing NASH from SS  [7] .

  At present, liver biopsy is the only reliable procedure 
for distinguishing SS from NASH and assessing the sever-
ity of liver damage and grading fibrosis  [19] . It is, how-
ever, an invasive procedure that requires hospitalization.

  There is, therefore, an urgent need to develop simple, 
non-invasive serum biomarkers that can accurately dis-
tinguish between NASH and SS vs. HIs and to identify the 
grade of liver fibrosis in patients with NASH and the se-
verity of steatosis in patients with NAFLD  [7, 10] .

  In this study, the level of serum AST was significantly 
higher in NASH patients than in HIs, and that of serum 
ALT was significantly different among HIs as well as SS 
and NASH patients; however, no significant difference 
was observed between SS and NASH. TG, AST and ALT 
levels increase significantly with the progression of 
NAFLD  [20] ; AST levels are significantly higher in NASH 
than in non-NASH patients  [12] ; the PLT count decreas-
es in patients with NASH or severe fibrosis  [21–23] . On 
the other hand, no statistical difference in platelet count 
has been found between non-NASH and NASH patients 
 [24] . Nonetheless, these laboratory data are not adequate 
enough for differentiating NASH from SS; our results 
were compatible with those of Feldstein et al.  [12]  but not 
with those of Kashyap et al.  [20] .

  Hepatocyte apoptosis has been recognized as a mecha-
nism of liver injury that may also contribute to fibrogenesis 
 [7] . Apoptosis is an active ATP-dependent process that 
contributes to the maintenance of tissue homeostasis under 
normal physiological conditions  [25] . CK-18 is an intracel-
lular protein mainly produced by necrosis and apoptosis of 
cells of epithelial origin including hepatocytes, and is a use-
ful serum biomarker that reflects cell death  [26] . Recently, 
serum CK-18M65 released in NAFLD patients in the pro-
cess of the cellular death has been proposed as a possible 
serum biomarker of NASH  [27, 28] . The increased serum 
levels of CK-18 fragments, in some clinical cohorts of obese 
patients or those with insulin resistance, are associated with 
hepatocyte injury, inflammation and fibrosis  [29]. 

  Of the 2 kinds of CK-18 (CK-18M65 and CK-18M30), 
CK-18M65 has been mentioned as a serum biomarker of 
overall cell death, including cleaved and uncleaved cas-
pase, that can distinguish between NASH and SS patients 
and HIs in a European population  [7]  and can assess the 
severity of steatosis in patients with NAFLD and the grade 
of fibrosis in patients with NASH  [7] . Nonetheless, the 
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  Fig. 2.  Relation of CK-18–NASH fibrosis grade. 
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  Fig. 3.  Relation of CK-18–NAFLD steatosis grade. 
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clinical utility of CK-18 has been tested in 139 NAFLD 
patients in a European population  [12] , whereas there are 
various differences between the Japanese and the 
 Europeans: body weight, diet, life style and genes related 
to disease occurrence.

  Therefore, we aimed at evaluating CK-18M65 as a lab-
oratory index for distinguishing among HIs and patients 
with SS and NASH and at assessing the severity of steato-
sis and the grade of fibrosis in patients with NASH in a 
Japanese population. The results demonstrated that se-
rum CK-18M65 increased in a stepwise fashion in HIs 
and in patients with SS and NASH and that the value of 
CK-18M65 was significant (p = 0.0036) in distinguishing 
between SS and NASH.

  By multivariate logistic regression analysis, CK-18M65 
was independently associated with NASH (p  = 0.0058, 
OR 1.00481, 95% CI 1.0014–1.0081). The ROC curve and 
the area under ROC curve were used to assess the utility 
of parameters in the diagnosis of NASH  [29] . Moreover, 
in comparing between NASH and SS, the level of CK-
18M65 detected by M65 ELISA, around 548 U/l, correct-
ly predicted NASH with a sensitivity of 60.00%, a specific-
ity of 85.7% and an AUC value of 0.7369 ( fig. 1 ). These 

results suggest the efficacy of CK-18M65 as a serum bio-
marker in distinguishing patients with NASH from those 
with SS versus the HIs and its use as a non-invasive serum 
biomarker of NASH, replacing the burden of liver biop-
sies. It could not, however, assess the severity of steatosis 
and the stages of fibrosis.

  The limits of this study lie in the paucity of the number 
of patients and the ethnic differences between the 
 European and the Japanese populations.

  Because of the limitations of our single-center study 
and the relatively small number of non-NASH patients, 
further studies in a large-scale, multicenter and validation 
cohort are needed to confirm our conclusions.
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DTPA MRI) demonstrated no difference.  Conclusion:  Hypo-
vascular HCC could be diagnosed by Gd-EOB-DTPA MRI in 
the hepatobiliary phase.  © 2015 S. Karger AG, Basel 

 Introduction 

 Recent studies support the division of small hepatocel-
lular carcinoma (HCC) into 2 clinicopathological catego-
ries termed early HCC and progressed HCC; the former 
has a vaguely nodular appearance and is well-differenti-
ated, whereas the latter has a distinctly nodular pattern 
and is mostly moderately differentiated, often with evi-
dence of microvascular invasion  [1, 2] .

  The characteristic imaging appearance of progressed 
HCC, a hypervascular lesion that shows washout in the 
portal venous phase, is also typical in small HCCs of the 
distinctly nodular type and in most moderately differenti-
ated and some well-differentiated small HCCs  [3–7] . 
Most early HCCs are hypovascular lesions. Hypovascular 
well-differentiated HCC is considered an early HCC, as 
proposed by the International Working Group  [8] .

 Key Words 
 Hypovascular well-differentiated HCC · Early HCC · Imaging 
detectability · Gd-EOB-DTPA MRI · Hepatobiliary phase · 
International working group · Arterioportal angiography 

 Abstract 
  Objectives:  The characteristics of hypovascular and hyper-
vascular well-differentiated hepatocellular carcinomas 
(HCCs) were compared in terms of tumor size, tumor markers 
and detectability by imaging modalities.  Methods:  Well-dif-
ferentiated HCC nodules that are smaller than 2 cm (n = 27) 
were evaluated in 27 patients using histopathology and di-
vided into 2 groups: hypovascular (n = 10) and hypervascular 
(n = 17). The diagnostic sensitivity of imaging modalities was 
then evaluated for efficiency in disclosing tumor size and tu-
mor markers in the 2 types.  Results:  No difference was ob-
served in tumor size and tumor markers between the 2 types; 
however, the sensitivity of contrast-enhanced CT, contrast-
enhanced ultrasonography and arterioportal angiography 
was significantly different between the 2 types, whereas that 
by Gadolinium-ethoxybenzyl-diethylenetriamine pentaace-
tic acid enhanced magnetic resonance imaging (Gd-EOB-
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  These classic images are explained by the anatomic 
features of the lesions. Hypovascularity, hypervascularity 
and isovascularity are understood to mean signal inten-
sity in the arterial phase of contrast-enhanced imaging 
relative to the non-tumorous liver. Hypervascularity is 
related to the development of unpaired arteries, the ab-
sence of portal vein supply and the distinctly nodular 
growth  [9] .

  From the view point of vascularity, 2 well-differentiat-
ed HCCs are categorized as hypovascular HCC and hy-
pervascular HCC; however, they cannot be differentiated 
by routine ultrasonography (US) patterns.

  Comparison of tumor size, tumor markers and imag-
ing detectability in hypovascular and hypervascular 
HCCs remains to be clarified.

  Here, to characterize hypovascular well-differentiated 
HCC, tumor size, tumor markers and imaging detectabil-
ity were evaluated and compared with those of hypervas-
cular well-differentiated HCCs.

  Materials and Methods 

 Patients 
 From April 2008 to December 2009, a total of 27 nodules that 

were smaller than 2 cm diagnosed as well-differentiated HCC by 
histopathological analysis in 27 patients (13 men and 14 women, 
71.5 ± 5.99 years) with liver cirrhosis related to the hepatitis B virus 
(HBV; n = 1), hepatitis C virus (HCV; n = 19), alcohol (n = 6) and 
non-HBV/HCV (n = 1) were retrospectively examined ( table 1 ). 
The study was approved by the Ethics Committee at Kobe Asahi 
Hospital.

  Assay of Serum Levels of Alpha-Fetoprotein and PIVKA II 
 Serum alpha-fetoprotein (AFP) concentrations were deter-

mined with a commercially available electrochemiluminescence 
immunoassay kit (Elecsys AFP immunoassay, Roche, Mannheim, 
Germany). Serum prothrombin induced by vitamin K absence II 
(PIVKA II) level was measured by revised enzyme immunoassay 
(Eitest PIVKA II; Eisai, Tokyo, Japan).

  Contrast-Enhanced CT 
 Contrast-enhanced CT (CECT) was performed with the use of 

helical CT (Siemens, Germany) with pre- and post-contrast triple-
phase (arterial, portal, venous and equilibrium phases) scans, after 
the injection of 120 ml of non-ionic contrast medium at 3 ml/s; the 
scans were carried out in a craniocaudal direction with 5 mm col-
limation in the other phases. Acquisition of the arterial and equi-
librium phases was automatically started at 30 and 180 s, respec-
tively, after the intravenous injection.

  Contrast-Enhanced US 
 US was carried out with an SSA-660A system (Toshiba Medical 

Systems, Tochigi, Japan). The vascular findings on phase-inver-
sion harmonic US were shown as tumor vessel flow in the early 
vascular phase about 15–40 s after the injection of Sonazoid (GE 

HealthCare, Piscataway, N.J., USA). Real-time replenishing im-
ages were acquired during the vascular phase (<2 min after the 
injection) by release-burst imaging. Images of liver parenchyma 
were acquired in the post-vascular Kupffer phase, at least 10 min 
after the intravenous injection of Sonazoid. Hepatic malignances 
were visualized as defects in the post-vascular phase. An addition-
al contrast agent was injected to confirm tumor vessel flow in the 
defect, a technique known as defect reperfusion imaging  [10] .

  Gadolinium-Ethoxybenzyl-Diethylenetriamine Pentaacetic 
Acid Enhanced MRI 
 Images by MRI scans (Philips, The Netherlands) were obtained 

using the 1.0-Tesla superconducting system (Gyroscan 10T-NT, 
Philips, The Netherlands). Enhanced MRI was used to acquire cor-
onal images by the gradient-echo technique (fixed-field gradient) 
at 150/3.5 ms TR/TE, 80° flip angle and a 168 × 256 matrix. In each 
sequence, the respiration suspension time was 20–30 s. Gadolini-
um-ethoxybenzyl-diethylenetriamine pentaacetic acid enhanced 
(Gd-EOB-DTPA) MRI (Primovist; Bayer HealthCare, Osaka, 
 Japan) at a dose of 0.025 mmol/kg body weight was injected intra-
venously as a rapid bolus at 2 ml/s. Dynamic contrast-enhanced 
MRI was initiated at 30 and 70 s, 2–3 and 20 min after the start of 
the bolus injection to acquire multiphasic (arterial, portal, late and 
hepatobiliary) images.

  CT Arterioportal Angiography (CTA and CTAP) 
  CT during Arteriography (CTA).  At angiography, 45 ml of di-

luted contrast medium was injected through a catheter at 2 ml/s 
into the common hepatic artery. The whole liver was then scanned 
at intervals of 5–10 mm.

   CT during Arterial Portography (CTAP).  At angiography, 115 
ml of diluted contrast medium was injected through a catheter at 
2 ml/s into the superior mesenteric artery, according to the scan-
ning time of the entire liver, using a power injector during sequen-
tial scanning, with incremental changes in the position of the table. 
Infusion of contrast material was initiated 20 s before CTAP. The 
whole liver was then scanned at intervals of 5–10 mm.

  US-Guided Biopsy 
 US-guided biopsy was carried out with the use of a 21-gauge 

Majima needle (Top, Japan). The diagnosis of HCC was made by 
K.S. and Y.H. using the same specimen.

Table 1.  Patient baseline characteristics in hypovascular and hy-
pervascular HCCs

Hypovascular
HCC (n = 10)

Hypervascular 
HCC (n = 17)

Age, years, mean ± SD 71.0±6.88 71.8±5.61
Range 60–81 59–81

Sex, male/female 5/5 8/9
Cause, n

HBV 1 0
HCV 8 11
Non-HBV/HCV 0 1
Alcohol 1 5
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  Histological Diagnosis 
 Specimens were routinely processed and stained with hema-

toxylin and eosin and by the Masson trichromatic method. The 
diagnosis of HCC was made according to the criteria of the Inter-
national Working Party  [8] .

  Imaging Patterns for Conclusive Diagnosis of HCC by the 
4 Modalities 
 The following patterns disclosed by the 4 imaging modalities 

were conclusive diagnosis of HCC: (1) CECT, hypervascularity in 
the arterial phase and washout in the equilibrium phase; (2) Son-
azoid contrast-enhanced ultrasonography (CEUS), hypervascu-
larity in the early vascular phase and defect in the Kupffer phase; 
(3) Gd-EOB-DTPA MRI, hypervascularity in the arterial phase 
and/or defect in the hepatobiliary phase and (4) CT arterioportal 
angiography, hypervascularity by CTA and/or perfusion defect by 
CTAP ( table 2 ).

  Imaging Studies 
 To minimize differences in the results between the operators, 

imaging studies were carried out and reviewed by M.K. and T.M. 
using the same examination protocol.

  Statistical Analysis 
 The comparisons of sensitivity of tumor size, tumor markers 

and imaging detectability between hypovascular and hypervascu-
lar HCCs were assessed by univariate analysis using the Mann–
Whitney U test and χ 2  test. Variables with a p value of <0.05 were 
considered statistically significant. All statistical analyses were car-
ried out with EXCEL multivariate statistical analysis software, ver-
sion 6.0 (ESUMI Inc., Toyo, Japan).

  Results 

 Among the 27 well-differentiated HCC nodules, 10 
were categorized as hypovascular and 17 as hypervascu-
lar, with no difference in size between the 2 types (hypo-
vascular HCC: 11.9 ± 2.6 mm, hypervascular HCC: 12.0 ± 
3.7 mm). The average AFP value was 7.7 ± 5.4 ng/ml for 
hypovascular HCC and 53.7 ± 118.9 ng/ml for hypervas-
cular HCC. The average PIVKA II was 35.6 ± 43.8 mAU/
ml for hypovascular HCC and 52.3 ± 98.6 mAU/ml for 
hypervascular HCC. Tumor markers showed no differ-
ence between the 2 types (AFP: p = 0.236, PIVKA II: p = 
0.613;  table 3 ).

  Imaging sensitivity for hypovascular HCC was 0% (0 
of 10) by CECT, 0% (0 of 10) by CEUS, 90% (9 of 10) by 
Gd-EOB-DTPA MRI and 60% (6 of 10) by CT arteriopor-
tal angiography. For hypervascular HCC, the respective 
sensitivity was 41% (7 of 17) by CECT, 47% (8 of 17) by 
CEUS, 82% (14 of 17) by Gd-EOB-DTPA MRI and 100% 
(17 of 17) by CT arterioportal angiography. A difference 
was observed in the sensitivity by CECT (p = 0.022), 
CEUS (p = 0.011) and CT arterioportal angiography (p = 

0.012) between the 2 types of HCCs; no difference was 
observed in the sensitivity by Gd-EOB-DTPA MRI (p = 
0.523;  table 4 ).

  Representative Cases 
  Case No. 1.  Hypervascular well-differentiated HCC 

was detected by CT arterioportal angiography (CTA and 
CTAP) in a 63-year-old woman with alcohol-related liver 
cirrhosis (AFP 5.2 ng/ml, PIVKA II 34 mAU/ml). US re-
vealed a 15 mm hypoechoic nodule in segment 8 ( fig. 1 a). 

Table 2.  Imaging patterns for conclusive diagnosis of HCC by the 
4 modalities

Modality Imaging pattern

CECT Hypervascularity in the arterial phase 
and washout in the equilibrium phase

CEUS Hypervascularity in the early vascular 
phase and defect in the Kupffer phase

Gd-EOB-DTPA MRI Hypervascularity in the arterial phase 
and/or defect in the hepatobiliary phase

CTA and CTAP Hypervascularity by CTA and/or 
perfusion defect by CTAP

Table 4.  The sensitivity of imaging in hypovascular and hypervas-
cular HCCs

Hypovascular
HCC (n = 10)

Hypervascular
HCC (n = 17)

p 
value

CEUS 0 8 0.011
CECT 0 7 0.022
Gd-EOB DTPA MRI 9 14 0.523
CTA and CTAP 6 17 0.012

 Values are shown as number of persons.

Table 3.  Tumor size and tumor marker in hypovascular and hyper-
vascular HCCs

Hypovascular
HCC (n = 10)

Hypervascular
HCC (n = 17)

p 
value

Tumor size, mm 11.9±2.6 12.0±3.7 0.940
AFP, ng/ml 7.7±5.4 53.7±118.9 0.236
PIVKA II, mAU/ml 35.6±43.8 52.3±96.8 0.613

 Values are shown as means ± SD.
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CEUS revealed no hypervascularity in the early phase and 
no defect in the Kupffer phase. CECT revealed no hyper-
vascularity in the early phase and no washout in the equi-
librium phase. Gd-EOB-DTPA MRI revealed no hyper-
vascularity in the arterial phase and no defect in the hep-
atobiliary phase. CTA revealed a hypervascular nodule 
( fig. 1 b) and CTAP revealed a perfusion defect ( fig. 1 c). 
US-guided biopsy revealed well-differentiated HCC char-
acterized by moderate hypercellularity with slight cell 
atypia and eosinophilia ( fig. 1 d).

   Case No. 2.  Hypovascular well-differentiated HCC was 
detected by Gd-EOB-DTPA MRI and CT arterioportal 
angiography (CTAP) in a 68-year-old woman with chron-
ic HCV infection (AFP 11.0 ng/ml, PIVKA II 14 mAU/
ml). US revealed a 14 mm hyperechoic nodule in segment 
8 ( fig. 2 a). CEUS revealed no hypovascularity in the early 
phase and no defect in the Kupffer phase. CECT revealed 
no hypervascularity in the early phase and no washout in 
the equilibrium phase. Gd-EOB-DTPA MRI revealed no 
hypervascularity in the arterial phase but disclosed a de-

a

d

b c

  Fig. 1.  Case No. 1: Hypervascular well-differentiated HCC detected by CT 
arterioportal angiography. Imaging and histological findings of the nodule 
in segment 8.  a  US reveals a 15-mm hypoechoic nodule (arrow);  b ,  c  CTA 
reveals a hypervascular nodule ( b ) and CTAP ( c ) reveals a perfusion defect 
(arrow);  d  Histological finding of US-guided biopsy HE stained well-differ-
entiated HCC characterized by moderate hypercellularity with slight cell 
atypia and eosinophilia are observed. 

a b c

d

  Fig. 2.  Case No. 2: Hypovascular well-differentiated HCC detected by 
 Gd-EOB-DTPA MRI and CTAP. Imaging and histological findings of the 
nodule in segment 8.  a  US reveals a 14-mm hyperechoic nodule in seg-
ment 8 (arrow);  b  Gd-EOB-DTPA MRI reveals a defect in the hepatobili-
ary phase (arrow);  c  CTAP reveals a perfusion defect (arrow);  d  HE stain-
ing. Slight hypercellularity with cell atypia and diffuse fatty change. 
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fect in the hepatobiliary phase ( fig. 2 b). CTA revealed no 
enhanced lesion, but CTAP revealed a perfusion defect 
( fig. 2 c). Histological analysis of a US-guided biopsy re-
vealed well-differentiated HCC characterized by slight 
hypercellularity with cell atypia and diffuse fatty change 
( fig. 2 d).

  Discussion 

 Recently clinicians have been able to conduct CTA, 
thereby acquiring data on lesions and intra-nodular blood 
flow simultaneously  [11, 12] .

  Moreover, development of newly introduced diagnos-
tic imaging techniques, Sonazoid CEUS and Gd-EOB-
DTPA MRI has provided higher degrees of detectability 
for small HCC.

  The status of imaging studies in the diagnosis of HCCs 
that are smaller than 2 cm has changed with the introduc-
tion of new contrast agents used in US and MRI. First, 
Sonazoid was exclusively approved in Japan in 2007 as a 
second-generation US contrast agent; Kudo et al.  [10, 13, 
14]  have recently developed defect reperfusion imaging 
(featuring the properties of very stable Kupffer phase im-
ages and real-time fine blood flow images obtained with 
Sonazoid) for typical HCC, which is depicted by CT but 
not by B-mode scanning. The method is a breakthrough 
for accurate localization and treatment guidance  [10] : 
dramatic resolution of many limitations in the diagnosis 
and treatment of HCC, such as detection of small HCCs 
 [15] , evaluation of treatment response  [16]  and needle 
insertion guidance; additionally, detection is even more 
sensitive than with multidetector CT  [15] .

  Second, Gd-EOB-DTPA, a new liver-specific contrast 
agent used in MRI  [17–19] , was approved in Japan in 
2008; this newly introduced agent is a hepatocyte-specif-
ic MRI contrast medium with a different mechanism that 
utilizes neither dynamic nor Kupffer cell imaging. It is 
useful in cases that would be difficult to diagnose by tech-
niques such as dynamic MRI or superparamagnetic iron 
oxide MRI. Typical HCC displays high intensity with 
 Gd-EOB-DTPA in the arterial-dominant phase and low 
intensity in the portal-dominant phase and thereafter. 
Thus, the diagnosis of HCC can be made approximately 
10–20 min after the injection of Gd-EOB-DTPA.

  The improvement in these 2 imaging modalities with the 
use of the newly introduced contrast agents has provided 
higher sensitivity for the diagnosis of nodules that are small-
er than 2 cm than with SonoVue CEUS and CECT  [20]  or 
with SonoVue CEUS and Gd-EOB-DTPA MRI  [21] .

  The sensitivity of CECT, Sonazoid US, Gd-EOB- 
DTPA MRI and CT arterioportal angiography has been 
compared in the diagnosis of HCC in nodules that are 
smaller than 2 cm  [22] . In a study of 34 moderately dif-
ferentiated (n = 24) and well-differentiated HCC (n = 10) 
nodules, the overall sensitivity has been 53.9% by CECT, 
67.6% by Sonazoid-enhanced US, 76.5% by Gd-EOB- 
DTPA MRI and 88.2% by CT arterioportal angiography. 
A significant difference has been observed in the sensitiv-
ity between CECT and CT arterioportal angiography, but 
not among Sonazoid-enhanced US, Gd-EOB-DTPA MRI 
and CT arterioportal angiography. The authors have con-
cluded that changing the main diagnostic modality for 
HCCs that are smaller than 2 cm from CT arterioportal 
angiography to Sonazoid-enhanced US and Gd-EOB-
DTPA MRI is recommended  [23] .

  From the view point of vascularity, well-differentiated 
HCC can be categorized as hypervascular and hypovas-
cular HCCs. The present study was carried out because, 
to date, the difference between these categories in terms 
of tumor size, tumor markers and imaging detectability 
has not been characterized.

  The results demonstrated no difference between hy-
pervascular and hypovascular HCCs in tumor size and 
tumor markers including AFP and PIVKA II  [24]  ( ta-
ble 4 ); in other words, they could not be differentiated 
through tumor size or tumor markers.

  In the diagnosis of hypovascular HCC, CECT and 
CEUS were totally ineffective, Gd-EOB-DTPA MRI was 
markedly effective and arterioportal angiography was 
moderately effective ( table 3 ).

  Histopathological findings have demonstrated that 
early HCC tumors are vaguely nodular and are character-
ized by various combinations of the following major fea-
tures  [25–27] : (1) increased cell density of more than 
2 times that of the surrounding tissue, with an increased 
nuclear/cytoplasm ratio and an irregularly thin-trabecu-
lar pattern, (2) a varying number of portal tracts within 
the nodule (intra-tumoral portal tracts), (3) a pseudo-
glandular pattern, (4) diffuse fatty change and (5) a vary-
ing number of unpaired arteries.

  Although most hypervascular and hypovascular well-
differentiated HCCs (like representative cases 1 and 2) 
were characterized by the above major histological fea-
tures, stromal invasion, described by the International 
Consensus Group for Hepatocellular Neoplasia as helpful 
in differentiating early HCC from high-grade dysplastic 
nodules  [9] , is invasion into portal tracks of septal stroma 
within a hepatocellular nodule and is confirmed by Vic-
toria blue staining.
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  Stromal invasion, which may be difficult to identify in 
early HCC because tumor cells show little or no cytologic 
atypia, is often focal; its identification is still more difficult 
when dealing with biopsied liver tissue in which only lim-
ited portions of nodules are sampled. CK7 immunostain-
ing is useful in identifying stromal invasion. Ductular re-
action, confirmed by CK7 immunostaining, is frequently 
found in non-cancerous hepatocellular nodular lesions, 
whereas it is less frequently found in HCCs with true stro-
mal invasion  [23] .

  Early HCC takes longer to recur and has a higher 
5-year survival rate than progressed HCC  [28] . The 
prognosis of early HCC is considered good because of 
the absence of portal invasion and daughter nodules 
 [29] .

  Thus, the diagnosis of hypovascular well-differentiat-
ed HCC will gain increasing importance in the manage-
ment of HCC.

  In conclusion, in view of the invasiveness of CT arte-
rioportal angiography, the imaging algorithm focused on 
Gd-EOB-DTPA MRI in the hepatobiliary phase for the 
diagnosis of hypovascular HCC is routinely used in clini-
cal settings in Japan  [4, 19] . Here, we strongly recom-
mend the use of this imaging modality in other countries 
where HCC is endemic.

  Acknowledgment 

 We are indebted to Ms. Mika Matsui for assistance in the prep-
aration of this manuscript.

  Disclosure Statement 

  The authors declare that they have no financial conflict of inter-
est.  

 References 

  1 Kojiro M, Nakashima O: Histopathologic 
evaluation of hepatocellular carcinoma with 
special reference to small early stage tumors. 
Semin Liver Dis 1999;   19:   287–296. 

  2 Kudo M: Early hepatocellular carcinoma: def-
inition and diagnosis. Liver Cancer 2013;   2:  
 69–72. 

  3 Murakami T, Tsurusaki M: Hypervascular 
benign and malignant liver tumors that re-
quire differentiation from hepatocellular car-
cinoma: key points of imaging diagnosis. Liv-
er Cancer 2014;   3:   85–96. 

  4 Kudo M, Matsui O, Izumi N, Iijima H, Kadoya 
M, Imai Y, Okusaka T, Miyayama S, Tsuchiya 
K, Ueshima K, Hiraoka A, Ikeda M, Ogas-
awara S, Yamashita T, Minami T, Yamakado 
K; Liver Cancer Study Group of Japan: JSH 
consensus-based clinical practice guidelines 
for the management of hepatocellular carci-
noma: 2014 update by the liver cancer study 
group of Japan. Liver Cancer 2014;   3:   458–468. 

  5 Kudo M: Surveillance, diagnosis, treatment, 
and outcome of liver cancer in Japan. Liver 
Cancer 2015;   4:   39–50. 

  6 Kudo M: Clinical practice guidelines for he-
patocellular carcinoma differ between Japan, 
United States, and Europe. Liver Cancer 2015;  
 4:   85–95. 

  7 Hsu C, Chen BB, Chen CH, Ho MC, Cheng 
JC, Kokudo N, Murakami T, Yeo W, Seong J, 
Jia JD, Han KH, Cheng AL: Consensus devel-
opment from the 5th Asia-Pacific primary 
liver cancer expert meeting (APPLE 2014). 
Liver Cancer 2015;   4:   96–105. 

  8 International Working Party: Terminology of 
nodular hepatocellular lesions. Hepatology 
1995;   22:   983–993. 

  9 International Consensus Group for Hepato-
cellular Neoplasia: Pathologic diagnosis of 
early hepatocellular carcinoma: a report of the 
international consensus group for hepatocel-
lular neoplasia. Hepatology 2009;   49:   658–664. 

 10 Kudo M, Hatanaka K, Chung H, Minami Y, 
Maekawa K: A proposal of novel treatment-
assist technique for hepatocellular carcinoma 
in the Sonazoid-enhanced ultrasonography: 
value of defect re-perfusion imaging. Kanzo 
2007;   48:   299–301. 

 11 Hayashi M, Matsui O, Ueda K, Kawamori Y, 
Gabata T, Kadoya M: Progression to hyper-
vascular hepatocellular carcinoma: correla-
tion with intranodular blood supply evaluat-
ed with CT during intraarterial injection of 
contrast material. Radiology 2002;   225:   143–
149. 

 12 Tajima T, Honda H, Taguchi K, Asayama Y, 
Kuroiwa T, Yoshimitsu K, Irie H, Aibe H, 
 Shimada M, Masuda K: Sequential hemody-
namic change in hepatocellular carcinoma 
and dysplastic nodules: CT angiography and 
pathologic correlation. AJR Am J Roentgenol 
2002;   178:   885–897. 

 13 Kudo M, Hatanaka K, Maekawa K: Defect re-
perfusion imaging, a newly developed novel 
technology using Sonazoid in the treatment of 
hepatocellular carcinoma. J Med Ultrasound 
2008;   16:   169–175. 

 14 Kudo M, Hatanaka K, Maekawa K: Sonazoid-
enhanced ultrasound in the diagnosis and 
treatment of hepatic tumors. J Med Ultra-
sound 2008;   16:   130–139. 

 15 Hatanaka K, Kudo M, Minami Y, Maekawa K: 
Sonazoid-enhanced ultrasonography for di-
agnosis of hepatic malignancies: comparison 

with contrast-enhanced CT. Oncology 2008;  
 75(suppl 1):42–47. 

 16 Xia Y, Kudo M, Minami Y, Hatanaka K, 
Ueshima K, Chung H, Hagiwara S, Inoue T, 
Ishikawa E, Kitai S, Takahashi S, Tatsumi C, 
Ueda T, Hayaishi S, Maekawa K: Response 
evaluation of transcatheter arterial chemoem-
bolization in hepatocellular carcinomas: the 
usefulness of Sonazoid-enhanced harmonic 
sonography. Oncology 2008;   75(suppl 1):99–
105. 

 17 Lee JM, Yoon JH, Joo I, Woo HS: Recent ad-
vances in CT and MR imaging for evaluation 
of hepatocellular carcinoma. Liver Cancer 
2012;   1:   22–40. 

 18 Ricke J, Seidensticker M, Mohnike K: Nonin-
vasive diagnosis of hepatocellular carcinoma 
in cirrhotic liver: current guidelines and fu-
ture prospects for radiological imaging. Liver 
Cancer 2012;   1:   51–58. 

 19 Ichikawa T, Sano K, Morisaka H: Diagnosis of 
pathologically early HCC with EOB-MRI: ex-
periences and current consensus. Liver Can-
cer 2014;   3:   97–107. 

 20 Bolondi L, Gaiani S, Celli N, Golfieri R, Gri-
gioni WF, Leoni S, Venturi AM, Piscaglia F: 
Characterization of small nodules in cirrhosis 
by assessment of vascularity: the problem of 
hypovascular hepatocellular carcinoma. Hep-
atology 2005;   42:   27–34. 

 21 Forner A, Vilana R, Ayuso C, Bianchi L, Solé 
M, Ayuso JR, Boix L, Sala M, Varela M, Llovet 
JM, Brú C, Bruix J: Diagnosis of hepatic nod-
ules 20 mm or smaller in cirrhosis: prospec-
tive validation of the noninvasive diagnostic 
criteria for hepatocellular carcinoma. Hepa-
tology 2008;   47:   97–104. 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
19

8.
14

3.
44

.4
9 

- 2
/2

0/
20

16
 2

:4
8:

15
 A

M

－351－



 Characteristics of Hypovascular 
Well-Differentiated HCC 

Dig Dis 2015;33:721–727
DOI: 10.1159/000439078

727

 22 Mita K, Kim SR, Kudo M, Imoto S, Nakajima 
T, Ando K, Fukuda K, Matsuoka T, Maekawa 
Y, Hayashi Y: Diagnostic sensitivity of imag-
ing modalities for hepatocellular carcinoma 
smaller than 2 cm. World J Gastroenterol 
2010;   16:   4187–4192. 

 23 Kobayashi S, Kim SR, Imoto S, Ando K, Hi-
rakawa M, Saito J, Fukuda K, Otono Y, Sakaki 
M, Tsuchida S, Kim SK, Hayashi Y, Nakano 
M, Kudo M: Histopathological diagnosis of 
early HCC through biopsy: efficacy of victoria 
blue and cytokeratin 7 staining. Dig Dis 2012;  
 30:   574–579. 

 24 Toyoda H, Kumada T, Tada T, Sone Y, 
Kaneoka Y, Maeda A: Tumor markers for he-
patocellular carcinoma: simple and signifi-
cant predictors of outcome in patients with 
HCC. Liver Cancer 2015;   4:   126–136. 

 25 Hytiroglou P: Morphological changes of early 
human hepatocarcinogenesis. Semin Liver 
Dis 2004;   24:   65–75. 

 26 Kojiro M: Pathology of Hepatocellular 
 Carcinoma. Oxford, Blackwell Publishing, 
2006. 

 27 Hytiroglou P, Park YN, Krinsky G, Theise 
ND: Hepatic precancerous lesions and small 

hepatocellular carcinoma. Gastroenterol Clin 
North Am 2007;   36:   867–887. 

 28 Takayama T, Makuuchi M, Hirohashi S, 
Sakamoto M, Yamamoto J, Shimada K, Ko-
suge T, Okada S, Takayasu K, Yamasaki S: 
Early hepatocellular carcinoma as an entity 
with a high rate of surgical cure. Hepatology 
1998;   28:   1241–1246. 

 29 Nakashima O, Sugihara S, Kage M, Kojiro M: 
Pathomorphologic characteristics of small 
hepatocellular carcinoma: a special reference 
to small hepatocellular carcinoma with indis-
tinct margins. Hepatology 1995;   22:   101–105.   

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
19

8.
14

3.
44

.4
9 

- 2
/2

0/
20

16
 2

:4
8:

15
 A

M

－352－



E-Mail karger@karger.com

 Original Article 

 Dig Dis 2015;33:728–734 
 DOI: 10.1159/000439079 

 Real-Life Clinical Practice with Sorafenib 
in Advanced Hepatocellular Carcinoma: 
A Single-Center Experience Second Analysis 

 Tadaaki Arizumi    Kazuomi Ueshima    Mina Iwanishi    Hirokazu Chishina    

Masashi Kono    Masahiro Takita    Satoshi Kitai    Tatsuo Inoue    Norihisa Yada    

Satoru Hagiwara    Hiroshi Ida    Yasunori Minami    Toshiharu Sakurai    Naoshi Nishida    

Masayuki Kitano    Masatoshi Kudo 

 Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Osaka-Sayama, Osaka, Japan
 

Significant factors contributing to the OS were treatment 
duration (p = 0.0204), up-to-7 criteria (p = 0.0400), increase 
of Child-Pugh score (p = 0.0008) and tumor response deter-
mined by the RECICL (p = 0.0007).  Conclusion:  Based on the 
analysis, using many cases at a single center, we concluded 
that continuation of treatment with sorafenib for  ≥ 90 days 
without decrease of liver function was critical if tumor re-
sponse was determined as stable disease or higher. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the fifth most 
common cancer in the world, and the incidence is in-
creasing worldwide  [1] . Because most patients are diag-
nosed with advanced disease stages, only 30% of patients 
receive potentially curative therapies, such as surgical re-
section  [2–4] , transplantation  [5–8]  or percutaneous ab-
lation  [9–13] . A majority of patients with unresectable 
HCC usually undergo palliative treatments, such as tran-
sarterial chemoembolization (TACE)  [14–16] , hepatic 
arterial infusion chemotherapy (HAIC)  [17]  and system-

 Key Words 
 Sorafenib · Hepatocellular carcinoma · Adverse events · 
RECICL 

 Abstract 
  Objectives:  Sorafenib has become a standard therapy for ad-
vanced hepatocellular carcinoma following the demonstra-
tion of significant increase in progression-free survival as 
well as overall survival (OS) in the 2-phase III trials. We exam-
ined efficacy and adverse events (AEs) in patients treated 
with sorafenib over a 6-year period since approval in Japan. 
 Methods:  Two hundred and forty-one patients treated with 
sorafenib at the Kinki University Hospital were retrospective-
ly analyzed clinically for the factors related to survival peri-
ods, tumor response evaluated by the Response Evaluation 
Criteria In Cancer of the Liver (RECICL) and AEs.  Results:  OS 
was 14.3 months. According to the RECICL, the objective re-
sponse and disease control rates were 18.6% (43 of 241) and 
61.1% (137 of 241), respectively. AEs were seen in 77.3% (187 
of 241), with Grade 3 or higher in 23.6% (57 of 241). The most 
frequent AE was hand-foot skin reaction in 109 patients 
(45.0%), and 28 patients (11.8%) showed Grade 3 or higher. 
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ic chemotherapy, including therapy using molecular tar-
geted agents  [17–20] .

  Sorafenib is currently the standard systemic therapeu-
tic agent approved for treatment of advanced HCC in pa-
tients with well-preserved liver function (Child-Pugh 
class A), within Barcelona Clinic Liver Cancer (BCLC) 
stage C, and showing progressive disease (PD) after lo-
coregional therapy  [17, 21–23] . Treatment using sorafenib 
is recommended based on the efficacy and safety reported 
by the 2 global randomized controlled trials: the Sorafenib 
HCC Assessment Randomized Protocol (SHARP) and 
the Asia-Pacific trials  [24, 25] . The efficacy and safety of 
sorafenib in clinical practice have been addressed by ad-
ditional field practice experiences, such as the Global In-
vestigation of Therapeutic Decisions in HCC and of Its 
Treatment with Sorafenib (GIDEON) study  [26, 27] . In 
Japan, sorafenib has been administered based on the con-
sensus-based treatment algorithm for HCC proposed by 
the Japan Society of Hepatology  [28] . Sorafenib is also 
recommended if TACE  [14, 29, 30]  and HAIC are not ap-
plicable but patients still carry a preserved liver function 
with Child-Pugh class A. In a previous study, we reported 
that the duration of administration was a significant 
prognostic factor for sorafenib treatment. A blood chem-
ical test related to liver functions, such as serum levels of 
bilirubin as well as the tumor markers alpha-fetoprotein 
(AFP) and des-gamma carboxyprothrombin (DCP), 
could also be a marker predicting an overall survival (OS) 
 [31–34] . In the current study, we retrospectively investi-
gated 356 HCC patients treated with sorafenib at the 
 Kinki University Hospital to elucidate the efficacy of 
sorafenib treatment and the clinical outcomes.

  Materials and Methods 

 Patients 
 Between May 2009 and April 2015, 356 patients with HCC were 

treated with sorafenib at the Kinki University Hospital. Among 
these patients, 241 patients met the inclusion criteria listed below 
and were enrolled in the present study. The diagnosis of HCC was 
made by histological or radiologic findings using contrast-en-
hanced CT and/or dynamic MRI. Information regarding clinico-
pathological variables including demographic characteristics 
complete blood count, albumin, AFP, DCP, alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP), tumor stage (including 
number of focal lesions and maximum diameter of lesions in a 
contrast-enhancing disease), up-to-7 criteria and BCLC prognos-
tic score were collected prior to treatment  [35] .

  The inclusion criteria were as follows: (1) HCC diagnosed by 
histological examination or typical radiological findings (early en-
hancement followed by late washout on contrast-enhanced CT or 
dynamic MRI) and HCC refractory to radiofrequency ablation and 

TACE based on the indications for sorafenib, (2) Eastern Coop-
erative Oncology Group performance status of 0 or 1 and (3) 
Child-Pugh class A or B liver function. The exclusion criteria were 
as follows: (1) concomitant antineoplastic treatment and (2) TACE 
or radiofrequency ablation performed within 3 months of initia-
tion of sorafenib. Our institution did not require informed consent 
for the review of patient records and images for a retrospective 
study, such as this was.

  Treatment Strategy Using Sorafenib 
 Sorafenib was administered orally at a dose of 400 mg, twice 

daily. The initial dose was reduced by each attending physician ac-
cording to the clinical conditions such as body weight, age, Eastern 
Cooperative Oncology Group performance status and liver func-
tion. Dose reduction and interruption of sorafenib were allowed 
and depended on the type and severity of adverse events (AEs). 
Dose reduction and discontinuation were determined based on the 
information in the package inserts. We continued sorafenib ad-
ministration until the appearance of either intolerable toxicity or 
definitive progression of HCC. All AEs were graded according to 
the National Cancer Institute Common Terminology Criteria for 
AEs version 4.0 (CTCAE v4.0).

  Follow-Up 
 Clinical and laboratory assessments and radiological evalua-

tion were performed monthly and at 4- to 12-week intervals, re-
spectively. Radiological assessment was blinded to the evolution of 
the disease and the patient outcomes. The patients who died before 
the first imaging assessment were classified as having experienced 
progression. OS was measured from the date of sorafenib initiation 
until the date of death.

  Response Evaluation Using the RECICL 
 The Response Evaluation Criteria In Cancer of the Liver 

 (RECICL) requires 2-directional measurement of tumors showing 
arterial enhancement. Complete response (CR) was defined as ei-
ther a 100% tumor necrotizing effect or a 100% reduction in tumor 
size accompanied by disappearance of all contrast enhancements 
at any phase. Partial response (PR) was defined as either a 50% or 
greater reduction in tumor necrosis or size as determined by the 
2-directional measurement. PD was defined as either a 50% or 
greater increase in tumor size or the appearance of one or more 
new lesions. The RECICL defined stable disease (SD) as the ab-
sence of either PR or PD; objective response rate as the percentage 
of CR + PR among all cases and disease control rate as the percent-
age of cases showing CR, PR or SD  [36] .

  Statistical Analysis 
 Survival curves were calculated using the Kaplan–Meier 

method with the primary end point of death for analysis of OS. 
Patients who did not meet the end point were censored at the 
time of the last follow-up visit. Comparison of survival rates 
among the groups was estimated using the log-rank test, and 
comparison of categorical variables was performed using the χ 2  
test. For multiple comparisons, the Bonferroni correction was 
applied. A p value of <0.05 was considered statistically signifi-
cant. All analyses were performed using the SAS statistical soft-
ware version 8.2 (SAS Institute, Cary, N.C., USA), or the SPSS 
Medical Pack for Windows version 10.0 (SPSS, Inc., Chicago, Ill., 
USA).
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  Results 

 Baseline Characteristics 
 The baseline characteristics of the patients are sum-

marized in  table  1 . The patients, predominantly men 
(74.7%), had a median age of 73 years. Two hundred 
twenty-five patients (93.4%) were asymptomatic, with a 
PS of 0. One hundred twenty-one patients (50.2%) tested 
positive for the anti-hepatitis C virus antibody, 43 pa-

tients (17.8%) were positive for the hepatitis B virus sur-
face antigen and 77 patients (32.0%) were negative for 
both. Sixty-four patients (26.6%) met the up-to-7 criteria 
 [37] . The initial sorafenib dose in this study ranged from 
200 to 800 mg/day. An initial dose of 800 mg/day was ad-
ministered in 127 patients (52.7%).

  After a month of treatment with sorafenib, 106 patients 
experienced a continuous or transient increase in the 
Child-Pugh score, while 82 patients showed no change 
and 24 patients showed a decrease in the Child-Pugh score 
by least 1 point. Twenty-nine patients were not evaluated.

  Prior treatment in the 203 cases included 60 resec-
tions, 116 local ablations, 164 cases of TACE, 34 cases of 
cytotoxic chemotherapy, 11 cases of radiation therapy 
and 29 cases of HAIC.

  HCC Response to Sorafenib 
 The median OS of the entire cohort was 14.3 months 

(range 9.3–18.6 months). The 1- and 2-year survival rates 
were 52.5 and 34.6%, respectively ( fig. 1 ). The numbers of 
patients with CR, PR, SD and PD were 7, 34, 94 and 86, re-
spectively. The objective response rate and disease control 
rate as estimated by the RECICL were 18.6 and 61.1%, re-

Table 1.  Patient characteristics

Cases, n %

Age, years
Median (25–75%) 73 (66–77)*

Gender
Male 180 74.7
Female 61 25.3

ECOG PS
0 225 93.4
1 16 6.6

Up-to-7 criteria
Within 64 26.6
Beyond 177 73.4

Virus status†
Hepatitis B virus 43 17.8
Hepatitis C virus 121 50.2
Virus negative 77 32.0

BCLC stage
A 30 12.4
B 65 27.0
C 146 60.6

Initial dose of sorafenib, mg
200 20 8.3
400 94 39.0
800 127 52.7

Duration of sorafenib, days
Median (25–75%) 78 (28–239)*

Biochemical analysis, median (25–75%)
Alanine aminotransferases, 

IU/l 33 (22–57)*
Alkaline phosphatase, IU/l 405.4 (303–598.8)*
White blood cell count, /μl 4,900 (3,900–6,400)*
Hemoglobin, g/dl 12.4 (11.1–13.5)*
Platelet count, ×104/dl 14.2 (9.5–20.5)*
α-Fetoprotein, ng/dl 186 (14–4,243)*
α-Fetoprotein L3, % 16.1 (0.6–49.3)*
Des-γ carboxyprothrombin, 

mAU/dl 1,115.5 (78.5–9,884)*

 * Dispersion variables are shown as median values (25–75%). 
†  Cases testing positive for hepatitis B virus surface antigen 

were regarded as cases of hepatitis B virus-related HCC and cases 
testing positive for hepatitis C antibody were regarded as cases of 
hepatitis C virus-related HCC.
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  Fig. 1.  OS of all patients treated with sorafenib. The Kaplan–Meier 
curves of the OS of the 241 patients who underwent treatment with 
sorafenib alone. Median survival time was 14.3 months (95% CI 
9.3–18.6 months), and the 1- and 2-year survival rates were 52.5 
and 34.6%, respectively. 
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spectively. Twenty patients were not evaluated. We com-
pared the OS among the CR + PR, SD and PD groups using 
the Kaplan–Meier estimates. The comparisons of the sur-
vival curves showed that the median OS was 25.4 months 
(95% CI 17.9–53.4 months) in the CR + PR group, 18.8 
months (95% CI 13.6–25.1 months) in the SD group and 
7.3 months (95% CI 6.0–11.8 months) in the PD group (p < 
0.001;  fig. 2 a). Pairwise comparisons verified a significant-
ly longer OS in the CR + PR group than in the PD group 
(p < 0.001 by the log-rank test). Similarly, OS was signifi-
cantly longer in the SD group than in the PD group (p = 
0.001). In contrast, no significant differences in OS were 
detected between the CR + PR and SD groups (p = 0.392). 
We also compared the OS between the CR + PR + SD 
group and the PD group using the Kaplan–Meier esti-
mates. The comparisons of the survival curves showed that 
the median OS was 20.7 months (95% CI 16.7–26.9 months) 
in the CR + PR + SD group and 7.3 months (95% CI 6.0–
11.8 months) in the PD group (p < 0.001;  fig. 2 b).

  Prognostic Factors of HCC Patients Treated with 
Sorafenib 
 We analyzed the baseline patient characteristics to 

identify factors that affected OS after sorafenib therapy. 

Univariate analysis revealed statistically significant dif-
ferences in OS for the following variables: treatment du-
ration (p < 0.0001), up-to-7 criteria (p < 0.0001), portal 
invasion (p < 0.0001), extrahepatic spread (p = 0.0018), 
PS (p = 0.0113), albumin (p = 0.0004), total bilirubin (p < 
0.0001), white blood cell count (p = 0.0172), platelet count 
(p = 0.0335), ALT (p = 0.0136), ALP (p = 0.0163), AFP 
(p  < 0.0001), DCP (p < 0.0001), AFP-L3 (p = 0.0131), 
BCLC stage (p = 0.0006), Child-Pugh score increase (p < 
0.0001) and response evaluation using the RECICL (p < 
0.0001) at the initiation of sorafenib therapy ( table  2 ). 
Multivariate analysis revealed statistically significant dif-
ferences in OS for the following variables: treatment du-
ration (p = 0.0204), up-to-7 criteria (p = 0.0400), Child-
Pugh score increase (p = 0.0008) and response evaluation 
using the RECICL (p = 0.0007;  table 3 ).

  Drug-Related AEs of Sorafenib 
 The overall incidence of drug-related AEs of any grade 

was 77.3% (187 of 241 patients) in our cohort ( table 4 ). 
The most frequently reported drug-related AEs in pa-
tients treated with sorafenib were hand-foot skin reaction 
(109, 45.0%), diarrhea (76, 31.4%), hypertension (61, 
25.2%), abnormal liver function (32, 13.2%), anorexia 
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  Fig. 2.  The Kaplan–Meier curves of OS based on response to treat-
ment as estimated by the RECICL. The Kaplan–Meier curves of the 
OS of the 221 patients based on response to sorafenib therapy as 
estimated by the RECICL.  a  The median OS of the patients classified 

as CR + PR, SD and PD, respectively, was 25.4, 18.8 and 7.3 months 
by the RECICL (p < 0.0001 by log-rank test).  b  The median OS of 
the patients classified as CR + PR + SD and PD, respectively, was 
20.7 and 7.3 months by the RECICL (p < 0.0001 by log-rank test). 
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(31, 12.8%), alopecia (11, 4.5%) and hoarseness (10, 
4.1%). AEs of Grade 3 or more as defined by CTCAE v4.0 
were observed in 23.6% (57 patients) of patients in our 
cohort: hand-foot skin reaction (28, 11.6%), liver dys-
function (12, 5.0%), hypertension (9, 3.7%), diarrhea (4, 
1.7%), erythema multiforme (4, 1.7%), decreased platelet 
count (3, 1.2%), anorexia (2, 0.8%) and anemia (1, 0.4%).

  Discussion 

 Since the demonstration of the efficacy of the molecu-
lar targeted agent sorafenib in the SHARP and the Asia-
Pacific trials, various studies have reported on the efficacy 
of this drug. It has been 6 years since the approval of 
sorafenib in Japan. In the current study, we comprehen-

Factor/category n OS 95% CI p value

Gender
Male 180 16 9.6–18.6
Female 61 10.3 7–21.2 0.9902

Age, years
>73 119 15.6 10.1–21.7
≤73 122 12.7 8.3–18.6 0.4632

Initial dose of sorafenib, mg
≥400 114 16.1 10.3–21.6

800 127 10.6 7.2–18.6 0.3683
Treatment duration, days

>90 130 5.4 3.5–9.9
≤90 111 21.7 18.6–26.8 <0.0001

Virus status
Hepatitis B virus 43 18.3 6.4–28.3
Hepatitis C virus 121 16.1 9.1–21.6
Virus negative 77 9.2 6.9–18.6 0.1244

Up-to-7 criteria
Within 64 26.9 19.9
Out 177 8.3 6.4–11.8 <0.0001

Portal invasion
No 173 18.3 12.7–21.3
Yes 68 5.4 3.6–9.2 <0.0001

Extrahepatic spread
No 169 16.7 11.3–21.6
Yes 72 8.1 3.7–16 0.0018

PS
0 225 16 10.3–19.4
1 16 3.2 1.7–11.2 0.0113

Albumin, g/dl
>3.5 109 8.1 5.9–11.3
≤3.5 132 20.8 15.6–25.3 0.0004

Total bilirubin, mg/dl
>1.0 148 18.8 15.6–24.7
≤1.0 93 6 3.7–9.3 <0.0001

Factor/category n OS 95% CI p value

White blood cell count, /μl
>5,000 123 18.6 15.6–24.2
≤5,000 118 8.1 5.4–13.6 0.0172

Hemoglobin, g/dl
>12 98 11.4 7.9–18.6
≤12 143 16 8.8–21.2 0.4854

Platelet count, ×104

>15 136 17.4 11.3–22.8
≤15 105 9.1 6.5–17.9 0.0335

ALT, IU/l
>50 169 18.3 12.7–21.3
≤50 72 8.1 5.8–11.3 0.0136

ALP, IU/l
>400 116 18.3 13.6–21.6
≤400 124 8.3 5.4–17.9 0.0163

AFP, ng/dl
>400 139 19.4 16.1–24.7
≤400 101 6.2 4.4–8.1 <0.0001

DCP, mAU/dl
>1,000 111 21.3 17.4–25.4
≤1,000 123 6.5 5.2–9.3 <0.0001

Alpha-fetoprotein L3, %
>10 95 20.7 16.7–25.1
≤10 136 9.2 6.9–16 0.0131

BCLC
A or B 95 20.8 15.6–25.3
C 146 9.2 6.5–13.6 0.0006

Child-Pugh score increase
No 106 22.8 18.6–26.8
+1≤ point 106 7.2 5.9–9.6 <0.0001

RECICL
CR, PR, SD 135 20.7 16.7–26.9
PD 86 7.3 6.0–1.8 <0.0001

Table 2.  Univariate analysis of factors affecting OS

Table 3.  Multivariate analysis of factors affecting OS

Factor/category p value Hazard
ratio

 95% CI

lo wer 
limit

upper 
limit

Treatment duration, days
>90 0.0204 1 0.3455 0.9143
≤90 0.5622

Up-to-7 criteria
Within 0.0400 1 1.0284 3.4947
Out 1.8655

Child-Pugh score increase
No 0.0008 1 1.3791 3.3955
+1≤ point 2.1575

RECICL
CR, PR, SD 0.0007 1 1.4077 3.5802
PD 2.2390
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sively analyzed the clinical course of all patients treated 
with sorafenib at our hospital and reported the treatment 
outcomes as well as the factors contributing to OS as a 
single-center experience.

  The OS following sorafenib treatment was 14.3 months 
at our hospital, which was longer than that reported in the 
SHARP and the Asia-Pacific trials. The sorafenib-in-
duced AEs of any grade were 77.3%, and Grade 3 or high-
er events accounted for 23.6%, demonstrating that AE 
outcomes were not greatly different from those of the 
SHARP and the Asia-Pacific trials  [24, 25] . Furthermore, 
no remarkable difference was observed in comparison to 
the sorafenib-induced AEs reported in the GIDEON  [27] . 
Our outcomes regarding AEs did not show great differ-
ences in comparison to other reports  [38, 39] , but the sur-
vival outcome in our study was superior to that of the 
SHARP and the Asia-Pacific trials  [24, 25] .

  Currently, sorafenib is recommended for cases unre-
sponsive to TACE  [29] . TACE is considered to be effec-
tive for local control of the tumor. However, the multiple 

procedure of TACE should lead to deterioration of liver 
function where treatment with sorafenib could not be ap-
plicable; such a condition would result in the decrease of 
OS in HCC patients. Therefore, if the patient showed a 
poor tumor response to TACE, sorafenib treatment is 
strongly recommended instead of continuing TACE even 
if the patient is still in an early stage. The relatively early 
induction of sorafenib for patients who did not respond 
to TACE could be a cause of longer survival in our study 
as compared to other studies.

  The results of this study showed that factors contribut-
ing to survival include the administration period of 
sorafenib, up-to-7 criteria, change in Child-Pugh score 
and response evaluation. Sorafenib could induce several 
antitumor effects, including tumor necrosis; the increase 
of OS, which is the most important outcome of sorafenib 
treatment, should be attributed to the inhibition of tumor 
proliferation  [40] . Therefore, long-term administration 
with control AE should be critical to extract the potential 
of sorafenib even in cases with SD. Furthermore, as the 
decrease in the Child-Pugh score results in the decrease 
in OS, the preservation of liver function is also important 
in addition to the control of AEs. As there is a report 
claiming that branched chain amino acid preparations 
are effective in preventing decreases in the albumin levels 
during sorafenib administration  [41] , it is also necessary 
to take a supportive therapy to preserve liver function.

  Based on our experience with a large number of cases, 
we conclude that contentious treatment with sorafenib 
for a long period is critical to extract the maximum effi-
cacy even if SD or a more favorable outcome is obtained, 
because sorafenib is the only molecular targeted drug that 
has demonstrated efficacy for advanced HCC, and there 
is no second-line therapy with sorafenib.

  Disclosure Statement 

Authors declare no conflict of interest.

Table 4.  Incidence of drug-related AEs

AE Any 
grade

% Grade 3
or more

%

Overall incidence 187 77.3 57 23.6
Hand-foot syndrome 109 45.0 28 11.6
Diarrhea 76 31.4 4 1.7
Hypertension 61 25.2 9 3.7
Liver dysfunction 32 13.2 12 5.0
Anorexia 31 12.8 2 0.8
Alopecia 11 4.5 0 0.0
Hoarseness 10 4.1 0 0.0
Decreased platelet count 9 3.7 3 1.2
Stomatitis 8 3.3 0 0.0
Erythema multiforme 6 2.5 4 1.7
Constipation 5 2.1 0 0.0
Nausea 4 1.7 0 0.0
Anemia 3 1.2 1 0.4
Interstitial pneumonia 2 0.8 0 0.0
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lected the DM-CpGs that had methylation differences with 
the background liver tissue (that has FDR q < 0.35). Among 
the virus-positive patients, the type of hepatitis virus was 
mostly associated with differences in methylation within the 
background liver tissues. However, we found that back-
ground methylation patterns were most significantly associ-
ated with aging in NBNC patients. Interestingly, age-related 
methylation differences in DM-CpGs were also observed in 
NBNC-HCC tissues.  Conclusions:  Hepatitis viruses affect the 
methylation profiles within background liver tissues. How-
ever, difference in background methylation was mostly as-
sociated with age in NCBC-HCC patients; some age-related 
methylation events could contribute to emergence of NBNC-
HCC in elderly individuals.  © 2015 S. Karger AG, Basel 

 Introduction 

 Hepatitis B virus (HBV) and hepatitis C virus (HCV) 
infections are the best known causes of hepatocellular 
carcinoma (HCC), so far  [1, 2] . Therefore, recent devel-
opment of antiviral therapy was aimed at decreasing the 

 Key Words 
 DNA methylation · Hepatocellular carcinoma · Background 
liver · Aging · Diabetes mellitus 

 Abstract 
  Objectives:  Several studies revealed that the proportion of 
hepatocellular carcinoma (HCC) without hepatitis virus in-
fection (NBNC-HCC) is increasing. On the other hand, epi-
genetic alterations are reportedly responsible for HCC devel-
opment. Here, we identified HCC risk factors that are associ-
ated with DNA methylation in the background liver tissue of 
NBNC-HCC patients.  Methods:  We performed methylation 
analysis in 37 pairs of virus-positive and 22 pairs of NBNC-
HCC and non-cancerous livers using a HumanMethyl-
ation450 BeadChip array. After the selection of differentially 
methylated CpGs (DM-CpGs) in cancerous and non-cancer-
ous livers, we analyzed DNA methylation of DM-CpGs within 
the adjacent non-cancerous liver tissue that is affected by 
specific HCC risk factors.  Results:  A total of 38,331 CpGs were 
selected as DM-CpGs using the following criteria: difference 
of β-value between HCC and non-cancerous liver  ≥ 0.15 and 
false discovery rate (FDR) q < 1.0E-12. We subsequently se-
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incidence of hepatitis virus-related HCCs  [3] . However, 
several studies revealed that the proportion of HCC pa-
tients, which are not related to HBV and HCV infections 
(NBNC-HCC), is increasing especially in elderly patients 
 [4, 5] . It is well documented that life style contributes to 
NBNC-HCC emergence, such as alcohol intake, increased 
prevalence of non-alcoholic fatty liver disease (NAFLD), 
diabetes mellitus and aging  [6, 7] . 

 Recent comprehensive analyses revealed that many 
kinds of genetic and epigenetic alterations were observed 
in background liver and HCC tissues  [8, 9] . Therefore, it 
is conceivable that hepatocytes with genetic and epigen-
etic alterations in non-cancerous livers could act as a 
‘seed’ for HCC emergence. Previously, we reported that 
number of methylated tumor suppressor genes was as-
sociated with time to HCC emergence in chronic hepa-
titis C patients  [10] . This evidence also supported the 
idea that the degree of epigenetic alterations in chronic 
hepatitis should be an HCC development risk  [11] . It has 
also been reported that oxidative DNA damage could 
induce epigenetic alterations that might be critical for 
hepatocarcinogenesis  [12–14] ; the known risks of 
NBNC-HCC, such as alcohol intake and the presence of 
NAFLD, could induce oxidative stress in hepatocytes 
 [15] . This, in turn, can induce specific epigenetic altera-
tions that are responsible for hepatocarcinogenesis  [16, 
17] . In this study, we attempted to identify a known 
HCC risk factor that is associated with DNA methyla-
tion in the background liver of NBNC-HCC patients. 
More specifically, we selected the differentially methyl-
ated CpGs (DM-CpGs) loci in HCC and non-cancerous 
background liver (DM-CpGs). Subsequently, we ana-
lyzed the differences in methylation of DM-CpGs in the 
context of specific risks for NBNC-HCCs and virus-re-
lated HCCs. We identified risk factors that were associ-
ated with unique HCC-related methylation events in 
NBNC-HCC background liver.

  Materials and Methods 

 Patients 
 We performed comprehensive methylation analysis on 22 pairs 

of cancerous and non-cancerous livers from the NBNC-HCC pa-
tients. Similarly, we analyzed hepatic methylation profiles in 37 
pairs of cancerous and non-cancerous livers from the hepatitis vi-
rus-positive HCC patients.

  The NBNC-HCC patients had a median age of 72 years (distri-
bution 61–79); 15 were men and 7 were women. The median body 
mass index (BMI) was 23.5 (distribution 14.6–32.5). Ten of the 22 
patients were diabetic, and 4 had cirrhotic whereas 14 had non-
cirrhotic background liver tissues. Three HCCs were well-differ-

entiated and 19 were moderately/poorly differentiated. Eight pa-
tients were alcoholics (intake >30 g/day for males and >20 g/day 
for females), whereas 14 were not. Of the 14 non-alcoholic pa-
tients, 7 had ballooning accompanied by steatosis in the back-
ground liver, which indicates the presence of non-alcoholic steato-
hepatitis.

  The hepatitis virus-positive HCC patients had a median age of 
61 years (distribution 42–75), and 25 were men whereas 14 were 
women. The median BMI was 23.8 (distribution 18.9–33.5). The 
diabetic status was not determined for 20 patients; of the other 17 
patients, 2 were diabetic. Thirty-one had cirrhotic and 8 had non-
cirrhotic background liver. Sixteen HCCs were well-differentiated 
and 23 were moderately/poorly-differentiated. Sixteen patients 
were positive for the HBV surface antigen, and 23 were positive for 
HCV antibody.

  Selection of DM-CpGs between Cancerous and Non-Cancerous 
Liver 
 For comprehensive methylation analyses, we used the Illumina 

Infinium HumanMethylation450 BeadChip array (Illumina, Inc., 
San Diego, Calif., USA). Among the 485,512 probes covering 99% 
of NCBI reference sequence database genes, we eliminated the 
probes that contained single-nucleotide polymorphisms or those 
located on sex chromosomes. Details of the methylation analysis 
using the HumanMethylation450 BeadChip were published previ-
ously  [18, 19] . DM-CpG selection was performed if there was a 
difference in β-value between the cancerous and noncancerous 
liver  ≥ 0.15 and false discovery rate (FDR) q-value using the 
 Benjamini–Hochberg procedure <1.0E-12. Consequently, 38,331 
CpGs that met these criteria were considered DM-CpGs.

  DM-CpGs in Background Liver Tissues and Specific HCC Risk 
Factors 
 Among the 38,331 DM-CpGs described above, methylation 

profile differences based on HCC risk factors were also explored 
in adjacent non-cancerous livers. For this purpose, we further se-
lected DM-CpGs between background livers with and without 
specific HCC risk factors; we analyzed methylation differences 
within the liver tissues between HBV surface antigen- and HCV 
antibody-positive patients in the virus-related HCC group. Simi-
larly, we analyzed methylation differences between cirrhotic and 
non-cirrhotic, male and female as well as elderly ( ≥ 70 years) and 
non-elderly ( ≤ 69 years) livers in the virus-positive group. For the 
NBNC-HCC group, we analyzed methylation differences be-
tween habitual drinker and non-drinker, diabetic and non-dia-
betic, cirrhotic and non-cirrhotic, elderly and non-elderly, male 
and female and obese (BMI  ≥ 25) and non-obese (BMI <25) livers. 
DM-CpGs with methylation differences within the background 
liver with FDR q-value <0.35 were selected as risk factor-specific 
CpGs.

  Statistics 
 The Mann–Whitney U test and the FDR control using the 

 Benjamini–Hochberg procedure were applied for multiple com-
parisons. The Pearson’s chi-square test or the Fisher’s exact test was 
used to compare categorical variables. Principle component analy-
sis and hierarchical clustering analysis were performed to catego-
rize the tissues based on methylation levels. All statistical analyses 
were conducted using the program R-3.0.3 (www.r-project.org) 
and JMP version 9.0 software (SAS Institute Inc., Cary, N.C., USA).
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  Results 

 DM-CpGs between Cancerous and Non-Cancerous 
Liver 
 As described above, we selected 38,331 DM-CpGs. Of 

these, 3,052 showed increased methylation in HCC tis-
sues, and 35,279 DM-CpGs had decreased methylation in 
HCC. We performed principle component analysis using 
β-values of the top 500 DM-CpGs that were most differ-
entially methylated in the cancerous and non-cancerous 
livers ( fig. 1 a). The HCC tissues had a more scattered dis-
tribution than non-cancerous liver tissues, which indi-
cates heterogeneity of methylation profiles in HCC tis-
sues; methylation was homogeneous in non-cancerous 
livers compared to that of HCCs. HCC tissues were also 
clearly differentiated from non-cancerous liver using 
β-values of the top 500 DM-CpGs by hierarchical cluster-
ing analysis ( fig. 1 b).

  Risk Factor-Specific DM-CpGs within the Background 
Liver of Virus-Positive and NBNC-HCC Patients 
 We selected the risk factor-specific DM-CpGs within 

the background liver of both hepatitis virus-positive 
and NBNC-HCC patients as described in the Materials 
and Methods. In hepatitis virus-positive HCC group, 
11,164 of the 38,331 DM-CpGs (29%) were selected as 
risk factor-specific DM-CpGs between HBV- and HCV-
positive background livers and were considered virus-
related DM-CpGs. Similarly, we found that 2,896 DM-
CpGs were associated with the presence of cirrhosis 
(cirrhosis-related DM-CpGs), and 1,164 were sex-relat-
ed DM-CpGs. However, no DM-CpGs were selected be-
tween elderly and non-elderly background liver. On the 
contrary, within the non-cancerous livers of the NBNC-
HCC patients, the risk factor most significantly associ-
ated with difference of methylation level were aging, 
6,517 of 38,331 DM-CpGs (17%) were selected as age-
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  Fig. 1.  Discrimination of cancerous and non-cancerous tissue us-
ing DNA methylation.  a  Principle component analysis using 
β-values of top 500 DM-CpGs that were most differently methyl-
ated between HCCs and non-cancerous livers. The red circle rep-
resents cancerous and the blue circle shows non-cancerous liver 
tissues. The methylation events are much more homogeneous in 

non-cancerous livers than in HCCs.  b  Hierarchical clustering 
analysis using β-values of top 500 DM-CpGs that are most differ-
ently methylated between HCCs and non-cancerous livers. All but 
1 HCC are clearly discriminated from non-cancerous livers. The 
red lines and blue lines represent HCCs and non-cancerous livers, 
respectively. 
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related DM-CpGs between elderly and non-elderly 
background liver, followed by the presence of diabetes 
mellitus, 47 DM-CpGs were diabetes-related risk fac-
tors (diabetes-related DM-CpGs). On the other hand, 
none of the methylation events on the DM-CpGs were 
affected by the presence or absence of cirrhosis, differ-
ence of sex or BMI. Interestingly, we could not find any 
DM-CpGs between alcoholic and non-alcoholic back-
ground liver.

  Age-Related Methylation within Background Liver 
Could Affect NBNC-HCC Methylation Patterns 
 Among the 6,517 age-related DM-CpGs in back-

ground liver, 340 had β-values  ≥ 0.15 between elderly and 
non-elderly livers. We classified tumors by hierarchical 
clustering analysis based on the β-values of the top 340 
age-related DM-CpGs quantified in HCC tissues. We 
successfully classified HCCs into 2 subgroups ( fig. 2 ); all 
HCCs that belonged to cluster 2 emerged from elderly 
patients (p = 0.0053 by the Fisher’s exact test). Alterna-
tively, other parameters, such as sex, alcohol intake, BMI, 
presence of DM, cirrhosis and tumor differentiation, did 
not affect this classification, which indicates that the 
methylation status of age-related DM-CpGs in NBNC-
HCC tissues could be specifically affected by that of the 
background liver in elderly patients. 

 Discussion 

 Although the overall prevalence of the at-risk popula-
tion for HCC is still growing, there is a recent trend show-
ing an increase in proportion of NBNC-HCC patients in 
Japan  [1, 5] . There are several risks for developing NBNC-
HCC such as alcohol consumption, aging, presence of 
diabetes mellitus, obesity and hepatic iron overload  [20] ; 
some of these could act in concert and contribute to car-
cinogenesis.

  On the other hand, several reports described epigen-
etic alterations in HCCs  [21–23] ; these molecular events 
could be, at least partially, attributed to the induction of 
oxidative DNA in the damaged hepatocytes. Previously, 
we reported that oxidative DNA damage could induce 
abnormal DNA methylation that is associated with HCC 
emergence  [14] . Based on this background, we examined 
the difference of methylation profiles in the background 
liver of the HCC patients in the context of specific risks 
for HCC emergence that was associated with the oxida-
tive stress.

  First, we selected the CpGs that showed methylation 
differences between cancerous and non-cancerous liver 
(DM-CpGs) based on the β-value obtained from Human-
Methylation450 BeadChip array analysis that reflected 
the methylation level of CpGs. As previously described, 

Age 70 y.o.

Background

Sex; male
Alcoholic
BMI 25

DM+

Well differentiated
Cirrhotic

0.0053

p value

0.2273
1
1

0.3808

1
1

Cluster 1 Cluster 2

  Fig. 2.  Classification of HCC using meth-
ylation level of age-related DM-CpGs. The 
hierarchical clustering analysis based on 
the β-values of these top 340 age-related 
DM-CpGs quantified in HCC tissues. 
HCCs are successfully classified into 2 sub-
groups according to the β-values of 340 
age-related DM-CpGs. Among the 15 
HCCs that are classified into cluster 1, 10 
are from the non-elderly ( ≤ 69 years) and 
5 are from the elderly ( ≥ 70 years). On the 
other hand, all 7 HCCs classified into clus-
ter 2 are members of the elderly group. The 
gray square represents the HCCs with spe-
cific risk factors or differentiation. p values 
by the Fisher’s exact test are shown. 
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methylation events in the selected 38,331 DM-CpGs loci 
should represent the unique pattern of HCC-related 
DNA methylation alterations. Alternatively, it may be 
possible that some HCC risks might affect the methyla-
tion profile within background liver; some of these back-
ground alterations should contribute to hepatocarcino-
genesis through the ‘epigenetic pathway’.

  Then, we attempted to clarify which risks could affect 
the methylation differences of the DM-CpGs within the 
background liver. Among the virus-positive patients, 
the type of hepatitis virus (HBV vs. HCV) was most as-
sociated with methylation difference in DM-CpGs. Pre-
viously, several reports showed the difference of meth-
ylation profiles between HBV- and HCV-related HCCs 
 [24] . We also reported methylation differences within 
the non-cancerous livers of HBV- and HCV-positive 
patients  [8, 25] . Integration of HBV into the host ge-
nome is a possible major mechanism of HCC emergence 
in HBV-related carcinogenesis  [26] , but this should not 
be the case in HCV-related HCCs. Therefore, distur-
bance of the host genome, but not DNA methylation, 
might be more important in a subset of HBV- than that 
of HCV-related carcinogenesis. In addition, integration 
of HBV that could trigger the DNA methylation at 
flanking genomic sequences should give rise to the 
methylation difference between HBV- and HCV-posi-
tive livers  [27] .

  Our analysis also revealed that the degree of back-
ground fibrosis is associated with methylation difference. 
In the virus-related HCC group, liver fibrosis was more 
prominent in HCV- than in HBV-positive patients; this 
might lead to methylation status differences of DM-CpGs 
between cirrhotic and non-cirrhotic livers  [28] . Alterna-
tively, the duration of hepatitis, which should be related 
fibrosis progression, could affect DM-CpG loci methyla-
tion within the background liver. We also found that 
 DM-CpG methylation patterns in background liver were 
most significantly associated with aging in NBNC pa-
tients, followed by the presence or the absence of diabetes 
mellitus, whereas fibrosis, alcohol intake and degree of 
BMI did not affect background methylation difference. 
Previous studies suggested that fibrosis and alcohol intake 
could affect DNA methylation of the liver tissues  [29, 30] . 
Due to obesity as well as alcohol intake, NAFLD could in-
crease oxidative stress and DNA damage in hepatocytes; 
therefore, it is conceivable that both NAFLD and alcohol 
intake might contribute to hepatocarcinogenesis via the 
same epigenetic pathway, which would lead to a lack of 
difference in the methylation profile within the back-
ground liver tissues, regardless of the fibrosis stage.

  We found a large number of DM-CpGs between el-
derly and non-elderly livers in NBNC group. Therefore, 
aging may affect the DNA methylation in the background 
liver, which has also been previously reported. In addi-
tion, these age-related DM-CpGs methylation in NBNC 
patients were also observed in HCC tissues. This evidence 
also supports the idea that methylation events that emerge 
during the aging process might play a role in HCC devel-
opment  [31] , and clonal expansion of hepatocytes with 
age-related methylation could take place. The specific 
age-related methylation events that could drive carcino-
genesis in virus-negative patients are currently under in-
vestigation.

  In this report, we showed that the type of hepatitis vi-
rus affected the methylation profile in the background 
liver of HBV- and HCV-related HCC patients. However, 
methylation difference within the background liver was 
most prominent between elderly and non-elderly NCBC-
HCC patients; some of these methylation events could 
contribute to emergence of NBNC-HCC. Further studies 
are necessary to elucidate the role of age-related epigen-
etic alteration on NBNC-HCC emergence.
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Modified Bolondi’s Subclassification (Kinki Criteria) 
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 Introduction 

 The Barcelona Clinic Liver Cancer (BCLC) group 
 defines intermediate-stage hepatocellular carcinoma 
(HCC) as BCLC stage B. The BCLC staging system is 
 applied in the guidelines published by the American As-
sociation for the Study of Liver Diseases (AASLD)  [1]  
and the guidelines published collaboratively by the 
 European Association for the Study of the Liver and the 
European Organization for Research and Treatment of 
Cancer  [2] . However, the concept of intermediate-stage 
HCC is absent from the Japanese Evidence-based Clini-
cal Practice Guidelines for Hepatocellular Carcinoma 
 [3] , the Consensus-based Clinical Practice Guideline for 
the Management of Hepatocellular Carcinoma  [4, 5]  and 
the guidelines published by the Asian Pacific Association 
for the Study of the Liver (APASL)  [6] . If we consider the 
concept of intermediate-stage HCC for Japanese pa-
tients, patients with Child-Pugh grade A or B liver func-
tion and tumor size >3 cm or number of tumor >3 nod-
ules and no vascular invasion or extrahepatic spread are 
included. In the BCLC staging system, only transarterial 
chemoembolization (TACE) is indicated for intermedi-
ate-stage HCC  [7, 8]  ( fig. 1 ). However, the clinical mani-
festations of intermediate-stage HCC range extensively 
from those observed in patients with near early-stage 
HCC (who are candidates for curative treatment) to 
those observed in patients with near end-stage HCC 

 Key Words 
 BCLC staging · Intermediate stage · Hepatocellular 
carcinoma · Transarterial chemoembolization 

 Abstract 
 Intermediate stage hepatocellular carcinoma (HCC) is a very 
heterogeneous tumor in terms of tumor size (>3 cm ∼ over 
10 cm), tumor number (4 ∼ over 20) and liver function 
(Child-Pugh score 5–9). However, transarterial chemoem-
bolization is the only recommended treatment option ac-
cording to the Barcelona Clinic Liver Cancer (BCLC) staging. 
Bolondi’s subclassification of BCLC B stage is feasible; how-
ever, there are several weak points. Therefore, by modifying 
Bolondi’s subclassification, we have proposed a more sim-
plified subclassification, Kinki criteria. The Kinki criteria con-
sist of 2 factors: liver function (Child-Pugh score 5–7 or 8, 9) 
and tumor status (Beyond Milan and within up-to-7 criteria; 
IN and OUT). The Kinki criteria classifies BCLC B stage from 
B1 (Child-Pugh score 5–7 and within up-to-7), B2 (Child-
Pugh score 5–7 and beyond up-to-7) and B3 (Child-Pugh 
score 8, 9 and any tumor status). These criteria are simple 
and easy to apply to clinical practice. Therefore, these crite-
ria will stratify the heterogeneous population of BCLC B 
group patient well and give the treatment indication ac-
cording to each substage. These criteria should be further 
validated both retrospectively and prospectively. 

 © 2015 S. Karger AG, Basel 
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(Child-Pugh score of 9 who are candidates for best sup-
portive care (BSC)).

  In other words, BCLC staging indicates that interme-
diate-stage HCC should be treated only by TACE. How-
ever, in the real clinical setting, it is not always the case 
because of its heterogeneity in terms of liver function 
and/or tumor status. Therefore, subclassification of this 
heterogeneous patient population and indication of treat-
ment strategy according to its substage is an extremely 
important issue to address.

  Heterogeneity of Intermediate-Stage HCCs 

 BCLC stage B ranges from Child-Pugh scores 5–9 and 
thus includes an extremely large patient population even 
from the hepatic functional reserve alone. BCLC interme-
diate stage also includes patients with multiple nodules 
from 4 nodules to over 10–20 bilobar tumors ( table 1 ). 
Moreover, although tumor size is not clearly defined in 
the BCLC staging system, tumors beyond Milan criteria 
(single tumor >5 cm or multiple nodules  ≥ 4) are assumed 
to be classified as intermediate stage. This is a very com-
plicated situation since treatment strategy should be de-
cided based on 3-dimensional factors such as tumor size, 
number and Child-Pugh score ( fig.  2 ). An extreme ex-

  Fig. 1.  Proposed AASLD-JNCI modification of BCLC staging: unresectable HCC. 
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  Fig. 2.  Three dimensional factors (size, number and CP score) 
complicate subclassification of BCLC-B stage. 

Table 1.  Heterogeneity of intermediate-stage HCC

Liver function Child-Pugh score 5–9
Tumor size >5 cm ~ over 10 cm
Tumor number ≥4 ~ over 20 nodules

HCC

Stage 0
PST 0, Child‐Pugh A

Very early stage (0)
Single <2 cm

Carcinoma in situ

Single

Portal pressure
bilirubin

Normal

Stage A–C
PST 0–2, Child‐Pugh A–B

Early stage (A) single
or 3 nodules <3 cm, PS

0
Intermediate stage (B)

Multimodular PS 0

Advanced stage (C)
Portal invasion, N1,

M1, PS 1–2

Stage D
PST <2,

Child‐Pugh C

Terminal stage (D)

Associated diseasesIncreased

No Yes

Resection Liver transplantation
(CLT/LDLT) PEI/RFA TACE Sorafenib

Curative treatments (30%)
5‐year survival: 40–70%

Randomised controlled trials (RCTs)
(50%)

3‐year survival: 10–40%

Symptomatic (20%)
Survival <3 months
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ample may be that surgical resection is indicated for pa-
tients with less than 3 tumors that are slightly >3 cm in size 
or single tumor >5 cm, as long as they have well preserved 
hepatic functional reserve. A combination of preceding 
TACE and radiofrequency ablation (RFA)  [9]  can be per-
formed in patients with  ≥ 3 HCC nodules or a single 3–5 
cm HCC. Furthermore, these large tumors may be good 
indications for RFA if bipolar RFA equipment is used. In 
addition, the aim of conventional subsegmental Lipiodol 
TACE (cTACE) is curative treatment, and complete re-
sponse may be achieved in patients with 4–6 small tumors 
by superselective catheterization to a site near individual 
tumors, where Lipiodol and a gelatin sponge are injected, 
thereby inducing partial liver infarction. In other words, 
superselective cTACE is a highly advanced treatment 
technique that can be frequently used as curative treat-
ment. However, indications for curative superselective 
cTACE are limited by the size and number of tumors. 
Therefore, it is not surprising that superselective cTACE 
is rarely performed in other countries, outside Japan.

  Recently, the use of TACE with drug-eluting beads 
(DEB-TACE) that contains anti-cancer agents is becom-
ing widespread. Specifically, DEB-TACE has been used as 
palliative treatment tool for mass reduction in patients 
who are not indicated for curative cTACE because of rel-
atively large-sized HCCs. Because a decline in hepatic 
functional reserve and post-embolization syndrome are 
both mild after DEB-TACE as compared with cTACE, 
DEB-TACE is thought to be more suitable than cTACE 
when treating patients with a huge HCC that is >5 cm in 
size.

  Patient benefits from TACE depend on the maximiza-
tion of the tumor response as well as minimization of the 
liver function damage caused by TACE ( fig. 3 ). In addi-
tion, cTACE is not only ineffective in patients with mul-

tiple lesions that have spread to both lobes, but also wors-
ens the hepatic functional reserve of patients. These pa-
tients are supposed to benefit more from hepatic arterial 
infusion chemotherapy (HAIC) or sorafenib. Moreover, 
taking into account the limited efficacy of DEB-TACE in 
bilobar multinodular HCCs, it may be necessary to select 
HAIC as the first treatment choice for bilobar multinod-
ular HCCs. Because preservation of liver function deter-
mines the prognosis of patients with multiple bilobar 
HCC nodules, treatment methods that could minimize 
the damage of liver function should be selected when the 
patient has poor hepatic liver function. Superselective 
cTACE is recommended even in such cases, since super-
selective cTACE is supposed to minimize the damage of 
hepatic function and maximize the tumor response.

  When patients have large or many tumors and liver 
function reserve near 7 on the Child-Pugh scoring system, 
DEB-TACE or HAIC rather than cTACE is recommended 
to minimize the decline of hepatic function as well as to 
enhance treatment efficacy. In patients with a Child-Pugh 
score of 8–9, that is, in those with deteriorated hepatic 
functional reserve, we have no choice but to implement a 
treatment strategy that is similar to that for Child-Pugh C 
patients. In other words, superselective cTACE and RFA 
may be recommended when the number and size of tu-
mors are limited, but in principle, BSC and possibly liver 
transplantation, in accordance with the extended criteria, 
will be indicated. For patients with favorable hepatic func-
tional reserve and bilobar multinodular tumors, sorafenib 
 [10, 11]  is also feasible as the treatment of choice.

  Subclassification of Intermediate-Stage HCC and 
Treatment Strategy 

 Because intermediate-stage HCCs encompass a het-
erogeneous group of patients, Bolondi et al.  [12]  pro-
posed a subclassification of intermediate-stage HCCs in 
2012 ( table 2 ). This substaging system incorporates the 
‘beyond Milan and within up-to-7’criteria  [13] , a novel 
concept that combines the size and number of tumors, 
that appears to be an extremely innovative classification 
system. However, the substages B1, B2 and B3 are equiv-
alent to Child-Pugh scores of 5–7, 5–6 and 7, respectively, 
making substaging complicated. In addition, this system 
basically recommends TACE as the first treatment option 
for B1 and B2 patients. As far as the treatment strategy 
(TACE) is concerned, no significant difference is ob-
served between this substaging system and the original 
classification system by the BCLC staging although no 

  Fig. 3.  Patient benefit (survival) from TACE. 
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treatment option is recommended for substage B3 class 
and BSC is recommended for substage B4. In terms of 
disease prognosis, this substaging system is reportedly 
useful in the stratification of intermediate-stage HCC pa-
tients because prognosis worsens as substage progresses 
 [14] . However, another report states that this subclassifi-
cation is not useful  [15] .

  Another important issue related to this substaging sys-
tem is that portal vein thrombosis (PVT) is indicated as 
‘NO’ for all B1–B4 substages. Because PVT has never 
been a defining factor for intermediate-stage HCC, this 
PVT factor should be deleted from the substaging system. 
Moreover, liver transplantation is recommended as an al-
ternative treatment option for patients with Child-Pugh 

scores 5–7 in substage B1, but this treatment option is 
unrealistic because liver transplantation is not a standard 
of care for patients with Child-Pugh scores 5–7 in Japan. 
Furthermore, TACE and radioembolization are listed as 
the first treatment options for patients with substage B2, 
but radioembolization has not yet been approved in 
 Japan. Instead, HAIC has been performed proactively in 
patients with bilobar multinodular HCC in Japan  [16] .

  Apart from this subclassification, Yamakado et al.  [17, 
18]  recommended novel subclassification criteria and 
treatment strategies for Japanese patients with intermedi-
ate-stage HCC in 2014 ( fig. 4 ).

  Subclassification of Intermediate-Stage HCC 
and Treatment Approaches: Modified Bolondi’s 
Subclassification (Kinki Criteria) 

  Figure 5  shows a conceptual diagram of heterogeneity 
among intermediate-stage HCCs. The up-to-7 criteria are 
well-thought out criteria and include from single 6-cm 
HCC, six 1-cm nodules and nodules of in-between sizes. 
Therefore, this criteria uses 6 cm and 6 nodules as cutoff 
values, the up-to-7 criteria may also be called the 6–6 cri-
teria.

  As color-coded in green and pink represent good re-
sponse subgroup to superselective cTACE and poor re-
sponse subgroup to superselective cTACE, respectively 
( fig.  5 ). As color-coded in green, pink and yellow, the 
main treatment strategy for HCCs corresponding to Be-
yond Milan and within up-to-7 HCCs are curative thera-
py such as resection, ablation or superselective cTACE, 
whereas DEB-TACE is indicated for relatively large tu-
mors. In addition, highly multiple HCCs are thought to 
be a good indication for HAIC or sorafenib ( fig. 6 ).

Table 2.  Subgrouping and treatment indication for patients with intermediate HCC

BCLC substage B1 B2 B3 B4

CPT score 5–6–7 5–6 7 8–9
Beyond Milan and within up-to-7 IN OUT OUT ANY
ECOG (tumor-related) PS 0 0 0 0–1
PVT NO NO NO NO
1st option TACE TACE or TARE BSC
Alternative LT

TACE + ablation
SOR Research trials

TACE
SOR

LT

 TARE = Transarterial radioembolization; SOR = sorafenib. Bolondi et al. [12].

  Fig. 4.  Treatment guideline for BCLC-B HCC patients proposed 
by Japan-TAE group. 
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  Fig. 5.  Heterogeneity of intermediate stage 
HCC. 

  Fig. 6.  Heterogeneity and treatment strategy of intermediate stage HCC (sub-stage B1, B2). 

4 nodules 6 nodules

N0
M0

VP0, Vv0

Number
Size

3 cm

>3–6 cm

Huge
(>6 cm)

3 nodules 4–6 nodules Multiple ( 7)

Resection・RFA

1 cm, 6 nodules

6 cm, 1 nodule 3 cm, 4 nodules

Good response subgroup to superselective cTACE (up‐to‐7 criteria)Green

Pink Poor response subgroup to superselective cTACE

3 cm

6 cm

N0
M0

VP0, Vv0

DEB‐TACE HAIC/Sorafenib

4 nodules 6 nodules

Number
Size 3 nodules 4–6 nodules Multiple ( 7)

3 cm Resection・RFA

>3 cm –6 cm

Huge
(>5 cm)

Green

Pink

Yellow

3 cm

6 cm
Resection/ablation~superselective cTACE

Good response subgroup to cTACE (within up‐to‐7 criteria)

Poor response subgroup to cTACE (beyond up‐to‐7 criteria)

Poor response subgroup to cTACE or DEB‐TACE (beyond up‐to‐7)

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
19

8.
14

3.
44

.4
9 

- 2
/2

0/
20

16
 2

:5
7:

57
 A

M

－370－



 Kudo/Arizumi/Ueshima/Sakurai/Kitano/
Nishida 

Dig Dis 2015;33:751–758
DOI: 10.1159/000439290

756

  We have been actively utilizing a novel classification 
system that we developed by modifying the Bolondi’s cri-
teria  [12]  ( table 3 ). In this modified Bolondi’s substaging 
system (Kinki criteria), patients with intermediate-stage 
HCC are classified into 3 groups based on their Child-
Pugh scores (5–7 or 8–9) and the Beyond Milan and with-
in up-to-7 criteria (IN or OUT). Although similar to the 
Bolondi’s substaging system to a certain extent, the Kinki 
criteria is simpler and easier to apply, and resection and 
even ablation are included as treatment options for pa-
tients with substage B1. Resection is a good treatment op-
tion for patients with well-preserved liver function cor-
responding to Child-Pugh score 5 and single but large 
tumor, while ablation may be selected for those with 4–6 
small tumors. Even if tumor size is near 5 cm, ablation can 
be applied if preceded by TACE to make the area for abla-
tion larger. In patients with several regional tumors, we 
can apply superselective cTACE to carefully treat tumors 
one by one with curative intent. When superselective 
catheterization is not applicable, DEB-TACE or Balloon-
occluded TACE (B-TACE)  [19]  may be a choice of option 
( table 3 ;  fig. 5  and  6 ). 

 In patients with substage B2 HCC that is beyond the 
Milan criteria and is also huge, we actively repeat DEB-
TACE, which is a good treatment option for huge HCCs 
( fig. 6 ). For patients with beyond up-to-7 multiple HCCs, 
we select HAIC rather than DEB-TACE ( fig. 6 ) because 
HAIC is effective in this group of patients. If HAIC is not 
effective, sorafenib may be recommended. We occasion-

ally perform cTACE for some specific reasons but do not 
recommend the procedure because unselective bilobar 
cTACE will worsen the liver function. In addition, 
sorafenib may be an option for patients with numerous 
bilobar HCCs, who are expected to quickly become refrac-
tory to TACE. Sorafenib may be considered as the first 
treatment option for patients who have beyond up-to-7 
bilobar multiple HCCs and are expected to easily become 
refractory to cTACE with worsening the liver function.

  Patients with substage B3 HCCs are basically treated 
with a concept of palliative or no treatment similar to 
Child-Pugh C patients, but in those meeting the up-to-7 
criteria, it is important to aim for potential cure and sur-
vival benefit, as in Child-Pugh C patients, using superse-
lective cTACE or ablation to treat individual HCCs care-
fully  [20] . In patients with up-to-7 HCCs, liver transplan-
tation may be considered as extended criteria or after 
downstaging. Similar to substage B2 HCCs, ‘within up-
to-7’ substage B3 HCCs may be treated with HAIC or se-
lective DEB-TACE, which minimally decreases liver 
function. For substage B3 patients with beyond up-to-7 
HCCs, HAIC, selective DEB-TACE or BSC are recom-
mended (fig. 7).

  We analyzed patients treated with cTACE (either su-
perselective or unselective procedure) at our institution 
according to the Kinki criteria. Overall survival rates in 
patients with substage B1, B2 and B3 HCCs are well strat-
ified. Because the survival curve of patients with substage 
B1 HCC is nearly identical to that of patients with BCLC 

Table 3.  Subclassification and treatment strategy of intermediate-stage HCC (modified Bolondi)

BCLC substage B1 B2 B3

Child-Pugh score 5–7 5–7 8, 9

Beyond Milan and within up-to-7 IN OUT  ANY

I N OUT

Sub-substage B3-a B3-b

Concept of treatment strategy Curative intent Non-curative, palliative Curative intent if 
within up-to-7

Palliative, no 
treatment

Treatment option Resection
Ablation
Superselective c-TACE

DEB-TACE1

HAIC2

Sorafenib3

Transplantation
Ablation
Superselective cTACE

HAIC
Selective 
DEB-TACE

Alternative DEB-TACE (large, C-P 7)
B-TACE4

cTACE DEB-TACE 
B-TACE, HAIC

BSC

 1 DEB-TACE is recommended for huge tumors that are >6 cm. 2 HAIC is recommended for multiple tumors >6. 3 Sorafenib is 
recommended for patients with liver function of Child-Pugh score 5 and 6. 4 B-TACE is recommended for fewer tumors.
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A HCC, this HCC patient subgroup should be treated 
with curative treatment including superselective cTACE 
and/or resection/ablation. As for substage B3 HCC, its 
survival curve overlaps with that of BCLC C, suggesting 
that the outcome of repeated cTACE in the patients would 
not be any better than that in patients with BCLC stage C 
HCC.

  However, for substage B3 patients with tumors within 
up-to-7 criteria (sub-substage B3-a), superselective 
cTACE and ablation are recommended since these treat-
ments have a survival benefit by minimizing the liver 
function damage and maximizing the treatment efficacy. 
Superselective/selective DEB-TACE, B-TACE, and HAIC 
are also indicated as alternative therapy in case of patients 
with sub-substage B3-a HCC.

  In contrast, for patients with ‘beyond up-to-7’ BCLC 
B3 substage HCC (sub-substage B3-b), treatment options 
that are less toxic to liver function such as HAIC or selec-
tive DEB-TACE are indicated in accordance with the 
treatment results in Child-Pugh C patients  [20] .

  However, as numbers of patients of sub-substage B3-a 
and B3-b are very small, it will be better to combine them 
as substage B3 when we analyze the survival data.

  Our findings suggest that it is important to subclassify 
BCLC stage B HCC and establish treatment strategies 
based on liver function (Child-Pugh score) and tumor 
factors (within or beyond up-to-7).

  Conclusion 

 In this review, heterogeneity of intermediate-stage 
HCCs and treatment options were discussed. Although 
several substaging systems have been proposed previous-
ly, we introduced here novel subclassification criteria and 
treatment approaches that we are currently using (Kinki 
criteria) by modifying Bolondi’s subclassification. Fur-
ther study is needed to retrospectively investigate how 
well our system stratifies intermediate-stage HCCs and to 
prospectively determine the validity of this modified 
Bolondi’s subclassification, Kinki criteria.

  Disclosure Statement 

 Authors declare there is no conflict of interest. 

  Fig. 7.  Heterogeneity and treatment strategy of intermediate stage HCC (sub-stage B3). BSC = Best supportive care. 
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 Introduction 

 Transcatheter arterial chemoembolization (TACE) is 
the first-line therapy recommended for patients with 
 intermediate hepatocellular carcinoma (HCC)  [1–8] . Se-
lective catheterization of a target artery is a prerequisite for 
achieving effective TACE in HCC patients. However, it is 
often difficult to determine the relationship between mul-
tiple overlapping vessels from 2-dimensional (2D) angio-
graphic images  [9–11] . Furthermore, small vessels may be 
obscured when they are adjacent to large areas of opacifica-
tion. When complex vascular structures are being imaged, 
it may be necessary to make multiple acquisitions at various 
angles to provide adequate visualization. However, multi-
ple acquisitions result in increased radiation exposure to 
the patient and repeated injections of contrast material. To 
minimize these angiography risks, it is crucial to provide 
the operator with a 3-dimensional (3D) representation of 
the patient’s liver along with its vasculature and lesions.

  Over the past decade, interventional radiology (IVR)-
CT angiography and cone-beam CT (CBCT) angiogra-
phy have been introduced as 3D angiography systems. 
The IVR-CT angiography system consists of angiography 
and a multidetector row CT (MDCT) unit, and is con-
ducted with the patient on the same bed without risking 
dislodgment of the catheter  [12, 13] . IVR-CT angiogra-
phy offers high-resolution images of the vascular anato-
my or the shape and volume of the vascular territories 
 [14–16] . However, these systems are only found in a lim-

 Key Words 
 Cone-beam CT angiography · Hepatocellular carcinoma · 
Maximum intensity projection · Transcatheter arterial 
chemoembolization · Volume rendering 

 Abstract 
 Cone-beam CT (CBCT) is generated during a rotational sweep 
of the C-arm around the patient, and can be a valuable imag-
ing technique, providing in situ cross-sectional imaging. It is 
easy to evaluate the morphologic characteristics of hepatic 
arteries from multiple views with the use of various recon-
struction techniques, such as maximum intensity projection 
(MIP) and volume rendering. CBCT angiography is capable of 
providing more information than the standard 2-dimension-
al angiography in visualizing hepatocellular carcinomas 
(HCCs) and targeting tumors though precise microcatheter 
placement in close proximity to HCCs. It can also be useful in 
evaluating treatment success at the time of the procedure. 
It is anticipated that CBCT could reduce radiation exposure, 
the overall procedure time and contrast material use be-
cause it allows immediate feedback for an efficient angio-
graphic procedure. Therefore, CBCT angiography is an excit-
ing technology with the potential to significantly impact the 
practice of interventional radiology. The purpose of this ar-
ticle is to provide a review of the principles, clinical applica-
tions and technique of CBCT angiography for HCC treat-
ment.  © 2015 S. Karger AG, Basel 
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ited number of hospitals because they are rather expen-
sive and require a great deal of space. On the other hand, 
the CBCT system consists of a C-arm gantry, an X-ray 
tube and a flat-panel detector (FPD), and can offer great 
flexibility in orienting the detector around the patient. 
CBCT is able to provide the benefit of space and time sav-
ings while offering good 3D angiography. 

 This article summarizes the principles, clinical appli-
cations and technique of CBCT angiography for HCC 
treatment.

  CBCT Angiography 

 System 
 CBCT mounted on a C-arm was originally performed 

using an image intensifier system. However, image intensi-
fier systems and charged couple devices suffer from limited 
spatial resolution. The FPD-based system replaced the im-
age intensifier system during the 1990s. The development 
of FPD has provided significantly high resolution, high de-
tector quantum efficiency, high frame rate, high dynamic 
range, small image lag and excellent linearity in compari-
son with image intensifier detectors  [17] . Recent FPDs cov-
er a planar region of 19 × 25 cm and up to 40 × 40 cm for a 

reconstructed volume of 25 × 25 × 19 cm to 40 × 40 × 40 cm 
at a high spatial resolution on the order of 150 × 150 μm 2  
pixel size. Furthermore, CBCT allows for lower radiation 
and intravenous contrast doses by FPD. CBCT imaging is 
based on a projection acquisition, whereby a cone-shaped 
X-ray beam and FPD are mounted on a C-arm gantry 
( fig. 1 ). This configuration provides projection radiogra-
phy, fluoroscopy, digital subtraction angiography (DSA) 
and volumetric CT capabilities in a single patient setup, 
within the interventional suite. Such capabilities allow the 
operator to perform intraprocedural volumetric imaging 
without the need for patient transportation to a CT unit.

  The FPD C-arm CBCT data are generated during a 
rotational sweep of C-arm around the patient. X-ray pro-
jection images of the object are acquired in multiple an-
gular directions, following a circular path covering an an-
gular range of at least 200°. The target area is positioned 
at the center of rotation and CBCT volumes are then ob-
tained by integrating information from the 2D high-res-
olution projection images.

  Generally, the contrast-to-noise ratio of CBCT images 
is 1.5–2 times lower when compared with that of MDCT, 
primarily due to less-advanced anti-scatter radiation tech-
nology  [18, 19] . On the other hand, due to the finer detec-
tor pitch, its spatial resolution is superior. This combina-

  Fig. 1.  C-arm-mounted FPD CBCT system. The C-arm equipped with a FPD (arrow) is aligned with the table. 
The large monitor (arrow heads) can show patient monitoring information and different imaging inputs, includ-
ing live fluoroscopy, 2D angiography and the results of the embolization planning and guidance software overlaid 
on live fluoroscopy images. 
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tion of high spatial resolution and intra-arterial adminis-
tration of iodinated contrast material compensates for the 
lower contrast resolution and provides a high-quality tu-
mor depiction along with detailed vascular anatomy.

  Imaging Technique Options 
 CBCT has been shown to be a valuable imaging tech-

nique, providing in situ cross-sectional imaging of CT-like 
quality  [20] . The reconstructed 3D DSA images show only 
the enhanced vascular lumina, and data are stored. There-
fore, it is easy to evaluate the morphologic characteristics 
of the hepatic arteries from multiple views with the use of 
various reconstruction techniques, such as maximum in-
tensity projection (MIP) and volume rendering  [21] .

  MIP 
 MIP is a specific type of rendering in which the bright-

est voxel is projected into the 3D image. MIP image allows 
the differentiation between enhanced vascular structures 
and non-vascular structures, because the result is a pro-
jection of the highest density. CT angiographic applica-
tions for which the use of MIP is advantageous include 
the creation of a vascular map for display by a referring 
physician and easy visualization of small intraparenchy-
mal branches in an enhancing organ, such as the liver or 
kidney  [22] . In practice, MIP is usually performed inter-
actively with a sliding slab, enabling the radiologist to ad-
just the window, select the optimal orientation to display 
each artery and modify the slab thickness. This sliding 
thin-slab MIP technique has been found to increase sen-
sitivity in the detection of lung nodules and arteriovenous 
malformations  [23, 24] .

  Volume Rendering 
 Volume rendering can better depict soft tissues and 

3D relationships because volume rendering can display 
a set of data in its entirety. This property allows volume-
rendered CT angiograms to provide vessel ‘depth’ and 
to display multiple overlapping vessels, more effectively 
excluding the surrounding structures  [21, 25] . In addi-
tion, volume rendering allows for a color display, which 
often improves the visualization of complex anatomies 
and 3D relationships. Small vessels are more accurately 
depicted with volume rendering, and MIP may not be. 
Recently, the medical imaging community has em-
braced volume rendering for a wide variety of 3D imag-
ing applications including this navigation imaging on 
CBCT.

  Tracking Navigation Imaging 
 The tracking navigation software is an advanced vas-

cular 3D clinical analysis tool using data from CBCT an-
giography  [26] . There are 2 software programs (Flight 
Plan for Liver, GE Healthcare, Chalfont St Gilles, 
 England,  or EmboGuide, Philips Healthcare, Best, The 
 Netherlands),  and these 3D navigation tools can auto-
matically depict all vessels in the vicinity of the target as 
being feeding arteries ( fig. 2 ). Tracking navigation imag-
ing can highlight all vessels (from the tip of the micro-
catheter to the tumor) that appeared to feed the tumor by 
coming into close geometric proximity with the region of 
interest. Moreover, virtual ‘3D roadmap’ imaging can su-
perimpose the live fluoroscopic images with 3D recon-
struction in the GE system. The 3D roadmap is automat-
ically adjusted in real time for all changes in C-arm angu-

a b c

  Fig. 2.  A 74-year-old man with an HCC of 3.0 cm diameter.  a  2D 
angiography shows HCC as an enhanced lesion (arrow) compli-
cated with right anterior hepatic arteries.  b  Thin-slab MIP image 
(slab thickness = 20 mm) permits visualization of small branch ves-

sels, and also shows the HCC to be more complicated, with right 
anterior hepatic arteries.  c  Two green vessels indicate the tumor 
feeding arteries from the right anterior hepatic artery to HCC by 
the automatic tracking navigation imaging with volume rendering. 
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lations, field of view and table positions. The operator can 
move the C-arm into an optimal position that best facili-
tates catheterization and minimizes vessel overlap and 
foreshortening, without losing the matching between live 
fluoroscopy and the angiographic roadmap.

  Clinical Outcomes 

 Special information about the feeding vessels of HCC 
is helpful for successful catheterization and sufficient 
TACE. Kakeda et al.  [27]  reported that CBCT provided 
additional useful information in 42 of the 52 lesions (81%) 
for therapeutic decision making or TACE compared with 
DSA. Miyayama et al.  [28]  showed that the sensitivity of 
CBCT in the detection of the tumor-feeding artery is su-
perior to that of non-selective DSA (81 vs. 38%, p < 0.01). 
The availability of CBCT volumetric information can be 
used to achieve comprehensive visualization of the he-
patic arterial anatomy and tumor feeding arteries and to 
determine the degree of selectivity of drug delivery to the 
targeted tumors, thus reducing the risk of non-target em-
bolization and potential complications.

  Recent developments in software programming have 
enabled automatic identification of the feeding vessels on 
3D angiography. The TACE procedure can be carried out 
completely in patients with complicated vessels of the liv-

er by color coding the feeding vessels. Miyayama et al. 
 [28]  reported on automatic feeder vessel detection soft-
ware with a true-positive ratio of 88% in identifying the 
tumor feeding artery. Iwazawa et al.  [29]  also showed that 
the sensitivity in detecting tumor feeders was 87.7%. 
Therefore, automatic computed analysis software is able 
to achieve greater than 90% sensitivity in tumor feeding 
artery detection of hypervascular HCC lesions, which is 
29–50% higher than visual identification on a nonselec-
tive DSA study  [26, 30–33] . Automated software may also 
be used to detect parasitic feeding artery from other than 
the proper hepatic artery and the cystic artery and select 
the optimal microcatheter position for drug delivery to 
avoid non-target embolization  [34]  (fig. 3).

  Unenhanced CBCT after conventional TACE is known 
as Lip-CBCT, and Lip-CBCT is a technique used to assess 
the lipiodol deposition in the tumor after conventional 
TACE. Lip-CBCT imaging provides immediate feedback 
to the operator with lipiodol conspicuity equivalent to 
unenhanced MDCT and is predictive of tumor response 
when compared with 1-month follow-up multiphasic 
MDCT or contrast-enhanced MRI  [31, 35, 36] . The use 
of Lip-CBCT helps to achieve complete iodized oil filling 
of HCCs, and therefore improves therapeutic effects by 
optimizing the embolization end point  [36] . Intraproce-
dural Lip-CBCT depicts HCC with 100% sensitivity com-
pared with preprocedural diagnostic imaging  [31] . Poor 

  Fig. 3.  A 77-year-old man with hemoptysis. 
Volume rendering shows right brachial ar-
tery, and green vessel depicts the active ex-
travasation of contrast material. Tracking 
navigation imaging can be available for 
other organs except the liver. 
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iodized oil accumulation on Lip-CBCT may be an unfa-
vorable predictor in HCC patients treated with conven-
tional TACE.

  Conclusion 

 C-arm CBCT is an exciting technology with the po-
tential to significantly impact the practice of IVR. CBCT 
angiography is capable of providing more information 
than the standard 2D angiography in visualizing HCCs 
and targeting tumors though precise microcatheter 

placement in close proximity to HCCs. It can also be 
useful in evaluating treatment success at the time of 
the procedure. CBCT is based on immediate feedback 
to the angiographic procedure. Therefore, CBCT can 
inspire greater confidence and should be useful for 
TACE in HCC patients with complicated feeding arter-
ies.
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 Introduction 

 As for other cancers, general rules and clinical practice 
guidelines have been developed for hepatocellular carci-
noma (HCC). Historically, the general rules for HCC 
have been published by the Liver Cancer Study Group of 
Japan (LCSGJ), under the title ‘General Rules for the 
Clinical and Pathological Study of Primary Liver Cancer’. 
After the publication of the first edition on June 20, 1983, 
subsequent editions were published in 1987 (2nd edi-
tion), 1992 (3rd edition), 2001 (4th edition) and 2008 (5th 
edition), followed by a revision of the current fifth edition 
on July 7, 2009  [1, 2] . The sixth edition is scheduled for 
publication in 2015. While the general rules for other can-
cers have been compiled primarily by the respective large 
medical societies, the general rules for primary liver can-
cer were published by the LCSGJ.

  In terms of the clinical practice guidelines for HCC, 
the Clinical Practice Guidelines Committee for Liver 
Cancer (Chairman, Dr. Masatoshi Makuuchi), sponsored 
by the Ministry of Health, Labour and Welfare, played a 
central role in establishing the first edition of the Evi-
dence-based Clinical Practice Guidelines for HCC in 
2005. The committee consisted mainly of executive coun-
cil members of the LCSGJ. Thereafter, the Japan Society 

 Key Words 
 Primary liver cancer · Hepatocellular carcinoma · Practice 
guideline · General rules · Locoregional therapy · Response 
evaluation criteria in cancer of the liver 

 Abstract 
 This review outlines the significance of establishing general 
rules, a nationwide follow-up survey, and clinical practice 
guidelines for liver cancer in Japan. The general rules are an 
essential part of hepatocellular carcinoma (HCC) treatment, 
enabling a ‘common language’ to be used in daily clinical 
practice and for the nationwide follow-up survey. The 
 Japanese General Rules for the Clinical and Pathological 
Study of Primary Liver Cancer, which provide detailed de-
scriptions of HCC, are excellent and are unique to Japan. 
Items in the General Rules for the Clinical and Pathological 
Study of Primary Liver Cancer are used substantially in an-
other important project, the Nationwide Follow-Up Survey 
of Primary Liver Cancer, which has been rigorously under-
taken with great effort by the Liver Cancer Study Group of 
Japan biannually since 1969. Both evidence-based and con-
sensus-based treatment algorithms for HCC are used to 
complement each other in clinical practice in Japan. 
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of Hepatology (JSH) sponsored the publication of the sec-
ond edition of the guidelines in 2009 and the latest edition 
in 2013  [3] . JSH also published the first and second edi-
tions of the Clinical Practice Manual for HCC, ‘Manage-
ment of Hepatocellular Carcinoma in Japan: Consensus-
Based Clinical Practice Manual’ in 2007 and the revised 
version in 2010, respectively  [4, 5] . The third edition was 
published in 2015  [6, 7] . This manual is useful as it incor-
porates recommendations with a high level of evidence 
that are presented in the aforementioned Evidence-based 
Clinical Practice Guidelines for HCC  [8–10] , while also 
explaining diagnoses and treatments relevant to routine 
clinical settings that are in line with expert opinion and 
consensus.

  General Rules for the Clinical and Pathological Study 
of Primary Liver Cancer 

 The first edition of General Rules for the Clinical and 
Pathological Study of Primary Liver Cancer was pub-
lished to provide physicians specializing in liver cancer 
with specific terminology and abbreviations for noting 
the macroscopic findings of HCC, tumor stage, patho-
logical findings, important terminology and the accom-
panying cirrhosis state and also for enabling discussions 
using ‘common language’. Every time a subsequent edi-
tion was published, the TNM classification system be-
came unique to Japan, and owing to advances in patho-
logical studies, the definition of pathological early well-
differentiated HCC  [11]  was clearly stated already in the 
third edition published in 1992. Moreover, Japan has 
adopted the liver damage to reflect degree of liver func-
tional reserve, instead of the Child-Pugh classification, 
which is a global standard. This unique approach has 
arisen because the indocyanine green retention test 
is  frequently performed before surgical resection in 
 Japan. In that sense, liver damage is more of an HCC-
oriented liver functional reserve classification than 
Child-Pugh classification, where the latter was original-
ly developed to predict the prognosis of cirrhotic pa-
tients  [12, 13] .

  With the publication of the General Rules for the Clin-
ical and Pathological Study of HCC and Intrahepatic 
Cholangiocarcinoma in Japanese and English, unique ad-
vances have been made. The TNM classification of HCC 
and intrahepatic cholangiocarcinoma is easy to remem-
ber and judge because the staging of T1–T4 tumors in-
volves only 3 criteria: <2 or  ≥ 2 cm, the presence or ab-
sence of vascular invasion and single or multiple tumors 

( table 1 ). This innovative staging system is again unique 
to Japan and differentiates itself from the TNM classifica-
tion system used worldwide that was developed by the 
Union for International Cancer Control (UICC) and 
American Joint Committee on Cancer. A study that used 
the TNM classification systems proposed by the LCSGJ 
and the UICC to examine Japanese patients showed that 
the former system allowed for more accurate stratifica-
tion  [14] . This also demonstrates that Japan’s General 
Rules for the Clinical and Pathological Study of Primary 
Liver Cancer have developed in a unique way.

  These General Rules for the Clinical and Pathological 
Study of Primary Liver Cancer are important not only in 
providing a ‘common language’ for hepatologists, sur-
geons, pathologists and radiologists involved in the 
treatment of liver cancer to use, but also in unifying the 
description of survey items in the Nationwide Follow-
Up Survey of Primary Liver Cancer, which is another 
large project run by the LCSGJ since its establishment in 
1967. This huge database is an extremely important asset 
that is not available in any other country. Because HCC 
was treated only by surgical resection  [15–17]  in the 
1970s before locoregional therapy  [18–22]  was devel-
oped in the 1980s, the general rules describe surgery-
related items and the macroscopic and histopathological 
findings of surgical specimens in immense detail. In 
contrast, descriptions of locoregional therapies, such as 
ablation  [21]  and transcatheter arterial chemoemboliza-
tion (TACE)  [13, 23, 24] , were relatively scarce up until 
the fourth edition, which was published in 2001. How-
ever, due to the rapid progress of these therapies for 
HCC, there was an urgent need to introduce terminol-
ogy or descriptions about locoregional therapy and to 
establish detailed response evaluation criteria for treat-
ment. These changes were made in the 2009 revision of 
the fifth edition. The outcome of treatment for HCC has 
conventionally been evaluated using the Response Eval-
uation Criteria for the Solid Tumors (RECIST), which 
was developed to assess the treatment response of other 
solid tumors. RECIST is not suitable though for evaluat-

Table 1.  Definitions of the TNM stage by the LCSGJ

Stage I T1 (fulfilling 3 T factors) N0 M0
Stage II T2 (fulfilling 2 T factors) N0 M0
Stage III T3 (fulfilling 1 T factors) N0 M0
Stage IV-A T4 (fulfilling 0 T factors) N0 M0
Stage IV-B Any T N0–1 M1

 T factor: (1) single, (2) <2 cm and (3) no vascular involvement.
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ing the treatment response of HCC. Therefore, the 
 LCSGJ has developed unique criteria to evaluate the di-
rect treatment effects by locoregional therapies such as 
ablation or TACE. However, following recent advances 
in systemic chemotherapy using the molecular targeted 
agent, sorafenib, the fifth edition was revised to include 
the response evaluation of systemic therapy and was re-
issued under the title ‘Response Evaluation Criteria in 
Cancer of the Liver’ (RECICL)  [25]  in order to apply the 
criteria and to evaluate the outcome of systemic chemo-
therapy.

  The forthcoming sixth edition of the general rules in 
2015 will include the revision of the TNM classification 
system for intrahepatic cholangiocarcinoma, descrip-
tions of lymph node metastasis and HCC rupture and 

more sophisticated revised response evaluation criteria, 
namely, RECICL version 1.1  [26] . These revisions will 
also improve the descriptions used in the follow-up sur-
vey, thus making all the revision efforts worthwhile.

  Clinical Practice Guidelines 

 The essential elements of the Evidence-Based Clinical 
Practice Guidelines for Liver Cancer are the surveillance, 
diagnostic and treatment algorithms for HCC. The guide-
lines also cover prevention, diagnosis, surveillance, sur-
gery, ablation therapy, TACE, systemic chemotherapy 
 [27, 28] , radiation therapy  [29, 30] , post-treatment fol-
low-up, prevention of recurrence after curative treatment 

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 MDCT
(when MRI is not available)

Hypervascular
with washout

Hypervascular
without washout

Gd-EOB-DTPA MRI
Hepatobiliary phase

Hypointense

Hypointense

Iso・hyperintense

Iso・hyperintense

Gd-EOB-DTPA MRI
Hepatobiliary phase

Hypovascular

Dynamic Gd-EOB-DTPA MRI

HCC
Optional exam.

SPIO MRI
Angiography-assisted CT

 (CTAP, CTHA)
Highly sensitive tumor marker

 measurement HCC

Early HCC

HCC

Biopsy

Biopsy
Gd EOB-DTPA MRI
(dynamic CT)
every 3–6 monthsDN・borderline

Hypervascular
and/or defect in
Kuppfer phase

Small nodule ( 1–1.5 cm) Small nodule (<1–1.5 cm)

Hypovascular and
no defect in

Kuppfer phase

CEUS
(Sonazoid)

1

3

2

  Fig. 1.  Surveillance and diagnostic algorithm of HCC (proposed by 
LCSGJ 2014). 1 Cavernous 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. 2 Cavernous hemangio-

ma usually shows hypointensity on hepatobiliary phase of Gd-
EOB-DTPA MRI. It should be excluded by other sequences of MRI 
and/or other imaging modalities. 3 Biopsy may be considered for 
confirmation. 
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Extrahepatic
spread

Liver function

Vascular invasion

Number

Size

Single 1~3

3 cm >3 cm

No Yes

No Yes

No Yes

1, 2

Child-Pugh A/B Child-Pugh C

HCC

Child-
Pugh B/C

Child-
Pugh A

4 or more

Treatment

Hypovascular
Early HCC*3

Intensive
  follow-up

Ablation

Resection
Ablation

Resection
TACE
TACE+

   Ablation4

Within Milan6

criteria and
age 65

Exceeding Milan
criteria
or age >65

Sorafenib5

(TACE refractory, Child-Pugh A)

TACE5

HAIC5

Resection6

Ablation6

HAIC (Vp1–4)8
Sorafenib (Vp1–3)8
TACE (Vp1,2)9
Resection (Vp1,2)9

Transplantation
TACE/Ablation

 for Child-Pugh C
 pts10

Palliative
care Sorafenib

  Fig. 2.  JSH-LCSGJ consensus-based treatment algorithm for HCC 
revised in 2014. 1 Treatment should be performed as if extrahe-
patic spead is negative, when extrahepatic spread is not regarded 
as a prognostic factor. 2 Sorafenib is the first choice of treatment 
in this setting as a standard of care. 3 Intensive follow-up observa-
tion is recommended for hypovascular nodules by the Japanese 
Evidence-Based Clinical Practice Guidelines. However, local abla-
tion 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 hepatocyte phase Gd-
EOB-MRI; (3) when the nodules show decreased portal flow by 
CTAP or (4) decreased uptake is shown on Kupffer phase of Son-
azoid enhanced US, since these nodules are known to frequently 
progress to the typical hypervascular HCC. 4 Even for HCC nod-
ules exceeding 3 cm in diameter, combination therapy of TACE 
and ablation is frequently performed when resection is not indi-
cated. 5 Transcathetherarterial chemoembolization (TACE) is the 
first choice of treatment in this setting. Hepatic arterial infusion 
chemotherapy (HAIC) using an implanted port is also recom-
mended for TACE refractory patients . The regimen for this treat-
ment is usually low-dose FP (5FU + CDDP) or intraarterial 5FU 
infusion combined with systemic interferon therapy. Sorafenib is 
also a treatment of choice for TACE refractory patients with Child 
Pugh A liver function. 6 Resection is sometimes performed even 

when numbers of nodules are over 4. Furthermore, ablation is 
sometimes performed in combination with TACE. 7 Milan crite-
ria: Tumor size <3 cm and tumor numbers <3; or solitary tumor 
<5 cm. Even when liver function is good (Child-Pugh A/B), trans-
plantation is sometimes considered for frequently recurring HCC 
patients. 8 Sorafenib and HAIC are recommended for HCC pa-
tients with Vp1,2 (minor portal vein invasion), Vp3 (portal inva-
sion 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. 9 Resection and TACE is fre-
quently performed when portal invasion is minimum such as 
Vp1(portal invasion at the 3rd or more peripheral portal branch) 
or Vp2 (portal invasion at the 2nd portal branch). 10 Local ablation 
therapy or subsegmental TACE is performed even for Child-Pugh 
C patients when transplantation is not indicated when there is no 
hepatic encephalopathy, no uncontrollable ascites, and a low bili-
rubin level (<3.0 mg/dl). Although it is as a well accepted treat-
ment in the routine clinical setting, there is no evidence of its sur-
vival benefit in Child-Pugh C patients. A prospective study is nec-
essary to clarify this issue. Even in Child-Pugh A/B patients, 
transplantation is sometimes performed for relatively younger pa-
tients with frequently or early recurring HCC after curative treat-
ments.  
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and treatment for recurrence. These issues are introduced 
in a ‘Clinical Questions’ format, in which questions rou-
tinely asked in daily clinical practice are answered based 
on facts with a high level of evidence that are reported in 
scientific articles selected during an extensive review of 
the literature. Evidence levels and recommended grades 
are listed to assist the diagnosis and treatment of HCC in 
daily clinical practice. The surveillance and diagnostic al-
gorithm, the most important part of the clinical practice 
guidelines, recommends regular ultrasound and tumor 
marker screening using 3 markers (AFP, AFP-L3 and 
PIVKA-II)  [31–33]  or annual-to-semiannual CT or MRI 
depending on whether the patients are categorized as very 
high-risk or high-risk patients. The treatment algorithm 
presents treatment strategies that are in line with the se-
verity of  liver damage and the number and size of tumors 
 [8, 9] . The 2013 edition states that the Child-Pugh clas-
sification can be used when non-surgical therapy is ap-
plied  [3, 10] .

  But, it should be noted that, since the consensus-based 
surveillance and diagnostic algorithm is relatively com-
plex, it is scheduled to be simplified considerably in the 
2015 edition ( fig. 1 )  [7] . This was the results of consensus 
meeting at the 50th Annual Meeting of LCSGJ (Congress 
President: Prof. Masatoshi Kudo). In addition, the pro-
posed treatment algorithm provides extremely useful 
guidance for daily clinical practice because it contains a 
list of practical treatment strategies that are being per-

formed in accordance with current treatment policies de-
veloped based on expert opinion and consensus ( fig. 2 ). 
The criteria for TACE failure/refractoriness were also in-
cluded in the third edition of the guidelines ( table 2 )  [34] .

  It was revealed at the 48th LCSGJ Congress (Congress 
President, Prof. Osamu Matsui, Kanazawa University) 
 [35]  that over 90% of physicians specializing in liver can-
cer who diagnose and treat liver cancer refer to the JSH’s 
Evidence-based Clinical Practice Guidelines for HCC or 
Consensus-based Clinical Practice Guidelines for HCC. 
This indicates how well these guidelines complement 
each other and assist in optimizing diagnosis and treat-
ment of liver cancer in Japan.

  Conclusion 

 This review outlines the significance of establishing 
general rules, a nationwide follow-up survey and clinical 
practice guidelines for liver cancer in Japan. The general 
rules are an essential part of HCC treatment, enabling a 
‘common language’ to be used in daily clinical practice 
and for the nationwide follow-up survey. The Japanese 
General Rules for the Clinical and Pathological Study of 
Primary Liver Cancer  [2] , which provide detailed de-
scriptions of HCC, are excellent and are unique to Japan. 
Items in the General Rules for the Clinical and Patholog-
ical Study of Primary Liver Cancer are used substantially 
in another important project, the Nationwide Follow-Up 
Survey of Primary Liver Cancer which has been rigor-
ously undertaken with great effort by the LCSGJ biannu-
ally since 1969.

  Both the evidence-based and consensus-based treat-
ment algorithms for HCC are used to complement each 
other in clinical practice in Japan. The most important 
point going forward is that prospective clinical trials are 
needed to accumulate solid evidence for the recommen-
dations proposed in the consensus-based treatment algo-
rithm, which are not included in the evidence-based clin-
ical practice guidelines because of the lack of such evi-
dence. In fact, clinical trials are now looking for evidence, 
and include the SURF trial (UMIN No. UMIN000001795), 
SILIUS trial (NCT Trial No. 01214343), TACTICS trial 
(NCT Trial No. 01217034) and DELICATE trial. Their 
results are eagerly awaited.

  Disclosure Statement 

The authors declare that they have no conflict of interest.

Table 2.  Definition of TACE failure/refractoriness (LCSGJ)

1 Intrahepatic lesion
(i) Two or more consecutive insufficient responses 

within the treated tumors (viable lesion >50%) even after 
changing the chemotherapeutic agents and/or re-analysis 
of feeding artery can be seen by response evaluation 
CT/MRI after the 1–3 months following adequately 
performed selective TACE

(ii) Two or more consecutive progression in the liver 
(tumor numbers even increase as compared to the tumor 
numbers before the previous TACE procedure) even after 
changing the chemotherapeutic agents and/or re-analysis 
of feeding artery can be seen by response evaluation CT/
MRI after the 1–3 months following adequately 
 performed selective TACE

2 Tumor marker
Continuous elevation of tumor markers right after TACE 
even though transient minor reduction is observed

3 Appearance of vascular invasion

4 Appearance of extrahepatic spread
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 Molecular Mechanism and Prediction of 
Sorafenib Chemoresistance in Human 
Hepatocellular Carcinoma 

 Naoshi Nishida    Masayuki Kitano    Toshiharu Sakurai    Masatoshi Kudo 

 Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Osaka-Sayama, Osaka, Japan
 

 features of HCCs indicating sorafenib resistance, such as ep-
ithelial-mesenchymal transition and positive stem cell mark-
ers. Here, we review the recent reports and focus on the 
mechanism and prediction of chemoresistance to sorafenib 
in HCC.  © 2015 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the second lead-
ing cause of cancer death  [1] , and prognosis of advanced 
HCC, such as vascular invasion and extrahepatic metas-
tasis, is unsatisfactory. To date, sorafenib is the only mo-
lecular targeted agent that has improved the time to pro-
gression and overall survival in advanced HCC cases  [2] . 
According to the previous reports, only a small number 
of patients show a regression of tumor after the initiation 
of sorafenib treatment, suggesting that the main action of 
the drug is the induction of a dormant state of tumor  [3–
5] . Nevertheless, a considerable number of HCCs are re-
fractory to sorafenib, and such patients show unfavorable 
prognosis with reduced survival as their tumor progress-
es. In this review, we focus on the molecular mechanisms 
of acquiring chemoresistance to sorafenib and also dis-
cuss the molecular profile that predicts the effect of this 
promising molecular targeted agent.

 Key Words 
 Hepatocellular carcinoma · Chemoresistance · Sorafenib · 
Signaling pathway · MicroRNA · Apoptosis · Immunity · 
Cancer stem cell · Epithelial-mesenchymal transition 

 Abstract 
 Hepatocellular carcinoma (HCC) is the second leading cause 
of cancer death worldwide, and prognosis remains unsatis-
factory when the disease is diagnosed at an advanced stage. 
Many molecular targeted agents are being developed for 
the treatment of advanced HCC; however, the only promis-
ing drug to have been developed is sorafenib, which acts as 
a multi-kinase inhibitor. Unfortunately, a subgroup of HCC is 
resistant to sorafenib, and the majority of these HCC patients 
show disease progression even after an initial satisfactory re-
sponse. To date, a number of studies have examined the un-
derlying mechanisms involved in the response to sorafenib, 
and trials have been performed to overcome the acquisition 
of drug resistance. The anti-tumor activity of sorafenib is 
largely attributed to the blockade of the signals from growth 
factors, such as vascular endothelial growth factor receptor 
and platelet-derived growth factor receptor, and the down-
stream RAF/mitogen-activated protein/extracellular signal-
regulated kinase (ERK) kinase (MEK)/ERK cascade. The activa-
tion of an escape pathway from RAF/MEK/ERK possibly 
 results in chemoresistance. In addition, there are several 
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  Disruption of TGF-β Pathway and 
Epithelial-Mesenchymal Transition Phenotype 
 Activation of TGF-β pathway is known to be associated 

with the acquisition of epithelial-mesenchymal transition 
(EMT) and chemoresistance in cancer cells. Recently, it 
was reported that HCC cell lines with an EMT-like phe-
notype and high expression of the stem cell marker, CD44, 
are refractory to sorafenib-induced cell death  [6] . There-
fore, it is plausible that EMT and expression of the stem 
cell markers induced by activation of the TGF-β pathway 
could be a predictor of unfavorable response of sorafenib 
in HCC. Another report has shown that the activation of 
TGF-β induces the expression of stress-responsive long 
non-coding RNA (lncRNA), which could impair chemo-
therapy-induced cell death and induce cells positive for 
the stem cell marker, CD133  [7] . Interestingly, sorafenib 
also induces stress-responsive lncRNA expression in 
treated cells  [7] , suggesting that acquisition of chemore-
sistance to sorafenib may involve the disruption of TGF-β, 
a stress-responsive lncRNA.

  Alteration of PI3K/Akt Pathway 
 Akt signaling regulates several fundamental cellular 

functions including survival, proliferation, metabolism 
and migration. Activation of the phosphoinositide 3-ki-
nase/protein kinase K (PI3K/Akt) pathway and alteration 
of its regulator has been observed in many types of cancer 
including HCC, and constitutive activation of Akt could 
induce chemoresistance in cancer cells. In addition, acti-
vation of the PI3K/Akt pathway is involved in the acqui-
sition of stem cell-like properties and EMT phenotype 
in  HCC through the induction of microRNA (miR)-
216a/217  [8] . It was shown that expression of  miR-216a/217 
in tumor tissues was associated with disease-free survival, 
and cell lines expressing these miRs displayed an EMT 
phenotype. MiR-216a/217 targets phosphatase and ten-
sin homolog (PTEN) and mothers against decapentaple-
gic homolog 7 (SMAD7), and inhibition of PTEN and 
SMAD7 with miR-216a/217 leads to the activation of 
PI3K/Akt and TGF-β pathways, which should result in an 
acquired resistance to sorafenib  [8] .

  Alteration of RAF/MEK/ERK Pathway 
 The RAF/mitogen-activated protein/extracellular sig-

nal-regulated kinase (ERK) kinase (MEK)/ERK cascade is 
activated by growth signals and frequently dysregulated 
in many types of cancer. Originally, it was reported that 
sorafenib inhibited tumor cell proliferation and survival 
by blocking the canonical pathway of RAF/MEK/ERK 
 [9] . Therefore, detecting alteration of the molecules in-

volved in this pathway could be a promising approach for 
predicting sorafenib resistance. However, somatic muta-
tions of the genes in this pathway are not frequent, even 
in recent analyses performed using next-generation se-
quencers  [10] .

  We have reported that amplification of the  cyclin D1  
 (CCND1)  gene is associated with aggressive tumor behav-
ior  [11] . Focal amplification of fibroblast growth factor 
(FGF)-CCND1 locus, containing  FGF3 ,  FGF4 ,  FGF19 ,  Ja-
nus kinase-3 (JAK3)  and  CCND1 , is reportedly observed 
in HCCs that show complete response to sorafenib treat-
ment, whereas amplification is not detected in pa-
tients  showing disease progression  [12, 13] . It was also 
elucidated that cancer cell lines with FGF3/FGF4- or 
FGF  receptor 2-amplification display hypersensitivity to 
sorafenib  [12] . Therefore, constitutive activation of the 
FGF signal could predict response to sorafenib. In addi-
tion to the aberrant signaling of growth factors and recep-
tors, inactivation of Ras effectors that act as tumor sup-
pressors, such as Ras-association domain family 1A 
(RASSF1A) and NORE1A (RASSF5), could also induce 
activation of the RAF/MEK/ERK pathway. We have re-
ported that transcription of RASSF family genes is fre-
quently silenced through DNA methylation in HCC tis-
sues  [14–17] . A further report suggested that NORE1A 
could sensitize cancer cells to sorafenib-induced apopto-
sis  [18] . As it has also been shown that epigenetic silenc-
ing of NORE1A is observed in HCC  [18, 19] , and meth-
ylation of NORE1A could represent a predictor of 
sorafenib resistance.

  On the contrary, several miRs exert a tumor suppres-
sive function by targeting growth factor receptors. For 
example, miR-224 and miR-122 inhibit tumor growth 
and sensitize HCC cells to sorafenib through the down-
regulation of platelet-derived growth factor receptor and 
insulin-like growth factor 1 receptor, which could lead to 
increased progression-free survival of HCC  [20, 21] .

  Escape Pathway of Classical RAF/MEK/ERK Cascade 
 Several reports have suggested that sorafenib resis-

tance should, at least partially, be attributed to activation 
of the escape pathway of canonical RAF/MEK/ERK path-
way. It is reported that aberrant activation of epidermal 
growth factor receptor (EGFR)/human epidermal growth 
factor receptor 3 (HER3) is observed in cells that have ac-
quired sorafenib resistance  [22] . In this case, constitutive 
activation of ERK as well as Akt should take place and 
result in chemoresistance to sorafenib. Therefore, activa-
tion of the PI3K/Akt pathway could be a marker of 
sorafenib resistance as described above, and combined 
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treatment with gefitinib and sorafenib could regulate 
both ERK and Akt and improve cellular chemosensitivi-
ty   [22] . Xia et al.  [8]  also showed that activation of the 
PI3K/Akt pathway leads to the induction of EMT, cancer 
stem cell-like properties and sorafenib resistance through 
the suppression of PTEN by miR-216a/217. However, as 
discussed above, one of the effects of the Ras regulator, 
NORE1A, is to induce sorafenib-induced apoptosis, 
which requires the activation of the mammalian sterile 
20-like kinase-1/Akt pathway  [18] . Therefore, the role of 
the Akt pathway in the acquisition of sorafenib resistance 
remains controversial. It is possible that cross talk with 
other signaling pathway results in the controversial re-
sults regarding the role of Akt in sorafenib resistance.

  We also reported that activation of c-jun N-terminal 
kinase (JNK) was significantly higher in HCC patients 
who were non-responsive than that in patients who re-
sponded to sorafenib  [23] . The activation of JNK was cor-
related with the increased expression of the stem cell 
marker CD133. Moreover, inhibition of JNK reduced the 
growth of CD133-positive HCC cells, suggesting that 
JNK activation could induce chemoresistance to sorafenib 
via induction of CD133-positive cells, and that JNK in-
hibitors may represent a candidate drug for the treatment 
of sorafenib-resistant HCCs.

  Recently, Rudalska et al.  [24]  identified molecules as-
sociated with sorafenib resistance in liver cancer using 
RNA interference screening of the genes located in an 
amplified region of human HCC. In particular, they 
showed that the  Mapk14  gene is involved in chemoresis-
tance to sorafenib. The product of the  Mapk14  gene, 
p38α, is one of the mitogen-activated protein kinases 
(MAPKs) involved in the alternative downstream prolif-
eration signal. Interestingly, the authors also showed 
crosstalk between p38α and downstream, a target of RAF. 
Therefore, inhibition of RAF by sorafenib may give rise 
to activation of p38α, which leads to the acquisition of 
resistance to sorafenib. The study also showed that dou-
ble blockade of RAF and p38α could be a viable means of 
overcoming sorafenib resistance  [24] .

  Aberrant Activation of HGF/c-Met Signaling Pathway 
 Alteration of hepatocyte growth factor (HGF) and its 

receptor (HGFR; c-met) are implicated in many cancer 
types, and also associated with poor prognosis and ag-
gressive tumor behavior such as rapid tumor growth, in-
creased angiogenesis and metastasis. HGF/c-met signal-
ing activates MAPK as well as the Akt cascades, which 
increase cancer cell proliferation and have anti-apoptotic 
effects on cancer cells, respectively  [25] . Previously, a 

trend toward enhanced survival benefit from sorafenib 
was reported in patients with low HGF  [26] . It is also sug-
gested that c-met copy number may affect the efficiency 
of sorafenib, at least in vitro  [27] . On the other hand, uro-
kinase-type plasminogen activator (uPA) promotes tis-
sue repair through the activation of HGF  [28] . Overex-
pression of uPA and c-met are negative prognostic factors 
of HCC  [29–31] . Induction of miR-193a downregulates 
uPA, which results in the inhibition of proliferation and 
induction of apoptosis under conditions of treatment 
with sorafenib  [27] . Similarly, regulators of c-met such as 
miR-181-5p could reduce invasion of HCC, although the 
role of miR-181-5p in the effects of sorafenib remains to 
be clarified  [32] .

  Cellular Response Induced by Hypoxia 
 It is well known that angiogenesis, which is induced by 

hypoxia of the tumor tissues, is a primary target of 
sorafenib. Therefore, angiogenesis and the hypoxia-relat-
ed cellular response could be promising biomarkers of the 
antitumor effects of this drug. Several studies have ana-
lyzed the association of serum markers related to angio-
genesis, such as cytokines and growth factors, with re-
sponse to sorafenib in HCC. For example, pretreatment 
level of angiopoietin-2 was correlated with poor response 
to sorafenib  [33] . The alteration of hypoxia-related mark-
ers during treatment could be an additional potential 
marker. Serum levels of des-γ-carboxyprothrombin and 
lactate dehydrogenase are known to be a surrogate mark-
er of tissue hypoxia and neo-angiogenesis, both of which 
are associated with the response to sorafenib treatment 
 [34, 35] . Similarly, a decrease of vascular endothelial 
growth factor was reportedly associated with the longer 
survival of patients who received sorafenib therapy  [36] . 
On the other hand, a recent report suggests that hypoxia 
induced by sorafenib increases the stromal-derived factor 
1 α (SDF-1α), which activates hepatic satellite cells by 
binding to C-X-C receptor type 4 (CXCR4)  [37] . Block-
ade of CXCR4 inhibits the tumor fibrosis as well as HCC 
growth in combination with sorafenib, suggesting that in-
duction of SDF-1α may be involved in the chemoresis-
tance to this drug  [37] . It is also reported that galectin-1 
is upregulated in the HCC cell line with acquired resis-
tance to sorafenib, and knock down of galectin-1 restores 
sensitivity  [38] . The galectin-1 is under the regulation of 
Akt/mammalian target of rapamycin/hypoxia-inducible 
factor-1 pathway; reportedly, it suppresses T cell-mediat-
ed cytotoxic immune responses and promotes tumor an-
giogenesis  [39] , and is a possible biomarker for predicting 
response to sorafenib treatment.
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Table 1.  Previous studies that show potential markers associated with chemoresistance to sorafenib

Potential marker Description Materials References

TGF-β-related
CD44 HCC cell lines with high expression of CD44 and TGF-β-induced 

mesenchymal-like phenotype are refractory to sorafenib-induced 
cell death

Cell lines and 
xenograft mice 
model 

Fernando et al., 
2015

Stress-responsible 
lncRNA

Stress-responsible lncRNA expression, which is induced by 
sorafenib, impairs chemotherapy-induced apoptosis

Cell lines Takahashi et al., 
2014

PI3K/Akt-related
miR-216a/217 miR-216a/217 target PTEN and SMAD7, induce EMT, stem-like 

properties and acquisition of sorafenib resistance
HCC tissue and 
cell lines

Xia et al., 2013

RAF/MEK/ERK-related 
miR-122 Survival of miR-122-expressing HCC cells is reduced upon 

treatment with sorafenib through downregulation of IGF1R
HCC tissue and 
xenograft mice 
model

Bai et al., 2009

EGFR and HER-3 In cells with acquired resistance to sorafenib, aberrant activation 
of EGFR/HER-3 is observed

Xenograft model 
of mice

Blivet-Van 
Eggelpoël et al., 
2012

JNK and CD133 JNK activation and CD133 expression inversely correlated with 
the response to sorafenib

HCC tissue Hagiwara et al., 
2012

pERK and Mcl-1 Expressions of pERK and Mcl-1 in HCC before treatment with 
sorafenib are associated with reduced overall survival

Human HCC 
tissues

Personeni et al., 
2013

FGF-CCND1 HCCs with amplification of FGF-CCND1 locus, including FGF3 
and FGF4, showed hypersensitivity to sorafenib

HCC tissue Arao et al., 2013

NORE1A NORE1A is identified as a Ras effector and capable of sensitizing 
cancer cells to sorafenib-induced apoptosis

Cell lines and 
HCC tissues

Liu et al., 2014

Mapk14 (p38α) Elevated Mapk14-Atf2 signaling predicts poor response to 
sorafenib therapy

HCC tissue and 
xenograft model 
of mice

Rudalska et al., 
2014

miR-224 High miR-224 expression is associated with downregulation of 
PDGFR and increased survival in HCC patients treated with 
sorafenib

Serum of HCC 
patients

Gyöngyösi et al., 
2014

HGF-related
miR-193a miR-193a is a negative regulator of uPA that promotes the tissue 

repair through activation of HGF, and a combined treatment with 
miR-193a and sorafenib inhibit proliferation of HCC cell lines

Cell lines Salvi et al., 2013

miR-181a-5p c-Met is a functional target of miR-181a-5p and loss of 
miR-181a-5p leads to the c-met mediated oncogenic signaling in 
hepatocarcinogenesis

Cell lines Korhan et al., 
2014

Hypoxia/VEGF-related
Angiopoietin-2 Serum level of cytokines related to angiogenesis is correlated with 

poor effects of sorafenib
Serum of HCC 
patients

Miyahara et al., 
2011

DCP Increase of serum DCP, a surrogate marker of tissue hypoxia, is a 
predictive marker of tumor response to sorafenib

Serum of HCC 
patients

Ueshima et al., 
2011

LDH A pre-treatment LDH value, an indirect marker of tumor hypoxia 
and neo-angiogenesis, is associated with survival of the patients 
treated with sorafenib

Serum of HCC 
patients

Faloppi et al., 
2014
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Potential marker Description Materials References

VEGF Decrease of VEGF during treatment is associated with a longer 
survival of the patients who received sorafenib therapy

Serum of HCC 
 patients

Tsuchiya et al., 
2014

SDF-1α/CXCR4 Sorafenib increases SDF-1α expression, and promotes HSC 
differentiation through SDF-1α/CXCR4 that may be involved in 
the chemoresistance to sorafenib

Cell lines and mice 
model

Chen et al., 2014

Galectin-1 The expression of galectin-1 is induced by HIF-1; it suppresses 
T cell-mediated cytotoxic immune responses and promotes tumor 
angiogenesis. The overexpression of galectin-1 could be a 
biomarker of sorafenib resistance

Cell lines Yeh et al., 2015

Bcl-2 family-related
Let-7 Let-7c that targets Bcl-xL is downregulated in HCC; expression of 

let-7c enhances apoptosis of HCC cells treated with sorafenib
HCC tissues and 
cell lines

Shimizu et al., 
2010

Mcl-1 Increased expression of Bcl-2 family protein, Mcl-1, in 
pretreatment HCC tissues predicts reduced survival of HCC 
patients treated with sorafenib

HCC tissues Personeni et al., 
2013

miR-34a miR-34a targets Bcl-2 and potentiates sorafenib-induced 
apoptosis

Cell lines Yang et al., 2014

Cancer immunity-related
NK cell function Sorafenib inhibits cytotoxicity of NK cells in response to tumor 

target
Cell lines and mice 
model

Zhang et al., 
2013

miR-1274a Sorafenib induces miR-1274a through inhibiting ADAM9 and 
MICA shuddering, which enhances antitumor immunity

Cell lines Zhou et al., 2011

Teff and Treg Low dose-sorafenib, but not pharmacologic dose, selectively 
increases Teff activation while blocking Treg function and 
enhances antitumor immunity

T cells from HCC 
patients

Cabrera et al., 
2013

Hedgehog signaling and stem cell marker
Hh signaling HCC cell lines showing enhanced Hh signaling activity are more 

resistant to sorafenib
Cell lines Chen et al., 2011

KRT19 KRT19 knockdown results in decreased resistance to sorafenib Cell line study Wilson et al., 
2013

EpCAM EpCAM-enriched cell lines were more resistant to sorafenib Cell line study Wilson et al., 
2013

Wnt pathway-related
CTNNB1 Sorafenib attenuates expression of liver-related Wnt-targets, 

which is accompanied by increased survival of treated mice
HCC tissue and 
xenograft mice 
model 

Lachenmayer et 
al., 2012

Genomic instability
GADD45 β GADD45 β induction contributes to sorafenib-induced

 apoptosis in HCC cells
Cell lines Ou et al., 2010

MCM7 MCM7 expression is correlated with shorter survival 
after resection and sorafenib inhibited the expression of MCM7

HCC tissue and 
cell lines

Zhou et al., 2012

Sirtuin 1 Overexpression of Sirtuin 1 promotes tumorigenesis and 
resistance to sorafenib

HCC tissue and 
cell lines

Chen et al., 2012

Table 1. (continued)
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  Activation of Anti-Apoptotic Proteins 
 The Bcl-2 family consists of pro-apoptotic and anti-

apoptotic proteins and is known as a gatekeeper for the 
apoptotic response. Many kinds of cancer cells show 
overexpression of anti-apoptotic proteins and downregu-
lation of pro-apoptotic proteins. In HCCs, several reports 
suggest the role of Bcl-2 family proteins on the acquisi-
tion of resistance to sorafenib. MiRs that regulate the ex-
pression of the Bcl-2 family may therefore affect the re-
sponse of HCC to sorafenib. For example, let-7 is down-
regulated in HCC cell lines, and the putative target of 
let-7 is Bcl-xL, a known anti-apoptotic protein. In addi-
tion, expression of let-7 enhances apoptosis of hepatoma 
cells upon exposure to sorafenib  [40] . Similarly, increased 
expression of another anti-apoptotic Bcl-2 family pro-
tein, myeloid cell leukemia 1, in the pretreatment HCC 
tissues also predicts reduced overall survival of HCC pa-
tients treated with sorafenib  [41] . HCC tissues also show 
reduced expression of miR-34a, which could bind to the 
3 ′ -untranslated region of Bcl-2 mRNA and repress its 
translation. Restoration of miR-34a thus inhibits Bcl-2 
expression and potentiates sorafenib-induced apoptosis 
 [42] .

  Disturbance of Immune Response 
 As sorafenib is a multi-kinase inhibitor, it may also af-

fect the function of immune cells involved in tumor im-
munity, which may be associated with treatment response 
to this drug. The results of a study using a mice model 
indicate that sorafenib reduces the number of natural kill-
er cells and inhibits the reactivity of natural killer cells 
through downregulation of its stimulatory receptor  [43] . 
Another report suggested that sorafenib treatment leads 

to a decrease in effector T cell activation through inhibi-
tion of CD25 expression; however, low dose sorafenib re-
stores effector T cell responses by eliminating regulatory 
T cell suppression  [44] . Moreover, sorafenib could induce 
antitumor immunity by inducing miR-1274a, which reg-
ulates a disintegrin and metalloproteinase 9, and by sub-
sequent inhibition of the shedding of major histocompat-
ibility complex class-I  [45] . Therefore, immunomodula-
tion induced by sorafenib may be related to drug 
sensitivity and a combination of immunotherapy with 
sorafenib could be a promising approach to overcome 
chemoresistance.

  Stem Cell Markers and Hedgehog Signaling Pathway 
 The expression profiles of stem cell markers, such as 

epithelial cell adhesion molecule, are reportedly associ-
ated with resistance to sorafenib in HCC  [46, 47] .  Govaere 
et al.  [48]  showed that keratin 19 (KRT19)-positive HCC 
cells also express markers associated with invasion/me-
tastasis as well as hepatic progenitor cell makers, and 
knockdown of KRT19 results in a decrease of sorafenib 
resistance in HCC cell lines  [48] . It is possible that altera-
tions to cellular signaling induce a proliferative, metastat-
ic and less differentiated expression profile including that 
of stem cell markers in sorafenib-resistant HCC cells  [47] . 
Chen et al.  [49]  reported that hedgehog activity was high-
er in a subset of HCC cell lines with EMT phenotype that 
were reportedly more resistant to sorafenib.

  Others 
 A recent report showed that activation of the Wnt 

pathway can be divided into 2 types according to the pro-
file of dysregulated Wnt target molecules. A subset of 

Potential marker Description Materials References

Tumor suppressive miRs
miR-425-3p Higher levels of miR-425-3p are associated with longer survival in 

HCC patients treated with sorafenib
HCC tissues Vaira et al., 2015

miR-486 miR-193a inhibits EMT and enhances chemosensitivity of HCC 
cells to sorafenib through targeting CLDN10 and CITRON

Cell lines Sun et al., 2015

 IGF1R = Insulin-like growth factor type 1 receptor; Mcl-1 = myeloid cell leukemia 1; PDGFR = platelet-derived growth factor 
receptor; DCP = des-γ-carboxyprothrombin; LDH = lactate dehydrogenase; VEGF = vascular endothelial growth factor; HIF-1 = 
hypoxia-inducible factor-1; ADAM9 = a disintegrin and metalloproteinase 9; MICA = major histocompatibility complex class-I 
chain-related protein A; Teff = effector T cell; Treg = regulatory T cell; Hh = Hedgehog; EpCAM = epithelial cell adhesion molecule; 
CTNNB1 = β-catenin gene; GADD45β = DNA damage-inducible gene 45β; MCM7 = minichromosome maintenance protein 7; 
CLDN10 = claudin-10; CITRON = rho-interacting, serine/threonine kinase 21 gene.

Table 1. (continued)
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HCCs characterized by the upregulation of liver-specific 
Wnt targets, nuclear staining of TGF-β, expression of glu-
tamine synthetase and enrichment of CTNNB1 mutation 
were sensitive to sorafenib  [50] . Similarly, DNA damage-
inducible gene  45β  is more predominantly expressed in 
HCC cells that are sensitive to sorafenib treatment  [51] . 
Dysregulation of minichromosome maintenance protein 
7 is a predictor of the prognosis of HCC patients, and 
sorafenib inhibits its expression  [52] . Overexpression of 
the NAD+-dependent histone deacetylases, Sirtuin 1, is 
detected in HCCs with a higher tumor grade and is asso-
ciated with poor survival as well as resistance to sorafenib 
 [53] . Finally, expression of miRs that are considered to 
have tumor suppressor functions, such as miR-425-3p 
and miR-486, may also predict the effect of sorafenib  [54, 
55] . Given the fact that a single miR targets multiple kinds 
of mRNA, constitutive activation of multiple molecules 
may act in concert to restore the sensitivity of HCC to 
sorafenib  [56] . Studies on molecular biology and signal 
transduction are a key issue to understanding the efficacy 
of systemic therapy to HCC  [57–60] .

  Conclusion 

 In this review, we focused on the molecular mecha-
nism of chemoresistance to sorafenib in HCC and sum-
marized the recent reports, which was listed in  table 1 . So 

far, sorafenib is the only drug that improves survival in 
advanced HCC  [61, 62] . Therefore, understanding and 
overcoming chemoresistance to this drug is critical for 
the improvement of survival in patients with advanced 
HCC. It is possible that multiple signaling pathways are 
involved in the acquisition of resistance  [57–60] . Recent 
intensive studies will provide critical information regard-
ing combination therapy with sorafenib that could form 
the basis of personalized medicine for this refractory can-
cer.
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  Tumor Markers 

 Tumor markers are routinely used in screening, diag-
nosis, treatment response evaluation, assessment of tumor 
malignancy and diagnosis of tumor recurrence, and among 
them, alpha-fetoprotein (AFP) has long been appreciated 
as a tumor marker for HCC. In Japan, prothrombin in-
duced by vitamin K absence-II (PIVKA-II), and the L3 
fraction of AFP (AFP-L3)  [2–4]  are routinely used along-
side AFP to screen for HCC. However, in other countries, 
the clinical guidelines for HCC, such as those issued by the 
American Association for the Study of Liver Diseases 
(AASLD)  [5]  and the European Association for the Study 
of the Liver (EASL)  [6] , do not recommend the use of 
 PIVKA-II or AFP-L3 in daily clinical practice. Even AFP 
is not recommended for the surveillance of liver cancer be-
cause of its low sensitivity and specificity, that is, due to its 
poor cost effectiveness, leaving ultrasound (US) as the only 
screening method recommended per the Western guide-
lines  [7] . This signifies a huge difference in the way of 
thinking between researchers in Japan and those in West-
ern countries. In Japan, all of these 3 tumor markers are 
fully covered by the National Health Insurance System, 
and an increase in any of them when used in combination 
can lead to the detection and diagnosis of small HCC. 
From this perspective, it is important to perform prospec-
tive clinical trials to demonstrate that the regular use of 
tumor markers, including AFP, is an essential part of liver 

 Key Words 
 Hepatocellular carcinoma · Clinical research · Prospective 
randomized clinical trial · Diagnosis · Treatment 

 Abstract 
 Challenges of clinical practice and research on hepatocellu-
lar carcinoma (HCC) were reviewed. There are several differ-
ences in clinical practice between Japan and the Western 
countries such as tumor markers, understanding of patho-
logical early HCC, imaging diagnosis, treatment strategy, 
staging system and subclassification of HCC. Further studies 
are warranted for the clinical practices of Japan to be adopt-
ed in the rest of the world.  © 2015 S. Karger AG, Basel 

 Introduction 

 Many diagnostic and treatment techniques for hepato-
cellular carcinoma (HCC) that are at the global forefront 
have been developed in Japan. In particular, progress in 
clinical research on HCC made by Japanese researchers 
has been introduced to the world via peer-reviewed med-
ical and science journals. Yet, many issues remain to be 
addressed. This article discusses the current situation, re-
cent progress  [1] , remaining challenges and future pros-
pects of clinical investigations on HCC.
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cancer screening. For this purpose, a clinical trial headed 
by the University of Tokyo for HCC, the ALDUS Study, is 
currently ongoing and its results are eagerly awaited.

  AFP has numerous future roles. Both AFP levels and 
HCC incidence decrease markedly when a sustained vi-
rologic response (SVR) is achieved by the eradication of 
hepatitis C virus by interferon (IFN) therapy for chronic 
hepatitis C. However, it is unclear whether this reduction 
in AFP reflects improvement of the inflammation or of 
the background liver tissue that served as the primary or-
igin. According to Asahina et al.  [8] , the rate of hepato-
carcinogenesis is low in SVR patients when AFP level is 
<6 ng/ml, but is high in patients with AFP  ≥ 6 ng/ml even 
after they have achieved SVR. It has also been reported 
that post-SVR carcinogenesis rates vary among hepatitis 
C patients with AFP levels lesser or higher than 10 ng/ml 
 [9] . On the basis of these reports, AFP is used as a surro-
gate marker for carcinogenesis in SVR patients after an-
tiviral therapy for hepatitis C. Although IFN-free antivi-
ral therapy with direct acting antivirals (DAAs) is expect-
ed to become the mainstream therapy for chronic 
hepatitis C, it is currently unclear whether the suppres-
sion of carcinogenesis is similar between patients who 
have achieved SVR after taking DAA agents that act di-
rectly on the virus and those who achieved SVR after re-
ceiving IFN-based therapy, which exerts antitumor and 
immunostimulatory effects. It becomes clear that an all-
oral DAA regimen can decrease AFP levels that serve as 
an indicator. However, it is not clear whether low-dose 
long-term IFN therapy can decrease AFP levels in SVR 
patients with AFP  ≥ 6 ng/ml after DAA therapy. It seems, 
then, that AFP in both its conventional and newer uses 
has clear prospects for the future, but certain challenges 
such as those mentioned above are yet to be addressed.

  PIVKA-II, which is an independent marker for HCC 
and has no correlation with AFP, is also used in screening, 
treatment response evaluation  [10] , diagnosis of recur-
rent HCC and assessment of biological malignancy grade. 
The association between PIVKA-II level and vascular in-
vasion is of particular interest. According to Koike et al. 
 [11] , patients with high PIVKA-II levels have a high inci-
dence of portal invasion. Vascular invasion, however, is 
suppressed by the administration of vitamin K, which 
downregulates PIVKA-II. This evidence prompted a 
large-scale clinical trial to investigate whether Vitamin K 
suppresses the recurrence of HCC in patients who re-
ceived curative treatment such as resection  [12, 13]  or 
ablation  [14, 15] . The study was unsuccessful though, and 
it completely ruled out the possibility of vitamin K for 
tertiary prevention after curative treatment of HCC  [16] . 

PIVKA-II levels are also known to increase during treat-
ment more often in patients who respond to sorafenib, a 
molecular targeted agent, suggesting that PIVKA-II can 
serve as a surrogate marker for the suppression of angio-
genesis or as an indicator of treatment response  [17] . This 
possibility needs to be investigated further in systemic 
therapy  [18, 19] .

  AFP-L3 does not correlate with AFP or PIVKA-II in 
patients with HCC  [2, 4] . In recent years, the measurement 
of highly sensitive AFP-L3 has been attracting attention 
because this innovative method enables AFP-L3 to be 
measured even when total AFP levels are  ≤ 10 ng/ml. Com-
pared with conventional AFP-L3, highly sensitive AFP-L3 
has a high positive rate even in patients with early-stage 
HCCs (e.g. stages I and II), making the marker useful in 
the early diagnosis of HCC  [20, 21] . The malignancy rate 
of AFP-L3–positive liver cancer is extremely high, and 
while the survival of AFP-L3–negative patients who had 
high AFP-L3 levels before treatment is similar to the sur-
vival of patients negative for AFP-L3 throughout treat-
ment, and the survival of patients who maintain high AFP-
L3 levels even after treatment is significantly poor  [4, 22] .

  As we gain a more comprehensive understanding of 
these markers’ characteristics, it is likely that AFP, 
 PIVKA-II and AFP-L3 will be increasingly used for prog-
nostic prediction and assessment of the biological malig-
nancy. In addition, we need to report actively on the util-
ity of PIVKA-II and AFP-L3 to the world, especially the 
United States and Europe where use of these 2 markers is 
not recommended in their guidelines  [7] .

  Diagnosis 

 Ultrasonography 
 Guidelines published all over the world recommend 

B-mode US as a first-line imaging modality for screening 
HCC. However, when B-mode US is used to screen pa-
tients with cirrhosis, small liver tumors are often over-
looked because of coarse liver parenchyma. Although US 
is the only screening modality recommended in the 
guidelines issued by the AASLD  [5] , the EASL  [6]  and the 
Asian Pacific Association for the Study of the Liver 
(APASL)  [23] , in Japan, both sets of guidelines – the Ev-
idence-based Clinical Practice Guidelines  [24]  and the 
Consensus-based Clinical Practice Guidelines  [25]  – rec-
ommend annual or semiannual computed tomography 
(CT) or magnetic resonance imaging (MRI) for type B or 
C cirrhotic patients, who have very high risk for liver can-
cer, due to the inherent limitations of B-mode US.
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  Sonazoid-enhanced US, which is composed of the vas-
cular phase and Kupffer phase, has recently been used 
proactively for screening as well as diagnosis of liver can-
cer  [26, 27] . Perfusion defects can be detected easily in the 
Kupffer phase, which starts 10 min after venous injection. 
HCC can be accurately diagnosed by performing US after 
the re-injection of sonazoid  [26, 28] . This was verified in 
a multicenter randomized clinical trial (NCT No. 
00822991), and thus, it is highly likely that surveillance 
using Kupffer phase imaging in Sonazoid-enhanced US 
will be recommended in future editions of clinical prac-
tice guidelines for HCC.

  Elastography is also now frequently performed to di-
agnose fibrosis in patients with diffuse liver disease. Elas-
tography is simply classified by the measurement method 
used, namely, strain elastography or shear wave elastog-
raphy (SWE). The representative strain method, real-
time elastography (RTE), simplifies the diagnosis of fi-
brosis with the use of a liver fibrosis index  [29] . Represen-
tative shear wave methods are FibroScan (transient 
elastography), virtual touch quantification and SWE, and 
they determine the stiffness of the liver by generating 
push pulses in order to measure the propagating shear 
waves. FibroScan is particularly well known for enabling 
liver cancer risk to be judged from liver stiffness measure-
ments in patients with type B or C cirrhosis  [30–32] . Con-
sequently, FibroScan is a highly useful method for pre-
dicting the risk for cancer without an invasive biopsy, but 
it remains to be confirmed whether shear wave methods 
and RTE can produce results as good as FibroScan.

  CT 
 Multidetector raw CT is the mainstream CT proce-

dure that is in use today  [33] . Further research is needed 
to reveal the utility of effective hepatic parenchymal blood 
flow by perfusion CT, as well as liver function assessment 
by dual energy CT.

  MRI 
 A recent MRI-related topic attracting attention is the 

approval of gadolinium ethoxybenzyl diethylenetriamine 
pentaacetic acid-enhanced MRI (EOB-MRI). Early HCCs 
demonstrating hypovascularity on CT during hepatic ar-
teriography (CTHA) or no decrease in portal flow on CT 
during arterial portography (CTAP) may be detected as 
hypointense signals on EOB-MRI  [34, 35] . Such hypoin-
tense nodules are often diagnosed histopathologically as 
early HCCs  [25, 36, 37] . Although there has been a report 
of dysplastic nodules occasionally displaying hypointen-
sity even in the hepatocyte phase of EOB-MRI, such re-

sults were just based on a comparison with liver biopsy 
and EOB-MRI findings. In fact, a study that followed the 
natural course of hypointense hypovascular nodules has 
revealed that such nodules most likely develop into clas-
sical hypervascular HCC  [38–56] . On the other hand, 
some early HCC nodules may not show hypointensity in 
the hepatocyte phase of EOB-MRI. More follow-up stud-
ies are needed to clarify this issue.

  Another interesting topic concerning EOB-MRI is the 
role of transporters in HCC. The transporter that im-
ports EOB into the hepatocytes is an organic anion trans-
porting polypeptide 8 (OATP8 or OATP1B3)  [57, 58] . 
 Patients with typical moderately differentiated HCC that 
displays hyperintensity in the hepatocyte phase of 
 EOB-MRI account for 5–10% of all HCC patients. Fur-
thermore, OATP8-positive liver cancers are reported to 
be a subtype of HCC and exhibit a benign nature  [59, 60] . 
In studies by Yoneda et al.  [61]  and Yamashita et al.  [62] , 
the expression of β-catenin is significantly upregulated in 
HCC expressing OATP8, suggesting that OATP8 is in-
duced by Wnt/β-catenin signaling. Yamashita et al.  [63]  
also recently revealed that the expression of OATP8 is 
inhibited by the transcription factor hepatocyte nuclear 
factor 4A and that OATP8-positive HCC is a subtype of 
HCC that expresses a specific group of genes. These find-
ings suggest that EOB-MRI is a molecular imaging mo-
dality that acutely reflects the expression of OATP8 and 
will be useful for the assessment of multistep carcinogen-
esis in liver cancer  [58]  and the identification of benign 
HCC subtypes. Further studies are needed to confirm 
this proposal.

  Angiography 
 Recent advances in CT, contrast-US and EOB-MRI 

have meant that angiography is no longer necessary diag-
nostically as it was in the past. However, CTHA and 
CTAP still play extremely important roles in the detec-
tion of small HCC and in the differentiation from liver 
shunt. An extremely important angiographic finding is 
that when patients with hypervascular HCC undergo sin-
gle-level dynamic CTHA, the contrast agent injected via 
the hepatic artery stains hypervascular HCC intensely 
and then drains from the tumor capsule to stain the sur-
rounding liver tissue in a corona-like fashion  [64] . Such 
corona-like staining is also observed in dynamic CT after 
careful examination, making this dynamic CT finding 
important for differentiating HCC from other tumors 
 [65] . It is anticipated that CTHA and CTAP will be used 
more often in treatment to monitor the degree of lipiodol 
retention during transcatheter arterial chemoemboliza-
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tion (TACE), although this is not absolutely necessary in 
routine clinical practice. In fact, it should be sufficient in 
daily clinical practice to perform dynamic CT, Sonazoid-
enhanced US and EOB-MRI.

  Treatment 

 Hepatectomy 
 Hepatectomy is the one of the curative treatment mo-

dalities  [12] . A recent popular topic related to hepatec-
tomy is the usefulness of intraoperative US  [66]  and the 
intravenous administration of oral indocyanine green 
(ICG) before surgery. ICG accumulation within the HCC 
tumor helps to localize the liver cancer. This technique, 
the so-called ‘ICG fluorescence imaging’, enables the de-
tection of small intrahepatic metastases that are just a few 
millimeters in size and therefore not detected preopera-
tively  [67] . However, the problem associated with ICG 
fluorescence imaging is that only tumors near the liver 
surface are detected because the near-infrared fluores-
cence of ICG is transmitted just 5–10 mm from the liver 
surface. Although the exact mechanism of ICG uptake by 
HCC remains to be elucidated, the accumulation of ICG 
in HCC, but not in non-cancerous liver tissue, may be not 
only due to the presence of ICG uptake transporters in 
HCC but also due to some defect in ICG excretion trans-
porters. The future challenges associated with hepatec-
tomy include how to detect lesions deep inside the liver 
and how to apply ICG fluorescence imaging in laparo-
scopic surgery.

  Recent technical advances have made laparoscopic 
hepatectomy an easy and favored technique due to its 
minimally invasive nature  [68, 69] . When performed for 
small HCCs located in laparoscopically accessible areas, 
laparoscopic hepatectomy minimizes blood loss, short-
ens operation time and hospital stay and offers good 
long-term prognosis comparable with laparotomic hepa-
tectomy. It is, therefore, likely that the use of laparoscop-
ic hepatectomy will become more widespread as a mini-
mally invasive surgical procedure.

  Adjuvant therapy after curative resection is also a chal-
lenging issue  [70] . Another challenging issue in Japan is 
a transplantation  [71–73] . Only living donor liver trans-
plantation is performed in Japan.

  Locoregional Therapy 
 Locoregional therapy has evolved from ethanol injec-

tion to microwave ablation and then to radiofrequency 
ablation (RFA). Today, RFA accounts for approximately 

99% of all locoregional therapies that are being under-
taken. The latest development in RFA treatments for 
HCC is the application of Celon electrodes that allows for 
expansion of the ablation area, owing to the bipolar nee-
dle electrodes used. Treatment is possible without touch-
ing the tumor because 2 needle punctures are made. Since 
the bipolar electrodes require no return electrode, they 
are also associated with low risks of burn and damage to 
surrounding organs. Clear advantages of using needle 
electrodes are, therefore, the non-touch ablation of tumor 
tissue due to the placement of 2 electrodes and also, un-
like conventional overlapping ablation, the ability to 
avoid reduced puncture accuracy because the tumor is 
punctured with multiple electrodes prior to thermal co-
agulation. Consequently, this method of locoregional 
therapy is expected to become popular, although it re-
mains to be seen whether bipolar needle electrodes re-
place the conventional Cool-tip ®  needles used.

  Other developments in RFA include the application of 
contrast-enhanced US, fusion imaging using volume data 
from CT, MRI and US and fusion imaging combined with 
contrast-enhanced US to treat lesions that are not detect-
able with B-mode US. Although any of these imaging op-
tions can be used to help localize tumors precisely and in-
sert needle electrodes, fusion imaging is particularly useful 
for the determination of accurate ablative margins  [69] .

  The injection of lipiodol before RFA is extremely use-
ful in confirming the ablative margins. Without lipiodol 
injection, it is impossible to determine accurate ablative 
margins by simple comparison of pre- and post-ablation 
images placed side by side in the display. This is why the 
pre-treatment injection of lipiodol was mandatory in the 
past, even though it requires an angiographic procedure 
before RFA. Today, fusion images before and after RFA 
can be overlaid using an extracted overlay method  [74] . 
However, the method needs to be improved further be-
cause it currently involves cumbersome procedures in-
cluding using the workstation.

  TACE 
 Recent advances in TACE include the development of 

microsphere embolic agents. In Japan, conventional 
TACE (cTACE)  [75, 76]  is routinely performed to inject 
a liquid containing an antitumor agent via the hepatic ar-
tery, which is followed by embolization with gelatin 
sponge particles. However, the introduction of micro-
spheres such as DC Beads ® , HepaSphere and Embos-
phere in 2014 has increased the treatment options related 
to TACE. Therefore, the challenge today is in the selec-
tion of different beads for TACE, also known as drug elut-
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ing beads TACE (DEB-TACE) and cTACE. Microsphere 
beads of exactly the same size embolize blood vessels of a 
certain diameter, and their advantages are their non-ab-
sorbent property and excellent biocompatibility, thus 
rarely causing inflammatory reactions in the body. The 
microsphere beads come in different sizes, and those 75–
250 μm in size are frequently used for the treatment of 
liver cancer. This size range is far smaller than the size of 
Gelpart embolic agents (1,000 μm). Accordingly, the goal 
of arterial embolization in liver cancer today is to fill the 
blood vessels inside the tumor and the nearby tissues with 
embolic materials, instead of performing proximal embo-
lization to block blood supply to the tumor as in the 
 conventional embolization method. As shown in the 
 PRECISION V randomized clinical study in 2010  [77, 
78] , treatment outcomes are similar between DEB-TACE 
and cTACE, but DEB-TACE is associated with fewer side 
effects. However, if a similar comparative trial were con-
ducted in Japan, where cTACE is performed, using super-
selective techniques, cTACE may turn out to be superior 
in terms of validity. Regardless of such a study’s results, 
there are a number of issues with DEB-TACE that need to 
be addressed. Well-organized clinical trials are necessary 
to answer questions regarding the selection  DEB-TACE 
over cTACE and the effectiveness of  DEB-TACE in pa-
tients who do not respond to cTACE.

  Another technique that has been attracting attention is 
the balloon-occluded TACE (B-TACE)  [79] . The princi-
ple of B-TACE is that when the blood pressure of the he-
patic artery, which supplies normal liver parenchyma, 
drops distal to the balloon occlusion site, the flow of lipi-
odol declines quickly due to the narrow diameter of the 
arterial branches. In contrast, the amount of lipiodol flow-
ing into the tumor increases because of the wide diameter 
of the vessels supplying the tumor. Subsequently, all the 
blood vessels supplying the tumor are blocked, and they 
become molded by continuously injecting embolic agents 
into them even after the flow in the tumor vessels is re-
duced to almost none and by moving the embolic agents 
into collateral blood vessels via the portal vein, which 
functions as a drainage vessel from the tumor. B-TACE is 
therefore a unique technique. Although it was reported to 
embolize target tumors effectively  [79] , further study is 
needed to verify this. Also, attracting attention is Flight-
Plan, which uses cone-beam CT to identify tumor vessels, 
but at present FlightPlan is limited to certain facilities be-
cause it requires special equipment and software.

  Outside Japan, transarterial radioembolization is be-
ing frequently performed  [80, 81] . Its introduction to 
 Japan is eagerly awaited.

  Hepatic Arterial Infusion Chemotherapy 
 From a global perspective, systemic chemotherapies 

using cytotoxic anticancer agents seldom offer survival 
benefits. In Japan, hepatic arterial infusion chemotherapy 
(HAIC) accounts for 90% of the chemotherapies for liver 
cancer. Two regimens are currently used in HAIC: low-
dose 5-fluorouracil and cisplatin (FP) and IFN combined 
with 5-fluorouracil (IFN-5FU)  [82] . It is difficult to com-
pare the efficacy of each regimen because of the differ-
ences in the characteristics of patients and detailed pro-
tocols. According to Nouso et al.  [83] , a nationwide fol-
low-up survey conducted by the Liver Cancer Study 
Group of Japan (LCSGJ) revealed excellent treatment 
outcomes for HAIC with low-dose FP, with a 40.5% re-
sponse rate and median survival time of 16 months. On 
the other hand, the complete and partial response rates 
ranged widely from 25 to 63% in HAIC with IFN-5FU.

  In the United States and Europe, HAIC is practically 
not performed because no prospective comparative clini-
cal trials of HAIC have ever been done to produce any 
evidence of its efficacy. In Japan, however, the main prob-
lem associated with HAIC is whether advanced liver can-
cer should be treated first with sorafenib or with HAIC. 
Although prospective clinical trials are needed to demon-
strate clear-cut evidence for HAIC in Western countries, 
it is not ethically possible for Japanese physicians to con-
duct a clinical trial comparing HAIC with no therapy be-
cause of the obvious superiority of HAIC. Furthermore, 
it would likely be impossible to observe any differences in 
a head-to-head comparison of HAIC and sorafenib ther-
apy given that such a clinical trial would need to be per-
formed as a crossover study with overall survival as the 
end point because HAIC and sorafenib therapy are both 
standard treatment methods for HCC in Japan. For this 
reason, a research group supported by Japan’s Ministry of 
Health, Labour and Welfare is currently conducting the 
SILIUS clinical trial to compare the efficacy of the stan-
dard treatment method of sorafenib with that of sorafenib 
combined with HAIC (low-dose FP; NCT No. 00933816). 
This trial may be able to demonstrate, albeit indirectly, 
the survival benefits of HAIC. In addition to HAIC, ra-
diation therapy is a treatment choice for patients with 
portal venous tumor thrombosis  [84, 85] .

  Molecular Targeted Therapy 
 At present, sorafenib is the only drug with proven sur-

vival benefits  [86] , based on the results of 2 large-scale 
RCTs: the sorafenib HCC assessment randomized proto-
col (SHARP) study  [87]  and a trial conducted in the 
 Asia-Pacific region  [88] . Although many clinical trials 
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have been conducted to investigate various first- and sec-
ond-line treatments using molecular targeted drugs with 
or without a combination of TACE or in the adjuvant set-
ting, they all failed  [89] . Therefore, the results of current-
ly ongoing trials – first-line treatment with lenvatinib, 
second-line treatment with regorafenib, tivantinib treat-
ment in patients with a high expression of cMet, ramuci-
rumab treatment in patients with a higher AFP level 
( ≥ 400 ng/ml) and anti–PD-1 antibody – are eagerly 
awaited. Regardless of the results of these trials, there is 
an urgent need for us to have to 1 or 2 more molecular 
targeted agents effective for HCC, beyond just sorafenib, 
to improve the survival of HCC patients. Biomarker for 
predicting the response of targeted therapy is another 
 important issue  [90] .

  The most promising treatment strategy for HCC is the 
combined use of a targeted agent with a locoregional ther-
apy  [91, 92] . The results of the STORM trial that is inves-
tigating sorafenib as an adjuvant therapy after hepatec-
tomy or RFA (which has produced negative results), the 
TACTICS trial (NCT No. 01217034) that is investigating 
the combination of sorafenib with TACE and the SILIUS 
trial (NCT No. 01214343) that is investigating the combi-
nation of sorafenib with HAIC are keenly awaited. Pre-
vention of HCC  [93]  is another important issue.

  Response Evaluation Criteria for Liver Cancer 
 The Response Evaluation Criteria in Solid Tumors 

(RECIST), modified RECIST (mRECIST)  [94, 95]  and the 
LCSGJ’s Response Evaluation Criteria in Cancer of the 
Liver (RECICL)  [10, 96]  are available for treatment re-
sponse evaluation in liver cancer. However, RECIST is 
not suitable for response evaluation of locoregional ther-
apies such as ablation or TACE because the criteria were 
originally developed to evaluate tumor response to che-
motherapy and because it is extremely rare for these lo-
coregional therapies to reduce the size of HCC tumors 
 [97] . Furthermore, even when a necrogenic effect is in-
duced by chemotherapy, the effect cannot be evaluated 
using RECIST. Despite mRECIST having been developed 
to overcome the shortcomings of RECIST, mRECIST also 
utilizes 1-dimensional measurement and thus differs 
greatly from LCSGJ’s RECICL. However, RECICL also 
has its shortcomings because it was originally developed 
based on criteria established for the evaluation of direct 
treatment response to locoregional therapy, such as 
TACE or ablation, and not to chemotherapy. Therefore, 
the problem with RECICL, which was published in 2009, 
is that it does not take into account metastasis to other 
organs. Revision of the response evaluation criteria in the 

General Rules for the Clinical and Pathological Study of 
Primary Liver Cancer developed by LCSGJ has been pub-
lished  [10, 98] .

  Treatment Algorithm 

 Treatment algorithms for HCC have been developed 
by the AASLD  [5]  and the EASL-European Organisation 
for Research and Treatment of Cancer (EORTC)  [6] . Both 
algorithms fundamentally adhere to the Barcelona Clinic 
Liver Cancer (BCLC) treatment algorithm. Basically, the 
treatment algorithm issued by the APASL  [23]  is not very 
different from other treatment algorithms. The concise-
ness of the Evidence-based Treatment Algorithm from the 
Japan Society of Hepatology (JSH)  [24]  is appreciated, but 
it is somewhat unclear because of the placement in the 
footnotes of some descriptions, such as vascular invasion 
and distant metastasis. In JSH’s Consensus-based Treat-
ment Algorithm  [26] , treatment options in line with evi-
dence-based guidelines are provided in parallel with treat-
ment choices based on expert consensus and are present-
ed under separate topics such as extrahepatic spread, 
hepatic functional reserve, vascular invasion and the size 
and number of tumors. This consensus-based treatment 
algorithm is currently being used by experts in clinical 
practice, who also combine the evidence-based treatment 
algorithm with treatment methods without such evidence. 
Therefore, prospective clinical trials are needed to fill the 
gap between evidence-based and consensus-based treat-
ment algorithms. While locoregional therapy is recom-
mended in JSH’s consensus-based algorithm as an exper-
imental treatment for Child-Pugh (CP) C liver cancer 
based on the previous publication  [99, 100] , best support-
ive care is recommended in the evidence-based treatment 
algorithm. For this reason, the Japan Liver Oncology 
Group is currently planning a clinical trial of patients with 
CP-C liver cancer (with a CP score of 10–11) and cancer 
stage meeting the Milan criteria in order to compare best 
supportive care and locoregional therapy (RFA or TACE).

  Definition of TACE Failure/Refractoriness 

 JSH was the first to define HCC failure/refractoriness 
to TACE in 2010, in the Management of Hepatocellular 
Carcinoma in Japan: Consensus-Based Clinical Practice 
Manual  [101]  as well as in an article published in Diges-
tive Diseases  [102] . The definition was subsequently re-
vised by  LCSGJ in 2014  [25]  as well as JSH clinical prac-
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tice manual  [103] . The introduction of sorafenib trig-
gered global awareness of the need to define TACE failure/
refractoriness. Conventionally, when no other options 
are available, TACE is performed repeatedly even when it 
is no longer effective. However, the benefit that patients 
receive from TACE is defined as a balance between the 
anticancer effect of TACE and the preservation of hepat-
ic functional reserve. When TACE no longer offers an 
antitumor effect, its repeated use only needlessly reduces 
the functional reserve and, theoretically, it is time to 
switch to another treatment. Globally, the next treatment 
option would be sorafenib, but in Japan, HAIC may be 
another option. The revised definition of TACE failure/
refractoriness that LCSGJ issued in 2014  [25] , although 
requiring verification in future studies, is believed to be 
superior to the EASL’s criteria, which recommend switch-
ing to sorafenib when HCC has not responded to TACE 
twice, or the criteria used in Korea, which define HCC 
as  refractory when a second TACE is required within 
6 months. Actually, a study investigating the validity of 
TACE treatment in Japan has been published and has 
found LCSGJ’s criteria to be suitable  [104–107] .

  Prognostic Staging 

 Physicians treating liver cancer should be aware of the 
different staging systems used for liver cancer: those for 
deciding treatment strategy and those for prognostic pre-
diction. Although BCLC stages  [108]  are sometimes com-
pared with scores from the Cancer of the Liver Italian Pro-
gram (CLIP) or the Japan Integrated Staging (JIS) system 
 [109] , the CLIP and the JIS scoring systems are staging 
systems for predicting prognosis, not for determining 
treatment strategies. In addition, BCLC staging involves 
just ordinary, common-sense treatment strategies, so to 
speak. In Japan, curative treatment is always selected for 
patients with the best TNM and liver function status, 
TACE is selected for patients with a moderate status and 
HAIC or sorafenib is selected for patients with advanced 
disease. It goes without saying that the survival analysis of 
these patients using the Kaplan–Meier estimation produc-
es good stratification. On the other hand, the use of staging 
systems for prognostic prediction allows for the prognosis 
of patients to be determined using scores for prognostic 
factors in daily clinical practice and for groups of patients 
with the same prognostic scores to be compared between 
different institutions. Notably, the JIS scoring system is 
reported to be superior to the CLIP scoring system  [109] . 
The modified JIS system, which replaces the CP classifica-

tion with a classification of liver damage severity  [110] , 
and the biomarker combined JIS score (bm-JIS Score), 
which includes the tumor markers of AFP, PIVKA-II and 
AFP-L3  [111] , have also been reported. It is understand-
able, then, that bm-JIS is theoretically superior to the con-
ventional JIS score. The BALAD Scoring system has also 
been developed and uses albumin, bilirubin and the 3 tu-
mor markers of AFP, PIVKA-II and AFP-L3, but not tu-
mor staging or the CP classification  [112] . This is an excel-
lent staging system in that only blood sampling is required 
to predict prognosis in liver cancer. In the future, it will be 
necessary to determine which staging systems are most ef-
fective to apply in individual cases. Recently, the Hong 
Kong staging system has been introduced  [113] .

  Subclassification of HCC 

 Molecular classification is a well-recognized system of 
HCC subclassification that classifies HCC based on the 
presence/absence of stem cell features  [114–116] . This 
subclassification is also useful in determining future 
treatment targets and strategies. In addition, the finding 
that prognosis is good even when OATP8 is expressed in 
moderately differentiated liver cancer (i.e. shows hyper-
intensity in the hepatocyte phase of EOB-MRI) indicates 
a subclass of HCC. Also, because patients with CK19-pos-
itive HCC having stem cell features have shown poor 
prognosis  [117] , these tumors may be classified into a dif-
ferent subclass of HCC. Actually, even tumor markers 
may be important indicators of subtypes of HCC. There-
fore, future challenges are the establishment of proper 
HCC subclassification methods and the respective treat-
ment strategies for each subtype of HCC.

  Conclusion 

 The current challenges and future prospects of clinical 
research on HCC have been reviewed. It is probably cor-
rect to say that, at the present, Japan greatly outperforms 
other countries in clinical practices for the disease, and 
emphasis should be placed on continuing to perform high-
quality clinical studies such as multicenter, prospective 
comparative clinical trials in a straightforward manner.
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display demonstrates utility in increasing operator com-
prehension of spatial and positional relationships during 
percutaneous US examination.

  Kariyama et al.  [8]  evaluated the efficacy and safety of 
radiofrequency ablation  [9–11]  in treating intermediate-
stage hepatocellular carcinoma (HCC). Intermediate-
stage HCCs are a very heterogeneous disease. Therefore, 
several proposals for the subclassification of this stage 
have been made, such as the subclassifications by Bolon-
di et al.  [12]  and Yamakado et al.  [13]  as well as the Kinki 
criteria by Kudo et al.  [14] .

  The Kinki criteria recommend that the substage B1 
(Child-Pugh score 5, 6 or 7, and a tumor status beyond 
the Milan and ‘up to 7’ criteria) should be treated by cura-
tive treatment option, such as resection or ablation, when 
the tumor status is relatively limited. Kariyama et al.  [8]  
clearly supported our proposal and stated that even inter-
mediate-stage HCCs can be successfully treated by radio-
frequency ablation, with a 5-year survival rate of 80% in 
patients with multicentric intermediate-stage HCCs.

  Minami et al.  [15]  investigated whether balloon-oc-
cluded TACE (b-TACE) can produce a more dense ac-
cumulation of iodized oil in various stages of HCC, from 
single to multiple tumors, to overcome poor local control. 
They found that b-TACE is effective in the retreatment of 
HCC, with an insufficient outcome from conventional 
TACE, but it could not improve the efficacy of treatment 
for multiple bilobar HCCs.

  Tochio et al.  [16]  stated that the hyperenhanced rim 
(HER) sign in the postvascular phase of sonazoid-en-

 The 1st Asia-Pacific Primary Liver Cancer Expert
(APPLE) meeting was held in Seoul in 2010, followed by 
the 2nd APPLE meeting in Osaka, the 3rd APPLE meet-
ing in Shanghai, the 4th APPLE meeting in Busan, and the 
5th APPLE meeting in Taipei. All of these were extreme-
ly successful.

  The 6th APPLE meeting was held on July 3–5, 2015, in 
Osaka, Japan. At this meeting, 118 renowned internation-
al and national speakers were invited ( table 1 ), and more 
than 600 participants from Asia and other parts of the 
world participated. Highly scientific lectures followed by 
active discussion made this meeting invaluable. In this 
supplement issue, some of the presented papers are in-
cluded.

  Arizumi et al.  [1]  stated that the Assessment for Re-
treatment with Transarterial Chemoembolization 
(TACE)  [2–4]  (ART) scoring system, which was pro-
posed by Sieghart et al.  [5] , did not demonstrate a suffi-
ciently predictive impact on overall survival among pa-
tients who underwent a 2nd TACE session within 90 days 
 [6] . Also, they stated that the application of the ART score 
should be carefully considered because differences in 
TACE procedures and post-TACE treatment can affect 
the results while evaluating overall survival.

  Ogawa et al.  [7]  reported the efficacy of percutaneous 
ultrasound (US) examination using a novel, real-time vir-
tual sonography method that collates multiple Digital 
Imaging and Communications in Medicine (DICOM) 
data sources and displays reference images in color. They 
concluded that real-time virtual sonography with color 
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hanced US is found in some of the metastatic liver tu-
mors. They found that Kupffer cells were abundant at the 
periphery of HER-positive tumors, whereas Kupffer cells 
were not abundant at the periphery of HER-negative tu-
mors. They concluded that the HER-positive sign in liver 
metastases could reflect an increase in Kupffer cells in the 
tumor rim. In addition, the presence of the HER sign was 
associated with inflammatory cell infiltrates including 
CD8-positive cells inside and surrounding the metastatic 
liver tumor. This is a very important discovery since HER 
positivity could be a predictive imaging biomarker of the 
response to programmed cell death-1 monoclonal anti-
body treatment for liver cancer  [17, 18] .

  Sugimoto et al.  [19]  analyzed the characteristics of hy-
povascular and hypervascular well-differentiated HCCs in 
terms of tumor size, tumor markers  [20–22] , and detect-
ability by various imaging modalities. They concluded that 
even though the detectability of hypovascular well-differ-
entiated HCCs by CECT, CEUS, and arterial portography 
is inferior to that of hypervascular well-differentiated HCC, 
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid-enhanced MRI (Gd-EOB-DTPA MRI) could success-
fully detect the hypovascular HCC, similar to hypervascu-
lar HCC. Therefore, Gd-EOB-DTPA MRI is an essential 
imaging tool to diagnose pathological early HCCs  [23] .

  Arizumi et al.  [24]  performed a validation study of the 
subclassification of intermediate-stage HCC. They found 
that the Kinki criteria  [14]  are suitable for the subclassifi-
cation and treatment strategy of the intermediate-stage 
HCC patients.

  Yada et al.  [25]  introduced newly developed shear 
wave elastography which increases data reliability by us-
ing unique display function. They concluded that the per-
centage of the net amount of effective shear wave velocity 
will increase the reliability of the obtained data.

  Kim et al.  [26]  overviewed the recent advances in the 
management of chronic hepatitis B. First, they concluded 
that both entecavir (ETV) and tenofovir (TDF) showed 
long-term efficacy and safety. Second, pegylated interfer-
on resulted in a greater decline in HBV DNA levels and a 
higher rate of hepatitis B e antigen seroconversion. Third, 
a combination therapy with interferon plus two ana-
logues did not elevate the rate of sustained responses. 
Fourth, both EVT and TDF showed efficacy and safety 
with cirrhosis; ETV especially showed efficacy and safety 
with decompensated cirrhosis. Finally, suppression of the 
HCC was observed with ETV and interferon  [27] .

  I believe this supplement issue will be valuable for the 
readers of  Oncology,  especially for the hepatologists who 
are specialized in the management of HCC patients.
 

 Table 1.  Invited faculty at the 6th APPLE meeting

Western physicians Non-Japanese Asian physicians Japanese physicians

1 Ghassan K. Abou-Alfa (USA) 1 Minhua Chen (China) 22 Soon I Kim (Korea) 1 Nobihisa Akamatsu 31 Takamichi Murakami
2 Jordi Bruix (Spain) 2 Pei-Jer Chen (Taiwan) 23 Yoon Jun Kim (Korea) 2 Yasuaki Arai 32 Hiroaki Nagano
3 Richard S. Finn (USA) 3 Ann-Lii Cheng (Taiwan) 24 Han Chu Lee (Korea) 3 Shunichi Ariizumi 33 Masayuki Nakano
4 Peter Robert Galle (Germany) 4 Jason Chia-Hsien Cheng (Taiwan) 25 Jeong Min Lee (Korea) 4 Junji Furuse 34 Osamu Nakashima
5 Jean-Francois H. Geschwind (USA) 5 Rong-Nan Chien (Taiwan) 26 Kwan Sik Lee (Korea) 5 Kiyoshi Hasegawa 35 Naoshi Nishida
6 Philip J. Johnson (UK) 6 Byung-Ihn Choi (Korea) 27 Shi-Ming Lin (Taiwan) 6 Etsuko Hashimoto 36 Kazuto Nishio
7 Riccardo Lencioni (Italy) 7 Jong Young Choi (Korea) 28 Irene O.L. Ng (Hong Kong) 7 Etsuro Hatano 37 Kazuhiko Nouso
8 Josep M. Llovet (Spain/USA) 8 Pierce K.H. Chow (Singapore) 29 Joong-Won Park (Korea) 8 Tomoaki Ichikawa 38 Shuntaro Obi
9 Vincenzo Mazzaferro (Italy) 9 Wen-Ming Cong (China) 30 Young Nyun Park (Korea) 9 Hiroko Iijima 39 Hiroko Oka
10 Valerie Paradis (France) 10 Guohong Han (China) 31 Ronnie T Poon (Hong Kong) 10 Kenji Ikeda 40 Kiwamu Okita
11 Fabio Piscaglia (Italy) 11 Kwang-Hyub Han (Korea) 32 Shuang-Jian Qiu (China) 11 Masafumi Ikeda 41 Takuji Okusaka
12 Lewis Roberts (USA) 12 Ming-Chih Ho (Taiwan) 33 Jinsil Seong (Korea) 12 Yasuharu Imai 42 Masao Omata
13 Bruno Sangro (Spain) 13 Chih-Hung Hsu (Taiwan) 34 Feng Shen (China) 13 Katsuyoshi Ito 43 Yukio Osaki
14 Peter Schirmacher (Germany) 14 Chiun Hsu (Taiwan) 35 Kyung-Suk Suh (Korea) 14 Namiki Izumi 44 Akiko Saito
15 Morris Sherman (Canada) 15 Jidong Jia (China) 36 Soon Ho Um (Korea) 15 Masumi Kadoya 45 Michiie Sakamoto
16 Augusto Villanueva (USA) 16 Jia-Horng Kao (Taiwan) 37 Chung-Kwe Wang (Taiwan) 16 Toshimi Kaido 46 Shuichiro Shiina
17 Andrew X. Zhu (USA) 17 Daeghon Kim (Korea) 38 Lai Wei (China) 17 Shuichi Kaneko 47 Mitsuo Shimada

18 Do Young Kim (Korea) 39 Chun-Ying Wu (Taiwan) 18 Satoshi Kobayashi 48 Ken Shirabe
19 Gyoung Min Kim (Korea) 40 Sheng-Long Ye (China) 19 Kazuhiko Koike 49 Yasutsugu Takada
20 Hong-Jin Kim (Korea) 41 Shiou-Hwei Yeh (Taiwan) 20 Masamichi Kojiro 50 Tetsuo Takehara
21 Myeong-Jin Kim (Korea) 42 Winnie Yeo (Hong Kong) 21 Sigehiro Kokubu 51 Masatoshi Tanaka

22 Norihiro Kokudo 52 Shinji Tanaka
23 Fukuo Kondo 53 Ryosuke Tateishi
24 Yonson Ku 54 Takuji Torimura
25 Shoji Kubo 55 Kazuomi Ueshima
26 Takashi Kumada 56 Koichiro Yamakado
27 Masatoshi Makuuchi 57 Taro Yamashita
28 Osamu Matsui 58 Hirohisa Yano
29 Yasunori Minami 59 Osamu Yokosuka
30 Shiro Miyayama
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pact on OS among the patients who underwent  ≥ 2 TACE 
sessions within 90 days. Application of the ART score should 
be carefully considered because differences in TACE proce-
dures and post-TACE treatment can affect the results while 
evaluating OS.  © 2015 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the main 
causes of cancer-related death worldwide; it is frequently 
detected as multiple tumors because of intrahepatic me-
tastasis and multicentric tumor occurrence  [1–5] . Trans-
arterial chemoembolization (TACE) is the current stan-
dard of care for patients with multinodular HCC as well 
as with relatively preserved liver function, absence of can-
cer-related symptoms, and no evidence of vascular inva-
sion or extrahepatic spread  [6–20] . 

  In Japan, the Japan Society of Hepatology (JSH) was 
the first to propose a clear definition of TACE fail-
ure, with the following criteria: (a) intrahepatic lesions,   
including (1)  ≥ 2 consecutive insufficient responses of the 
treated tumor (viable lesions >50%), even after a change 
in the chemotherapeutic agents and/or reanalysis of the 

 Key Words 
 Transarterial chemoembolization · Hepatocellular 
carcinoma · ART score · Overall survival 

 Abstract 
  Objective:  Transarterial chemoembolization (TACE) is rec-
ommended as a first-line therapy for hepatocellular carci-
noma (HCC) patients ineligible for curative therapy and with-
out portal invasion. The Assessment for Retreatment with 
TACE (ART) scoring system was recently proposed for iden-
tifying patients who would not show sufficient survival ben-
efit from repeated TACE. We reevaluated the performance of 
ART in HCC patients treated in Japan, where selective TACE 
is commonly used.  Methods:  Between 2000 and 2013, 988 
patients with HCC underwent TACE at Kinki University Hos-
pital, and 627 received  ≥ 2 sessions of TACE. Seventy-six pa-
tients who underwent  ≥ 2 TACE sessions within 90 days were 
investigated for their performance of the ART score in the 
context of overall survival (OS).  Results:  Only 12% (76/627) 
of patients underwent  ≥ 2 TACE sessions within 90 days. Of 
those, 52 patients showed a low ART score (0–1.5), and 24 
had a high ART score ( ≥ 2.5); the median OS was 20.2 and 37.6 
months, respectively (p  =  0.8207).  Conclusion:  The ART scor-
ing system did not demonstrate a sufficiently predictive im-
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feeding artery seen on computed tomography/magnetic 
resonance imaging (CT/MRI) at 1–3 months after the ad-
equate performance of selective TACE, and (2)  ≥ 2 con-
secutive progressions in the liver, such as an increase in 
tumor number after the TACE procedure, even after a 
change in the chemotherapeutic agents and/or reanalysis 
of the feeding artery seen on CT/MRI; (b) appearance of 
vascular invasion; (c) appearance of extrahepatic spread, 
and (d) continuous elevation of tumor markers immedi-
ately after TACE including a slight transient decrease  [10, 
21, 22] . In other countries, when treatment involving 
TACE is judged to be ineffective after 2 consecutive TACE 
attempts, initiation of sorafenib therapy is reportedly sug-
gested  [23, 24] . Sorafenib is also recommended for the 
treatment of intermediate-stage HCC patients refractory 
to TACE  [17, 25–27] .

  The Assessment for Retreatment with TACE (ART) 
score was recently qualified as a prognostic tool that clas-
sifies patients into 4 strata based on an increase in the 
level of aspartate aminotransferase (AST) by >25%, an 
increase in the Child-Pugh score of 1 or  ≥ 2 from baseline, 
and the absence of radiologic tumor response  [24, 28] . 
Patients with HCC who received at least 2 TACE sessions 
within 90 days were the subjects of the study. It was con-
cluded that an ART score of >2.5 prior to the second 
TACE can be used to identify patients who may not ben-
efit from further TACE sessions. Given the limited sur-
vival of patients with elevated ART scores, the authors 
suggest that TACE should be avoided in the group with a 
poor prognosis. On the other hand, Terzi et al.  [29]  re-
ported that the ART score was not a significant prognos-
tic factor; an increase in the Child-Pugh score was sig-
nificantly associated with the prognosis through the anal-
ysis of 51 HCC patients from Italy. Because the per-
formance of the ART score in terms of HCC management 
might be different in Japan where selective TACE is com-
mon, we reevaluate the prognostic accuracy of the ART 
score using a Japanese cohort.

  Materials and Methods 

 Patients 
 Between 2000 and 2013, 988 patients with HCC were treated 

with TACE at Kinki University Hospital. Among these patients, 
627 received  ≥ 2 TACE sessions during their clinical courses. All 
patients satisfied the diagnostic criteria for HCC according to the 
American Association for the Study of Liver Diseases guidelines, 
i.e. clinicopathological variables including demographic charac-
teristics; levels of albumin, C-reactive protein, α-fetoprotein 
(AFP), AST, and alkaline phosphatase; tumor staging (including 
the number of focal lesions and the maximum diameter of con-

trast-enhancing lesions); Child-Pugh class, and the Barcelona 
Clinic Liver Cancer (BCLC) prognostic score were collected at the 
time of referral to our unit, prior to treatment  [30, 31] . The inclu-
sion criteria for this study were (1) a diagnosis of HCC based on 
histological examination or radiologic findings showing early en-
hancement, followed by late washout on contrast-enhanced CT or 
dynamic MRI, (2) a performance status of 0 or 1, and (3) Child-
Pugh class A or B liver cirrhosis. The exclusion criteria were (1) 
concomitant antineoplastic treatment, and (2) other therapies un-
dertaken during the period between the initial and the second 
TACE session. Our study did not require informed consent for 
review of patient records and images owing to the retrospective 
nature of the study. 

  The TACE Technique 
 The right femoral artery was accessed with an 18-gauge Seld-

inger needle, and a 4-Fr sheath was inserted. The celiac artery was 
selectively catheterized using a 4.2-Fr catheter. A 2.2-Fr micro-
catheter (Shirabe; Piolax, Yokohama, Japan) was advanced coaxi-
ally through the catheter into the common or proper hepatic ar-
tery. Rotational angiography was performed to evaluate the feed-
ing vessels of HCCs. The tip of the catheter was selectively placed 
into feeding segmental and subsegmental arteries using the find-
ings of selective hepatic angiography and/or tracking navigation 
imaging. Chemoembolization was performed using 60–120 mg of 
miriplatin (Miripla; Sumitomo Dainippon Pharma, Osaka, Japan), 
20–50 mg of epirubicin (Epirubicin; Nippon Kayaku, Tokyo, Ja-
pan), or 50–100 mg of cisplatin (IA-call; Nippon Kayaku) emulsi-
fied with iodized oil (Lipiodol Ultra-Fluid; Guerbet, Paris, France) 
and gelatin sponge particles (Gelpart; Nippon Kayaku or Gelfoam; 
The Upjohn Company, Kalamazoo, Mich., USA). The injection 
volume of the emulsion was determined according to tumor vol-
umes (<8 ml). Drug-eluting bead TACE or balloon-occluded 
TACE was not utilized in this study.

  ART Score Determination 
 Details regarding the development of the ART score have re-

cently been reported  [28] . In short, the ART score consists of 
three variables: AST increase by 25% (ART score: 4), Child-Pugh 
score increase by 1 or  ≥ 2 (ART score: 1.5 and 3, respectively), and 
absence of radiologic tumor response (ART score: 1). Based on 
the sum of all three variables, the ART score is calculated. In the 
current study, cutoff values of 0–1.5 and  ≥ 2.5 were used to strat-
ify patients for overall survival (OS) analysis. The low ART score 
group was defined as patients with an ART score of 0–1.5, and 
the high ART score group was defined as patients with an ART 
score of  ≥ 2.5. In this study, the ART score was determined 1 day 
prior to the second procedure of TACE. For this purpose, all vari-
ables relevant to the calculation of the ART score were deter-
mined with reference to the TACE-naive liver (before the first 
TACE).

  Follow-Up 
 Clinical and laboratory assessments were performed monthly, 

and radiologic tumor evaluation was done at week 4, and every
8 weeks afterwards. A radiologist blinded to the evolution and out-
come of the patients performed the radiologic assessments. The 
patients who died before the first imaging assessment were classi-
fied as having progression. OS was measured from the date of the 
first TACE until the date of death.
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  Statistical Analysis 
 Univariate survival curves were estimated using the Kaplan-

Meier method, and OS analysis ended at the time of death or was 
censored at the time of the last follow-up visit. Survival rates were 
compared among groups using the log-rank test, and categorical 
variables were compared using the χ 2  test. Multivariate analysis 
using a Cox regression model was performed, and variables show-
ing significant differences were identified. In addition, for the fac-
tors showing significant differences according to the multivariate 
analysis, the hazard ratio for OS with TACE treatment was calcu-
lated. A p value <0.05 was considered to indicate a statistically sig-
nificant difference. All analyses were performed using the SPSS 
Medical Pack for Windows version 10.0 (SPSS Inc., Chicago, Ill., 
USA)

  Results 

 Baseline Characteristics 
 Among the 627 patients who received  ≥ 2 TACE ses-

sions during their clinical courses, 0, 76 (12.1%), 227 
(36.2%), and 314 (50.1%) patients received  ≥ 2 TACE ses-
sions within 30, 90, 150, and 210 days, respectively ( ta-
ble  1 ). The median time interval between the first and 
second TACE session was 210 days (range 32–2,996). 
Overall, the median number of TACE interventions was 
3 (range 2–23).

  Seventy-six patients (12.1%) who underwent  ≥ 2 TACE 
sessions within 90 days were analyzed for their perfor-
mance of the ART score in relation to OS. Patient char-
acteristics prior to the first and second TACE are shown 
in  table  2 . Among the group, 51 patients (67.1%) were 
positive for anti-hepatitis C virus antibody, 10 (13.2%) 
were positive for hepatitis B virus surface antigen, and 15 

(19.7%) tested negative for both anti-hepatitis C virus an-
tibody and hepatitis B virus surface antigen. All patients 
were asymptomatic, with a performance status of 0, and 
57 patients (75.0%) were classified as having Child-Pugh 
class A tumors. Seven (9.2%), 68 (89.5%), and 1 (1.3%) 

 Table 1. Time interval between the first and second TACE session 
in HCC patients

Time interval between 
the TACE sessions

Total
(n = 627)

%

30 days 0 0
60 days 15 2.4
90 days 76 12.1

120 days 172 27.4
150 days 227 36.2
180 days 279 44.5
210 days 314 50.1
240 days 346 55.2
270 days 372 59.3
300 days 393 62.7
330 days 409 65.2
360 days 429 68.4

 Table 2. Baseline patient and disease characteristics

n %

Before the first TACE
Age1, years 71 (64.8 – 77.0)
Sex

Male 60 78.9
Female 16 21.0

ECOG PS
0 76 100
1 0 0

Child-Pugh class
A 57 75.0
B 19 25.0

Tumor size1, cm 3.0 (2.0 – 5.1)
Tumor extent

Unilobar 37 48.7
Bilobar 39 51.3

Tumor number
Unifocal 12 15.8
Multifocal 64 84.2

Virus status2

HBV 10 13.2
HCV 51 67.1
Virus negative 15 19.7

BCLC stage
A 7 9.2
B 68 89.5
C 1 1.3

Prior to antitumor therapy
Absent 41 53.9
Present 35 46.1

Serum AFP level1, ng/ml 59 (11.3 – 922.3)
Serum AST level1, mAU/ml 47 (34.8 – 69.5)

Before the second TACE 
Child-Pugh class

A 58 76.3
B 18 23.7

Serum CRP level1, mg/dl 0.195 (0.08 – 0.40)
Serum AFP level1, ng/ml 83 (13.3 – 1,425.3)
Serum AST level1, mAU/ml 50.5 (31.0 – 71.8)

ECOG PS = Eastern Cooperative Oncology Group performance 
status; HBV = hepatitis B virus; HCV = hepatitis C virus; CRP = 
C-reactive protein. 

1 Dispersion variables are shown as median values (25 – 75%). 
2 Cases testing positive for hepatitis B virus surface antigen 

were regarded as cases of HBV-related HCC, and cases testing 
positive for hepatitis C antibody were regarded as cases of HCV-
related HCC.
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patients were staged with BCLC A, BCLC B, and BCLC C 
tumors, respectively. Thirty-six patients (46.1%) had re-
ceived an antitumor therapy prior to the first TACE ses-
sion, while 41 patients (53.9%) received TACE as first-
line therapy. All patients were treated with conventional 
TACE.

  Prior to the second TACE, the majority of patients
(n = 58, 76.3%) were classified as Child-Pugh A. Eighteen 
patients (23.7%) experienced an AST increase of >25%. In 
our cohort (n = 76), the median number of TACE inter-
ventions was 3 (range 2–10). The median time interval 
between the first and second TACE session was 72.5 days 
(range 32–90).

  OS of the Patients 
 In our cohort (n = 76), 50% of the patients (n = 38) died 

during the observational period between January 2000 
and December 2014, and 34% of the patients (n = 26) sur-
vived or were lost to follow-up (n = 12). The median OS 
was 20.2 months [95% confidence interval (CI) 16.0–
38.1]. Between the first and the second TACE session,
6 and 2 patients experienced Child-Pugh score increases 
of 1 and  ≥ 2, respectively, and 18 patients showed an AST 
increase of  ≥ 25% ( table 3 a). Twelve, 40, 0, 5, 9, 8, 1, and 
1 patients were classified as having ART scores of 0, 1, 1.5, 
2.5, 4, 5, 5.5, and 8, respectively. According to the ART 
score, we classified the patients into two subgroups. Fifty-
three (69.7%) patients were classified into the low ART 
score group, and 23 (30.3%) patients were categorized 
into the high ART score group ( table 3 b). We compared 
the OS between the low and the high ART score group 
using Kaplan-Meier estimates. The comparisons of the 
survival curves showed that the median OS was 20.2 
months (95% CI 16.0–38.1) in the low ART score group 
and 37.6 months (95% CI 8.0 to not evaluable) in the high 
ART score group (p = 0.8207;  fig. 1 ). 

  Prognostic Factors in HCC Patients with a Time 
Interval of <90 Days between the First and the Second 
TACE Session 
 We analyzed the factors affecting the OS periods in 

HCC patients with a time interval of <90 days between 
the first and the second TACE session. Univariate analy-
sis revealed significant differences in OS for selective 
TACE (p = 0.0358), AFP (p = 0.0039), and radiologic tu-
mor response (p = 0.0036). Multivariate analysis showed 
that performing selective TACE (p = 0.0071), the serum 
AFP level (before the first TACE; p = 0.0011), and the ra-
diologic tumor response (p = 0.0006) were significantly 
associated with OS ( table 4 ).
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Table 3. Details of ART scores in our cohort (n = 76)
a Items constituting the ART score

n

AST increase >25% absent 58
present 18

Child-Pugh score increase absent 68
+1 point 6
+≥2 points 2

Radiologic tumor response absent 55
present 21

b ART score

ART score n Total, n (%)

Low ART score 0 12
1 40
1.5 0 52 (68.4)

High ART score 2.5 5
4 9
5 8
5.5 1
8 1 24 (31.6)

  Fig. 1.  OS according to the ART score. No significant difference 
was noted in OS between patients with an ART score of 0–1.5 and 
those with an ART score of 2.5–8 (p = 0.8207). 
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 Table 4. Univariate and multivariate analyses for the contribution of clinical backgrounds and tumor response assessed on OS

Variable n = 76 OS, months p value
(log-rank)

 Multivariate analysis

median 95% CI H R 95% CI p value

Age
<71 years 39 22.4 15.0 – 38.3
≥71 years 37 20.0 12.4 to NE 0.6533

Sex
Male 60 25.8 16.4 – 42.5
Female 16 12.4 9.3 – 37.6 0.0948

Child-Pugh stage
A 57 22.4 16.0 – 38.3
B (7 points) 9 16.4 3.2 to NE
B (8 points) 10 NE 1.5 to NE 0.4829

Tumor size
<3.0 cm 42 19.9 12.4 to NE
≥3.0 cm 34 21.3 14.0 – 38.3 0.9684

Tumor extent
Unilobar 37 25.8 16.4 to NE
Bilobar 39 16.4 11.4 – 37.6 0.1429

Tumor number
Unifocal 12 38.1 11.8 to NE
Multifocal 64 19.6 15.4 – 28.2 0.3695

Selective TACE
Absent 31 15.4 11.4 – 20.2 2.39 1.27 – 4.51
Present 45 28.2 17.9 – 42.5 0.0358 1 0.0071

Virus status†

HBV 10 15.7 4.7 – 38.3
HCV 51 22.4 16.0 – 40.5
Negative 15 19.9 11.4 to NE 0.4277

BCLC stage
A 9 NE 10.7 to NE
B 60 19.9 15.4 – 37.6
C 7 25.8 6.0 – 40.5 0.3160

Prior antitumor therapy
Absent 41 20.0 15.0 – 38.3
Present 35 22.4 13.1 – 40.5 0.9134

AFP
<200 ng/ml 46 38.1 19.9 to NE 1
≥200 ng/ml 30 14.0 8.4 – 17.9 0.0039 2.81 1.51 – 5.31 0.0011

Radiologic tumor response
Absent 55 16.4 11.4 – 25.8 3.45 1.64 – 8.19
Present 21 42.5 20.0 to NE 0.0036 1 0.0006

AST increase >25%
Absent 58 20.2 16.0 – 37.6
Present 18 16.5 7.8 to NE 0.8594

Child-Pugh score increase
Absent 68 20.0 16.0 – 38.1
+1 point 6 37.6 6.9 – 42.5
+≥2 points 2 NE 7.8 to NE 0.7193

HR = Hazard ratio; HCV = hepatitis C virus; NE = not evaluable. The multivariate analysis revealed selective TACE, AFP, and 
radiologic tumor response as the independent factors contributing to OS.
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  Discussion 

 In this study, we evaluated the ART score reported by 
Sieghart et al.  [28]  using HCC patients who underwent 
TACE in Japan. In our cohort, only 12% of the HCC pa-
tients underwent the second TACE session within 90 days 
and were thus eligible for ART scoring. There were no 
significant differences in OS between the high ART and 
the low ART score group classified according to the ART 
score.

  TACE is an extremely effective treatment for local 
control; however, repeated TACE can cause a decrease in 
liver function. The timing of retreatment with TACE is 
very important because very short and very long time in-
tervals between the interventions, respectively, lead to a 
decrease in liver function and tumor aggravation.

  The precious report by Sieghart et al.  [28]  proposing 
the ART score used a cohort where only 22 patients (17%) 
had a time interval of  ≥ 90 days between the first and the 
second TACE session. The median time intervals be-
tween the first and the second TACE session in the train-
ing and validation cohorts were 45 and 42 days, respec-
tively, and the shortest interval was 13 days. On the con-
trary, the time interval between the first and the second 
TACE session was  ≥ 90 days in 87.9% of the patients, and 
the median time interval between the two sessions was 
approximately 7 months in our cohort. 

  Generally, in Japan, a second TACE is performed as 
required (i.e. at the time of the development of new le-
sions with a rich blood supply, or at the time of increases 
in tumor markers or tumor diameter) after the first 
TACE; the time interval is approximately 6 months in pa-
tients in whom TACE has an effect. When the therapeutic 
response is poor or additional treatment is required even 
though the therapeutic response is favorable, we some-
times perform retreatment with TACE within 90 days 
only in patients with favorable liver function. Therefore, 
if the first TACE provides local control, no additional 
TACE would be scheduled within 90 days. It was consid-
ered that most patients who had TACE intervals of  ≥ 90 
days were ineligible for a calculation of the ART score 
because the ART score was proposed based on patients 
who underwent two TACE procedures within a short in-
terval  [28] .

  In order to evaluate the applicability of the ART score, 
we compared the OS of those patients who received re-
TACE within 90 days between low and high ART score 
groups; no significant differences were noted. When we 
compared the OS using the individual items involved in 
the ART score, there were significant differences in OS in 

the context of the radiologic tumor response, but again, 
no significant differences in OS were observed for AST or 
Child-Pugh score increase. On multivariate analysis, se-
lective TACE, the AFP level at the time of the first TACE, 
and radiologic tumor response were useful prognostic 
factors for predicting OS. Therefore, it is conceivable that 
performing selective TACE, which is commonly applied 
in Japan, leads to prolonged OS in our cohort  [32] .

  In Japan, the decision for retreatment with TACE or 
switching to other treatments such as sorafenib is based 
on the definition of TACE failure proposed by the JSH 
 [21, 33, 34] . In the current study, radiologic tumor re-
sponse was the most important prognostic factor, with a 
hazard ratio of 3.35 ( table 3 ). Therefore, it is possible that 
assessment based on imaging can be critical for the man-
agement of HCC.

  The ART score is a simple scoring system using only
3 parameters, which could easily be calculated based on 
general clinical data. However, eligibility of the ART 
score for predicting prognosis was not observed in our 
cohort of HCC patients undergoing TACE, which might 
mainly be attributed to the different procedures of TACE 
between Europe/the United States and Japan, where   on-
demand and selective TACE is common.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
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tional grayscale RVS and facilitated the comprehension of 
spatial positioning.  Conclusion:  RVS with color display dem-
onstrates utility in increasing operator comprehension of 
spatial and positional relationships during percutaneous US 
examination.  © 2015 S. Karger AG, Basel 

 Introduction 

 Abdominal ultrasound (US) is a noninvasive examina-
tion method that is recommended as a first-line screening 
tool for hepatocellular carcinoma (HCC)  [1–6] . Howev-
er, US is particularly operator-dependent and less objec-
tive compared with computed tomography (CT)  [7]  or 
magnetic resonance imaging (MRI)  [8] . To overcome 
these disadvantages, the first US navigation system real-
time virtual sonography (RVS) was developed by Hitachi 
Aloka Medical (Tokyo, Japan) in 2003  [9] . Various imag-
ing software products using multiplanar reconstruction 
are available for the diagnosis of HCC and guiding treat-
ment decisions  [10–12] . Navigation systems are able to 
increase operator comprehension of the 3D relationship 
between the liver vasculature and tumors. Therefore, sev-
eral other companies have subsequently developed navi-

 Key Words 
 SYNAPSE VINCENT · Real-time virtual sonography · 
Hepatocellular carcinoma 

 Abstract 
  Purpose:  We report the efficacy of percutaneous ultrasound 
(US) examination using a novel real-time virtual sonography 
(RVS) method that collates multiple Digital Imaging and 
Communications in Medicine (DICOM) data sources and dis-
plays reference images in color.  Materials and Methods:  A 
total of 7 patients with 9 hepatocellular carcinomas were 
evaluated. Using the SYNAPSE VINCENT volume analyzer,
DICOM data of the portal vein, hepatic vein, tumor, and he-
patic segment were isolated from contrast-enhanced com-
puted tomography DICOM data. Each portion of DICOM data 
was uploaded into an US scanner (HI VISION Ascendus, Hita-
chi Aloka Medical Ltd., Tokyo, Japan) and unified on a US 
platform to create a single reference image. Each uploaded 
portion of DICOM data was assigned a different color. Fur-
ther, conventional RVS was performed using this informa-
tion.  Results:  The maximal tumoral diameter ranged from 
6.4 to 15 mm (mean ± SD, 11.0 ± 2.8). DICOM data could be 
isolated, enabling the display of color RVS in all patients. Col-
or RVS facilitated superior visibility compared with conven-
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gation systems such as V-NAVI (GE, Fairfield, Conn., 
USA) and Smart Fusion (Toshiba Medical Systems, 
Tochigi, Japan). These technologies are used in clinical 
settings to identify tumors during patient screening and 
demonstrate utility as supportive modalities in radiofre-
quency ablation (RFA) therapy  [13–17] . RVS is an inno-
vative imaging technique that can produce reconstructed 
images based on real-time US imaging using Digital Im-
aging and Communications in Medicine (DICOM) data 
from CT and/or MRI. RVS allows the practitioner to
easily comprehend spatial and positional relationships 
because the reconstructed reference screen image using
DICOM data of CT and/or MRI is synchronized with the 
actual movements of the US probe. Although discrepan-
cies between the reference and the real-time US image 
may be observed on the US monitor during RVS, the 
thick portal vein and hepatic venous vasculature repre-
sent good landmarks for adjustment and can easily be 
synchronized by rematching. Although the RVS system 
allows positions to be matched using thick blood vessels 
as markers, in cases where positions are matched accord-
ing to thin blood vessels to identify peripheral lesions, it 
is often difficult for the practitioner to be confident that 
the blood vessel observed on the grayscale reference 
screen is the same as the thin blood vessel observed on the 
real-time US image.

  In the present study, we evaluated a novel RVS method 
that displays the reference screen in color (color RVS).

  Materials and Methods  

 Patients 
 A total of 7 patients with 9 HCCs were evaluated in this study. 

All patients were diagnosed with  ≥ 1  ≤ 15-mm HCC nodules by 
dynamic CT and/or contrast-enhanced MRI using gadolinium 
ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-DT-
PA-MRI) prior to US examination with color RVS. CT during 
hepatic arteriography and CT during arterial portography 
(CTAP) were performed in all patients within 1 week of color 
RVS to increase the reliability of diagnoses  [18] . All patients were 
scheduled to undergo RFA. To evaluate the utility of color RVS, 
DICOM volume data of CTAP were transferred to the RVS. It 
was technically difficult to identify and confirm tumoral posi-
tions using conventional US alone in all patients included in this 
study.

  Equipment 
 A local area network system was connected to a computer with 

SYNAPSE VINCENT (Fujifilm Medical Co., Tokyo, Japan), a 
medical imaging and information management system, at Taka-
matsu Red Cross Hospital. B-mode sonographic scans were ob-
tained using a HI VISION Ascendus (Hitachi Aloka Medical Sys-
tems) with a 1- to 5-MHz convex probe (EUP C715). 

  CT was performed using a 64-slice multidetector row CT scan-
ner (Aquilion 64, Toshiba Medical Systems, Tokyo, Japan) with 
the following scan parameters: reconstructed slice thickness,
1 mm; rotation time, 0.5 s; helical pitch, 23.0; pitch factor, 0.791, 
and 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, 
portal venous, and equilibrium phase images, respectively. A total 
of 100 ml of nonionic contrast material containing 300 mg of io-
dine per milliliter (Iopamidol, Bayer Yakuhin, Osaka, Japan) was 
intravenously injected at a rate of 3 ml/s using an automatic pow-
er injector.

  Evaluation 
 DICOM data from CTAP were analyzed by uploading data into 

the 3D image volume analyzer SYNAPSE VINCENT (Fujifilm 
Medical Co.)  [12] . Liver analysis software, a specific application of 
SYNAPSE VINCENT, was utilized and liver tumor, portal vein, 
and hepatic vein data were isolated using the same method as for 
simulations performed before conventional liver resection. Next, 
data from the portal and hepatic veins adjacent to the liver tumor 
were separately extracted from other data related to the portal and 
hepatic veins, with each portion of DICOM data saved separate-
ly. These data were then transferred onto DVD or USB media.
Extracted DICOM data were uploaded into a US scanner (HI
VISION Ascendus). DICOM data were then integrated on the US 
platform to create a single reference image ( fig. 1 ). The US scanner 
software, Ascendus, was then used to assign different colors to 
each portion of uploaded DICOM data enabling the display of col-
or reference images. Then, US examination by color RVS was per-
formed using the same method as for conventional RVS ( fig. 2 a, 
b). For each patient, DICOM data for segment areas adjacent to 
the tumor were also extracted and used to perform color RVS with 
each segment area displayed in color.

  Results 

 The maximum tumoral diameter ranged from 6.4 to 
15 mm (mean ± SD, 11.0 ± 2.8). DICOM data regarding 
the tumor, portal vein, portal vein adjacent to the tumor, 
hepatic vein, and hepatic vein adjacent to the tumor were 
successfully extracted for all patients. In 3 of the 7 pa-
tients, DICOM data per segment adjacent to the tumor 
were extracted to increase the understanding of segment 
positional relationships. Data were successfully identified 
for all patients without difficulty. Color RVS was then 
performed using information from the colored segment 
area. All 9 nodules examined via conventional US sonog-
raphy were difficult to detect with certainty because of 
unclear boundaries with the surrounding normal liver (6 
were isoechoic, 2 nodules were isoechoic to hypoechoic, 
and 1 nodule was isoechoic to hyperechoic). Although it 
was difficult to identify and confirm tumoral locations via 
conventional US sonography alone, using color RVS fa-
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cilitated tumor identification and confirmation in all pa-
tients. Three of the 9 nodules were cases of local recur-
rence following RFA with unclear post-RFA borders at 
the recurrence site. By displaying a real-time US screen in 
color Doppler imaging (CDI), thin peripheral blood ves-
sels on the reference screen and on real-time US could be 
displayed in color ( fig. 2 c). Using this method, operators 
could confidently conduct evaluations to easily identify 
the portal or hepatic vein with thin peripheral blood ves-
sels. All patients then underwent successful RFA therapy 
in single sessions.

  Discussion 

 RVS is a revolutional US technology that enables the 
use of CT or MRI data to easily determine spatial and 
positional relationships between lesions and blood ves-
sels. In addition, because RVS synchronizes CT or MRI 

images on the US screen according to the movements of 
the US probe, RVS is considered to have an important 
role in guiding clinical treatments. In addition, numer-
ous studies have demonstrated the utility of RVS as a 
supportive modality for RFA treatment  [13–15] . How-
ever, the RVS reference image is constructed from one 
DICOM data image extracted from pretested contrast-
enhanced CT or contrast-enhanced MRI and is displayed 
in grayscale. Thus, it is often difficult to instantaneously 
determine whether a thin blood vessel shown on the 
grayscale reference image and a thin blood vessel shown 
on the real-time US screen are the same vessel. Establish-
ing whether the target thin blood vessel is the portal or 
hepatic vein requires continuous confirmation of the tar-
get blood vessel to its source. However, this identification 
can be difficult to confirm because of the presence of 
thick central blood vessels outside of the area rendered 
on US, which is dependent on probe direction. If posi-
tional alignment is accidentally performed with a neigh-

Hitachi Aloka
Ascendus

Portal vein

Portal vein near
the tumor

Hepatic vein

Hepatic vein
near the tumor

Local recurrence
tumor

Liver parenchyma

  Fig. 1.  Using the SYNAPSE VINCENT volume analyzer, DICOM data from CTAP were isolated, and a maximum 
of 8 segments of DICOM data can be uploaded onto an US platform and integrated to create a single reference 
image. 
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boring blood vessel, the positional discrepancy will in-
crease, further necessitating repeat alignments and re-
sulting in a time-consuming examination procedure. 
Therefore, a method to easily identify thin blood vessels 
is required. In particular, when identifying extremely 
small tumors of approximately 10 mm with isoechoic 
nodule density, alignment using thin blood vessels as 
markers must be performed to distinguish lesions from 
the normal liver background.

  In recent years, the utility and sensitivity of Gd-EOB-
DTPA-MRI in detecting early HCCs has been reported 

 [5, 8, 19, 20] . This technology has enabled the identifica-
tion of extremely small malignant nodules, increasing the 
frequency of situations in which practitioners are re-
quired to identify the position of tumors on RVS using 
thin peripheral blood vessels as markers. In cases of liver 
cirrhosis type B and alcoholic cirrhosis, multiple other 
small hepatic regenerating nodules are occasionally pres-
ent; therefore, it is difficult to identify small HCCs with-
out alignment using thin peripheral blood vessels. How-
ever, blood vessels observed on the reference screen and 
on real-time US are often misidentified when alignment 

Reference image CDI fine flowReference image B mode

Liver parenchyma

Portal vein

CTHA 1st CTHA 2nd CTAP

Hepatic vein

Portal vein near the tumor

Local recurrence

Hepatic vein near the tumor

a

b c

  Fig. 2.  Representative case of an 81-year-old man with a 9-mm lo-
cal recurrence following RFA.  a  CT during hepatic arteriography 
(CTHA) and CTAP revealed a 9-mm local recurrence (arrow-
heads) and a post-RFA lesion (arrows) in liver segment VI.  b  The 

reference image could be displayed in color, and the examination 
using this information was performed with the same method as for 
conventional RVS.  c  By displaying the real-time US screen in CDI, 
the operator was able to identify vessels with greater confidence.  
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is performed using vessels other than the thick central 
blood vessels.

  To overcome this disadvantage, the epoch making col-
ored RVS has demonstrated utility in identifying small 
liver tumors and as a supportive technology during treat-
ment of HCCs by RFA. By integrating portal vein and 
hepatic vein DICOM data separated according to tumor 
proximity or central side location, and assigning different 
colors to each area, blood vessels adjacent to the tumor 
can be easily distinguished from either the portal or he-
patic vein by color. Furthermore, because the portal and 
hepatic veins are shown in different colors, blood vessels 
adjacent to the tumor can be quickly detected when fol-

lowing blood vessels from the central to the peripheral 
region. Depending on tumoral locations, changing the B-
mode screen CDI can increase the ease and simplicity of 
identifying target blood vessels. Color RVS facilitates su-
perior visibility compared with conventional RVS, which 
displays images in grayscale only. Furthermore, by alter-
ing the color of blood vessels adjacent to tumors, tumors 
can be identified more quickly, facilitating increased op-
erator comprehension of the spatial and positional rela-
tionships between tumors and blood vessels.

  ‘Liver analysis software’, a specific application of
SYNAPSE VINCENT, can automatically isolate individ-
ual liver segments supplied by specific blood vessels. This 

S1 S2 S3 S4 S5 S6 S7 S8

  Fig. 3.  Representative image of color RVS consisting of 8 segments assigned different colors. The comprehension 
and identification of segments during US examination is greatly increased.       
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function is used in preoperative simulations prior to liver 
resection  [21, 22]  to determine resection ranges  [23, 24] . 
By separately extracting all 8 segments as DICOM data 
using this function and uploading these segments into 
Ascendus, assigning different colors to each segment 
( fig. 3 ), and facilitating color RVS, the identification of 
segments during US examination is less technically chal-

lenging. Therefore, color RVS may represent a useful tool 
for educational and training purposes. With Ascendus, a 
maximum of 8 segments of DICOM data can be uploaded 
and integrated. Any combination is possible, e.g. DICOM 
data consisting of 4 segments (S2, S3, S4, and S8), the tu-
mor, portal vein, hepatic vein, and liver parenchyma 
( fig. 4 ).

Portal vein

Liver parenchymaS2 S3 S4

Tumor Hepatic vein

S8

  Fig. 4.  Representative US display demonstrating the assignment of different colors to integrated DICOM data. 
By assigning a different color to each uploaded portion of DICOM data, the collated DICOM reference image 
could be displayed in color. DICOM data consisting of 4 segments (S2, S3, S4, and S8), the tumor, portal vein, 
hepatic vein, and liver parenchyma.       
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  In recent years, there have been several reports regard-
ing the utility of preoperative 3D simulation prior to liver 
resection, with various authors affirming the efficacy of 
preoperative 3D simulation using SYNAPSE VINCENT 
 [24] . However, 3D simulation based on preoperative im-
ages is associated with issues such as inaccurate simula-
tion because of factors including compression or distor-
tion caused by intraoperative liver manipulations. More-
over, the liver must be returned to the orthotopic position 
to facilitate repeat alignments. In these settings, simula-
tions using percutaneous US examination have been 
shown to be reproducible and extremely easy to operate 
because distortion due to liver positioning does not oc-
cur.

  Color RVS has great utility in detecting small liver tu-
mors and in contrast-enhanced US of small liver tumors 
and supporting RFA treatment. In the present study, all 
patients underwent CTAP. Therefore, we used DICOM 
data from CTAP for color RVS. However, DICOM data 
for color RVS can be extracted from conventional dy-
namic CT or MRI.

  SYNAPSE VINCENT is the most widely used 3D im-
age analysis system volume analyzer in the field of liver 
surgery in Japan and some other countries. Thus, there 
should be few obstacles to the introduction of color RVS 
at various facilities that would otherwise find it difficult 
to purchase new expensive, specialized software or equip-
ment. Herein, we performed color RVS using the Ascen-

dus US platform. However, color RVS can be performed 
using Preirus, which is manufactured by Hitachi Aloka 
Medical. With the SYNAPSE VINCENT server type, a 
liver analysis application can be used from a list of im-
ages on the normally employed chart PC. At our hospital, 
SYNAPSE VINCENT can be initiated not only in US 
rooms, but also on chart PCs located at over 100 stations 
including outpatient clinics, wards, and operating rooms. 
This widespread availability makes it possible to isolate 
DICOM data when physicians have spare time despite 
being in different locations. We believe this program 
could be universally introduced and are currently inves-
tigating the utility of color RVS in improving both percu-
taneous US examination and intraoperative US.

  Conclusion 

 RVS with color display appears to have substantial 
utility in increasing the comprehension of spatial and po-
sitional relationships during percutaneous US examina-
tion.

  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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years were 97, 90, 80, and 59%, respectively; those for pa-
tients with IM (n = 32) were 86, 55, 14, and 8%, respectively 
(p < 0.0001). Two cases (4.9%) had complications of hemo-
thorax and diaphragmatic burn; however, no major compli-
cations were observed.  Conclusion:  Radiofrequency abla-
tion is safe and effective for the treatment of intermediate-
stage hepatocellular carcinoma, especially for patients with 
MC.  © 2015 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common cancers; it is the 5th most common cause of can-
cer death in the world  [1–3] . Radiofrequency ablation 
(RFA) was applied for the therapy of HCC in 1995 and 
was introduced in Japan in 1999. Today, RFA plays a key 
role in the treatment of early-stage HCC because it is less 
invasive than surgical resection and has good efficacy  [4–
8] . However, RFA is not recommended for intermediate-
stage HCC (2–3 nodules being >30 mm in diameter or >3 
nodules and without vascular invasion and/or extrahe-
patic metastases), and only a few reports were published 

 Key Words 
 Radiofrequency ablation · Intermediate-stage 
hepatocellular carcinoma · BCLC-B  

 Abstract 
  Objectives:  Radiofrequency ablation plays a key role in the 
treatment of early-stage hepatocellular carcinoma. Howev-
er, it is not recommended for intermediate-stage hepatocel-
lular carcinoma. The objective of this study was to clarify the 
efficacy and safety of radiofrequency ablation for treating 
intermediate-stage hepatocellular carcinoma.  Methods:  We 
examined the outcome of 65 consecutive patients who were 
treated with radiofrequency ablation with or without trans-
arterial chemoembolization for intermediate-stage hepato-
cellular carcinoma.  Results:  With a median follow-up of 37 
months, overall survival rates of 65 cases at 1, 3, 5, and 7 years 
were 90, 70, 51, and 36%, respectively. Multivariate analysis 
of clinical parameters revealed that the multicentric occur-
rence (MC)/intrahepatic metastasis (IM) was the only signifi-
cant prognostic factor for overall survival (hazard ratio, 4.9; 
95% confidence intervals, 2.1–11.4). Tumor size and tumor 
number were not significant factors for survival. The overall 
survival rates of patients with MC (n = 33) at 1, 3, 5, and 7 
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about clinical outcomes of RFA for intermediate-stage 
HCC  [9–12] . There are various treatment modalities for 
non-early-stage HCC that includes transarterial chemo-
embolization (TACE)  [13–18] , hepatic arterial infusion 
chemotherapy  [19–25] , molecular targeted therapy  [26–
35] , and liver transplantation  [36–39] . However, most of 
these modalities, except liver transplantation, do not have 
a sufficiently curative effect  [40–43] , and only TACE has 
been recommended as a treatment for intermediate-stage 
(BCLC-B) HCC by the Barcelona Clinic Liver Cancer 
(BCLC) staging and treatment strategy 2012  [44–46] . 

  Intermediate-stage HCC contains a variety of sub-
groups. The commonly used criteria for RFA (within 3 
tumors, 3 cm in diameter) are not definite, and some of 
the patients could be treated with RFA without technical 
difficulty. Therefore, we have been performing RFA for 
patients with intermediate-stage HCC. In this study, we 
analyzed the efficacy and safety of RFA for the treatment 
of intermediate-stage HCC and elucidated suitable can-
didates for the treatment.

  Materials and Methods 

 Patients  
 We performed RFA for 393 HCC cases from August 2001 to 

December 2012. Among them, 65 patients with intermediate-stage 
HCC who agreed to join this study and who met the criteria were 
enrolled. The inclusion criteria were 2–3 nodules being >30 mm in 
diameter or >3 nodules (average 4.8, range 1–12 nodules). Patients 
with vascular invasion and/or extrahepatic metastases were ex-
cluded. If the patients had severe bleeding tendency (prothrombin 
time <40% or platelet count <50,000/μl), we did not treat the pa-
tients with RFA.

  We explained to each patient (1) that TACE is the standard 
therapy for intermediate-stage HCC, (2) that RFA or RFA with 
TACE may be better than TACE alone in order to obtain high local 
curability (however, the effect has not been proven), and (3) the 
benefits (e.g., less invasiveness, short hospital stay, short operation 
time, and local anesthesia) and the risks (e.g., bleeding, pain, infec-
tion, and fever after procedure) of RFA. Informed consent for us-
ing their clinical data was obtained from all patients. The study 
protocol conformed to the ethical guidelines of the World Medical 
Association Declaration of Helsinki and was approved by our In-
stitutional Review Board. 

  Fifty-three cases were male, and the remaining 12 cases were 
female. The median age was 70 years (range, 44–86). Hepatitis vi-
rus infection was observed in 54 patients (83.1%), and all patients 
had Child-Pugh grade A or B ( table 1 ). In 28 (43.1%) cases, the 
main nodules were >30 mm in diameter, and 46 (70.8%) cases had 
>3 nodules. Thirty-eight (58.5%) of the 65 cases were within the 
‘up-to-7’ criteria [HCC with 7 as the sum of the size (in cm) of the 
largest tumor and the number of tumors], and the remaining 27 
cases were out of the ‘up-to-7’ criteria.

  Diagnosis 
 According to the American Association for the Study of Liver 

Disease guidelines  [47] , we confirmed the diagnosis on at least two 
dynamic imaging modalities. Nodules without these findings were 
histologically confirmed by US-guided biopsy (4 cases). If the cas-
es had multiple HCCs, the patients were categorized into the sub-
groups multicentric occurrence (MC) and intrahepatic metastasis 
(IM), in accordance with the  General Rules for the Clinical and 
Pathological Study of Primary Liver Cancer  of the Liver Cancer 
Study Group of Japan  [48] , by more than 2 board-certified hepa-
tologists of the Japan Society of Hepatology.

  The following lesions were defined as cancer with IM: (1) por-
tal vein tumor thrombi or cancer lesions which were supposed to 
have proliferated from a tumor thrombus, (2) groups of cancer le-
sions that are abundant near the main lesion and which decrease 
in number farther away from the main lesion, and (3) solitary can-
cer lesions located adjacent to the largest main lesion, apparently 

 Table 1.  Characteristics of patients with intermediate-stage HCC (BCLC-B) who underwent RFA with or without TACE (n = 65)

All MC IM p value 

Age, years 70 (44 – 86) 67 (44 – 85) 74 (55 – 86) 0.082
M/F (male %), n 53/12 (81.5) 28/5 (84.8) 25/7 (74.1) 0.485
HBV/HCV/NBNC, n 9/45/11 5/22/6 4/23/5 0.901
Child-Pugh grade A/B/C, n 48/17/0 26/7/0 22/10/0 0.357
Naive/non-naive, n 51/14 30/3 21/11 0.017
AFP, ng/ml 22 (4 – 3,705) 17 (5 – 2,086) 30 (4 – 3,705) 0.591
PIVKA-II, mAU/ml 102 (13 – 10,200) 44 (14 – 10,200) 216 (13 – 9,440) 0.0067
Tumor number 4 (2 – 12) 5 (2 – 12) 3 (2 – 10) 0.0012
Tumor size, mm 25 (10 – 70) 22 (10 – 40) 35 (15 – 70) <0.0001
TACE +/−, n 24/41 9/24 15/17 0.102
Total recurrence/year, n 1.2 0.9 1.5 0.052

 HBV = Hepatitis B virus; HCV = hepatitis C virus; NBNC = non-B/non-C; AFP = α-fetoprotein.
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smaller in size, of the same histological type, and differentiated to 
the same or lesser degree than the main lesion.

  We performed a biopsy on the 35 cases (53.8%) to categorize 
them as IM or MC. If the cases of multiple lesions were difficult to 
classify as primary or metastatic based on the above criteria, we 
classified them as IM in this report.

  Treatment  
 No one of the patients received any adjuvant therapy before or 

after RFA, except with TACE.   We performed TACE combined 
with RFA if the main HCC tumor was hypervascular and >30 mm 
in diameter. A total of 28 cases were eligible for RFA with TACE 
according to our rule; however, 10 cases received RFA alone be-
cause of a variety of reasons such as low activity of daily living 
scores, poor hepatic reserve, and patient request; the remaining 18 
(64.3%) of the 28 cases received TACE before RFA. Among 37 pa-
tients with HCCs <30 mm in diameter, 6 cases underwent TACE 
because they had tumors that were technically difficult to punc-
ture, which might lead to insufficient ablative margins.

  RFA Procedure 
 RFA was performed percutaneously under ultrasonographic 

guidance for all HCCs. An internally cooled single electrode with 
a 200-watt generator (Cool-tip, Valleylab, Colo., USA) was used. 
All patients were treated under conscious sedation by intravenous-
ly injecting 15 mg of pentazocine hydrochloride (Astellas Pharma, 
USA) and hydroxyzine pamoate (Pfizer, USA). Local anesthesia 
was administered to the region from the skin to the liver capsule 
using 5–10 ml of 1% lidocaine along a specified insertion route. If 
patients complained of intolerable pain during ablation, an addi-
tional 15 mg of pentazocine hydrochloride was intravenously giv-
en.

  If the lesion was located just below the diaphragm or in the vi-
cinity of the digestive tract, we used the artificial ascites method in 
order to avoid complications. This protocol was applied after the 
year 2006 (27/48 cases in this study were treated between 2006 and 
2012). 

  Ablation was performed according to a procedure that we had 
previously described  [49] . We monitored the heart rate, blood 
pressure, and saturation of oxygen during treatment. After com-
pletion of tumor ablation, tract ablation was performed during 
needle removal in order to avoid peritoneal bleeding and seeding 
of cancer cells. After ablation, we inspected for bleeding by means 
of color Doppler imaging. If continuous bleeding was observed, we 
ablated the bleeding point on the surface of the liver using a 1-cm-
long metallic needle. As an exception, 7 patients with a low platelet 
count (<50,000/μl) were treated with RFA after 10 units of platelet 
transfusion. No continuous bleeding was confirmed in all cases.

  Cefazolin sodium 1,000 mg (Astellas Pharma, USA) was ad-
ministered to the patients  twice a day on the day of RFA and the 
following 2 days thereafter for infectious disease prophylaxis.

  Transarterial Chemoembolization 
 If a patient needed TACE, it was accomplished 1 week before 

RFA. TACE was performed from the segmental or subsegmental 
hepatic arteries. In all patients, TACE was carried out with a mix-
ture of iodized oil (lipiodol; Guerbet, Aulnay-sous-Bois, France) 
and epirubicin hydrochloride (Farmorubicin; Pfizer, Tokyo, Ja-
pan) followed by Gelfoam powder (Gelpart; Nippon Kayaku, To-
kyo, Japan).

  Evaluation of Ablation by CT  
 One or 2 days after RFA, treatment response was assessed

by multidetector-row computed tomography. Treatments were 
deemed to be completed when the size of the ablated area was large 
enough to cover the pretreatment lesions. In cases of incomplete 
ablation, RFA was repeated until the ablated area met the criteria 
for complete ablation described above.

  Follow-Up 
 We examined the patients every 3–4 months using simultane-

ous dynamic CT and measurements of tumor markers such as 
α-fetoprotein, protein induced by vitamin K absence-II (PIVKA-
II), and lens culinaris agglutinin-reactive α-fetoprotein isoform. 
The criteria for recurrence were the same as the criteria on initial 
diagnosis. When recurrent HCC was located adjacent to the ab-
lated nodule, we defined it as local recurrence. 

 We also investigated the rate of RFA complications including 
pneumothorax, hemothorax, hemoperitoneum, intestinal perfo-
ration, gallbladder injury, liver infarction, and biliary tract injury.

  Statistical Analysis 
 Categorical variables were summarized as frequency and per-

centage, whereas continuous variables were presented as median 
(range). Overall survival (OS) and recurrence-free survival (RFS) 
curves were estimated using the Kaplan-Meier method. These 
curves were compared using a log-rank test. The prognostic rele-
vance of 10 baseline variables was analyzed using univariate and 
multivariate Cox proportional hazards regression models. The re-
sults were presented as hazard ratios (HRs) with the corresponding 
95% confidence intervals (CIs) and with p values obtained from 
the Wald test. All analyses were performed using STATVIEW 5.0 
software (Hulinks, Tokyo, Japan). p < 0.05 was considered statisti-
cally significant.

  Results 

 Prognosis 
 The mean observation period was 37 months. Twenty-

seven of 65 patients died: 6 from liver failure, 11 from can-
cer, and 10 from other illnesses (malignant lymphoma, co-
lon cancer, lung cancer, prostate cancer, pneumonia, blad-
der bleeding, varices rupture, and suicide). Recurrence was 
noted in 43 of the 65 cases; 6 were local recurrences. OS 
rates at 1, 3, 5, and 7 years were 90, 70, 51, and 36%, respec-
tively; median survival time was 5.8 years. RFS rates at 1, 3, 
and 5 years were 50, 25, and 14%, respectively; median RFS 
was 1.1 years. Distant recurrence rates at 1, 3, and 5 years 
were 48, 73, and 86%, respectively, and local recurrence 
rates at 1, 3, and 5 years were 12, 18, and 18%, respectively.

  Risk Factors for Survival 
 Among 11 variables, only age was a significant prog-

nostic factor for RFS observed using both univariate and 
multivariate analyses ( table 2 ). For OS, univariate analy-
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sis showed that MC/IM (HR, 4.9; p < 0.0001) and the se-
rum level of PIVKA-II (HR, 0.3; p = 0.012) were signifi-
cant risk factors. Multivariate analysis revealed that MC/
IM was the only significant factor for OS [HR, 4.9; 95% 
CI, 2.1–11.4]. Tumor size or tumor number was not a sig-
nificant factor for survival for intermediate-stage HCC 
( table 3 ).

  The Effect of the Development Style (MC vs. IM) 
 Significant differences were observed in the rates of 

naive/non-naive tumors (p = 0.017), tumor numbers
(p = 0.0012), tumor sizes (p < 0.0001), and levels of
PIVKA-II (0.0067) between the MC group and the IM 
group ( table  1 ); however, no significant difference was 
observed between MC and IM in RFS. RFS rates of pa-
tients with MC at 1, 2, and 3 years were 52, 35, and 30%, 
respectively, and those of patients with IM were 48, 32, 
and 21%, respectively (p = 0.232) ( fig. 1 ). In contrast, OS 

rates of patients with MC were significantly higher than 
those of patients with IM. OS rates of patients with MC at 
1, 3, 5, and 7 years were 97, 90, 80, and 59%, respectively; 
those of patients with IM were 86, 55, 14, and 8%, respec-
tively (p < 0.0001) ( fig. 1 ). 

  Complications 
 Two cases (4.9%) had complications of grade 2 hemo-

thorax and grade 2 diaphragmatic burn. The patient with 
hemothorax had a history of malignant lymphoma and a 
bleeding tendency; platelet count was 3.0 × 10 4 /μl, for 
which platelets were transfused before RFA. Prothrom-
bin time was 45%. The other patient who suffered from 
diaphragmatic burn had a tumor that was adjacent to the 
diaphragm. We were not routinely using the artificial as-
cites method at that time (year 2005). No deaths or major 
complications above grade 2 resulted from RFA or RFA 
with TACE.

 Table 2. Prognostic factors for RFS in patients with intermediate-stage HCC who underwent RFA with or without 
TACE (n = 65)

Factor n  Univariate analysis Multivariate analysis

HR  (95% CI) p value HR (95% CI) p value

Age <69 years 31 1 1
>70 years 34 0.4 (0.2 – 0.8) 0.012 0.4 (0.2 – 0.7) 0.004 

Sex M 53 1 – NS
F 12 1.2 (0.6 – 2.5) 0.64

Etiology NBNC 53 1
HBV 9 2.5 (0.8 – 8.5) 0.12 – NS
HCV 3 1.1 (0.4 – 3.2) 0.86

Child-Pugh grade B 16 1 – NS
A 49 1.7 (0.8 – 3.5) 0.18

Prior treatment history non-naive 14 1 – NS 
naive 51 0.6 (0.3 – 1.2) 0.14

AFP >21 ng/ml 35 1 – NS
<20 ng/ml 30 0.8 (0.4 – 1.6) 0.55

PIVKA-II >101 mAU/ml 29 1 – NS
<100 mAU/ml 30 0.7 (0.3 – 1.3) 0.24

Tumor number ≥5 27 1 – NS
2 – 4 38 1.1 (0.6 – 2.0) 0.86

Tumor size >31 mm 8 1 – NS
<30 mm 37 0.8 (0.4 – 1.4) 0.39

Tumor occurrence MC 33 1 – NS
IM 32 1.5 (0.8 – 2.8) 0.23

TACE + 24 1 – NS
− 41 1.9 (0.99 – 3.7) 0.053

Cox proportional hazard model. Analysis was performed between two groups divided at the median value of 
each factor. HBV = Hepatitis B virus; HCV = hepatitis C virus; NBNC = non-B/non-C; AFP = α-fetoprotein;
NS = not significant.
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 Table 3. Prognostic factors for OS in patients with intermediate-stage HCC who underwent RFA with or without TACE (n = 65)

Factor n 5-year
survival

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age <69 years 31 60 1 – NS 
>70 years 34 35 1.4 (0.6 – 3.2) 0.36

Sex M 53 55 1 – NS
F 12 – 1.0 (0.3 – 3.0) 0.99

Etiology NBNC 53 76 1 – NS
HBV 9 51 1.4 (0.3 – 6.6) 0.66
HCV 3 47 1.1 (0.3 – 3.9) 0.83

Child-Pugh grade B 16 46 1 – NS 
A 49 53 0.6 (0.2 – 1.4) 0.22

Prior treatment history non-naive 14 25 1 – NS 
naive 51 55 0.6 (0.2 – 1.6) 0.33

AFP >21 ng/ml 35 36 1 – NS
<20 ng/ml 30 64 0.6 (0.3 – 1.2) 0.15

PIVKA-II >101 mAU/ml 29 30 1 – NS
<100 mAU/ml 30 59 0.3 (0.1 – 0.8) 0.012

Tumor number ≥5 27 73 1
2 – 4 38 35 2.2 (0.9 – 5.1) 0.066 – NS 

Tumor size >31 mm 8 28 1 – NS 
<30 mm 37 70 0.5 (0.2 – 1.1) 0.063

Tumor occurrence MC 33 80 1 1
IM 32 16 4.9 (2.1 – 11.4) <0.0001 4.9 (2.1 – 11.4) 0.0003

TACE + 24 1 – NS
− 41 1.4 (0.6 – 3.2) 0.36

Cox proportional hazard model. Analysis was performed between two groups divided at the median value of each factor. HBV = 
Hepatitis B virus; HCV = hepatitis C virus; NBNC = non-B/non-C; AFP = α-fetoprotein; NS = not significant.
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  Fig. 1.  OS and RFS between the MC group and the IM group of patients with intermediate-stage HCC who un-
derwent RFA. 
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  Discussion 

 One of the most important problems after treatment 
of HCC is the high recurrence rate. The recurrence rate 
for intermediate-stage HCC is particularly high. As we 
observed in the majority of cases in this study, recurrence 
occurred at an early time after RFA. The mean RFS pe-
riod was short (1.1 years); however, we achieved a rela-
tively long median survival time of 5.8 years in this study, 
and the 5-year survival rate was 50%. Furthermore, the 
5-year survival rate was 80% for cases with MC HCC. The 
most important reason for these results may be the fact 
that RFA can preserve viable hepatic tissue; hence, we 
were able to repeatedly perform RFA over the years. Con-
versely, TACE has been found to decrease the hepatic re-
serve by repeated enforcement  [50] . Tanaka et al.  [9]  re-
ported that a combination of TACE and RFA was a safe 
and effective therapy in patients with intermediate-stage 
HCC, but our data showed that even if the therapeutic 
modality was RFA alone, the prognosis of MC HCC in 
intermediate-stage HCC was relatively good. Complica-
tions of RFA for intermediate-stage HCC were not ob-
served very often (4.9%) and were the same as those ob-
served in cases of early-stage HCC (3.54%)  [51] . These 
results indicate that RFA can be a good therapeutic meth-
od especially for MC intermediate-stage HCC.

  In this study, either MC or IM was the most important 
factor for prognostication of intermediate-stage HCC. 
The HR of IM/MC was 4.9 (95% CI, 2.1–11.4), whereas 
tumor number and tumor size were not significant fac-
tors. IM HCC can easily metastasize to different portions 
of the liver. Although the RFS of IM HCC was not statis-
tically shorter than that of MC, IM HCC must have a 
higher malignant potential than MC. The total number of 
recurrences during the follow-up period was higher in IM 
HCC (1.5 times/year) than in MC HCC (0.9 times/year), 
although this difference was not statistically significant
(p = 0.052). The outcomes of the RFA cases in this study 
were quite similar to those of surgically resected cases. 
Shimada et al.  [52]  reported that the prognosis of MC was 
better than that of IM, whereas disease-free rates were not 
different. These results indicate that it may be reasonable 
to select treatment modalities not only by tumor size and 
number but also by the type of HCC spread.

  One of the reasons that RFA has not been recommend-
ed for intermediate-stage HCC is the possibility of an in-
creased bleeding risk from multiple punctures. The pro-
cedure is also complicated, and consequently, impairs the 
hepatic reserve. In this study, there was no increase in 
complications, and, as we reported in a previous study, 

the damage to the liver function was not high  [53] . As a 
result, it was possible to achieve a better prognosis by 
treating each nodule with RFA even though the cases 
were classified as intermediate-stage HCC.

  At present, however, the recommended treatment for 
intermediate-stage HCC is TACE, and the outcome has 
not been sufficient. Recently, balloon-occulted TACE  [54]  
and drug-eluting beads  [55, 56]  appeared as new modali-
ties of TACE. Improvement in the therapeutic effect by 
these methods may be expected but is not known at this 
time. Hence, it remains uncertain if we can cure patients 
only with TACE. Furthermore, the hepatic reserve was 
demonstrated to be impaired by repetitive TACE  [50] .

  In this study, there was no comparison between RFA 
alone and TACE alone; therefore, we cannot conclude 
that RFA is clearly superior to TACE. However, when 
compared with the historical control (e.g., BCLC guide-
line: 5-year survival rate 50–70% in early-stage HCC) 
 [44–46] , a group with intermediate-stage HCC (5-year 
survival rate 80% in MC HCC) had a prognosis that was 
similar to that of the group with early-stage HCC. There 
is no report comparing the therapeutic effect of TACE in 
IM and MC in patients with intermediate-stage HCC, and 
the prognosis of TACE for MC HCC is also unknown.

  In this study, we revealed that RFA may be an effective 
treatment for properly selected patients with intermedi-
ate-stage HCC. Further confirmatory studies would be 
necessary in the future.
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TACE-naïve cohort, the objective response rate was 52.9%. 
The objective response rate was 60% for the previously 
TACE-treated cohort. In the uncountable multiple HCC 
group, the objective response rate was 0% (0/10), with pro-
gressive disease in 90% (9/10) of patients.  Conclusion:  Our 
observations suggested that b-TACE did not reduce the ef-
ficacy of retreatment for HCC with an insufficient outcome 
from conventional TACE, but it could not improve the effi-
cacy of treatment for uncountable multiple HCCs. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Randomized controlled studies have shown that trans-
catheter arterial chemoembolization (TACE) and trans-
catheter arterial embolization (TAE) offer survival ben-
efits superior to those of supportive care in appropriately 
selected patients with hepatocellular carcinoma (HCC) 
 [1–3] . TACE is the first-line therapy recommended for 
patients with intermediate-stage HCC  [4–9] , and con-

 Key Words 
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 Abstract 
  Objective:  To investigate whether balloon-occluded trans-
catheter arterial chemoembolization (b-TACE) can produce 
a more dense accumulation of iodized oil in various stages 
of hepatocellular carcinoma (HCC), from single to uncount-
able, to overcome inferior local control.  Materials and Meth-
ods:  We studied 27 patients with HCC, including single to 
uncountable multiple lesions, who underwent b-TACE be-
tween August 2013 and April 2015. Dynamic CT was per-
formed at baseline and 1–3 months after b-TACE. The treat-
ment effect (TE) after b-TACE was evaluated using the Re-
sponse Evaluation Criteria in Cancer of the Liver (RECICL) 
proposed by the Liver Cancer Study Group of Japan.  Results:  
In the countable HCC group, contrast-enhanced CT demon-
strated RECICL TE4 in 43.8% (14/32), TE3 in 12.5% (4/32), TE2 
in 37.5% (12/32), and TE1 in 6.3% (2/32) of patients. For the 

 Published online: November 19, 2015 

 Prof. Masatoshi Kudo 
 Department of Gastroenterology and Hepatology 
 Faculty of Medicine, Kinki University 
 377-2 Ohno-Higashi, Osaka-Sayama 589-8511 (Japan) 
 E-Mail m-kudo   @   med.kindai.ac.jp 

 © 2015 S. Karger AG, Basel
0030–2414/15/0898–0027$39.50/0 

 www.karger.com/ocl 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
19

8.
14

3.
44

.4
9 

- 2
/2

4/
20

16
 5

:4
8:

32
 A

M

－432－



 Minami    et al.
 

Oncology 2015;89(suppl 2):27–32
DOI: 10.1159/000440628

28

ventional TACE (c-TACE) involves intra-arterial infu-
sion of a viscous emulsion of iodized oil (e.g., lipiodol) 
and a chemotherapeutic agent such as doxorubicin, fol-
lowed by an injection of gelatin sponge particles  [8] . Ide-
ally, c-TACE should result in the maximum sustained 
concentration of the chemotherapeutic agent within the 
tumor, together with minimal systemic exposure. Selec-
tive catheterization of a target artery is a prerequisite for 
achieving effective c-TACE in HCC patients. However, 
HCCs cannot fully retain the lipiodol in some patients, 
resulting in decreased treatment effectiveness  [9–11] . Re-
cently, microballoon catheters have been introduced to 
clinical practice in Japan. Intratumoral arterial blood 
pressure and flow are decreased beyond the occlusion 
balloon at the tip of the microcatheter, compared with 
parenchymal liver tissue. Irie et al.  [12]  reported that bet-
ter lipiodol deposition was obtained by performing selec-
tive TACE while decreasing the inflow resistance of intra-
tumoral blood flow using a microballoon catheter, called 
‘balloon-occluded TACE’ (b-TACE). There are reports 
that b-TACE has the potential to improve cancer nodule 
control locally, compared with c-TACE  [13, 14] .

  The ‘intermediate’ stage includes a very wide range of 
tumoral presentations, from 4 small nodules to uncount-
able nodules of every size, occupying a large part of the 
liver. TACE for uncountable multiple HCCs is quite inef-
fective, achieving a negligible rate of complete responses 
and causing damage to normal liver tissue  [15, 16] . We 
speculated that b-TACE might produce a more dense ac-
cumulation in various stages of HCC, from single to un-
countable, to overcome inferior local control. The aim of 
this study was to evaluate treatment outcomes and factors 
associated with local tumor control in HCC patients who 
underwent b-TACE.

  Materials and Methods 

 Study Cohort 
 Written informed consent to perform c-TACE was obtained 

from all patients before treatment.
  This cohort study was conducted as a retrospective analysis of 

a prospective database in a single institution in which TACE is 
routinely performed. It included HCC patients who underwent the 
b-TACE procedure, who had not previously undergone systemic 
therapy, and who had undergone dynamic contrast-enhanced CT 
1 month before b-TACE and 1–3 months after TACE between Au-
gust 2013 and April 2015. Patients were considered eligible for 
TACE if the diagnosis of HCC was confirmed by typical radio-
logic findings. Additional eligibility criteria included an Eastern 
Cooperative Oncology Group performance status of up to 1, 
Child-Pugh class A or B disease, a single, large, or multiple HCC, 
absent or trace ascites, an albumin level of >2.0 g/dl, alanine ami-

notransferase and aspartate aminotransferase levels of <5 times the 
upper  limit of normal, a total serum bilirubin level of <3.0 mg/dl, 
a prothrombin time/international normalized ratio of <1.5, a se-
rum creatinine level of <2.0 mg/dl, a platelet count of at least 
30,000/mm 3 , and at least partial patency of the portal venous sys-
tem. All patient characteristic data at baseline were collected and 
reviewed before b-TACE, including demographics, HCC stage, re-
sults of serum tests, and radiographic findings.

  The Technique of b-TACE 
 Digital fluorographic images were obtained using an Innova 

4100IQ pro angiographic unit (GE Healthcare, Chalfont St. Giles, 
UK). All b-TACE procedures were performed by 2 experienced 
interventional hepatologists and 1 experienced interventional ra-
diologist (M. Takita., Y. Minami, and Y. Yagyu, with 13, 18, and 
21 years of experience, respectively), employing a consistent ap-
proach.

  The right femoral artery was accessed with an 18-gauge Seld-
inger needle, and a 4-Fr sheath was placed. The celiac artery was 
selectively catheterized using a 4.2-Fr catheter. The 1.8-Fr micro-
balloon catheter (Logos; Piolax, Yokohama, Japan) was introduced 
over a 0.016-inch guide wire (Meister; Asahi Intecc, Tokyo, Japan) 
and advanced coaxially through the catheter into the common or 
proper hepatic artery. Hepatic angiography was performed for 
evaluation of the feeding vessels and revealed a single (or multiple) 
HCC(s) in the liver. The microballoon catheter was positioned as 
close to the tumor bed as possible before infusion of the emulsion. 
In HCC patients with multiple feeders, the position of the micro-
balloon catheter was changed within the same session, and seg-
mental or lobar b-TACE was performed. Chemoembolization was 
performed using 140 mg of miriplatin (Miripla; Dainippon Sumi-
tomo, Tokyo, Japan) dissolved in 7 ml of iodized oil (Lipiodol Ul-
tra-Fluid; Guerbet, Paris, France), followed by the injection of gel-

 Table 1.  Assessment of the direct treatment effect on target lesions 
using the RECICL proposed by the Liver Cancer Study Group of 
Japan [17]

TE4 Tumor necrosis of 100%, or 100% reduction in 
tumor size
TE4a: necrotized area larger than the original 
tumor (sufficient ablative margin)
TE4b: necrotized area similar in size to the original 
tumor (insufficient ablative margin)

TE3 Tumor necrosis of 50 – 100%, or 50 – 100% 
reduction in tumor size

TE2 Effect other than TE3 or TE1

TE1 Tumor enlargement of ≥50% (excluding the area of 
necrosis after treatment)

 A unidirectional enlargement of 20%, which is defined as 
progressive disease in RECIST 1.1, is equivalent to a bidirectional 
enlargement of 44% (1.2 × 1.2 = 1.44 times). Therefore, in the new 
version, the enlargement of a tumor by 50% is defined as TE1, 
consistent with internationally accepted criteria, with RECIST, 
and easy to use in the clinical setting.

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
19

8.
14

3.
44

.4
9 

- 2
/2

4/
20

16
 5

:4
8:

32
 A

M

－433－



 b-TACE for HCC at a Single Center Oncology 2015;89(suppl 2):27–32
DOI: 10.1159/000440628

29

atin sponge particles (Gelpart; Nipponkayaku, Tokyo, Japan) 1–2 
mm in diameter. However, at the beginning of b-TACE introduc-
tion at our hospital, 3 patients received chemoemulsion using epi-
rubicin dissolved in lipiodol. The dose of the emulsion/suspension 
depended on the tumor size and vascularity of the tumor (maximal 
volume of emulsion: 7 ml). The endpoint for administration was 
stasis in tumor-feeding arteries, with or without the appearance of 
iodized oil in portal vein branches.

  Imaging Data Evaluation 
 Conventional CT images were prospectively recorded and ret-

rospectively evaluated offline. Only HCCs that were well defined 
by imaging and treated by b-TACE were analyzed by nodule. Im-
age evaluation was conducted in the same reading session to en-
sure careful comparison of pre- and post-TACE findings. The final 
treatment response was blindly assessed at 1–3 months of CT fol-
low-up by 1 radiologist (M. Tsurusaki with 20 years of experience) 
using the Response Evaluation Criteria in Cancer of the Liver
(RECICL) proposed by the Liver Cancer Study Group of Japan 
( table 1 )  [17] .

  Statistical Analysis 
 Data are expressed as the mean ± standard deviation (SD). 

They were analyzed using statistical software (SPSS 12.0; Statistical 
Package for the Social Sciences, Chicago, Ill., USA).

  Results 

 Patient Demographics 
 A total of 27 patients were treated by b-TACE in our 

hospital. The patient population included 20 men and
7 women (age range, 63–86 years; mean ± SD, 74.7 ± 6.1 
years). Each patient underwent 1 TACE session, and all 
procedures were performed successfully without imme-
diate complications.

   The Countable HCC Group.  Seventeen patients with 
32 HCC nodules were included ( table 2; fig. 1 ). The pa-
tient population included 13 men and 4 women (age 
range, 63–86 years; mean ± SD, 74.4 ± 6.2 years). Eleven 
patients had liver cirrhosis of Child-Pugh class A, and the 
remaining 6 had Child-Pugh class B cirrhosis. The me-
dian number of HCCs was 2 (range, 1–3). The maximal 
diameter of the tumors ranged from 1.0 to 4.6 cm (mean 
± SD, 2.0 ± 0.9 cm) on dynamic CT. Seventeen HCC nod-
ules were TACE naïve, and the remaining 15 HCC nod-
ules had received prior TACE. Injections were performed 
in a superselective (15 patients) or lobar (2 patients) 
manner for cases of unifocal lesions or multiple feeding 
vessels, respectively.

   The Uncountable Multiple HCC Group.  Seven men and 
3 women (age range, 68–86 years; mean ± SD, 75.3 ± 6.3 
years) were included ( table 2 ). Six patients had liver cir-
rhosis of Child-Pugh class A, and the remaining 4 had 

Child-Pugh class B cirrhosis. The size of the tumors was 
approximately 1–2 cm on dynamic CT. Each injection 
was performed in a lobar manner (10 patients; 7 in the 
right hepatic artery and 3 in the left hepatic artery).

  Tumor Response at Follow-Up CT: Assessment with 
RECICL 
  The Countable HCC Group.  According to target re-

sponse analysis, contrast-enhanced CT obtained at 1–3 
months of follow-up in all HCC nodules demonstrated a 
RECICL treatment effect (TE) 4 in 43.8% (14/32), TE3 in 
12.5% (4/32), TE2 in 37.5% (12/32), and TE1 in 6.3% 
(2/32).

 Table 2. Baseline clinical characteristics of patients

Countable
HCC
group

Uncountable
multiple HCC
group

Patients 17 10
Tumors evaluated 32 –
Sex

Male 13 7
Female 4 3

Age, years
Me an ± SD 74.4 ± 6.2 75.3 ± 6.3
Range 63 – 86 68 – 86

Etiology
HBV 1 1
HCV 13 6
Non-B/non-C 3 3

Child-Pugh class
A 11
B 6
C 0

Tumor location
Left lateral 3
Left medial 3
Right medial 22 bilobar, multiple
Right lateral 4
Segment 1 0

Tumor size, cm
 Me an ± SD 2.0 ± 0.9 approx. 1 – 2 cm
Range 1.0 – 4.6

Previous treatment
None 17 4
c-TACE 12 6
b-TACE 2 0
DEB-TACE 1 (by nodule) 0 (by person)

HBV = Hepatitis B virus; HCV = hepatitis C virus; DEB-
TACE = drug-eluting bead TACE.
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  For the TACE-naïve cohort, the rates from TE4 to TE1 
were 47.1% (8/17), 5.9% (1/17), 41.2% (7/17), and 5.9% 
(1/17), respectively. The objective response rate was 
52.9%. For the previously TACE-treated cohort, 15 HCCs 
were evaluable for response: 6 TE4 (40%), 3 TE3 (20%),
5 TE2 (33.3%), and 1 TE1 (6.7%). The objective response 
rate was 60%.

   The Uncountable Multiple HCC Group.  According to 
the overall evaluation of treatment response, complete re-
sponse was observed in 0% (0/10), partial response in 0% 
(0/10), stable disease in 10% (1/10), and progressive dis-
ease in 90% (9/10).

  Adverse Events 
 The following grade 2 or grade 1 adverse events were 

observed: increased ALT in 5 patients (18.5%) related to 
miriplatin (n = 3) and epirubicin (n = 2). All these events 
resolved within 2 weeks. In this study group, no vascular 

complications of the hepatic artery were observed. No 
other serious adverse events were observed after b-
TACE.

  Discussion 

 Our study served to investigate whether b-TACE 
might produce a more dense accumulation that can over-
come inferior local control in patients with various stages 
of HCC, from single to uncountable. Our results showed 
that b-TACE did not reduce the efficacy of retreatment 
for HCC with an insufficient outcome from TACE, and it 
did not improve the efficacy of treatment for uncountable 
multiple HCCs.

  Patients who have modest benefits from repeated 
TACE are also observed, although repeated TACE can 
worsen the liver function. Unfortunately, the disease 

a b

c

  Fig. 1.  A 70-year-old man with 2 HCCs was treated after previous 
drug-eluting bead TACE.  a  Early-phase dynamic CT shows a hy-
pervascular HCC (arrow) in segment 6 and insufficient response 
to drug-eluting bead TACE.  b  Digital subtraction angiography 
demonstrates HCC as an enhanced lesion (dashed circle). The 
same branch of A6 was catheterized at the time of previous drug-
eluting bead TACE.  c  Early-phase dynamic CT scan obtained
2 months after c-TACE shows well-accumulated iodized oil in 
HCC getting smaller (arrow). 
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eventually progresses, becoming refractory to TACE. 
Sorafenib is often recommended as a treatment option for 
TACE-refractory patients  [18–24] , but there remains a 
great need for treatment options among HCC patients 
who are ineligible for, intolerant to, or who progress dur-
ing sorafenib treatment. In our naïve, countable HCC 
group, complete response was observed in 8 (47.1%) out 
of the 17 evaluable HCC nodules, and the response rate 
was 52.9%. For HCCs in TACE-insufficient patients, b-
TACE produced a complete response in 6 (40%) out of 
the 15 evaluable HCC nodules, and the response rate was 
60%. Almost the same level of outcome was obtained 
among naïve and TACE-insufficient HCCs. Therefore, b-
TACE may be one treatment option following c-TACE 
refraction in patients with countable HCCs.

  Lobar TACE can cause damage to normal liver tissue 
and poor outcomes for uncountable multiple HCCs. For-
merly, TACE/TAE was considered to offer no survival 
benefits compared with conservative management or 
suboptimal treatments  [25, 26] . The apparent lack of a 
survival benefit could have been caused by objectively 
poor responses weighted by less selective TACE/TAE, be-
cause many patients with bilobar multiple HCCs were in-
cluded in some previous trials. Even now, it is challenging 
to treat uncountable multiple HCCs by TACE. Before 
seeing our results, we expected that balloon occlusion at 
the tip of the microcatheter would provide better accu-
mulation of iodized oil after b-TACE even in patients 
with bilobar multiple HCCs. However, only 1 such pa-
tient achieved stable disease, and 9 (90%) had progressive 
disease. b-TACE may not be appropriate for patients with 
uncountable multiple HCCs.

  Hepatic arterial infusion chemotherapy (HAIC), 
which can increase the local concentration of anticancer 
drugs with reduced systemic distribution, may offer bet-
ter antitumor efficacy and reduced toxicity. In Japan, 
HAIC has traditionally been used to treat patients with 
advanced HCC with vascular invasion, multiple intrahe-
patic lesions, or both  [26–29] . The regimen for this treat-
ment is usually low-dose 5-fluorouracil and cisplatin or 
5-fluorouracil infusion combined with systemic interfer-
on therapy. The reported response rates to HAIC vary in 
the range of approximately 30–50%  [30–34] . Therefore, 
for patients with uncountable HCCs, the effect of anti-
cancer agents may be superior to that of balloon occlu-
sion.

  The principal limitation of this study was its retrospec-
tive and noncomparative study design, which inherently 
decreased the statistical strength. The second limitation 
was that this study could suffer from selection bias be-
cause the patients were enrolled according to the opera-
tors’ subjective judgment to undergo b-TACE.

  In conclusion, b-TACE did not reduce the efficacy of 
retreatment for HCC in patients with an insufficient 
outcome from c-TACE. However, b-TACE did not im-
prove the efficacy of treatment for uncountable multiple 
HCCs.

  Disclosure Statement 

 The authors declare that no financial or other conflicts of inter-
est exist in relation to the content of this article.
 

 References 

  1 Llovet JM, Real MI, Montana X, et al: Arterial 
embolisation or chemoembolisation versus 
symptomatic treatment in patients with unre-
sectable hepatocellular carcinoma: a ran-
domised controlled trial. Lancet 2002;   359:  
 1734–1739. 

  2 Marelli L, Stigliano R, Triantos C, et al: Tran-
sarterial therapy for hepatocellular carcino-
ma: which technique is more effective? A sys-
tematic review of cohort and randomized 
studies. Cardiovasc Intervent Radiol 2007;   30:  
 6–25. 

  3 Llovet JM, Bruix J: Systematic review of ran-
domized trials for unresectable hepatocellular 
carcinoma: chemoembolization improves 
survival. Hepatology 2003;   37:   429–442. 

  4 Takayasu K, Arii S, Ikai I, et al: Prospective 
cohort study of transarterial chemoemboliza-
tion for unresectable hepatocellular carcino-
ma in 8,510 patients. Gastroenterology 2006;  
 131:   461–469. 

  5 Sergio A, Cristofori C, Cardin R, et al: Trans-
catheter arterial chemoembolization (TACE) 
in hepatocellular carcinoma (HCC): the role 
of angiogenesis and invasiveness. Am J Gas-
troenterol 2008;   103:   914–921. 

  6 Lencioni R: Chemoembolization for hepato-
cellular carcinoma. Semin Oncol 2012;   39:  
 503–509. 

  7 Lencioni R: Chemoembolization in patients 
with hepatocellular carcinoma. Liver Cancer 
2012;   1:   41–50. 

  8 Minami Y, Yagyu Y, Murakami T, Kudo M: 
Tracking navigation imaging of transcatheter 
arterial chemoembolization for hepatocellu-
lar carcinoma using three-dimensional cone-
beam CT angiography. Liver Cancer 2014;   3:  
 53–61. 

  9 Minami Y, Kudo M: Therapeutic response as-
sessment of transcatheter arterial chemoem-
bolization for hepatocellular carcinoma: ul-
trasonography, CT and MR imaging. Oncol-
ogy 2013;   84(suppl 1):58–63. 

 10 Minami Y, Kudo M, Kawasaki T, et al: Trans-
catheter arterial chemoembolization of hepa-
tocellular carcinoma: usefulness of coded 
phase-inversion harmonic sonography. AJR 
Am J Roentgenol 2003;   180:   703–708. 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
19

8.
14

3.
44

.4
9 

- 2
/2

4/
20

16
 5

:4
8:

32
 A

M

－436－



 Minami    et al.
 

Oncology 2015;89(suppl 2):27–32
DOI: 10.1159/000440628

32

 11 Lee JK, Chung YH, Song BC, et al: Recurrenc-
es of hepatocellular carcinoma following ini-
tial remission by transcatheter arterial che-
moembolization. J Gastroenterol Hepatol 
2002;   17:   52–58. 

 12 Irie T, Kuramochi M, Takahashi N: Dense ac-
cumulation of lipiodol emulsion in hepatocel-
lular carcinoma nodule during selective bal-
loon-occluded transarterial chemoemboliza-
tion: measurement of balloon-occluded 
arterial stump pressure. Cardiovasc Intervent 
Radiol 2013;   36:   706–713. 

 13 Arai H, Abe T, Takayama H, et al: Safety and 
efficacy of balloon-occluded transcatheter ar-
terial chemoembolization using miriplatin 
for hepatocellular carcinoma. Hepatol Res 
2015;   45:   663–666. 

 14 Ogawa M, Takayasu K, Hirayama M, et al: Ef-
ficacy of a microballoon catheter in transarte-
rial chemoembolization of hepatocellular car-
cinoma using miriplatin, a lipophilic antican-
cer drug: short-term results. Hepatol Res 
2015, Epub ahead of print. 

 15 Golfieri R, Cappelli A, Cucchetti A, et al: Ef-
ficacy of selective transarterial chemoemboli-
zation in inducing tumor necrosis in small 
(<5 cm) hepatocellular carcinomas. Hepatol-
ogy 2011;   53:   1580–1589. 

 16 Livraghi T, Brambilla G, Carnaghi C, et al: Is 
it time to reconsider the BCLC/AASLD thera-
peutic flow-chart? J Surg Oncol 2010;   102:  
 868–876. 

 17 Kudo M, Kubo S, Takayasu K, et al: Response 
Evaluation Criteria in Cancer of the Liver 
(RECICL) proposed by the Liver Cancer 
Study Group of Japan (2009 revised version). 
Hepatol Res 2010;   40:   686–692. 

 18 Kudo M, Izumi N, Kokudo N, et al: Manage-
ment of hepatocellular carcinoma in Japan: 
Consensus-Based Clinical Practice Guide-
lines proposed by the Japan Society of Hepa-
tology (JSH) 2010 updated version. Dig Dis 
2011;   29:   339–364. 

 19 Llovet JM, Ducreux M, et al: EASL-EORTC 
clinical practice guidelines: management of 
hepatocellular carcinoma. J Hepatol 2012;   56:  
 908–943. 

 20 Park JW, Amarapurkar D, Chao Y, et al: Con-
sensus recommendations and review by an 
International Expert Panel on Interventions 
in Hepatocellular Carcinoma (EPOIHCC). 
Liver Int 2013;   33:   327–337. 

 21 Ogasawara S, Chiba T, Ooka Y, et al: Efficacy 
of sorafenib in intermediate-stage hepatocel-
lular carcinoma patients refractory to transar-
terial chemoembolization. Oncology 2014;   87:  
 330–341. 

 22 Raoul JL, Gilabert M, Piana G: How to define 
transarterial chemoembolization failure or 
refractoriness: a European perspective. Liver 
Cancer 2014;   3:   119–124. 

 23 Kim HY, Park JW: Clinical trials of combined 
molecular targeted therapy and locoregional 
therapy in hepatocellular carcinoma: past, 
present, and future. Liver Cancer 2014;   3:   9–17. 

 24 Peck-Radosavljevic M: Drug therapy for ad-
vanced-stage liver cancer. Liver Cancer 2014;  
 3:   125–131. 

 25 Bruix J, Llovet JM, Castells A, et al: Transarte-
rial embolization versus symptomatic treat-
ment in patients with advanced hepatocellu-
lar carcinoma: results of a randomized, con-
trolled trial in a single institution. Hepatology 
1998;   27:   1578–1583. 

 26 Kudo M, Matsui O, Izumi N, et al: JSH Con-
sensus-Based Clinical Practice Guideline for 
the Management of Hepatocellular Carcino-
ma: 2014 Update by the Liver Cancer Study 
Group of Japan. Liver Cancer 2014;   3:   458–468. 

 27 Kudo M, Matsui O, Izumi N, et al: Transarte-
rial chemoembolization failure/refractori-
ness: JSH-LCSGJ criteria 2014 update. Oncol-
ogy 2014;   87(suppl 1):22–31. 

 28 Yamashita T: Current status of hepatocellular 
carcinoma treatment in Japan: hepatic arte-
rial infusion chemotherapy. Clin Drug Invest 
2012;   32(suppl 2):15–23. 

 29 Kudo M: Surveillance, diagnosis, treatment, 
and outcome of liver cancer in Japan. Liver 
Cancer 2015;   4:   39–50. 

 30 Ikeda M, Okusaka T, Furuse J, et al: A multi-
institutional phase II trial of hepatic arterial 
infusion chemotherapy with cisplatin for ad-
vanced hepatocellular carcinoma with portal 
vein tumor thrombosis. Cancer Chemother 
Pharmacol 2013;   72:   463–470. 

 31 Ueshima K, Kudo M, Takita M, et al: Hepatic 
arterial infusion chemotherapy using low-
dose 5-fluorouracil and cisplatin for advanced 
hepatocellular carcinoma. Oncology 2010;  
 78(suppl 1):148–153. 

 32 Ueshima K, Kudo M, Nagai T, et al: Combina-
tion therapy with S-1 and pegylated interfer-
on alpha for advanced hepatocellular carci-
noma. Oncology 2008;   75(suppl 1):106–113. 

 33 Obi S, Yoshida H, Toune R, et al: Combina-
tion therapy of intraarterial 5-fluorouracil 
and systemic interferon-alpha for advanced 
hepatocellular carcinoma with portal venous 
invasion. Cancer 2006;   106:   1990–1997. 

 34 Nagano H, Miyamoto A, Wada H, et al: Inter-
feron-alpha and 5-fluorouracil combination 
therapy after palliative hepatic resection in 
patients with advanced hepatocellular carci-
noma, portal venous tumor thrombus in the 
major trunk, and multiple nodules. Cancer 
2007;   110:   2493–2501. 

  

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
19

8.
14

3.
44

.4
9 

- 2
/2

4/
20

16
 5

:4
8:

32
 A

M

－437－



E-Mail karger@karger.com

 Clinical Study 

 Oncology 2015;89(suppl 2):33–41 
 DOI: 10.1159/000440629 

 Hyperenhanced Rim Surrounding Liver 
Metastatic Tumors in the Postvascular Phase of 
Sonazoid-Enhanced Ultrasonography: 
A Histological Indication of the Presence of 
Kupffer Cells 

 Hitoshi Tochio    a     Masafumi Sugahara    a     Yukihiro Imai    b     Hiroshi Tei    c     

Yoshiyuki Suginoshita    c     Nobuhiro Imawsaki    a     Ichiro Sasaki    a     Michio Hamada    a     

Kazushi Minowa    a     Tetsuo Inokuma    c     Masatoshi Kudo    d   

 Departments of  a    Clinical Laboratory,  b    Clinical Pathology and  c    Gastroenterology, Kobe City General Hospital,  Kobe , 
and  d    Department of Gastroenterology and Hepatology, Kinki University School of Medicine,  Osaka-Sayama , Japan

 

tive group (n = 8), the distribution density of CD68-positive 
cells was 2.9 ± 0.9, which was significantly higher than that 
(1.0 ± 0.3) in the HER-negative group (p < 0.05). Inflamma-
tory cell infiltrates, including CD8-positive lymphocytes, 
were detected in all the HER-positive cases in the area sur-
rounding the tumor, while fibrosis was observed in all the 
HER-negative cases. The necrotic area within the tumor was 
significantly larger in the HER-negative group.  Conclusion:  
The HER-positive sign in liver metastases could reflect an 
increase in Kupffer cells in the tumor rim. The presence of 
the HER was associated with inflammatory cell infiltrates in-
cluding CD8-positive lymphocytes surrounding the meta-
static liver tumor.  © 2015 S. Karger AG, Basel 

 Introduction 

 Until recently, contrast-enhanced ultrasonography 
(US) was primarily used for the evaluation of the hemo-
dynamics of liver masses  [1–6] . The development of 

 Key Words 
 Liver cancer · Sonazoid · Contrast-enhanced 
ultrasonography · Kupffer cell · Programmed cell death-1 
antibody · CD8-positive T cell 

 Abstract 
  Aim:  A hyperenhanced rim (termed ‘HER’) in the postvascu-
lar phase is detected in some cases of liver metastasis by 
Sonazoid-enhanced ultrasonography (US). Here, the asso-
ciation of the HER with histological features was investigat-
ed to clarify the cause of this characteristic imaging pattern. 
 Subjects and Methods:  A total of 13 hepatic nodules ob-
tained from 11 patients with metastatic liver cancer who un-
derwent Sonazoid-enhanced US followed by surgical resec-
tion were analyzed. The distribution density of CD68-posi-
tive cells in the tumor rim and the nontumor area was 
calculated and compared between the HER-positive and 
HER-negative groups. The relation between the pathologi-
cal features of the tumor rim and the rate of necrosis within 
the tumor was also investigated.  Results:  In the HER-posi-
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contrast-enhanced US using Sonazoid enabled not only 
the observation of the hemodynamic state, but also de-
tailed evaluation of liver masses by generating function-
al images to visualize the distribution of Kupffer cells 
 [7–14] . Images obtained during the vascular phase with 
excellent temporal resolution  [15]  and postvascular im-
ages  [16]  obtained during the postvascular phase are 
both clinically useful. Metastatic liver tumors that are 
poorly visualized by conventional B-mode US can often 
be detected as a clear defect by Sonazoid-enhanced US 
 [13, 17] . Increasing evidence suggests that the ability of 
Sonazoid-enhanced US to detect liver metastases is su-
perior to that of computed tomography  [3, 13, 18] . 
Qualitative diagnosis, including determination of the 
degree of differentiation of newly developed, small, 
well-differentiated hepatocellular carcinomas (HCCs) 
 [5, 15, 19–23] , has been achieved by evaluating the de-
creased echogenicity associated with a reduced distribu-
tion of Kupffer cells  [24–26] . However, the evaluation of 
Kupffer images in the postvascular phase has focused 
only on the inside of the lesion, whereas altered imaging 
patterns in the area surrounding the lesion have not at-
tracted much attention. 

  In some cases of liver metastases, a 2- to 3-mm hyper-
enhanced band-like area is observed in the tumor periph-
ery during the postvascular phase of Sonazoid-enhanced 
US. This imaging pattern was tentatively termed ‘hyper-
enhanced rim’ (HER) in the postvascular phase. In the 
present study, the histopathological features of resected 
liver metastases were compared by dividing lesions into 
two groups, a HER-positive and a HER-negative group, 
to investigate the causes of this characteristic imaging 
pattern. 

  Subjects and Methods 

 The study included 13 hepatic nodules [mean diameter, 1.8 ± 
0.7 cm (range, 1.1–3.7)] obtained from 11 patients with liver me-
tastases (7 men and 4 women with a mean age of 65 ± 11 years) 
who underwent contrast-enhanced US followed by surgical resec-
tion between September 2011 and August 2013. The primary sites 
were the colon in 9 patients, the duodenal papilla in 1 patient, and 
the breast in 1 patient. 

  The 13 nodules were divided into 8 HER-positive and 5 HER-
negative nodules. There were no significant differences in age, gen-
der, primary site, tumor diameter, time after intravenous injection 
of Sonazoid, and interval from contrast-enhanced US to surgery 
between the two groups ( table 1 ). Contrast-enhanced US was per-
formed by observing images in the postvascular phase at 30–60 
min after intravenous injection of 1 ml of Sonazoid with a me-
chanical index of 0.20–0.22. The US equipment and probes used 
were AplioXG (Toshiba) with PVT-374BT or PVT-375BT, and 
Aloka-Preirus (Hitachi) with EUP-C715 or EUP-L52.

  For histological evaluation, formalin-fixed, paraffin-embedded 
blocks of resected specimens of liver metastases were cut into 3 se-
rial 3-μm sections at the maximum tumor diameter. The sections 
were subjected to immunohistochemical staining for macro-
phages, hematoxylin and eosin (HE) staining, or Masson’s tri-
chrome staining. 

  The primary antibody used for macrophage staining was anti-
CD68 (KP1; Dako, Glostrup, Denmark), a macrophage marker. Di-
aminobenzidine was applied as a chromogen for immunohisto-
chemical staining. The stained slides were observed under a light 
microscope at low magnification, and 3 fields with adequate staining 
were randomly selected from an area within 2 mm from the tumor 
margin and photographed using a ×40 objective lens. Similarly, 3 
fields were randomly selected from a nontumor area located at least 
5 mm from the tumor margins and photographed as described 
above. The number of CD68-positive cells was determined from 
printed photographs. Results were expressed as the number of CD68-
positive cells per each unit area (0.35 × 0.26 × 3 mm 2 ), and the distri-
bution density of CD68-positive cells in the tumor rim relative to that 
in the surrounding nontumor liver parenchyma was calculated. 

 Table 1.  Comparison of clinical and radiological characteristics between HER-positive and HER-negative groups

 HER in the postvascular phase p

positiv e group 
(n = 8)

negative group 
(n = 5)

Thickness of HER, mm 2.4 ± 0.4 (2 – 3) –
Age, years 67 ± 12 (41 – 81) 62 ± 8 (50 – 73) n.s.
Gender (M:F) 6:2 4:1 n.s.
Primary site, n

Colon 7 4
Duodenal papilla 1
Breast 1

Tumor diameter, cm 1.9 ± 0.8 (1.1 – 3.7) 1.9 ± 0.5 (1.1 – 2.5) n.s.
Time after intravenous injection of Sonazoid, min 51 ± 34 (20 – 110) 58 ± 33 (40 – 110) n.s.
Interval from contrast-enhanced US to surgery, days 35 ± 12 (15 – 42) 27 ± 13 (20 – 40) n.s.
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  Inflammatory cell infiltrates in the tumor rim and the morpho-
logical features of the tumor were evaluated using HE-stained 
slides. The inflammatory cell infiltrates were defined as positive if 
the density of inflammatory cells was higher than that of the Glis-
son’s capsule in a nontumor area located at least 5 mm from the 
tumor. The necrotic area within the tumor was also measured. Fi-
brosis and capsule formation in the tumor rim were evaluated by 
Masson’s trichrome staining. Capsule formation was defined as 
positive when a band-like fibrosis was detected in a circumferential 
pattern surrounding the tumor.

  The Student t and χ 2  tests were used to evaluate the statistical 
significance of differences.

  Results 

 The mean thickness of high-echo bands ( fig. 1 ) in the 
HER-positive nodules was 2.4 ± 0.4 (range, 2–3) mm. 

  In the HER-positive group (n = 8), the number of 
CD68-positive cells per unit area in zones within 2 mm 
from the tumor margin was 247 ± 86 and the distribution 

density relative to that in the nontumor areas (84 ± 20) 
was 2.9 ± 0.9 (range, 1.6–4.2). In the HER-negative group, 
the number of CD68-positive cells was 85 ± 34 and the 
distribution density relative to that in the nontumor areas 
(85 ± 35) was 1.0 ± 0.3 (range, 0.6–1.3;  table 2 ). 

  The number of CD68-positive cells in the tumor rim 
and the relative distribution density were significantly 
higher in the HER-positive group (n = 8) than in the 
HER-negative group (p < 0.05 both). 

  In the histological analysis of the tumor rim, inflam-
matory cell infiltrates were significantly more common in 
the HER-positive group (8/8) than in the HER-negative 
group (2/5; p < 0.05;  table 2 ). 

  Fibrosis in the tumor rim was more common in the 
HER-negative (8/8) than in the HER-positive group (4/8; 
p = 0.057). An established capsule was more common in 
the HER-negative than in the HER-positive group. There 
were no significant differences in the compression of the 
hepatic cord and the presence of peliosis in the tumor rim 
between the two groups.

 Table 2. Comparison of histopathological findings between HER-positive and HER-negative groups in resected 
specimens

At tumor margin HER in the postvascular phase p

positive group 
(n = 8)

negative group 
(n = 5)

Density of CD68-positive cells 247 ± 86 (99 – 388) 85 ± 34 (40 – 136) <0.05
Ratio of distribution density of CD68-positive cells 2.9 ± 0.9 (1.6 – 4.2) 1.0 ± 0.3 (0.6 – 1.3) <0.05
Inflammatory cell infiltrate 8 (100%) 2 (40%) <0.05
Fibrosis 4 (50%) 5 (100%) 0.057
Fibrous capsule 1 (13%) 3 (60%) 0.071
Compression of hepatic cord 4 (50%) 1 (20%) n.s.
Peliosis 5 (63%) 2 (40%) n.s.

a b

  Fig. 1.  HER in the postvascular phase in a 
metastatic liver tumor. A band-like area of 
2–3 mm (arrowheads) showing hyperen-
hancement relative to the surrounding pa-
renchyma in the postvascular phase of Son-
azoid-enhanced US is observed in a circum-
ferential pattern in the tumor rim of a 
metastatic liver cancer of 2.5 cm in size, de-
tected as a defect in the S5 ( a ). A band-like 
area (arrowheads) of similar thickness is ob-
served in the periphery of a small nodule of 
8 mm in size found in the vicinity ( b ). These 
findings were termed ‘hyperenhanced rim 
(HER)’ in the postvascular phase image. 
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a b

c d e

f g

h i j
  2  

(For legend see next page.)
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  A necrotic area within the tumor was detected at a 
higher rate in the HER-negative group than in the HER-
positive group (p < 0.05;  table 2 ;  fig. 2 ,  3 ).

  Discussion 

 Contrast-enhanced US using Sonazoid is widely used 
in Japan, and qualitative diagnosis by contrast-enhanced 
US is included in the diagnostic criteria for hepatic lesions 
proposed by the Japan Society of Ultrasonics in Medicine 
(JSUM) in 2012  [16] . The JSUM guidelines for contrast-
enhanced US were published by Kumada et al.  [15]  in 
2014. The World Federation for Ultrasound in Medicine 
and Biology (WFUMB) guidelines for contrast-enhanced 
US were published in 2013  [9, 10] .

  In these criteria, early enhancement confined to the 
tumor margin (ring enhancement) is described as one of 
the characteristic findings of liver metastases  [7, 15, 16] . 
This imaging pattern is thought to result from the en-
hancement of viable cell components in the tumor mar-
gin and of surrounding noncancerous tissues associated 
with hyperplasia of the fibrous stroma, inflammation, 
and angiogenesis  [7, 15, 27] , and may disappear in the 
portal phase. These findings appear to be similar to those 
associated with the HER in the present study, since they 
both show ring enhancement in the tumor rim; however, 
they are present only in the early arterial phase of vascular 
phases up to 120 s. This indicates that they differ from the 
HER findings, which were confined to the postvascular 
phase, suggesting that the two imaging patterns are caused 
by different processes.

  On the other hand, the characteristic features of liver 
metastases in the postvascular phase have been clearly de-

fined  [1, 15, 16] . Unlike the slightly decreased enhance-
ment found in small, well-differentiated HCCs associated 
with a decreased density of Kupffer cells within the tumor 
 [5] , observation in the postvascular phase with high spa-
tial resolution is useful for detecting liver metastases. Tu-
mors within the liver parenchyma showing a wedge-
shaped enhancement in the vascular phase due to tumor 
infiltration to the peripheral portal branches and Glis-
son’s capsule  [28]  can be detected by this method. In our 
institution, contrast-enhanced US is performed as a 
screening test to detect liver metastases by searching for 
a defective area at 30–60 min (average of 50 min) after 
intravenous injection of Sonazoid.

  The detection of malignant tumors in the postvascular 
phase is generally based on findings in the defective area, 
such as changes in the echogenicity within the tumor, 
rather than on changes in the tumor rim. In this regard, 
the HER described in the present study could be a novel 
imaging finding of contrast-enhanced US. Since postvas-
cular images reflect the distribution of Kupffer cells, the 
HER could be an area containing a high density of Kupffer 
cells. To test this hypothesis and to investigate the types 
of liver metastases associated with a high density of 
Kupffer cells in the tumor rim, we compared histopatho-
logical findings between the HER-positive and HER-neg-
ative groups. 

  Our results showed that the number of CD68-positive 
cells in the tumor rim (within 2 mm from the tumor mar-
gin) and the distribution density relative to that in the 
nontumor areas were significantly higher in the HER-
positive than in the HER-negative group. CD68 immu-
nostaining is used for the detection of cells of the histio-
cytic system, including monocytes and macrophages with 
phagocytic activity such as Kupffer cells. In the present 
study, CD68 staining was faint and macroscopic detec-
tion of an area of high CD68 staining corresponding to 
the HER was not possible. However, the number of CD68-
positive cells counted under the microscope was approx-
imately three times higher in the tumor rim than in the 
nontumor areas. Although these results were obtained by 
counting the number of cells in photographic images of 3 
randomly selected fields from the tumor rim and nontu-
mor areas acquired under a microscope with a ×40 objec-
tive lens, the difference in the distribution density of 
CD68-positive cells may reflect the HER pattern. HER 
positivity could indicate the accumulation of macro-
phages with phagocytic activity in a circumferential pat-
tern in an area within 2 mm from the tumor margin. 

  Neutrophil infiltration occurs frequently in the portal 
region in cases of liver metastasis  [29] ; however, the path-

  Fig. 2.  A HER-positive metastatic liver tumor originating from the 
rectum in a female patient in her 70s. At 90 min after intravenous 
injection of Sonazoid (in the postvascular phase), a 1.9-cm defect 
with a clear HER (arrowheads) is detected in the S5 ( a ). A high-
frequency probe enables clear detection of the rim (arrowheads), 
and its maximum thickness was determined to be 3 mm ( b ). In a 
fixed resected specimen ( c ), the central part of the tumor shows a 
yellowish-white appearance with a necrotic area occupying 30% of 
the tumor, as measured under a loupe lens ( d ). Slight fibrosis in 
addition to inflammatory cell infiltrates is detected at the tumor 
rim by Masson’s trichrome staining ( e ). The distribution density 
of CD68-positive cells in the tumor rim ( f ) relative to that in the 
nontumor area was 3.1 ( g ) as measured by anti-CD68 immuno-
staining. HE staining of the tumor periphery and the surrounding 
liver ( h ). CD8-positive cells are observed in the surrounding liver 
( i ) and in the tumor ( j ). 
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a b

c d e

f g h

  Fig. 3.  HER-negative metastatic liver cancer (a case associated with 
the presence of a HER-positive nodule) originating from the rec-
tum in a male patient in his 60s. At 60 min after intravenous injec-
tion of Sonazoid (in the postvascular phase), a clear 2.2-cm defect 
is detected in the S5 ( a ). There is no high-echo band in the tumor 
rim ( a ). In this case, a HER-positive nodule of 0.8 cm in size was 
detected in the vicinity ( b ). In a fixed resected specimen, most of 
the tumor has a yellowish-white appearance, while the adjacent 

HER-positive nodule looks whitish ( c ). Under a loupe lens, necro-
sis is detected in 95% of the tumor ( d ). Masson’s trichrome stain-
ing shows a thick fibrous capsule surrounding the whole tumor 
and the tumor rim (arrows;  e ). CD68 staining showed that the 
distribution density of CD68-positive cells was 0.6 in the tumor 
rim of the HER-negative nodule ( f ) and 1.6 in that of the HER-
positive nodule ( g ). CD68-positive cells were rare in the nontumor 
area ( h ).   
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ological findings associated with macrophage accumula-
tion in the tumor periphery have not been reported. 

  Functional imaging modalities targeting the phagocyt-
ic activity of reticuloendothelial cells such as Kupffer cells 
include phytate colloid scintigraphy and superparamag-
netic iron oxide MRI. However, the former has an ex-
tremely low resolution capability and a limited capacity 
for detecting alterations of 2–3 mm in size. Although su-
perparamagnetic iron oxide MRI is superior to unen-
hanced MRI for the detection of liver metastases  [30] , an 
imaging feature corresponding to the HER sign has not 
been reported to date. In this respect, Kupffer cell accu-
mulation is only detectable by imaging modalities based 
on Sonazoid-enhanced US with a high spatial resolution. 

  One of the mechanisms by which macrophages accu-
mulate in the periphery of liver metastases could be re-
lated to an increased density of Kupffer cells attached to 
the sinusoidal wall in the tumor rim associated with com-
pression by tumor growth. However, pathological exam-
inations revealed no correlation between the compres-
sion of the hepatic cord in the tumor periphery and the 
HER area. In addition, there was no correlation between 
the presence of peliosis, dilated sinusoids, and the HER 
sign. These results suggest that the HER-positive sign 
may reflect another process in addition to the distribution 
density of attached Kupffer cells. There was a correlation 
between inflammatory cell infiltrates in the tumor rim 
and the HER sign. Inflammatory cell infiltrates including 
CD8-positive cells were found in some HER-positive cas-
es, which we tested in only a few cases. 

  If CD8-positive T cell (cytotoxic T cell) infiltrates are 
consistently associated with HER-positive tumors and 
not associated with HER-negative tumors, HER positiv-
ity could be used as an imaging biomarker for the predic-
tion of anti-programmed cell death-1 (PD-1) antibody 
treatment response, since PD-1 response correlated with 
PD-L1 expression, which also correlated with the pres-
ence of CD8-positive lymphocytes  [31, 32] .

  Fibrosis was detected in the tumor rim in all HER-
negative cases, and some of these cases showed a com-
plete capsule. In addition, there was no correlation be-
tween the proportion of necrotic areas within the tumor 
and the HER sign. The proportion of necrotic areas tend-
ed to be higher in the HER-negative group than in the 
HER-positive group, and some cases in the HER-negative 
group showed complete necrosis within the tumor ( fig. 4 ). 

  These results led us to hypothesize that migrating mac-
rophages  [26]  accumulate in the tumor periphery and 
mediate the phagocytosis of substances eluted from the 
tumor. This could be one of the mechanisms by which 
macrophages surround metastatic tumors. As fibrosis, in 
addition to the accumulation of inflammatory and/or cy-
totoxic lymphocytes  [29] , occurs in the tumor periphery, 
complete encapsulation of the tumor could decrease the 
number of macrophages that come into contact with tu-
mor substances and thereby accumulate in the tumor rim. 

  Since macrophage accumulation is thought to be 
caused by foreign body (tumor cell) phagocytosis, their 
localization to the invasive front of the cancer growth area 
indicates that macrophages may inhibit the progression 

CD68-positive cell increase

Inflammatory cell increase

CD68-positive cell equivocal

Fibrosis increase Ratio of necrotic area high

HER (+) nodule HER (–) nodule

  Fig. 4.  Comparison of histological findings 
between HER-positive and HER-negative 
nodules.                     
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of cancer itself. Also, CD8-positive cells may have been 
activated by tumor-associated antigen through antigen-
presenting cells.

  Nevertheless, this phenomenon has not been reported 
previously, even in pathological studies, and can be ob-
served only by Sonazoid-enhanced US. Therefore, further 
studies using Sonazoid-enhanced US are required to de-
termine whether the prognosis of liver metastasis differs 
between HER-positive and HER-negative patients, and 
whether the HER sign is specific to liver metastases and 
is not observed in other types of hepatic nodules, includ-
ing HCCs. Also, further study of the immunochemistry 
of CD8-positive cells and PD-L1 in our series may open 
a new door to immunotherapy of liver cancers through 
PD-1 brocade, i.e., the HER sign might be a response-
predictive imaging biomarker of PD-1 antibody therapy 
of liver cancer.

  Conclusion 

 A HER sign in the postvascular phase of Sonazoid-en-
hanced US detected in the tumor rim of liver metastases 
could reflect an increase in cells of the histiocytic system 
including Kupffer cells. The presence of the HER sign was 
also associated with inflammatory cell infiltrates and 
CD8-positive lymphocytes, suggesting that HER positiv-
ity could be a predictive imaging biomarker of the re-
sponse to PD-1 monoclonal antibody treatment for liver 
cancer.
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AFP and platelet (PLT) count were compared among the three 
groups.  Results:  No difference in SVR was observed in patients 
given daclatasvir with asunaprevir (SVR4), telaprevir plus PEG-
IFN/RBV or simeprevir plus PEG-IFN/RBV (SVR24). Also, no sig-
nificant difference was observed in the mean change of serum 
ALT, AFP or PLT count among the three groups.  Conclusion:  
The preventive effect of the IFN-free, all-oral regimen of dacla-
tasvir and asunaprevir was observed with a focus on the oc-
currence and recurrence of HCC, as was IFN-based treatment 
with telaprevir or simeprevir plus PEG-IFN/RBV. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 The treatment of chronic hepatitis C virus (HCV) in-
fection typically includes a regimen of interferon (IFN) 
and ribavirin (RBV), with or without direct-acting anti-
virals  [1] .

 Key Words 
 Prevention · Hepatocellular carcinoma · Occurrence · 
Recurrence · Daclatasvir · Asunaprevir · Direct-acting 
antivirals · Interferon-free treatment 

 Abstract 
  Objectives:  The efficacy of the all-oral administration of dacla-
tasvir and asunaprevir for 24 weeks was compared with that 
of telaprevir for 12 weeks plus pegylated interferon and riba-
virin (PEG-IFN/RBV) for 24 weeks, and that of simeprevir for 12 
weeks plus PEG-IFN/RBV for 24 weeks, with a focus on the pre-
vention of occurrence and recurrence of hepatocellular carci-
noma (HCC). The levels of alanine aminotransferase (ALT) and 
α-fetoprotein (AFP) as suppressive markers of HCC were also 
measured.  Methods:  Patients received daclatasvir and asuna-
previr (n = 17), simeprevir plus PEG-IFN/RBV (n = 15) and tela-
previr plus PEG-IFN/RBV (n = 25). Sustained virological re-
sponse (SVR) and the mean change in the level of serum ALT, 
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  Combined with pegylated interferon (PEG-IFN) and 
RBV, HCV protease inhibitors telaprevir, boceprevir or 
simeprevir achieve overall sustained virological response 
(SVR) rates ranging from 68 to 89% in treatment-naive 
patients with HCV genotype 1 infection  [2–4] .

  In the past 2 decades, IFN treatment including PEG-
IFN has been used to treat chronic hepatitis C (CHC), 
with the goal of altering the natural history of the disease; 
also, eradication of HCV with IFN treatment of CHC has 
been shown to prevent hepatocellular carcinoma (HCC) 
 [5–9] .

  After IFN treatment, alanine aminotransferase (ALT) 
and α-fetoprotein (AFP) levels are significantly associat-
ed with hepatocarcinogenesis, and measuring their levels 
is useful in predicting the future HCC risk  [10–12] .

  IFN-free treatment of CHC, such as with direct-acting 
antivirals, has improved remarkably in recent years, espe-
cially the all-oral 24-week regimen of daclatasvir (NS5A 
replication complex inhibitor) plus asunaprevir (NS3 
protease inhibitor) approved in Japan in July 2014, for the 
first time worldwide.

  With the 24-week regimen of daclatasvir plus asuna-
previr, SVR24 has been achieved in 87.4% of patients in-
eligible for or intolerant to IFN-based treatment, and in 
80.5% of patients previously nonresponsive to treatment 
 [1] . Nonetheless, the prevention of HCC occurrence and 
recurrence with daclatasvir plus asunaprevir, an IFN-free 
treatment, remains to be clarified. If HCC recurrence is 
reduced, repeated curative treatments such as resection 
 [13, 14] , ablation  [15]  or transplantation  [16–18]  can be 
applicable.

  Here, we compared the all-oral 24-week regimen of 
daclatasvir plus asunaprevir with that of telaprevir or 
simeprevir plus PEG-IFN and RBV for 12 and 24 weeks, 
respectively, to assess their efficacy in the prevention of 
occurrence and recurrence of HCC, by measuring the lev-
els of ALT and AFP as HCC markers.

  Patients and Methods 

 Patients 
 A total of 57 patients seen at Kobe Asahi Hospital and diag-

nosed with chronic HCV and high viral loads of genotype 1b were 
enrolled in the study: 17 patients (3 men, 14 women, 67.9 ± 11.4 
years old) received daclatasvir and asunaprevir (group DA); 25 
patients (15 men, 10 women, 56.2 ± 10.2 years old) received tela-
previr plus PEG-IFN and RBV (PEG-IFN/RBV; group TL), and 
15 patients (6 men, 9 women, 62.4 ± 12.4 years old) received 
simeprevir plus PEG-IFN/RBV (group SM). Patients demonstrat-
ing hemoglobin levels  ≥ 11 g/dl (women) or  ≥ 12 g/dl (men), a 
platelet (PLT) count  ≥ 9 × 10 4 /mm 3 , HCV RNA  ≥ 5.0 log IU/ml, a 

neutrophil count  ≥ 1,500/mm 3  and thyroid-stimulating hormone 
levels within normal limits were included in the study; those dem-
onstrating HIV or hepatitis B coinfection, creatinine clearance 
<50 ml/min, liver disease other than CHC, evidence of advanced 
liver disease such as liver cirrhosis (Child-Pugh B and C), preex-
isting psychiatric conditions or a history of severe psychiatric dis-
order were excluded. Informed written consent was obtained 
from each patient, and the study protocol conformed to the ethical 
guidelines approved by the Ethics Committee of Kobe Asahi Hos-
pital.

  Study Design 
 Patients in group DA received 60 mg of daclatasvir once/day 

and asunaprevir 200 mg twice/day for 24 weeks; those in group 
TL received 750 mg of telaprevir every 8 h postprandial for 12 
weeks plus PEG-IFN/RBV for 24 weeks, and those in group SM 
received 100 mg simeprevir once/day for 12 weeks plus PEG-IFN/
RBV for 24 weeks. Groups TL and SM received 1.5 μg of PEG-
IFNα-2b/kg/body weight (BW) and 180 μg of PEG-IFNα-2a per 
week, respectively, and RBV 600 mg per day (for BW  ≤ 60 kg), 800 
mg per day (for BW >60 to  ≤ 80 kg) or 1,000 mg per day (for BW 
>80 kg).

  Laboratory Tests 
 HCV RNA was extracted from 140 μl serum with the use of a 

commercially available kit (QIAmp viral RNA kit; Qiagen, To-
kyo, Japan). Genetic polymorphism rs8099917 around the IL28B 
gene was determined by real-time polymerase chain reaction 
with the TaqMan assay  [19] . The IL28B major allele was defined 
as homozygous (TT) for the major sequence and the IL28B minor 
allele as homozygous (GG) or heterozygous (TG) for the minor 
sequence.

  Efficacy Assessment 
 The primary endpoint was SVR24 defined as an undetectable 

HCV RNA level 24 weeks after the end of treatment in groups TL 
and SM. In group DA, the primary endpoint was SVR4 defined as 
an undetectable HCV RNA level 4 weeks after the end of treatment 
due to the short follow-up period after the approval of medical in-
surance coverage in Japan. In a previous study, SVR4 has been 
observed at almost the same rate as that of SVR24  [1] . Consequent-
ly, SVR4 of group DA was compared with SVR24 of groups TL and 
SM, and the mean change in the level of ALT, AFP and PLT count 
was assessed in patients who achieved SVR. The mean change in 
ALT was defined as (ALT at achieved SVR – baseline ALT)/base-
line ALT. The mean change in the level of serum AFP and PLT 
count was similarly defined.

  Statistical Analysis 
 The rate of SVR4 in group DA was compared with that of 

SVR24 in groups TL and SM by Fisher’s exact test or the χ 2  test. 
The baseline data, including ALT, AFP and PLT count, were com-
pared with data at achieved SVR by the Mann-Whitney U test in 
each group. To compare the mean change in the level of serum 
ALT, AFP and PLT count among the three groups, the Kruskal-
Wallis test was used after the Steel-Dwass pairwise multiple com-
parison test.

  Variables with a p value <0.05 were considered statistically sig-
nificant. All statistical analyses were carried out with the use of 
Excel Statistics 2011 by SSRI.
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  Results 

 Baseline Characteristics 
 The patients in group DA were older than those in the 

other groups (DA 67.9 years, TL 56.2 years and SM 62.4 
years; DA vs. TL, p = 0.01; DA vs. SM, p = 0.14). In group 
DA, 70.6% (12/17) of the patients were aged  ≥ 65 years, 
58.8% (10/17) had liver cirrhosis, and 47.1% (8/17) had 
undergone curative treatment for HCC. No significant 
difference was observed in ALT and AFP, but a significant 
difference was observed in PLT count. The PLT count in 
group DA was lower than that in groups TL and SM (DA 
10.5 × 10 4 /mm 3 , TL 16.3 × 10 4 /mm 3  and SM 16.9 × 10 4 /
mm 3 ; DA vs. TL, p = 0.003; DA vs. SM, p = 0.008). Pre-
treatment of the HCV RNA level in group TL was sig-
nificantly higher than that in group DA (DA 6.0 KIU/ml 
and TL 6.5 KIU/ml; p = 0.01;  table 1 ).

  Efficacy 
 SVR4 was achieved in 88% (15/17) of the patients in 

group DA, and SVR24 in 76% (19/25) and 73% (11/15) in 
groups TL and SM, respectively. No significant difference 
in SVR was observed among the three groups, and none 
of the patients discontinued treatment prematurely at-
tributed to adverse events.

  Serum values of ALT, AFP and PLT count were mea-
sured at baseline and at achieved SVR. The serum ALT 

value at achieved SVR (DA 9.7 IU/l, TL 14.5 IU/l and SM 
26.7 IU/l) was significantly lower than that at baseline 
(DA 45.4 IU/l, TL 47.7 IU/l and SM 66.0 IU/l) in all groups 
(p < 0.05). The serum AFP value was significantly lower 
at achieved SVR (DA 9.0 ng/ml and SM 5.8 ng/ml) com-
pared with the baseline level (DA 20.9 ng/ml and SM 10.4 
ng/ml; p < 0.05). On the other hand, the serum PLT count 

 Table 1.  Patient baseline characteristics

Group DA Group TL Group SM

Age, years 67.9 (45 – 86)a 56.2 (42 – 80) 62.4 (37 – 77)
Men/women 3/14a 15/10 6/9
ALT, IU/l 42.2 (8 – 223) 45.6 (17 – 104) 57.9 (14 – 199)
AFP, ng/ml 19.0 (2.3 – 81.8) 9.3 (1.8 – 48.2) 11.8 (2.9 – 34)
PLT, ×104/mm3 10.5 (4.5 – 16.9)b 16.3 (7.8 – 27.4) 16.9 (8.1 – 26.9)
HCV RNA, KIU/ml 6.0 (5.1 – 7.0)c 6.5 (4.9 – 7.7) 6.2 (4.3 – 7.4)
IL28B

Major 7 14 8
Minor 10 11 7

Previous treatment for HCC 1 13 5

Response to prior HCV treatment
Nonresponse 11 5 5
Relapse 3 7 5
IFN intolerant 2 0 0

Cirrhosis 10 not applicable not applicable
Treatment of HCC-experienced 8 not applicable not applicable

 Data are given as either number of patients or the mean with ranges in parentheses. a p = 0.01, statistically 
significant difference versus group TL; b p = 0.003, 0.008, statistically significant difference versus groups TL and 
SM; c p = 0.01, statistically significant difference versus group TL.

 Table 2.  Comparison between baseline data and data at achieved 
SVR

At baseline At achieved
SVR

p

Treatment group DA
ALT, IU/l 45.4 9.7 0.0007
AFP, ng/ml 20.9 9.0 0.0007
PLT, ×104/mm3 10.9 11.6 0.0609

Treatment group TL
ALT, IU/l 47.7 14.5 0.0001
AFP, ng/ml 10.0 4.0 0.1380
PLT, ×104/mm3 17.1 18.6 0.0077

Treatment group SM
ALT, IU/l 66.0 26.7 0.0033
AFP, ng/ml 10.4 5.8 0.0033
PLT, ×104/mm3 18.8 19.5 1.0000

 Data shown are mean values.
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at achieved SVR (TL 18.6 × 10 4 /mm 3 ) was significantly 
higher than that at baseline (TL 17.1 × 10 4 /mm 3 ; p = 
0.0077;  table 2 ).

  In addition, the mean change in the level of serum 
ALT, AFP and PLT count was calculated as follows: val-
ues at achieved SVR – values at baseline/values at base-
line, giving the following results for ALT: –60.6% in group 
DA, –61.3% in group TL and –54.3% in group SM; for 
AFP: –44.9% in group DA, –25.9% in group TL and 
–30.4% in group SM, and for PLT: 8.3% in group DA, 
16.2% in group TL and 12.8% in group SM.

  No significant difference was observed among the 
three groups ( fig. 1 ).

  Discussion 

 Approximately 2 million people in Japan – nearly 2% 
of the population – are chronically infected with HCV 
 [20] . It is estimated that 15–30% of such patients will de-
velop serious complications, including liver cirrhosis, 
end-stage liver disease and HCC  [21] . Such patients in 
Japan differ from those in other countries in that they are 
predominately infected with genotype 1, are generally 
older, have more advanced liver disease and are more 

likely to have received previous treatment for HCV infec-
tion  [22, 23] . These factors affect the response to treat-
ment  [24] .

  Prevention of HCC by eradication of HCV has a direct 
effect on the prognosis of these patients. Nonetheless, 
HCC sometimes develops even after eradication of the 
virus. According to multivariate analyses, old age, male 
gender, advanced fibrosis, severe steatosis, lower serum 
albumin levels, non-SVR and high ALT and AFP levels 
after IFN treatment have been identified as independent 
factors significantly associated with the development of 
HCC. Cutoff values of ALT and AFP for the prediction of 
HCC risk have been determined at 40 IU/l and 6.0 ng/ml, 
respectively, and negative predictive cutoff values as high 
as 0.960 for each value  [10] .

  A decrease in these values after IFN treatment reduces 
the HCC risk even in patients without HCV eradication 
 [10] .

  A population of elderly patients chronically infected 
with HCV and with more advanced liver disease, such as 
liver cirrhosis, is at an especially high risk of contracting 
HCC  [25] . Also, patients who have undergone previous 
treatment for HCC are at a very high risk of disease recur-
rence  [26] .

  Although IFN-based treatment such as telaprevir, bo-
ceprevir or simeprevir plus PEG-IFN and RBV is not in-
dicated for patients with liver cirrhosis, IFN-free treat-
ment such as daclatasvir plus asunaprevir is advocated.

  The response rates with daclatasvir plus asunaprevir 
have been similar in patients with and without cirrhosis 
(90.9 and 84.0%, respectively)  [1] .

  In our study, 70.6% of patients were aged  ≥ 65 years, 
58.8% had cirrhosis, and 47.1% had undergone previous 
curative treatment for HCC.

  Irrespective of such a background, no difference in 
SVR was observed between treatment with daclatasvir 
plus asunaprevir (SVR4) and that with telaprevir or 
simeprevir plus PEG-IFN/RBV (SVR24).

  Because of viral eradication, ALT and AFP levels de-
creased in all groups. Also, ALT levels in all groups met 
the cutoff value (40 IU/ml), according to the criteria of 
Asahina et al.  [10]  for ALT as a suppressive marker of 
HCC occurrence.

  In our study, although the TL and SM groups met this 
cutoff level of AFP (6 ng/ml), the DA group did not.

  In view of the relatively high AFP baseline level in the 
DA group (attributed to the enrollment of a relatively 
higher number of patients with liver cirrhosis and those 
who had undergone previous curative treatment for 
HCC) and the same mean change in the level of AFP as 
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  Fig. 1.  Comparison of the mean change in ALT, AFP and PLT 
count at baseline and at achieved SVR among groups DA, TL and 
SM. The mean change in the ALT level was defined as (ALT at 
achieved SVR – baseline ALT)/baseline ALT. The mean change in 
the AFP level was defined as (AFP at achieved SVR – baseline 
AFP)/baseline AFP. The mean change in the PLT count level was 
defined as (PLT count at achieved SVR – baseline PLT count)/
baseline PLT count. There was no significant difference in the 
mean change in the level of serum ALT, AFP and PLT count 
among the three groups. 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
19

8.
14

3.
44

.4
9 

- 2
/2

4/
20

16
 5

:5
7:

26
 A

M

－450－



 Sugimoto/Kim/Kim/Imoto/Tohyama/
Kim/Ohtani/Hatae/Yano/Kudo/Hayashi

 

Oncology 2015;89(suppl 2):42–46
DOI: 10.1159/000440630

46

that of the TL and SM groups, prevention of HCC in the 
DA group is thought to be identical to that in the TL and 
SM groups.

  Taken together, the results suggest that the prevention 
of occurrence and recurrence of HCC observed in group 
DA, as well as in groups TL and SM, could be attributed 
to viral eradication.

  Since PLT count is an essential factor in ablative treat-
ment, such as radiofrequency ablation for HCC, elevation 
of the PLT count is crucial in patients with advanced stage 
of chronic HCV infection. In our study, based on the 
mean change among the three groups, elevation of the 
PLT count was observed in the treatment with daclatasvir 
plus asunaprevir and in the IFN-based treatment with tel-
aprevir or simeprevir plus PEG-IFN/RBV attributed to 
viral eradication.

  In the safety analyses, no serious adverse effects and no 
discontinuation of treatment were demonstrated in the 
DA group.

  In conclusion, we believe it is now time for a shift in 
the paradigm of treatment for chronic HCV infection 
with IFN-free agents.
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stage B patients were subclassified according to the Kinki 
criteria, survival curves were stratified with significant dif-
ferences, suggesting that the Kinki criteria were suitable
for the subclassification of the intermediate-stage HCC pa-
tients.  © 2015 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the fifth most 
common type of cancer and the third leading cause of 
cancer-related death worldwide  [1] . The total number of 
deaths from liver cancer in Japan has noticeably decreased 
from its peak in 2004. According to recent statistics, in 
2012, a total of 30,690 people died from liver cancer in 
Japan  [2] . HCC may develop with intrahepatic metastases 
and can progress to numerous tumors with extrahepatic 
metastases. The stage of HCCs has mainly been deter-
mined using the Barcelona Clinic Liver Cancer (BCLC) 
staging system. According to the criteria, a condition of 
BCLC stage B is heterogeneous including patients with a 
Child-Pugh score of 5–9 points (liver function) and hav-
ing  ≥ 4 tumors in both lobes (tumor status) that neither 
show vascular invasion nor distant metastases  [3, 4] . 

 Key Words 
 Transarterial chemoembolization · Hepatocellular 
carcinoma · BCLC stage B · Kinki criteria 

 Abstract 
  Introduction:  Barcelona Clinic Liver Cancer (BCLC) stage B, 
an intermediate stage, includes various conditions of hepa-
tocellular carcinoma (HCC). This heterogeneity of the pa-
tients with intermediate-stage HCC makes it difficult to pre-
dict their survival rates. In the present study, we examined 
the validity of the modified Bolondi classification (Kinki cri-
teria) as a subclassification of patients with BCLC stage B 
HCC.  Methods:  Of 906 patients who underwent conven-
tional transarterial chemoembolization at Kinki University 
Hospital, 753, who met the inclusion criteria, were exam-
ined. Of these 753 patients, 425 (56.4%) with BCLC stage B 
were subclassified using the Kinki criteria to examine the 
survival rate.  Results:  According to the Kinki criteria, 158 
(37.2%) were subclassified into subclass B1, 236 (55.5%) into 
B2, and 31 (7.3%) into B3. The comparison of the survival 
rates showed that the median overall survival was 3.9 years 
(95% CI, 3.2–4.6) in the BCLC subclass B1 group, 2.5 years 
(95% CI, 2.2–3.1) in the B2 group, and 1.1 years (95% CI, 0.6–
1.5) in the B3 group (p < 0.001).  Conclusion:  When the BCLC 
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  For the patients with a BCLC stage B, transarterial
chemoembolization (TACE) is generally performed as a 
first-line treatment. Compared with hepatic resection, 
the advantages of TACE include preservation of liver 
function, which could hardly be obtained with surgical 
treatment  [5–15] . In HCC patients with <5–6 tumors, 
Lipiodol is injected through a catheter and is superselec-
tively inserted around the tumors, followed by emboli-
zation with a gelatin sponge to induce partial liver in-
farction, thereby achieving a complete response in some 
cases. Thus, superselective TACE is considered as an ad-
vanced therapeutic procedure for radical treatment. On 
the other hand, drug-eluting bead TACE (DEB-TACE) 
using drug-eluting beads impregnated with an anticancer 
agent is more desirable than conventional TACE (cTACE) 
for large HCCs that require multiple TACE sessions. For 
patients with multiple lesions in both lobes, cTACE is not 
preferable because it is generally ineffective and deterio-
rates the liver functions; hepatic arterial infusion chemo-
therapy (HAIC) may be selected for these patients. In ad-
dition, in patients with preserved liver functions and mul-
tiple lesions in both lobes, sorafenib may be administered.

  Since the condition of the patients with intermediate-
stage HCC is heterogeneous, Bolondi et al.  [16]  proposed 
a substage classification in 2012. This is an innovative 
classification involving the ‘beyond Milan’ criteria and 
the ‘up-to-7’ condition; however, the usefulness of the 
subclassification of BCLC stage B, proposed by Bolondi 
et al., was refuted by some studies. Weinmann et al.  [17]  
demonstrated that there was no significant difference 
among the stages of cumulative survival rates in the anal-
ysis of BCLC stage B patients. Wang et al.  [18]  reported 
that stratification could be achieved using a novel classi-
fication with α-fetoprotein values added to the classifica-
tion by Bolondi et al. In Japan, Yamakado et al.  [19, 20]  
selected two significant prognostic factors for overall sur-
vival, i.e. the Child-Pugh classification and tumor status 
(number of tumors: 4, maximum tumor diameter: 7 cm) 
in HCC patients, showing a subclassification and treat-
ment policy which are different from those of Bolondi et 
al.

  Based on the concept proposed by Bolondi et al.  [16] , 
we suggested the Kinki criteria where BCLC stage B was 
subclassified into three substages using the Child-Pugh 
classification (5–7 points or 8–9 points) combined with 
the ‘beyond Milan’ criteria and the ‘within’ and ‘out’ of 
‘up-to-7’ criteria  [21, 22] . In the present study, the valid-
ity of the Kinki criteria was examined using HCC patients 
who underwent TACE in our hospital.

  Materials and Methods 

 Patients 
 Between January 2003 and August 2013, 906 patients with 

HCC were treated with cTACE as a first-line treatment at the Kin-
ki University Hospital. Of these patients, 753 who had received 
cTACE during the clinical courses and met the inclusion criteria 
were selected for this retrospective study. All patients satisfied the 
diagnostic criteria for HCC according to the American Associa-
tion for the Study of the Liver Guidelines (AASLD). Clinicopatho-
logical variables including demographics, full blood count, albu-
min, α-fetoprotein, alanine aminotransferases, alkaline phospha-
tase, tumor staging (including number of focal lesions and 
maximum diameter of contrast-enhancing disease), Child-Pugh 
class, and BCLC prognostic score were collected at the time of re-
ferral to our unit, prior to treatment  [3] . The inclusion criteria for 
this study were as follows: (1) diagnosis of HCC based on histo-
logical examination or radiologic findings showing early enhance-
ment, followed by a late washout on contrast-enhanced computed 
tomography or dynamic magnetic resonance imaging  [23, 24] ; (2) 
performance status of 0, and (3) Child-Pugh class A or B liver cir-
rhosis. The exclusion criteria were as follows: (1) concomitant an-
tineoplastic treatment and (2) patients whose details were un-
known because medical records before and after cTACE were 
missing. 

  The TACE Procedure 
 The right femoral artery was accessed with an 18-gauge Seld-

inger needle, and a 4-Fr sheath was inserted. The celiac artery was 
selectively catheterized using a 4.2-Fr catheter. A 2.2-Fr micro-
catheter (Shirabe; Piolax, Yokohama, Japan) was advanced coaxi-
ally through the catheter into the common or proper hepatic ar-
tery. Rotational angiography was performed to evaluate the feed-
ing vessels of HCCs. The tip of the catheter was selectively placed 
into feeding segmental and subsegmental arteries using the find-
ings of selective hepatic angiography and/or tracking navigation 
imaging. Chemoembolization was performed using 60–120 mg of 
miriplatin (Miripla; Sumitomo Dainippon Pharma, Osaka, Japan), 
20–50 mg of epirubicin (Nippon Kayaku, Tokyo, Japan), or 50–
100 mg of cisplatin (IA-call; Nippon Kayaku) emulsified with io-
dized oil (Lipiodol Ultra-Fluid; Guerbet, Paris, France) and gelatin 
sponge particles (Gelpart; Nippon Kayaku, or Gelfoam; Upjohn, 
Kalamazoo, Mich., USA). The injection volume of the emulsion 
was determined according to tumor volumes (<8 ml). Neither 
DEB-TACE nor balloon-occluded TACE was applied for this 
study.

  Modified Bolondi Classification (Kinki Criteria) 
 For the determination of the substage based on the Kinki crite-

ria, the Child-Pugh scores are classified into 5–7 points or 8–9 
points, and the ‘beyond Milan’ criteria and ‘in’ or ‘out’ of the ‘up-
to-7’ criteria were determined based on the number and diameter 
of the tumors. The subclasses B1, B2, and B3 refer to Child-Pugh 
scores of 5–7 points and ‘in’ in terms of the ‘up-to-7’ criteria; sub-
class B2 refers to Child-Pugh scores of 5–7 points with ‘out’ of the 
‘up-to-7’ criteria, and subclass B3 refers to Child-Pugh scores of 
8–9 points with either ‘in’ or ‘out’ of the ‘up-to-7’ criteria, respec-
tively ( table 1 ).
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  Follow-Up 
 Clinical and laboratory assessments were performed monthly, 

and radiological evaluation of tumor status was also performed at 
week 4 and every 8 weeks. Those patients who died before the first 
imaging assessment were classified as having progression. Overall 
survival was measured from the date of the first cTACE until the 
date of death.

  Statistical Analysis 
 Univariate survival curves were estimated using the Kaplan-

Meier method and overall survival analysis ended at the time of 
death or was censored at the time of the last follow-up visit. Sur-
vival rates were compared among groups using the log-rank test. 
For multiple comparisons, the Bonferroni correction was applied. 
A p value of <0.05 was considered to indicate a statistically sig-
nificant difference. All analyses were performed using the SPSS 
Medical Pack for Windows version 10.0 (SPSS, Inc., Chicago, Ill., 
USA)

  Results 

 Baseline Characteristics 
 Among the 753 patients who received cTACE ses-

sions during their clinical courses, 261 (34.7%), 425 
(56.4%), and 67 (8.9%) patients were staged with BCLC 
A, BCLC B, and BCLC C tumors, respectively. The pa-
tients, predominantly men (71.3%), had a median age 
of 72 years. Five hundred and twenty-six patients 
(69.9%) tested positive for the antihepatitis C virus an-
tibody, 74 patients (9.8%) were positive for the hepatitis 

 Table 1.  Subclassification and treatment strategy of intermediate-stage HCC: modified Bolondi subclassification (Kinki criteria)

BCLC substage B1 B2 B3

Child-Pugh score 5 – 7 5 – 7 8, 9

‘Beyond Milan’ and within 
‘up-to-7’ criteria

in out  any

i n out

Sub-substage B3a B3b

Concept of treatment strategy Curative intent Noncurative, palliative Curative intent if 
within ‘up-to-7’ criteria

Palliative, 
no treatment

Treatment option Resection
Ablation
Superselective cTACE

DEB-TACE1

HAIC2

Sorafenib3

Transplantation
Ablation
Superselective cTACE

HAIC
Selective DEB-
TACE

Alternative DEB-TACE (large, Child-Pugh score 7)
B-TACE4

cTACE DEB-TACE
B-TACE
HAIC

BSC

 B-TACE = Balloon-occluded TACE; BSC = best supportive care.
1 DEB-TACE is recommended for huge tumors >6 cm. 2 HAIC is recommended for multiple tumors >6. 3 Sorafenib is recommended for patients with a 

Child-Pugh score of 5 and 6 points. 4 B-TACE is recommended for fewer tumors.

 Table 2. Baseline patient and disease characteristics (cases = 753)

Age, years
Median 72 (66 – 77)

Gender, n
Male 537 (71.3)
Female 216 (28.7)

Virus statusa, n 
HBV 74 (9.8)
HCV 526 (69.9)
Virus-negative 150 (19.9)
HBV and HCV 3 (0.4)

BCLC stage, n
A 261 (34.7)
B 425 (56.4)
C 67 (8.9)

Biochemical analysis (median)
Alanine aminotransferases, IU/l 38 (25 – 59.25)
Alkaline phosphatase, IU/l 342 (261 – 465)
White blood cell count, /μl 4,400 (3,400 – 5,500)
Hemoglobin, g/dl 12.9 (11.5 – 14.2)
Platelet count, ×104/dl 11.5 (8.1 – 15.925)
α-Fetoprotein, ng/dl 30 (8 – 217)

Figures in parentheses are either percentages or ranges showing 
the 25th–75th percentiles. HBV = Hepatitis B virus; HCV = 
hepatitis C virus. 

a Cases testing positive for hepatitis B virus surface antigen were 
regarded as cases of HBV-related HCC and cases testing positive 
for hepatitis C antibody were regarded as cases of HCV-related 
HCC.
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B virus surface antigen, 3 patients (0.4%) were positive 
for both, and 150 (19.9%) were negative for both ( ta-
ble 2 ).

  Modified Bolondi Classification (Kinki Criteria) 
 Of the 452 BCLC stage B patients, 167 (39.3%) and 258 

(60.7%) were ‘in’ and ‘out’ according to the ‘up-to-7’ cri-
teria, respectively, and 394 (92.7%) and 31 (7.3%) had 
Child-Pugh scores of 5–7 points and 8–9 points, respec-
tively. These patients were classified using the Kinki cri-
teria: 158 patients (37.2%) into subclass B1, 236 patients 
(55.5%) into subclass B2, and 31 patients (7.3%) into sub-
class B3.

  Overall Survival of the Patients 
 The median overall survival was 3.2 years [95% confi-

dence interval (CI), 2.9–3.7]. We compared the overall 
survival among the BCLC stage A, BCLC stage B, and 
BCLC stage C groups using Kaplan-Meier estimates. The 
comparisons of the survival curves showed that the me-
dian overall survival was 4.2 years (95% CI, 3.8–5.3) in the 
BCLC stage A group, 3.0 years (95% CI, 2.6–3.2) in the 
BCLC stage B group, and 1.4 years (95% CI, 0.7–1.9) in 
the BCLC stage C group (p < 0.001;  fig. 1 ). In the BCLC 
stage B patients, the overall survival was compared be-

tween the ‘in’ and ‘out’ cases according to the ‘up-to-7’ 
criteria, demonstrating a median survival of 3.8 (95% CI, 
3.1–4.5) and 2.4 years (95% CI, 2.0–2.9), respectively (p < 
0.001). In addition, the overall survival was compared be-
tween cases with Child-Pugh scores of 5–7 points and 
those with scores of 8–9 points, demonstrating a median 
survival of 3.1 (95% CI, 2.8–3.7) and 1.1 (95% CI, 0.6–1.5) 
years, respectively (p < 0.001).

  Subsequently, the BCLC stage B patients were divided 
into subclasses B1 to B3 using the Kinki criteria, and 
overall survival among the patients treated with cTACE 
and belonging to the A, B1, B2, and B3, and C groups 
were compared; the median overall survival was 4.2 years 
(95% CI, 3.8–5.3) in the BCLC stage A group, and 3.9 
years (95% CI, 3.2–4.6) in the BCLC subclass B1 group, 
2.5 years (95% CI, 2.2–3.1) in the BCLC subclass B2 
group, 1.1 years (95% CI, 0.6–1.5) in the BCLC subclass 
B3 group, and 1.4 years (95% CI, 0.7–1.9) in the BCLC 
stage C group (p < 0.001). Pairwise comparisons con-
firmed a significantly longer overall survival in the BCLC 
subclass B1 group than in the BCLC subclass B2 group 
(p < 0.001). Similarly, overall survival was significantly 
longer in the BCLC subclass B1 group than in the BCLC 
subclass B3 group (p < 0.001), and significantly longer in 
the BCLC subclass B2 group than in the BCLC subclass 
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  Fig. 1.  Overall survival according to the BCLC staging system.   Fig. 2.  Overall survival according to the modified Bolondi classifi-
cation (Kinki criteria). 
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B3 group (p < 0.001). In contrast, no significant differ-
ences in overall survival were detected between the BCLC 
stage A and BCLC subclass B1 groups (p = 0.24) or be-
tween the BCLC subclass B3 and BCLC stage C groups 
(p = 0.49;  fig. 2 ).

  Discussion 

 Conditions of the patients with BCLC stage B, an in-
termediate stage, are heterogeneous in terms of back-
ground liver function and tumor status, demanding fur-
ther subclassification for predicting overall survival. Al-
though the subclassification of BCLC stage B patients as 
proposed by Bolondi et al.  [16]  has not been given a 
predictive power for overall survival in other studies, it 
might be conceivable that subclassifying BCLC stage B 
patients by combining tumor status and liver functions 
is useful for establishing multidisciplinary treatment 
strategies for liver cancers. Recently, Kudo et al.  [22]  
proposed the modified Bolondi subclassification (Kinki 
criteria) of intermediate-stage HCC. In the present 
study, we performed a validation study of the Kinki cri-
teria that subclassified the HCC patients into BCLC 
stage B: the results clearly validated its performance us-
ing the cases treated with cTACE. When the BCLC stage 
B patients were subclassified using the Kinki criteria, 
survival curves were stratified with significant differ-
ences.

  The presented data indicate that there is no signifi-
cant difference in overall survival between the BCLC A 
and the subclass B1 groups. The patients belonging to 
subclass B1 underwent cTACE as a first-line treatment 
in this cohort. TACE is the only treatment proposed by 
the AASLD-JNCI guidelines considering the treatment 
guidelines for unresectable HCC  [25] . Therefore, pa-
tients with subclass B1 should be treated curatively using 
superselective cTACE. Alternatively, this group could 
be treated with resection or ablation if the tumor size 
and number is limited. On the other hand, patients in 
the subclass B2 have a more progressive tumor, which 
makes it difficult for these patients to undergo a curative 
treatment. Given the recommendation indicating that 
TACE is suitable for intermediate-stage HCC, HCC pa-
tients in the B2 subclass might be good candidates for 
DEB-TACE, which could be applied to a larger number 
of tumors with less liver damage. As for subclass B3, 
which includes patients with Child-Pugh scores of 7 or 
8 points, preservation of liver function should be con-
sidered as the priority of treatment. Therefore, consider-

ing the deteriorated liver function, HAIC or selective 
DEB-TACE should be selected for the HCC patients 
with progressive tumor in this subclass. If tumor burden 
is too huge, best supportive care may be a choice of treat-
ment. However, if HCC has progressed less and fulfills 
the ‘up-to-7’ criteria, locoregional treatment might be 
applicable carefully for selected tumors since even HCC 
patients with a Child-Pugh score of 10 or 11 points ben-
efit from locoregional therapy if the tumor burden is 
limited  [26] . Alternatively, mild treatment for preserv-
ing liver function, such as DEB-TACE or HAIC, may be 
considered for patients within the ‘up-to-7’ criteria in 
subclass B3. 

  Although the number of patients analyzed in this study 
was adequate, the retrospective design of the study might 
have led to a bias in the selection of the patients. To ad-
dress this limitation and independently validate the re-
sults of this study, we are currently designing an investi-
gation of the significance of the Kinki criteria in a pro-
spective multicenter patient cohort. In addition, we are 
considering an evaluation using foreign validation co-
horts because of racial differences. Further analysis of the 
cohort including patients treated with another treatment 
modality, such as resection, ablation, HAIC and DEB-
TACE in HCC patients with BCLC A, B and C, is also 
warranted.

  Conclusion 

 TACE is recommended for BCLC stage B patients. 
However, since there is tremendous heterogeneity in 
terms of tumor status and liver function, treatments oth-
er than TACE may be suitable. Although various criteria 
have been reported to address this issue, the Kinki criteria 
with BCLC stage B subclassified are more convenient 
than other criteria. In addition, the subclasses subdivided 
according to the Kinki criteria were stratified with sig-
nificant differences, suggesting that heterogeneous BCLC 
stage B HCC patients should be effectively subclassified 
according to the Kinki criteria in other institutions as 
well. Therefore, validation studies at other institutions 
are eagerly warranted.
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ed to be significantly lower (p < 0.001).  Results:  When VsN 
was <50, |ΔVs| became high, and there was variation in the 
results between each device.  Conclusions:  The results of this 
study show that VsN is a useful value to decide whether Vs is 
appropriate or not.  © 2015 S. Karger AG, Basel 

 Introduction 

 A variety of ultrasound elastography devices are cur-
rently available. They have been reported to be useful in 
the decision of the clinical treatment of hepatic disease, 
or in the diagnosis of noninvasive liver fibrosis  [1–5] . Us-
ing elastography, it is also possible to noninvasively pre-
dict hepatocarcinogenesis  [6, 7] . As a result of performing 
follow-up on high-risk groups using this modality, it can 
be expected that hepatic cancer will be detected at an ear-
ly stage. Consequently, curative treatments such as resec-
tion  [8–10] , locoregional therapy  [11, 12] , and transplan-
tation  [13–15]  are possible. 

  Ultrasound elastography can be classified by measur-
ing physical quantity and excitation  [16, 17] . In point 
shear wave elastography, generally only one shear wave 

 Key Words 
 Net amount of effective shear wave velocity · Reliability 
index · Shear wave measurement · Shear wave imaging · 
Shear wave elastography 

 Abstract 
  Objective:  The aim of this study was to prospectively assess 
the usefulness of the reliability index, namely the percent-
age of the net amount of effective shear wave velocity (VsN). 
 Methods:  One hundred and sixty-eight patients with chron-
ic liver disease, who underwent ultrasound elastography, 
were consecutively enrolled. Shear wave measurement 
(SWM), FibroScan, virtual touch quantification, and shear 
wave elastography were performed for all patients, and the 
variations in the measurement results were compared with 
VsN. The absolute average value of the difference between 
SWM_Vs and Vs measured using other elastography devices 
is termed |ΔVs|. VsN was classified into three groups:  ≥ 50, 
<50, and 0 (failure measurement). In these groups, there was 
a significant difference in abdominal circumference, body 
mass index, the distance between the ultrasound probe sur-
face and the liver, and |ΔVs|. When the distance between the 
ultrasound probe surface and the liver was >2 cm, VsN tend-
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velocity (Vs) is measured within the region of interest 
(ROI), which is presumed to be homogeneous (typically 
 ∼ 1 cm 2 )  [17] . Therefore, it may be difficult to determine 
whether the measurements obtained using shear wave 
imaging are valid. Several examination conditions influ-
ence Vs: breath holding and the body movement of sub-
jects; holding the hands of examiners, and other condi-
tions. Furthermore, in performing elastography, it is im-
portant to avoid the vessels, multiple reflections, 
attenuation shortage, and other factors. Even when con-
sidering interquartile range (IQR) or standard deviation 
(SD), it is unclear whether a high level of IQR or SD has 
been influenced by measurement errors or the state of the 
liver. Therefore, deciding whether Vs is correct or not is 
too difficult. Thus, there is a need for a new method to 
achieve accurate examination.

  Shear wave measurement (SWM; Hitachi Aloka Med-
ical Ltd., Tokyo, Japan) is one of the shear wave imaging 
modalities currently under development. The SWM de-
vice has a unique reliability index: the percentage of the 
net amount of effective shear wave velocity (VsN) is used 
to determine whether or not the Vs value is reliable. This 
device can be applied to measure a plurality of points in 
one measurement, and it calculates the Vs value using 
only appropriate waves. The VsN shows which percent-
age of the measurement value is used in the calculation of 
Vs. In other words, the higher the VsN, the more stable 
the measurement.

  In the present study, we investigated the performance 
of VsN in determining whether or not Vs is appropriate, 
using different shear wave imaging devices, namely the 
FibroScan (FS), virtual touch quantification (VTQ), and 
shear wave elastography (SWE) devices. 

  Patients and Methods 

 Patients 
 This was a cross-sectional study performed at Kinki University 

Hospital (Osakasayama, Japan). From July 2014 to March 2015, 
consecutive patients with chronic liver disease, who underwent 
ultrasound elastography, were enrolled. The study protocol con-
formed to the requirements listed in the Declaration of Helsinki 
and was approved by the Local Ethics Committee. Informed con-
sent regarding participation in the study was obtained from each 
patient.

  Clinical and Laboratory Assessments 
 Clinical data were collected at the time of elastography. Rele-

vant clinical data recorded were age, sex, weight, height, abdomi-
nal circumference, and cause of chronic liver disease. The body 
mass index (BMI) was calculated as weight (in kg) divided by 
height (in m) squared.

  Liver Histological Assessment 
 Percutaneous ultrasound-guided liver biopsy was performed 

on the right lobe of the liver using a Tru-Cut semiautomatic 
18-gauge needle apparatus (Monopty; CR Bard, Tempe, Ariz., 
USA) within 2 weeks before or after elastography. The liver biopsy 
specimens were fixed in formalin, embedded in paraffin, and 
stained with hematoxylin and eosin and Masson’s trichrome stain. 
All biopsy specimens were examined by pathologists who were 
blinded to the patient characteristics. Liver fibrosis was scored us-
ing the New Inuyama Classification  [18] . The stage of fibrosis was 
classified from F0 to F4 as follows: F0 = no fibrosis; F1 = fibrosis 
portal expansion; F2 = bridging fibrosis (portal-portal or portal-
central linkage); F3 = bridging fibrosis with lobular distortion (dis-
organization), and F4 = cirrhosis.

a

b

  Fig. 1.  Screen display showing SWM.  a  For a suitable measure-
ment, the histogram has a normal distribution with a high peak, 
and the IQR is also low. In addition, for measurement results in-
volving valid values, VsN has a high value.  b  For an improper mea-
surement, such as one that includes large vessels in the ROI, there 
is no peak in the histogram, and the IQR is high. VsN has a low 
value.  
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  Shear Wave Measurement 
 SWM was performed using ultrasonography (HI-VISION As-

cendus; Hitachi Aloka Medical Ltd.) and the EUP-C715 convex 
probe (1–5 MHz; Hitachi Aloka Medical Ltd.). Patients were ex-
amined in the supine position with the right arm under maximal 
abduction and instructed to hold their breath in the middle of nat-
ural breathing. The examinations were performed on the right lobe 
of the liver through the intercostal spaces, with the transducer held 
firmly on the skin. The ROI for the SWM was 1 × 1.5 cm in size 
and was located approximately 4 cm below the surface of the body. 
In addition, to obtain accurate values, scanning was performed to 
avoid large vessels and attenuation by the lung, ribs, and skin. The 
Vs was measured 5 times, and then the median values were evalu-
ated as the SWM_Vs. Similarly, the median VsN was used for eval-
uation ( fig. 1 ). The distance between the ultrasound probe surface 
and the liver was also recorded.

  FibroScan 
 FS was performed using a dedicated liver stiffness measure-

ment device, a FibroScan with the M-probe (Echosens, Paris, 
France). The posture of the patient was the same as that used for 
SWM. The procedure was performed on the right lobe of the 
liver through the intercostal space. Examinations that achieved 
no successful measurements after at least 10 attempts were 
deemed ‘failures’. The median liver stiffness value (in kPa) was 
considered as being representative of the elastic modulus of the 
liver. As an indicator of variability, the ratio of the IQR of liver 
stiffness to the median value (IQR/M) was calculated. Examina-
tions with <10 valid measurements or an IQR/M >30% or a suc-
cess rate <60% were considered potentially ‘unreliable’  [19] . For 
evaluation, the liver stiffness value was converted to FS_Vs (in 
m/s) using the relationship E = 3ρVs 2  (E = liver stiffness; ρ = den-
sity, which was approximated as 1 g/cm 3  in the living human 
body).

  Virtual Touch Quantification 
 VTQ was performed using an ACUSON S2000 with a convex 

4C1 probe (Siemens AG, Munich, Germany). The ROI for VTQ 

was 1 × 1.5 cm and was located 1–2 cm below the surface of the 
liver. The Vs was measured 5 times, and then the median value was 
evaluated as VTQ_Vs.

  Shear Wave Elastography 
 SWE was performed using an Aixplorer with a convex prove 

SC6-1 (SuperSonic Imagine, Aix-en-Provence, France). The ROI 
for SWE was located at approximately 4 cm below the surface of 
the skin. The Q box was set to the site without the influence of 
multiple reflections in color mapping and the Vs was measured. It 
was measured 5 times, and then the median values were evaluated 
as the SWE_Vs.

  Statistical Analysis 
 Descriptive statistics are shown as mean ± SD, median (mini-

mum and maximum), or percentage, as appropriate. Comparisons 
between the groups were carried out using the Wilcoxon signed-
rank test and confirmed using the nonparametric Mann-Whitney 
U test between groups. Correlation between the data was tested 
with the nonparametric Spearman rank correlation analysis. The 
Jonckheere-Terpstra analysis was applied for comparison of the 
trends in each Vs and liver fibrosis. The Kruskal-Wallis one-way 
analysis of variance test was used for comparison among multiple 
groups. Differences were considered statistically significant at p 
values <0.05. Analysis was performed using SPSS Statistics 20 
(IBM, Armonk, N.Y., USA).

  Results 

 Demographics and Baseline Features 
 A total of 169 patients were assessed using elastogra-

phy. However, VTQ had broken down at the time of 
measurement in 1 case, thus 168 cases were enrolled. 
The clinical characteristics and laboratory data are 
shown in  table  1 . Seventy-two patients (42.9%) had 

 Table 1.  The clinical date and Vs by gender

 Sex Total (n = 168) p value

fem ale (n = 90) male (n = 78)

Age, years 60.7 ± 13.3 60.4 ± 16.6 60.6 ± 14.9 0.905
Height, cm 155.1 ± 6.0a 165.9 ± 7.4a 160.0 ± 8.5 <0.001a

Body weight, kg 56.2 ± 10.8a 65.7 ± 14.4a 60.6 ± 13.4 <0.001a

Abdominal circumference, cm 86.9 ± 11.2 85.9 ± 10.6 86.5 ± 11.0 0.540 
BMI 22.8 ± 5.4 23.3 ± 4.7 23.1 ± 5.1 0.514
SWM_Vs 1.25 (0.84, 2.78) 1.39 (0.85, 2.85) 1.32 (0.84, 2.85) 0.134
FS_Vs 1.34 (0.95, 5.00) 1.43 (0.96, 5.00) 1.37 (0.95, 5.00) 0.366
VTQ_Vs 116 (0.74, 4.48) 1.22 (0.91, 3.94) 1.17 (0.74, 4.48) 0.635
SWE_Vs 1.35 (1.08, 3.86) 1.51 (1.12, 3.43) 1.44 (1.08, 3.86) 0.679

 Figures are means ± SD or medians (minimum, maximum). 
a Height and weight were significantly higher in men (p < 0.001). Significant difference was not seen in age, 

abdominal circumference, and BMI. Gender differences were not seen in Vs with each elastography.
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chronic hepatitis C, 37 (22.0%) chronic hepatitis B, 32 
(19.0%) nonalcoholic fatty liver disease, and 6 (3.6%) 
had alcoholic liver disease. In the remaining 16 patients, 
autoimmune hepatitis, primary biliary cirrhosis, nor-
mal liver with tumor, and other conditions were includ-
ed. Ninety-one patients (54.2%) were women. The pa-
tients’ mean age was 60.6 ± 14.9 years. Their mean 
height was 160.0 ± 8.5 cm and their mean weight was 
60.6 ± 13.4 kg. The mean BMI was 23.1 ± 5.1 and their 
mean waist circumference was 86.5 ± 11.0 cm. Height 
and weight were significantly higher in men (p < 0.001); 

however, a significant difference was not observed re-
garding abdominal circumference and BMI between 
men and women.

  Comparison of Vs and Pathological Diagnosis 
 Ninety-three patients underwent percutaneous ultra-

sound-guided liver biopsy. As the stage of fibrosis pro-
gressed, a significant increasing trend was seen for the 
SWE_Vs, FS_Vs, VTQ_Vs, and SWE_Vs (p < 0.001, 
0.001, 0.001, 0.001, respectively; Jonckheere-Terpstra 
analysis;  table 2 ). Similarly, as the stage of activity pro-
gressed, a significant increasing trend was seen for the 
SWE_Vs, FS_Vs, VTQ_Vs, and SWE_Vs (p = 0.011, 
0.002, 0.039, and 0.004, respectively; Jonckheere-Terpstra 
analysis; data not shown).

FS
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SW

E_
Vs

/V
TQ

_V
s 

(m
/s

)

0 1 2 3 4 5
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SWE_Vs (m/s)

VTQ_Vs

5

4

3

2

1

0

Vs
 (m

/s
)
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1

–1

–2

VsN
0 20 40 60 80 100

 Table 2. Vs of each liver fibrosis stage

F stage Total (n = 93) p value

F0 (n = 17) F1 (n = 31) F2 (n = 16) F3 (n = 21) F4 (n = 8)

SWM_Vs, m/s 1.19 (0.89, 1.75) 1.30 (0.85, 2.04) 1.47 (1.00, 2.39) 1.81 (0.96, 2.68) 2.00 (1.54, 2.85) 1.48 (0.85, 2.85) <0.001
VTQ_Vs, m/s 1.09 (0.98, 1.89) 1.10 (0.74, 4.48) 1.26 (0.91, 2.09) 1.85 (1.06, 3.76) 2.00 (1.26, 3.94) 1.23 (0.74, 4.48) <0.001
FS_Vs, m/s 1.36 (1.09, 2.15) 1.40 (0.96, 2.39) 1.42 (0.99, 2.27) 2.19 (1.26, 3.43) 2.50 (1.57, 5.00) 1.51 (0.96, 5.00) <0.001
SSI_Vs, m/s 1.31 (1.18, 2.10) 1.44 (1.08, 2.24) 1.55 (1.09, 2.34) 2.49 (1.28, 3.43) 2.44 (1.55, 3.34) 1.58 (1.08, 3.43) <0.001

Data are given as the median (minimum, maximum). Each Vs value tended to significantly increase with fibrosis stage progressing.

  Fig. 2.  Comparison of Vs measured using SWE, FS, VTQ, and 
SWE. Significant high correlations were observed between SWM_
Vs and FS_Vs (r = 0.832; p < 0.001), between SWM_Vs and VTQ_
Vs (r = 0.765; p < 0.001), and between SWM_Vs and SWE_Vs
(r = 0.901; p < 0.001). 

  Fig. 3.  Relationship between VsN and ΔVs. The average value of 
the difference between the SWM_Vs and Vs measured using other 
elastography devices was calculated by [(SWM_VS – VTQ_VS) + 
(SWM_Vs – FS_Vs) + (SWM_Vs – SWE_Vs)]/3 and termed as 
ΔVs. In VsN <50, |ΔVs| tended to be large. 
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  Vs Measured Using SWE, FS, VTQ, and SWE 
 SWM_Vs ranged from 0.85 to 2.85 m/s, and the me-

dian value of SWM_Vs was 1.48 m/s. FS_Vs ranged from 
0.95 to 5.00 m/s, and the median value of FS_Vs was 1.37 
m/s. VTQ_Vs ranged from 0.74 to 4.48 m/s, and the me-
dian value of VTQ_Vs was 1.17 m/s. SWE_Vs ranged 
from 1.08 to 3.86 m/s, and the median value of SWE_Vs 
was 1.44 m/s. A significant high correlation was observed 
between SWM_Vs and FS_Vs (r = 0.832; p < 0.001), be-

tween SWM_Vs and VTQ_Vs (r = 0.765; p < 0.001), and 
between SWM_Vs and SWE_Vs (r = 0.901; p < 0.001; 
 fig. 2 ).

  Reliability Rate for Each Shear Wave Imaging Device 
 SWM could be calculated in 164/168 (97.6%) patients. 

A reliable rate of FS_Vs, i.e. a frequency validity  ≥ 60% 
and IQR/M <30%, was only achieved in 146/168 (86.9%) 
patients. An unreliable rate of measurement was found in 

|
Vs

| (
m

/s
)

0

0.5

1.0

1.5

2.0

VsN
<50 50 <20 20

 Distance between the ultrasound
 probe surface and the liver (mm)
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N

0

20

40

60

80

100

  Fig. 4.  Relationship between VsN and |ΔVs|. In VsN <50, |ΔVs| 
was significantly large (p < 0.001), and accurate measurement 
tends to be difficult. 

  Fig. 5.  Relationship between VsN and the distance to the surface 
of the liver. The distance to the surface of the liver was >2 cm, and 
the VsN tended to be significantly lower (p < 0.001). 

 Table 3. Vs in three VsN groups

VsN Total p value

failure unreliable reliable

VsN 0 0, <50 50
Age, years 68.5 ± 8.5 59.6 ± 17.1 60.5 ± 14.7 60.6 ± 14.9 0.688
Height, cm 153.4 ± 5.6 159.2 ± 8.7 160.3 ± 8.5 160.0 ± 8.5 0.144
Body weight, kg 65.4 ± 13.4 69.3 ± 19.6 59.2 ± 11.9 60.6 ± 13.4 0.054
BMI 27.6 ± 3.7 25.6 ± 7.5 22.6 ± 4.5 23.1 ± 5.1 0.001
Abdominal circumference, cm 101.3 ± 12.3 94.0 ± 11.8 85.0 ± 10.1 86.5 ± 11.0 <0.001
SWM_Vs, m/s NE 1.56 ± 0.43 1.43 ± 0.44 1.44 ± 0.44 0.067
Distance between the ultrasound 

probe surface and the liver, mm 18.4 ± 3.8 19.9 ± 4.1 16.1 ± 3.1 16.6 ± 3.6 <0.001
∣ΔVs∣, cm NE 0.50 ± 0.46 0.13 ± 0.12 0.18 ± 0.22 <0.001

VsN was classified into three groups: ≥50, <50, and 0 (failure measurement). In these groups, there was a significant difference in 
abdominal circumference, BMI, the distance between the ultrasound probe surface and the liver, and ∣ΔVs∣. NE = Not examined.

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
19

8.
14

3.
44

.4
9 

- 2
/2

4/
20

16
 6

:0
3:

04
 A

M

－462－



 Yada/Sakurai/Minami/Arizumi/Takita/
Hagiwara/Ueshima/Ida/Nishida/Kudo

 

Oncology 2015;89(suppl 2):53–59
DOI: 10.1159/000440632

58

11/168 (6.5%) patients. In 11 (6.5%) patients, FS_VS 
could not be measured at all. When body weight, abdom-
inal circumference, or BMI was high, a significant valid 
measurement of FS was difficult to obtain (data not 
shown). VTQ_Vs could be measured in all patients. SWE 
could be measured in 167/168 (99.4%) patients. An un-
measurable case involved a highly obese woman: the dis-
tance from the body surface to the liver surface was 29.4 
mm, and her BMI was 34.5. Only the SWM and VTQ 
could be obtained in her case.

  Relationship between the Discrepancy in the Vs and 
VsN 
 To examine the extent of the discrepancy between 

SWM and other elastography modalities, the absolute av-
erage value of the difference between SWM_Vs and Vs 
measured using other elastography devices was calculated 
by   |    [(SWM_VS – VTQ_VS) + (SWM_Vs – FS_Vs) + 
(SWM_Vs – SWE_Vs)]/3 |, and was termed |ΔVs|. When 
VsN was <50, |ΔVs| tended to be significantly higher (p < 
0.001;  fig. 3 ,  4 ). VsN was classified into three groups:  ≥ 50, 
<50, and 0 (failure measurement). In these groups, there 
was a significant difference in abdominal circumference, 
BMI, the distance between the ultrasound probe surface 
and the liver, and |ΔVs| ( table 3 ). When the distance be-
tween the ultrasound probe surface and the liver was >2 
cm, VsN tended to be significantly lower (p < 0.001;  fig. 5 ).

  Discussion 

 Each shear wave imaging modality was found to be 
able to achieve significant correlated measurements, even 
though the principles of their measurement were some-
what different. The slight differences in Vs seemed to be 
affected by the differences in shear wave frequency, shear 
wave intensity, and so on.

  However, the success rate of the measurement differed 
substantially with each elastography. VTQ measurement 
was possible in all cases. On the other hand, Vs could not 
be measured in some cases with other elastography. Mea-
suring Vs with SWM tended to be difficult in obese pa-
tients with a high BMI or a large abdominal circumfer-
ence. Because the distance between the ultrasound probe 
surface and the liver was large in these cases, it is likely to 
lead to insufficient attenuation. It may also weaken the 
generation of shear wave or the sensing pulse of shear 
wave. 

  When VsN was <50, |ΔVs| tended to be significantly 
high. This means that the discrepancy of measurements 
is high, and the validity of the Vs value is not high in this 
condition. In SWM, VsN tended to be <50 when the dis-
tance between the ultrasound probe surface and the liver 
was  ≥ 2 cm. However, there were obese cases in whom Vs 
could be measured, and there were nonobese cases in 
whom Vs could not be measured. Therefore, VsN is very 
useful to determine whether or not the Vs value is correct 
in SWM. 

  The results of this study show that VsN is a useful val-
ue for deciding whether or not the Vs value is appropri-
ate.
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safety; (2) PEG IFN-α resulted in a greater decline in HBV DNA 
levels and a higher rate of HBeAg seroconversion; (3) combi-
nation therapy with IFN plus two analogues did not elevate 
the rate of sustained responses; (4) both ETV and TDF showed 
efficacy and safety with cirrhosis (ETV especially displayed 
efficacy and safety with decompensated cirrhosis), and (5) 
suppression of HCC was observed by ETV and IFN. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 It is estimated that over 350 million people are infected 
with chronic hepatitis B (CHB) worldwide, resulting in 
600,000 deaths each year from cirrhosis and hepatocel-
lular carcinoma (HCC)  [1] .

  Clearance of hepatitis B is marked by a loss of HBsAg 
and resolution of liver inflammation, though hepatitis B 
virus (HBV) may remain integrated in the host genome 
as covalently closed circular DNA  [2] .

  Current treatments aim to suppress the HBV DNA 
replication, reduce inflammation to prevent progressive 
fibrosis and the development of HCC but not to eradicate 

 Key Words 
 Chronic hepatitis B · Pegylated interferon-α · Nucleos(t)ide 
analogues · Entecavir · Tenofovir 

 Abstract 
 At present, for adults with chronic hepatitis B virus (HBV) in-
fection, two new analogues, entecavir (ETV) and tenofovir, 
are recommended as the first-line therapy by the EASL (Eu-
ropean Association for the Study of the Liver), AASLD (Amer-
ican Association for the Study of Liver Diseases), and APASL 
(Asian Pacific Association for the Study of the Liver) guide-
lines. The use of pegylated interferon-α (PEG IFN-α) is recom-
mended as the first-line therapy instead of standard IFN-α 
according to the above 3 guidelines. In this paper, the aim 
was to assess: (1) the long-term efficacy and safety as well as 
the resistance to ETV and tenofovir disoproxil fumarate 
(TDF); (2) the efficacy of PEG IFN-α; (3) the role of combina-
tion therapy with IFN plus two analogues, such as lamivu-
dine and ETV; (4) the efficacy and safety of two analogues 
with cirrhosis, and (5) suppression of hepatocellular carci-
noma (HCC) by ETV and IFN treatment. The results are as fol-
lows: (1) both ETV and TDF showed long-term efficacy and 
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the virus. The practice guidelines EASL (European Asso-
ciation for the Study of the Liver), AASLD (American As-
sociation for the Study of Liver Diseases), and APASL 
(Asian Pacific Association for the Study of the Liver) have 
been developed to indicate who, how and when to treat 
 [3–5] .

  We summarize recent findings based on the consensus 
of the EASL, AASLD, APASL, and the JSH (Japan Society 
of Hepatology) guidelines  [3–5] . In addition, we summa-
rize the recent developments in the management of CHB 
based on the recent available data, results, and reviews 
 [6–9] .

  Published Results Based on Consensus of the EASL, 
AASLD, and APASL Guidelines 

 Three guidelines recommend that treatment should be 
started in noncirrhotic CHB patients with serum HBV 
DNA levels >20,000 IU/ml and persistently increased
alanine aminotransferase (ALT) levels and/or histologic 
evidence of moderate/severe inflammation or fibrosis. 
The AASLD guideline recommends an arbitrary HBV 
DNA level of 20,000 IU/ml for starting treatment  [4] . The 
APASL guideline recommends an HBV DNA threshold 
of 20,000 IU/ml for HBeAg-positive patients and 2,000 
IU/ml for HBeAg-negative patients, whereas the EASL 
guideline recommends a cutoff value of 2,000 IU/ml ir-
respective of the HBeAg status  [3, 5] . For patients who 
meet the criteria for HBV DNA, the EASL guideline rec-
ommends treating them with ALT levels greater than the 
upper limit of normal (ULN) if a liver biopsy reveals 
moderate to severe inflammation and/or at least moder-
ate fibrosis; however, the AASLD and APASL guidelines 
recommend treatment for patients with an ALT level 
greater than 2 times the ULN. The AASLD guideline rec-
ommends that lower values be used to define the ULN for 
an ALT level of 30 U/l for men and 19 U/l for women, and 
a liver biopsy be performed in patients with mildly in-
creased ALT levels, particularly in patients older than age 
40 years  [4] . The AASLD and APASL guidelines recom-
mend antiviral therapy in patients with compensated liv-
er cirrhosis (LC) and a serum HBV DNA level >2,000 IU/
ml regardless of the ALT level  [4, 5] .

  The 3 guidelines recommend 3–6 months of observa-
tion in HBeAg-positive patients and treatment if sponta-
neous HBeAg seroconversion is not observed. Recom-
mendations for treatment of noncirrhotic CHB HBeAg-
positive and HBeAg-negative patients are summarized in 
 figures 1  and  2   [8] .

  The management algorithm used during therapy in-
cludes measuring HBV DNA and ALT levels every 12 
weeks and HBeAg or anti-HBe levels every 24 weeks in 
CHB patients who are HBeAg-positive. HBeAg-negative 
CHB patients should be similarly checked for efficacy and 
safety during 48 weeks of treatment. All CHB patients 
treated with pegylated interferon-α (PEG IFN-α) should 
be monitored for the known adverse effects of IFN.

  For HBV-related LC patients with increased ALT lev-
els, the AASLD guideline recommends treatment regard-
less of the HBV DNA level  [4] . The EASL guideline rec-
ommends treatment of HBV-related LC patients with any 
detectable level of serum HBV DNA  [3] . There is growing 
evidence that long-term treatment with nucleos(t)ide an-
alogues (NAs) not only prevents disease progression but 
also reverses fibrosis and cirrhosis. In a double-blind, ran-
domized, placebo-controlled study of 651 patients with 
advanced fibrosis or cirrhosis, who were HBeAg-positive 
or had high levels of HBV DNA (>150,000 IU/ml), lami-
vudine (LAM) therapy was shown to decrease the pro-
gression of liver disease  [10] . A follow-up report of the 
phase 3 tenofovir disoproxil fumarate (TDF) versus ade-
fovir dipivoxil (ADV) trial including 348 patients who 
had paired biopsies at baseline and year 5 showed that 
51% of the patients had a decrease in fibrosis stage by 1 or 
more, and 71 of 96 (74%) patients with cirrhosis on initial 
biopsy had regression of cirrhosis  [11] .

  Antiviral Effect of NA 

  Table 1  summarizes the efficacy of NA treatment in a 
48-week large, randomized, controlled trial with HBeAg-
positive and -negative CHB patients  [12–17] .

  Entecavir 
 A daily dose of 0.5 mg of entecavir (ETV) was found 

to be superior to 100 mg of LAM in terms of suppression 
of HBV DNA by 6.9 log copies/ml in HBeAg-positive 
CHB patients and by 5.0 log copies/ml in HBeAg-neg-
ative CHB patients. Histological improvement was 
achieved in 72% of ETV-treated CHB patients compared 
to 62% in LAM-treated CHB patients (HBeAg-positive), 
and in 70% of ETV-treated versus 61% of LAM-treated 
CHB patients (HBeAg-negative). In addition, at the end 
of year 2, HBsAg loss was recorded in 5% of ETV-treated 
and in 2% of LAM-treated patients  [18, 19] . In the follow-
up study of 96 weeks of treatment with 0.5 mg of ETV in 
naïve Japanese patients, resistance was reported in only 
1.7%  [20] .
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  For 55 patients with decompensated liver function 
treated with ETV for  ≥ 12 months, improvements from 
baseline in the Child-Turcotte-Pugh score and its com-
ponents (albumin, total bilirubin, and prothrombin time) 
and in the model for end-stage liver disease score were 
observed (p < 0.05 for all)  [21] .

  Long-term studies report the safety and efficacy of 
ETV in NA-naïve patients with undetectable HBV DNA 
in over 90 and 0.4% developing resistance at 4 years of 
treatment  [22] . Achieving a complete viral response with 
HBV DNA <80 IU/ml on ETV decreased the risk of de-
compensation, HCC, or death by 71% during a median 

• Monitor for 3–6 months
• Liver biopsy is recommended
• Treat if biopsy shows 
  moderate/severe inflammation
  or significant fibrosis

• Monitor for 3–6 months
• Treat if no spontaneous
  HBeAg loss

• Monitor for 3–6 months1

• Consider liver biopsy if
- ALT persistently 1–2x ULN
- Age >30–40 years2

- Family history of HCC
• Treat if biospy shows
  moderate/severe
  inflammation or fibrosis

EASL

HBV DNA 2,000–20,000 IU/ml HBV DNA >20,000 IU/ml

HBeAg-positive

ALT > ULN

• Monitor

AASLD, APASL, EASL AASLD, APASL, EASL AASLD, APASL, EASL

HBV DNA <2,000 IU/ml
ALT < ULN

ALT 1–2x ULN ALT >2x ULN

• Monitor ALT and
  HBV DNA 
  every 1–3 months
• Consider liver biopsy if
  patient is 40 years old
• Treat if biospy shows
  moderate/severe
  inflammation or fibrosis

• Liver biopsy is
  recommended
• Treat if biopsy shows
  moderate/severe
  inflammation or fibrosis

• Treatment is clearly
  indicated
• Liver biopsy optional

• Liver biopsy is recommended
• Treat if biopsy shows
  moderate/severe inflammation
  or fibrosis

• Treat

ALT >2x ULN ALT 1–2x ULNALT 1–2x ULN

APASL

HBV DNA 2,000–20,000 IU/ml

HBeAg-negative

APASL EASL1 AASLD, APASL, EASL

ALT >2x ULN

• Monitor

AASLD, APASL, EASL

HBV DNA <2,000 IU/ml
ALT < ULN

HBV DNA >20,000 IU/ml
ALT >2x ULN

  Fig. 1.  Algorithm showing guideline recommendations for the treatment of patients with HBeAg-positive CHB. 
 1  APASL recommends monitoring every 1–3 months.  2  EASL: age >30 years; AASLD and APASL: age >40 years. 
Adapted from Yapali et al.  [8] . 

  Fig. 2.  Algorithm showing guideline recommendations for the treatment of patients with HBeAg-negative CHB. 
 1  EASL indicates treatment may be initiated in patients with a normal ALT level if the biopsy shows moderate/
severe inflammation or fibrosis. Adapted from Yapali et al.  [8] . 
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of 20 months of follow-up  [23] . Results of the multi-
center international BE-LOW study (NCT00410072) in-
vestigating ETV monotherapy verus ETV and TDF com-
bination in nucleos(t)ide-naïve HBeAg-positive and 
-negative CHB patients showed no difference at week 96 
in viral suppression, ALT level, HBeAg, or HBeAg sero-
conversion. However, combination therapy did lead to a 
greater reduction in the viral load in HBeAg-positive 
CHB patients with baseline HBV DNA of at least 108 IU/
ml, suggesting a potential benefit in this subset of pa-
tients  [24] .

  Greater decreases in serum HBV DNA levels (<10 4  
copies/ml) during follow-up were associated with a lower 
risk of HCC. HCC occurred more frequently (2.3 vs. 
7.5%, p < 0.001) in nonresponding patients or in patients 
with a viral breakthrough compared with those who ex-
perienced remission  [25] .

  The efficacy of ETV therapy in suppressing hepato-
carcinogenesis was evaluated in a cohort study that 
matched clinical backgrounds using propensity scores. 
90% of the ETV-treated patients had sustained viral sup-
pression at year 1, and drug resistance was minimal 
(0.8%) during the median follow-up period of 3.2 years. 
ETV therapy reduced the hepatocarcinogenesis risk ra-
tio to 0.37 and also suppressed hepatocarcinogenesis in 
patients with LC  [26] . Furthermore, in a recent cohort 
study with patients with LC, the 5-year hepatocarcino-
genesis rate was reduced to a risk ratio of 0.55 for the 

ETV-treated group compared to the historical control 
group  [27] .

  Based on the above two results, the JSH suggests that 
ETV therapy suppresses hepatocarcinogenesis  [9] .

  Tenofovir 
 In HBeAg-positive CHB patients, TDF reduced HBV 

DNA levels by 4.5 log copies/ml (12-week results) and 
suppressed HBV DNA to undetectable levels (<10 2  IU/
ml) in 76% of patients versus in only 13% in the ADV 
group. TDF and ADV treatments resulted in similar rates 
of histological benefit (74 vs. 68%) and HBeAg serocon-
version (21 vs. 18%). An important finding was HBsAg 
loss in 3% of CHB patients during the first 48 weeks of 
therapy in the TDF group  [17] . In the HBeAg-positive 
group, at the end of year 2 of continuous TDF treatment, 
HBeAg seroconversion increased to 27% and HBsAg loss 
increased to 6%  [28] . In HBeAg-negative CHB patients, 
TDF reduced HBV DNA levels by 3.0 log copies/ml (12-
week results) and suppressed HBV DNA to undetectable 
levels (<10 2  IU/ml) in 93% of patients versus in only 63% 
in the ADV group.

  Patients after 3 years of TDF monotherapy reported vi-
ral suppression with HBV DNA <400 copies/ml in 72% of 
HBeAg-positive CHB patients and in 87% of HBeAg-neg-
ative CHB patients, with normalization of ALT in 74 and 
81%, respectively. No resistance was reported, and 8% of 
HBeAg-positive CHB patients had a loss of HBsAg  [29] . A 

 Table 1.  Summary of NA treatment in patients with HBeAg-positive and -negative CHB: 48-week post-treatment 
results

Treatment
group

HBeAg
status

HBV DNA 
suppression
(log 10 copies/ml)

HBV DNA
undetectable, %

ALT
normalization, %

HBeAg
seroconversion, %

LAM [12, 13] positive –5.4 36 60 18
negative –4.5 72 71 –

ADV [14, 15] positive –3.5 21 48 12
negative –3.9 51 72 –

ETV [12, 13] positive –6.9 67 68 21
negative –5.0 90 78 –

TBV [16] positive –6.4 60 77 23
negative –5.2 88 74 –

TDF [17] positive –4.5 (12 weeks) 76 68 21
negative –3.0 (12 weeks) 93 76 –

 Adapted from Kim et al. [6].
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total of 99% of the 348 CHB patients had viral suppression 
with HBV DNA <400 IU/ml, with histologic improvement 
in 87% and regression of fibrosis in 51%. Of the 98 patients 
who had cirrhosis at baseline, 71% had regression of fibro-
sis and were no longer cirrhotic at year 5  [11] .

  Of 641 patients initially randomized, 585 (91.3%) en-
tered the open-label phase; 437/585 (74.7%) remained in 
the study at year 7. For patients on treatment at year 7, 
99.3% maintained viral suppression (HBV DNA <69 IU/
ml), 80.0% achieved serum ALT normalization, and in 
HBeAg-positive patients, 84/154 (54.5%) and 25/154 
(11.8%) achieved HBeAg and HBsAg loss, respectively. 
1/375 (0.3%) HBeAg-negative patients achieved HBsAg 
loss. No resistance to TDF was detected during 7 years 
 [30] . In total, 136 patients (median age 49 years, 96 males, 
94 HBeAg-positive, and 51 with LC) were included. Sixty-
two patients were NA-naïve and 74 patients received pri-
or NA therapy (NA-exp group); 31 patients in the NA-
exp group showed LAM resistance (LAM-R group; 5.9 ± 
2.0 vs. 3.9 ± 2.0 vs. 4.2 ± 1.7 log IU/ml, p < 0.01). The 
complete virological response rate at week 48 in the NA-
naïve group (71.4%) did not differ significantly from that 
in the NA-exp (71.3%) and LAM-R (66.1%) groups  [31] . 
Following a 48-week randomized, double-blind evalua-
tion of once-daily TDF versus once-daily ADV, open-la-
bel TDF for up to 240 weeks was evaluated. Patients with 
both baseline and week 240 liver biopsies were evaluated 
for histologic changes. At baseline, 189/641 (29%) ran-
domized patients were Asian. Sixty-eight percent of Asian 
patients were male; 50% were HBeAg-positive. At week 
240, similar proportions of Asian (88%) and non-Asian 
(87%) patients demonstrated improvement in liver his-
tology, and 19/22 (86%) Asian patients with baseline cir-
rhosis were no longer cirrhotic  [32] .

  A retrospective analysis found no decrease in the renal 
function associated with ETV  [33] .

  Antiviral Resistance to NAs 
 Although LAM has the most extensive safety record, 

its current use is limited by the high frequency of LAM-R 
(24% in year 1 and 70% in year 4)  [34] .

  Even though resistance to ADV is slow to emerge, re-
sistant variants increase progressively after the first year, 
reaching 29% in year 5  [35] . The advantages of ADV are 
its limited resistance during the first 2 years, the absence 
of cross-resistance with LAM and other L-nucleos(t)ides 
and, therefore, its value as treatment for LAM-resistant 
CHB  [36, 37]  and for hepatic decompensation associated 
with LAM-R prior to and after liver transplantation  [38] . 
ETV and TDF are potent HBV inhibitors, and they have 

a high barrier to resistance  [12, 28, 39] . In a study of 96 
weeks of treatment with TDF, no evidence of TDF resis-
tance was found  [40] .

  The frequency of antiviral resistance to telbivudine 
(TBV) at 1 year was 5% of HBeAg-positive and only 2% 
of HBeAg-negative patients  [16] .

  Resistance should be identified as early as possible be-
fore the clinical breakthrough (i.e. increased ALT) by 
means of HBV DNA monitoring; if possible, the pattern 
of resistance mutations should be identified to adapt ther-
apeutic strategies. Indeed, clinical and virological studies 
have demonstrated the benefit of an early treatment ad-
aptation – as soon as the viral load increases ( table 2 )  [41, 
42] . Adding a second drug without cross-resistance is the 
only efficient strategy:
  • LAM-R: add TDF (add ADV if TDF is not yet avail-

able); 
 • ADV resistance: it is recommended to switch to TDF 

if available and add a second drug without cross-resis-
tance. If an N236T substitution is present, add LAM, 
ETV or TBV, or switch to TDF plus emtricitabine. If 
an A181T/V substitution is present, add ETV (the 
safety of the TDF-ETV combination is unknown) or 
switch to TDF plus emtricitabine; 

 • TBV resistance: add TDF (add ADV if TDF is not yet 
available). The long-term safety of these combinations 
is unclear; 

 Table 2. Frequency of antiviral resistance to NA treatment

Treatment group Treatment
duration, years

Antiviral 
resistance, 
%

LAM [34] 1 24
2 42
3 53
4 70

ADV (naïve patients) [15] 1 0
2 3
3 11
4 18
5 29

ETV (naïve patients) [19] 4 <1

TBV (naïve patients) [16, 43] 1 2 – 5
2 11 – 25

TDF (naïve patients) [40] 2 0

Adapted from Kim et al. [6].
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 • ETV resistance: add TDF (the safety of this combina-
tion is unknown); 

 • TDF resistance: resistance to TDF has not been de-
scribed so far. It is recommended that genotyping and 
phenotyping be done by an expert laboratory to deter-
mine the cross-resistance profile. ETV, TBV, LAM, or 
emtricitabine could be added (the safety of these com-
binations is unknown). 

 Treatment Failure 
 Drug resistance starts with polymerase gene muta-

tions, followed by a virological breakthrough, biochemi-
cal relapse with increased ALT, and progression of liver 
disease. The identified mutation and the percentage of 
resistance with length of treatment are outlined in  table 2  
 [44] . Primary nonresponse defined as <1 log copies/ml 
decline in HBV DNA after 12 weeks of therapy is rarely 
seen with a highly potent NA, but can occur in up to 20% 
treated with ADV. When observed in a compliant patient, 
treatment should be quickly modified to prevent a selec-
tion of drug-resistant mutants. Partial response can occur 
with any of the NAs and is defined as detectable HBV 
DNA at week 24 or 48 of treatment. On the basis of TBV 
phase III data showing high rates of resistance at 2 years 
of treatment if >4 log copies/ml, a road map approach has 
been proposed in which a second drug is added if the pa-
tient is viremic at week 24. This approach is currently be-
ing evaluated in a prospective trial but has been recom-
mended in the most recent European guidelines  [3, 45] . 
However, in patients with high baseline viral loads, the 
slope of decline must also be considered with the more 
potent and high genetic barrier drugs, ETV and TDF, be-
fore changing the therapy  [46] . Virological breakthrough 
with confirmed genetic mutation necessitates treatment 
modification with an add-on or switch strategy ( table 2 ).

  Rescue Therapy 
 TDF added to ETV therapy was studied as a rescue 

strategy in 57 CHB patients with multidrug resistance or 
prior partial response. Fifty-one patients had undetect-
able HBV DNA after a mean of 6 months, proving this to 
be an effective and well-tolerated strategy in a difficult-to-
treat population  [47] .

  In contrast, switching to ADV or ETV monotherapy 
was associated with drug resistance in 24 and 18% at a me-
dian of 18 months and failure to suppress HBV DNA. The 
addition of ADV to LAM was not as effective as ETV plus 
ADV in suppressing the viral load, but did achieve nor-
malization of ALT in 93% at 1 year, with a resistance rate 
of 6%. The authors conclude that although ETV plus ADV 

is preferred, adding ADV to LAM-resistant patients is a 
reasonable option at a lower cost  [48] . In 90 patients with 
resistance to LAM and ADV where TDF was not available, 
ETV and ADV was superior to continuing LAM and ADV 
with a 1-year viral suppression of 63 versus 15%  [49] .

  Long-Term Therapy with NAs 
 HBV DNA levels should be monitored at week 12 to 

ascertain virological response, and then every 12–24 weeks. 
HBV DNA reduction to undetectable levels by real-time 
PCR (i.e. <10–15 IU/ml) should ideally be achieved to 
avoid resistance. Thus, HBV DNA monitoring is crucial
to detect treatment failure. In HBeAg-positive patients, 
HBeAg and subsequently anti-HBe antibodies once HBeAg 
is negative should be measured at intervals of 6–12 months.

  The HBsAg decline is slow and does not correlate with 
HBV DNA levels during NA therapy. However, a rapid 
HBsAg decline during NA therapy may identify patients 
who will finally clear HBsAg. A 6- to 12-monthly assess-
ment of the HBsAg level could be considered during NA 
therapy. Taking these lines of evidence together, quanti-
tative HBsAg can complement HBV DNA levels to opti-
mize the management of CHB patients  [50, 51] . Renal 
impairment has rarely been reported in patients with HIV 
infection receiving anti-HBV drugs, or in patients receiv-
ing nephrotoxic drugs and being treated with TDF or 
ADV; thus, appropriate monitoring for nephrotoxicity 
and dose adjustments are necessary.

  Treatment with PEG IFN-α 

 PEG IFN offers a finite duration of therapy, with ap-
proximately 30% of HBeAg-positive patients achieving 
HBeAg seroconversion with 12 months of therapy. Given 
the high cost of IFN therapy associated with frequent side 
effects, there have been attempts to identify patients most 
likely to benefit from this treatment, which is recom-
mended for those with high ALT levels (>2–5 times ULN), 
low HBV DNA (<2 × 10 8  IU/ml), and genotype A  [3–5] .

  When compared to the standard IFN-α 2a at a dose of 
4.5 million units 3 times weekly, PEG IFN at a dose of 180 
μg once weekly for 12 months resulted in a greater decline 
in HBV DNA levels and a higher rate of HBeAg serocon-
version (33 vs. 25%)  [52] . Three large multicenter trials of 
PEG IFN therapy have been published – 2 in HBeAg-pos-
itive  [53, 54]  and 1 in HBeAg-negative CHB patients ( ta-
ble 3 )  [55] .

  In a multinational European study, PEG IFN-α 2b  was 
given at a dose of 100 μg weekly for 32 weeks followed by 
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50 μg weekly until completion of 52 weeks of treatment 
with or without LAM (100 mg daily) in 266 CHB patients 
who were HBeAg-positive  [53] . A comparison group re-
ceiving LAM alone was not included. In a second larger 
multicenter trial, a total of 814 patients with HBeAg-pos-
itive CHB were given either PEG IFN-α 2a  alone (180 μg 
once weekly), LAM alone (100 mg daily), or the combina-
tion of both for 48 weeks  [54] . Finally, in another large 
multicenter trial, patients with HBeAg-negative hepatitis 
B were treated with PEG IFN-α 2a  alone (180 μg once 
weekly), LAM alone (100 mg daily), or the combination 
of both for 48 weeks  [55] . These 3 studies showed that 
adding LAM to PEG IFN did not elevate the rate of sus-
tained responses ( table 4 ).

  Regarding the combination therapy with IFN plus 
ETV, 24 HBeAg-positive CHB patients (23 men and 1 
woman; mean age 39 ± 7 years) received ETV 0.5 mg 
alone for 36–52 weeks, followed by ETV plus IFN-α for 4 
weeks, and lastly IFN-α alone for 46 weeks. Twenty-three 
patients had genotype C infection, and 1 had genotype A 

infection. The rate of response to sequential therapy with 
ETV and IFN-α in Japanese patients with HBeAg-posi-
tive CHB was not higher than the rate in previous studies 
of LAM therapy followed by IFN  [56] .

  Earlier studies showed that HBV genotypes A and B 
had a better response to IFN and PEG IFN treatment 
than genotypes D and C, respectively  [57] . Patients with 
genotype C had a lower response than those with geno-
type B when treated with a lower dosage of PEG IFN-α 2a  
(90 μg) or for a shorter duration (24 weeks)  [52] . How-
ever, the most recent NEPTUNE study has confirmed a 
comparable response to PEG IFN-α 2a  180 μg weekly for 
48 weeks between genotype B and C patients  [58] . Pooled 
data from the 2 largest studies of HBeAg-positive pa-
tients receiving PEG IFN treatment showed that geno-
type A patients with higher levels of baseline ALT or 
lower levels of HBV DNA, and genotype B and C pa-
tients with both higher ALT levels and lower HBV DNA 
levels had a high predicted probability of treatment re-
sponse  [59] .

 Table 3. Antiviral resistance and rescue therapy

Resistance Rate of resistance Mutation First-line therapy Second-line 
therapy

Third-line therapy

LAM 80% at 5 years M204I/V
L180M

EASL: switch to TDF
APASL: add ADV
AASLD: add ADV or TDF

EASL: add ADV
APASL: switch 
to TDF

Switch to ETV 1 
mg daily (an 
option, but not 
preferred)a

ADV 42% of HBeAg+ 
and 29% of 
HBeAg– at 5 years

N236T EASL: switch to ETV or TDF + emtricitabine 
(Truvada); ETV preferred for high HBV DNA
APASL: add LAM, TBV, ETV or switch to TDF
AASLD: add LAM, TBV or ETV or switch to TDF 
+ LAM or Truvada

ADV +
LAM

20% of LAM 
resistance at 1 year

A181T/V
A181T/Vb + N236T

EASL: switch to TDF and add ETV or LAM
APASL: switch to TDF + ETV
AASLD: switch to TDF + LAM, Truvada or TDF + 
ETV; may have decreased response to TDFb; TDF 
monotherapy not recommended

TBV 25% of HBeAg+ 
and 11% of 
HBeAg– at 2 years

M204I/V
L180M
A181T/V

EASL: switch to or add TDF
APASL: add ADV or switch to TDF
AASLD: add ADV or TDF

EASL: add ADV
AASLD: switch 
to Truvada

ETV 1.2% at 6 years, 
56% of LAM-R at 
6 years

L180M + M204V/I ± 
I169T ± V173L ± 
M250V
L180M + M204V/I ± 
T18 4G ± S202I/G

EASL: switch to or add TDF
APASL: add TDF or ADV
AASLD: switch to TDF or Truvada

EASL: add ADV
AASLD: add 
ADV

TDF No mutations 
identified

Adapted from Tujios and Lee [7]. 
a Rate of ETV resistance 56% at 6 years in those with LAM resistance. 
b A181T/V + N236 mutations may have a decreased response to TDF, and TDF monotherapy is not recommended. 
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  Several studies have now analyzed the effect of the 
IL28B genotype on HBeAg-positive CHB patients with 
variable results  [60–63] .

  Retrospective analysis of HBeAg-positive CHB pa-
tients enrolled in the NEPTUNE study revealed that none 
of the patients with HBsAg >20,000 IU/ml at week 12 had 
anti-HBe 6 months after the end of IFN treatment  [58] .

  According to prior studies, a week 12 stop rule for a 
lack of HBsAg decline or an HBsAg level >20,000 IU/ml 
may be employed to prevent futile treatment  [64] .

  In HBeAg-negative patients, a >10% decline in HBsAg 
at weeks 12 and 24 predicted sustained response (HBV 
<2,000 IU/ml and normal ALT level 6 months after treat-
ment), whereas no HBsAg decline and <2 log copies/ml 
HBV DNA predicted no response. Even in the HBeAg-
negative patients with an HBsAg decline at week 12, sus-
tained response to IFN remains around 50%  [65] .

  Although there was no difference at the end of treat-
ment, 29% of those treated for 96 weeks had HBV DNA 
<2,000 IU/ml compared to 12% of those treated for 48 
weeks (p = 0.03); 3 patients in the 96-week group had a 
loss of HBsAg versus none in the other group  [66] . A per-
sonalized, response-guided, extended IFN treatment reg-
imen looms on the horizon  [67] .

  Concerning suppression of hepatocarcinogenesis by 
IFN therapy, 4 available data analyses were published. 
One analysis of 11 studies comprising 1,006 patients 
treated with IFN and 1,076 untreated controls found that 
IFN therapy significantly reduced the carcinogenesis risk 
ratio to 0.59  [68] . Another meta-analysis of 8 studies 
found that, although hepatocarcinogenesis was sup-

pressed in IFN-treated patients compared to untreated 
controls (risk difference 5.0%), the hepatocarcinogenesis 
suppression effect was found in a subgroup of ethnic 
Asians  [69] . A meta-analysis of 7 studies evaluated the 
therapeutic effect of IFN in patients with cirrhosis, 122 
cases of HCC developed in 1,505 patients with LC, and a 
hepatocarcinogenesis risk difference of 6.4% in IFN-
treated patients compared to untreated controls  [70] . 
Lastly, in a meta-analysis of 12 studies examining 1,292 
IFN-treated patients and 1,450 untreated controls, IFN 
therapy significantly reduced the hepatocarcinogenesis 
risk ratio to 0.66  [71] .

  Based on these results, the JSH suggests that suppres-
sion of hepatocarcinogenesis by IFN therapy has been 
confirmed by meta-analyses  [9] .

  Conclusions 

 At present, for adults with HBV infection, 2 new ana-
logues, i.e. ETV and TDF, are recommended as the first-
line therapy by the EASL, AASLD, and APASL guide-
lines. On the other hand, regarding IFN therapy, the use 
of PEG IFN-α is recommended as the first-line therapy 
instead of standard IFN-α by the above-mentioned 3 
guidelines.

  These treatments should suppress the incidence of 
HCC although surveillance of HCC, and risk assessment 
by ultrasound elastography  [72] , CT, MRI  [73–75] , and 
tumor markers  [76, 77]  are necessary during these treat-
ments to detect HCCs in their early stage.

 Table 4. Summary of combination therapy of PEG INF and LAM in CHB patients 24 weeks following treatment

HBeAg
status

Treatment arms n HBV DNA
suppression,
%

HBV DNA
undetectable,
%

ALT
normalization,
%

HBeAg 
seroconversion, 
%

Positive 
[53]

PEG IFN 100 μg/week × 32 weeks –>50 μg × 20 weeks 136 27 7 32 29

PEG IFN 100 μg/week × 32 weeks –>50 μg × 20 weeks + LAM 130 32 9 35 29

Positive 
[54]

PEG IFN 180 μg/week × 48 weeks 271 32 14 41 32

PEG IFN 180 μg/week + LAM 48 weeks 271 34 14 39 27
LAM for 48 weeks 272 22 5 28 19

Negative 
[55]

PEG IFN 180 μg/week × 48 weeks 177 43 19 59 –

PEG IFN 180 μg/week + LAM 48 weeks 179 44 20 60 –
LAM for 48 weeks 181 29 7 44 –

Adapted from Kim et al. [6].
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Abstract
The ideal goal of chronic hepatitis B (CHB) treatment 
should be suppression of emergence of hepatocellular 
carcinoma through the disappearance of hepatitis B 
s antigen (HBsAg) rather than the control of serum 
hepatitis B virus-DNA level. For this purpose, various 
types of combination therapies using nucleoside analogs 
(NAs) and interferon (IFN) have been conducted. The 
therapeutic effects of combination of two different kinds 
of agents are better than those of the monotherapy 
using NAs or IFN alone, probably because different 
pharmaceutical properties might act in a coordinated 
manner. Recently, combination therapies with NAs and 
IFN and sequential therapies with NAs administration 
followed by IFN therapy have been routinely employed. 
We previously reported that combination therapy using 
entecavir (ETV) and pegylated (PEG)-IFN showed 
antiviral effects in 71% of CHB patients; the effect of 
this combination was better than that using lamivudine 
(LAM) and PEG-IFN. This is partially explained by the 
better antiviral effects of ETV than those of LAM. In our 
analysis, the cohort of CHB consisted of the patients 
who showed a flare-up of hepatitis before antiviral 
therapy, and their baseline HBsAg levels were relatively 
low. Therefore, in addition to the combination of the 
agents, the appropriate selection of patients is critical to 
achieve a good viral response.

Key words: Hepatitis B virus; Interferon; Sequential 
therapy; Combination therapy; Nucleoside analog

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: For the suppression of emergence of hepato-
cellular carcinoma, disappearance of hepatitis B s antigen 
(HBsAg) is necessary, which is an important goal for 
the treatment of chronic hepatitis B. In order to achieve 
HBsAg clearance, combination therapies with nucleoside 
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analogs (NAs) and interferon (IFN) and sequential 
therapies with NAs administration followed by IFN 
therapy have been routinely employed. The combination 
of antiviral agents, and the appropriate selection of 
patients are critical to obtain a good response for HBsAg 
clearance.
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INTRODUCTION
Hepatitis B virus (HBV) is a DNA virus, and it is cha
racterized by reverse transcription for replication in 
infected hepatocytes[1]. Various nucleoside analogs 
(NAs) have been employed as antiviral agents for 
chronic hepatitis B (CHB) patients. Lamivudine (LAM)[2,3], 
adefovir[4,5], and entecavir (ETV)[6,7] have been used to 
inhibit HBV replication by blocking DNA chain elongation. 
However, resistant viruses that appear after long
term administration of NAs[810] should be taken into 
consideration. HBV infects liver cells and forms stable 
circular doublestranded DNA [covalently closed circular 
DNA (cccDNA)] using DNA polymerase in the liver cell 
nuclei, providing a template for viral proliferation[11,12]. 
NAs do not directly act on cccDNA but inhibit HBV 
proliferation by blocking reverse transcription. Thus, 
discontinuing the administration may well cause viral 
rebound that lead to the reactivation of hepatitis. On 
the other hand, interferon (IFN) induces natural killer 
(NK) cell and reduces cccDNA through the elimination of 
infected liver cells. However, IFN is rarely indicated for 
the cirrhotic patients with deteriorated liver functions. 
In addition, it actually exerts a weak inhibitory effect on 
virus proliferation compared to the NAs[13]. In general, 
unlike NAs, IFN shows different therapeutic effects 
depending on the HBV genotypes; patients with the 
genotypes C and D are more resistant to IFN than those 
with the genotypes A and B. Instead of IFN, pegylated
IFN, whose metabolism and elimination are suppressed 
by linear polyethylene glycol (PEG) modification, was 
developed, achieving stronger antiviral effects[14].

In order to utilize the synergic effects of these 
agents, NAs have been combined with IFN. Combination 
therapies with IFN and NAs and socalled “sequential 
therapies”, which are characterized by the NAs admini
stration followed by the IFN therapy, have been routinely 
employed. In this article, we focus on the recent 
advancement of antiviral therapy for CHB in the context 
of combination therapy using NAs and IFNs.

CONCURRENT ADMINISTRATION OF IFN 
AND NAS AND THEIR COMBINATION
Several randomized largescale trials have been 

reported on PEGIFNα2a and LAM combination therapy. 
In hepatitis B e antigen (HBeAg)negative cases, 48wk 
PEGIFNα2a monotherapy was compared with 48wk 
PEGIFNα2a and LAM combination therapy, demon
strating that the combination therapy showed relatively 
stronger antiviral effects, although no difference was 
noted at 24 wk after the therapy in terms of viral 
response (VR rates: 43% vs 44%, respectively)[15]. In 
HBeAgpositive patients, 48wk PEGIFNα2b mono
therapy was also compared with 48wk PEGIFNα2b 
and LAM combination therapy, again demonstrating no 
difference in the therapeutic effects (VR rates: 32% vs 
27%, respectively)[16]. Therefore, PEGIFN monotherapy 
is recommended as the firsline treatment because 
there was no advantage of 48wk PEGIFNα2a and LAM 
combination in therapeutic effects of CHB[17].

We have conducted another clinical trial wherein we 
combined ETV that exerted a stronger antiviral effect 
than LAM, with PEGIFN for 48 wk[18]. Seventeen CHB 
patients with genotype C received ETV and PEGIFNα2b 
combination for 48 wk, and were observed for additional 
24 wk to know the virological and biochemical res
ponse. Our results showed that serum HBVDNA levels 
continued to reduce after the 48wk administration. 
At 24 wk after the administration, low viral loads were 
sustained at < 4 log copies/mL in 12 cases (71%). 
Of 11 HBeAgpositive cases, four (36%) and eight 
(73%) showed HBeAg seroconversion at the end of 
the treatment and at 24 wk after the administration, 
respectively. Hepatitis B s antigen (HBsAg) disappeared 
in one case. Since only a small number of patients were 
analyzed in this study, the good antiviral effect of this 
combination should be confirmed with a larger sample 
size. However, the virological and biochemical effects 
observed in this study were superior to those reported 
in the previous study of HBeAgpositive CHB patients 
using PEGIFNα2a monotherapy or combination therapy 
with LAM[18]. This is partially explained by the use of 
ETV that has more potent antiviral effects than LAM. 
On the other hand, our cohort of CHB consisted of the 
patients who developed flareup hepatitis before the 
treatment with low baseline HBsAg levels. Therefore 
background condition of hepatitis with active immune 
response should be an important factor to achieve a 
good antiviral effect.

A recent report showed randomized control trial of 
monotherapy vs combination therapy: Comparison of the 
antiviral response between HBeAgpositive patients who 
received ETV alone for 24 wk vs patients treated with 
PEGIFN for 24 wk after 24wk ETV administration[19]. 
HBeAg loss with an HBV DNA < 200 IU/mL (18% vs 
32%, respectively, P = 0.032) rates were significantly 
higher in the 24wk PEGIFN combination group, and the 
relapse rate after ETV discontinuation was also lower in 
the 24wk PEGIFN combination group than ETVmono
therapy group. Thus, ETV and PEGIFN combination 
may provide favorable outcomes. It is also known that 
tenofovir (TDF) also exerts a good antiviral effect to HBV. 
Therefore, TDF and PEGIFN combination should be 
conducted in a largescale study.
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SEQUENTIAL THERAPY
Administration of NAs followed by IFN therapy is known 
as sequential therapy. The results of the treatment with 
the 20wk LMV administration, followed by the 4wk 
combination of LMV with IFN and subsequent 24wk IFN 
monotherapy were reported[20]. Fourteen CHB patients 
received the therapy, resulting in HBeAg seroconversion 
in 45% and negative for HBVDNA in 57%. Thus, 
this sequential method could be a promising antiviral 
therapy. However, the majority of the patients examined 
in this trial had a HBVgenotype A. Therefore, antiviral 
effect for other genotypes is still unknown.

Other trials were performed using different protocols 
at many facilities. Sequential therapy was conducted 
in 36 HBeAgnegative patients using 6mo LMV mono
therapy, followed by 6mo combination of LAM with 
IFN, and additional 12mo IFN monotherapy[21]. At 12 
mo after the therapy, biological effects and HBVDNA
negative rates were not significantly different from those 
of the age and sexmatched IFNalone control group. 
The antiviral response reported in this study were 
markedly different from those reported in the previous 
report[20]. Sequential therapy was also conducted in 
24 HBeAgpositive patients using 16 to 32wk LMV 
therapy, followed by 4wk combination with IFNβ and 
additional 20wk IFN monotherapy[22]. Virological effects 
were noted in 29% of the patients, which is also much 
lower than those reported by Serfaty et al[20]. In this 
trial, the majority of the CHB patients carried genotype 
C virus that was known as a resistant genotype to IFN 
therapy. Therefore, these controversial results among 
the studies may be explained by the difference of the 
HBV genotype in addition to the differences of sex, 
and ethnic groups analyzed. In this report, background 
factor that associated with therapeutic effects were 
also analyzed: IFN therapy is markedly effective in 
young patients with low HBVDNA levels before the 
therapy[23]. Sequential therapy with ETV and IFNα was 
also reported, demonstrating no additional therapeutic 
advantage as compared to those with LMV[24]. However, 
this therapy is more likely to be effective in patients who 
achieved clearance of HBeAg during ETV administration. 
Therefore, the effects of sequential therapy should be 
enhanced through the appropriate patient selection.

IMMUNE RESPONSE AND THERAPEUTIC 
EFFECTS
In the early stage of HBV infection, viruses are con
trolled by natural immunity, mainly consisting of NKT 
cells, and activated NKT cells activate NK, T, and B 
cells to ameliorate the HBV infection and eliminate 
infected hepatocytes[25,26]. Thus, activated NKT cells are 
essential for viral clearance in acute hepatitis B. On the 
other hand, attempts have been made to treat chronic 
hepatitis B by activating NKT cells. In a clinical trial on 
chronic hepatitis B treatment with αGalCer, a ligand 
for type 1 NKT cells, no marked antiviral effects were 

noted[27]. This should be further investigated in the 
future.

The expression levels of activation markers in 
NK cells from the peripheral blood and liver were 
higher in chronic hepatitis B patients with high alanine 
transaminase (ALT) levels than in those with low ALT 
levels, with the degree of activation being correlated 
with the severity of hepatocyte damage[28]. As described 
above, IFN exerts antiviral effects through the activation 
of NK cells[25,26]. Hence, in patients with high ALT levels, 
antiviral effects may be increased by IFN intervention 
through the increased activation of NK cells. The marked 
therapeutic effects of the combination therapy with 
PEGIFN and ETV can be explained by the selection of 
patients with high ALT levels (157 ± 143 IU/L) before 
the intervention[18]. A high viral load has been reported 
as an IFNresistance factor. The combination with ETV 
may have increased the IFN effects by reducing viruses 
early. The activities of interleukin 15 and 6 and CD8 were 
increased by the combination with tenofovir and PEG
IFN as compared to PEGIFN monotherapy, suggesting 
that tenofovir improves the immune response to IFN[29]. 
This should be further examined in the future.

The numbers of NKT cells in chronic hepatitis B 
patients were lower than those in healthy subjects. 
However, the numbers of NKT cells were restored in 
patients successfully treated with telbivudine[30]. In 
addition, the IFNγ production capacity of NK cells was 
improved in patients successfully treated with ETV[31]. 
Before analog treatment, sequential therapy is con
ducted to reduce viruses, followed by IFN treatment. 
IFN intervention may exert effects in patients with the 
numbers and functions of NKT cells restored by analog 
treatment.

In both combination therapy with PEGIFN and 
analog and sequential therapy, immunocompetent 
cells, mainly NKT cells, may be associated with the 
therapeutic effects. From this viewpoint, therapeutic 
indications and effectiveness should be examined.

CONCLUSION
The concurrent administration of IFN and NAs is intended 
to enhance the effect of IFN. Baseline viral loads 
are considered to be associated with IFN resistance, 
while flare up of hepatitis lead to susceptibility to IFN 
treatment because active immune response should 
accelerate the antiviral action of IFN. Thus, IFN exerts 
maximum effects in a conflicting situation with low HBV-
DNA level accompanied by active hepatitis. From this 
point of view, IFN should be started during an initial 
decreasing phase of HBVDNA under the administration 
of NAs in patients with active hepatitis. To achieve this 
condition, simultaneous initiation of NAs and IFN should 
be ideal. Indeed, in addition to the types of combinations 
of NAs and IFN, various factors, such as ALT, HBVDNA, 
and HBsAg levels before the treatment may affect the 
therapeutic effects.

Sequential therapy is aimed at enhancing thera
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peutic effects and safety discontinuing of the NAs 
administration. However, it should also induce inactive 
hepatitis after a longterm administration of NAs, which 
could affect the effect of IFN. On the other hand, many 
studies reported the effectiveness of sequential therapy 
specifically in patients with low serum HBV-DNA levels 
and negative HBeAg after administration of NA. The 
factors that predict the effectiveness of sequential 
therapy should be investigated.

Combination therapy and sequential therapy are 
based on the different treatment concepts. However, 
both are basically aimed at drugfree treatment. We 
should take the advantages as well as the risk of 
treatment failure into reconsideration for the treatment 
of CHB.
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Adjuvant sorafenib for hepatocellular carcinoma after 
resection or ablation (STORM): a phase 3, randomised, 
double-blind, placebo-controlled trial
Jordi Bruix*, Tadatoshi Takayama, Vincenzo Mazzaferro, Gar-Yang Chau, Jiamei Yang, Masatoshi Kudo, Jianqiang Cai, Ronnie T Poon, 
Kwang-Hyub Han, Won Young Tak, Han Chu Lee, Tianqiang Song, Sasan Roayaie, Luigi Bolondi, Kwan Sik Lee, Masatoshi Makuuchi, 
Fabricio Souza, Marie-Aude Le Berre, Gerold Meinhardt, Josep M Llovet*, on behalf of the STORM investigators

Summary
Background There is no standard of care for adjuvant therapy for patients with hepatocellular carcinoma. This trial 
was designed to assess the effi  cacy and safety of sorafenib versus placebo as adjuvant therapy in patients with 
hepatocellular carcinoma after surgical resection or local ablation.

Methods We undertook this phase 3, double-blind, placebo-controlled study of patients with hepatocellular carcinoma 
with a complete radiological response after surgical resection (n=900) or local ablation (n=214) in 202 sites (hospitals 
and research centres) in 28 countries. Patients were randomly assigned (1:1) to receive 400 mg oral sorafenib or 
placebo twice a day, for a maximum of 4 years, according to a block randomisation scheme (block size of four) using 
an interactive voice-response system. Patients were stratifi ed by curative treatment, geography, Child-Pugh status, 
and recurrence risk. The primary outcome was recurrence-free survival assessed after database cut-off  on Nov 29, 
2013. We analysed effi  cacy in the intention-to-treat population and safety in randomly assigned patients receiving at 
least one study dose. The fi nal analysis is reported. This study is registered with ClinicalTrials.gov, number 
NCT00692770.

Findings We screened 1602 patients between Aug 15, 2008, and Nov 17, 2010, and randomly assigned 1114 patients. Of 
556 patients in the sorafenib group, 553 (>99%) received the study treatment and 471 (85%) terminated treatment. Of 
558 patients in the placebo group, 554 (99%) received the study treatment and 447 (80%) terminated treatment. 
Median duration of treatment and mean daily dose were 12·5 months (IQR 2·6–35·8) and 577 mg per day (SD 212·8) 
for sorafenib, compared with 22·2 months (8·1–38·8) and 778·0 mg per day (79·8) for placebo. Dose modifi cation 
was reported for 497 (89%) of 559 patients in the sorafenib group and 206 (38%) of 548 patients in the placebo group. 
At fi nal analysis, 464 recurrence-free survival events had occurred (270 in the placebo group and 194 in the sorafenib 
group). Median follow-up for recurrence-free survival was 8·5 months (IQR 2·9–19·5) in the sorafenib group and 
8·4 months (2·9–19·8) in the placebo group. We noted no diff erence in median recurrence-free survival between the 
two groups (33·3 months in the sorafenib group vs 33·7 months in the placebo group; hazard ratio [HR] 0·940; 
95% CI 0·780–1·134; one-sided p=0·26). The most common grade 3 or 4 adverse events were hand-foot skin reaction 
(154 [28%] of 559 patients in the sorafenib group vs four [<1%] of 548 patients in the placebo group) and diarrhoea 
(36 [6%] vs  fi ve [<1%] in the placebo group). Sorafenib-related serious adverse events included hand-foot skin reaction 
(ten [2%]), abnormal hepatic function (four [<1%]), and fatigue (three [<1%]). There were four (<1%) drug-related 
deaths in the sorafenib group and two (<1%) in the placebo group.

Interpretation Our data indicate that sorafenib is not an eff ective intervention in the adjuvant setting for hepatocellular 
carcinoma following resection or ablation.

Funding Bayer HealthCare Pharmaceuticals and Onyx Pharmaceuticals.

Introduction
Hepatocellular carcinoma (HCC) is the third leading cause 
of cancer-related death globally, and the global incidence is 
rising, with roughly 700 000 cases diagnosed worldwide in 
2012 alone.1,2 HCC usually occurs in the setting of liver 
cirrhosis, because of chronic hepatitis B virus (HBV) or 
hepatitis C virus (HCV) infections, alcohol consumption, 
non-alcoholic steatohepatitis, or diabetes.3–5

In carefully selected patients diagnosed at an early 
disease stage, surgical resection, liver transplantation, 
and local ablation are potentially curative and are 

associated with 5-year survival rates of 60–80% (resection) 
and 40–70% (ablation).3,4,6 However, tumour recurrence is 
common and jeopardises overall survival in these 
patients. Surgical resection and ablation are associated 
with tumour recurrence rates of 50% at 3 years and 70% 
at 5 years.3,4,6–9 Thus, the long-term prognosis after 
resection or ablation remains unsatisfactory, and 
prevention of recurrence via adjuvant treatments is an 
important unmet medical need in patients with HCC.

Adjuvant therapy in HCC represents a considerable 
challenge, in particular because of the underlying liver 
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disease present in almost all patients. Currently, there is 
no standard of care for adjuvant therapy because no 
treatment has a proven benefi t in randomised studies in 
patients with HCC after potentially curative 
treatment.3,4,10–13 Although interferon is the most widely 
studied treatment in this setting, evidence is confl icting 
based on studies with small sample sizes, heterogeneous 
patient populations, and diff ering types and length of 
treatment.13 Studies of other potential adjuvant treatment 
options, such as vitamin K2, retinoids, and systemic 
chemotherapy, have also been inconclusive in terms of 
effi  cacy and safety,7,13–15 and a phase 3 trial (NCT00568308) 
of the heparanase inhibitor PI-88, which showed promise 
in phase 2,16 was terminated.17

The oral multikinase inhibitor sorafenib is approved in 
patients with unresectable HCC based on two phase 3 
randomised trials,18,19 and is the recommended treatment 
in patients with advanced HCC.3,4,10–12

Tumour recurrence can be caused by unrecognised 
microscopic metastases, or de-novo development of 
primary tumours because of the underlying liver 
disease.6,20 Thus, based on the mechanism of action of 
sorafenib (namely, inhibition of tumour cell proliferation 
and angiogenesis21), in addition to its proven effi  cacy in 
advanced HCC, there is rationale for the study of 
sorafenib as an adjuvant therapy in HCC. The STORM 
trial was thus designed to assess the effi  cacy and safety of 
sorafenib versus placebo as an adjuvant therapy in 
patients with HCC with a complete radiological response 
after curative treatment by surgical resection (R0 on 
pathological report) or local ablation (complete response 
by imaging techniques).

Methods
Study design and participants
The STORM trial was a randomised, double-blind, 
placebo-controlled, phase 3 study undertaken throughout 
the Americas, Asia-Pacifi c, and Europe across 202 sites 
(hospitals and research centres) in 28 countries 
(appendix). Site distribution was as follows: Argentina 

(three centres), Australia (fi ve centres), Austria 
(three centres), Belgium (four centres), Brazil 
(fi ve centres), Bulgaria (two centres), Canada (fi ve centres), 
Chile (two centres), China (27 centres), France (14 centres), 
Germany (15 centres), Greece (one centre), Hong Kong 
(three centres), Italy (14 centres), Japan (17 centres), Korea 
(ten centres), Mexico (three centres), New Zealand 
(one centre), Portugal (one centre), Romania 
(three centres), Russia (four centres), Singapore 
(two centres), Spain (11 centres), Sweden (two centres), 
Switzerland (two centres), Taiwan (seven centres), the UK 
(seven centres), and the USA (29 centres).

Eligible patients were men and women aged 18 years or 
older with a confi rmed fi rst diagnosis of HCC suitable 
for curative treatment (resection or local ablation) 
according to clinical guidelines.3,4 An initial staging scan 
(CT or MRI of chest, abdomen, and pelvis), done before 
curative treatment, was used for patient stratifi cation. 
Patients were required to have an eligibility scan (CT or 
MRI of chest, abdomen, and pelvis) confi rming complete 
radiological response by masked central independent 
review based on validated imaging criteria3,4,22 between 
3 and 7 weeks after either complete tumour removal after 
surgical resection or the last local ablation treatment 
(only radiofrequency ablation or percutaneous ethanol 
injection). Although patients who underwent ablation 
were not required to have histological confi rmation at the 
time of ablation, if this was not available, they needed to 
have met the imaging criteria. No more than 4 months 
must have passed between the initial staging scan and 
completion of curative treatment.

Patients eligible for enrolment had a maximum tumour 
load before curative therapy comprising one lesion of any 
size for resection, or a single lesion 5 cm or smaller or two 
or three lesions each 3 cm or smaller in size for ablation. 
Other eligibility criteria included a Child-Pugh score of 
5–7 (Child-Pugh score 7 allowed only in the absence 
of ascites), Eastern Cooperative Oncology Group 
performance status of 0, and alpha fetoprotein 
concentration lower than 400 ng/mL. Patients were also 

Research in context

Evidence before this study
We searched PubMed using combinations of the search terms 
”hepatocellular carcinoma”, ”HCC”, “systemic”, ”adjuvant”, 
and”sorafenib”, with no time restriction. We also assessed major 
clinical practice guidelines for hepatocellular carcinoma (HCC) 
and associated references. Sorafenib is the established standard 
of care in patients with advanced HCC and the only systemic 
agent approved for HCC. To the best of our knowledge, before 
this study, no study of sorafenib in the adjuvant setting after 
resection or ablation had been done. However, more recently, 
two studies of sorafenib as an adjuvant therapy for HCC were 
published. One, a pilot study of 31 patients, reported a 
signifi cantly longer time to recurrence in the sorafenib group, 

whereas the other, a retrospective study of 78 patients, noted 
that sorafenib prolonged overall survival, but not recurrence-
free survival.

Added value of this study
Herein, we report the fi rst, large-scale, randomised controlled 
trial assessing sorafenib as an adjuvant therapy for patients 
with HCC after resection or ablation.

Implications of all the available evidence
Although sorafenib has shown to be eff ective in the advanced 
setting, our fi ndings, in combination with the additional evidence 
available, suggest that the drug is not an eff ective intervention in 
the adjuvant setting for HCC after resection or ablation. 

See Online for appendix
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required to have adequate bone marrow, liver, and renal 
function as assessed by laboratory tests done with samples 
taken within 14 days before randomisation, including 
haemoglobin, bilirubin, platelet count, neutrophil count, 
alkaline phosphatase, alanine aminotransferase, aspartate 
aminotransferase, and serum creatinine.

We assessed risk of recurrence for resection based on 
tumour characteristics as established by the pathology 
report, and included only patients with an intermediate 
or high risk of recurrence. Patients undergoing surgical 
resection were defi ned as having a high risk of recurrence 
if they had one tumour of any size plus microvascular 
invasion, satellite tumours, or poorly diff erentiated 
microscopic appearance, or two or three tumours each 
3 cm or smaller in size. An intermediate risk was defi ned 
as a single tumour of 2 cm or larger with well-
diff erentiated or moderately diff erentiated microscopic 
appearance, and the absence of microvascular invasion 
or satellite tumours. Patients with single tumours 
smaller than 2 cm without vascular invasion or satellites 

were deemed low risk and thus not included in our study. 
Patients undergoing local ablation were stratifi ed based 
on imaging and defi ned as having a high risk of 
recurrence if they had a tumour 3–5 cm in size or two or 
three tumours each 3 cm or smaller; intermediate risk 
was defi ned as a single tumour 2–3 cm in size. We 
deemed patients with single tumours smaller than 2 cm 
as low risk and did not include them in the study. These 
criteria for recurrence risk, although based on the 
scientifi c literature and refl ecting the Barcelona Clinic 
Liver Cancer staging system,4,23,24 were designed 
specifi cally for the STORM study to exclude patients with 
a low or extremely high risk of recurrence.

Exclusion criteria included: recurrent HCC; 
macrovascular invasion; a history of cardiovascular 
disease (myocardial infarction >6 months before study 
entry was allowed); infection with HIV or other clinically 
serious infections; seizure disorder requiring drugs; and 
previous anticancer treatment for HCC, including 
sorafenib. Antiviral treatment for chronic HBV or HCV 
was allowed in accordance with local practice guidelines. 

All patients provided signed, informed consent. The 
trial was undertaken in accordance with the Declaration 
of Helsinki and the International Conference on 
Harmonisation guideline E6: Good Clinical Practice. The 
conduct of the study met all local legal and regulatory 
requirements, and documented approval from 
appropriate ethics committees and institutional review 
boards was obtained. Documented protocol approval 
from appropriate ethics committees and institutional 
review boards was obtained for all participating centres 
before the start of the study.

Randomisation and masking
Eligible patients were randomly assigned (1:1) to receive 
400 mg twice a day of oral sorafenib or placebo for a 
maximum treatment period of 4 years (204 weeks ± 1) or 
until disease recurrence. The treatment period of 4 years 
was chosen based on the expected length of the study.  
At randomisation, patients were stratifi ed according to 
curative treatment (surgical resection vs local ablation), 
geographical region (Americas vs Europe vs Asia-
Pacifi c), Child-Pugh status (Child-Pugh A5 or A6 vs 
Child-Pugh B7), and risk of tumour recurrence (high vs 
intermediate).Reporting of the STORM trial is in 
keeping with the CONSORT statements.25 Patients were 
randomly assigned between 6 and 12 weeks after 
curative treatment. The study was double-blinded. 
Sorafenib and placebo tablets were identical in 
appearance to ensure treatment was masked. 
Randomisation was done in a parallel, stratifi ed fashion 
using permuted blocks (block size of four) via a 
computer-generated system. Sequences were generated 
by an internal randomisation group and the list loaded 
into an interactive voice-response system (IVRS). The 
study investigators enrolled patients and then entered 
them into the IVRS to obtain the randomisation 

Figure 1: Trial profi le
ITT=intention-to-treat.

554 received drug 553 received drug

558 assigned placebo (ITT population)

1114 randomly assigned

1602 patients screened

556 assigned 400 mg oral sorafenib 
 (ITT population)

107 treatment ongoing 82 treatment ongoing

471 terminated drug
 165 had disease progression or 
  recurrence
 133 had an adverse event
  93 withdrew consent
  35 completed all assessments
  10 died
  35 had other reasons 

488 excluded
 361 had protocol exclusion 
  criteria
 111 withdrew consent
  1 died
  7 had an adverse event
  4 were missing or lost to 
  follow-up
  4 at investigators’ discretion

447 terminated drug
 274 had disease progression or 
  recurrence
  65 completed all assessments
  41 had an adverse event
  35 withdrew consent
   5 died
  27 had other reasons

3 patients withdrew consent2 patients withdrew consent
1 patient had a protocol violation
1 patient was non-compliant
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number. Allocation of treatment was by an IVRS, which 
assigned each patient a treatment based on a unique 
bottle or drug number.

Procedures
Full patient assessment, including tumour assessment, 
complete blood count, and chemistry panel, was done at 
the initial visit, 4 weeks and 12 weeks after the initial 
visit, and every 12 weeks thereafter. After treatment 
initiation, an independent data safety monitoring 
committee assessed safety and treatment adherence at 
1 month, 3 months, and every 6 months thereafter.

Treatment interruptions and up to two levels of dose 
reductions (fi rst to 400 mg once a day and then to 
400 mg every other day) were allowed if drug-related 
adverse events were recorded. If further dose reductions 
were needed, treatment was to be discontinued. For 
non-haematological adverse events other than skin 
toxicity, treatment interruption was indicated for any 
grade 3 adverse event, with a subsequent dose reduction 
by one level. For skin toxicity, treatment interruption 

was indicated for any grade 2 or grade 3 adverse event, 
with a decreased dose frequency or level to be 
subsequently considered. Dose re-escalation was 
permitted at the physician’s discretion if the adverse 
event resolved.

Outcomes
The primary endpoint of the study was recurrence-free 
survival (RFS), defi ned as the time from randomisation 
to the fi rst documented disease recurrence by 
independent radiological assessment or death by any 
cause, whichever happened fi rst. Secondary endpoints 
were time to recurrence, defi ned as the time from 
randomisation to the fi rst documented disease 
recurrence by independent radiological assessment, and 
overall survival, defi ned as the time from randomisation 
to death by any cause.

Intrahepatic recurrence was defi ned as the appearance 
of one or more intrahepatic lesions with a longest diameter 
of at least 10 mm and a typical vascular pattern of HCC on 
dynamic imaging (ie, hypervascularisation in the arterial 
phase with washout in the portal venous or late venous 
phase). Lesions larger than 10 mm that did not show a 
typical vascular pattern could be diagnosed as HCC by 

Sorafenib group 
(n=556)

Placebo group 
(n=558)

Age (years) 58 (24–85) 60 (19–83)

Age ≥65 years 173 (31%) 197 (35%)

Sex

Female 105 (19%) 97 (17%)

Male 451 (81%) 461 (83%)

Ethnic origin

Asian 348 (63%) 342 (61%)

White 186 (33%) 190 (34%)

Other or not reported 22 (4%) 26 (5%)

Region

Americas (North, South) 60 (11%) 60 (11%)

Asia-Pacifi c (including 
Australia, New Zealand)

330 (59%) 330 (59%)

Europe 166 (30%) 168 (30%)

ECOG performance status

0 551 (99%) 555 (100%)

1* 5 (<1%) 3 (<1%)

Curative treatment

Local ablation 106 (19%) 108 (19%)

Surgical resection 450 (81%) 450 (81%)

Risk of recurrence†

Intermediate 298 (54%) 308 (55%)

High 258 (46%) 250 (45%)

Child-Pugh score

5 429 (77%) 432 (77%)

6 112 (20%) 106 (19%)

7 15 (3%) 16 (3%)

8* 0 4 (<1%)

Months from diagnosis to 
randomisation

2·6 (1·5–8·6) 2·6 (1·5–6·5)

(Table 1 continues in next column)

Sorafenib group 
(n=556)

Placebo group 
(n=558)

(Continued from previous coloumn)

Cause of underlying disease

Alcohol use only 47 (9%) 45 (8%)

Hepatitis B only 282 (51%) 264 (47%)

Hepatitis C only 119 (21%) 151 (27%)

Unknown 67 (12%) 62 (11%)

Other 41 (7%) 36 (6%)

Alpha fetoprotein (ng/mL)‡ 6·0 (1·1–348·4) 5·6 (1·0–532·8)

Bilirubin (mg/dL)‡ 0·6 (0·2–2·0) 0·6 (0·2–2·6)

Albumin (g/dL)‡ 3·9 (2·2–5·1) 4·0 (2·3–5·1)

Liver cirrhosis present 357 (64%) 344 (62%)

Number of lesions

1 506 (91%) 521 (93%)

2 44 (8%) 33 (6%)

≥3 6 (1%) 4 (<1%)

Maximum tumour size (mm) 35 (10–200) 35 (10–190)

Tumour satellites§ 

No 408 (91%) 411 (91%) 

Yes 42 (9%) 39 (9%) 

Microscopic vascular invasion§

No 304 (68%) 303 (67%) 

Yes 146 (32%) 147 (33%) 

Data are n (%) or median (range). ECOG=Eastern Cooperative Oncology Group. 
*Protocol deviation. †Two patients with a low recurrence risk were included in the 
intermediate-risk group for the analysis. ‡Placebo (n=548). §Assessed only in the 
450 patients in each group who underwent resection. 

Table 1: Baseline patient demographics and disease characteristics by 
treatment group
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evidence of a growth interval of at least 1 cm in subsequent 
scans. Extrahepatic recurrence was defi ned as per 
Response Evaluation Criteria in Solid Tumors. Patients 
were allowed to withdraw from study treatment if they 
had ascites or pleural eff usion deemed to be malignant.

Statistical analysis
The planned sample size for the study was 1100 patients 
and was calculated based on the primary endpoint. 
Initially, the study required 611 events based on 90% 
power to detect a 30% increase in RFS. Because of a 
higher than expected number of patients discontinuing 
treatment without recurrence of HCC, this was 
amended during the study to 457 events to achieve 80% 
power, assuming a 1:1 randomisation ratio and one-
sided alpha of 0·025. The assumed RFS in the placebo 
group was 21 months, and the expected median overall 
survival was 60 months based on the scientifi c literature 
and taking into account the population to be enrolled in 
this study.4,7

Effi  cacy endpoints were analysed in the intention-to-
treat population, defi ned as all randomly assigned 
patients. This represents the planned fi nal analysis of 
RFS and the planned fi rst interim analysis of overall 
survival. We used an O’Brien-Fleming spending function 
to work out the early stopping boundary for analysis of 
overall survival so that the overall alpha was less than or 
equal to 0·025 (one-sided). The amount of alpha spent at 
this analysis was 0·000449 (one-sided).

For each endpoint, the effi  cacy of sorafenib versus 
placebo was analysed with a log-rank test stratifi ed by the 
same factors implemented at randomisation (one-sided 
alpha 0·025). Kaplan-Meier estimates, time to event 
curves, hazard ratios (HRs), and 95% confi dence intervals 
(CIs) were also calculated for RFS, time to recurrence, and 
overall survival.

Safety analyses were descriptive and were done in the 
safety population, defi ned as all randomly assigned 
patients who received at least one dose of study drug. We 
used SAS version 9.2 for statistical analyses. The study is 
registered with ClinicalTrials.gov (NCT00692770) and 
the EU Clinical Trials Register (EudraCT number 
2008-001087-36).

Role of the funding source
The funder was responsible for the study design and data 
collection and analysed and interpreted data, in 
collaboration with all authors. The funder also had input 
into the writing of the manuscript. JB and JML had full 
access to all of the study data, and all authors had access 
upon request. The corresponding author had access to 
the study data and had the fi nal responsibility to submit 
the manuscript for publication.

Results
We recruited patients between Aug 15, 2008, and Nov 17, 
2010. Of 1602 patients screened, 1114 met eligibility 
criteria and were randomly assigned: 556 to the sorafenib 
group and 558 to the placebo group (fi gure 1). 553 patients 
in the sorafenib group and 554 in the placebo group 
received treatment as initially assigned. Six patients 
assigned to placebo received one or more dose of 
sorafenib, and hence the safety analysis population 

Figure 2: Kaplan-Meier analysis of RFS based on independent assessment (A) and subgroup analysis of RFS by 
Cox regression based on independent assessment (B)
RFS=recurrence-free survival. HR=hazard ratio. ITT=intention to treat. NE=not evaluable.

All patients (ITT)
Age
 <65 years
 ≥65 years
Sex
 Male
 Female
Region
 Americas
 Asia-Pacific
 Europe
Risk
 Intermediate risk
 High risk
Child-Pugh status
 Child-Pugh A
 Child-Pugh B
Type of treatment
 Local ablation
 Surgical resection
Cause of HCC
 Hepatitis B
 Hepatitis C
 Alcohol use

556

383
173

451
105

60
330
166

298
258

541
15

106
450

282
119

47

0·940 (0·780–1·134)

0·942 (0·752–1·179)
1·007 (0·722–1·405)

0·951 (0·777–1·165)
0·887 (0·564–1·396)

0·931 (0·513–1·691)
1·006 (0·792–1·277)
0·871 (0·617–1·230)

0·926 (0·710–1·209)
0·933 (0·721–1·207)

0·954 (0·791–1·152)
0·760 (0·270–2·141)

0·970 (0·656–1·434)
0·937 (0·759–1·156)

0·900 (0·695–1·166)
0·849 (0·601–1·199)
1·183 (0·614–2·280)
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consisted of 559 patients in the sorafenib group and 
548 in the placebo group.

Table 1 shows baseline characteristics. The median age 
was 59 years and most patients were male. Most patients 
were recruited from Asia-Pacifi c, then Europe and the 
Americas. Most patients had undergone surgical 
resection as curative therapy, and about half of patients 
were classifi ed as having an intermediate risk of 
recurrence. Overall, HBV infection was the main cause 
of HCC in both the sorafenib group and the placebo 
group. Most patients had preserved liver function with 
Child Pugh status A.

Regionally, more patients in Europe had undergone 
ablation (110/344 [33%]) compared with patients in the 
Americas (18/120 [15%]) or Asia-Pacifi c (86/660 [13%]; 
appendix). HCV was the most common cause in the 
Americas (39/120 [33%]) and Europe (129/334 [39%]), 
whereas HBV was most common in Asia-Pacifi c 
(460/660 [70%]; appendix). Alcohol use as the underlying 
cause was most common in Europe (61/334 [18%]) 
compared with the other regions (appendix).

Median follow-up for RFS was 8·5 months 
(IQR 2·9–19·5) in the sorafenib group and 8·4 months 
(2·9–19·8) in the placebo group. At the analysis cut-off  
date of Nov 29, 2013, 464 actual RFS events (270 in the 
placebo group and 194 in the sorafenib group) and 
217 deaths (113 in the placebo group and 104 in the 
sorafenib group) had occurred. We recorded no signifi cant 
treatment eff ect of sorafenib on RFS according to the 
independent radiological assessment (HR 0·940; 95% CI 
0·780–1·134; one-sided p=0·26; fi gure 2A). Median RFS 
was 33·3 months (95% CI 27·6–44·0) in the sorafenib 
group and 33·7 months (27·6–39·0) in the placebo group 
(fi gure 2A). Analysis of RFS according to independent 
assessment, in subgroups defi ned by baseline stratifi cation 
factors (region, risk of recurrence, Child-Pugh status, 
primary treatment) as well as age, sex, and cause of 
underlying liver disease, showed no signifi cant treatment 
eff ect of sorafenib across subgroups (fi gure 2B). Results 
were similar for RFS according to the investigators’ 
assessments (HR 0·900; 95% CI 0·749–1·082; one-sided 
p=0·13; appendix). Median RFS was 35·9 months 
(95% CI 30·5–42·0) for sorafenib compared with 
33·7 months (25·6–38·7) for placebo (appendix).

Time to recurrence according to independent 
assessment was not signifi cantly diff erent in the sorafenib 
group compared with the placebo group (HR 0·891; 
95% CI 0·735–1·081; one-sided p=0·12; fi gure 3). Median 
time to recurrence was 38·5 months (95% CI 30·4–not 
estimable) for sorafenib compared with 35·8 months 
(30·3–41·4) for placebo (fi gure 3). According to the 
investigators’ assessments, there was a suggestion of 
longer time to recurrence in the sorafenib group than in 
the placebo group, although this was not statistically 
signifi cant (median 41·4 months, 95% CI 33·2–51·6) 
versus the placebo group (34·0, 27·9–39·0; HR 0·849; 
95% CI 0·702–1·027; p=0·045; appendix ).

Analysis of predefi ned subgroups suggested there were 
no notable treatment-group diff erences with respect to 
median time to recurrence based on Child-Pugh status, 
previous curative treatment, or risk of recurrence 
(appendix). We noted a suggestion of longer time to 
recurrence for patients given sorafenib who had HCV 
compared with those receiving placebo (median 

Figure 3: Kaplan-Meier analysis of time to recurrence based on independent assessment
HR=hazard ratio.

Time (months) 

HR 0·891 (95% CI 0·735–1·081); p=0·12 (one-sided)

558
556

438
345

387
298

322
243

295
220

266
191

250
172

229
152

213
135

166
102

121
70

88
50

21
6

15
4

1
1

Number
at risk

Placebo
Sorafenib

Sorafenib (n=556)
Placebo (n=558)

100

75

50

25

0

Pr
ob

ab
ili

ty
 o

f r
ec

ur
re

nc
e (

%
)

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

Figure 4: Kaplan-Meier analysis of overall survival
HR=hazard ratio.
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27·8 months, 95% CI 19·0–not estimable) vs 16·8 months 
(13·6–33·1), although this diff erence was not signifi cant 
(HR 0·785 [95% CI 0·546–1·129]) and the median time 
to recurrence in both treatment groups was shorter than 
in the other subgroups (appendix).

The median follow-up for overall survival was 
23·0 months (IQR 12·7–36·0) in the sorafenib group 
and 22·0 months (IQR 14·4–35·5) in the placebo group. 
No signifi cant treatment eff ect of sorafenib on overall 
survival was shown (HR 0·995; 95% CI 0·761–1·300; 
one-sided p=0·48; fi gure 4). Median overall survival was 
not reached in either treatment group.

Median duration of treatment was shorter with 
sorafenib than with placebo (table 2 and fi gure 5). Median 
duration of both sorafenib and placebo therapy was 
shorter in the Americas (3·6 months [IQR 1·5–21·4] vs 
16·4 months [0·4–28·8]) and Europe (8·1 months 
[1·6–21·9] vs 21·2 months [8·8–37·4]) than in Asia-
Pacifi c (16·9 months [4·6–38·4] vs 28·2 months 
[8·2–41·4]; appendix). Actual mean daily doses are shown 
in table 2. Overall, 497 (89%) patients given sorafenib and 
206 (38%) patients given placebo required dose 
modifi cations (table 2).

The 1-year discontinuation rate was 49% (275/556) for 
sorafenib and 35% (195/558) for placebo (fi gure 5). The 
most common reason for treatment discontinuation in 
both treatment groups was disease recurrence, which 
was less frequent with sorafenib (165 [30%] of 
556 patients) than with placebo (274 [49%] of 
558 patients). Conversely, adverse events were a more 
frequent reason for discontinuation in the sorafenib 
group (133 [24%]) than in the placebo group (41 [7%]), as 
was withdrawal of consent (93 [17%] in the sorafenib 
group vs 35 [6%] in the placebo group; table 3 and 
appendix).

Overall, 545 (97%) of 559 patients who received 
sorafenib and 491 (90%) of 548 patients who received 
placebo had an adverse event. The overall incidence of 
drug-related adverse events was higher in the sorafenib 
group than in the placebo group (526 [94%] vs 
254 [46%]). In the sorafenib group, adverse events were 
mainly grade 1 or grade 2 in severity, and were 
gastrointestinal, constitutional, or dermatological in 
nature (table 4). The most commonly reported drug-
related adverse events in patients given sorafenib were 
hand-foot skin reaction, diarrhoea, and alopecia. 
Grade 3 adverse events in patients given sorafenib 
included hand-foot skin reaction, diarrhoea, and 
hypertension (table 4). Adverse events leading to a dose 
modifi cation were recorded in 439 (79%) patients in the 
sorafenib group and 111 (20%) patients in the placebo 
group. The number of reported serious adverse events, 
of any attribution, was similar between the groups 
(225 [40%] in the sorafenib group vs 228 [42%] in the 
placebo group). Of note, patients who were admitted to 
hospital within 30 days of the last dose of study drug 
because of any procedure related to HCC recurrence 

Sorafenib group 
(n=559)

Placebo group 
(n=548)

Duration of treatment (months)

Mean 17·9 (16·5) 23·7 (16·5)

Median 12·5 (2·6–35·8) 22·2 (8·1–38·8)

Actual daily dose (mg/day)

Mean 577·7 (212·8) 778·0 (79·8)

Median 600·0 (407·4–800·0) 800·0 (800·0–800·0)

Percent of planned dose (%)

Mean 65·2 (29·0) 96·5 (10·7)

Median 58·3 (40·7–100·0) 100·0 (99·8–100·0)

Dose modifi cation 497 (89%) 206 (38%)

Dose interruption 468 (84%) 185 (34%)

Dose reduction 372 (67%) 78 (14%)

Data are n (%), mean (SD), median (IQR). 

Table 2: Study drug exposure

Figure 5: Patients remaining on treatment over time
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Sorafenib group 
(n=556)

Placebo group 
(n=558)

Terminated study drug 471 (85%) 447 (80%)

Main reason

Disease recurrence 165 (30%) 274 (49%)

Adverse event 133 (24%) 41 (7%)

Consent withdrawn 93 (17%) 35 (6%)

Completed all planned 
assessments

35 (6%) 65 (12%)

Death 10 (2%) 5 (<1%)

Clinical progression* 10 (2%) 11 (2%)

Lost to follow-up 7 (1%) 3 (<1%)

Other 18 (3%) 13 (2%)

Data are n (%). *Radiological and clinical progression or progression based on 
clinical judgment. 

Table 3: Reasons for discontinuation
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(eg, resection) were categorised as having a serious 
adverse event, thereby somewhat confounding this 
result. Drug-related serious adverse events were noted 
in 52 (9%) patients in the sorafenib group and 14 (3%) 
in the placebo group. In the sorafenib group the most 
commonly reported drug-related serious adverse events 
were hand-foot skin reaction, abnormal hepatic 
function, and fatigue (table 4).

24 patients died during the study because of grade 5 
adverse events, 15 (3%) in the sorafenib group and nine 
(2%) in the placebo group. The investigators considered 

four of these in the sorafenib group (three with abnormal 
hepatic function and one cerebral haemorrhage) and two 
in the placebo group (one myocardial ischaemia and one 
undetermined cause) to be drug-related.

Discussion
In this phase 3 randomised study of sorafenib as adjuvant 
therapy for early HCC after image-proven, successful 
surgical resection or local ablation, the primary objective 
of a signifi cant improvement in RFS with sorafenib was 
not met. Similarly, we noted no signifi cant treatment 

Sorafenib group (n=559) Placebo group (n=548)

Adverse events Drug-related adverse events Adverse events Drug-related adverse events

All grades Grade 3 Grade 4 All grades Grade 3 Grade 4 All grades Grade 3 Grade 4 All grades Grade 3 Grade 4

Any adverse event 545 (97%) 324 (58%) 60 (11%) 526 (94%) 280 (50%) 13 (2%) 491 (90%) 201 (37%) 57 (10%) 254 (46%) 48 (9%) 3 (<1%)

Constitutional symptoms

Fatigue 85 (15%) 9 (2%) 1 (<1%) 73 (13%) 8 (1%) 1 (<1%) 66 (12%) 2 (<1%) 0 40 (7%) 2 (<1%) 0

Weight loss 60 (11%) 8 (1%) .. 41 (7%) 5 (<1%) .. 13 (2%) 0 .. 2 (<1%) 0 ..

Weight gain 14 (3%) 1 (<1%) .. 1 (<1%) 0 .. 42 (8%) 3 (<1%) .. 1 (<1%) 0 ..

Decreased appetite 40 (7%) 2 (<1%) 0 33 (6%) 2 (<1%) 0 18 (3%) 0 0 3 (<1%) 0 0

Arthralgia 34 (6%) 0 0 10 (2%) 0 0 30 (5%) 1 (<1%) 0 3 (<1%) 0 0

Back pain 41 (7%) 0 1 (<1%) 9 (2%) 0 0 38 (7%) 1 (<1%) 1 (<1%) 1 (<1%) 0 0

Headache 41 (7%) 3 (<1%) 0 22 (4%) 1 (<1%) 0 33 (6%) 1 (<1%) 0 10 (2%) 0 0

Pyrexia 33 (6%) 0 0 8 (1%) 0 0 24 (4%) 0 0 3 (<1%) 0 0

Insomnia 24 (4%) 1 (<1%) 0 5 (<1%) 0 0 31 (6%) 0 0 6 (1%) 0 0

Dermatological events

Alopecia 187 (33%) .. .. 179 (32%) .. .. 18 (3%) .. .. 17 (3%) .. ..

Hand-foot skin reaction 393 (70%) 154 (28%) .. 389 (70%) 154 (28%) .. 28 (5%) 4 (<1%) .. 28 (5%) 4 (<1%) ..

Rash or desquamation 97 (17%) 15 (3%) 1 (<1%) 91 (16%) 15 (3%) 1 (<1%) 45 (8%) 1 (<1%) 0 27 (5%) 0 0

Pruritus 46 (8%) 3 (<1%) .. 43 (8%) 3 (<1%) .. 57 (10%) 1 (<1%) .. 33 (6%) 1 (<1%) ..

Gastrointestinal symptoms

Diarrhoea 242 (43%) 36 (6%) 0 215 (38%) 34 (6%) 0 64 (12%) 5 (<1%) 0 40 (7%) 2 (<1%) 0

Nausea 50 (9%) 1 (<1%) 0 34 (6%) 1 (<1%) 0 24 (4%) 2 (<1%) 0 8 (1%) 0 0

Abdominal pain 57 (10%) 6 (1%) .. 29 (5%) 6 (1%) .. 46 (8%) 0 .. 12 (2%) 0 ..

Constipation 40 (7%) 0 0 14 (3%) 0 0 35 (6%) 0 0 8 (1%) 0 0

Ascites 38 (7%) 4 (<1%) 0 6 (1%) 1 (<1%) 0 19 (3%) 1 (<1%) 0 3 (<1%) 0 0

Dyspepsia 20 (4%) 1 (<1%) .. 10 (2%) 1 (<1%) .. 28 (5%) 0 .. 3 (<1%) 0 ..

Vascular disorders

Hypertension 142 (25%) 34 (6%) 0 108 (19%) 24 (4%) 0 64 (12%) 9 (2%) 0 35 (6%) 6 (1%) 0

Laboratory investigations

Decreased platelets 48 (9%) 15 (3%) 1 (<1%) 32 (6%) 8 (1%) 1 (<1%) 26 (5%) 5 (<1%) 0 13 (2%) 1 (<1%) 0

Increased ALT 52 (9%) 26 (5%) 1 (<1%) 28 (5%) 11 (2%) 1 (<1%) 37 (7%) 19 (3%) 0 15 (3%) 5 (<1%) 0

Increased AST 49 (9%) 23 (4%) 3 (<1%) 25 (5%) 10 (2%) 2 (<1%) 35 (6%) 13 (2%) 1 (<1%) 13 (2%) 6 (1%) 0

Respiratory

Dysphonia 41 (7%) 1 (<1%) 0 32 (6%) 1 (<1%) 0 3 (<1%) 0 0 1 (<1%) 0 0

Cough 30 (5%) 2 (<1%) .. 6 (1%) 2 (<1%) .. 43 (8%) 1 (<1%) .. 2 (<1%) 0 ..

Nasopharyngitis 30 (5%) 0 0 3 (<1%) 0 0 35 (6%) 0 0 0 0 0

Data are n (%). Adverse events are listed according to Medical Dictionary for Regulatory Activities terminology and graded according to Common Terminology Criteria for Adverse Events version 3.0. An adverse 
event is defi ned as any event arising or worsening after the start of study drug administration until 30 days after the last dose of study medication. Grade 5 events (n=1 unless otherwise stated) reported in the 
sorafenib group were renal failure, renal disorder, cerebral haemorrhage, peritonitis, hepatic failure or dysfunction (n=4), multi-organ failure (n=3), drowning, myocardial infarction, and atrioventricular block. 
Grade 5 events (n=1 unless otherwise stated) reported in the placebo group were peripheral embolism, cerebral haemorrhage, neoplasms (n=3), hepatitis B virus infection (n=2), death, and myocardial ischaemia. 
ALT=alanine aminotransferase; AST=aspartate aminotransferase.

Table 4: Adverse events and drug-related adverse events occurring in ≥5% of patients
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eff ect on the secondary endpoints of time to recurrence 
and overall survival.

Adjuvant therapy in HCC represents an area of high 
unmet medical need, and, up to now, attempts to address 
this need have proved largely unsuccessful. Therefore, 
current guidelines do not endorse any particular adjuvant 
therapy but recommend that larger trials with lower risk 
of systematic error be undertaken. More generally, 
advances in the treatment of HBV and HCV have 
implications for HCC, including potentially in the 
adjuvant setting. Antiviral therapy with nucleotide 
analogues has shown promise for reducing the recurrence 
of HBV-related HCC, and further investigation is 
warranted.7 Moreover, interferon-free regimens for HCV 
involving direct antiviral agents have substantially 
increased viral clearance rates, although the longer-term 
eff ect of this on HCC recurrence is yet to be established.26,27

The adverse events reported were consistent with the 
known safety profi le of sorafenib, and no new tolerability 
concerns were raised. However, the rate of 
discontinuation of sorafenib (50% at 1 year) was higher 
than we anticipated, in particular because of adverse 
events and consent withdrawal, which led to a shorter 
than expected median duration of treatment of roughly 
12 months. This fi nding is probably indicative of the fact 
that physicians and patients have a reduced acceptance of 
adverse events because of a perception that the disease is 
cured by surgery or ablation. Additionally, the treatment 
duration in this trial was longer than for clinical trials in 
patients with advanced-stage disease, and hence a higher 
rate of adverse events and discontinuation, overall, might 
be expected.

Median treatment duration in the sorafenib and 
placebo groups was shortest in the Americas and longest 
in Asia-Pacifi c. We noted more sorafenib dose 
modifi cations in the Americas compared with other 
regions, and a notably lower rate of consent withdrawal 
in Asia-Pacifi c. The regional diff erences recorded in 
treatment adherence suggest that length of treatment 
was not the reason for the absence of effi  cacy in this 
study because subgroup analysis showed that patients in 
Asia-Pacifi c received sorafenib for a median of 
16·9 months, with no eff ect on RFS. Nonetheless, we 
recorded a trend for longer time to recurrence for 
patients in the sorafenib group who had HCC as a result 
of HCV, who are found mainly in western regions (ie, 
Europe and the Americas). Thus, the shorter treatment 
duration could have aff ected the effi  cacy of sorafenib in 
these patients, especially in view of results of exploratory 
subgroup analyses of the SHARP trial showing better 
outcomes in patients with HCC caused by HCV versus 
HBV.28 However, because HCC was not a stratifi cation 
factor in this study, and given the HRs for survival were 
consistent across regions in phase 3 trials,19,29 the 
potentially greater eff ect of sorafenib in patients with 
HCV compared with HBV remains to be validated. 
However, these fi ndings might still be useful in directing 

the design of future trials in HCC because they 
potentially refl ect diff erences in clinical practice or 
cultural approaches across regions.

Most patients in the sorafenib group had a dose 
reduction, and the mean daily dose of sorafenib was 
much lower (578 mg) than the intended 800 mg. It is 
unclear if the low exposure to sorafenib treatment was a 
contributing factor to the negative fi ndings reported. The 
use of a lower sorafenib dose has been suggested in the 
scientifi c literature, in particular based on the fi ndings of 
the SOFIA study.30 However, the study was biased by 
several methodological issues,31 and there is not enough 
evidence to support a ramp-up strategy for sorafenib. 
Indeed, evidence suggests that the adverse-event profi le 
for sorafenib in the advanced treatment setting is similar 
irrespective of starting dose,32 and in the SHARP trial, 
76% of patients received more than 80% of the planned 
daily dose of sorafenib.19 As mentioned, physicians and 
patients have a reduced acceptance of adverse events in 
the absence of active disease, which more likely explains 
the low median dose and high rate of dose modifi cations 
recorded for sorafenib in this study.

The higher than expected treatment discontinuation 
meant fewer recurrence events were recorded than might 
have been anticipated based on the scientifi c literature. 
There are probably many reasons for this: fi rst, patients 
were included only if they had a complete response after 
ablation 1 month after the procedure, or if they had 
R0 status on the pathology report after resection. Thus, 
the high rate of early recurrences reported in retrospective 
studies because of undetected tumoral remains was not 
observed in the STORM study. Second, the alpha 
fetoprotein cutoff  level of 400 ng/mL might have excluded 
patients with disease undetectable by imaging. Patients 
with an unhealthier lifestyle who would naturally have a 
higher risk of recurrence might also have been less likely 
to participate in the study. Additionally, it is possible that 
the bespoke risk stratifi cation used meant that the study 
included some patients who had a low or moderate risk of 
recurrence. Hence, as a result of the approach taken, the 
required number of events was adapted and the study 
power was reduced from 90% to 80%.

Hepatocarcinogenesis is a complex process including 
many signalling cascades, and the mechanisms driving 
recurrence are not fully elucidated. The absence of 
benefi t in our study might refl ect that angiogenesis is not 
the sole requirement for initial tumour regrowth after 
resection or ablation, thereby rendering the anti-
angiogenic activity of sorafenib insuffi  cient to prevent 
relapse. The tumour microenvironment also plays a 
fundamental part in the pathogenesis of HCC, and 
sorafenib is known to aff ect several cell types other than 
cancer cells, such as hepatic stellate cells and 
macrophages.33 Thus, because of the dynamic nature of 
the tumour microenvironment, the cell mix at the initial 
phase of the metastatic process might diff er from that 
seen at a more evolutionary stage.
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Of relevance, despite the many successes of anti-
angiogenic treatments, their effi  cacy diff ers between 
cancer types, and several other anti-angiogenic agents 
have failed in the adjuvant setting of cancers such as 
colorectal, renal cell, and ovarian.34,35 Hence, the negative 
fi ndings for sorafenib as an adjuvant therapy in HCC do 
not aff ect its current indication in advanced HCC.

In conclusion, this phase 3 randomised study of 
sorafenib as adjuvant treatment after potentially curative 
therapy for HCC showed no signifi cant treatment eff ect 
with sorafenib, with regards to RFS, time to recurrence, 
or overall survival. The adjuvant setting remains an area 
of high unmet need in HCC management, and further 
research into strategies to prevent HCC recurrence is 
needed.
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Abstract
We conducted a phase I/II study in patients with advanced hepatocellular carcinoma (HCC) 
to determine the recommended dose, as well as the safety and efficacy, of combination ther-
apy of sorafenib with hepatic arterial infusion chemotherapy (HAIC) using low dose cisplatin 
(CDDP) and 5-fluorouracil (5FU). Cohorts consisting of 3–6 patients with HCC received an 
escalated dose of CDDP and 5-FU until a maximum-tolerated dose was achieved. The treat-
ment regimen was as follows: oral administration of sorafenib (400 mg twice daily for 28 days) 
combined with HAIC using CDDP (14–20 mg/m2, on days 1 and 8) and 5-FU (170–330 mg/m2, 
continuously on days 1–5 and 8–12) via an implanted catheter system). Each treatment cycle 
consisted of 28 days and three cycles of combination therapy. At the end of the first cycle, 
adverse events were evaluated and future dose escalation was determined. Eighteen pa-
tients with advanced HCC were enrolled. Dose-limiting toxicity was observed in two patients 
from cohort 1 (erythema multiforme and grade 4 thrombocytopenia) and in one patient 
from cohort 2 (erythema multiforme). Seven of the 18 patients achieved a partial response, 
seven showed stable disease, two were diagnosed as progressive disease, and two were not 
assessable. The response rate was 38.9% and the disease control rate was 77.8%. The time-
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to-progression was 9.7 months and the 1-year survival rate was 88.2%. Oral administration 
of 400 mg of sorafenib twice daily, 20 mg/m2 of intra-arterial infusion of CDDP, and 5-FU at 
330 mg/m2 are the recommended doses for combination therapy, which was well tolerated 
and efficacious. This combination therapy may be a promising treatment for patients with 
advanced HCC. A large prospective randomized multicenter study (ClinicalTrials.gov Identifier 
NCT01214343) is ongoing. Copyright © 2015 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is respectively the fifth and seventh most common can-
cer in men and women, and it is also the third leading cause of cancer-related death world-
wide [1]. In Japan, almost 30,000 people die annually because of HCC, and 47,000 people 
were estimated to suffer from this type of cancer in 2010 [2]. HCC usually emerges from a 
background of liver cirrhosis and chronic hepatitis caused by viral hepatitis infection be-
cause chronic liver injury induces apoptosis and regeneration of hepatocytes and liver ma-
trix remodeling. These conditions accelerate fibrogenesis and hepatocarcinogenesis [3].

A variety of treatments, such as resection [4, 5], radiofrequency ablation [6–8], trans-
catheter arterial chemoembolization (TACE) [9–11], and transplantation [12–14] have been 
performed for patients with HCC. The type of treatment is selected based on the tumor sta-
tus and clinical condition of the patient [15, 16]. Resection and radiofrequency ablation are 
selected for early stage-HCC as a curative treatment, and TACE is applied for intermediate 
stage patients. For locally advanced HCC with major vascular invasion or diffuse type HCC, 
hepatic arterial infusion chemotherapy (HAIC) is used to induce tumor shrinkage or regres-
sion of vascular invasion. However, HAIC is not commonly used worldwide because of a lack 
of evidence for survival benefit and the complicated management of the implanted catheter 
system. An advantage of HAIC is the delivery of a high concentration of antitumor agents to 
the target organ through the hepatic artery, which leads to effective antitumor activity of 
the agent with a minimal concentration entering the systemic circulation, thus reducing the 
incidence of adverse events (AE). In a prior study, the response rate (RR) of agents used for 
HAIC including cisplatin (CDDP) monotherapy and epirubicin hydrochloride monotherapy 
was 37% [17] and 15.1%, respectively [18]. Combination chemotherapy, such as CDDP with 
5-fluorouracil (5-FU) and etoposide with CDDP and 5-FU, have achieved a RR of between 
14–44% [19–25] and 46% [26], respectively.

Sorafenib (Nexavar®, Bayer HealthCare Pharmaceuticals) is a small molecule that inhib-
its the proliferation of cancer cells and tumor angiogenesis. It also enhances apoptosis by 
inhibiting Raf-1, B-Raf kinase and tyrosine kinase molecules in vascular endothelial growth 
factor receptors 1, 2, and 3, in addition to platelet-derived growth factor receptor β [27]. 
Sorafenib is the current standard therapy for advanced HCC worldwide, including Japan. 
Phase III randomized controlled trials have proven the survival benefit of sorafenib for pa-
tients with unresectable HCC [28, 29].

Interestingly, the antitumor effects of sorafenib are attributed to the induction of tumor 
dormancy rather than tumor shrinkage, which is in contrast to the tumor shrinkage effect of 
HAIC. Therefore, we considered that a combination of sorafenib with HAIC could be an ideal 
treatment for HCC. We conducted a phase I/II study to determine the recommended dose of 
sorafenib with HAIC for combination therapy and its efficacy and safety in patients with HCC.
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Patients and Methods

Patient Selection
Eligible patients had proven HCC confirmed histologically from a biopsy, or by typical radiological 

findings on dynamic computed tomography (CT) or CT during hepatic arteriography/arterioportography. 
None of the patients were suitable for resection, local ablation therapy or TACE. The eligibility criteria 
included: age >20 years, an Eastern Cooperative Oncology Group (ECOG) performance status score of 1 or 
less, Child–Pugh liver function class A or B, a life expectancy of 12 weeks or more, adequate hematologic 
findings (defined as a platelet count ≥50,000 per microliter, hemoglobin ≥8.5 grams per deciliter, neutro-
phils ≥1,500 per microliter and a prothrombin time international normalized ratio ≤2.3, or a prothrombin 
time ≤6 seconds above the control), adequate hepatic function (total bilirubin ≤2 mg per deciliter, alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) ≤5 times the upper limit of the normal 
range), and adequate renal function (serum creatinine ≤1.5 times the upper limit of the normal range), and 
normal amylase levels (5 x upper limit of normal levels). All patients provided written informed consent 
before enrollment in the study. This protocol was approved by each institution’s ethical review board and 
was conducted in accordance with Good Clinical Practice and the Declaration of Helsinki. The ClinicalTri-
als.gov Identifier was NCT00933816.

Catheter Placement
A catheter with anticoagulant coating was inserted through the femoral artery using the Seldinger 

method. The tip of the catheter with a side hole was placed into the gastroduodenal artery and side hole 
was located at the common hepatic artery. The gastroduodenal artery and right gastric artery (RGA) were 
then occluded by metallic embolization coils to prevent gastroduodenal injury from the antitumor agents. 
The other end of the catheter was connected to an injection port device that was implanted in a subcutane-
ous pocket in the right femoral area [25, 30](fig.1).

Study Design
This was a multicenter, open-label, phase I trial. The dose level assignment used a standard 3+3 

design with at least three evaluable patients per cohort. Sorafenib was administered orally at a dose of 
400 mg twice daily per individual for 28 days in all cohorts. In cohort 1, CDDP was administered at a dose 

Coils 

Liver 

Catheter 

RGA 

Coils 

GDA Ao 

CHA 

Side hole 

Fig. 1.  Catheter placement.
CHA=common hepatic artery; GDA=gastroduodenal artery; Ao=abdominal 
aorta; Coils=metallic embolization coils.
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of 14 mg/m2 on days 1 and 8, and 5-FU was administered at a dose of 170 mg/m2 continuously on days 1 
to 5, and days 8 to 12. In cohorts 2 and 3, the aforementioned medications frequency of administration 
was similarly prescribed except that CDDP was used at a dose of 14 mg/m2 and 5-FU was used at a dose of 
330 mg/m2 in cohort 2, and CDDP was used at a dose of 20 mg/m2 and 5-FU was used at a dose of 330 mg/
m2 in cohort 3 respectively, via the implanted catheter system. A cycle was defined as 28 days and three 
cycles of combination therapy were continued until a diagnosis of progressive disease (PD) was made 
or until other withdrawal criteria were met (fig. 2). At the end of each cycle, all AEs were evaluated and 
the next dose escalation was determined. If one dose limiting toxicity (DLT) was observed in any cohort 
during cycle 1, three additional patients were enrolled into the current cohort. If no DLTs were observed, 
the dose escalations continued.

Outcomes and Assessments
The primary outcomes of the study were DLT and the secondary outcomes were overall survival 

(OS), time to progression (TTP), RR, and AE.
The maximum tolerated dose (MTD) was defined as the highest dose level at which less than two pa-

tients experienced a DLT in cycle 1. DLT was defined as grade ≥3 when the patient was febrile (≥38.5 °C), 
or had infection with neutropenia, or leucopenia, or had thrombocytopenia. Grade 4 DLT was defined 
when there was neutropenia lasting more than 7 days, or; grade 4 thrombocytopenia or when it was 
necessary to transfuse platelets at the discretion of the treating physician-investigator. Other grade ≥3 
manifestations included non-hematologic toxicity excluding rises in amylase and hand-foot skin reac-
tions, and clinically important effects considered drug-related by the physician-investigator (ALT and 
AST ≥10 times the upper limit of the normal range, serum creatinine >4 times the upper limit of the nor-
mal range). Grade 4 DLT included hyperamylasemia lasting more than 14 days, with clinically significant 
pancreatitis including life-threatening type, or causing severe clinical symptoms leading to an interrup-
tion of sorafenib for more than 4 weeks.

Safety and efficacy were evaluated based on an intention-to-treat basis. TTP was calculated from 
study entry to radiological progression according to Response Evaluation Criteria in Solid Tumors (RE-
CIST) version 1.1 and OS was calculated from the date of entry until death due to any cause. Toxicity was 
graded using the National Cancer Institute Common Terminology Criteria for Adverse Events (version 
3.0). Tumor response was assessed by dynamic CT. Baseline tumor status was assessed within 28 days 
prior to study registration. Physical examination and blood tests including complete blood cell counts, 
serum chemistry, and urinalysis were carried out at baseline and every week during the treatment. Pa-
tients underwent dynamic CT investigations to evaluate tumor responses at the end of each cycle. Tumor 
evaluation was assessed using RECIST 1.1.

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Sorafenib 
400 mg bid (p.o.)               

CDDP 
10-20 mg/m2 (i.a.)   

5-FU 
170-330 mg/m2/day 
(i.a.) 

Day 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Sorafenib 
400 mg bid (p.o.)               

CDDP 
(i.a.) 

5-FU 
(i.a.) 

Fig. 2.  Protocol of combination therapy. p.o.=per oral; i.a.= intra-arterially.
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Statistical Analysis
Statistical analysis was performed using IBM SPSS® statistics version 19 (IBM, Armonk, NY, USA). OS 

and TTP were analyzed using the Kaplan–Meier method.

Results

Patient Characteristics
Eighteen patients were evaluated in this study. Across all cohorts, the median age was 

67.2 years (range 53–86 years). The majority of patients were male (72.2%). All patients had 
a performance status of 0 and were rated as Child–Pugh A. Five patients tested hepatitis B 
virus surface antigen positive, nine tested hepatitis C virus (HCV) antibody positive, and four 
tested negative for both viral markers. Twelve patients had portal vein invasion without ex-
trahepatic spread and were classified as Stage IV-A; six patients without portal vein invasion 
and extrahepatic spread were considered as Stage III (table 1).

Safety
Grade 3 erythema multiforme was observed in one patient; and grade 4 thrombocytope-

nia and grade 3 erythema multiforme were observed in another patient in cohort 1. The dose 
of the treatment agents were then escalated to that determined for cohort 2. In that cohort, 
grade 3 erythema multiforme was observed in one patient. The dose was then escalated to 
that of cohort 3. In that cohort, no DLT was observed and the MTD was not reached. We de-
termined the recommended dose of the combination to be as follows: sorafenib 400 mg twice 
daily per individual orally, intra-arterial infusion of CDDP 20 mg/m2 and 5-FU 330 mg/m2/
day (table 2). Other adverse events of non-hematological toxicities (all grade) were hand-

Table 1.   Baseline characteristics of patients with advanced HCC enrolled in this study

Cohort 1 Cohort 2 Cohort 3 Total

Characteristics No. of Patients 6 6 6 18
Age, years 50–59 1 1 2 4

60–69 4 3 2 9
70–79 0 3 2 5
80–89 1 0 0 1

PS 0 6 6 6 18
1 0 0 0 0

Viral marker HBsAg (+) 2 0 3 5
HCV-Ab (+) 3 4 2 9
Both negative 1 2 1 4

Child-Pugh score 5 3 4 3 10
6 3 2 3 8

Portal vein invasion Absent 5 4 3 12
Present 1 2 3 6

Distant metastasis Absent 6 6 6 18
Present 0 0 0 0

Stage III 5 4 3 12
IVA 1 2 3 6

PS=performance status; HBsAg=hepatitis B virus soluble antigen; HCV-Ab=HCV antibody.
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foot skin reactions (n=11, 61.1%), diarrhea (n=6, 33.3%), appetite loss (n=5, 27.8%), and 
hypertension (n=4, 22.2%). The treatment-emergent adverse events of hematological toxici-
ties were grade 3 leucopenia (n=3, 16.7%), grade 3 neutropenia (n=2, 11.1%), anemia (n=2, 
11.1%), and grade 3 thrombocytopenia (n=3, 16.7%) (table 3).

Efficacy
Seven patients achieved partial response (PR) (3 patients in cohort 1, 1 in cohort 2 and 

3 in cohort 3), and seven patients achieved stable disease (SD) (1 patient in cohort 1, 4 in co-
hort 2, and 2 in cohort 3), and two patients developed progressive disease (PD). No patients 
achieved a complete response (CR). Two patients in cohort 1 were not evaluated because of 
discontinuation caused by  erythema multiforme. The RR was 38.9% and the disease control 
rate was 77.8% (table 4). The median TTP was 9.7 months (95% confidence interval [CI] 
5.4–14.0), the median OS was 14.1 months (95% CI 11.7–16.5) and the 6-month, and 1-year 
survival rates were 83.3% and 66.7%, respectively (fig. 3).

Discussion

HAIC is the de facto standard treatment for locally advanced HCC with vascular invasion 
in Japan. Based on the Japanese HCC clinical practice guidelines [31, 32], HAIC is indicated 
and recommended for the following tumor status: i) multiple HCC with four or more lesions, 
ii) HCC with major vascular invasion, or iii) HCC with distant metastasis not considered a 
prognostic determinant. According to the 18th nationwide survey of the Liver Cancer Study 
Group of Japan (LCSGJ), chemotherapy is performed only in 5.5% patients with liver cancer, 
and approximately 90% of these patients undergo HAIC [33]. In Japan, CDDP monotherapy 
[34], low-dose CDDP with 5-FU (low-dose FP) [35], interferon (IFN) with 5-FU [36, 37] and 
IFN with CDDP and 5-FU [38] are currently used as HAIC regimens. The regimen containing 
IFN has not become widespread because of the off-label use of this drug. Low-dose FP is the 
most common regimen used for HAIC and it has demonstrated a favorable outcome in our 
study with a median survival time (MST) of 15.9 months and a TTP of 4.1 months. A subset 
of patients who responded to the therapy (CR and PR) exhibited an MST of 40.7 months, 
while those who did not respond to the therapy (SD and PD) exhibited an MST of just 6.8 
months, suggesting a better survival among responders than among non-responders [35]. 

Table 2.   Dosage levels of sorafenib and low-dose FP administered to patients with advanced HCC and 
DLT

Cohort Sorafenib 
(mg/day)

CDDP 
(mg/m2, 
day 1, 8)

5-FU 
(mg/m2/day, 
Days 1-5, 
Days 8-12)

DLT Remarks

0 800 10 170

1 800 14 170 DLT 2/6 EM in 1 case 
PLT and EM  
in 1 case

Starting dose

2 800 14 330 DLT 1/6  
(EM)

EM in 1 case

3 800 20 330 DLT 0/6 Recommended dose

EM=Erythema multiforme; PLT=thrombocytopenia; FP=CDDP+5-FU.
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Propensity analysis of the nationwide survey clearly revealed that HAIC is superior to the 
best supportive care based on a nationwide survey of the LCSGJ [39, 40].

HAIC was developed in Japan but is not used in Western countries because no random-
ized controlled trials (RCTs) have been conducted, and its use is based on empirical data. The 
American Association for the Study of Liver Diseases (AASLD) clinical practice guidelines 
for liver cancer strongly recommends that HAIC should not be used as a standard treatment 
[41]. To overcome this obstacle, RCTs to prove the survival benefit of HAIC are critical. How-
ever, because the effectiveness of empirically established HAIC is widely accepted in Japan, 

Table 4.   Efficacy of sorafenib with HAIC using Low-dose FP

No. of patients Cohort 1 
Sorafenib 400 mg 
twice daily 
CDDP 14 mg/m2 
5-FU 170 mg/m2 
(n=6)

Cohort 2 
Sorafenib 400 mg 
twice daily 
CDDP 14 mg/m2 
5-FU 330 mg/m2 
(n=6)

Cohort 3 
Sorafenib 400 mg 
twice daily 
CDDP 20 mg/m2 
5-FU 330 mg/m2 
(n=6)

Total 
(n=18)

Best overall tumor  
response

CR 0 0 0 0

PR 3 1 3 7

SD 1 4 2 7

PD 0 1 1 2

NE 2 0 0 2

Objective response rate   
(CR + PR),% 50 16.7 50 38.9

Disease control rate  
(CR + PR + SD),% 66.7 83.3 83.3 77.8

NE=not evaluable.

TTP months 

Pr
ob

ab
ili

ty
 

Pr
ob

ab
ili

ty
 

OS months 

Fig. 3.  TTP and OS in 18 patients with HCC treated with sorafenib plus HAIC using  low-dose FP. The 
median TTP was 9.7 months (95% CI 5.4-14.0), the median OS was 14.1 months (95% CI 11.7-16.5) and the 
6-month survival and 1-year survival were 83.3% and 66.7%, respectively.
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to conduct RCTs has been precluded by ethical concerns. This situation resembles that en-
countered in the history of TACE, which was also empirically developed in Japan but was not 
approved until RCTs conducted in other countries confirmed its efficacy and safety [10, 42]. 
The advantage of HAIC is that responses can be estimated on the basis of tumor markers, im-
aging findings, or other parameters at 2–4 weeks after therapy. Consequently, both respond-
ers and non-responders can be distinguished in less than four weeks. For non-responders, 
treatment should be switched to a molecular targeted therapy such as sorafenib, a global 
standard of treatment for advanced HCC. There is a growing discussion about whether HAIC 
or molecular targeted therapy should be selected as the first-line treatment for patients with 
HCC who are not eligible for TACE, such as with major vascular invasion, and multiple HCCs 
unresponsive to TACE. For such cases, HAIC generally provides good outcomes with a RR of 
between 14–71% and an MST of 2.6–15.9 months [23, 35, 43]. The RR of HAIC in our study 
was similar to that of previous reports, where the responders demonstrated a better outcome 
than non-responders. Thus, HAIC should be considered as an alternative option for the treat-
ment of advanced HCC if used appropriately.

The low-dose FP regimen used in this trial was modified from the original study, where 
one course of HAIC consisted of an intra-arterial infusion of daily CDDP (7 mg/m2 for 1 hour 
on days 1–5) followed by 5-FU (170 mg/m2 for 5 hours on days 1–5). Days 6–7 were a drug-
free period and patients received four serial courses of HAIC. However, this method is not 
suitable for a subset of patients with long hospitalizations or those with frequent injection 
pain or severe myelosuppression [19]. In addition, the management of HAIC is complicated 
for medical staff. Therefore, we took a different approach in this trial; CDDP was administered 
on days 1 and 8 and 5-FU was continuously administered on days 1–5 and days 8–12, aiming 
to simplify the management and make the treatment more tolerable.

The rationale for this combination therapy is the complementary effects of sorafenib and 
HAIC, the survival benefit of sorafenib and the tumor shrinkage effect of HAIC. The results 
of this study showed favorable tumor control by TTP. At our institute, the TTP of sorafenib 
monotherapy and that of HAIC using low-dose FP was 4.1 months and 5.4 months, respective-
ly. Thus, the TTP of the combination therapy was 9.7 months, indicating an additional effect of 
combined sorafenib and HAIC compared with sorafenib alone.

All of the adverse events observed were previously known. Hand-foot skin reactions, hy-
pertension, and diarrhea were frequently observed for sorafenib therapy and myelosuppres-
sion was observed for HAIC. Previously unknown adverse events emerging from this combi-
nation therapy were not observed.

The results of this phase I study were favorable. Therefore, the independent data moni-
toring committee of this study decided that the phase II study should be cancelled, and they 
recommended a shift to a phase III trial to confirm the efficacy of the combination therapy.

Currently, a phase III randomized, controlled trial comparing the efficacy of sorafenib 
alone versus sorafenib in combination with low dose FP in patients with advanced HCC, con-
taining an exploratory study of biomarkers to predict its efficacy, is ongoing (ClinicalTrials.
gov ID: NCT01214343).

In conclusion, the recommended dose of this combination therapy was determined to be 
as follows: sorafenib 400 mg twice daily per individual orally for 28 days with intra-arterial 
infusion of CDDP 20 mg/m2 on days 1 and 8 and 5-FU 330 mg/m2/day continuously on days 
1 to 5, and days 8 to 12 via the implanted catheter system.
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Editorial

Molecular Targeted Therapy for  
Hepatocellular Carcinoma:  
Where Are We Now?

Seven years have passed since sorafenib was approved as a systemic chemotherapeutic 
agent that improves survival in patients with advanced hepatocellular carcinoma (HCC). De-
spite numerous studies over subsequent years aimed at developing novel molecular targeted 
agents, no new drugs have produced positive results to date. Because of the difficulties faced 
in developing novel agents, the patients selected for drug development trials have shifted 
from those with similar hepatic functions and tumor stages, as in conventional trials, to those 
with homogeneous biological characteristics based on biomarkers. In addition, a promising 
new strategy in the development of treatments for HCC is the emerging field of immuno-on-
cology. However, to reduce medical costs, it is necessary to take a broad perspective to drug 
development by, for example, incorporating new concepts such as a master protocol system.

Unmet Needs in Clinical Practice

The multikinase inhibitor sorafenib was the first oral molecular targeted agent to show 
survival benefits in patients with advanced HCC [1, 2]. As a result, sorafenib has become the 
standard treatment option in patients with advanced HCC with extrahepatic spread and/
or vascular invasion [3, 4]. Because the treatment efficacy of sorafenib is relatively modest, 
and toxicity can be an issue in some patients, a number of clinical trials have been conducted 
aimed at developing more potent and less toxic molecular targeted agents to address unmet 
clinical needs for first-line and second-line treatments, for combination/adjuvant therapies 
with transarterial chemoembolization (TACE) [5–10], and for adjuvant therapies after cura-
tive treatment. However, the trials conducted thus far to develop novel agents for the treat-
ment of HCC have all been unsuccessful, underlining the unique difficulties involved in drug 
development for HCC.
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Clinical Trials for Different Disease Stages

Clinical trials have been conducted to find solutions to the above-mentioned unmet 
needs for the treatment of HCC at various disease stages. For early-stage HCC, agents for 
adjuvant therapy after surgical resection or radiofrequency ablation have been tested; for 
intermediate-stage HCC in which TACE is indicated, several agents that may improve TACE 
efficacy have been tested; and for advanced-stage HCC, for which sorafenib is the standard of 
care, several first- and second-line agents have been tested.

Early-Stage HCC
The Sorafenib as Adjuvant Treatment in the Prevention of Recurrence of Hepatocellular 

Carcinoma (STORM) study was aimed at suppressing HCC recurrence after curative therapy 
such as resection [11] or ablation [12, 13]. However, no significant difference was seen in 
recurrence-free survival between the sorafenib and placebo arms of the study [14]. Pereti-
noin, an acyclic retinoid agent for oral administration, has a structure similar to vitamin 
A and functions as a transcription activator and an inducer of differentiation. Therefore, it 
was hypothesized that peretinoin might suppress HCC in its precancerous stage by inducing 
apoptosis and might also inhibit carcinogenesis through the induction of differentiation. A 
phase II/III study investigating the inhibitory effect of peretinoin on HCC recurrence had a 
negative outcome because of a dosage problem [15]; however, another trial with an adjusted 
dosage is currently ongoing as a phase III trial.

Validation of the efficacy of this agent would be a step toward establishing prevention of 
recurrence. However, the use of molecular targeted agents will raise new problems that will 
need to be addressed, such as higher medical expenses for preventing tumor recurrence and 
determining the duration and purpose of preventive treatments.

Intermediate-Stage HCC
TACE is recommended for intermediate stage HCC; however, TACE is not a curative 

therapy, and therefore residual tumor remains and recurrence will inevitably occur. Com-
bination therapy with TACE and anti-angiogenic agents is not just a simple combination of 
two treatment types. Anti-angiogenic agents inhibit the hypoxia-induced angiogenesis that 
immediately follows TACE, thereby greatly suppressing tumor recurrence and regrowth and 
potentially extending the duration of tumor suppression by TACE. This means that TACE will 
be performed less frequently, thereby helping to maintain liver function. 

Globally, many clinical studies have used sorafenib as post-TACE adjuvant chemother-
apy [16]. The Sorafenib or Placebo in Combination with Transarterial Chemoembolization 
for Intermediate-Stage Hepatocellular Carcinoma (SPACE) study, a phase II clinical trial of 
sorafenib that used drug-eluting beads loaded with doxorubicin [17], achieved its primary 
endpoint of time to radiologic progression, but the outcome was considered clinically in-
significant and was thus essentially a negative result. Large-scale studies such as the East-
ern Cooperative Oncology Group (ECOG) 1208 and TACE2 studies were terminated because 
insufficient numbers of cases were recruited. The Transcatheter Arterial Chemoemboliza-
tion Therapy in Combination with Sorafenib (TACTICS) study conducted in Japan is the only 
large-scale study currently underway for this type of treatment. 

Negative outcomes have also resulted for agents other than sorafenib, e.g., in the Brivanib 
Versus Placebo as Adjuvant Therapy to Trans-Arterial Chemoembolization in Patients with 
Unresectable Hepatocellular Carcinoma (BRISK-TA) study, a phase III study on brivanib [an 
inhibitor of vascular endothelial growth factor receptor (VEGFR) and fibroblast growth fac-
tor receptor (FGFR)] [18], and in the Orantinib in Combination with Transcatheter Arterial 
Chemoembolization in Patients with Unresectable Hepatocellular Carcinoma (ORIENTAL) 
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study, a phase III study on orantinib [an inhibitor of VEGFR, platelet-derived growth factor 
receptor (PDGFR), and FGFR].

Advanced-Stage HCC
A large number of trials have been conducted to develop molecular targeted agents that 

are more effective and less toxic than sorafenib for use as first-line therapy in advanced-stage 
HCC. However, these studies using sunitinib, brivanib, and linifanib could not prove superior-
ity or noninferiority to sorafenib [19–21]. A phase III study of lenvatinib as first-line treat-
ment is currently underway, and the results are eagerly awaited.

Studies using brivanib, everolimus (an inhibitor of mammalian target of rapamycin), or 
ramucirumab (a human monoclonal antibody against VEGFR-2) as second-line therapy in 
sorafenib-refractory or sorafenib-intolerant cases were unable to show the superiority of 
these agents over placebos [22–24]. Ramucirumab was highly effective in patients with high 
alpha-fetoprotein (AFP) levels [24], and therefore a phase III study of ramucirumab is cur-
rently underway in patients with advanced HCCs and AFP levels ≥400 ng/ml.

Other ongoing studies are evaluating the efficacies of three agents: regorafenib, which 
inhibits various kinases such as VEGFR, PDGFR, FGFR, TIE2, KIT, RET, and RAF; refametinib, 
which inhibits mitogen-activated protein kinase kinase (MEK); and tivantinib, which inhibits 
cMET.

As stated above, many drug development trials have ended with negative outcomes. A 
number of potential causes have been proposed to explain this fact, including drug toxicity 
and/or unsuitable trial design.

Trial Design

In general, to avoid bias in patient randomization, studies have clearly defined allocation 
factors. Possible issues associated with HCC patients include the handling of portal vein tumor 
thrombus and extrahepatic spread. All currently ongoing studies have been designed to al-
locate patients based on the presence of portal vein tumor thrombus, extrahepatic spread, or 
neither of these factors. In patients with HCC, portal vein tumor thrombus indicates extremely 
poor prognosis, and it seems that study outcomes are affected by handling portal vein tumor 
thrombus similarly to extrahepatic spread. If more patients with portal vein tumor thrombus 
are assigned to the real drug group, and thus more patients with extrahepatic spread are as-
signed to the placebo group, this creates a disadvantageous situation in the real drug group. 
This actually occurred in a trial of second-line therapy with brivanib [22]. Therefore, portal 
vein tumor thrombus and extrahepatic spread should be handled as independent allocation 
factors.

The period between post-treatment progressive disease and death is referred to as post-
progression survival (PPS); therefore, progression free survival (PFS) + PPS = overall survival 
(OS). In general, even when a significant difference is observed in PFS, this difference will 
be negated if PPS also becomes progressively longer. Locoregional therapy is a very effective 
treatment for HCC, which makes HCC different from all other solid cancer types. Although mo-
lecular targeted agents are administered when locoregional therapy is no longer applicable, 
locoregional therapy is often performed again as post-trial treatment if molecular targeted 
agents are ineffective. This rarely happens with other cancers, demonstrating that it is largely 
unique to HCC, for which extremely effective locoregional therapies such as radiofrequency 
ablation or TACE are available. These post-trial treatments can extend PPS and inevitably 
minimize differences in the primary endpoint, OS [25].
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Studies include patients intolerant to sorafenib among the subjects allocated for second-
line therapy, which could also enhance the effect of post-trial treatment. Patients who were 
non-responsive to sorafenib  likely had poor liver function and/or other systemic conditions. 
In contrast, in sorafenib-intolerant patients who experienced adverse effects, drug therapy 
was likely terminated after administering only a small amount of sorafenib, and therefore 
the tumor would have hardly progressed, leaving the patients in an extremely good condi-
tion and inevitably increasing the likelihood of various post-trial treatments, especially lo-
coregional therapy. With this in mind, studies on second-line therapy should be performed 
only with patients who were refractory to sorafenib. In a currently ongoing study of rego-
rafenib as second-line therapy, sorafenib-intolerant patients were excluded from the study 
(because the structural formula and toxicity profile of regorafenib are almost the same as 
those of sorafenib), and the results are awaited with interest.

Because of the presence of underlying chronic liver disease such as cirrhosis, the effect 
of not only the tumor itself but also the effect of liver function should be considered when 
predicting the prognosis of patients with HCC. Although the subjects of clinical studies on 
HCC are primarily Child-Pugh A, prognoses vary greatly between patients with a score of 5 
and those with a score of 6. It may be necessary, therefore, to include Child-Pugh scores 5 
and 6 as allocation factors.

Enrichment Trial Design Based on Biomarker Selection

Compared with other solid cancers, HCC is an extremely heterogeneous tumor. In par-
ticular, hepatitis virus-related HCC is associated with multicentric tumor occurrence, and 
the tumor characteristics can even vary nodule by nodule in the same patient. Furthermore, 
outcome greatly depends on liver function. Consequently, the effects of molecular targeted 
agents in recruited patients often vary in different HCC nodules. Indications for inclusion in 
clinical trials include Child-Pugh classification and tumor stage. Overall, it may look as if a 
homogeneous population has been selected, but in reality, patients are often a biologically 
heterogeneous group of individuals. Accordingly, patient selection needs to be narrowed 
down based on biological/genomic mutation homogeneity [26], which requires the use of 
biomarkers [27], as was done in the study of the cMET inhibitor tivantinib. Patients with 
high expression levels of cMET, a hepatocyte growth factor receptor, have poor prognoses, 
but a phase II study reported that tivantinib was efficacious only in patients with high cMET 
levels [28]. A placebo-controlled phase III study is currently underway to evaluate the ef-
fect of tivantinib in HCC tumors strongly expressing cMET. However, this does not solve the 
problem of nodule-dependent biomarker heterogeneity among tumor tissue samples from 
an individual patient. This problem makes it impossible to avoid sampling errors. Currently 
underway is a study of the MEK inhibitor refametinib using a RAS mutant as a biomarker. 
The abovementioned problems might be resolved when more effective serum biomarkers 
have been identified.

Emerging Strategy: Immune Check Point Inhibitor

Attention has recently focused on an antibody against programmed cell death-1 (PD-1), 
an immune checkpoint inhibitor. A presentation at the 2015 American Society of Clinical 
Oncology Annual Meeting reported excellent outcomes obtained with anti-PD-1 monoclo-
nal antibody in a phase I study on HCC, demonstrating two cases of complete response and 
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seven cases of partial response, with a response rate of 23% [29]. Globally, a phase I expan-
sion cohort study on HCC started this summer, 2015 and there are high expectations for this 
antibody. However, because of its extremely high cost, when used in clinical practice it may 
cause healthcare costs to soar. Therefore, it will be necessary to find a biomarker that selects 
the optimal patient subgroup and to carefully evaluate the agent from the perspective of phar-
maceutical value and medical economics.

Master Protocol Design

It is extremely expensive to conduct clinical studies for drug development, and consider-
able effort is involved in recruiting patients. In the United States, a novel treatment approach 
for lung cancer (squamous cell carcinoma), called the Lung Cancer Master Protocol, was initi-
ated in 2014 [30]. In this approach, subjects are screened against cancer-related gene muta-
tions and are allocated to an appropriate clinical study based on the screening results, thereby 
facilitating the recruitment of patients and reducing the costs of developing effective drugs. Be-
cause medical economics necessitate that patients be assigned to receive appropriate agents, 
the results obtained by this program will certainly contribute to reducing medical costs. The 
approach will also clearly benefit patients with HCC, and therefore it is desirable to incorporate 
this program into the treatment of HCC as soon as possible. To make this approach successful, 
the cooperation of many pharmaceutical companies will be required. The cooperation of public 
agencies is also vital to instigate such an integrated public–private project.

Conclusion

The current status and future perspectives of systemic therapy for HCC were reviewed. 
To help minimize the difficulties associated with the development of novel drugs, the subjects 
selected for drug development clinical trials have been moving away from HCC patients with 
similar hepatic functions and tumor stages, as in conventional trials, to patients with homoge-
neous biological/genomic mutation characteristics based on biomarkers. To prevent medical 
costs from soaring, a broad perspective should be taken toward drug development by incor-
porating new concepts such as biomarker-driven trials or even the master protocol system.
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Abstract
Background and Aims: Patients with intermediate-stage hepatocellular carcinoma (HCC) re-
fractory to transcatheter arterial chemoembolization (TACE) are considered to be candidates 
for sorafenib. The aim of this study was to evaluate the superiority of conversion of treat-
ment to sorafenib on overall survival (OS) for cases refractory to TACE. Methods: This was a 
retrospective cohort study carried out on 497 patients with HCC who were treated with TACE 
therapy at our hospital between January 2008 and December 2013. Fifty-six patients were 
diagnosed as refractory to TACE during their clinical course and they were divided into two 
cohorts, (1) those who switched from TACE to sorafenib and (2) those who continued TACE. 
The overall survival (OS) after the time of being refractory to TACE was evaluated between the 
two groups. Results: After refractoriness to TACE therapy was confirmed, 24 patients contin-
ued with TACE (TACE-group) and 32 patients underwent treatment conversion to sorafenib 
(sorafenib-group). The median OS was 24.7 months in the sorafenib-group and 13.6 months 
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in the TACE-group (p=0.002). Conclusions: Conversion to sorafenib significantly improves 
the OS in patients refractory to TACE therapy with intermediate-stage HCC. Administration of 
sorafenib is therefore recommended in such circumstances of TACE treatment failure.

Copyright ©2015  S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related death 
worldwide and a growing cause of public health problems [1–3]. Because most patients are 
diagnosed with advanced stages of disease, only 30% of patients receive potentially cura-
tive therapies such as surgical resection [4, 5], transplantation [6, 7], or percutaneous abla-
tion [8–10]. More specifically, the majority of patients with intermediate or advanced-stage 
HCCs usually undergo other palliative treatments such as transarterial chemoembolization 
(TACE) [11–13], hepatic arterial infusion chemotherapy (HAIC) [14], and systemic chemo-
therapy including molecular targeting agents [14–20].

TACE is currently the standard treatment for patients with multinodular HCC. Com-
pared to hepatic resection, an advantage of TACE includes the preservation of liver function, 
which generally cannot be obtained after surgical treatment [11, 12, 17, 21–24]. Conversely, 
sorafenib, a molecular targeting agent, is currently the first-line agent for the treatment of 
unresectable HCC worldwide [25, 26]. Indications for the use of sorafenib include the failure 
of response to TACE therapy, including extrahepatic spread and vascular invasion as well as 
the development of refractoriness to the treatment [14].

The Japan Society of Hepatology (JSH) and the Liver Cancer Study Group of Japan (LC-
SGJ) proposed a clear definition of ‘refractoriness or failure to TACE’ as described as follows: 
The first criterion applies to intrahepatic lesions, where refractoriness to TACE is defined 
as ≥2 consecutive ineffective responses of treated tumors (viable lesions >50%) or ≥2 con-
secutive progressive increases in total tumor count, despite a change of chemotherapeutic 
agent or selection of the feeding artery. For an ineffective response, it is recommended to re-
evaluate the patient using computed tomography (CT) or magnetic resonance imaging (MRI) 
at 1–3 months after a selective TACE treatment. Additional criteria of refractoriness to TACE 
include the continuous elevation of tumor marker levels immediately after the TACE, and 
new emergence of vascular invasion and extrahepatic spread after the procedure [23, 27].

An earlier study supports the robustness of the criteria regarding the TACE-refractori-
ness or failure as defined by the JSH and LCSGJ; overall survival (OS) was longer in patients 
treated with <2 consecutive ineffective TACE procedures than in patients who underwent >3 
consecutive TACE procedures before sorafenib administration [28]. Another study compared 
the efficacy of sorafenib and cisplatin in patients with HCC after refractoriness or failure of 
TACE and it reported that OS and time to progression (TTP) were longer in patients treated 
with sorafenib than in patients who underwent HAIC [29]. Ogasawara et al. compared the 
efficacy of sorafenib and continuous TACE treatment in patients with HCC, in addition to the 
refractoriness or failure of the TACE therapy; OS and TTP were longer in patients who were 
switched from TACE to sorafenib, than in patients who were treated with TACE alone [30]. 
In the present study, using large cohorts from our institution, we conducted a retrospective 
analysis comparing the OS of patients with HCC who were treated with sorafenib with those 
who underwent repeated TACE treatments during the TACE-refractory phase of their clinical 
course.
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Materials and Methods

Patients
The derivation dataset included 497 patients with HCC who were treated with TACE at Kinki Uni-

versity between 2008 and 2013. All patients satisfied the JSH diagnostic criteria for HCC [23]. HCC was 
diagnosed based on histological or radiological findings using contrast-enhanced CT (CE-CT) and/or dy-
namic MRI. The decision of providing TACE was made through discussion of multidisciplinary teams at 
our institution. Patients with intermediate-stage HCC who underwent repeated TACE treatments were 
retrospectively identified from our medical records; patients who were considered refractory to TACE 
were further selected and subdivided into two cohorts as follows: (1) patients who switched from TACE to 
sorafenib (sorafenib-group) and (2) those who continued on TACE despite being classified as refractory to 
the therapy (TACE-group).

The inclusion criteria for this study were: HCC diagnosed by histological examination or typical ra-
diological findings (early enhancement followed by late wash-out on CE-CT or dynamic MRI), HCC cases 
not recommended for radiofrequency ablation or surgical resection, Barcelona Clinic Liver Cancer (BCLC) 
[21, 31] stage B (intermediate-stage), performance status (PS) of 0 or 1, and Child-Pugh class A or B. The 
exclusion criteria were: concomitant antineoplastic treatment, BCLC stage C (advanced-stage), and having 
HAIC or systemic therapy after allocation of refractoriness to TACE therapy.

Clinicopathological variables including demographics, complete blood count, serum albumin level, 
C-reactive protein, alpha-fetoprotein (AFP), alanine aminotransferases and alkaline phosphatase, Child-
Pugh class, and BCLC [21, 31] prognostic scores were collected prior to each treatment.

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

inserted. The celiac artery was selectively catheterized using a 4.2-Fr catheter. A 2.2-Fr microcatheter 
(Shirabe®; 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 of identified 
HCCs. The tip of the catheter was selectively placed into feeding segmental and subsegmental arteries us-
ing the findings of selective hepatic angiography and/or tracking navigation imaging. Chemoembolization 
was performed using 60–120 mg of miriplatin (Miripla®; Sumitomo Dainippon Pharma, Osaka, Japan), 
20–50 mg of epirubicin (Epirubicin®; Nippon Kayaku, Tokyo, Japan), or 50–100 mg of cisplatin (IA-call®; 
Nippon Kayaku) emulsified with iodized oil (Lipiodol® Ultra-Fluid; Guerbet, Paris, France) and gelatin 
sponge particles (Gelpart®; Nippon Kayaku or Gelfoam®; Upjohn, Kalamazoo, MI, USA). The injection vol-
ume of the emulsion was determined according to tumor volumes (<8 ml). Drug-eluting-bead TACE (DEB-
TACE) or balloon-occluded TACE (B-TACE) was not utilized in this study.

Definition of TACE Refractoriness
A CT scan was performed within 3 months of the TACE procedure to evaluate the radiological re-

sponse of the tumor(s) to the treatment. Follow-up CT or MRI was then performed every 3–4 months. In 
addition, AFP levels were evaluated every 2–3 months. The definition of refractoriness to TACE was based 
on the JSH Consensus Guidelines [23, 27]. The radiological response to TACE was evaluated using the ini-
tial CT or MRI within 3 months after TACE treatment. We determined the AFP level at baseline and at 2 
months after the TACE treatment; a continuous elevation of the tumor marker was defined as an increase 
of >20% from baseline. In the response assessment, only patients with a baseline AFP level of >20 ng/ml 
were included. Patients received sorafenib therapy after evaluation of their refractoriness to TACE. How-
ever, some patients continued TACE therapy when they declined sorafenib therapy, and before sorafenib 
was authorized as a treatment for HCC.

Treatment Strategy Using Sorafenib
Sorafenib was administered orally at 400 mg, twice daily. Dose reduction of sorafenib and interrup-

tion of the therapy were allowed and depended on the type and severity of adverse events. Dose reduction 
and discontinuation of the drug were judged based on the information of the package insert. We continued 
sorafenib administration until the occurrence of intolerable toxicity or clear clinical disease progression 
was apparent. CE-CT or dynamic MRI was used to evaluate the tumor response; the radiological exami-
nations were performed at baseline, at one month after the initiation of sorafenib and every 4–6 weeks 
thereafter.
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Statistical Analysis
Survival curves were estimated using the Kaplan-Meier method with death as the primary endpoint 

for the 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 between the groups using the log-rank test, and categorical vari-
ables were compared using the chi-square test. Comparisons of categorical variables between the groups 
were conducted using Mann-Whitney U test. P values <0.05 were considered statistically significant. All 
analyses were performed using SAS® statistical 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

Characteristics of the Patients Enrolled in the Study
Among 497 who received TACE during their clinical course, 56 patients were diagnosed 

as refractory to the therapy. The baseline characteristics of the patients are summarized in 
table 1. Forty patients (71.4%) were anti-hepatitis C virus antibody (HCV Ab) positive, four 
patients (7.1%) were hepatitis B virus surface antigen (HBs-Ag) positive, and 12 (21.4%) 
were negative for both HCV Ab and HBs-Ag, respectively. Fifty-five (98.2%) patients were 
asymptomatic, with a performance status of 0. Forty-five patients (80.4%) were classified 
as Child-Pugh A.

Treatment after Classification as Refractory to TACE
Of the patients classified as refractory to TACE, 32 were assigned to the sorafenib-group 

and 24 were assigned to the TACE-group. The characteristics of the patients in each group 
are summarized in table 2. The TACE-group consisted of 14 men and 10 women with a me-
dian age of 77 years; 17 patients were classified as Child-Pugh A and seven were classified 
as Child-Pugh B. Among them, 17 (70.8%) were positive for HCV Ab, and no patients were 
positive for HBs-Ag, and seven (29.2%) patients were negative for both. Previous therapy 
of the patients included six hepatic resections, 11 local ablations, and two cases of cyto-
toxic systemic chemotherapy. Patients may have received more than one type of therapy. The 
sorafenib-group consisted of 24 men and eight women with a median age of 73 years; 28 pa-
tients were classified as Child-Pugh A, and four were classified as Child-Pugh B. Among these 
patients, 23 (71.9%) were positive for HCV Ab, four (12.5%) were positive for HBs-Ag, and 
five (15.6%) were negative for both. Previous therapies included eight hepatic resections, 
21 local ablations, and five cases of cytotoxic systemic chemotherapy. Patients may have re-
ceived more than one type of therapy. There were no statistically significant differences in 
the patient characteristics between the two groups.

Of the patients enrolled in the study (32, sorafenib-group; 24, TACE-group), 38 died 
during the study period (19, sorafenib-group; 19, TACE-group), eight survived (5, sorafenib-
group; 3, TACE-group), and 10 were lost to follow-up (8, sorafenib-group; 2, TACE-group). 
The causes of death in the sorafenib-group were as follows: progression of the HCC (16 pa-
tients); and hepatic failure (3 patients). In the TACE-group the causes of death were: pro-
gression of the HCC (14 patients); and hepatic failure (5 patients).

In the sorafenib-group, 30 patients continued sorafenib until their disease progression. 
Two patients discontinued the treatment because of severe adverse events. Treatment dis-
continuation rates were 93.8%. Dose reduction rates were 25% (8/32).

The median OS of the entire cohort was 10.27 months (95% confidence interval [CI] 
6.55–11.46 months). The median OS of the patients in the TACE- and sorafenib-group was 
13.6 months (95% CI 8.96–17.43 months) and 24.7 months (95% CI 17.16–54.7 months), 
respectively. Pairwise comparisons verified a significantly longer OS in the sorafenib-group 
than in the TACE-group (p=0.002, log-rank test) (fig. 1).
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Overall Comparison of the Child-Pugh Score after Classification as Refractory to TACE
In the TACE-group, the median number of TACE procedures that patients underwent was 

two (interquartile range 25–75%, 1–3 procedures), after determination of refractoriness to 
TACE. In the sorafenib-group, the median duration of sorafenib administration was 124 days 
(interquartile range 25–75%, 64–271 days). Both groups showed an increase in Child-Pugh 
scores at 3 months and 6 months after refractoriness to TACE, indicating deterioration in liver 
function. The median Child-Pugh scores after 3 months were 7 (25–75% interquartile range, 
6–7) in the TACE-group and 6 (25–75% interquartile range, 5–7) in the sorafenib-group, 
with no significant differences seen between the two groups (p=0.051). However, the median 
Child-Pugh scores after 6 months were 7 (25–75% interquartile range, 6.5–8.75) in the TACE-
group and 6 (25–75% interquartile range, 5–6.5) in the sorafenib-group, with a significant 
difference between the two groups (p=0.005) (fig. 2a). Further analyses were performed to 

Table 1.  Characteristics of HCC patients classified as refractory to TACE treatment

Number of patients n=56 (%)

Age, median (25–75%) 74 (69–78)a

Sex

Male 38 −67.9

Female 18 −32.1

ECOG PS

0 55 −98.2

1 1 −1.8

Child-Pugh class

A 45 −80.4

B 11 −19.6

Virus statusb 

HBV 4 −7.1

HCV 40 −71.4

Virus negative 12 −21.4

Previous therapy c

Surgical resection 14 −25

Radiofrequency ablation 32 −57.1

Cytotoxic chemotherapy 7 −12.5

Biochemical analysis, median (25–75%)

C-reactive protein, mg/dl 0.131 (0.072–0.267)a

Alanine aminotransferase, IU/l 41 (33–57.5)a

Alkaline phosphatase, IU/l 381 (286–468)a

AFP, ng/ml 89 (12.5–1057.5)a

Platelets, 104/μl 12.1 (8.9–16.075)a

ECOG=Eastern Cooperative Oncology Group; HBV=hepatitis B virus
aDispersion variables are shown as median values (25–75%). bCases testing positive for HBs Ag were 

regarded as cases of HBV-related HCC, and cases testing positive for HCV Ab were regarded as cases of 
HCV-related HCC. cPatients may have received more than one type of therapy.
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examine the changes in serum albumin levels, serum bilirubin levels, and prothrombin time 
(PT), because these items as part of the Child-Pugh score had shown greater clinical changes 
in the study cohort. Serum bilirubin levels were not significantly different between the two 
groups after 3 months (p=0.28) or 6 months (p=0.067). After 3 months, the median bili-
rubin level was 0.9 mg/dl (25–75% interquartile range, 0.5–1.7 mg/dl) in the TACE-group 
and 0.8 mg/dl (25–75% interquartile range, 0.5–1.2 mg/dl) in the sorafenib-group. After 6 
months, the median bilirubin level was 1.25 mg/dl (25–75% interquartile range, 0.62–2.45 
mg/dl) in the TACE-group and 0.7 mg/dl (25–75% interquartile range, 0.5–1.25 mg/dl) in 
the sorafenib-group (fig. 2b). In contrast, a significant difference of serum albumin levels 
were observed at 6 months (p=0.043) but not at 3 months (p=0.14). After 3 months, the 
median albumin level was 3.4 g/dl (25–75% interquartile range, 3.2–3.6 g/dl) in the TACE-
group and 3.6 g/dl (25–75% interquartile range, 3.2–4.1 g/dl) in the sorafenib-group. After 

Table 2.  Comparison of patient characteristics among patients in the sorafenib conversion and TACE 
continuation groups

TACE group n=24 Sorafenib group n=32 p value

Age, median (25–75%) 77 (71.5–79.2)a 73 (68–77) a 0.088

Sex

Male 14 24

Female 10 8 0.25

ECOG PS

0 23 32

1 1 0 0.428

Child-Pugh class

A 17 28

B 7 4 0.176

Virus statusb 

HBV 0 4

HCV 17 23

Virus negative 7 5 0.086

Previous therapy, n (%)c

Surgical resection 6 (25) 8 (25) 1

Radiofrequency ablation 11 (45.8) 21 (65.6) 0.177

Cytotoxic chemotherapy 2 (8.3) 5 (15.6) 0.686

Biochemical analysis, median (25–75%)

C-reactive protein, mg/dl 0.12 (0.05–0.16) a 0.18 (0.09–0.48) a 0.071

Alanine aminotransferase, IU/l 37 (30–51) a 48 (35–60) a 0.134

Alkaline phosphatase, IU/l 391.5 (293–530) a 381 (279–463.2) a 0.524

AFP, ng/ml 144 (11.5–540) a 72 (14–1977) a 0.812

Platelets, 104/μl 11.8 (9.1–15.1) a 12.5 (8.5–17.7) a 0.625

aDispersion variables are shown as median values (25–75%). bPatients testing positive for HBV sur-
face antigen were regarded as cases of HBV-related HCC, and patients testing positive for HCV antibody 
were regarded as cases of HCV-related HCC. cPatients may have received more than one type of therapy.
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6 months, the median albumin level was 3.15 g/dl (25–75% interquartile range, 2.8–3.5 g/dl) 
in the TACE-group and 3.6 g/dl (25–75% interquartile range, 3.1–4.15 g/dl) in the sorafenib-
group (fig. 2c). Similarly, the difference in PT between the two groups was also significant 
at 6 months (p=0.0041) but not at 3 months (p=0.069). After 3 months, the median PT was 
78.15% (25–75% interquartile range, 64.47–87.3%) in the TACE-group and 82.15% (25–75% 
interquartile range, 76.57–89.62%) in the sorafenib-group. After 6 months, the median PT 
was 72.25% (25–75% interquartile range, 63.67–85.2%) in the TACE-group and 86.5% (25–
75% interquartile range, 77.05–92.8%) in the sorafenib-group, respectively (fig. 2d).

Discussion

Patients with vascular invasion or extrahepatic metastasis, or with insufficient response 
to TACE are good candidates for sorafenib. The efficacy of sorafenib in cases refractory to 
TACE have been reported previously [29, 30]. Ogasawara et al. found that time to disease 
progression and OS were prolonged by switching the treatment to sorafenib in patients with 
intermediate-stage HCC, if TACE refractoriness was confirmed [30]. The present study also 
demonstrates that OS is longer in the sorafenib-group than in the TACE-group in patients with 
HCC who are deemed refectory to TACE, using the definition of TACE failure or refractoriness 
proposed by the JSH and LCSGJ.
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Fig. 1  Comparison of OS between TACE and sorafenib among patients deemed refractory to TACE.
Kaplan-Meier curves of the OS of 56 patients who underwent treatment with continued TACE or 
conversion to sorafenib after being deemed refractory to TACE. The median OS of patients as-
signed to the TACE and sorafenib groups was 13.6 and 24.7 months, respectively, after being 
deemed refractory to TACE (p=0.002 by log-rank test).
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The Sorafenib HCC Assessment Randomized Protocol (SHARP) and the Asia-Pacific 
trials included 54 (18%) and 7 (4.7%) patients with intermediate-stage HCC, who would 
typically qualify for TACE as a first-line treatment according to the JSH and LCSGJ guidelines 
[25, 26]. Notably, 86 (29%) and 61 (40.7%) of the patients in these trials underwent TACE 
treatment as a preceding therapy [25, 26, 32]. The Asia-Pacific trial also evaluated the OS of 
sorafenib-treated and placebo groups among the patients who underwent preceding TACE 
therapy; the OS was 7.3 months (95% CI, 5.2–9.5) in the sorafenib-group and 5.1 months 
(95% CI, 4.1–11.3) in the placebo-group, with a hazard ratio of 0.84 (95% CI, 0.52–1.36), 
while the TTP was 2.7 months (95% CI, 1.5–2.8) in the sorafenib-group and 1.3 months 
(95% CI, 1.3–1.4) in the placebo-group, with a hazard ratio of 0.57 (95% CI, 0.36–0.90), 
respectively [32]. These findings are quite similar to our study results, demonstrating the ef-
fectiveness of sorafenib even in the patients with a previous history of TACE, which has been 
recommended as a conventional first-line treatment.
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Fig. 2  Overall comparison of Child-Pugh score between the sorafenib conversion group and the TACE 
continuation group over time.
a A significant difference was noted in Child-Pugh score 6 months after patients were deemed refractory 
to TACE (p=0.005 by Mann-Whitney U test). Each bar represents 25th–75th percentile. The dashed line 
indicates the alteration in the median value of the TACE group and solid line represents the sorafenib 
group. b No significant difference was noted in the plasma bilirubin at 3 or 6 months after patients were 
deemed refractory to TACE. c A significant difference was noted in plasma albumin at 6 months after 
patients were deemed refractory to TACE (p=0.043 by Mann-Whitney U test). d A significant difference 
was noted in the PT at 6 months after patients were deemed refractory to TACE (p=0.0041 by Mann-
Whitney U test).
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Takayasu et al. [33] reported that independent prognostic factors of survival in patients 
who underwent TACE included the degree of hepatic damage, the tumor stage, and the serum 
AFP level. However, no studies have confirmed that repeated TACE may lead to deteriorations 
of liver function. Our results indicate that the increase in Child-Pugh score is greater in the 
TACE-group compared to the sorafenib-group. Given that the subjects of the present study 
developed refractoriness to TACE, the deterioration in liver function may have been related 
to the shorter interval of TACE procedures in the advanced clinical stage or progression of 
the tumors. Among the items of the Child-Pugh score, a decrease of the serum albumin and 
PT levels was prominent, suggesting an impact of TACE on protein synthesis. Although, the 
reduction of OS in patients refractory to TACE may be principally attributable to the progres-
sion of the primary tumors, it is possible that repeated TACE over a shorter interval might, at 
least partially, contribute to the reduction in OS.

In the present study, all subjects underwent conventional TACE (cTACE). However, no 
studies have examined whether recently developed TACE procedures, such as DEB-TACE or 
B-TACE are effective in patients with HCC who are refractory to TACE. Considering that all 
subjects in the present study underwent cTACE, further studies are required to determine the 
efficacy of DEB-TACE or B-TACE in such cases.

Although we analyzed considerable numbers of patients, the retrospective design of the 
study may have led to selection bias of the patients. There were 10 patients lost to follow up in 
this study, which may also have led to bias. To further validate the results of this study, we are 
currently conducting a prospective multicenter study to confirm the significance of sorafenib 
in patients with HCC who have failed or who are refractory to TACE treatment.

In conclusion, our data strongly support the fact that conversion to sorafenib improves 
outcome as evidenced by an increase in OS in patients refractory to TACE with intermediate-
stage HCC. Repeated TACE may induce resistance to chemotherapy, which in turn may increase 
the risk of tumor recurrence and metastasis. More importantly, it may induce deterioration of 
liver function, which is critical for the safely treatment with sorafenib. Thus, to improve the 
survival of patients with HCC refractory to TACE, it is important to switch the treatment from 
TACE to sorafenib even if the tumor is still in the intermediate stage.
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Editorial

Immune Checkpoint Blockade in  
Hepatocellular Carcinoma

Extremely encouraging results from the interim analysis of the phase I/II nivolumab 
trial (CA209-040 trial) evaluating the efficacy of nivolumab in patients with hepatocellular 
carcinoma (HCC) were reported at the 2015 American Society of Clinical Oncology (ASCO) 
Annual Meeting held in Chicago from May 29 to June 2, 2015 [1]. According to the report, a 
dose escalation study showed the safety and efficacy of 0.1–10 ml/kg of nivolumab, a mono-
clonal antibody against programmed cell death 1 (PD-1), in patients with HCC due to hepa-
titis C virus (HCV), hepatitis B virus (HBV), or without infection. Of the 47 patients with 
HCC, 33 (70%) had extrahepatic metastasis and six (13%) had vascular invasion. Thirty-two 
(68%) patients had previously been treated with sorafenib, indicating that these patients 
had relatively advanced liver cancers. The results of an interim analysis performed on March 
12, 2015, after the treatment with the anti-PD-1 antibody, showed that 17 patients remained 
on the study treatment, while 30 patients terminated or discontinued the treatment because 
of disease progression (n=26), complete response (CR) (n=2), or adverse events (AE) (n=2, 
for elevated bilirubin or events unrelated to the study drug). According to the Common Ter-
minology Criteria for Adverse Events (CTCAE) grading, the only grade 4 AE was an elevated 
lipase level, whereas grade 3 AEs included elevated liver enzymes [aspartate aminotransfer-
ase (AST) (11%, n=5) and alanine aminotransferase (ALT) (9%, n=4)]. None of the patients 
developed serious liver dysfunction or autoimmune disease.

The overall objective response rate was 19% (n=8), including the two patients who 
achieved CR (5%). Disease control rates were 67% (n=28) for stable disease (SD) or better 
and 33% (n=14) for progressive disease (PD), indicating an extremely favorable study out-
come (table 1).

Waterfall plots revealed tumor size stabilization or reduction in 67% of the patient co-
horts with HBV, HCV and those without infection. Regarding the durability of treatment re-
sponses, the two patients with CR achieved this within three months of therapy and this 
was sustained for 12–18 months or longer. Another patient had SD until 11 months after the 
initiation of treatment and subsequently achieved a partial response (PR), to almost a CR, at 
approximately 13 months. Patients with PR and SD had sustained disease, and none of them 
had PD due to acquired tolerance. These outcomes show excellent durability of treatment us-
ing the anti-PD-1 antibody in HCC, as observed in other types of cancer. A durable response is 
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the most characteristic and favorable feature of the effect of immune checkpoint inhibitors. 
The two patients who achieved CR within three months maintained the response longer 
than 15 months despite cessation of anti-PD-1 antibody treatment within a few months of 
achieving CR. Similarly, most patients with PR achieved this at ≤3 months, except one patient 
who achieved PR at approximately four months. The ASCO report describes cases of the dis-
appearance of bilobar multiple HCCs after six weeks of therapy accompanied by a drastic 
decline of alpha-fetoprotein level from 21,000 to 283 IU/mL. A reduction in tumor size from 
approximately 10 cm to nearly 2 cm was observed in one patient after 48 weeks, revealing 
a durable response. Furthermore, the overall survival rate was 62% at 12 months, which is 
a highly promising outcome considering that the prognostic factors of tumors were poor in 
this patient cohort.

In summary, monotherapy with the anti-PD-1 antibody, nivolumab, had a manageable 
safety profile even in patients with HCC, which was comparable with its safety profile in 
other types of cancer. It was also safe in patients with HBV and HCV infection. The treatment 
showed a high response rate that was groundbreaking for an immunotherapy, with long-
lasting durable responses. Durable responses were observed at all dose levels regardless of 
etiology (without infection, HBV, and HCV cohorts).

A phase I/II study with the expansion cohorts of non-infected patients who are sorafenib-
naive or -intolerant, or have PD after sorafenib treatment (50 patients each), HCV-infected 
patients (n=50), and HBV-infected patients (n=50) was designed with a fixed dose of 3 mg/
kg of nivolumab (total number of patients = 200). The trial is currently ongoing and the out-
come is eagerly awaited.

The immune checkpoint molecule PD-1 was first discovered by Prof. Tasuku Honjo of 
Kyoto University Graduate School of Medicine in 1992 [2–4]. Ishida, Honjo, and colleagues 
later used mice lacking the PD-1 to show that the gene encodes a receptor that “applies the 
break to immune reaction” [2]. In 2000, the ligands of PD-1 (PD-L1 and PD-L2) were dis-
covered by the Honjo group at Kyoto University in collaboration with the Genetics Institute 
in the United States. In 2002, Iwai et al. used a mouse model to show that inhibition of the 
interaction between PD-1 and its ligand markedly enhanced immunostimulation and thus, 
antitumor effects [3]. Based on this finding, cooperation between Ono Pharmaceutical in 
Japan and Medarex in the United States resulted in the development of the human anti-PD-1 
antibody, nivolumab, in 2006. The monoclonal antibody was approved by the Food and Drug 
Administration (FDA) for use in clinical trials as a new investigational drug in the same year. 
In 2009, Ono Pharmaceutical and Bristol-Myers Squibb, which merged with Medarex, start-

Table 1.  Best overall responses

Non-infected HCV HBV Total evaluable

(n=21) (n=11) (n=10) (n=42)

 CR 2 (10) 0 0 2 (5)

 PR 1 (5) 4 (36) 1 (10) 6 (14)

 SD 10 (48) 5 (45) 5 (50) 20 (48)

 PD 8 (38) 2 (18) 4 (40) 14 (33)

 Ongoing response, n (%) 3/3 (100) 3/4 (75) 0 6/8 (75)

 Objective response, n (%) 3 (14) 4 (36) 1 (10) 8 (19)

 Disease control rate, n (%) 13 (62) 9 (82) 6 (60) 28 (67)

Responses assessed by RECIST 1.1. Reproduced with permission from El-Khoueiry AB, et al. [1].
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ed clinical trials with nivolumab. In July 2014, the anti-PD-1 antibody was first approved as a 
treatment drug for advanced melanoma in Japan, followed by its approval in December 2014 
in the United States and in June 2015 in Europe. Another anti-PD-1 antibody, pembrolizumab, 
was also approved for the treatment of advanced melanoma in September 2014 in the United 
States. Since then, the anti-PD-1 antibody has been actively evaluated in various clinical trials 
for the treatment of more than 30 types of cancers, including non-small cell lung, prostate, 
colon, and renal cancers among others, with satisfactory outcomes.

In 1995, Dr. James Allison of the University of Texas MD Anderson Cancer Center discov-
ered cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), which also functions as a break in 
immune cells [5]. In the following year, the same research group reported the disappearance 
of tumors in mice after the administration of an antibody that inhibits the function of CTLA-4 
[6]. Subsequently, an antibody against the immune checkpoint molecule CTLA-4, developed 
by Bristol-Myers Squibb under the name of ipilimumab, was approved by the FDA as a treat-
ment drug for advanced melanoma in the United States in March 2011, in Europe in July 2011, 
and in Japan in July 2015 [7]. Ipilimumab is currently approved for advanced melanoma in 
more than 50 countries worldwide.

A report published in Journal of Hepatology in 2013, described the results of a clinical 
trial involving patients with HCC, which showed that the incidence of side effects was slightly 
higher with the anti-CTLA-4 antibody than with the anti-PD-1 antibody [8, 9] (table 2).

When cancer cells develop, the tumor-associated antigens are recognized and presented 
by antigen presenting cells such as dendritic cells, leading to the activation of immature T-
cells that become CD8-positive T-cells (cytotoxic T-cells) in the lymph nodes (priming phase). 
These T-cells circulate in the blood and attack cancer cells by releasing molecules such as per-
forin and granzymes at the tumor site (effector phase). However, T-cell receptor recognition 
of tumor-associated antigens leading to the attack of cancer cells by CD8-positive T-cells is as-
sociated with the binding of cytokines, particularly interferon-γ (IFN-γ) secreted by cytotoxic 
T-lymphocytes (CTL), to the IFN-γ receptor on the tumor surface. Subsequently, IFN-γ induces 
the expression of PD-L1 or PD-L2 molecules on the cancer surface, both of which bind PD-1, to 
escape from the CTL attack. Therefore, an IFN-γ signal is sent to the CTL to downregulate the 
antitumor immune response, allowing the tumor to escape from the attack of CTLs (immune 
escape or immune tolerance) (fig. 1).

Table 2.  Clinical trials of immune checkpoint inhibitors in HCC

Drug HBV/HCV  
eligibility  
(patient no.)

Dosage Results Treatment-related 
grade 3-4 AE (%)

Tremelimumab  
(anti-CTLA-4)

HCV + only (21) 15 mg/kg  
every 90  
days x 4

PR 17.6%  
(3/17) 
DCR 76.4% 
child B (42.9%) 
prior therapy  
(57.4%)

AST/ALT (45),  
syncope (10),  
diarrhea (5),  
neutropenia (5),  
rash (5)

Nivolumab 
(anti-PD-1)

Non-infected (24) 
HCV (12) 
HBV (11)

0.1 − 10  mg/kg 
every  
2 months

RR 19% 
(2 CR, 6 PR/42) 
child B (2%) 
prior systemic 
therapy (100%)

AST/ALT (11/9),  
lipase (8) 
anemia (2) 
fatigue (2)

DCR=disease control rate; RR=response rate. Modified with permission from El-Khoueiry AB, et al. [1] 
and Sangro B, et al. [8].
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The anti-PD-1 antibody blocks the binding of PD-1 on activated T-cells to PD-L1 or PD-
L2 on the antigen presenting cells or tumor cells, thus releasing the immune escape sta-
tus and resulting in the recovery of the T-cell attack on tumor cells (fig. 2). Unlike cytotoxic 
chemotherapy or molecular targeted therapy, the anti-PD-1 antibody restores the human 
immune system, an intrinsic powerful and precise weapon, allowing it to regain its original 
strength to attack and kill cancer cells [10–21].

Another immune checkpoint inhibitor, the anti-PD-L1 antibody, functions in a similar 
manner [22]. In addition, PD-L1 and tumor infiltrating lymphocytes may be predictive bio-
markers for the efficacy of the anti-PD-1 antibody [23]. A study suggested that the Kupffer 
phase of Sonazoid®-enhanced contrast ultrasonography [24] could be a predictive imaging 
biomarker of the response to the anti-PD-1 antibody in liver cancers.

The outcomes of monotherapy with the anti-PD-1 antibody in patients with HCC were 
reported in the ASCO meeting as mentioned above. The anti-PD-1 antibody, nivolumab, was 
approved in the United States for the treatment of advanced melanoma and non-small cell 
lung cancer, and similar outcomes are expected from currently ongoing clinical trials in oth-
er cancers including HCC [25–30].

Liver cancer requires different treatment strategies from those applied in other solid tu-
mors or hematologic malignancies because they are extremely heterogeneous cancers that 
lack major driver mutations, and because the use of hepatotoxic drugs is not possible. With 
these issues in mind, the outcomes of the phase I/II trial are quite promising with regards to 
the efficacy as well as safety of the drug. Therefore, the initiation of a future phase III study 
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Fig. 1.  The immune checkpoint molecule PD-1 is expressed on the cytotoxic T-cell. PD1 ligands (PD-L1 
and PD-L2) are expressed on the tumor surface because cytokines such as IFN-γ produced by CTLs bind 
to the IFN-γ receptor, which promotes the expression of the PD-1 ligands, PD-L1 and PD-L2. Interaction 
of PD-1 and its ligands results in immune escape by the tumor. MHC=major histocompatibility complex; 
TCR=T cell receptor; CD28=cluster of differentiation 28; IFNγR=interferon gamma.
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of the anti-PD-1 antibody is eagerly awaited. We envisage that this breakthrough agent will be 
approved for the treatment of HCC in a speedy manner.

Clinical trials of the anti-PD-1/PD-L1 antibody for the treatment of HCC may be initiated 
by several pharmaceutical companies, with positive results expected. The unmet needs in the 
treatment of HCC are present at various stages (early, intermediate, and advanced stages) and 
in various settings, such as neoadjuvant and/or adjuvant settings before and after resection 
[31, 32] or ablation [33, 34], adjuvant settings after transcatheter arterial chemoemboliza-
tion [35, 36], and first- or second-line treatment for advanced HCC. In combination treatment 
strategies with these locoregional therapies, the blockade of this novel PD-1/PD-L1 pathway 
will play a major role. Alongside this pathway, expectations are also high regarding its combi-
nation with other drugs, such as the anti-CTLA-4 antibody and/or molecular targeted agents 
(sorafenib and/or incoming new agents) [37, 38]. At this year’s ASCO meeting, combination 
therapy with nivolumab (anti-PD-1 antibody) and ipilimumab (anti-CTLA-4 antibody) was 
shown to be more effective than monotherapy with each drug in patients with advanced mela-
noma [30].

This particular field of immunotherapy has developed rapidly in recent years, not only for 
the treatment of melanoma/lung cancer, but also for other types of cancers. The FDA granted 
a “Breakthrough Therapy Designation” to nivolumab and pembrolizumab in September 2014 
for lung cancer. Therefore, these anti-PD-1 antibodies are expected to be approved very soon 
for the treatment of various types of cancers for routine clinical use. Depending on the results 
of the expansion cohort study or the status of drug development in other pharmaceutical 
companies, immune checkpoint inhibitors are expected to be approved for the treatment of 
HCC in the very near future.

The recognition of Immuno-Oncology as the “Breakthrough of the Year” in 2013 by the 
editors of Science, a scientific journal in the United States, is well publicized. The outcomes 
of treatment strategies for liver cancer are expected to improve in the near future through 
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combination therapy based on these immune checkpoint inhibitors and locoregional ther-
apies, other agents such as molecular targeted agents, or other immune mediated agents 
with antagonistic or agonistic effect on immune checkpoint system inhibitors. This is a real 
paradigm shift, not only in drug therapy, but also in the treatment of liver cancer. Immune 
checkpoint inhibitors will play a major role in the evolution of HCC treatment, as implicated 
by their current use in the treatment of other types of cancer.

In conclusion, the first stage of systemic chemotherapy was based on cytotoxic agents, 
and the second stage was characterized by molecular targeted agents. Today, we move 
forward to the third stage of systemic cancer therapy with immune checkpoint inhibitors, 
namely, anti-PD-1, -PD-L1, and -CTLA-4 antibodies. Immune checkpoint inhibitors may soon 
become the mainstream treatment strategy for HCC, and our attention will remain focused 
on these developments in the future.
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Randomized phase II study of axitinib versus placebo
plus best supportive care in second-line treatment
of advanced hepatocellular carcinoma
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Background: The efficacy and safety of axitinib, a potent and selective vascular endothelial growth factor receptors 1–3
inhibitor, combined with best supportive care (BSC) was evaluated in a global, randomized, placebo-controlled phase II
trial in patients with locally advanced or metastatic hepatocellular carcinoma (HCC).
Patients and methods: Patients with HCC and Child–Pugh Class A who progressed on or were intolerant to one prior
antiangiogenic therapy were stratified by tumour invasion (presence/absence of extrahepatic spread and/or vascular in-
vasion) and region (Asian/non-Asian) and randomized (2:1) to axitinib/BSC (starting dose 5 mg twice-daily) or placebo/
BSC. The primary end point was overall survival (OS).
Results: The estimated hazard ratio for OS was 0.907 [95% confidence interval (CI) 0.646–1.274; one-sided stratified
P = 0.287] for axitinib/BSC (n = 134) versus placebo/BSC (n = 68), with the median (95% CI) of 12.7 (10.2–14.9) versus
9.7 (5.9–11.8) months, respectively. Results of prespecified subgroup analyses in Asian versus non-Asian patients or
presence versus absence of tumour invasion were consistent with the overall population. Improvements favouring axiti-
nib/BSC (P < 0.01) were observed in secondary efficacy end point analyses [progression-free survival (PFS), time to
tumour progression (TTP), and clinical benefit rate (CBR)], and were retained among Asian patients in the prespecified
subgroup analyses. Overall response rate did not differ significantly between treatments and patient-reported outcomes
favoured placebo/BSC. Most common all-causality adverse events with axitinib/BSC were diarrhoea (54%), hypertension
(54%), and decreased appetite (47%). Baseline serum analyses identified potential new prognostic (interleukin-6,
E-selectin, interleukin-8, angiopoietin-2, migration inhibitory factor, and c-MET) or predictive (E-selectin and stromal-
derived factor-1) factors for survival.
Conclusions: Axitinib/BSC did not improve OS over placebo/BSC in the overall population or in stratification subgroups.
However, axitinib/BSC resulted in significantly longer PFS and TTP and higher CBR, with acceptable toxicity in patients
with advanced HCC.
Trial Registration: ClinicalTrials.gov, NCT01210495.
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introduction
Liver cancer is the sixth most common cancer worldwide, with
estimated 845 582 new cases and 806 873 deaths in 2015 [1].
Hepatocellular carcinoma (HCC), which accounts for the majority
of liver cancers, is a highly vascularized tumour. Angiogenesis, via
several pathways, including vascular endothelial growth factor
(VEGF)/VEGF receptor (VEGFR) signalling, is thought to contrib-
ute to pathogenesis of HCC [2]. Multikinase inhibitor sorafenib,
which blocks VEGFR kinases among others, has demonstrated
improved overall survival (OS) in treatment-naïve patients with
advanced HCC in randomized phase III studies [3, 4]. However,
no other single-agent kinase inhibitor (e.g. sunitinib, linifanib,
brivanib) [5–7] or combination (e.g. sorafenib/erlotinib) [8] has
exceeded clinical benefits of sorafenib in first-line HCC, and sor-
afenib remains the only approved systemic therapy for advanced
HCC. Yet, the efficacy of sorafenib may be short-lived due to
toxicities, leading to disease progression following first-line sor-
afenib. There are currently no effective treatment options for
patients who progress on or are intolerant to sorafenib.
Axitinib is a potent and selective inhibitor of VEGFRs 1–3

[9], approved as second-line therapy for advanced renal cell car-
cinoma and has shown nonclinical activity in HCC animal
models (Pfizer, data on file), providing evidence for its thera-
peutic potential. Furthermore, safety and pharmacokinetics of
axitinib have been determined in patients with mild or moderate
hepatic impairment [10]. This phase II trial evaluated the effi-
cacy and safety of axitinib in combination with best supportive
care (BSC) compared with placebo plus BSC in patients with
advanced HCC previously treated with an antiangiogenic
therapy. Additionally, serum proteins known to be involved in
angiogenesis and tumour growth were explored as potential
baseline biomarkers for axitinib efficacy.

methods

study design
This is a randomized, double-blind, global phase II study (ClinicalTrials.gov,
NCT01210495). Patients were stratified by tumour invasion (presence versus
absence of extrahepatic spread and/or vascular invasion) and geographic region
(Asian versus non-Asian sites) and randomly assigned (2:1) to axitinib/BSC or
placebo/BSC using a centralized interactive voice response system (IMPALA;
supplementary Text, available at Annals of Oncolgy online). The primary end
point was OS. Secondary end points included progression-free survival (PFS),
time to tumour progression (TTP), objective response rate (ORR), clinical
benefit rate (CBR), patient-reported outcomes (PROs), and safety. Prognostic or
predictive potential of serum soluble proteins were also investigated.

The study protocol was approved by institutional review boards or inde-
pendent ethics committees and conducted in accordance with the Declaration
of Helsinki and the International Conference on Harmonization guidelines
on Good Clinical Practice. Each patient provided informed consent.

patients and treatment
Patients with histologically or cytologically confirmed locally advanced or
metastatic HCC, who progressed on or were intolerant [discontinued treat-
ment due to treatment-related grade 3/4 adverse event (AE) per the National
Cancer Institute Common Terminology Criteria for Adverse Events (NCI-
CTCAE) v3.0] to one prior antiangiogenic therapy, were eligible. Other key
eligibility criteria included presence of ≥1 measurable lesion, Child–Pugh A

liver function, and Eastern Cooperative Oncology Group performance status
(ECOG PS) 0 or 1 (supplementary Text, available at Annals of Oncology
online).

Randomized patients received axitinib or placebo orally at a starting dose
of 5 mg twice-daily (b.i.d.) in 4-week cycles. Doses could be modified per
protocol-specified algorithm (supplementary Text, available at Annals of
Oncology online). All patients additionally received BSC. The study team,
investigators, and patients were blinded to treatment assignment.

assessments
Baseline tumour assessments included CT or MRI scans, which were
repeated every 8 weeks. Tumour response was assessed by investigators
according to the Response Evaluation Criteria in Solid Tumours v1.1. Safety
was monitored throughout the study and AEs graded per the NCI-CTCAE.
Physical examinations and laboratory tests were carried out at baseline,
Week 2 and/or 4, and every 4 weeks thereafter. Blood pressure (BP) was
monitored at each clinic visit and by patients at home. PROs were assessed
using the validated Functional Assessment of Cancer Therapy (FACT)–
Hepatobiliary (Hep) questionnaire [11] including Hepatobiliary Symptom
Index (FHSI-8) and EuroQol (EQ)-5D, and circulating serum levels of
soluble proteins at baseline were measured (supplementary Text, available at
Annals of Oncology online).

statistical analyses
The study was designed to detect a hazard ratio (HR) of 0.60 for OS in
favour of axitinib/BSC, assuming the median OS of 5.0 months with
placebo/BSC and 8.3 months with axitinib/BSC. To detect a statistically sig-
nificant difference between arms, 150 OS events were needed for a stratified
one-sided log-rank test with a significance level of 0.025 and 80% power.
Assuming a ∼13-month patient accrual period, 5% dropout rate per arm,
and ∼11-month follow-up, 198 patients were required. One predefined
interim analysis was carried out (supplementary Text, available at Annals of
Oncology online).

Time-to-event end points were analysed using the Kaplan–Meier method
and median and two-sided 95% confidence intervals (CIs) were estimated.
Comparison between treatment arms was made with stratified or unstratified
one-sided log-rank test (α = 0.025), and HR and 95% CI were calculated. A
Cox proportional hazards model was used to explore potential influences of
baseline patient characteristics on OS. ORR (proportion of patients with
complete or partial response) or CBR (proportion of patients with complete
or partial response or ≥8 weeks stable disease) were compared using a strati-
fied Cochran–Mantel–Haenszel test, and relative risk ratio and two-sided
95% CI were calculated. Statistical analysis methodology for PROs and bio-
markers are provided in supplementary Text, available at Annals of Oncology
online.

results

patients and treatment
Between December 2010 and July 2012, patients were assigned
to axitinib/BSC (n = 134) and placebo/BSC (n = 68) (supple-
mentary Figure S1, available at Annals of Oncology online). One
patient assigned to the axitinib/BSC arm died due to disease
progression and did not receive any study treatment and was
excluded from safety analyses. The majority of patients were
male (82%) and Asian (62%). Baseline patient characteristics were
generally comparable between the axitinib/BSC and placebo/BSC
arms (Table 1), although a ≥5% absolute difference was seen with
age <65 years (60% versus 53%), hepatitis C (29% versus 16%),
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and liver cirrhosis (66% versus 60%). Additionally, more patients
in the placebo/BSC than axitinib/BSC arm were intolerant to
first-line antiangiogenic therapy (25% versus 10%).
At data cut-off for the primary analysis (3 March 2014), 113

(84%) axitinib/BSC-treated and 54 (79%) placebo/BSC-treated

patients discontinued the study, primarily due to death. The
main reasons for treatment discontinuation with axitinib/BSC
(n = 127) and placebo/BSC (n = 67), respectively, were objective
progression (52% versus 74%) and AEs (23% versus 12%).
Patients in the axitinib/BSC arm received study treatment
longer than those in the placebo/BSC arm (114.0 versus 57.5
days), but had more dose interruptions (80.5% versus 55.9%) or
reductions (44.4% versus 5.9%) and fewer follow-up therapies
(33.6% versus 54.4%). This study is ongoing with six patients in
the axitinib/BSC arm still on treatment.

efficacy
The difference in OS between the axitinib/BSC- and placebo/
BSC-treated patients did not reach statistical significance (HR
0.907, 95% CI 0.646–1.274; one-sided stratified P = 0.287). The
median (95% CI) OS was 12.7 (10.2–14.9) months with axitinib/
BSC and 9.7 (5.9–11.8) months with placebo/BSC (Figure 1A).
Prespecified subgroup analyses indicated no significant differ-
ences in OS between treatment arms regardless of geographic
region or baseline tumour invasion (Figure 2). In an exploratory
subgroup analysis, however, a positive trend for better OS with
axitinib/BSC was observed in some subgroups, such as ECOG PS
1, excluding patients intolerant to prior antiangiogenic therapy,
and baseline α-fetoprotein ≥400 ng/ml (Figure 2). Notably, when
patients who were intolerant to prior therapy were excluded,
the difference in OS showed an improvement for axitinib/BSC
(n = 121) over placebo/BSC (n = 51) [HR 0.622; P = 0.013;
median: 12.3 (95% CI 9.5–14.0) versus 9.2 (95% CI 4.3–10.0)
months, respectively] (supplementary Figure S2A, available at
Annals of Oncology online). In the Cox proportional hazards ana-
lysis, several baseline characteristics [ECOG PS, vascular invasion,
prior therapy, Barcelona Clinic Liver Cancer staging, and trial
outcome index (TOI) score (physical and functional well-being
+HepCS-18)] were associated with OS; however, upon adjusting
for these factors, treatment effect was consistent with the primary
analysis (HR 0.811, P = 0.238).
PFS was longer with axitinib/BSC than placebo/BSC [HR

0.618; P = 0.004; median: 3.6 (95% CI 2.3–4.6) versus 1.9 (95%
CI 1.9–3.5) months; Figure 1B]. In prespecified subgroup ana-
lyses, PFS was significantly better with axitinib/BSC among
patients at Asian, but not non-Asian, sites (supplementary
Figure S2B/C, available at Annals of Oncology online). Similarly,
a longer PFS with axitinib/BSC than placebo/BSC (P = 0.001)
was observed among patients with, but not without, baseline
tumour invasion. In the axitinib/BSC versus placebo/BSC arm,
respectively, TTP was significantly longer (HR 0.621; P = 0.006;
median 3.7 versus 1.9 months) and CBR was higher (31.3%
versus 11.8%; P = 0.003), whereas the difference in ORR did not
reach statistical significance (9.7% versus 2.9%; P = 0.091) (sup-
plementary Table S1, available at Annals of Oncology online).
The time to deterioration, based on the composite end point of
death, tumour progression, or FHSI-8 mean score decrease ≥3
points, whichever occurred first, was 1.9 months in both arms
(supplementary Text, available at Annals of Oncology online).

safety
More than 90% of patients in each arm reported all-causality, all-
grade AEs (Table 2). Common AEs with axitinib/BSC included

Table 1. Demographics and baseline patient characteristics

Axitinib + BSC

(n = 134)

Placebo + BSC

(n = 68)

Age, year
Median (range) 61 (25–84) 63 (26–83)
<65, n (%) 81 (60) 36 (53)

Sex, n (%)
Male 110 (82) 56 (82)

Race, n (%)
White 48 (36) 26 (38)
Asian 84 (63) 42 (62)
Black 2 (1) 0

ECOG PS, n (%)
0 78 (58) 39 (57)
1 56 (42) 29 (43)

Geographic region, n (%)
Asian sitesa 83 (62) 41 (60)

Child–Pugh classification, n (%)
A 134 (100) 68 (100)

Tumour vascular invasion, n (%)
Present 33 (25) 19 (28)

Extrahepatic spread, n (%)
Present 92 (69) 48 (71)

Tumour vascular invasion and/or extrahepatic spread, n (%)
Present 102 (76) 52 (76)

BCLC stage,b n (%)
A 5 (4) 3 (4)
B 20 (15) 12 (18)
C 108 (81) 53 (78)

HCC aetiology, n (%)
Hepatitis B 69 (51) 34 (50)
Hepatitis C 39 (29) 11 (16)

Liver cirrhosis, n (%)
Present 89 (66) 41 (60)

Time since histological diagnosis

Median (range), months 22.9 (1.6, 125.6) 20.3 (2.4, 105.4)
Prior therapy, n (%)
Radiation therapy 33 (25) 12 (18)
Surgery 76 (57) 39 (57)
Local non-surgical therapyc 99 (74) 46 (68)
Systemic therapy 134 (100) 68 (100)
Sorafenib-containing regimen 124 (93%) 58 (85)

aAsian sites were China, Hong Kong, Japan, Korea, and Taiwan, whereas
non-Asian sites were Belgium, France, Germany, the UK, Hungary, Italy,
Slovakia, and the USA.
bUnknown for one patient in the axitinib/BSC arm.
cInclude arterial chemotherapy, transarterial (chemo)embolization,
percutaneous injection, radiofrequency ablation, microwave ablation,
and other.
BSC, best supportive care; ECOG PS, Eastern Cooperative Oncology
Group performance status; BCLC, Barcelona Clinic Liver Cancer; HCC,
hepatocellular carcinoma.
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diarrhoea, hypertension, and decreased appetite. A higher per-
centage of axitinib/BSC-treated than placebo/BSC-treated patients
experienced grade ≥3 AEs, particularly hypertension, diarrhoea,
and hand–foot skin reaction. Serious AEs were also higher with
axitinib/BSC than placebo/BSC (47% versus 24%). Grade 3 la-
boratory abnormalities were generally more prevalent with axiti-
nib/BSC than placebo/BSC, but the incidence of grade 4
laboratory abnormalities was low in both arms.
Sixteen (12%) axitinib/BSC-treated patients died on study

(within 28 days after the last dose of study medication) due to
disease progression (n = 13) or AE (pneumonia, liver failure, or
septicaemia; n = 1 each). Eight (12%) placebo/BSC-treated patients
died due to disease progression (n = 6) or AE (acute renal and liver
failure or obstructive airway disorder; n = 1 each). AE-related treat-
ment discontinuations (29% versus 13%), dose reductions (35%
versus 7%), or temporary discontinuations (65% versus 25%) oc-
curred more frequently with axitinib/BSC versus placebo/BSC.
Axitinib/BSC treatment did not lead to increased incidence of

haemorrhage (18% versus 16% with placebo/BSC) and arterial

thromboembolic events, gastrointestinal perforation, and venous
thromboembolic disorders were low (1% each).

serum soluble protein biomarkers
Baseline specimens from 181 patients were included in the ana-
lysis (detailed results in supplementary text, available at Annals
of Oncology online). Based on the unstratified log-rank test, low
baseline serum level of E-selectin or stromal cell-derived factor
(SDF)-1 were associated with significantly improved OS among
patients treated with axitinib/BSC compared with placebo/BSC,
suggesting their predictive potential. The Cox proportional
hazards model identified lower than the median baseline levels
of interleukin (IL)-6, E-selectin, IL-8, angiopoietin-2, migration
inhibitory factor (MIF), or c-MET as potential positive prognos-
tic factors for HCC (Punadjusted ≤ 0.009 or lower).
In the axitinib/BSC arm, patients who achieved a clinical

benefit had mean or median baseline serum levels of IL-6 and
angiopoeitin-2 that were 50% and 35%, respectively, lower than
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Figure 1. Kaplan–Meier estimates for (A) overall survival and (B) progression-free survival in all randomized patients. BSC, best supportive care; CI, confi-
dence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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patients without achieving a clinical benefit (Punadjusted = 0.002
and 0.021, respectively).

discussion
This study, which compared axitinib/BSC and placebo/BSC in
second-line HCC, failed to meet the primary end point.
Prespecified subgroup analyses did not reveal OS benefit of axi-
tinib/BSC either, although an exploratory subgroup analysis
suggested improved OS when patients intolerant to first-line
antiangiogenic therapy were excluded. However, the study
demonstrated improvements in PFS, TTP, and CBR with axiti-
nib/BSC over placebo/BSC. Furthermore, the study showed the
acceptable safety profile of axitinib/BSC in advanced HCC, con-
sistent with the known safety profile of axitinib. PROs generally
favoured placebo/BSC, which could be explained by more fre-
quent treatment-related AEs experienced by axitinib/BSC-
treated patients, and time to deterioration was the same in both
arms. The absence of improvement in time to symptomatic pro-
gression, albeit OS benefit, has been reported for sorafenib in
previous phase III trials [3, 4].
Because of a seemingly early separation in the OS curve, sur-

vival data from this study were further analysed, but the out-
comes confirmed the primary results (supplementary Text,
available at Annals of Oncology online). A failure to detect OS
differences between treatment arms might indicate inadequate
activity of axitinib in advanced HCC, unlike advanced renal cell
carcinoma, but also could be explained by factors such as slight
imbalance in baseline patient characteristics and/or post-study
treatments (33.6% of axitinib/BSC-treated patients versus 54.4%

of placebo/BSC-treated patients received follow-up treatments).
With regard to patient characteristics, other second-line treat-
ment studies evaluating survival in patients with HCC following
first-line sorafenib therapy reported that patients who discontin-
ued sorafenib due to AEs or entered the second-line clinical
trials had better prognosis, leading to a longer OS, than those
who discontinued sorafenib due to tumour or liver disease pro-
gression or those who were ineligible, respectively, and that
tumour progression pattern was associated with post first-line
survival [12–14]. In our study, more patients (25%) in the
placebo/BSC arm were intolerant to first-line therapy than in
the axitinib/BSC arm (10%), which might explain improved OS
with axitinib/BSC over placebo/BSC when intolerant patients
were excluded from the analysis. Although patients were strati-
fied by the presence or absence of extrahepatic spread and/or
vascular invasion, it still remains possible that some imbalance
existed between the two treatment arms with regard to the pro-
portion of patients with different tumour progression pattern. It
should also be noted that the median OS observed with the
placebo/BSC arm (9.7 months) in this study was longer than the
anticipated 5 months, as well as the 7.6 and 8.2 months reported
for placebo/BSC in second-line HCC from phase III studies [15,
16]. Plausible reasons for longer than anticipated OS include
frequent post-study treatments, selection of patients with more
favourable prognosis (as explained above; also exclusion of patients
with main portal vein invasion by HCC), and/or improved quality
of BSC for patients with HCC in recent years. These findings
point to the importance of selecting more appropriate patient
eligibility criteria and stratification factor(s) in designing
second-line clinical trials in advanced HCC.
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Figure 2. Subgroup analysis of overall survival. The boxes indicate hazard ratios and whiskers represent the 95% confidence interval. AFP, α-fetoprotein; BSC,
best supportive care; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status.
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Patients in the axitinib/BSC arm achieved longer PFS
(P = 0.004) and TTP (P = 0.006), and higher CBR (P = 0.003)
compared with those in the placebo/BSC arm. Furthermore, these
improvements were preferentially seen among patients from
Asian, but not non-Asian, sites. It is unclear whether such region-
al disparities reflect differences in pathophysiology, genetic com-
ponents, and/or in clinical practice standards in different regions.
McNamara et al. [17] recently reported promising clinical ac-

tivity of axitinib as second-line therapy for HCC in a single-arm,
open-label phase II study. The study met its primary end point

(>20% tumour control). Although the median PFS (3.6 months)
was the same as in the current study, the median OS of 7.1
months was shorter than either treatment arm reported here,
which might be due to more patients with advanced stages of
disease enrolling in the McNamara study. The results of the
current study are in line with outcomes reported in randomized
phase III studies of other antiangiogenic agents for treatment of
second-line HCC. The REACH trial reported lack of OS advan-
tage (HR 0.866; P = 0.1391) for ramucirumab, a monoclonal anti-
VEGFR-2 antibody [15]. Ramucirumab/BSC, however, provided

Table 2. Common treatment-emergent, all-causality adverse events

Axitinib + BSC (n = 133a) Placebo + BSC (n = 68)

All grades Grade≥ 3 All grades Grade≥ 3

Adverse eventsb, n (%)
Any 131 (98) 109 (82) 63 (93) 26 (38)
Diarrhoea 72 (54) 27 (20) 8 (12) 0

Hypertension 72 (54) 34 (26) 9 (13) 1 (1)
Decreased appetite 62 (47) 16 (12) 14 (21) 4 (6)
Fatigue 46 (35) 10 (8) 18 (26) 7 (10)
Abdominal pain 45 (34) 9 (7) 14 (21) 1 (1)
Hand–foot skin reaction 45 (34) 20 (15) 4 (6) 0
Weight decrease 36 (27) 5 (4) 2 (3) 0
Nausea 35 (26) 6 (5) 7 (10) 0
Dysphonia 33 (25) 0 0 0
Hypothyroidism 33 (25) 0 0 0
Asthenia 27 (20) 12 (9) 3 (4) 0
Proteinuria 27 (20) 7 (5) 1 (1) 0
Vomiting 26 (20) 4 (3) 7 (10) 0
Rash 23 (17) 2 (2) 2 (3) 1 (1)
Constipation 21 (16) 0 8 (12) 1 (1)
Headache 21 (16) 1 (1) 3 (4) 1 (1)
Oedema peripheral 14 (11) 2 (2) 10 (15) 0
Back pain 11 (8) 3 (2) 11 (16) 2 (3)

Laboratory abnormalitiesc,d, n/N (%)
Elevated AST 125/133 (94) 20/133 (15) 54/67 (81) 8/67 (12)
Elevated GGT 114/133 (86) 39/133 (29) 55/67 (82) 23/67 (34)
Hyperglycaemia 101/133 (76) 11/133 (8) 48/67 (72) 5/67 (7)
Elevated ALT 99/133 (74) 13/133 (10) 34/67 (51) 3/67 (4)
Elevated alkaline phosphatase 92/133 (69) 5/133 (4) 40/67 (60) 3/67 (4)
Hypoalbuminaemia 84/132 (64) 1/132 (1) 28/67 (42) 1/67 (1)
Thrombocytopaenia 75/125 (60) 7/125 (6) 29/63 (46) 0
Lymphopaenia 76/130 (58) 19/130 (15) 36/66 (55) 6/66 (9)
Anaemia 73/128 (57) 1/128 (1) 42/64 (66) 4/64 (6)
Hyperbilirubinaemia 67/133 (50) 16/133 (12) 27/67 (40) 2/67 (3)
Hyponatraemia 63/133 (47) 16/133 (12) 21/67 (31) 5/67 (7)
Prolonged prothrombin time 44/105 (42) 2/105 (2) 21/48 (44) 0
Leukopaenia 49/126 (39) 3/126 (2) 17/63 (27) 0
Hypocalcaemia 51/133 (38) 1/133 (1) 14/67 (21) 0
Neutropaenia 39/127 (31) 6/127 (5) 11/62 (18) 0

Hypophosphataemia 37/131 (28) 12/131 (9) 20/66 (30) 5/66 (8)

aOne patient died before start of treatment.
bReported by ≥15% of patients in either arm.
cReported by ≥30% of patients in either arm.
dDenominator for each laboratory abnormality differed depending on the availability of baseline and at least one on-study test result.
BSC, best supportive care; AST, aspartate aminotransferase; GGT, γ-glutamyl transferase; ALT, alanine aminotransferase.
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significantly improved PFS and ORR over placebo/BSC. Further-
more, the study revealed potential predictive value of baseline α-
fetoprotein, which was also observed here. In the BRISK-PS study,
addition of brivanib, a dual inhibitor of VEGFR and fibroblast
growth factor receptor, to BSC produced similarly disappointing
OS results, although TTP and ORR were better in patients with
sorafenib-refractory/intolerant HCC [16].
HCC is a complex disease of multifactorial causes, including

viral infections, alcohol-related liver cirrhosis, and genetic
alterations, and often occurs in the setting of chronic liver
disease. Studies investigating biomarkers for tumour progres-
sion would facilitate understanding of molecular mechanisms
involved in HCC pathogenesis. This study confirmed the previ-
ously reported prognostic association between lower baseline
levels of circulating IL-6 or angiopoeitin-2 and longer OS in
advanced HCC [18], and additionally identified proteins
involved in immune cell mechanisms (E-selectin, IL-8, and
MIF) and cell survival pathways (c-MET) as potential prognos-
tic markers. The study also suggested possible predictive value
of E-selectin and SDF-1. The association between low baseline
serum SDF-1 and longer OS in axitinib/BSC-treated patients is
especially compelling for metastatic potential via SDF-1/CXCR4
interaction. Low activation levels of SDF-1/CXCR4 pathway
favouring clinical benefit in axitinib/BSC-treated patients may
point towards strategies for patient selection.
In conclusion, axitinib/BSC did not improve OS over placebo/

BSC, but resulted in longer PFS and TTP, and higher CBR, with
an acceptable safety profile in patients with advanced HCC pre-
viously treated with antiangiogenic therapy. The potential prog-
nostic and predictive biomarkers identified in this study may
warrant further investigation.
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CLINICAL OBSERVATIONS IN HEPATOLOGY

Impaired Expression of ATP-binding cassette
transporter G2 and Liver Damage in

Erythropoietic Protoporphyria
Satoru Hagiwara,1 Naoshi Nishida,1 Ah-Mee Park,2 Toshiharu Sakurai,1

Akira Kawada,3 and Masatoshi Kudo1

E
rythropoietic protoporphyria (EPP) is a heredi-
tary disease caused by genetic alterations of ferro-
chelatase (FECH).1 Symptoms of EPP are

characterized by photosensitivity and liver damage that
could be a life-threatening complication.2 Incidence of
liver damage is higher in patients carrying a nonsense
mutation/deletion in FECH than in those with a mis-
sense mutation, indicating that FECH activity may
relate to severity of liver damage. However, FECH
mutations are not always associated with concomitant
liver damage. Here, we report on a case study of 2
brothers with identical FECH mutations and similar lev-
els of whole blood protoporphyrin (PP), but showing
different courses of liver damage.

The older brother (a 22-year-old male) developed
photosensitivity in childhood and was diagnosed with
EPP because he carried two predisposing alleles of
FECH, an exon-9 deletion and IVS3-48 T>C. His
whole blood PP levels fluctuated between 1,500 and
2,500 mg/dL (normal, 30-86 mg/dL), and he exhibited
concomitant elevation of serum aminotransferase level
(alanine aminotransferase [ALT]: 50-250 IU/L; normal,
<35 IU/L). On May 27, 2013, he developed severe
hepatic dysfunction: ALT, 312 IU/L; alkaline phos-
phatase, 690 U/L (normal, 85-300 U/L); and total
bilirubin (T-bil), 7 mg/dL (normal, 0.2-1.0 mg/dL).
Marked elevation of whole blood PP was also

observed (4,883 mg/dL), but we could not detect any
data suggesting other causes of liver disease; liver dys-
function associated with EPP was strongly suspected
(Fig. 1A). On day 10 of hospitalization, a liver biopsy
was performed; marked deposition of PP in hepatocytes
and hepatocyte necrosis with inflammatory cell infiltra-
tion at the perportal area were observed. Because ATP-
binding cassette transporter G2 (ABCG2; a canalicular
transporter) is responsible for excretion of PP into bile,
we performed an immunohistochemical assay to evalu-
ate ABCG2. The results revealed decreased ABCG2
expression in hepatocytes with PP deposition (Fig. 2A).
Because T-bil levels further increased and whole blood
PP remained high, plasmapheresis was performed. ALT,
T-bil, and PP levels improved to 71 U/L, 3.7 mg/dL,
and 2,194 mg/dL, respectively (Fig. 1A).
The younger brother did not have a history of liver

dysfunction (Fig. 1B). Deep sequencing of his DNA
revealed that he had an identical predisposing alleles to
those of the older brother. Although his whole blood PP
level was also high (1,500-2,500 mg/dL), his liver biopsy
tissues showed that PP was mainly observed in bile
canaliculi, but not within hepatocytes. More interest-
ingly, in contrast to liver tissue from the older brother,
ABCG2 expression was maintained on the cell mem-
brane of hepatocytes in the younger brother (Fig. 2B).
Whole exome sequencing revealed no specific ABCG2
mutation in both patients. However, ABCG2 messenger
RNA level was markedly lower in the older brother than
in the younger brother.

Both brothers had the same FECH mutations; however,
they exhibited different degrees of liver damage. Interest-
ingly, both exhibited high levels of whole blood PP; how-
ever, localization of PP in hepatocytes differed between
the two brothers. Therefore, we sequenced the whole
exomes of the two brothers, including genes involved in
porphyrin metabolism. We also compared expression lev-
els of ABCG2, which plays a role in excretion of PP.3

Although their genetic background with respect to
FECH was identical, ABCG2 expression was much

Abbreviations: ALT, alanine aminotransferase; EPP, erythropoietic protopor-
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lower in the older brother than in the younger brother.
Liver biopsy of the older brother showed marked por-
phyrin deposition in hepatocytes, along with bile
thrombi. Because ABCG2 functions as a transporter
that excretes PP from hepatocytes into bile canaliculi, it
is conceivable that accumulation of porphyrin in hepa-
tocytes is a consequence of decreased ABCG2 expres-
sion, which, consequently, leads to severe liver damage.
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Fig. 1. Clinical course of EPP in the 2 patients. (A) Clinical course in the older brother. (B) Clinical course in the younger brother. Abbrevia-
tions: AST, aspartate aminotransferase; RBC, red blood cells.

Fig. 2. Immunofluorescence staining of ABCG2 and localization of PP. (A) Liver biopsy from the older brother. Red arrows indicate deposition of PP
in hepatocytes and bile canaliculi. ABCG2 expression was barely detectable on hepatocyte membranes. (B) Liver biopsy from the younger brother. PP
was observed in bile canaliculi of hepatocytes. Note that ABCG2 staining was maintained (green fluorescence) at the hepatocyte membrane.
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Comparison Between T1 Relaxation Time of
Gd-EOB-DTPA-Enhanced MRI and Liver Stiffness
Measurement of Ultrasound Elastography in the
Evaluation of Cirrhotic Liver

Masahiro Okada, MD, PhD,1* Takamichi Murakami, MD, PhD,1 Norihisa Yada, MD, PhD,2

Kazushi Numata, MD, PhD,3 Minori Onoda, RT,1 Tomoko Hyodo, MD, PhD,1

Tatsuo Inoue, MD, PhD,2 Kazunari Ishii, MD, PhD,1 and Masatoshi Kudo, MD, PhD2

Purpose: To compare four imaging approaches in cir-
rhotic estimation; pre-enhancement T1 relaxation time
(T1RT), reduction rate (RR) of T1RT, signal-based liver-to-
muscle ratio (L/M ratio) on gadolinium ethoxybenzyl
diethylenetriaminepentaacetic acid (Gd-EOB-DTPA)-
enhanced magnetic resonance imaging (MRI), and liver
stiffness measurement (LSM) of US elastography.

Materials and Methods: Consecutive 58 patients with
chronic liver diseases who underwent both Gd-EOB-
DTPA-enhanced MRI and FibroScan were analyzed. Four
imaging approaches were evaluated by fibrosis score from
liver biopsy and receiver operating characteristic (ROC)
analysis.

Results: RR was found to be inversely correlated with
LSM (r¼�0.65). RR decreased with degree of fibrosis (F0-
F1, 58.566.2%, versus F2-F3-F4, 48.8611.7%,
P¼0.010, F0-F1-F2, 58.266.2% versus F3-F4,
45.5612.3%, P¼0.010 and F0-F1, 58.566.2%, versus
F2-F3, 52.1612.0%, P¼0.0038). LSM increased with
degree of fibrosis (F0-F1, 5.462.2 kPa versus F2-F3-F3,
19.3615.5 kPa, P¼0.0011 and F0-F1-F2, 6.863.6 kPa
versus F3-F4, 23.8617.1 kPa, P¼0.0029 and F0-F1,
5.462.2 kPa, versus F2-F3, 11.467.2 kPa, P¼0.0098).
Area under ROC curves were 0.83 (F3-F4), 0.72 (F2-F3-
F4), 0.68 (F2-F3) for RR and 0.83 (F3-F4), 0.88 (F2-F3-
F4), 0.81 (F2-F3) for LSM in discriminating between
patients with fibrosis.

Conclusion: The capability by LSM was better than
those by RR of T1RT, pre-enhancement T1RT, and L/M

ratio to differentiate F�2, but LSM and RR of T1RT
showed the same value to differentiate F�3.

Key Words: Gd-EOB-DTPA; MRI; US; liver fibrosis; elas-
tography; T1 relaxation time
J. Magn. Reson. Imaging 2015;41:329–338.
VC 2013 Wiley Periodicals, Inc.

HEPATIC FIBROSIS and cirrhosis represent a major
public health problem worldwide. Progressive hepatic
fibrosis leads to cirrhosis. Liver fibrosis leads to dis-
tinct alterations of the hepatic microvasculature, thus
increased total hepatic vascular resistance. Early cir-
rhosis can be reversed by suppression of the fibrotic
response (1,2). Common causes of liver cirrhosis are
hepatitis C virus (HCV), hepatitis B virus (HBV), alco-
hol consumption, and nonalcoholic steatohepatitis
(NASH). In patients with hepatitis C, progression of
hepatic fibrosis is more rapid in those infected at an
older age and increases with duration of infection (3).

Routine biochemical and hematological tests fail to
quantify liver fibrosis in approximately 50% of
patients (4). Liver biopsy is the gold standard in the
assessment of liver fibrosis grade. Biopsy involves tak-
ing a fraction (�1/50,000th) of the total mass of the
liver (5). However, liver biopsy has several limitations
including physical discomfort due to its invasive
nature. In addition, procedure-related complications
such as bleeding (intrahepatic hematoma occurs in
up to 6% of patients), bile leak, and pneumothorax
can result from liver biopsy, although rare (6).

Ultrasound (US) elastography (7,8) is receiving
increasing attention, because there is a need for alter-
native noninvasive methods to estimate the stage of
liver fibrosis. This technology for quantitatively
assessing hepatic stiffness has been introduced in the
last several years. Liver stiffness measured using US
elastography (FibroScan; Echosens, Paris, France)
has been validated in the assessment of fibrosis in
patients with chronic hepatitis (9). Transient
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elastography is widely available, noninvasive, and
shows high accuracy in staging hepatic fibrosis. How-
ever, US elastography is not carried out on patients
with ascites and narrow intercostal spaces.

Gadolinium ethoxybenzyl diethylenetriaminepenta-
acetic acid (Gd-EOB-DTPA) is a relatively new liver-
specific contrast agent on magnetic resonance imag-
ing (MRI). Gd-EOB-DTPA is gradually taken into
hepatocyte cells, resulting in signal enhancement on
T1-weighted images. This contrast agent is used sub-
stantially for the detection of HCC and liver metasta-
sis on MRI (10–13), but it also has the potential to
enable functional imaging with a T1 shortening effect
at the hepatobiliary phase (14–19). The measurement
of the T1 relaxation time (T1RT) of liver parenchyma
before and after Gd-EOB-DTPA administration allows
quantitative evaluation of Gd-EOB-DTPA uptake by
the liver parenchyma. T1 mapping of the liver shows
the distribution of T1RT in the liver, and is useful to
recognize regional or whole liver function. On the
other hand, signal-based measurement on MRI is
widely used for the quantification to estimate degree
of liver parenchymal enhancement.

It had been reported that it was possible to assess
the staging of liver fibrosis using a rat NASH model by
evaluating the signal intensity-time profile after Gd-
EOB-DTPA injection (15). However, the potential of
using this approach to assess the staging of liver
fibrosis in human has not yet been assessed. The aim
of the present study was to compare four imaging
approaches in liver fibrosis estimation using a quanti-
tative parameter for the classification of fibrosis,
namely, pre-enhancement T1RT, T1RT and signal-
based liver-to-muscle ratio on Gd-EOB-DTPA-
enhanced MRI, and liver stiffness measurement (LSM)
of US elastography (FibroScan).

MATERIALS AND METHODS

Patients

The Institutional Review Board of our university hos-
pital approved the study, and all patients received
informed consent forms for approval of the MR imag-
ing, FibroScan, and liver biopsies. The inclusion crite-
ria were as follows: chronic HCV infection; chronic
HBV infection; clinical evidence for liver cirrhosis; and
NASH. The exclusion criteria were cases complicated
with other liver diseases or HCC. No patients had a
past history of cardiac diseases that may produce
image artifact by an irregular heartbeat interval.

Both Gd-EOB-DTPA-enhanced MR examination and
FibroScan were performed on 63 consecutive patients
(36 men and 27 women) with chronic liver disease.
Patients had a mean age of 66 years (range 37–83
years).

MRI

A clinically available 3.0 T system (Achieva; Philips
Medical System, Best, Netherlands) with a 6- or 32-
channel phased-array surface coil was used. The Phi-
lips Research Integrated Development Environment

(PRIDE) T1 fitting tool was employed for measurement
of T1RT using data from the Look-Locker echo-planar
imaging sequence (T1 mapping), which was addressed
previously (16). Look-Locker-Turbo-Field-Echo (LL-
TFE) sequences (repetition time, 12 msec; echo time,
1.7 msec; flip angle, 7

�
; field of view, 420 � 285 mm;

zero-fill interpolation (zip), matrix; 112 � 66 (recon-
struction 256 � 256); thickness, 10 mm; acquisition
time, 1 phase¼145 msec, 31 phases; and accelera-
tion factor, 2) were obtained before and 18 minutes
after 0.025 mmol/kg of Gd-EOB-DTPA (Primovist:
Bayer Schering Pharma, Berlin, Germany) administra-
tion. The T1 mapping image was obtained as a single
axial slice.

Our routine MR examination sequences on Gd-
EOB-DTPA-enhanced MRI were T1-weighted images
with in-phase and opposed-phase at pre-
enhancement, 3D T1-weighted image of arterial
phase, portal venous phase, respiratory-triggered T2-
weighted image with fat saturation, diffusion-weighted
image with low and high b factors after contrast, 3D
T1-weighted image approximately 20% minutes after
injection (hepatobiliary phase). The 3D T1-weighted
image was obtained as T1 high-resolution isotropic
volume examination (THRIVE) with fat suppression;
repetition time, 3.5 msec; echo time, 1.7 msec; flip
angle, 10

�
; field of view, 350 � 350 mm; matrix, 320

� 256; thickness, 3 mm; and reduction factor, 2). All
patients received Gd-EOB-DTPA administered at 2
mL/s through an intravenous line placed in a cubital
vein and flushed with 32–36 mL of 0.9% saline at the
same speed. This series on Gd-EOB-DTPA-enhanced
MRI was performed as a routine clinical examination
to detect and characterize liver tumors.

Analysis Using Gd-EOB-DTPA-Enhanced MRI

Gd-EOB-DTPA-enhanced MRI was performed for 63
patients. In these patients, T1RT and signal-based
liver to paraspinal muscle ratio (L/M ratio) were inde-
pendently measured by two examiners (M.O. and
M.O.) Three regions of interest (ROIs) with a range of
50–60 pixels were placed manually in the liver (liver
segments of 2/3, 5, and 6/7 using Couinaud’s classi-
fication), avoiding visible intrahepatic vessels on T1
mapping images and 3D T1-weighted image obtained
before and 18 minutes (20 minutes) after Gd-EOB-
DTPA administration. The reason why 18 minutes
after Gd-EOB-DTPA administration applied is because
T1RT at 18 minutes after Gd-EOB-DTPA injection has
possibilities to differentiate between patients with dif-
ferent liver dysfunction (16). Avoiding visible intrahe-
patic vessels on T1 mapping images was performed in
reference to 3D T1-weighted image (hepatobiliary
phase) because this study was planned to measure
the liver parenchymal T1 relaxation time. Mean T1RT
and liver signal of the L/M ratio for the three ROIs in
segments of 2/3, 5, and 6/7 were considered repre-
sentative hepatic T1RT and liver signal. First, pre-
enhancement T1RT was measured to analyze whether
there were differences between different grades of liver
fibrosis. Second, the reduction rate (RR) of the T1RT
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and increasing rate (IR) of the L/M ratio of the liver
parenchyma were defined as follows:

RR of the T1RT ¼ ½ T1pre � T1postÞ =T1preð �
� 100%

where T1pre is T1RT at pre-enhancement and T1post
is T1RT at post-enhancement (18 min).

IR of theL =Mratio ¼
½ L=Mratio post � L =MratiopreÞ =L =Mratio preð � � 100%

where L/M ratio pre is L/M ratio at pre-enhancement
and L/M ratio post is L/M ratio at post-enhancement
(20 min); signal of muscle was obtained for the two
ROIs on the left and right paraspinal muscle and was
averaged.

Analysis Using US Elastography (FibroScan)

FibroScan was performed for 63 patients by one
examiner (one hepatologist with 3 years of experience
in US elastography). The LSM was obtained with the
right intercostal approach. The principle of elastogra-
phy using FibroScan has been described elsewhere
(20,21). FibroScan measured the stiffness of the liver
parenchyma using both US (5 MHz) and low-
frequency (50 Hz) elastic waves from an ultrasound
vibrator applied to the body wall. The results
expressed in kPa after 10 validated measurements
were performed at a depth of 25–45 mm from the skin
surface. The interquartile range (IQR) of the Fibro-
Scan was recorded to assess the reproducibility of
measured results (a smaller IQR is sensitive to the
FibroScan measurements).

Pathological Diagnosis and Quantification of the
Liver

Fifty-eight patients received liver biopsy by one exam-
iner (a hepatologist with 10 years of experience in
liver biopsy). In all patients, the intercostal approach
was used for biopsy and the biopsy was performed at
liver segment 5 of Couinaud’s classification. To
ensure accurate histological grading of liver fibrosis
using US-guided needle core biopsy, at least two sam-
ples were taken from each patient’s liver using an
18G needle (MONOPTY, C.R. Bard, Murray Hill, NJ)
under local anesthesia. The liver biopsy specimen was
fixed in formalin and embedded in paraffin. For liver
fibrosis staging, hematoxylin and eosin and Masson’s
trichrome stains were used.

Liver fibrosis was scored using New Inuyama Clas-
sification, which involved the use of a five-grade scale
(F0–F4) (22). Experienced pathologists (two patholo-
gists with more than 10 years of experience in liver
pathology) diagnosed the stage of liver fibrosis by con-
sensus. This system was used to grade histological
lesions by means of two separate scores, one for fibro-
sis (F) and the other for necroinflammation (activity).
The fibrosis score was defined as: F0¼no fibrosis;
F1¼fibrous portal expansion; F2¼bridging fibrosis
(portal-portal or portal-central linkage); F3¼bridging

fibrosis with lobular distortion (disorganization); and
F4¼ cirrhosis.

Statistical Analysis

Data from pre-enhancement T1RT, signal-based L/M
ratio, T1RT on Gd-EOB-DTPA-enhanced MRI, and
LSM of FibroScan were expressed as the mean6 stan-
dard deviation (SD). In order to assess the agreement
between the two observers’ measurements, simple
regression analysis and Bland–Altman analysis
between the two measurements by two observers for
pre-enhancement T1RT, RR of the T1RT, and IR of
the L/M ratio in the liver parenchyma were evaluated.
The strength of the correlation between the RR of the
T1RT in the liver parenchyma and the LSM obtained
using the FibroScan was evaluated using simple
regression analysis. The diagnostic performance and
the linear combination of pre-enhancement T1RT, RR
of the T1RT, IR of the L/M ratio, and LSM were
assessed using the receiver operating characteristic
(ROC) curve, which is a plot of sensitivity versus spec-
ificity. The area under the ROC curve (AUC) and the
cutoff value were obtained by ROC analysis. Statisti-
cal analyses were performed using a commercially
available Excel software (Microsoft Excel 2007; Micro-
soft, Tokyo, Japan), StatFlex v. 6.0 software (Artech,
Osaka, Japan) and free statistical software "R" (R, v.
2.6.1; The R Project for Statistical Computing; http://
www.r-project.org/). P<0.05 was considered statisti-
cally significant.

RESULTS

Patients

In 63 patients with Gd-EOB-DTPA-enhanced MRI and
FibroScan, FibroScan had unsuccessful measure-
ments due to ascites, obesity, and narrow intercostal
space in four patients and Gd-EOB-DTPA-enhanced
MRI had misregistration of liver scan in one patient.
Thus, pre-enhancement T1RT, signal-based L/M
ratio, RR of T1RT, and LSM of FibroScan were com-
pared in the remaining 58 patients (34 men and 24
women) with liver biopsy (Fig. 1 shows a T1 mapping
in a patient with chronic hepatitis C and F1 of New
Inuyama Classification). Chronic liver diseases were
nonalcoholic fatty liver disease (NAFLD; n¼25),
chronic hepatitis C (n¼15), chronic hepatitis B
(n¼4), NASH (n¼3), alcoholic liver disease (n¼2),
and liver cirrhosis (n¼9). There were Grade A (n¼42),
Grade B (n¼15), and Grade C (n¼1) by Child-Pugh
Classification in 58 patients.

The distribution of these scores for fibrosis were as
follows: F0, n¼13; F1, n¼14; F2, n¼12; F3, n¼10;
and F4, n¼9.

Agreement Between the Two observers’
Measurements

Simple regression analysis and Bland–Altman analy-
sis showed narrow limits of agreement between two
observers’ measurements of pre-enhancement T1RT,
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RR of the T1RT, and IR of the L/M ratio (Fig. 2).
Bland–Altman analysis yielded narrow limits of agree-
ment for pre-enhancement T1RT, RR of the T1RT,
and IR of the L/M ratio.

T1 Relaxation Time Measurement

The average length of time between the date of Gd-
EOB-DTPA-enhanced MRI and that of liver biopsy
was 68 days (range 0–156 days). The mean6SD of
pre-enhancement T1RT was 822693 msec (range;
685–1037 msec). The mean6SD of RR of T1RT was
53.8610.2% (range; 34.5–68.7%). The distribution
(box-and-whisker plots) of the pre-enhancement T1RT
and the RR of the T1RT are shown in Figs. 3 and 4.
The mean6SD of pre-enhancement T1RT increased
with the degree of fibrosis (F0-F1, 825690.1 msec,
versus F2-F3-F4, 850694.1 msec, P¼0.075, F0-F1-
F2, 819683.8 msec versus F3-F4, 875698.6 msec,
P¼0.41 and F0-F1, 825690.1 msec versus F2-F3,
829692.7 msec, P¼0.96.

The mean6SD of RR determined using T1RT
decreased with the degree of fibrosis (F0-F1,

58.566.2%, versus F2-F3-F4, 48.8611.7%,
P¼0.010, F0-F1-F2, 58.266.2% versus F3-F4,
45.5612.3%, P¼0.010 and F0-F1, 58.566.2% ver-
sus F2-F3, 52.1612.0%, P¼0.0038).

Thus, the RR of T1RT showed significant differences to
differentiate F0-F1 from F2-F3-F4, F0-F1-F2 from F3-
F4, F0-F1 from F2-F3, although the pre-enhancement
T1RTdid not show significant differences.

Signal-Based Liver-to-Muscle Ratio

The mean6SD of IR of L/M ratio was 59.7619.4%
(range; 24.2–83.2%). The mean6SD of IR of L/M ratio
decreased with the degree of fibrosis (F0-F1,
61.5619.6%, versus F2-F3-F4, 55.2611.8%,
P¼0.47, F0-F1-F2, 59.8617.2% versus F3-F4,
54.9613.3%, P¼0.21 and F0-F1, 61.5619.6%
versus F2-F3, 55.567.3%, P¼0.52). Thus, the IR of
L/M ratio did not show significant differences to
differentiate F0-F1 from F2-F3-F4, F0-F1-F2 from
F3-F4, F0-F1 from F2-F3.

The distribution (box-and-whisker plots) of the IR of
L/M ratio is shown in Fig. 5.

LSM of US Elastography

The average length of time between the dates of the
FibroScan and the liver biopsy was 53 days (range
0–143 days). The mean6SD of LSM obtained using the
FibroScan was 12.4615.8 kPa (range; 2.7–55.0 kPa).
The mean6SD of IQR on the FibroScan was 2.363.3
kPa (range; 0–11.9 kPa) for all patients. The distribution
(box-and-whisker plots) of the LSM is shown in Fig. 6.

The LSM increased in line with the degree of fibrosis
(F0-F1, 5.462.2 kPa versus F2-F3-F3, 19.3615.5
kPa, P¼0.0011, F0-F1-F2, 6.863.6 kPa versus F3-
F4, 23.8617.1 kPa, P¼0.0029, and F0-F1, 5.462.2
kPa versus F2-F3, 11.467.2 kPa, P¼0.0098).

Thus, the LSM of FibroScan showed significant dif-
ferences to differentiate F0-F1 from F2-F3-F4, F0-F1-
F2 from F3-F4, F0-F1 from F2-F3.

Correlation Between T1 Mapping, Signal-Based
Liver-to-Muscle Ratio, and FibroScan

The average length of time between the date of Gd-
EOB-DTPA-enhanced MRI and FibroScan was 16
days (range, 0–27 days). Figure 7 shows a correlation
diagram regarding the Gd-EOB-DTPA-enhanced MRI
and FibroScan. In comparing the levels of LSM
obtained using FibroScan with the RR of T1RT, a neg-
ative correlation was found (r¼�0.65, P¼0.00005).

In discriminating between patients with F3-F4 liver
fibrosis, the AUCs from the ROC analysis were 0.83
(cutoff value 53.5%. sensitivity 0.80, specificity 0.71)
for the RR of T1RT and 0.83 for the LSM (cutoff value
13.8 kPa, sensitivity 0.73, specificity 0.90) (Fig. 8a,
Table 1). The AUCs from the ROC analysis in patients
with F2-F3-F4 fibrosis on histology were 0.72 (cutoff
value 56.8%, sensitivity 0.71, specificity 0.64) for the
RR of T1RT and 0.88 (cutoff value 9.6 kPa, sensitivity
0.76, specificity 0.92) for the LSM (Fig. 8b, Table 1).
In discriminating between patients with F2-F3 liver

Figure 1. T1 mapping of a 64-year-old man (New Inuyama
Classification: F1) with chronic HCV infection on Gd-EOB-
DTPA-enhanced MRI. a: Pre-enhancement T1 mapping.
Number in the right upper corner shows the scale of T1
relaxation time (T1RT). Mean T1RT for the three ROIs in seg-
ments of 2/3, 5, and 6/7 is considered representative T1RT
for the liver. Pre-enhancement mean T1RT was 782.0 msec.
b: Post-enhancement T1 mapping at 18 minutes. Number in
the right upper corner shows the scale of T1RT. Mean T1RT
for the three ROIs is considered representative T1RT for the
liver. Mean T1RT at 18 minutes after enhancement was
256.2 msec. Thus, the reduction rate (RR¼ [(T1pre – T1post)
/ T1pre] � 100%) of the T1RT of liver parenchyma is 67.2%.
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fibrosis, the AUCs from the ROC analysis were 0.68
(cutoff value 59.4%. sensitivity 0.64, specificity 0.72)
for the RR of T1RT and 0.81 for the LSM (cutoff value
5.5 kPa, sensitivity 0.81, specificity 0.71) (Fig. 8c,
Table 1).

The capability of LSM was better than that of RR of
T1RT, pre-enhancement T1RT, and L/M ratio to dif-

ferentiate F�2, but LSM and RR of T1RT showed the
same value to differentiate F�3 (Fig. 8a–c, Table 1).

DISCUSSION

We assessed the efficacy of T1RT on Gd-EOB-DTPA-
enhanced MRI (T1 mapping) for the evaluation of the

Figure 2. Agreement between the two observers’ measurements. Simple regression analyses (a: pre-enhancement T1RT,
c: RR of the T1RT, e: IR of the L/M ratio) and Bland–Altman analyses of agreement (b: pre-enhancement T1RT, d: RR of the
T1RT, f: IR of the L/M ratio) between the two measurements are displayed. Simple regression analysis showed a high correla-
tion between the means of the observers’ manual measurements of pre-enhancement T1RT, RR of the T1RT, IR of the L/M
ratio in the liver parenchyma. Bland–Altman analysis yielded narrow limits of agreement of �23 to 28 msec for pre-
enhancement T1RT, of �2.7 to 3.5% for RR of the T1RT, and of �4.1 to 4.4% for the L/M ratio. Black line (center)¼mean of
differences. Gray lines (top and bottom)¼upper and lower limits of agreement (mean difference, 62 SD). pre T1RT; precon-
trast T1 relaxation time, RR of T1RT; reduction rate of T1 relaxation time, L/M ratio; liver to paraspinal muscle ratio.
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severity of liver fibrosis, in patients with chronic liver
diseases. In our study, we found that the RR of T1RT
measured before and 18 minutes after Gd-EOB-DTPA
injection was inversely correlated with the LSM index
determined by FibroScan. Both the RR of T1RT and
the LSM measurement using FibroScan performed
well (AUC: RR¼0.83 and LSM¼0.83) in the diagnosis
of patients with fibrosis of grade F�3. However, the
use of RR of T1RT (AUC: 0.72) for the diagnosis of
patients with fibrosis of grade F�2 seemed to be
somewhat less sensitive than the LSM (AUC: 0.88),

because a certain degree of overlap among lower
stages of liver fibrosis existed. Therefore, the RR of
T1RT and the LSM of FibroScan were not equivalent,
especially in patients with mild fibrosis. But T1RT by
noninvasive means may be available for the diagnosis
of relatively severe liver cirrhosis (fibrosis of grade
F�3), and be used as an alternative to FibroScan. In
our study, the RR of T1RT and LSM of FibroScan
showed significant differences to differentiate F�2

Figure 3. Box-and-whisker plots of pre-enhancement T1
relaxation time. The distribution of pre-enhancement T1RT
is shown for New Inuyama Classification fibrosis stages (F0–
F4) in patients who had liver biopsy. F0¼no fibrosis;
F1¼fibrous portal expansion; F2¼bridging fibrosis (portal-
portal or portal-central linkage); F3¼bridging fibrosis with
lobular distortion (disorganization); and F4¼ cirrhosis.

Figure 4. Box-and-whisker plots of reduction rate of T1
relaxation time on Gd-EOB-DTPA-enhanced MRI. The distri-
bution of RR of T1RT on Gd-EOB-DTPA-enhanced MRI is
shown for fibrosis stages (F0–F4) in patients who had liver
biopsy. RR of T1RT of the liver parenchyma is defined as fol-
lows; RR¼ [(T1pre – T1post) / T1pre] � 100 (%), where T1pre
is T1RT at pre-enhancement and T1post is T1RT at post-
enhancement (18 min). F0¼no fibrosis; F1¼fibrous portal
expansion; F2¼bridging fibrosis (portal-portal or portal-
central linkage); F3¼bridging fibrosis with lobular distortion
(disorganization); and F4¼ cirrhosis.

Figure 5. Box-and-whisker plots of increasing rate of liver to
paraspinal muscle ratio on Gd-EOB-DTPA-enhanced MRI.
The distribution of increasing rate (IR) of signal-based liver to
paraspinal muscle ratio (L/M ratio) on Gd-EOB-DTPA-
enhanced MRI is shown for fibrosis stages (F0–F4) in patients
who had liver biopsy. IR of L/M ratio of the liver parenchyma
is defined as follows; IR of the L/M ratio¼ [(L/M ratio post-
�L/M ratio pre) / L/M ratio pre] � 100%, where L/M
ratio pre is L/M ratio at pre-enhancement and L/M ratio post
is L/M ratio at post-enhancement (20 min). F0¼no fibrosis;
F1¼fibrous portal expansion; F2¼bridging fibrosis (portal-
portal or portal-central linkage); F3¼bridging fibrosis with
lobular distortion (disorganization); and F4¼ cirrhosis.

Figure 6. Box-and-whisker plots of liver stiffness measure-
ment on FibroScan. The distribution of LSM of FibroScan in
patients who had liver biopsy. Box-and-whisker plots of LSM
on FibroScan is shown for fibrosis stages (F0–F4) in patients
who had liver biopsy. F0¼no fibrosis; F1¼fibrous portal
expansion; F2¼bridging fibrosis (portal-portal or portal-
central linkage); F3¼bridging fibrosis with lobular distortion
(disorganization); and F4¼ cirrhosis.

334 Okada et al.

－541－



and F�3, although the pre-enhancement T1RT and
IR of L/M ratio did not show significant differences.
Thus, the RR of T1RT is helpful for staging of liver cir-
rhosis, especially in patients with F�3.

Liver fibrosis occurs due to a scarring process and
deposition of collagen and causes hepatic dysfunc-
tion. However, the relationship between hepatocyte
function and fibrosis is not well understood. To facili-
tate a more quantitative evaluation of liver cirrhosis
on Gd-EOB-DTPA-enhanced MRI, we focused on
T1RT. This was due to the fact that changes in the T1
relaxation rate were considered directly proportional
to the amount of contrast agent taken up by hepato-
cyte cells (23). On the other hand, changes in the sig-
nals of T1-weighted images after the injection of Gd-
related contrast agent, such as Gd-EOB-DTPA, were
not considered directly proportional to the concentra-
tion of contrast agent (24) because MR signal intensity
does not show a linear relationship with the Gd-EOB-
DTPA concentration. In recent reports, liver function
studies using signal enhancement with Gd-EOB-
DTPA (25,26) have been analyzed using ROI-based
measurements; for example, the signal from the liver
was subtracted between the phases or normalized
with that in other organs. However, in these measure-
ments there was a risk that signal enhancement could
lose objectivity because the pixel value could be easily
affected by extrinsic factors such as receiver gain and
tuning MRI radiofrequency coils. Therefore, we
believed that T1RT is a better method to evaluate the
uptake of Gd-EOB-DTPA to the liver.

When liver MRI is performed for the purpose of
detection and characterization of liver tumors, we
suggest that T1 mapping could be used as an adjunct
to routine imaging, to assess the degree of liver fibro-
sis in patients with liver diseases. Liver fibrosis can
occur either homogeneously or heterogeneously.
Therefore, we suggest that the grading of fibrosis
should be estimated using T1 mapping in each liver
segment, using a classification system such as that
developed by Couinaud. Our method using T1RT
measurement provides an evaluation of parenchymal

changes in different liver segments, enabling accurate
evaluation of disease severity in cases in which the
fibrosis is not uniform across the entire liver.

Gd-EOB-DTPA-enhanced MRI allows the assess-
ment of not only liver cirrhosis, but also hepatic
tumors. In particular, this modality has the potential
for early detection of HCC (12,13). FibroScan has a
disadvantage of no combination with grayscale sonog-
raphy for screening of liver tumors, because Fibro-
Scan is a dedicated device for the evaluation for liver
stiffness. The development of a noninvasive method
for the assessment of liver fibrosis involving T1RT
represents a major advance in the management of
chronic liver diseases. As several authors have stated,
evaluation of the kinetic distribution of Gd-EOB-DTPA
during the hepatobiliary phase is a promising method
for understanding hepatocyte function (14–16,27).
The difference in contrast between liver tumors and
the parenchyma is affected by liver function, which is
mediated by hepatocyte cells.

Noninvasive imaging of liver fibrosis, involving
modalities such as US, computed tomography (CT),
and MRI, is currently used in patients with chronic
liver disease and suspected HCC. In particular, US
elastography (7,8) and MR elastography (28,29) are
receiving increasing attention. US elastography has
been recognized as the easiest device for noninvasive
imaging. FibroScan is considered a reliable method
for the diagnosis of severe fibrosis and cirrhosis (30),
but a certain degree of overlap among lower stages of
liver fibrosis has been reported (31). Limitations asso-
ciated with the FibroScan should be mentioned and
include its use regarding obese patients, patients with
a narrow intercostal space, and patients with ascites,
liver atrophy, space occupying lesions in the liver
(32), and the exclusion of the left lobe due to heart-
beat and depth location of imaging. In addition, one-
dimensional (1D) US imaging with the propagation
speed of a wave, using pulse-echo US for FibroScan,
is different from two-dimensional (2D) MRI such as T1
mapping with Gd-EOB-DTPA. Another promising
method is MR elastography. This modality quantifies
the viscoelastic parameters of the liver by measuring
acoustic shear waves through the liver tissue (28).
Several reports support the observation that a normal
mean liver stiffness value obtained using MR elastog-
raphy in the setting of chronic liver disease is consist-
ent with a liver fibrosis score of F0 on pathology (28),
while other fibrosis scores (F1–F4) are also diagnosed
accurately (28,33). This method does not require MR
contrast agents and may be more cost-effective than
T1RT with Gd-EOB-DTPA, although additional equip-
ment is required for MR elastography.

Diffusion-weighted imaging (DWI) of the liver is also
useful for assessing liver fibrosis. Decreased apparent
diffusion coefficient (ADC) is caused by the decrease in
total hepatic blood flow in cirrhosis. Intravoxel incoher-
ent motion (IVIM) analysis is based on a method that
enables separate determination of coefficients with
molecular diffusion of water and microcirculation of
blood in the capillary network in each imaging voxel.
IVIM may serve as a valuable tool for assessing liver
fibrosis, because it reflects decreased capillary

Figure 7. Correlation diagram between LSM of FibroScan
and reduction rate of T1RT on Gd-EOB-DTPA-enhanced
MRI. Spearman rank correlation was used to investigate the
relation between LSM and RR of T1RT. There is a negative
correlation between LSM and RR (r¼�0.65, P¼0.00005).
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perfusion as well as alterations in pure molecular
water diffusion in cirrhotic livers (34). But technical
factors, such as cardiac motion limiting evaluation of
the left hepatic lobe and respiratory motion effecting
ADC values in the right hepatic lobe, need to be
addressed with respiratory-triggered techniques.

Perfusion-weighted imaging (PWI) of the liver is
employed by dual-input one-compartment analysis
and has permitted measurement of flow parameters
such as hepatic arterial/portal venous inflow rate,
absolute hepatic arterial/portal venous blood flow,
hepatic arterial/portal venous fraction, mean transit
time, and distribution volume. PWI is correlated with
the severity of cirrhosis and portal hypertension (35).
But PWI cannot directly reflect the fibrosis component
alone, because the analysis is substantially based on
vascular flow and perfusion.

The present study had some limitations. First, T1
mapping may not provide the T1RT at exactly the
same location in the liver as the FibroScan and liver
biopsy, due to the fact that the T1 mapping image in
our study was obtained as a single axial slice. Second,
our analysis using T1 mapping could not always
reflect the fibrosis component alone. There was a lack
of analysis of other factors that might influence elas-
ticity, such as steatosis, iron overload, vascular flow,
and perfusion (36). In addition, the relationship
between fibrosis (F-factor) and necroinflammation
(activity) on histological examination was not investi-
gated in our study. Further analysis is required.
Third, the uptake of Gd-EOB-DTPA in the hepatocyte
allows shortening T1RT, which links to the Gd-EOB-
DTPA concentration at the hepatobiliary phase. The
contrast agent enters the hepatocytes through the

Figure 8. ROC curves of RR of T1RT, LSM, pre T1RT, and liver to paraspinal muscle ratio (L/M ratio) for F3-F4 fibrosis
stages. On the ROC curves of RR of T1RT, LSM, pre-enhancement T1RT, and liver to paraspinal muscle ratio (L/M ratio),
area under the receiving operating curve (AUC), cutoff value between F3-F4 and F0-F1-F2, sensitivity and specificity are
shown in the Table 1. a: ROC curves of LSM (AUC, 0.83) and RR of T1RT (AUC, 0.83) were superior to pre-enhancement
T1RT (AUC, 0.67) and L/M ratio (AUC, 0.61). b: ROC curves of RR of T1RT, LSM, pre-enhancement T1RT and L/M ratio for
F2-F3-F4 fibrosis stages. On ROC curves of RR of T1RT, LSM, pre-enhancement T1RT, and L/M ratio, LSM (AUC, 088) was
superior to RR of T1RT (AUC, 0.72), pre-enhancement T1RT (AUC, 0.59) and L/M ratio (AUC, 0.63). Cutoff value, sensitivity,
and specificity are shown in Table 1. c: ROC curves of RR of T1RT, LSM, pre-enhancement T1RT and L/M ratio for F2-F3
fibrosis stages. On ROC curves of RR of T1RT, LSM, pre-enhancement T1RT, and L/M ratio, LSM (AUC, 081) was superior to
RR of T1RT (AUC, 0.68), pre-enhancement T1RT (AUC, 0.50), and L/M ratio (AUC, 0.65). Cutoff value, sensitivity, and speci-
ficity are shown in Table 1.
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organic anion transporting polypeptides (OATP) 1B1
(OATP1B1) and/or OATP1B3, and it is excreted into
the bile via multidrug resistance protein 2 (MRP2)
(37). But the parameter of T1RT cannot distinguish
the excretion from the uptake of Gd-EOB-DTPA,
because the concentration of these transporters in
patients with liver fibrosis is unknown. Therefore, we
should know the expression rate of OATP1B1,
OATP1B3, and MRP2 in grading of liver cirrhosis.
Further elucidation to assess the correlation between
the expression of sinusoidal and canalicular trans-
porters and T1RT of Gd-EOB-DTPA-enhanced MRI is
needed.

Fourth, biopsy specimens that do not meet the
scoring criteria of the New Inuyama Classification are
associated with a high risk of understaging (38). In
addition, further investigation is required as to
whether or not there are differences between speci-
men biopsies and images (T1 mapping and Fibro-
Scan). Fifth, the effects of cardiac function were not
investigated at FibroScan examination, although
patients had no past history of cardiac diseases (car-
diac function may be a potentially influential factor in
the use of FibroScan) (39). Sixth, the maximum length
of time between the date of Gd-EOB-DTPA-enhanced
MRI (or FibroScan) and that of liver biopsy was 156
(or 143) days. In these patients, the amount of fibrosis
may change. However, we believe there may be no
apparent change of liver fibrosis in these patients,
because the progression rate of liver fibrosis is known
as 0.1 unit/year (for example, it takes �10 years from
F1 to F2) (40).

In conclusion, the estimation of the RR determined
using T1RT of T1 mapping with Gd-EOB-DTPA is a
noninvasive tool for assessing liver fibrosis, and it is
inversely correlated with the LSM obtained using
FibroScan. Our result proved the noninferiority of T1

mapping for noninvasive diagnosis of liver fibrosis in
comparison with US elastography, especially in
patients with severe fibrosis, such as F3-F4, because
the diagnostic accuracy of T1 mapping is almost the
same as that of US elastography. But these interpre-
tations remain speculative due to the limited number
of patients enrolled in our study. Further studies are
recommended to confirm the superiority of T1 map-
ping in the assessment of liver fibrosis because this
new technique has not yet been validated in large
clinical trials.
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(Ann Surg 2015;261:513–520)

T he most prominent etiological factors associated with hepatocel-
lular carcinoma (HCC) worldwide include chronic infection with

hepatitis B virus (HBV) and hepatitis C virus (HCV), and chronic
alcohol consumption. Although HCV-related HCC is responsible for
the greatest proportion of HCC patients in Japan,1,2 the proportion
of HCC cases negative for hepatitis B surface antigen (HBsAg) and
hepatitis C antibody (HCVAb), so-called “NBNC-HCC,” is rapidly
increasing.3–5

Many studies have compared the clinicopathological charac-
teristics and prognosis after hepatic resection among patients with
different background liver diseases, most of which compared HBV-
HCC and HCV-HCC, and the results have been controversial.6–8 Both
HBV and HCV infections are hepatotrophic viral infections; how-
ever, there are significant differences between the molecular carcino-
genic mechanisms of these 2 viruses.9 In addition, several recent
studies have compared the surgical outcomes between patients with
NBNC-HCC and those with viral-related HCC (HBV-HCC and/or
HCV-HCC), with inconsistent results, possibly owing to differences
in demographic characteristics and tumor factors, and an insufficient
number of patients in the cohorts.10–21

The exact background or molecular mechanisms underlying
the sharp increase in the incidence of NBNC-HCC remain unclear;
however, nonalcoholic steatohepatitis (NASH) and metabolic syn-
drome are suggested as important risk factors.5,22 Differences in
pathogenic mechanisms during hepatocarcinogenesis associated with
the underlying chronic liver damage may explain the differences in
the clinicopathological features and surgical outcomes observed in
HCC patients who underwent hepatic resection. Characterizing the
HCC based on the aspects of the background chronic liver damage
may provide important insight into novel strategies for the prevention
and treatment of the progression and recurrence of HCC.

The Liver Cancer Study Group of Japan (LCSGJ) has prospec-
tively collected data on patients with HCC in Japan using biannual
nationwide surveys since 1965. First, physicians in the participating
institutions complete a questionnaire and check the accuracy of the
data. Second, the nationwide survey committee checks the data, and
with unusual data, the participating institution is requested to confirm
the data to ensure its accuracy. Recently, this study group examined the
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prognostic factors and outcomes associated with 3 types of treatments
in 4741 patients with NBNC-HCC and showed that “hepatic resec-
tion” offers a significant prognostic advantage over radiofrequency
ablation and transcatheter arterial chemoembolization.23 Therefore,
this study compared the clinicopathological characteristics and prog-
nosis after hepatic resection between the patients with NBNC-HCC
and those with viral-related HCC based on data from the same na-
tionwide follow-up survey conducted by the LCSGJ.

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

prospectively registered biannually from January 2000 to December
2005 by the LCSGJ, as reported previously.23 This included 18,309
patients who underwent hepatic resection as the initial treatment, and
15,390 patients of these were histologically diagnosed with HCC
in the resected specimens at each institution. Patients without data
for hepatitis viral infection status of HBsAg and HCVAb were ex-
cluded. In addition, 309 patients positive for both HBsAg and HCVAb
were excluded. Additional exclusions included extrahepatic metasta-
sis, Child-Pugh C, and a noncurative hepatectomy. The study also
excluded the 230 patients lacking outcome data. Finally, 11,950 HCC
patients were included in this cohort study and were classified ac-
cording to hepatitis virus infection status into HBV-HCC group (n =
2194, 18.4%), HCV-HCC group (n = 7018, 58.7%), and NBNC-HCC
group (n = 2738, 22.9%).

Patients were prospectively followed up at each institution.
Most patients were traditionally observed according to a protocol
similar to the Japanese guidelines,24 which recommended ultrasonog-
raphy and tumor marker level measurement every 3 or 4 months, and
enhanced computed tomography or magnetic resonance imaging ev-
ery 6 or 12 months. The final prognosis of the registered patients was
followed until confirmation of death at every survey. Although this
study protocol was not submitted to the institutional review board of
each institution participating in the nationwide survey, the collection
and registration of the data for the patients with HCC were performed
with the approval of each institution.

Statistical Analysis
The clinical characteristics of the 3 groups were compared

by either the χ 2 test or the Kruskal-Wallis test. The overall and
recurrence-free survival (RFS) rates after hepatectomy were calcu-
lated by the Kaplan-Meier method and were then compared by the
log-rank test. Among the 11,950 patients included in this study, data
on HCC recurrence were lacking in 674 patients. Therefore, the RFS
rates were calculated for the remaining 11,276 patients. Nineteen
clinical variables, including the hepatitis virus infection status, were
evaluated by univariate analysis using the log-rank test to determine
the risk factors for tumor recurrence after hepatic resection. The RFS
rates were stratified according to the Child-Pugh classification and
the TNM stage as defined by the LCSGJ (Table 1).25 The RFS curves
were compared among the different histological findings of the re-
sected nontumor liver tissues.

Continuous variables were divided into 2 groups according
to the median value. Significant variables with a value of P < 0.05
by univariate analysis were subjected to a multivariate analysis us-
ing a Cox proportional hazards regression model with a backward
elimination method.26 Significance tests were 2-tailed, and a value
of P < 0.05 was considered statistically significant. Bonferroni cor-
rection was applied when the RFS rates were compared between
the HBV-HCC, HCV-HCC, and NBNC-HCC groups (significance
threshold, P = 0.05 divided by the number of groups: P = 0.017). All
statistical analyses were performed using the Statistical Analysis Sys-
tem software program, version 9.1.3 (SAS Inc, Cary, NC).

TABLE 1. 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

T category is determined on the basis of the “number,” “size,” and “vascular
and/or bile duct invasion” by the tumor. N category: N0 indicates absence of lymph
node metastasis, and N1 indicates presence of lymph node metastasis. M category: M0
indicates absence of distant metastasis, and M1 indicates presence of distant metastasis.

RESULTS
Clinical Characteristics of the Study Participants

The clinical characteristics in the 3 groups are summarized in
Table 2. All of the 21 variables were significantly different among
the groups. In particular, the age of the patients in the HBV-HCC
group was significantly younger than that in the other 2 groups. The
percentage of female patients in the HCV-HCC group was higher
than that in the other 2 groups. For patients in the NBNC-HCC group,
the percentage of habitual alcohol drinkers was significantly higher
than that in the other 2 groups. The results of liver function tests in
the HCV-HCC group were significantly worse. The incidence of a
normal liver in the NBNC-HCC group (22%) was markedly higher
than that in the HBV-HCC group (4%) and HCV-HCC group (2%).
Conversely, the NBNC-HCC group had significantly more advanced
HCC based on the tumor factors, including the tumor size and des-
gamma-carboxy prothrombin. In contrast, the HCV-HCC group had
the smallest tumor size and the lowest percentage of portal venous
invasion (Table 2).

Prognosis of the Patients With HCC
After Hepatic Resection

The prognosis after hepatic resection is summarized in
Figure 1. The 5-year overall survival rates in the HBV-HCC, HCV-
HCC, and NBNC-HCC groups were 65%, 59%, and 68%, respec-
tively. The 5-year RFS rates were 41%, 31%, and 47%, respectively.
Although the overall survival rate in the NBNC-HCC group was sig-
nificantly better than that in the HBV-HCC and HCV-HCC groups,
differences among the groups were relatively small (Fig. 1A), whereas
differences in the RFS rates were more distinctive (Fig. 1B). There-
fore, this study focused on the comparisons of the RFS rates among
the 3 groups.

The RFS rate in the NBNC-HCC group was significantly better
than that in the HBV-HCC and HCV-HCC groups. The RFS rate in
the HBV-HCC group was comparable to that in the HCV-HCC group
(Fig. 1B). After stratification according to the Child-Pugh class, the
RFS rate in the NBNC-HCC group was significantly better than that
in the HBV-HCC and HCV-HCC groups in Child-Pugh A patients
(Fig. 2A). No significant differences were detected among the 3
groups in the Child-Pugh B patients, possibly due to the small number
of patients classified as Child-Pugh B (Fig. 2B). When the RFS
rates were stratified according to the TNM staging system (Fig. 3),
the NBNC-HCC group had a significantly better prognosis than the
HBV-HCC group in the stage II, III, and IVA patients, and a signifi-
cantly better prognosis than the HCV-HCC group in the stage I and II
patients. When the trends of the RFS curves were compared among
the different histological findings of the resected nontumor liver
tissues (Fig. 4), the curves in the HBV-HCC and NBNC-HCC groups
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TABLE 2. Clinical Characteristics in the 11,950 Patients With HCC Who Underwent Hepatic Resection

Variables HBV (n = 2194) HCV (n = 7018) NBNC (n = 2738) P

Age, yr 57 (40, 73) 67 (54, 78) 67 (51, 80) <0.001
Sex <0.001

Male 1796 (82%) 5225 (75%) 2253 (82%)
Female 398 (18%) 1793 (26%) 485 (18%)

Alcohol <0.001
None 1550 (71%) 4752 (68%) 1535 (56%)
Positive∗ 305 (14%) 1223 (17%) 845 (31%)

Serum albumin, g/dL 4.0 (3.2, 4.7) 3.9 (3.0, 4.5) 4.0 (3.2, 4.7) <0.001
Serum total bilirubin, mg/dL 0.9 (0.4, 1.5) 0.8 (0.4, 1.5) 0.9 (0.4, 1.5) <0.001
ICG R15, % 13 (4, 28) 18 (6, 36) 14 (4, 32) <0.001
Prothrombin activity, % 86 (62, 108) 86 (63, 108) 89 (66, 114) <0.001
Esophageal varices <0.001

None 1604 (73%) 4876 (70%) 2124 (78%)
Positive 291 (13%) 1167 (17%) 250 (9%)

Child-Pugh class <0.001
A 1941 (89%) 5920 (84%) 2457 (90%)
B 159 (7%) 760 (11%) 153 (6%)

Alpha-fetoprotein, ng/mL 5467 (15, 35,000) 1647 (15, 4445) 3060 (15, 11,800) <0.001
DCP, mAU/mL† 1602 (40, 10,000) 1111 (40, 10,000) 2194 (40, 10,000) <0.001
Tumor number <0.001

1 1624 (74%) 5106 (73%) 2126 (78%)
2 312 (14%) 1091 (16%) 319 (12%)
> 3 201 (9%) 662 (10%) 217 (8%)

Tumor size, mm 4.8 (1.5, 12) 4.0 (1.4, 9) 5.8 (1.6, 14) <0.001
Tumor differentiation‡ <0.001

Well 321 (15%) 1545 (22%) 598 (22%)
Moderately 1417 (65%) 4319 (62%) 1708 (62%)
Poorly 290 (13%) 710 (10%) 278 (10%)

Portal venous invasion‡ <0.001
Negative 1384 (63%) 5108 (73%) 1826 (67%)
Positive 683 (31%) 1542 (22%) 783 (29%)

Hepatic venous invasion‡ <0.001
Negative 1749 (80%) 5938 (85%) 2232 (82%)
Positive 283 (13%) 588 (8%) 337 (13%)

IM‡ <0.001
Negative 1541 (70%) 5231 (75%) 2081 (76%)
Positive 451 (21%) 1159 (17%) 783 (17%)

Nontumor tissue‡ <0.001
Normal 76 (4%) 118 (2%) 611 (22%)
Liver fibrosis 971 (44%) 3153 (45%) 1218 (45%)
Liver cirrhosis 992 (45%) 3269 (47%) 703 (26%)

TNM stage§ <0.001
I 301 (14%) 1047 (15%) 228 (8%)
II 989 (45%) 3256 (48%) 1395 (51%)
III 493 (23%) 1449 (21%) 578 (21%)
IVA 138 (7%) 236 (3%) 136 (5%)

Cause of death <0.001
HCC related 305 (69%) 842 (56%) 239 (53%)
Liver related 55 (13%) 252 (17%) 58 (13%)
Operation related 8 (2%) 53 (3%) 12 (3%)
Others 32 (7%) 236 (16%) 99 (22%)

Median follow-up period, yr 1.6 (0.1, 5.1) 1.7 (0.1, 5.1) 1.5 (0.1, 5.1) <0.001

Data are shown as the median (5 percentile, 95 percentile) unless specified.
∗Eighty-six gram of alcohol daily for more than 10 yrs.
†Questionnaire sheet requested the actual value when it was between 40 and 10,000 mAU/mL.
‡Findings of histological examination.
§By the Liver Cancer Study Group of Japan.
Three groups (HBV, HCV, NBNC) were classified as described in “Patients and Methods” section.
DCP indicates des-gamma-carboxy prothrombin; ICGR15, indocyanine green retention rate at 15 min.

reached a plateau at 2 years after hepatic resection, but the RFS curve
in the HCV-HCC group continued to decrease over time, even when
patients had a normal liver. However, when patients had a cirrhotic
liver, the curves in the HBV-HCC and NBNC-HCC groups decreased
over time similar to the pattern observed in the HCV-HCC group.

Prognostic Factors Related to the RFS Rates After
Hepatic Resection

Nineteen clinicopathological variables were screened as risk
factors for HCC recurrence using a univariate analysis (Table 3).
Age, sex, and habitual alcohol intake were not selected as prognostic
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FIGURE 1. Comparisons of the survival outcomes after hepatic resection among the HBV-HCC, HCV-HCC, and NBNC-HCC groups.
The overall survival rates (A) and RFS rates (B). The vertical dashed line indicates 2 years after hepatectomy. All comparisons were
made using the log-rank test with Bonferroni correction.
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comparisons were made by the log-rank test with Bonferroni correction.

factors, whereas the remaining 16 variables, including the hepatitis
virus infection status, were significant risk factors for tumor recur-
rence after hepatic resection.

The initial multivariate model identified 11 variables as in-
dependent prognostic factors (Supplemental Table 1, available at
http://links.lww.com/SLA/A587). Consequently, the final multivari-
ate model identified 12 variables, which included the 11 variables
selected by the initial multivariate model and the indocyanine green
retention rate at 15 minutes, as independent prognostic factors
(Table 4). The multivariate analysis revealed that the NBNC-HCC
group had a significantly better RFS rate than the HBV-HCC group
[hazard ratio (HR) = 1.21; 95% confidence interval (CI): 1.06–1.38,
P = 0.006] or the HCV-HCC group (HR = 1.26; 95% CI: 1.13–1.41,
P < 0.001). On the contrary, the HBV-HCC group had a comparable
RFS rate with the HCV-HCC group (HR = 0.96; 95% CI: 0.86–1.07,
P = 0.43).

DISCUSSION
Differences in the etiologies and pathogenic mechanisms of

hepatocarcinogenesis may reflect the unique clinical characteristics
and prognosis in patients with HCC.5,27–29 Therefore, this study first
compared the clinicopathological backgrounds among patients with
HBV-HCC, HCV-HCC, and NBNC-HCC who underwent a curative
hepatic resection.

It is well known that the age at occurrence of HCC is higher
in HCV-HCC than in HBV-HCC patients.6–8,10–21 This study also
showed that NBNC-HCC occurs at a significantly higher age (nearly
10 years older) than HBV-HCC. It is noteworthy from the viewpoint
of surveillance for HCC patients that NBNC-HCC (average, 67 years;
range, 51–80 years) occurred at a wider range of ages than HCV-HCC
(average, 67; range, 54–78 years). Indeed, a similar tendency has been
observed in previous reports.12,14,18,21 Several studies have shown
that the percentage of female patients with HBV-HCC was lower
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made by the log-rank test with Bonfer-
roni correction.
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than that in patients with HCV-HCC30,31 This study also indicated
that the percentage of female patients in the NBNC-HCC group was
significantly lower than that in the HCV-HCC group. Because more
than 95% of the patients with habitual alcohol consumption in both
groups were male (data not shown), which is consistent with previous
reports from Japan,32 the higher positive percent of habitual alcohol

consumption in the NBNC-HCC group may at least partially reflect
the lower percentage of female patients in the NBNC-HCC group.
However, the precise reasons for the sex differences among the groups
remain to be determined.

Histological examination revealed that the incidence of a nor-
mal liver in the NBNC-HCC group (22%) was markedly higher than
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TABLE 3. Risk Factors of Tumor Recurrence Determined by
the Univariate Analysis in the Patients With HCC Who
Underwent Hepatic Resection

DFS (%)

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

All 11,276 75 49 37
Age, yr

<69 6533 75 50 38 Reference
≥69 4722 75 47 35 0.221

Sex
Male 8722 75 49 36 Reference
Female 2554 75 50 40 0.269

Alcohol
None 7389 74 49 37 Reference
Positive∗ 2245 76 49 37 0.499

Serum albumin, g/dL
<3.9 4837 72 43 32 Reference
≥3.9 6097 77 53 41 <0.001

Serum total bilirubin, mg/dL
<0.8 5553 75 51 39 Reference
≥0.8 5473 74 47 34 <0.01

ICGR15 (%)
<14 4851 76 54 43 Reference
≥14 5530 73 44 31 <0.001

Prothrombin activity (%)
<87 5097 73 46 35 Reference
≥87 5336 76 52 40 <0.001

Child-Pugh class
A 9765 75 50 38 Reference
B 994 71 41 27 <0.001

Alpha-fetoprotein, ng/mL
<15 4896 83 58 44 Reference
≥15 5886 68 42 31 <0.001

DCP, mAU/mL
<148 5668 81 54 41 Reference
≥148 4413 66 42 31 <0.001

Tumor number
1 8393 79 54 42 Reference
>2 2606 62 32 20 <0.001

Tumor size, mm
<40 6288 81 55 41 Reference
≥40 4699 66 41 32 <0.001

Grade of differentiation†
Well 2333 83 56 42 Reference
Moderately 7038 73 47 36 <0.001
Poorly 1215 63 43 32 <0.001

Portal venous invasion†
Negative 7888 80 53 41 Reference
Positive 2811 60 39 27 <0.001

Hepatic venous invasion†
Negative 9382 77 51 39 Reference
Positive 1132 57 34 25 <0.001

IM†
Negative 8399 80 55 41 Reference
Positive 1942 54 27 18 <0.001

Nontumor tissue†
Normal 777 77 62 53 Reference
Liver fibrosis 5098 75 52 41 <0.001
Liver cirrhosis 4621 73 44 29 <0.001

TNM stage‡
I 1683 89 64 50 Reference
II 5834 80 54 40 <0.001
III 2724 62 35 26 <0.001
IVA 812 48 26 20 <0.001

Hepatitis virus infection status
NBNC 2631 79 57 47 Reference
HBV 2094 70 50 41 <0.001
HCV 6551 75 46 31 <0.001

∗Eighty-six gram of alcohol daily for more than 10 yrs.
†Findings of histological examination.
‡By the Liver Cancer Study Group of Japan.
DCP indicates des-gamma-carboxy prothrombin; ICGR15, indocyanine green

retention rate at 15 min.

TABLE 4. Independent Risk Factors of Tumor Recurrence
Determined by the Cox Proportional Hazard Regression
Analysis With the Backward Elimination Method
(Multivariate Final Model)

Variables Patient No. HR (95% CI) P

Serum albumin, g/dL
<3.9 3028 Reference —
≥3.9 3833 0.84 (0.77–0.91) <0.001

ICGR15, %
<14 3189 Reference —
≥14 3672 1.10 (1.01–1.20) 0.023

Alpha-fetoprotein, ng/mL
<15 3121 Reference —
≥15 3740 1.30 (1.19–1.41) <0.001

DCP, mAU/mL
<148 3851 Reference —
≥148 3010 1.27 (1.16–1.39) <0.001

Tumor size, mm
<40 3905 Reference —
≥40 2956 1.25 (1.14–1.38) <0.001

Tumor number
1 5216 Reference —
>2 1645 1.26 (1.12–1.40) <0.001

Portal venous invasion∗
Negative 5009 Reference —
Positive 1852 1.26 (1.15–1.38) <0.001

Hepatic venous invasion∗
Negative 6101 Reference
Positive 760 1.25 (1.11–1.41) <0.001

IM∗
Negative 5529 Reference
Positive 1332 1.53 (1.37–1.70) <0.001

Nontumor tissue∗
Normal 453 Reference
Liver fibrosis 3394 1.09 (0.91–1.32) 0.347
Liver cirrhosis 3014 1.41 (1.16–1.72) <0.001

TNM stage†
I 1010 Reference —
II 3671 1.31 (1.14–1.52) <0.001
III 1682 1.63 (1.37–1.94) <0.001
IVA 498 1.80 (1.44–2.24) <0.001

Hepatitis virus infection status
NBNC 1554 Reference —
HBV 1263 1.21 (1.06–1.38) 0.006
HCV 4044 1.26 (1.13–1.41) <0.001

∗Findings of histological examination.
†By the Liver Cancer Study Group of Japan.
DCP indicates des-gamma-carboxy prothrombin; ICGR15, indocyanine green

retention rate at 15 min.

that in the virus-related HCC cases (2%–4%). NBNC-HCC can occur
with no features of chronic liver damage, and it is often associated
with NASH and metabolic syndrome.5,33,34 Because fewer patients
in the NBNC-HCC group received regular follow-up for the liver
disease, they were generally diagnosed at a more advanced stage
of HCC.35,36 However, in the HBV-HCC group, microscopic intra-
hepatic metastasis was more frequently observed compared with the
NBNC-HCC group. Conversely, the HCV-HCC group had signifi-
cantly less advanced tumors compared with the other 2 groups. Ac-
cordingly, HCC-related death predominated in the HBV-HCC group,
whereas the liver-related death rate was higher in the HCV-HCC
group. In the NBNC-HCC group, causes of death other than liver-
related and HCC-related death (“Others” in the Table 2) were rela-
tively more common (22%). To our knowledge, no previous studies
have compared the cause of death after hepatectomy among pa-
tients with the different hepatitis virus infection status.10–21 Metabolic
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syndrome-related deaths and other organ cancer-related deaths might
also have been more common in the NBNC-HCC group, although
the questionnaire sheet used in this survey did not include these
questions.

Several studies have examined prognosis after hepatic resec-
tion for patients with NBNC-HCC.10–21 Some showed that long-
term surgical outcomes in patients with NBNC-HCC were compa-
rable to those of patients with hepatitis virus-related HCC.10,19,20

Cescon et al reported that NBNC-HCC patients had significantly
better RFS rates than HBV-HCC patients.15 Several others showed
that NBNC-HCC patients had significantly better survival rates than
HCV-HCC patients, but the rates were comparable with those of
HBV-HCC patients.11,14,17,18 Most studies enrolled 100 or fewer pa-
tients with NBNC-HCC, with inconclusive results. This study clearly
showed that the RFS rate in the NBNC-HCC group (n = 2738)
was significantly better than that in the HBV-HCC and HCV-HCC
groups.

The RFS curves of the NBNC-HCC group and the HBV-HCC
group were distinctly different within 2 years after hepatectomy,
whereas these curves were almost parallel thereafter. There are 2
types of HCC recurrence; one is “early recurrence” mainly because
of intrahepatic metastasis (IM) and the other is “late recurrence” be-
cause of multicentric (MC) hepatocarcinogenesis.37 The results of
this study suggest that the risk of IM recurrence in the NBNC-HCC
group was lower than that in the HBV-HCC group, whereas the risk of
MC recurrence was comparable between the 2 groups. These results
may explain previous findings that NBNC-HCC patients had signif-
icantly better RFS rates than HBV-HCC patients when restricting
analysis to those with liver cirrhosis.13 In this study, the RFS curves
of the NBNC-HCC and HCV-HCC groups gradually broadened over
time. These findings may indicate that the risk of MC recurrence
in the NBNC-HCC group was lower than that in the HCV-HCC
group, whereas the risk of IM recurrence was comparable between
the 2 groups. This study also revealed that although the difference
in the RFS rates between the HBV-HCC and HCV-HCC groups was
not statistically significant,6,8 the patterns of recurrence (shapes of
the RFS curves) between the 2 groups were substantially different
(Fig. 1B).

The study stratified the patients on the basis of the TNM stage.
The NBNC-HCC group showed a significantly better prognosis than
the HBV-HCC group in the more advanced tumor-stages. In contrast,
the NBNC-HCC group had a significantly better prognosis than the
HCV-HCC group in the earlier tumor stages. The differences in the
RFS rates between the 2 groups gradually broadened over time. It
seems that MC recurrence in the HCV-HCC group was more fre-
quent than that in the NBNC-HCC group during the early tumor
stages, similar to previous findings that patients with HCV-HCC had
a significantly poorer prognosis than those with NBNC-HCC, when
the tumor size was less than 3 cm.11

It is important to note that differences in the overall survival
rates among the 3 groups were smaller compared with those for the
RFS rates as described in the previous reports.12,13 The precise rea-
sons for such discordant results remain unknown. However, difference
in the patterns of HCC recurrence, which also reflect the therapeutic
efficacy for recurrent HCC, may explain this finding.12 Specifically,
although the HCV-HCC group had a higher risk of recurrence, this
group tended to develop MC recurrence rather than IM recurrence.
Because MC recurrence is associated with a greater opportunity to
receive potentially curative local therapies, such as hepatectomy and
radiofrequency ablation, the overall survival rate of the HCV-HCC
group may have been improved. In fact, it has been shown that the
overall survival rate after MC recurrence was significantly better
than that after IM recurrence.38,39 Alternatively, metabolic syndrome-
related death and other organ cancer-related death (“Others” in the

Table 2) may account for the relatively worse overall survival in the
NBNC-HCC group despite the lower risk of HCC recurrence in this
group.

Twelve independent risk factors for tumor recurrence, in-
cluding the hepatitis virus infection status, were identified using a
Cox proportional hazards regression analysis. One previous study
examined more than 100 patients with NBNC-HCC (n = 129) us-
ing a multivariate analysis to clarify the prognostic significance of
the hepatitis virus infection status. However, the authors found no
prognostic impact of the hepatitis virus infection status on the RFS
rate after hepatectomy.19 To our knowledge, this is the first study to
demonstrate a significant prognostic advantage after hepatic resec-
tion in the NBNC-HCC group compared with the HBV-HCC and
HCV-HCC groups using a multivariate analysis. Recently, Li et al20

demonstrated that female sex was identified an independent risk fac-
tor for RFS rates in patients with NBNC-HCC. However, there were
no significant sex differences in terms of the RFS rates in this study.
In addition, sex was not selected as a prognostic factor in a previous
nationwide study of NBNC-HCC patients.23

One limitation of this study was the relatively short follow-up
period. However, the study did observe that the specific RFS curves
reflected both early recurrence and late recurrence among the 3 exam-
ined groups. In addition, because the current study was not prospec-
tively randomized, the treatment policies were not uniform, and the
effectiveness of the treatment might not be comparable among the
different institutions. No information regarding the possible etiolo-
gies of NBNC-HCC, such as occult HBV infection, NASH, diabetes
mellitus, or metabolic syndrome (body mass index, etc) was avail-
able because it was not included on the questionnaire sheet used in
this survey. The LCSGJ may have to consider the inclusion of such
information in future questionnaire surveys.

CONCLUSIONS
This large nationwide study indicated that patients with

NBNC-HCC had a significantly better overall survival rate after hep-
atectomy than those with HBV-HCC and HCV-HCC, although the
differences in the overall survival rate among the 3 groups were
relatively small. Much clearer differences were observed in the RFS
rates among the groups. Patients with NBNC-HCC had a significantly
lower risk of HCC recurrence after hepatectomy than those with HBV-
HCC and HCV-HCC, possibly owing to the fact that NBNC-HCC may
be a less aggressive tumor (lower risk of IM recurrence) than HBV-
HCC, although NBNC-HCC patients and HBV-HCC patients have
an almost identical risk of MC recurrence. In addition, NBNC-HCC
may occur less frequently (lower risk of MC recurrence) than HCV-
HCC, although NBNC-HCC patients and HCV-HCC patients have a
comparable risk of IM recurrence. The findings of this study suggest
that it is necessary to define uniform treatment strategies for HCC
patients, based not only on the tumor stage or liver functional reserve
but also on hepatitis viral infection status.
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BACKGROUND: In the current American Joint Committee on Cancer/International Union Against Cancer staging system (seventh edition)

for intrahepatic cholangiocarcinoma (ICC), tumor size was excluded, and periductal invasion was added as a new tumor classification-

defining factor. The objective of the current report was to propose a new staging system for ICC that would be better for stratifying the sur-

vival of patients based on data from the nationwide Liver Cancer Study Group of Japan database. METHODS: Of 756 patients who under-

went surgical resection for ICC between 2000 and 2005, multivariate analyses of the clinicopathologic factors of 419 patients who had

complete data sets were performed to elucidate relevant factors for inclusion in a new tumor classification and staging system. RESULTS:

Overall survival datawere best stratified using a cutoff value of 2cmusing aminimal P value approach to discriminate patient survival.The 5-

year survival rate of 15 patientswho had ICCmeasuring�2cm in greatest dimensionwithout lymphnodemetastasis or vascular invasionwas

100%, and this cohort was defined as T1. Multivariate analysis of prognostic factors for 267 patients with lymph node-negative and

metastasis-negative (N0M0)disease indicated that the numberof tumors, the presence arterial invasion, and thepresencemajorbiliary inva-

sionwere independent and significant prognostic factors.The proposed new system,which included tumor number, tumor size, arterial inva-

sion, and major biliary invasion for tumor classification, provided good stratification of overall patient survival according to disease stage.

Macroscopic periductal invasion was associated with major biliary invasion and an inferior prognosis. CONCLUSIONS: The proposed new

staging system,which includes a tumor cutoff size of 2cm andmajor biliary invasion, may be useful for assigning patients to surgery.Cancer

2016;122:61-70.VC 2015 The Authors.Cancer published byWiley Periodicals, Inc. on behalf of American Cancer Society. This is an open access

article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

KEYWORDS: biliary invasion, intrahepatic cholangiocarcinoma, periductal invasion, staging system, tumor size.

INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver tumor after hepatocellular carcinoma
(HCC). It is estimated that approximately 5% to 15% of primary liver cancers are ICCs,1 although recent studies have
reported that the incidence of ICC has doubled to 2.1 per 100,000 person-years in the United States over the past few dec-
ades.2-4 Nevertheless, because of its rarity compared with HCC, clinical studies based on a large number of case series in
ICC are limited,5-7 and clinicopathologic features relevant for adequate tumor staging remain to be identified. Although
it has been demonstrated that combined systemic chemotherapy improves the survival of patients with biliary cancer,
including ICC, compared with best supportive care,8 achieving a cure relies on surgical resection. Therefore, an adequate
staging system is essential to identify patients who would benefit from surgical resection.
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An ICC staging system independent of HCC was first
published in 1997 by the Liver Cancer Study Group of Ja-
pan (LCSGJ) based on the HCC staging system, in which
a tumor cutoff size of 2 cm, the number of tumors, and the
presence of vascular/serosal invasion were used to deter-
mine tumor (T)-classification.9 Another attempt was made
to produce an optimal ICC staging system with the T-
classification defined by tumor number and vascular inva-
sion, excluding tumor size, on the basis of results from a
multivariate analysis of prognosis in 60 surgical patients
with mass-forming ICC.10 In the American Joint Commit-
tee on Cancer/International Union Against Cancer (AJCC/
UICC) staging system, ICC was traditionally staged with
HCC under the category of primary liver cancer; ie, T-
classification was determined by tumor number, vascular
invasion, a tumor cutoff size of 5 cm, and invasion to adja-
cent organs. In the AJCC seventh edition,11 however, an
original classification for ICC was developed based on data
from the US Surveillance, Epidemiology, and End Results
(SEER) program.5 In that seventh edition, a tumor cutoff
size of 5 cm was excluded, and periductal invasion was
newly added as a factor for determining T-classification. A
multicenter study analyzing the survival of 522 patients
with ICC in France confirmed the acceptable performance
of the current version of tumor, lymph node, metastases
(TNM) classification for ICC.12 Although international
guidelines supported the seventh edition of the AJCC/
UICC staging system,13 the limitations of this system were
pointed out; in particular, issues classifying T4 disease or
multiple tumors were highlighted. In addition, the patho-
logic definition of periductal invasion was not defined in the
World Health Organization classification.1 The objective
of the current study was to clarify the prognostic signifi-
cance of the pathologic features of ICC and to propose a
new staging system for ICC based on the large, nationwide
LCSGJ database.

MATERIALS AND METHODS
With the cooperation of 795 institutions in Japan, patients
with primary liver cancer are registered every 2 years and are
followed prospectively in a nationwide survey conducted by
the LCSGJ. ICC was diagnosed at each institution on the
basis of imaging studies, clinical data, and/or histologic
analyses. Among the 62,424 patients with liver cancer newly
registered in the survey between 2000 and 2005, 2279
patients (3.7%) had a clinical diagnosis of ICC. In total,
1216 patients underwent surgical resection, resulting in a
53.3% resection rate. Of these, the prognosis was pursued
in 1145 patients. The macroscopic findings in those 1145
patients included 1) mass-forming (MF)–dominant ICC,

including theMF type (n5 632); 2) the periductal infiltrat-
ing (PI) type (n5 96); 3) the intraductal growth (IG) type
(n5 45); 4) the MF1PI type (n5 204); 5) the PI1 IG
type (n5 6); 6) the MF1 IG type (n5 22); and 7) other
types (n5 140). Of the 836 patients who had the MF or
MF1 PI type, histologic confirmation of cholangiocarci-
noma was confirmed in 756 patients, excluding 20 patients
withHCC, 7 patients with cystadenocarcinoma, 15 patients
with combined HCC-ICC, 1 patient with hepatoblastoma,
5 patients with other diseases, and 32 patients without histo-
logic confirmation (Fig. 1).

Among the 756 patients who had histologically con-
firmed ICC, clinicopathologic data were evaluated, and
419 patients (55%) were extracted, excluding 337 patients
who had incomplete information on essential clinicopath-
ologic factors, such as tumor number (n5 33), tumor size
(n5 30), portal vein invasion (n5 79), hepatic vein inva-
sion (n5 83), arterial invasion (n5 155), serosal invasion
(n5 88), biliary invasion (n5 116), lymph node metas-
tasis (n5 111), and/or distant metastasis (n5 27). This
selection was undertaken to purify the data with a view to-
ward establishing a reliable staging system.

The definition of each pathologic factor was estab-
lished based on theGeneral Rules for the Clinical and Path-
ological Study of Primary Liver Cancer.9 Tumor size and
number were determined based on the results of patho-
logic examinations. The impact of portal vein invasion
(vp), hepatic vein invasion, arterial invasion, serosal inva-
sion, and biliary invasion was evaluated according to the

Figure 1. This schematic flow chart displays the population of
patients with intrahepatic cholangiocarcinoma (ICC) who
underwent hepatectomy between 2000 and 2005 and were
registered in the nation-wide database of the Liver Cancer
Study Group of Japan. Combined HCC-CC indicates com-
bined hepatocellular cholangiocarcinoma; HCC, hepatocellu-
lar carcinoma; IG, intraductal growth; MF, mass forming; PI,
periductal infiltrating.
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microscopic grades of each factor (ie, vp0 vs vp1-vp4,
vp0-vp1 vs vp0-vp2 vs vp3-vp4) based on the LCSGJ clas-
sification system.9 Biliary invasion was defined as ranging
from b0 to b4. Major biliary invasion was defined as b3 or
b4, whereas b1 or b2 indicated minor biliary invasion.
Peritoneal dissemination was included in distant metasta-
sis. Periductal invasion was characterized by macroscopic
findings of diffuse tumor infiltration along the long axis
of the portal tract involving the bile duct, blood vessels,
and connective tissues.9 Three hundred ten of the 419
patients (74%) underwent lymph node dissection, and
lymph node metastasis was diagnosed using the resected
lymph nodes.

With regard to the impact of tumor size on survival,
the difference in survival for patients in each category of
tumor size was evaluated using various cutoff values rang-
ing from 1 to 7 cm in greatest dimension not only in the
full cohort of 419 patients but also in 267 patients who
had N0M0 disease. The correlation between the macro-
scopic appearance of the tumor (MF type vs MF1 PI
type) and the grade of biliary invasion (b0-b4) also was
examined. Univariate and multivariate analyses of survival
were performed for all of the valid clinicopathologic
factors.

Design of a New Staging System

Upon a review of results from these retrospective analyses, a
new staging system was developed based on the following
criteria: 1) TNM style should be maintained, 2) the new
system should be as simple as possible, 3) each factor for
determining T-classification preferably should be estimated
based on preoperative imaging studies, 4) the survival
curves determined by T-classification should be well strati-
fied in N0M0 patients, 5) the survival curves determined
by disease stage should be well stratified in all patients ana-
lyzed, 6) the distribution of patient proportions in each T-
classification and stage should be well balanced, and 7)
stage IVB disease should be carefully determined because it
implies that there is no indication for surgery.

Survival Curves According to Stage and
Validation Analysis of the Counterpart Cohort

The overall survival of the 267 patients with N0M0 dis-
ease was stratified by T-classification according to the pre-
existing staging systems, including the fourth and fifth
editions of the LCSGJ system, the system published by
Okabayashi et al,10 the sixth and seventh editions of the
AJCC/UICC TNM classification,11 and the current new
system. The overall survival of all 419 patients was strati-
fied by stage using the same preexisting staging systems.

A validation analysis was performed using the newly
developed staging system on the remaining 337 patients
among the 756 patients who had histopathologically con-
firmed ICC. Differences in survival curves were evaluated
according to T-classification and disease stage.

Statistical Analysis

Correlations between categorical variables were tested
using chi-square analysis, and continuous data were ana-
lyzed using the Mann-Whitney U test. Survival curves for
overall survival were generated using the Kaplan-Meier
method and were compared using the log-rank test. To
identify risk factors for death, multivariate regression anal-
ysis was performed with the Cox proportional hazards
model using a backward elimination procedure. Probabil-
ity (P) values< .05 were considered statistically signifi-
cant. Data were analyzed using the SPSS version 19.0
software program (version 19.0; IBM Corp, Armonk,
NY).

RESULTS

Tumor Size

The best tumor cutoff size was determined by using a
minimum P value approach for the entire cohort of 419
patients and for the cohort of 267 patients with N0M0
disease. When sliding the cutoff value of tumor size from
1 cm to 7 cm, minimum P values were obtained at 2.1 cm
for both the full 419-patient cohort and the 267-patient
N0M0 cohort. The conventional cutoff value of 5 cm did

Figure 2. This chart illustrates the optimal cutoff value of tu-
mor size for predicting the survival of all 419 patients and of
the 267 patients who had lymph node-negative/metastasis-
negative (N0M0) disease.

Proposal of New Staging System for ICC/Sakamoto et al

Cancer January 1, 2016 63

－556－



not prove useful for prognostication in the study popula-
tion (Fig. 2).

Characteristics of Tumors�2cm

Twenty-seven of 419 patients (6.4%) had tumors measur-
ing� 2 cm in greatest dimension. Although none of those
27 patients had distant metastasis, 7 of them (25.9%) had
lymph node metastasis, 9 had portal vein invasion, and 12
had biliary invasion. Excluding the 7 patients who had
lymph node metastasis, there was biliary invasion in 7
patients (35%), portal vein invasion in 5 patients (25%),
hepatic vein invasion in 1 patient (5%), serosal invasion
in 1 patient (5%), and arterial invasion in none of the

remaining 20 patients. The 5-year survival rate of the 15
patients without portal vein invasion was 100%, which
was significantly better than that of the 5 patients with
portal vein invasion (2-year survival rate, 60%; P5 .01).

Macroscopic Findings of the MF or MF1PI Type

All 419 patients were diagnosed with either MF type
(n5 315) or MF1PI type (n5 104) ICC according to
macroscopic findings in the specimen. Having similar
sizes and numbers of tumors, the MF1 PI type of ICC
was more frequently associated with portal vein invasion,
biliary invasion, or lymph node metastasis compared with
the MF type (Table 1). The overall survival of patients
who had the MF1PI type was significantly worse than
that of patients who had the MF type (median survival
time [MST], 43.5 vs 17.6 months; P< .001). A very high
rate of biliary invasion was noted in both the MF type
(45.4%) and the MF1PI type (80.8%; P< .001). The
degree of biliary invasion was more advanced in patients
who had the MF1 PI type than in those who had the MF
type, with a significantly higher rate of major biliary inva-
sion (b3 or b4; 36.5% vs 11.7%, respectively; P< .001).

Univariate and Multivariate Analyses of
Prognostic Factors in the Entire Cohort

Univariate analysis of the entire 419-patient cohort revealed
that tumor size, tumor number, portal vein invasion, he-
patic vein invasion, arterial invasion, serosal invasion, major
biliary invasion, lymph node metastasis, and distant metas-
tasis were significant prognostic factors for survival (Table
2). Although not all types of biliary invasion were associated
with worse survival, major biliary invasion was significantly
associated with worse survival among all 419 patients. Mul-
tivariate analysis revealed that tumor number, lymph node
metastasis, and distant metastasis were independent prog-
nostic factors.

Univariate and Multivariate Analyses of
Prognostic Factors in the N0M0 Cohort

To elucidate the impact solely of T-classification on
patient survival, data on the 267 patients with N0M0 dis-
ease were analyzed. Univariate and multivariate analyses
of the 267N0M0 patients revealed that tumor number,
arterial invasion, and major biliary invasion were signifi-
cant independent factors for survival (Table 3). Major bil-
iary invasion, but not all types of biliary invasion, was
associated with worse survival (P5 .007) (Fig. 3); whereas
portal vein invasion, hepatic vein invasion, or serosal inva-
sion were not significantly associated with survival, as evi-
denced by testing various cutoff values for each category.

TABLE 1. Correlation Between Macroscopic Type
and Valid Clinicopathologic Factors in the Full
Cohort of 419 Patients With Mass-Forming–
Dominant Intrahepatic Cholangiocarcinoma

No. of Patients

Variable
MF Type,
n5 315

MF1PI
Type,
n5 104 P

Tumor size, cm

�2 21 6 .75

>2 294 98

�5 170 65 .13

>5 145 39

No. of tumors

Solitary 244 72 .09

Multiple 71 32

Serosal invasion

Present 201 47 .10

Absent 114 57

Portal vein invasion

Present 145 64 .006a

Absent 170 40

Hepatic vein invasion

Present 86 33 .39

Absent 229 71

Arterial invasion

Present 21 12 .11

Absent 294 92

Biliary invasion

b0 172 20 < .001a

b1-b4 143 84

Major biliary invasion

b0-b2 278 66 < .001a

b3, b4 37 38

Lymph node metastases

Present 96 56 < .001a

Absent 219 48

Distant metastases

Present 4 3 .27

Absent 311 101

Abbreviations: b0, no biliary invasion; b1, invasion of the third-order or

more peripheral branch of the bile duct; b2, invasion of the second-order

branch of the bile duct; b3, invasion of the first-order branch of the bile

duct; b4, invasion of the common hepatic duct; MF1PI type, mass-

forming plus periductal-infiltrating type; MF type, mass-forming type.
a This P value indicates a statistically significant difference.

Original Article

64 Cancer January 1, 2016

－557－



A New Staging System for ICC of the
Predominantly MF Type

On the basis of the results obtained from analysis of LCSGJ
data described above, a new T-classification was developed
that included tumor size with a cutoff value of 2 cm, tumor
number, portal vein invasion, and major biliary invasion.
The style of the staging system followed the current Japanese
staging system for ICC11; ie, T-classification comprised the
following factors: 1) tumor size (�2 cm vs> 2 cm), 2) tu-
mor number (solitary vs multiple), and 3) vascular invasion
or major biliary invasion (Table 4). Vascular invasion was
represented by the presence of either portal vein invasion or
arterial invasion.On the basis of the above categories, no sig-
nificant difference in survival was observed between 106
patients who had T1-T3N1M0 disease and 27 patients who
had T4N0M0 disease (MST, 16.6 vs 22.5 months;
P5 .95). No significant difference in survival was observed
between 38 patients who had T4N1M0 disease and 7
patients who had M1 disease (MST, 13.4 vs 4.2 months;
P5 .57). Therefore, patients with T1-T3N1M0 and

T4N0M0 disease were grouped into stage IVA, whereas
those with T4N1M0 and M1 disease were grouped into
stage IVB (MST, 17.8 vs 12.3months;P< .001).

Comparison With the Stratification of Overall
Survival by Preexisting Staging Systems

Overall survival curves for the 267-patient N0M0 cohort
were well stratified by T-classification using the newly
proposed system (Fig. 3). In the seventh edition of the
AJCC classification, patients who had T2b tumors had
worse survival than those who had T3 tumors (P5 .001)
and T4 tumors (P5 .053), suggesting worse survival for
patients who had multiple ICCs (T2b) compared with
those who had perforation (T3) or periductal invasion
(T4).

Overall survival curves for the entire 419-patient
cohort were well stratified by disease stage using the new
staging system (Fig. 4). The seventh edition of the AJCC
system did not discriminate well between stages I, II, and
III; however, the new staging system did discriminate well

TABLE 2. Univariate and Multivariate Analyses of Prognostic Factors for Survival in the Full Cohort of 419
Patients With Mass-Forming–Dominant Intrahepatic Cholangiocarcinoma

Univariate Analysis Multivariate Analysis

Variable No. of Patients 5-Year Survival Rate, % MST, mo P HR (95% CI) P

Tumor size, cm

�2 27 82.4 ND .011a 2.487 (0.912-6.780) .075

>2 392 40 29

No. of tumors

Solitary 316 53.5 ND < .001a 2.570 (1.814-3.643) < .001a

Multiple 103 ND 15.2

Portal vein invasion

Absent 210 52.1 ND .009a

Present 209 34.2 25.5

Hepatic vein invasion

Absent 300 46.1 36.6 .007a

Present 119 ND 19.4

Arterial invasion

Absent 386 44.9 36.6 .003a

Present 33 ND 16.6

Biliary invasion

Absent 192 44.9 43.5 .07

Present 227 ND 26.2

Major biliary invasion

Absent 344 46.5 36.6 .004a

Present 75 ND 20.3

Serosal invasion

Absent 258 48.3 43.5 .001a

Present 161 35.2 21.4

Lymph node metastasis

Negative 267 58.4 ND < .001a 2.818 (1.992–3.987) < .001a

Positive 152 11.1 16.0

Distant metastasis

Negative 412 44.2 34.7 < .001a 2.940 (1.258–6.869) .01a

Positive 7 0 4.2

Abbreviations: CI, confidence interval; HR, hazard ratio; MST, medial survival time; ND, not determined.
a This P value indicates a statistically significant difference.
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between stages I, II, and III, although the difference was
marginal between stages I and II (P5 .09). The fifth edi-
tion of the LCSGJ system did not discriminate well
between stages IVA and IVB (P5 .12); however, the new
staging system did discriminate well between stages IVA
and IVB (P< .001), indicating that stage IVB in the fifth
edition of the LCSGJ system can be divided into 2 groups,
T1-T3N1M0 (stage IVA in the new staging system) and
T4N1M0 orM1 (stage IVB in the new staging system).

In the validation analysis, T-classification could be
identified for 198 of 337 patients (58.8%), and disease
stage was available for only 134 patients (39.7%) because
of a lack of clinicopathologic data. Survival curves accord-
ing to T-classification were well discriminated, whereas
the survival curves for each stage were not well stratified
because of the small number of patients (Fig. 5).

DISCUSSION
In this nationwide survey of surgical results from patients
with MF-dominant ICC, we confirmed that a tumor cut-
off size of 2 cm (and not 5 cm) in greatest dimension best
differentiated the survival of patients. We observed that a
cohort of patients who had ICC tumors �2 cm without
lymph node metastasis had an extremely good prognosis
(5-year survival rate, 90%), and the 5-year survival rate for

patients without portal vein invasion was 100%. Although
the multivariate analysis failed to identify tumor size as a
significant prognostic factor for survival, patients who had
ICC �2 cm without lymph node or vascular invasion
could be categorized as stage I, which forecasts a very good
prognosis. Second, major biliary invasion, ie, invasion of
the first-order branch of the bile duct, was an independent
and significant factor for a worse prognosis for the N0M0
patient cohort in multivariate analysis (hazard ratio, 2.939;
P5 .001). Major biliary invasion would have a close corre-
lation with macroscopic periductal invasion, and the cur-
rent results support the addition of periductal invasion in
the T-classification according to the seventh edition of the
UICC/AJCC system. However, further studies are war-
ranted to pathologically define the concept of “periductal
invasion,” because it is originally a finding of the macro-
scopic ICC classification.9,14

In the UICC/AJCC seventh edition, tumor size was
excluded from the T-classification, because univariate and
multivariate analyses failed to confirm the prognostic
impact of tumor size on the survival of patients with a cut-
off value of 2 cm or 5 cm.5 When the 2-cm cutoff size was
used, the hazard ratio for death was 1.29 in the Western
series5 and 2.487 in the current study. The proportion of
patients with �2-cm ICC was 11% in the Western series

TABLE 3. Univariate and Multivariate Analyses of Prognostic Factors for Survival in the Cohort of 267
Patients With N0M0, Mass-Forming–Dominant Intrahepatic Cholangiocarcinoma

Univariate Analysis Multivariate Analysis

Variable No. of Patients 5-Year Survival Rate, % P HR (95% CI) P

Tumor size, cm

�2 20 90 .076

>2 247 55.4

No. of tumors

Solitary 219 63.1 < .001a 3.937 (2.291-6.753) < .001a

Multiple 48 ND

Portal vein invasion

Absent 160 63.6 .083

Present 107 52.5

Hepatic vein invasion

Absent 213 58.8 .67

Present 54 ND

Arterial invasion

Absent 253 59.8 .002a 2.791 (1.264–6.161) .01a

Present 14 ND

Biliary invasion

Absent 140 64.4 .085

Present 127 51.1

Major biliary invasion

Absent 231 60.9 .007a 2.939 (1.551–5.566) .001a

Present 36 ND

Serosal invasion

Absent 174 61.3 .064

Present 93 52.7

Abbreviations: CI, confidence interval; HR, hazard ratio; ND, not determined.
a This P value indicates a statistically significant difference.
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and 6.5% in the current study. The reason why the impact
of a tumor size �2 cm differs in Western and Eastern
countries is unclear; however, it is very difficult to detect

ICCs�2 cm because of the lack of symptoms, and surveil-
lance is important for patients who have hepatitis C virus
or other hepatic disease. It will be meaningful to recon-
firm that patients who have a solitary ICC measuring

�2 cm without vascular invasion can enjoy a 5-year sur-
vival rate of 100% after surgical resection.

We recently observed that major biliary invasion
predicted patient survival and was an independent predic-

tor of survival in multivariate analyses of 267 patients
with N0M0 ICC. Periductal invasion is not defined in the
classification system.1,11 In the AJCC/UICC seventh edi-
tion, patients with periductal invasion are classified as T4,

but the overall survival of patients with T4 tumors
appeared to be better than that of patients with T2b
tumors (P5 .053) (Fig. 4). This reversed situation may
be explained by the more powerful prognostic value of the

number of tumors compared with major biliary invasion
(Table 2), and a microscopic definition of periductal inva-
sion and adequate weighting of each prognostic factor are

issues that remain to be resolved.
Major biliary invasion can be discussed with regard

to the macroscopic MF1 PI type of ICC. Among
patients with MF-dominant ICC, the presence of peri-

ductal infiltration has been considered a sign of tumor
invasion along the Glissonean sheath, thereby making it a
prognostic factor for worse survival. However, there is
some controversy regarding whether the prognosis for

patients with the MF1 PI type of ICC is worse than that
for those with theMF type. Yamamoto et al first described
worse survival for patients with the MF1 PI type of ICC
than for those with the MF type,15 whereas a multicenter

collective study using multivariate analysis demonstrated
that macroscopic classification was not a prognostic fac-
tor.7 In the current study, the macroscopic type of ICC
had a close correlation not only with biliary invasion but

Figure 3. These charts compare the staging systems for intrahepatic cholangiocarcinoma based on the stratification of survival
curves from the 267 patients who had N0M0 disease according to tumor classification. AJCC 6th indicates the International
Union Against Cancer/American Joint Committee on Cancer classification, 6th edition; LCSGJ 5th, Liver Cancer Study Group of
Japan, 5th edition; Okabayashi, the staging system published by Okabayashi et al10; AICC 7th, the International Union Against
Cancer/American Joint Committee on Cancer classification, 7th edition.
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also with portal vein invasion and lymph node metastasis

(Table 2). These results suggest strong confounding

between macroscopic type and important histopathologic

factors. Conversely, controversy remains regarding how to

differentiate hilar bile duct cancer from ICC involving the

hepatic hilum. In the current analysis, because major bili-

ary invasion was identified as one of the important prog-

nostic factors for patients with advanced ICC, the

MF1PI type of ICC should be classified using the pro-

posed staging system for ICC. This issue should be further

discussed in the future.
The selection of appropriate factors for determining

vascular or ductal invasion to complete the T-classification

appears to be complicated. Among the 5 possible candi-

dates constituting T-classification, portal vein invasion, he-

patic vein invasion, arterial invasion, and serosal invasion

are included in the fifth edition of the LCSGJ system;

whereas vascular invasion, serosal invasion, and periductal

invasion are included in the seventh edition of the AJCC

TNM system. We examined all combinations of vascular,

biliary, and serosal invasion and observed that the combina-

tion of portal vein invasion and major biliary invasion

would be appropriate, because: 1) even in patients with

tumors �2 cm, portal vein or biliary invasion can be

observed in 18% and 26% of patients, respectively, so these

occur more frequently than the remaining factors; 2) not

only for all the entire 419-patient cohort but also for the

267-patient cohort with N0M0 disease, tumor numbers
and major biliary invasion were significant factors predict-
ing survival in univariate analysis; and 3)major biliary inva-
sion may be predicted by imaging analysis as periductal
invasion. Hepatic vein invasion or serosal invasion
appeared to be less important for predicting survival; hence,
these were excluded from the T-classification to simplify
the staging system as much as possible. The prognostic
influence of the 3 criteria in the new staging system may be
unequal and inferior for predicting the survival of surgical
patients compared with a precisely designed nomogram.16

However, because a staging system must be simple, we
adopted the style of the LCSGJ fifth edition. In addition,
we included a tumor cutoff size of �2 cm in the criteria,
because a tumor size �2 cm is an unambiguous condition,
and patients with stage I ICC (a solitary tumor� 2 cm
without vascular or major biliary invasion) may have an
excellent prognosis.

Patients who have ICC with lymph node metastasis
may have a dismal prognosis, and surgical indications for
patients with lymph node metastasis remain controver-
sial.17,18 In the current study, no significant difference in
survival was observed between patients with T1-T3N1M0
disease and those with T4N0M0 disease (MST, 16.6 vs
22.5 months; P5 .95) or between patients with
T4N1M0 disease and those with M1 disease (MST, 13.4
vs 4.2 months; P5 .57). Therefore, patients with T1-
T3N1M0 and T4N0M0 disease were grouped into stage
IVA, whereas those with T4N1M0 and M1 disease were
grouped into stage IVB (MST, 17.8 vs 12.3 months;
P< .001). Stage IVB may suggest inoperable disease,
which should be carefully assessed. Uenishi et al also di-
vided patients with N1 disease into stages IVA and IVB
according to T-classification based on results from a mul-
ticenter study that analyzed 233 patients from 9 institu-
tions in Japan,19 and our staging system endorses their
proposal.

The major limitations of the current study include the
fact that we customized the classification system for patients
with MF-dominant ICC. Because the IG type of ICC is
characterized by better survival compared with the MF and
MF1 PI types,15,20 some modification may be necessary
for other minor macroscopic types of ICC, which account
for approximately 15% of all ICCs. The second drawback
of this study is the insufficient validation analysis. The new
T-classification was validated using 198 of 337 patients
(58.8%), and staging was validated in 134 patients (39.7%)
because of a lack of clinicopathologic data. Although T-
classification defined by the new staging system demon-
strated acceptable discrimination by tumor category, an

TABLE 4. A New Staging System for
Mass-Forming–Dominant Intrahepatic
Cholangiocarcinoma

Variable Parameter

Criteria

1. No. of tumors Solitary

2. Size of largest tumor �2 cm

3. Vascular or major

biliary invasion

vp0, va0, b0-b2

Tumor classification

T1 All 3 criteria are fulfilled

T2 Only 2 of the 3 criteria are fulfilled

T3 Only 1 of the 3 criteria is fulfilled

T4 None of the 3 criteria are fulfilled

Stage

I T1N0M0

II T2N0M0

III T3N0M0

IVA T4N0M0

T1-T3N1M0

IVB T4N1M0

AnyTN0,N1M1

Abbreviations: b0-b2, no biliary invasion or minor biliary invasion within

second-order branch of the bile duct; M, metastasis status; N, lymph node

status; T, tumor classification; va0, no arterial invasion; vp0, no portal vein

invasion.
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international validation study will be required that includes
a larger number of case series. The third problem is that the
current staging system was based on the survival of patients

who underwent surgical resection. The survival of patients
who receive nonsurgical treatment, such as radiofrequency
ablation, systemic chemotherapy, transcatheter arterial

Figure 5. Overall survival curves are shown for the 337 patients who had incomplete clinicopathologic data stratified according
to tumor (T) classification and disease stage defined using the proposed staging system.

Figure 4. These charts compare the staging systems for intrahepatic cholangiocarcinoma based on the stratification of survival
curves from the entire cohort of 419 patients according to disease stage. AJCC 6th indicates the International Union Against
Cancer/American Joint Committee on Cancer classification, 6th edition; LCSGJ 5th, Liver Cancer Study Group of Japan, 5th edi-
tion; Okabayashi, the staging system published by Okabayashi et al10; AJCC 7th, the International Union Against Cancer/Ameri-
can Joint Committee on Cancer classification, 7th edition.
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chemoembolization, and liver transplantation, should be
covered by the staging system in the future.

CONCLUSION
In conclusion, the current nationwide study on the progno-
sis of patients with ICC revealed that a tumor cutoff size of
2 cm in greatest dimension well discriminates patient sur-
vival and that major biliary invasion and vascular invasion,
represented by portal invasion, appear to be important
prognostic factors for determining T-classification in the
staging system. Patients with T1-T3N1M0 and T4N0M0
disease were included in stage IVA, whereas those with
T4N1M0 andM1 disease were included in stage IVB. The
results indicate that this new staging system would be useful
in terms of assigning patients to surgery.
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Imaging Modalities for Assessment of 
Treatment Response to Nonsurgical  
Hepatocellular Carcinoma Therapy: 
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Abstract
Tumor response and time to progression have been considered pivotal for surrogate as-
sessment of treatment efficacy for patients with hepatocellular carcinoma (HCC). Recent ad-
vancements in imaging modalities such as contrast-enhanced ultrasound (US), computed 
tomography (CT), and magnetic resonance imaging (MRI) are playing an important role in as-
sessing the therapeutic effects of HCC treatments. According to some HCC clinical guidelines, 
post-therapeutic evaluation of HCC patients is based exclusively on contrast-enhanced dy-
namic imaging criteria. The recommended techniques are contrast-enhanced CT or contrast-
enhanced MRI. Contrast-enhanced US is employed more in the positive diagnosis of HCC 
than in post-therapeutic monitoring. Although contrast enhancement is an important finding 
on imaging, enhancement does not necessarily depict the same phenomenon across modali-
ties. We need to become well acquainted with the characteristics of each modality, including 
not only contrast-enhanced CT and MRI but also contrast-enhanced US. Many nonsurgical 
treatment options are now available for unresectable HCC, and accurate assessment of tu-
mor response is essential to achieve favorable outcomes. For the assessment of successful 
radiofrequency ablation (RFA), the achievement of a sufficient ablation margin as well the ab-
sence of tumor vascular enhancement is essential. To evaluate the response to transcatheter 
arterial chemoembolization (TACE), enhanced tumor shrinkage is relied on as a measure of 
antitumor activity. Here, we give an overview of the current status of imaging assessment of 
HCC response to nonsurgical treatments including RFA and TACE.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common neoplasm and the third most 
frequent cause of cancer deaths. Surgical resection is regarded as a standard treatment for 
HCC patients [1]; however, the majority of HCC patients are not suitable for curative resec-
tion at the time of diagnosis because of large tumor size, multifocal disease, vascular involve-
ment, extrahepatic spread, or poor liver function, among others [2–7]. Therefore, various 
nonsurgical treatment options have been developed in the effort to provide for patients with 
unresectable HCC. Local ablative techniques are increasingly used for minimally invasive 
treatment, and radiofrequency ablation (RFA) is currently performed widely due to its ease 
of use, safety, and effectiveness for managing unresectable HCC in patients with cirrhosis 
[8–14]. Transcatheter arterial chemoembolization (TACE) is the current standard of care for 
patients presenting with multinodular HCC with relatively preserved liver function, no can-
cer-related symptoms, and no evidence of vascular invasion or extrahepatic spread [15–21].

Monitoring tumor response to therapy is imperative for the clinical management of can-
cer patients, and accurate assessment of tumor response is essential for favorable outcomes. 
For HCC patients, imaging techniques such as contrast-enhanced US, CT, and MRI are used 
to diagnose HCC [22, 23] and to assess therapeutic effects [24–26]. However, these tech-
niques employ different principles to generate images, and the types and doses of contrast 
agents are also different. Although contrast enhancement is an important finding on imag-
ing, enhancement does not necessarily depict the same phenomenon across modalities. We 
therefore need to be familiar with the findings for each modality to evaluate the success of 
treatment, detect residual or recurrent tumors, and diagnose new lesions. In this review, we 
focus our discussion on the imaging assessment of HCC response to nonsurgical treatment 
including RFA and TACE.

Response Evaluation Criteria

The endpoint in cancer research is overall survival. Nonetheless, tumor response and 
time to progression have been considered pivotal for surrogate assessments of efficacy. In 
2000, the European Association for the Study of the Liver (EASL) recommended measuring 
the change in the area of tumor enhancement on contrast-enhanced imaging as the optimal 
method to assess treatment response [27]. Introduced in 2008 as an amendment of the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST), the modified RECIST (mRECIST) [28] 
and the Response Evaluation Criteria in Cancer of the Liver (RECICL) [29] focus on the vi-
able (enhanced on dynamic studies) tumoral components to assess the response of HCC to 
locoregional or antiangiogenic treatment. mRECIST, which is based on the unidimensional 
measurement of the enhanced portions of target tumors, is simple and easy to apply in clini-
cal practice. According to some HCC clinical guidelines, post-therapeutic evaluation of HCC 
patients is based exclusively on contrast-enhanced dynamic imaging criteria. The recom-
mended techniques are contrast-enhanced CT or contrast-enhanced MRI. However, there 
are cases (e.g., infiltrative tumors, heterogeneous necrosis) and situations (e.g., after abla-
tion) in which the mRECIST criteria are difficult or impossible to apply [30]. Other imaging 
techniques such as angiography, contrast-enhanced US, and positron emission tomography-
CT are considered to be controversial. It is worth mentioning that their roles have been ex-
plored more in the positive diagnosis of HCC than in post-therapeutic monitoring.
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Imaging Assessment of Tumor Response

Radiofrequency Ablation 
Among the risk factors for recurrence, tumor size, portal vein invasion, and intrahepatic 

metastasis are generally considered the major causes of intrahepatic HCC recurrence after 
treatment. Several studies have addressed the relationship between micrometastases/mi-
crovascular invasion of HCC cells and tumor size. Okusaka et al. reported that 19% of HCC 
nodules of 3.0 cm or less in diameter had satellite lesions that were not detected [31]. The re-
ported frequency of microvascular invasion in patients with an HCC tumor of 2–3 cm is in the 
range of approximately 20–30% [31–33]. Consequently, effective treatment is indicated not 
only by the absence of HCC tumor enhancement, but also by the safety margin. Nakashima et 
al. revealed that 59.1% of small HCC ≤3.0 cm in diameter had micrometastases within 5 mm 
of each micrometastatic lesion and its primary HCC [32]. For the RFA procedure to be consid-
ered technically successful, the tumor and at least a 5-mm safety margin must be included in 
the ablation zone [34]. The local recurrence rate differs markedly depending on whether a 
5-mm safety margin is secured. Kudo et al. 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 such a safety margin (p=0.01) [35].

Recurrence of tumors in the treated area or elsewhere is defined as reappearance of vas-
cular enhancement. The ideal imaging interval is unknown, but initially a 3–4 month interval 
is commonly used to monitor HCC lesions after RFA therapy.

Computed Tomography 
Contrast-enhanced CT is widely used for the evaluation of treatment response. Tissue 

contrast enhancement on CT depends on the blood flow, capillary permeability, rate of diffu-
sion, and the extravascular extracellular space volume. In clinical practice, evaluation of the 
absence of tumor enhancement and the safety margin is based on a visual comparison of the 
pre- and post-RFA CT images by referring to specific landmarks such as hepatic vessels and 
the liver surface [35–37]. In addition, the safety margin has one more important role as secu-
rity in avoiding the limitations of CT assessment due to partial volume effects.

Hyperemia in tissue surrounding the ablated lesion can represent an inflammatory reac-
tion resulting from thermal injury. Peripheral rim enhancement resulting from reactive hy-
peremia is usually uniform in thickness and envelops the ablated lesion, whereas residual 
HCC demonstrates focal and irregular peripheral enhancement [38, 39].

Compared with RFA alone, the combination of RFA and TACE markedly increased the ex-
tent of induced coagulation of RFA [40]. Conventional Lipiodol-TACE offers another potential 
advantage for assessment of a subsequent RFA procedure. Lipiodol (Lipiodol Ultra-Fluide, 
Laboratoire Guerbet, Aulnay-Sous-Bois, France) is an oily contrast medium used in radiogra-
phy. The ablative margin can be shown as the boundary between the high-density area of Lipi-
odol accumulation in HCC and the enhanced area of surrounding normal liver parenchyma. 
Therefore, the safety margin can be easily evaluated only by post-RFA dynamic CT images in 
HCC patients treated by RFA combined with TACE [41].

Ultrasound
US contrast mediums consist of gas-cored microbubbles that are encapsulated by a shell 

constructed of a lipid monolayer or cross-linked albumin. Contrast-enhanced echo signals 
contain significant energy components at higher harmonics from inside blood vessels. Con-
trast harmonic imaging can depict signals from microbubbles with a very slow flow and is a 
useful tool for depicting small residual HCCs or local recurrence of HCC [42–46]. Vilana et al. 
reported that the sensitivities for detection of residual tumors 1 day after RFA were 27% and 
20% on contrast-enhanced US using SonoVue and contrast-enhanced CT, respectively [43]. 
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Meanwhile, a double-contrast US technique using Sonazoid reinjection has been developed 
on the basis of two specific characteristics of Sonazoid: arterial flow images and Kupffer 
images in the post-vascular phase [47, 48]. Residual HCC can demonstrate a focal defect dur-
ing the Kupffer phase and show hypervascular enhancement by the reinjection of Sonazoid. 
However, it is difficult to identify the safety margin on US in some cases. Zhou et al. found 
that contrast-enhanced US could not evaluate the safety margin in 34.8% of HCC nodules 
because the tumor boundary could not be identified clearly by US after RFA [49].

Magnetic Resonance Imaging 
MRI (conventional T1-weighted image (WI), T2WI, and dynamic contrast-enhanced 

imaging) for tumor response assessment following liver thermal ablation is considered the 
most accurate method for the early detection of residual/recurrent tumors. MRI evaluation 
of the absence of tumor enhancement and the safety margin is also based on a visual com-
parison of the pre- and post-RFA images by referring to specific landmarks of the liver. A 
hyperintense zone on non-enhanced T1WI within 2 days after RFA reflects the extent of 
the ablated region [50]. Functional imaging including diffusion-weighted MRI has the ability 
to provide unique insights into molecular water distribution within a tumor, and therefore 
indicate tumor viability at a cellular level [51]. Viable tumors after RFA appeared as hyper-
intense, and necrotic regions were recognized as hypointense areas on diffusion-weighted 
MRI. Kele et al. found that ablation site recurrences showed significantly lower apparent 
diffusion coefficient values than the ablation zone and normal liver parenchyma (1.02 × 103 
mm2/s vs. 1.31 × 103 mm2/s) [52]. Hepatocyte-specific MRI contrast agents were developed 
for the detection and characterization of focal liver lesions, and gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) is a contrast agent with the combined 
properties of a conventional non-specific extracellular contrast agent and a hepatocyte-
specific contrast agent. Hepatocyte-phase images help to distinguish vascular pseudolesions 
(e.g., those caused by arterioportal shunting, portal venule obstruction, nonportal splanch-
nic veins, or rib compression) from hypervascular tumors [53]. Makino et al. reported that 
Gd-EOB-DTPA-enhanced MRI enabled treatment evaluation in a significantly larger number 
of HCCs than CT did (86/92 [93.5%] vs. 62/92 [67.4%], p<0.05) [54].

TACE
Conventional TACE (c-TACE), involving administration of an anticancer agent-in-oil 

emulsion followed by embolic agents, is a popular technique, and Lipiodol accumulation 
in HCCs after TACE can be regarded as representing a necrotic area. Recently, drug-eluting 
beads (DEB) have provided an attractive alternative to iodized oil-based regimens [55]. Both 
c-TACE and DEB-TACE can induce direct tumor necrosis and demonstrate anticancer efficacy. 
Enhanced tumor shrinkage is relied on as a measure of antitumor activity. However, tumor 
response is not paralleled by a reduction in overall tumor load but rather by a reduction in 
viable tumor [29]. Therefore, response assessment of TACE is recommended; this can be 
achieved by performing contrast-enhanced imaging 1 month after initial treatment and at 
least every 3 months during follow-up [29].

Computed Tomography 
CT is also commonly used as the standard imaging technique for evaluating the thera-

peutic response to TACE. Dense, uniform retention of Lipiodol in the tumor is a reliable sur-
rogate marker for complete or near-complete tumor necrosis, and the pattern and distribu-
tion of Lipiodol in the tumor are useful for assessing the therapeutic effects of c-TACE (fig. 
1). However, small vague areas of hypervascularity that represent arterial–portal shunts, 
commonly seen in patients with HCC, are a frequent cause of “pseudolesions” on CT, again 
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limiting specificity. In addition, beam-hardening artifacts from the iodized oil can make it dif-
ficult to visualize marginal recurrences as well as residual viable tumor.

In patients treated with DEB-TACE, viable tumor is defined according to the uptake of 
contrast in the arterial phase of dynamic CT. The density, expressed in Hounsfield units (HU), 
is measured at CT examination both before and after treatment. The absence of significant 
differences of density between the phases is defined as indicating the presence of coagulative 
necrosis [56, 57].

Ultrasound
Contrast-enhanced US offers not only a very high sensitivity to contrast agents but also a 

high spatial resolution (fig. 1). Unlike CT imaging, contrast-enhanced US imaging is not influ-
enced by Lipiodol retention. Xia et al. reported that the detection rates of positive enhance-
ment with contrast-enhanced US and dynamic CT 1 week after TACE were 25 (58.1%) of 43 
lesions and 17 (39.5%) of 43 lesions, respectively [58]. Contrast-enhanced US was signifi-
cantly more sensitive than dynamic CT in depicting the residual tumor blood supply to HCCs 1 
week after TACE (p<0.01; chi-squared test). Use of contrast-enhanced US permits the proper 
and early selection of patients who would benefit from additional focal therapy after TACE, as 
well as helping to guide focal ablation to the viable portion of HCC [59, 60]. However, contrast-
enhanced US has technical limitations imposed by body habitus and the difficulty involved in 
accessing lesions near the hemidiaphragm. Additionally, contrast-enhanced US examinations 
used to be performed on a solitary mass or on a dominant mass in patients with multiple le-
sions.

Magnetic Resonance Imaging 
Lipiodol causes variable signal intensity changes on unenhanced MRI, and is difficult to 

detect accurately. Recently, diffusion-weighted MRI is increasingly used in addition to conven-
tional unenhanced and enhanced MRI. Diffusion-weighted MRI is known to have limitations 
such as a relatively low signal-to-noise ratio. However, it may offer additional value in evalua-
tion and follow-up because diffusion-weighted MRI can provide information about molecular 
tissue characteristics [52].

ca b

Fig. 1.  A 64-year-old man with a 4-cm HCC in segment 6 that was treated with c-TACE. a Contrast-
enhanced US obtained 5 days after chemoembolization shows blood flow and avascular areas (arrow-
heads) in tumor during the arterial phase. b Plain CT scan obtained 1 week after treatment clearly 
shows defect of iodized oil accumulation (arrow) in tumor. c Arterial phase dynamic CT scan obtained 
at same time as Fig. 1b clearly shows a partially enhancing area (arrowheads) corresponding to an area 
lacking Lipiodol accumulation. 
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Gadolinium diethylenetriaminepentaacetic acid (Gd-DTPA) is the most commonly used 
MRI contrast agent. It has an extracellular distribution and behaves similarly to the iodin-
ated contrast agents used in CT. The presence of gadolinium can strongly influence the re-
laxation properties of nearby protons, leading to changes in tissue contrast. Consequently, 
enhanced areas in the embolization site on gadolinium-enhanced MRI presumably represent 
viable tumor [61, 62] but could also result from posttreatment granulation tissue [63]. Gos-
hima et al. reported that sensitivity for the detection of local HCC recurrence after TACE was 
higher on gadolinium-enhanced MR imaging (82%) than on diffusion-weighted MR imaging 
(60.7%) for two readers, in combination and separately (p<0.05) [64].

Adverse Reactions

Kobayashi et al. reported in their large-scale study that the prevalence of all adverse 
reactions to nonionic contrast media was 2% and that of severe reactions was 0.1% [65]. 
The vast majority of these reactions were mild, including rash/hives, itching, nausea with or 
without vomiting, cough, or lump in the throat, among others.

The total incidence of adverse reactions to contrast agents in MRI ranges between 2% 
and 4%. Most frequent are minor, general reactions such as nausea, emesis, hives, and head-
ache and local reactions such as skin irritation, itching, and coolness.

It should be noted that gadolinium chelates administered to patients with acute renal 
failure or severe chronic kidney disease can result in a syndrome of nephrogenic systemic 
fibrosis. Therefore, use of these contrast media is no longer recommended in these patients.

The adverse reaction rate of US contrast agents seems to be relatively low compared 
with the contrast agents used in CT or MRI. The incidence of contrast agent complications 
ranges from 0.014% to 0.077% [66]. The most frequently reported adverse events are diar-
rhea, headache, albuminuria, and rash.

Conclusion

Accurate assessment of tumor response with imaging modalities is essential for favor-
able outcomes. For successful RFA, the achievement of a sufficient ablation margin as well 
the absence of tumor vascular enhancement is essential. For TACE response evaluation, en-
hanced tumor shrinkage is relied on as a measure of antitumor activity. We need to become 
well acquainted with the characteristics of each modality, including contrast-enhanced US, 
CT, and MRI, and careful comparison of imaging before/after therapy is critical for HCC pa-
tients treated with RFA or TACE.
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Aim: The purpose of this multicenter cooperative study was to
elucidate the clinical features of hepatitis B virus (HBV) reactiva-
tion by chemotherapeutic agents and the patient outcomes af-
ter HBV reactivation by a retrospective review of accumulated
patients’ medical records.

Methods: Records of a total of 27 patients (hematological ma-
lignancy, 14 patients; solid tumor, 13 patients) from 11 institu-
tions who were diagnosed between June 2005 and October
2010 as having HBV reactivation following chemotherapy were
reviewed.

Results: Of the 27 patients with reactivation, 16 patients were
hepatitis B surface antigen (HBsAg) positive and 11 were HBsAg
negative prior to the commencement of chemotherapy. Of the
11 patients who were HBsAg negative prior to the chemother-
apy, 10 had hematological malignancies and one had a solid tu-
mor. Of the 14 patients with hematological malignancies with
HBV reactivation enrolled in the study, the reactivation occurred

more than 12months after the completion of chemotherapy in
five patients (36%); on the other hand, none of the patients (0%)
with solid tumors developed HBV reactivation more than
12months after the completion of chemotherapy. Of the 24 pa-
tients who had acute liver dysfunction at the diagnosis of HBV
reactivation, nine (38%) had severe hepatitis and seven (29%)
died of liver failure.

Conclusion: Most of the patients with HBV reactivation who
were HBsAg negative prior to the chemotherapy had underlying
hematological malignancies. Furthermore, patients with hema-
tological malignancies often developed late-onset HBV reactiva-
tion. The prognosis of patients who develop acute liver
dysfunction as a complication of HBV reactivation is extremely
dismal.

Key words: case survey, chemotherapy, hepatitis B virus,
hepatitis B virus DNA, reactivation

INTRODUCTION

AVARIETY OF anticancer drugs and their metabolites
are known to cause liver dysfunction. In addition,

chemotherapy can trigger rapid multiplication of the virus
in patients harboring hepatitis B virus (HBV), that can re-
sult in fatal liver dysfunction. Such rapid increase in the
hepatitis virus load is referred to as viral hepatitis reactiva-
tion.1–4 The frequency and risk of HBV reactivation have
been reported to depend on the degree of immunosup-
pression and the HBV infection status prior to the start of
the treatment causing immunosuppression. Immunosup-
pression of varying degrees is known to occur with
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Table 1 Patient characteristics

Before chemotherapy
Underlying
malignancy Chemotherapy

Patient
no.

Age Sex HBsAg
HBs

Antibody
HBc

Antibody
HBV DNA

(log copies/mL) Regimen
Combined use
of glucocorticoid

1 50 Female + – + NA Malignant
lymphoma

R + cyclophosphamide
+ vincristine

–

2 53 Female + – + NA Malignant
lymphoma

R-CHOP+methotrexate
intrathecal

+

3 84 Male + NA NA NA Malignant
lymphoma

R-THP-COP +

4 57 Male + – + 5.3 AML Idarubicin +Ara-C,
HD-Ara-C

+

5 62 Male + NA NA NA Brain tumor Temozolomide + RT –
6 49 Female + NA NA NA Breast cancer Doxorubicin +CPA +
7 53 Female + NA NA NA Colorectal cancer FOLFOX +
8 51 Female + NA + NA Gastric cancer Cisplatin + S-1 +
9 58 Female + + + NA HCC Cisplatin (intra-arterial

infusion)
–

10 71 Male + NA + 6.9 HCC TACE with epirubicin –
11 68 Male + – + NA HCC UFT+mitoxantrone –

12 53 Male + + + 4.4 ICC Gemcitabine + RT +

13 62 Male + – + NA ICC Gemcitabine + S-1 +
14 60 Male + NA NA NA Lung cancer Cisplatin + irinotecan +
15 78 Male + NA NA NA Pancreatic cancer Gemcitabine +
16 64 Male + – + <2.1 Rectal carcinoid Experimental drug* –
17 39 Male – + + UDL Malignant

lymphoma
HD CPA, whole-body
RT, AlloUCBT

–

18 65 Female – NA NA NA Malignant
lymphoma

R-CHOP +

19 76 Male – NA NA NA Malignant
lymphoma

R-CHOP +

20 84 Female – NA NA NA Malignant
lymphoma

R-THP-COP +

21 84 Female – NA NA NA Malignant
lymphoma

THP-COP +

22 70 Male – + + UDL Multiple myeloma Melphalan +cisplatin
+thalidomide

+

23 87 Female – + + <1.8 Multiple myeloma Melphalan
+prednisolone

+

24 60 Female – + – NA Multiple myeloma MP, MCP, AutoPBSCT +
25 61 Female – + + <2.6 Multiple myeloma VAD, HD-CPA, HD-

Melphalan, AutoPBSCT
+

26 48 Male – – + NA ALL HD CPA, whole-body
RT, AlloUCBT

–

27 67 Male – NA NA NA HCC TACE followed by
TSU-68

–

*the name is not opened because it is under development.
Clinical diagnosis: Elevation of the serum aspartate aminotransferase and/or alanine aminotransferase levels with the detection ofHBVDNA positivity and improvement observed
in response to antiviral therapy
Complete recovery: complete recovery of AST/ALT and HBV DNA, Incomplete recovery: incomplete recovery of AST/ALT and HBV DNA
ALL, acute lymphoblastic leukemia; ALT, alanine aminotransferase; AlloBMT, allogenic bone marrow transplantation; AlloUCBT, allogenic umbilical cord blood transplantation;
AML, acute myeloblastic leukemia; AST, aspartate aminotransferase; Ara-C; xxx; AutoPBSCT, autologous peripheral blood stem cell transplantation; CHOP, cyclophosphamide +
doxorubicin + vincristine + prednisolone; CPA, cyclophosphamide; CVP, cyclophosphamide + vincristine + prednisolone; FOLFOX, 5-fluorouracil + leucovorin + oxaliplatin; HBV,
hepatitis B virus; HCC, hepatocellular carcinoma;HD, high dose; ICC, intrahepatic cholangiocarcinoma;MCP, ranimustine + cyclophosphamide + prednisolone;MP,melphalan +
prednisolone; NA, not assessed; R, rituximab; RT, radiation therapy; S-1, tegafur + gimeracil + oteracil; TACE, transarterial chemoembolization; THP-COP, pirarubicin + cyclo-
phosphamide + vincristine + prednisolone; TSU-68, xxx; UDL, under detected limit; UFD, xxx; UFT, xxx; VAD, vincristine + doxorubicin + dexamethasone.
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chemotherapy, such as that following hematopoietic stem
cell transplantation and organ transplantation, rituximab-
based chemotherapy and chemotherapy for solid tumors.
The HBV infection status prior to chemotherapy is deter-
mined by the serum profile of HBV-associated markers
(hepatitis B surface antigen [HBsAg], hepatitis B e-antigen

[HBeAg], hepatitis B core antibody [HBcAb], hepatitis B
surface antibody [HBsAb]) and the viral load of HBV
DNA.1–4 However, there have been few comprehensive
reports on HBV reactivation, and the clinical background
factors involved inHBV reactivation, including the circum-
stances of the chemotherapy AND the characteristics of the

Table 1Patient characteristics

Interval from
initiation of
chemotherapy
to HBV reacti-
vation (days)

Interval from
completion of
chemotherapy
to HBV reacti-
vation (days)

At occurrence of reactivation
Outcome after
reactivation

Diagnosis of
reactivation

HBV DNA
(log copies/mL)

Severity of liver
dysfunction Antiviral drug Complete recovery

637 441 Clinical diagnosis 6.9 Acute hepatitis Entecavir Incomplete recovery

760 539 Clinical diagnosis 5.3 Acute hepatitis Lamivudine Liver failure and death

1317 1210 HBV DNA titer
elevation

8.8 Severe hepatitis Entecavir Complete recovery

147 55 Clinical diagnosis 7.6 Acute hepatitis Lamivudine →
entecavir

Complete recovery

448 319 Clinical diagnosis 5.8 Acute hepatitis Entecavir Complete recovery
42 23 Clinical diagnosis 5.7 Severe hepatitis Lamivudine Liver failure and death

209 34 Clinical diagnosis 8.6 Fulminant hepatitis Lamivudine Complete recovery
87 25 Clinical diagnosis 9.0 Acute hepatitis Entecavir Incomplete recovery

143 40 Clinical diagnosis 7.1 Acute hepatitis Lamivudine Incomplete recovery

309 309 Clinical diagnosis 6.9 Acute hepatitis Entecavir Incomplete recovery
93 37 Clinical diagnosis 5.9 Acute hepatitis Lamivudine Liver failure and death

130 16 HBV DNA titer
elevation

8.0 Fulminant hepatitis Entecavir Incomplete recovery

103 17 Clinical diagnosis 5.7 Acute hepatitis Entecavir Complete recovery
103 18 Clinical diagnosis 5.5 Acute hepatitis Entecavir Incomplete recovery
28 14 Clinical diagnosis 2.8 Acute hepatitis Entecavir Complete recovery
51 9 Clinical diagnosis 2.6 Acute hepatitis None Complete recovery

340 339 HBV DNA(–) → (+) 6.0 Without hepatitis Lamivudine →
entecavir

Liver failure and death

309 182 HBsAg(–) → (+) 7.4 Severe hepatitis Lamivudine Liver failure and death

407 202 HBsAg(–) → (+) 9.7 Fulminant hepatitis Entecavir Liver failure and death

528 79 HBsAg(–) → (+) 6.5 Fulminant hepatitis Entecavir Complete recovery

721 69 HBsAg(–) → (+) 7.7 Acute hepatitis Entecavir Incomplete recovery

937 155 HBV DNA(–) → (+) <2.1 (+) Without hepatitis Entecavir Liver failure and death

700 553 HBsAg(–) → (+) 8.5 Severe hepatitis Entecavir Complete recovery

355 84 HBsAg(–) → (+) 6.2 Acute hepatitis Entecavir Complete recovery
354 233 HBV DNA(–) → (+) 2.4 Without hepatitis Entecavir Incomplete recovery

416 415 HBsAg(–) → (+) 8.6 Severe hepatitis Entecavir Complete recovery

132 14 HBsAg(–) → (+) 6.9 Acute hepatitis Entecavir
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reactivation, and the clinical outcomes following HBV
reactivation have not yet been clearly elucidated.We there-
fore conducted a retrospective clinical review of the medi-
cal records of patients who developed HBV reactivation
following treatment with chemotherapeutic agents. The
purpose of this multicenter cooperative study was to eluci-
date the clinical features of HBV reactivation and the pa-
tient outcomes after HBV reactivation.

METHODS

Patients

WE CONDUCTED A retrospective clinical review of
the medical records of patients with HBV reactiva-

tion induced by anticancer drugs accumulated at each in-
stitution. This clinical study was conducted with the
approval of the ethics committee of the National Cancer
Center, and in accordance with epidemiological research
guidelines.
We defined HBV reactivation as follows: (i) increase of

the HBV DNA titer by more than 10-fold or conversion
to aHBeAg positive fromHBeAg negative status in patients
determined to beHBsAg positive after the commencement
of chemotherapy; (ii) conversion from a HBsAg negative
to HBsAg positive status after the commencement of che-
motherapy; and (iii) increase of the HBV DNA titer to
above the detection limit in patients with HBV DNA titers
below the detection limit of the assay after the commence-
ment of chemotherapy.1,2 In addition, elevation of the se-
rum aspartate aminotransferase (AST) and/or alanine
aminotransferase (ALT) levels along with HBV DNA posi-
tivity and improvement in response to antiviral therapy
was also defined as HBV reactivation in this study.

Variables examined
The variables examined in the patients with HBV reactiva-
tion are listed below. Patient background factors were age,
sex, the underlying malignancy, presence/absence of liver
metastasis, presence/absence of concomitant liver disease
and history of alcohol consumption.
Factors related to the chemotherapy inducing the HBV

reactivation were chemotherapeutic regimen used, the
day of commencement of chemotherapy, the day of dis-
continuation of chemotherapy and concomitant use of
glucocorticoid.
Status at the occurrence of reactivation included date of

diagnosis of HBV reactivation, symptoms associated with
the HBV reactivation, the antiviral drugs used for treating
the HBV reactivation, date of start of antiviral drug admin-
istration, concomitant treatments for HBV reactivation,

severity of the liver dysfunction caused by the reactivation
and outcome after the reactivation.
Laboratory tests before and after the HBV reactivation

consisted of hemogram (leukocytes, neutrophils, lympho-
cytes, hemoglobin, platelets), serum biochemistry (total
bilirubin, AST, ALT, alkaline phosphatase), coagulation
parameters (prothrombin time) and hepatitis B virus
marker profile (HBsAg, HBsAb, HBeAg, hepatitis B e anti-
body, HBcAb, HBV DNA load).

RESULTS

Patient characteristics before the
commencement of chemotherapy

THE RECORDS OF a total of 27 patients with HBV
reactivation diagnosed between June 2005 and

October 2010 were accumulated from 11 institutions
(Table 1). The patient characteristics before the com-
mencement of chemotherapy are shown in Table 2. The
patients consisted of 15 men and 12 women, with a me-
dian age of 62years (range, 39–87). Among the patients
with HBV reactivation, 16 were HBsAg positive and 11
patients were HBsAg negative prior to the commence-
ment of chemotherapy. The underlying malignancies
were hematological malignancies in 14 patients and solid
tumors in 13 patients; among the hematological malig-
nancies, malignant lymphoma was the most common,
while among the solid tumors, hepatocellular carcinoma
was the most common. Among the 11 patients who were
HBsAg negative prior to the chemotherapy, 10 had un-
derlying hematological malignancies and only one had
a solid tumor. The chemotherapy inducing the HBV reac-
tivation was the chemotherapeutic regimen administrated
with hematopoietic stem cell transplantation in four
patients, a rituximab-based regimen in five patients,
platinum combination regimen in four patients and
gemcitabine alone or combination regimen in three
patients. A glucocorticoid was used concomitantly in 18
patients.

Findings at the time of HBV reactivation
At the time of reactivation, 12 patients presented with
symptoms, including fatigue, anorexia, nausea/vomiting,
jaundice, pyrexia and drowsiness (Table 3). Of the 27 pa-
tients, in 24, the HBV reactivation was diagnosed by
checking for elevation of the HBV DNA titers after detec-
tion of increase of the serum AST and/or ALT level, while
in the remaining three patients, reactivationwas diagnosed
by observing conversion from HBsAg negative to HBsAg
positive or an increase of theHBVDNA load in the absence
of elevation of the serum AST and/or ALT levels (patients
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17, 22 and 25). All of the three latter patients with under-
lying hematological malignancies were HBsAg negative
and HBcAb positive prior to the commencement of che-
motherapy, and HBV reactivation was detected by
monthly measurements of the HBsAg or HBV DNA. The
median interval from completion of chemotherapy to
HBV reactivation and median interval from initiation of
chemotherapy to HBV reactivation were 79days (range,
9–1210) and 309days (range, 28–1317), respectively. In
none of the 13 patients (0%) with solid tumors did HBV
developmore than 12months after the completion of che-
motherapy, while in five of the 14 patients (36%) with un-
derlying hematological malignancy, it developed more
than 12months after the completion of chemotherapy.

Outcome after HBV reactivation
Of the 27 patients, 26 were treated with antiviral drugs
such as entecavir or lamivudine at the time of HBV reacti-
vation, while one patient improved spontaneously (pa-
tient 16) (Table 3). Acute liver dysfunction developed at
the time of the reactivation in 24 patients, while the re-
maining three patients showed no evidence of liver

dysfunction (patients 17, 22 and 25). Of the 27 patients,
five (28%) and four (15%) had severe hepatitis and fulmi-
nant hepatitis, respectively, and seven patients (26%) died
of liver failure.

DISCUSSION

IN 2001, DERVITE et al. reported, for the first time, HBV
reactivation in a HBsAg negative patient who had re-

ceived rituximab-based chemotherapy.5 It became clear
then that reactivation could occur not only in HBsAg pos-
itive patients, but also in HBsAg negative and
HBcAb/HBsAb positive patients. Since then, HBV reactiva-
tion has begun to attract much interest in clinical practice.
However, the factors associated with, and the outcomes of,
reactivation have not yet been sufficiently characterized.
Therefore, we conducted a clinical survey of the data of pa-
tients with HBV reactivation, and case reports of 27 pa-
tients with HBV reactivation occurring following
chemotherapy were collected from 11 institutions. This
study focused on the clinical courses of the patients who
developed HBV reactivation, and both patients who

Table 2 Patient characteristics before chemotherapy

Variables n (%)

All patients 27 –
Age (years) Median [range] 62 39–87
Sex Male 15 (56)

Female 12 (44)
Serological marker of hepatitis B viral infection HBsAg (+) 16 (59)

HBsAg (–) 11 (41)
HBsAg (–), and anti-HBs or anti-HBc (+) 6 (22)
HBsAg (–), no data on anti-HBs and anti-HBc 5 (19)

Tumor type
Hematological tumor All 14 (52)

Malignant lymphoma 8 (30)
Multiple myeloma 4 (15)
Leukemia 2 (7)

Solid tumor All 13 (48)
Hepatocellular carcinoma 4 (15)
Bile duct cancer 2 (7)
Others 7 (26)

Chemotherapeutic regimen Hematopoietic stem cells transplant 4 (15)
R-CHOP 5 (19)
Platinum combination 4 (15)
Gemcitabine alone or combination 3 (11)
Others 11 (40)

Concomitant use of a glucocorticoid Present 18 (67)
Liver metastases Present 3 (11)
Complication of liver disease Chronic hepatitis type C 1 (4)
Alcohol abuse Habitual drinker 6 (22)

Social drinker 10 (37)

Anti-HBs, hepatitis B surface antibody; anti-HBc antibody, hepatitis B core antibody; HBsAg, hepatitis B surface antigen, R-CHOP, cyclophosphamide, doxorubicin, vincristine and
prednisone combined with rituximab
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underwent adequate screening and follow up for HBV re-
activation and those who did not undergo adequate
screening and follow up were included in this study. In ad-
dition, patients with various malignant diseases, receiving
various treatment regimens, and any HBsAg status were in-
cluded in this study. Furthermore, not only patients in
whom the HBV reactivation was diagnosed on the basis
of increased HBV DNA titers and conversion of the HBeAg
or HBsAg status, but also those in whom the diagnosis was
made based on elevation of the serum AST and/or ALT
levels along with HBV DNA positivity and improvement
in response to antiviral therapy were included. Therefore,
we obtained comprehensive data on patients developing
HBV reactivation in actual clinical practice. Thus, even
though the number of patients with HBV reactivation
was limited in this study, accumulation of such patients
with HBV reactivation may be expected to contribute to a
further understanding of HBV reactivation and also lead

to the development of some novel countermeasures
against HBV reactivation.
In this study, while reactivation in patients with a HBsAg

positive status prior to chemotherapy was observed in
both patients with underlying hematological malignancies
and solid tumors, reactivation in patients with a HBsAg
negative status prior to chemotherapy occurred predomi-
nantly in patients with underlying hematological malig-
nancies. Previous reports of HBV reactivation in HBsAg
negative patients have rarely been reported in the patients
with solid tumors, including breast cancer,6 hepatocellular
carcinoma,7,8 brain tumors,9 rectal cancer,10 pharynx and
esophageal cancer,11 and lung cancer,11 and in patients re-
ceiving drug regimens including cyclophosphamide, doxo-
rubicin plus 5-fluorouracil, temozolomide, and
mitomycin plus hydroxycamptothecin.7 Our present re-
port serves to emphasize that caution against reactivation
must be exercised even in HBsAg negative patients with

Table 3 Condition at occurrence and outcomes in patients with reactivation of hepatitis B viral infection

Variables n (%)

Symptom Present 12 (44)
Malaise 7 (26)
Anorexia 7 (26)
Nausea/vomiting 2 (7)
Jaundice 1 (4)
Fever 1 (4)
Somnolence 1 (4)

Criteria for diagnosis of HBV reactivation Clinical Diagnosis* 14 (52)
Positive conversion of HBsAg 8 (30)
Increase of the HBV DNA titer to above the detection limit 3 (11)
Increase of the HBV DNA titer by more than 10-fold 2 (7)

Interval from completion of chemotherapy
to HBV reactivation

Median [range], days 79 [9–1210]

Solid tumor, median [range], days 23 [9–319]
Hematological malignancy, median [range], days 218 [55–1210]

Treatment for HBV reactivation Antiviral drug 26 (96)
Entecavir 20 (74)
Lamivudine 8 (30)
Glycyrrhizin 12 (44)
Ursodeoxycholic acid 4 (15)
Interferon 4 (15)
Steroids 2 (17)
Plasma exchange 1 (4)

Type of liver dysfunction Acute hepatitis 15 (55)
Severe hepatitis 5 (19)
Fulminant hepatitis 4 (15)
None 3 (11)

Outcome after reactivation Complete improvement of the serum AST/ALT and
HBV DNA titer to normal range

12 (44)

Incomplete improvement of the serum AST/ALT
and/or HBV DNA titer

8 (30)

Liver failure and death 7 (26)

*Clinical diagnosis: Elevationof the serum aspartate aminotransferase and/or alanine aminotransferase levelswith the detectionofHBVDNApositivity and improvement observed
in response to antiviral therapy

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus infection.
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solid tumors. Glucocorticoids were used in combination
with the chemotherapy to increase the therapeutic efficacy
and/or prevent emetic reaction in 18 of the 27 patients in
our study. Glucocorticoids have been mentioned as risk
factors for HBV reactivation,12 and it appears indeed that
glucocorticoid use may influence the risk of HBV reactiva-
tion. It is necessary to pay attention not only to the anti-
cancer drugs used, but also to whether glucocorticoids
were also used in combination with the drugs as
antiemetics.
In regard to the interval from completion of chemother-

apy to HBV reactivation, HBV reactivation developed
within 12months after the completion of chemotherapy
in all 13 patients (100%) with solid tumors. However, in
five of the 14 (36%) patients with hematological malig-
nancies, HBV reactivation occurred more than 12months
after the completion of chemotherapy. The maximum in-
terval from completion of chemotherapy to HBV reactiva-
tion in this series was 3.3 years in a patient with malignant
lymphoma treated with THP-COP therapy (pirarubicin,
cyclophosphamide, vincristine plus prednisolone). This
late onset was thought to be related to a delayed immune
recovery because of prolonged suppressive effects of the in-
tensive chemotherapy for hematological malignancy and
glucocorticoid treatment, although some patients might
have been due to discontinue prophylactic antiviral drug
treatment. On the other hand, the immunosuppressive ef-
fects of chemotherapy for solid tumors may not be so
prolonged,1–3,13 although almost all patients with solid tu-
mors may die before the late onset of HBV reactivation be-
cause of the generally dismal prognosis. Thus, follow up
for HBV reactivation is obviously necessary for a long pe-
riod of time after completion of chemotherapy in patients
with hematological malignancies, although the follow up
for HBV reactivation is recommended for limited periods,
such as 12months, at least 12months and 2–6months, af-
ter the completion of chemotherapy by some guidelines
and consensus statement.14–16

Among the 24 patients who developed acute liver dys-
function at the time of the reactivation, nine patients
(38%) had severe or fulminant hepatitis and seven pa-
tients (29%) died of liver failure. As previously re-
ported,17,18 the prognosis of patients who develop liver
dysfunction as a complication ofHBV reactivation remains
poor. This finding suggests that periodic monitoring of
liver function is insufficient to prevent liver function-
related deaths associated withHBV reactivation, and coun-
termeasures to prevent liver dysfunction due to HBV reac-
tivation, such as prophylactic administration of antiviral
drug(s) before the commencement of chemotherapy and

periodic monitoring of the HBV DNA levels, is important
in patients receiving chemotherapy.
Consensus statements regarding HBV reactivation were

published by the Asian Pacific Association for the Study
of the Liver (APASL) in 2005,19 the Practice Guidelines
by the American Association for the Study of Liver Diseases
(AASLD) in 2007,20 the Consensus Development Confer-
enceManagement of Hepatitis B by the National Institutes
of Health (NIH) in 2008,16 and the Clinical Practice
Guideline by the European Association for the Study of
the Liver (EASL) in 2009,12 and, in Japan, the Guidelines
for Countermeasures against the Onset of Hepatitis B
due to Immunosuppression and Chemotherapy were pub-
lished in 2009.13 In all of these guidelines, preventive treat-
ments with antiviral drugs for HBsAg positive patients
receiving chemotherapy are recommended. Furthermore,
all guidelines, except the AASLD guideline, recommend
periodic monitoring for HBV DNA and deferred preemp-
tive administration of antiviral drug(s) after positive con-
version of HBV DNA in HBsAg negative HBcAb/HBsAb
positive patients. However, evidence is yet to be
established to support these recommendations, and these
recommendations were based on clinical experiences and
ideal aspects. Therefore, some clinical studies to clarify
their usefulness have been conducted both in Japan and
abroad.1 In the future, even firmer evidence of counter-
measures for HBV reactivation is expected to be
demonstrated.
This study had some limitations. HBcAb and HBsAb

were measured in only 59% and 52% of patients, respec-
tively. Therefore, the diagnostic basis for HBV reactivation
may be inadequate, because patients with HBV reactiva-
tion diagnosed clinically, based on elevation of the serum
AST and/or ALT followed by detection of HBV DNA posi-
tivity and improvement observed in response to antiviral
therapy, were also included in this study. In addition, there
were some missing data in this study, inevitable on ac-
count of the retrospective nature of the study. Finally, we
could not clarify the frequency of HBV reactivation in pa-
tients under chemotherapy who were HBsAg positive or
HBsAg negative and HBcAb/HBsAb positive, because the
number of such patients during the study period could
not be determined in all of the institutions. However, the
frequency of HBV reactivation according to the HBsAg
status could be clarified from the results of some prospec-
tive studies on the risk of HBV reactivation in patients with
solid tumors or hematological malignancies receiving
chemotherapy conducted by our colleagues (UMIN no.
000005369 and 000001299). However, despite these
limitations, the analyses were meaningful, because
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information aboutHBV reactivation following chemother-
apy available to date is rather limited.
In conclusion, HBV reactivation has been observed in

patients with a variety of malignancies, but almost all of
the patients who developed HBV reactivation from a
HBsAg negative status had underlying hematological
malignancies. Because late onset of HBV reactivation was
often observed in patients with hematological malignan-
cies, follow up for HBV reactivation is obviously necessary
for a long period of time after completion of chemother-
apy in patients with hematological malignancies. As the
prognosis of patients who develop liver dysfunction as a
complication of HBV reactivation remains poor, counter-
measures to prevent liver dysfunction due to HBV reac-
tivation is important in patients receiving chemotherapy.
To establish firm evidence of HBV reactivation, further
well-designed clinical trials are warranted.
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Editorial

Locoregional Therapy for  
Hepatocellular Carcinoma

Transplantation, resection, and ablation are recommended for the treatment of very 
early (single <2 cm diameter) and early (single or <3 nodules <3 cm diameter) stage hepa-
tocellular carcinomas (HCCs) as determined using the Barcelona Clinic Liver Cancer (BCLC) 
staging system [1]. In addition, transarterial chemoembolization (TACE) is recommended 
for intermediate-stage multinodular HCCs, systemic therapy with sorafenib for advanced-
stage HCCs, and best supportive care for end-stage HCCs, respectively. In this issue, we re-
view current locoregional therapeutic modalities including local ablation, TACE and arterial 
infusion chemotherapy.

Although radiofrequency ablation (RFA) [2, 3] is the best current method for ablation, 
many differences exist between the techniques used in Japan and those used in other coun-
tries such as the United States and in Europe. In Japan, computed tomography is used to as-
sess the outcome of RFA immediately after the procedure, and the technique is repeated un-
til a sufficient ablative margin is obtained, which has been found to produce nearly a 100% 
tumor necrosis rate. In other words, the RFA is repeated to achieve a complete response (CR) 
in most cases, and this is markedly different from the RFA treatment performed in the United 
States and Europe, in which the outcome is usually assessed at one month after a single abla-
tion. Consequently, necrosis rates of HCC following RFA are different between Japan and the 
other aforementioned countries, which is described in detail in the review articles by Drs. 
Kang and Rhim [4].

Furthermore, TACE, which is the representative regional therapy, has conventionally 
been performed by first infusing doxorubicin or epirubicin suspended in Lipiodol, followed 
by embolization with a gelatin sponge (conventional Lipiodol-TACE). Conversely, in the Unit-
ed States and Europe, drug-eluting beads TACE (DEB-TACE) with microspheres (DC beads) 
is frequently performed as the standard method. In addition, radioembolization with yttri-
um-90 for internal irradiation has  also been performed proactively in recent years.

We are proud of TACE, which was first developed in Japan and that has evolved mark-
edly over the years, because the complete cure of HCC is now possible with the use of su-
perselective or subsegmental TACE. However, conventional TACE is often ineffective, or it 
may even adversely affect hepatic functional reserve when used in patients with huge and/
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or multinodular HCCs that are commonly observed in Western countries. Instead of conven-
tional TACE, DEB-TACE may be indicated for huge HCCs or bilateral multinodular HCCs that 
are observed worldwide. Although DC beads treatment was recently approved in Japan, it is 
thought that superselective Lip-TACE will continue to be the curative treatment for patients 
with a few or small HCCs. In contrast, DEB-TACE is often performed in patients with large 
multinodular HCCs, or those who are refractory to conventional TACE. The advantages of 
using DEB-TACE include no significant decline in hepatic functional reserve and a sustained 
release of anticancer drugs. More details are described in the review article by Tsurusaki and 
Murakami [5].

Although not listed as a recommendation in the BCLC staging system, Japanese physi-
cians have been proactively performing hepatic arterial infusion chemotherapy (HAIC), in 
which an infusion reservoir is implanted in the body, in patients with bilateral multinodular 
HCCs or HCCs with vascular invasion [6, 7]. Because HAIC has not been investigated pro-
spectively, the retrospective data currently lacks sufficient clinical evidence. Despite this, the 
response rate of Japanese patients treated with HAIC is high, ranging from 40–50%, with 
10% of patients achieving a CR. Based on our experience, it is clear that the survival rate is 
high among complete and partial responders. In this regard, it is no longer ethical in Japan to 
perform a comparative clinical study using a non-treatment group. HAIC is safe even in pa-
tients with a tumor invading the main branch of the hepatic portal vein (Vp4), or in patients 
with Child–Pugh stage B liver disease, who do not qualify to receive sorafenib therapy, which 
often results in the drastic disappearance of tumor-related vascular invasion. Consequently, 
HAIC is performed proactively in daily clinical practice in Japan [8]. In fact, the treatment 
algorithm in the Japan Society of Hepatology consensus-based clinical practice guidelines for 
the management of HCC published by the Liver Cancer Study Group of Japan recommends 
HAIC for patients with good hepatic functional reserve and vascular invasion or those with a 
contraindication to TACE [7, 9]. This is one of the big differences in the treatment approach 
for HCC between Japan and Western countries. Furthermore, with a recent report about the 
extremely good outcome of arterial infusion chemotherapy with concurrent radiotherapy 
[10], HAIC is expected to be adopted widely around the world in the future.
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Objective. To evaluate safety and immune responses of personalized peptide vaccination (PPV) for hepatitis C virus- (HCV-)
positive advanced hepatocellular carcinoma (HCC). Patients and Methods. Patients diagnosed with HCV-positive advanced HCC
were eligible for this study. Amaximumof fourHLA-matched peptideswere selected based on the preexisting IgG responses specific
to 32 different peptides, which consisted of a single HCV-derived peptide at core protein positions 35–44 (C-35) and 31 peptides
derived from 15 different tumor-associated antigens (TAAs), followed by subcutaneous administration once per week for 8 weeks.
Peptide-specific cytotoxic T lymphocyte (CTL) and IgG responses were measured before and after vaccination. Results. Forty-two
patientswere enrolled.Grade 3 injection site skin reactionwas observed in 2 patients, but no other PPV-related severe adverse events
were noted. Peptide-specific CTL responses before vaccination were observed in only 3 of 42 patients, but they became detectable
in 23 of 36 patients tested after vaccination. Peptide-specific IgG responses were also boosted in 19 of 36 patients. Peptide-specific
IgG1 responses to both C-35 and TAA-derived peptides could be potentially prognostic for overall survival. Conclusion. Further
clinical study of PPV would be warranted for HCV-positive advanced HCC, based on the safety and strong immune induction.

1. Introduction

Although sorafenib has been approved for advanced hepato-
cellular carcinoma (HCC), which is defined as metastatic or
locally advanced disease not amenable to locoregional ther-
apies, the efficacy of this agent was modest and the median
survival time (MST) was around 10months [1, 2]. In addition,
no other systemic treatments have shown obvious efficacy

in the past 5 years [3, 4]. Nevertheless, new approaches to
immunotherapy, such as glypican-3 targeting peptide vaccine
and anti-CTLA4 treatment, have shown promising results in
the early phase of clinical studies [5–9].

We have developed a novel regimen of personalized
peptide vaccination (PPV) that can be used to treat cancer
patients with many different HLA-class I types. In this
approach, the preexisting host immunity is analyzed to select
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4 peptides from among 31 pooled peptides derived from 15
different TAAs, which are then administered as a vaccination
[10–15]. PPV has the potential to prolong overall survival
(OS) in advanced cancer patients who fail to respond to
standard chemotherapy. We also reported a prophylactic
effect of PPVwith hepatitis C virus- (HCV-) derived peptides
against the development of HCC associated with HCV [16–
18].TheHCV-core peptide at positions 35–44 (C-35 peptide),
which can induce cytotoxic T lymphocyte (CTL) activity in
many different HLA-class I types, is a key peptide in the
prophylactic effect [19]. In the current study, therefore, we
conducted a phase II study of PPV, in which 4 peptides were
selected from among 32 different peptides that consisted of
a C-35 peptide and 31 peptides derived from 15 TAAs, for
HCV-positive advancedHCCpatients in order to evaluate the
safety and immune responses.

2. Patients and Methods

2.1. Patients. Patients who were diagnosed with HCV-
positive advanced HCC as defined by metastatic or locally
advanced disease and were not candidates for locoregional
therapies were eligible for this study. Staging was carried out
according to the Japanese integrated staging system (Liver
Cancer Study Group of Japan) [8, 20]. The patients had to
show positive IgG responses to at least 2 of the 32 different
vaccine candidate peptides, as reported previously [10–18].
Other inclusion criteria were as follows: age between 20 and
80 years; an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1 at the time of first visit; positive
status for the human leukocyte antigens (HLA) A2, A24, A3
supertype (A3, A11, A31, or A33), or A26; life expectancy of at
least 12 weeks; and adequate hematologic, hepatic, and renal
function. Exclusion criteria included pulmonary, cardiac, or
other systemic diseases; an acute infection; a history of severe
allergic reactions; pregnancy or nursing; and other inap-
propriate conditions for enrollment as judged by clinicians.
The protocol was approved by the Ethical Committee of
each university and registered in the UMIN Clinical Trials
Registry (UMIN000003520, UMIN000005634). All patients
were given a full explanation of the protocol and provided
their informed consent before enrollment.

2.2. Clinical Protocol. This was a phase II study conducted
by Kurume University, Kinki University, Hirosaki Univer-
sity, Fukushima Prefectural College, and Showa University
Hospitals. Primary endpoint was to evaluate the safety
and immunological responses. Secondary endpoint was to
evaluate a clinical benefit from the viewpoint of OS. C-35
peptide (YLLPRRGPRL) derived from theHCV core protein,
which was applicable for all the above-listed HLA types as
reported previously [16–19], and 31 peptides, which were
derived from 15 different TAAs [12 peptides for HLA-A2,
16 peptides for HLA-A24, 9 peptides for HLA-A3 super-
types (-A3, -A11, -A31, and -A33), and 4 peptides for HLA-
A26] (Supplementary Table 1, Supplementary Material avail-
able online at http://dx.doi.org/10.1155/2015/473909), were
employed for vaccination. These peptides were prepared

under the conditions of Good Manufacturing Practice by
the Polypeptide Laboratories (San Diego, CA) and American
Peptide Company (Vista, CA).

Two to four peptides for vaccination to individual
patients were selected in consideration of the HLA typing
and preexisting host immunity, as assessed by the titers of
IgG specific to each of the 32 different vaccine candidates
before vaccination [10–18]. The selected peptides were sub-
cutaneously administered with incomplete Freund’s adjuvant
(Montanide ISA-51; Seppic, Paris, France) once a week for
8 consecutive weeks. During the PPV, only best supportive
care was allowed except for patients who were receiving
chemotherapy or targeted therapy at the time of entry. Tumor
markers (TM), 𝛼𝛼-fetoprotein (AFP), and des-𝛾𝛾-carboxy pro-
thrombin (DCP) were measured before and after the 8th
vaccination. Adverse events were monitored according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0 (NCI-CTC Ver. 4.0).

2.3. Measurement of IgG and CTL Responses. Humoral
immune responses specific to each of the 32 peptide candi-
dates were determined by measuring the levels of peptide-
specific IgG and IgG subclasses (IgG1, IgG2, IgG3, and
IgG4) using the Luminex system (Luminex, Austin, TX), as
previously reported [10–15]. If the titers of peptide-specific
IgG to at least one of the vaccinated peptides after the 8th
vaccination were more than twofold higher than those before
vaccination, the changes were considered to be significant,
as previously reported [10–15]. CTL responses specific to the
vaccinated peptides were evaluated by interferon- (IFN-) 𝛾𝛾
ELISPOT assay using peripheral blood mononuclear cells
(PBMCs) before and after vaccination as previously reported
[10–15]. As a control, CTL responses specific to CEF peptides
(MABTECH, Cincinnati, OH), a mixture of virus-derived
CTL epitopes, were also examined.

2.4. Statistical Analyses. OS was calculated from the first day
of peptide vaccination until the date of death or the last
date when the patient was known to be alive. The survival
analysis was performed with the Kaplan-Meier method, and
a comparison of the survival curves was performed with the
log-rank test or Wilcoxon test. Spearman’s correlation index
was utilized to examine the association among the values of
IgG and IgG subclasses. Values of 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 were considered
to indicate statistical significance. All statistical analyses were
conducted using the JMP software package, version 10 (SAS
Institute Inc., Cary, NC).

3. Results

3.1. Patients’ Characteristics. Between December 2000 and
May 2013, 42 patients with HCV-positive advanced HCC
(Stage IVa: 15 patients; Stage IVb: 27 patients) were enrolled
in this study (Table 1). The Japanese integrated staging (JIS)
scores [20, 21] of the 42 patients were 3 (𝑛𝑛 𝑛 𝑛𝑛), 4 (𝑛𝑛 𝑛 𝑛𝑛),
and 5 (𝑛𝑛 𝑛 𝑛). Previously conducted regimens of locoregional
therapies included hepatectomy (𝑛𝑛 𝑛 𝑛𝑛), surgery other
than hepatectomy (𝑛𝑛 𝑛 𝑛), radiation (𝑛𝑛 𝑛 𝑛), transcatheter
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Table 1: Patients’ characteristics (𝑛𝑛 𝑛 𝑛𝑛).
Factor Number
Age

Median (range) 70
(48–80)

Gender
Male 34
Female 8

ECOG performance status
0 32
1 10

HLA type
A24 24
A2 21
A3 supertype 14
A26 13

Clinical stage
IVa 15
IVb 27

JIS score
3 21
4 18
5 3

Previously conducted treatments
Locoregional

Hepatectomy 14
Surgery other than hepatectomy 2
Radiation 9
Transcatheter arterial embolization (TAE) 23
Transcatheter arterial chemoembolization (TACE) 16
Hepatic arterial infusion chemotherapy (HAIC) 16
Radiofrequency ablation (RFA) 15
Percutaneous ethanol injection therapy (PEIT) 6
Microwave coagulation therapy (MCT) 3

Systemic
Sorafenib 21
5-FU based chemotherapies 6
Other clinical trials 9

AFP at first visit

Median (range), ng/mL
376
(3.7–

103000)
DCP at first visit

Median (range), mAU/mL
2335
(11–

778000)
Number of vaccinations

Median (range) 8 (3–8)
Combination therapy

None 30
Sorafenib 10
Chemotherapy 2

ECOG: Eastern Cooperative Oncology Group; JIS: Japanese integrated
staging; AFP: 𝛼𝛼-fetoprotein; DCP: des-𝛾𝛾-carboxy prothrombin.

arterial embolization (TAE) (𝑛𝑛 𝑛 𝑛𝑛), transcatheter arterial
chemoembolization (TACE) (𝑛𝑛 𝑛 𝑛𝑛), hepatic arterial
infusion chemotherapy (HAIC) (𝑛𝑛 𝑛 𝑛𝑛), radiofrequency

ablation (RFA) (𝑛𝑛 𝑛 𝑛𝑛), percutaneous ethanol injection
therapy (PEIT) (𝑛𝑛 𝑛 𝑛), and microwave coagulation therapy
(MCT) (𝑛𝑛 𝑛 𝑛). The median number of these treatment
regimens was 2, with a range of 0 to 5. Previously conducted
systemic therapies for advanced HCC were sorafenib (𝑛𝑛 𝑛
𝑛𝑛), 5-FU based drugs (𝑛𝑛 𝑛 𝑛), and new clinical trials (𝑛𝑛 𝑛 𝑛),
with a median regimen number of 1 and a range of 0 to 4.

The median value of AFP at the time of the first visit,
two weeks before the 1st vaccination, was 376 ng/mL (3.7
to 103,000 ng/mL), while the median value of DCP was
2,335mAU/mL (11 to 778,000mAU/mL). Thirty-six patients
received 8 vaccinations and completed the protocol, whereas
the remaining 6 patients dropped from the protocol before
the 8th vaccination due to rapid disease progression (𝑛𝑛 𝑛 𝑛)
or of their own will (𝑛𝑛 𝑛 𝑛). The median number of peptide
vaccinations was 8, with a range of 3 to 8. Thirty patients
received PPV alone, 10 patients received PPV with sorafenib,
1 patient received PPV with S-1, and 1 patient received PPV
with HAIC.

3.2. Adverse Events. Skin reactions of grades 1, 2, and 3 at
the injection sites were observed in 15, 4, and 2 patients,
respectively, but no other PPV-related severe adverse events
were observed (Table 2). Fourteen grade 3 adverse events
were observed during vaccination, with 10 events occurring
in patients treated with PPV alone and 4 events occurring in
those with PPV and combined therapies. No grade 4 adverse
events were observed, whereas a grade 5 adverse event was
observed in 1 patient with PPV and sorafenib (pleural infec-
tion). All of them except for skin reaction at injection sites
were considered to be due to disease progression or combined
therapies judged by an independent ethical committee.

3.3. Immune Responses. Both peptide-specific CTL and IgG
responses were analyzed in prevaccination blood samples
from all 42 patients and in postvaccination samples from 36
patients who completed the 8th vaccination. CTL responses
to the vaccinated peptides were detectable in only 3 of 42
patients before vaccination (2 patients for C-35 peptide and 1
patient for TAA peptide) (Supplementary Table 2). However,
it became detectable after vaccination in 23 of 36 patients:
CTL responses specific to the C-35 peptide were observed
in 19 of 36 patients tested, and those specific to the TAA-
derived peptides were observed in 15 of 36 patients. We also
tested CTL responses to CEF peptides, a mixture of virus-
derived CTL epitopes, as a control. They were present in 15
of 42 patients before vaccination and in 19 of 36 patients
after the 8th vaccination (Supplementary Table 2). Increase
or decrease of CTL responses to CEF peptides was observed
in 15 or 5 of 36 patients, respectively.

Peptide-specific IgG responses before vaccination were
observed in all patients, with very high levels of IgG titers
to the C-35 peptide in most of them. Augmentation of the
IgG responses to at least one of the vaccinated peptides
after vaccination was observed in 19 of 36 patients tested,
with an increase of IgG specific to the C-35 peptide in 5 of
36 patients and an increase of IgG specific to TAA-derived
peptides in 19 of 36 patients (Supplementary Table 2). To
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Table 2: Adverse events during the PPV (𝑛𝑛 𝑛 𝑛𝑛).

Event Number
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total (%)

Injection site skin reaction 15 4 2 0 0 21 (50%)
Blood/bone marrow

Anemia 7 4 0 0 0 11 (26%)
Lymphopenia 9 1 0 0 0 10 (24%)
Neutropenia 0 2 0 0 0 2 (5%)
Thrombocytopenia 7 0 0 0 0 7 (17%)
Leukopenia 3 1 0 0 0 4 (10%)

Laboratory
AST increase 4 6 4 0 0 14 (33%)
ALT increase 10 1 2 0 0 13 (31%)
ALP increase 9 2 0 0 0 11 (26%)
GGT increase 7 3 2 0 0 12 (29%)
Bilirubin increase 2 2 0 0 0 4 (10%)
Creatinine increase 2 1 0 0 0 3 (7%)

Gastrointestinal disorders
Anorexia 5 3 0 0 0 8 (19%)
Abdominal distension 2 0 0 0 0 2 (5%)
Ascites 2 1 1 0 0 4 (10%)
Constipation 0 2 0 0 0 2 (5%)

Edema limbs 2 0 0 0 0 2 (5%)
Fever 5 0 0 0 0 5 (12%)
Malaise 3 0 0 0 0 3 (7%)
Pain 1 3 2 0 0 6 (14%)
Pruritus 2 0 0 0 0 2 (5%)
Eruption 2 1 0 0 0 3 (7%)
Urinary incontinence 0 1 0 0 0 1 (2%)
Pleural infection 0 0 0 0 1 1 (2%)
Hypertension 0 0 1 0 0 1 (2%)
Insomnia 0 1 0 0 0 1 (2%)

better understand humoral immune responses, the levels of
IgG subclasses (IgG1, IgG2, IgG3, and IgG4) specific to the
vaccinated peptides before and after vaccination were also
measured (Supplementary Table 3). There was a significant
correlation between peptide-specific IgG and IgG1 (Spear-
man rank correlation coefficient = 0.865), but not between
IgG and IgG2, IgG3, or IgG4 (Spearman rank correlation
coefficient: IgG versus IgG2 = 0.376, IgG versus IgG3 =
0.371, and IgG versus IgG4 = 0.310). In contrast, there were
substantial correlations among peptide-specific IgG2, IgG3,
and IgG4 (Spearman rank correlation coefficient: IgG2 versus
IgG3 = 0.554, IgG2 versus IgG4 = 0.491, and IgG3 versus IgG4
= 0.556).

3.4. Clinical Responses. AFP was decreased after vaccination
in 9 of 33 patients, who showed abnormal elevation of serum
AFP (>10 ng/mL) before vaccination (Supplementary Table
2). Decrease in another tumormarker, DCP, after vaccination
was also observed in 9 of 33 patients, who showed abnormal

elevation of serum DCP (>40mAU/mL) before vaccination
(Supplementary Table 2). TheMST of the 42 patients was 184
days (Figure 1(a)). It is of note that the MST of patients with
a JIS score of 3 (189 days) was not substantially different from
that of patients with a JIS score of 4 or 5 (164 days) (Fig-
ure 1(b), 𝑃𝑃 𝑛 𝑃𝑃𝑃𝑃 by log-rank test). In addition, combination
therapy with sorafenib had no effect on theMST (Figure 1(c),
𝑃𝑃 𝑛 𝑃𝑃𝑃𝑛 by log-rank test). As expected, however, patients
showing decrease in AFP or DCP after the 8th vaccination
(𝑛𝑛 𝑛 𝑛𝑃; MST, 286 days) showed longer survival than those
without such decreases (𝑛𝑛 𝑛 𝑛𝑃; MST, 180 days) (Figure 1(d);
𝑃𝑃 𝑛 𝑃𝑃𝑃𝑛 by log-rank test, 𝑃𝑃 𝑛 𝑃𝑃𝑃𝑛𝑃 by Wilcoxon test).

Notably, all 6 patients showing increased IgG1 responses
to both C-35 peptide and TAA-derived peptides survived
more than 210 days, and their MST (286 days) tended to
be longer than that of patients showing an increased IgG1
response to either peptide (𝑛𝑛 𝑛 𝑛𝑃, 162 days) or that of
patients showingno increase to any peptide (𝑛𝑛 𝑛 𝑛𝑛, 223 days)
(Figure 2(a); 𝑃𝑃 𝑛 𝑃𝑃𝑛𝑛 by log-rank test, 𝑃𝑃 𝑛 𝑃𝑃𝑃𝑃 byWilcoxon
test). However, peptide-specific IgG (Figure 2(b); 𝑃𝑃 𝑛 𝑃𝑃𝑃𝑃 by
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Figure 1: Survival analysis.The survival analysis was performed with the Kaplan-Meier method, and a comparison of the survival curves was
performed with the log-rank test. (a) The median survival time (MST) from the first vaccination of PPV was 184 days in 42 patients. (b) The
patients with a JIS score of 3 (MST, 189 days) did not show significantly different survival, compared to those with a JIS score of 4 or 5 (MST,
164 days) (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). (c) Combination therapy with sorafenib did not affect OS (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). (d) Patients with decreased TM (tumor markers),
AFP, or DCP, after vaccination (MST, 286 days) showed longer survival than those without it (MST, 180 days) (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃).

log-rank test), IgG2 (Figure 2(c), 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 by log-rank test),
IgG3, or IgG4 responses (data not shown) as well as peptide-
specific CTL responses (Figure 2(d), 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 by log-rank
test) did not show prognostic significance.

4. Discussion

The tumor immunity against HCV-positive advanced HCC
was reported to be deeply suppressed [22]. For example,
molecules involved in T cell check points have been suggested
to inhibit CTL responses against tumor cells in advanced
HCC [9]. As expected, the current study demonstrated that
CTL responses to the vaccinated peptides, but not to virus-
derived peptides, before vaccination were rarely observed,
indicating that the antitumor immunity in the enrolled
patients was severely depressed. However, CTL responses
to the vaccinated peptides became detectable at the end of

the 8th vaccination in 23 of 36 patients tested. In addition,
PPV did not suppress but rather increased the CTL responses
to virus-derived peptides.The peptide-specific IgG responses
were also boosted in 19 of 36 patients tested. Severe PPV-
related adverse events were rarely observed, in agreement
with our previous reports [10–18]. In sum, these results indi-
cate that PPV might be a useful approach for HCV-positive
advanced HCC patients, who fail to respond to various
locoregional and/or systemic treatment regimens, from the
viewpoint of both safety and immunological responses.

The MST of the enrolled patients from the first vacci-
nation of PPV was 184 days, with 189 days for the patients
with JIS score of 3 and 164 days for those with JIS score of
4 or 5. The current data might be promising for the patients
with the JIS score of 4 or 5, since the MST of these patients
was reported to be around 3 to 4 months [20, 21]. The MSTs
of patients treated with PPV alone or PPV in combination
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Figure 2: Immune response and overall survival. Association between immune responses and OS was examined with the Kaplan-Meier
method, and a comparison of the survival curves was performed with the log-rank test. (a)The peptide-specific IgG1 response was potentially
prognostic (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 by log-rank test, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 by Wilcoxon test); all 6 patients showing increased IgG1 responses to both the C-35 peptide
and TAA-derived peptides survivedmore than 210 days, and theirMST (286 days) tended to be longer than that of patients showing increased
IgG1 responses to either peptide (162 days) or that of patients showing no increase to any peptide (223 days). (b) The peptide-specific IgG
response was not prognostic (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). (c) The peptide-specific IgG2 response was not prognostic (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). (d) The peptide-specific CTL
response was not prognostic (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃).

with sorafenib were 186 or 174 days, respectively. No grade
4 or 5 adverse events were observed in patients with PPV
alone, whereas a grade 5 adverse event (pleural infection)
was observed in a patient receiving PPV and sorafenib.These
results suggested that the combination of sorafenib and PPV
had no additive benefit, although the scale of the study was
small.

From the viewpoint of biomarkers, the peptide-specific
IgG1 response was suggested to be a potentially prognostic
factor in this study, since all 6 patients showing boosted IgG1
responses to both C-35 peptide and TAA-derived peptides
survived more than 210 days, and their MST (286 days)
tended to be longer than that of patients showing boosted

IgG1 responses to either peptide alone (162 days) or that of
patients showing no increase in response to any peptide (223
days) (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 by log-rank test, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 by Wilcoxon test).
In contrast, the peptide-specific IgG2 response did not show
prognostic significance. Since IgG1, but not IgG2, is known to
enhance antibody-mediated opsonization and phagocytosis
of antigens, peptide-specific IgG1 may enhance antitumor
immunity through phagocytosis and cross-presentation of
antigen peptides [23]. Further studies will be needed to clarify
the mechanisms.

In contrast to IgG1 responses as a potential prognostic
biomarker, the peptide-specific CTL response was not well
correlated with OS in these patients under PPV. This may
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have been mainly due to the small size of patient numbers.
Indeed, we suggested that the peptide-specific IgG response
was more useful than the peptide-specific CTL response as
a prognostic biomarker for patients under PPV, primarily
becausemonitoring of IgG responses shows higher sensitivity
than that of CTL responses [24].

5. Conclusion

The current study indicated that PPV with both a HCV-
derived CTL epitope peptide and 31 peptides from TAAs
could be recommended for the next step of a clinical trial in
HCV-positive advanced HCC patients, because of safety and
strong immune induction.
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Introduction
!

Endoscopic ultrasound (EUS)-guided biliary
drainage (EUS-BD) has been developed as an al-
ternative technique for cases of failed endoscopic
biliary drainage, percutaneous transhepatic bili-
ary drainage, or inaccessible papilla [1,2]. Gener-
ally, this novel method, especially EUS-guided he-
paticogastrostomy, has been indicated for extra-
hepatic bile duct obstruction, or for isolated left
intrahepatic bile duct (IHBD) obstruction because
only the left IHBD can be punctured to access the
IHBD tree using transgastric EUS imaging. There-
fore, hepatic hilar obstruction and isolated right
IHBD obstruction are not normally indications
for EUS-guided hepaticogastrostomy.
A recent report described EUS-BD for isolated
right IHBD obstruction [3], with antegrade stent-
ing using uncovered metal stents or bypass stent-
ing using fully covered metal stents. However,
antegrade stenting carries the risk of bile leakage
from the fistula, and bypass stentingmay result in
branch bile duct occlusion from use of the fully
covered metal stent.
The aim of the current pilot study was to evaluate
the technical feasibility and clinical efficacy of a
novel technique of EUS-BD for biliary obstruction
involving the right hepatic bile duct.

Patients and methods
!

Patients who were histologically diagnosed as
having unresectable carcinoma and obstructive
jaundice due to an obstructed right IHBDwere in-
cluded in this study from June 2012 to February
2014.Patients provided written informed consent
to all procedures associated with the study.

Protocol for EUS-guided biliary drainage
One therapeutic endoscopist (T.O.), who was
trained and experienced in both EUS and endo-
scopic retrograde cholangiopancreatography
(ERCP), performed the procedures. All patients
were given antibiotics before undergoing proce-
dure. The IHBD was imaged at a frequency of
7.5MHz using a convex echoendoscope (GF-
UGT260; Olympus Optical Co. Ltd., Tokyo, Japan)
connected to an ultrasound device (SSD5500;
Aloka, Tokyo, Japan). This novel technique of
EUS-BD was applied using either a left or a right
biliary access route.

Left biliary access route
(●" Fig.1,●" Video 1)
The echoendoscope was advanced into the stom-
ach and the left IHBD was visualized. The left
IHBD was then punctured using a 19-G needle
(Sono Tip Pro Control 19G; Medi-Globe GmbH,
Rosenheim, Germany). After aspiration of bile
juice, contrast medium was injected and images
of the biliary tree were obtained. Then, a 0.025-

Ogura Takeshi et al. Endoscopic ultrasound-guided biliary drainage… Endoscopy 2015; 47: 72–75

Endoscopic ultrasound (EUS)-guided biliary
drainage (EUS-BD) is not normally indicated for
an obstructed right intrahepatic bile duct (IHBD).
The technical feasibility and clinical efficacy of a
novel technique of EUS-BD for right IHBD obstruc-
tion were evaluated. A total of 11 patients under-
went drainage using either a left or a right biliary
access route. The causes of obstructive jaundice
were cholangiocarcinoma (n=6), pancreatic can-

cer (n=3), gastric cancer (n=1), and colon cancer
(n=1). After placement of an uncovered metal
stent to bridge the obstruction, a hepaticogas-
trostomy was completed using a covered stent.
Mean procedure time was 33.9±10.0 minutes.
Technical and functional success were achieved
in all patients, and no adverse events occurred.
This novel method appears to be safe and effective
for right IHBD obstruction.
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inch stiff guidewire (VisiGlide; Olympus Medical Systems, Tokyo,
Japan) was inserted, and a standard ERCP catheter (MTW Endos-
kopie, Düsseldorf, Germany) replaced the 19-G needle. An at-
tempt was then made to advance the guidewire into the right
IHBD (●" Fig.1a). If the guidewire could not be advanced into
the right IHBD, it was exchanged for a controllable ERCP cannula
in order to negotiate the axis between the right IHBD and the
ERCP catheter.
Next, the delivery system for the uncovered metal stent was
inserted (6-Fr delivery, 1cm×6cm, Zilver 635 Biliary Self-Ex-
panding Stent; Cook Medical, Bloomington, Indiana, USA)
(●" Fig.1b). After placement of this stent between the right and
left IHBDs (bridging method), EUS-guided hepaticogastrostomy
was performed from the left intrahepatic bile duct to the stomach
using a fully covered self-expandable metal stent (end bare type,
Niti-S biliary covered stent; TaeWoong Medical, Seoul, Korea)
(●" Fig.1c).

Right biliary access route (●" Fig.2,●" Video 2)
The echoendoscope was advanced into the antrum or duodenal
bulb. Using counterclockwise rotation, the right IHBDwas visual-
ized. To prevent branch bile duct obstruction or bile leakage, dou-
ble metal stents (locking stent method) were used, as previously
described [4]. After puncturing the right IHBD, the uncovered
metal stent (Bile Rush; Piolax Medical Devices Inc., Kanagawa, Ja-
pan) was placed to bridge the obstruction of the right system to-

wards the right hepatic parenchyma (●" Fig.2a,c). A fully covered
metal stent was then placed from the proximal end of the uncov-
ered metal stent to the duodenal bulb or stomach (●" Fig.2b,d).

Results
!

●" Table1 shows the patient characteristics. The right biliary ac-
cess method was performed in four patients and the left biliary
access was used in seven patients. The causes of obstructive jaun-
dice were cholangiocarcinoma (n=6), pancreatic cancer (n=3),
gastric cancer (n=1), and colon cancer (n=1). The reasons for
left biliary access were duodenal obstruction (n=5) and altered
anatomy (n=2), and the reasons for right biliary access were
also duodenal obstruction (n=1), altered anatomy (n=1), as well
as inability to advance the guidewire to the bile duct (n=2). Ac-
cess sites for the right route were the antrum (n=3) and duode-
nal bulb (n=1). For left biliary access, a standard ERCP cannula
was successfully used in five patients and a controllable ERCP
cannula was used in two patients.
The mean procedure time was 33.9±10.0 minutes. Total serum
bilirubin was significantly decreased after this procedure (from
8.7±2.7mg/dL to 1.7±1.0mg/dL; P<0.05). Technical success was
achieved in all patients. No adverse events occurred during a
mean follow-up of 4.1 months. Seven patients died from progres-
sive disease.

Fig.1 Bridging method. a Using a controllable endoscopic retrograde cholangiopancreatography cannula, the guidewire is advanced into the right hepatic
bile duct. b The uncovered metal stent is placed. c Finally, a metal stent is placed from the left hepatic bile duct to the stomach.

Fig.2 Locking stent method. a Uncovered metal
stent between the right intrahepatic bile duct and
the hepatic parenchyma (arrow). b The delivery
system is inserted into the uncovered metal stent
(red arrow, end of the uncovered metallic stent;
yellow arrow, delivery system of the fully covered
metal stent). c An uncovered metal stent is placed
from the intestine to the hepatic parenchyma.
d A fully coveredmetal stent is then placed from the
proximal end of the uncovered metal stent to the
duodenal bulb or stomach.
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Video 2

From the duodenal bulb, the right
intrahepatic bile duct is visualized
and punctured using a 19-G fine-
needle aspiration needle. Contrast
medium is injected to visualize the
biliary tree. The guidewire is then in-
serted and advanced into the intes-
tine using an endoscopic retrograde
cholangiopancreatography catheter.
The uncovered metal stent is then
placed between the intestine and
the hepatic parenchyma. Next, the
delivery system for the fully covered
metal stent is inserted into the un-
covered metal stent, and the fully
covered metal stent is placed for
drainage into the duodenum.

Online content including
video sequences viewable
at: www.thieme-connect.de

Video 1

The left intrahepatic bile duct is
punctured, and contrast medium is
injected. The guidewire is then inser-
ted into the bile duct. Using an
endoscopic retrograde cholangio-
pancreatography catheter, the
guidewire is advanced into the intes-
tine. The 6-Fr delivery system is suc-
cessfully inserted without a dilation
fistula, and the metal stent is placed
above the ampulla of Vater. Finally,
endoscopic ultrasound-guided hepa-
ticogastrostomy is performed.

Online content including
video sequences viewable
at: www.thieme-connect.de

Table 1 Patient characteristics.

Patient #

Age, years

Sex

Type of

cancer

Indication

for EUS-BD

Obstruction

site

Puncture site Drainage method Dilation

of fistula

Proce-

dure

time

Adverse

events,

Early/

Late1

Follow-up

period, days/

clinical

course

#1
78
Female

Pan-
creatic

Duodenal obstruc-
tion

Hepatic
hilum

Right IHBD
from stomach

Locking stent
method

None 27 None/
None

88/Dead

2
76
Male

Bile duct Altered anatomy Hepatic
hilum

Right IHBD
from stomach

Locking stent
method

Balloon
dilation

32 None/
None

189/Alive

3
67
Male

Bile duct Could not advance
the guidewire to
the anterior bile
duct under ERCP

Right hepa-
tic bile duct

Anterior bile
duct from
duodenal bulb

Locking stent
method

None 22 None/
None

111/Dead

4
63
Female

Bile duct Could not advance
the guidewire to
the posterior bile
duct under ERCP

Right hepa-
tic bile duct

Posterior bile
duct from
stomach

Locking stent
method

Diather-
mic dila-
tor

29 None/
None

147/Alive

5
66
Male

Pan-
creatic

Duodenal obstruc-
tion

Hepatic
hilum

Left IHBD from
stomach

Bridging method
using standard
ERCP cannula

None 31 None/
None

109/Alive

6
68
Female

Bile duct Duodenal obstruc-
tion

Hepatic
hilum

Left IHBD from
stomach

Bridging method
using standard
ERCP cannula

None 49 None/
None

77/Dead

7
77
Female

Bile duct Duodenal obstruc-
tion

Hepatic
hilum

Left IHBD from
stomach

Bridging method
using standard
ERCP cannula

None 25 None/
None

92/Alive

8
60
Female

Colon Duodenal obstruc-
tion

Hepatic
hilum

Left IHBD from
stomach

Bridging method
using standard
ERCP cannula

None 33 None/
None

129/Dead

9
40
Female

Gastric Altered anatomy Hepatic
hilum

Left IHBD from
stomach

Bridging method
using controllable
ERCP cannula

Balloon
dilation

32 None/
None

144/Dead

10
63
Male

Pan-
creatic

Altered anatomy Hepatic
hilum

Left IHBD from
stomach

Bridging method
using controllable
ERCP cannula

Balloon
dilation

55 None/
None

133/Dead

11
89
Female

Cholan-
gio

Duodenal obstruc-
tion

Hepatic
hilum

Left IHBD from
stomach

Bridging method
using standard
ERCP cannula

None 38 None/
None

127/Dead

EUS-BD, endoscopic ultrasound-guided biliary drainage; IHBD, intrahepatic bile duct; ERCP, endoscopic retrograde cholangiopancreatography.
1 Early adverse event=within 1 week after the procedure; late adverse event=more than 1 week after the procedure.
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Discussion
!

For transduodenal EUS-BD, EUS-guided choledochoduodenosto-
my is performed, in which the common bile duct is punctured
and a stent is placed from the bile duct to the duodenum [5–7].
This approach is not indicated for cases of duodenal obstruction
caused by tumor invasion or surgically altered anatomy. Trans-
gastric EUS-BD is typically performed by accessing the left biliary
system from the stomach with stent placement from the left
IHBD to the stomach.
In the current study, a novel technique of EUS-BD for right IHBD
obstruction was applied. Technical and functional success were
achieved in all patients. In addition, no severe adverse events oc-
curred. However, this method has potential complications, such
as bile leak, stent migration, and infection. Stent dysfunction
may be of particular concern with the right-sided biliary access,
due to the sharp angle encountered during stent delivery.
Technically, this method has several important features. First,
from the left access route, it is sometimes challenging to advance
the guidewire into the right IHBD. It was very difficult to advance
the guidewire into the right IHBD using a standard ERCP cannula
in two patients, because of difficulty in aligning the axis to the
right-sided bile duct. This challenge was overcome by using a
controllable ERCP cannula.
Second, stent selection is important. If a fully covered metal stent
is selected in the hepatic hilum or right IHBD, a side branch may
be occluded. There is also the possibility that misplacement may
occur due to stent shortening. Therefore, the uncovered and la-
ser-cut type metal stent was considered to be the most suitable
stent type. In addition, a fine stent gauge and effective delivery
system are also needed.
Third, placement of only one metal stent, which was placed from
the IHBD to the stomach or duodenum, without a fully covered

metal stent may risk bile leakage from a fistula. In addition, if
only an uncovered metal stent is placed, reintervention following
stent occlusion would sometimes be challenging. If occlusion of
the uncovered metal stent were to occur, the presented double
stent technique would enable straightforward reintervention
through the covered stent.
Although the present study has several limitations, such as small
sample size, patient selection bias, single operator, and only a sin-
gle arm, this method appears to be safe and effective for right
IHBD obstruction. Validation is required in a prospective clinical
trial.

Competing interests: None
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with your mobile device to watch this article’s
video abstract and others. Don’t have a QR code
reader? Get one by searching ‘QR Scanner’ in
your mobile device’s app store.

Various interventional endoscopic ultrasound (EUS)
procedures for biliary drainage (BD) have been

reported, such as EUS-guided choledochoduodenostomy,1

EUS-guided hepaticogastrostoy,2 and the rendezvous tech-
nique (RV).3 However, if hepatic hilar or isolated right
intrahepatic biliary duct (IHBD) stricture occurs, EUS-BD
or EUS-RV for the right IHBD might be challenging,
because the left IHBD or common bile duct has generally
been chosen as puncture site to access the biliary tract.
In addition, the technical success rate of EUS-RV is not
particularly high.4 EUS-guided hepaticoduodenostomy for
isolated right IHBD has been reported recently.5,6 Although
this method has clinical impact as salvage BD for selected
cases, such as in advanced malignancy, the clinical course
is unclear because of a lack of long-term follow-up. Ante-
grade stenting from right IHBD also carries a possibility of
bile leakage because of the need to dilate the fistula. These
procedures should, therefore, be selected under strict
criteria, such as in patients with limited prognosis, and
may not be suitable for benign disease. We report herein
a case of EUS-guided antegrade balloon dilation for
benign right IHBD stricture using a right hepatic bile duct
route.

Description of Technology
To visualize the right hepatic bile duct, an echoendo-

scope (GF-UCT260; Olympus Optical, Tokyo, Japan) is
advanced into the duodenal bulb or antrum; then, the
echoendoscope was rotated counterclockwise. Using a 19-
G fine needle aspiration (FNA) needle (Sono Tip Pro
Control 19G; Medi-Globe, Rosenheim, Germany), the right
hepatic bile duct is punctured. At this time, the choice of a
bile duct near the hepatic hilum as the puncture site is

important, because the guidewire needs to be advanced
to the common bile duct. Next, the guidewire (0.025-inch,
angle-type tip, VisiGlide; Olympus Medical Systems,
Tokyo, Japan) is inserted into the bile duct. If advancing
the guidewire into the common bile duct across the
stricture site is difficult, we insert an endoscopic retro-
grade cholangiopancreatography (ERCP) catheter (MTW
Endoskopie, Düsseldorf, Germany). During attempted
stricture passage, an experienced assistant handles the
guidewire. To advance the guidewire into the common
bile duct, pushing the guidewire with torque near the
stricture site is important. After we successfully place the
guidewire into the common bile duct across the stricture
site, we insert the balloon catheter (8 mm, Hurricane
balloon catheter; Boston Scientific Japan, Tokyo, Japan).
After dilating the stricture, we exchange the ERCP scope.
We then insert the ERCP catheter and guidewire into the
intrahepatic bile duct across the stricture site using the
guidewire as a landmark. Finally, an endoscopic nasal
BD tube or stent can be placed. If the EUS-RV technique
fails, bile leakage might occur from the puncture site.
On the other hand, our method may be safer and easier
than EUS-RV, because stricture is resolved by antegrade
balloon dilation.

Video Description
A 71-year-old man underwent chemotherapy and

radiotherapy for tumor embolus of the portal vein owing to
hepatocellular carcinoma. He was admitted to our hospital
because of right IHBD dilatation with cholangitis
(Figure 1A). Liver testing showed aspartate aminotrans-
ferase, 222 IU/L; alanine aminotransferase, 198 IU/L; and
bilirubin, 2.9 mg/dL. We attributed the dilatation to
radiotherapy based on the results of contrast-enhanced
EUS and FNA. We therefore tried BD for right IHBD. The
video shows technical tips of antegrade balloon dilation

© 2015 by the AGA Institute
0016-5085/$36.00
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combined with retrograde rendezvous stent placement
(video speed, �1.5).

First, we performed ERCP. However, we could not
advance the guidewire into the right IHBD. We therefore
decided to access the right IHBD under EUS guidance. We
advanced a convex echoendoscope into the duodenum
bulb. Using counterclockwise rotation, the right IHBD was
visualized. The right IHBD was punctured using a 19-G FNA
needle (Figure 1B). Next, we aspirated bile juice and injec-
ted contrast medium. Stricture of the right IHBD was
created; then, an 0.025-inch stiff, angle-type guidewire
(VisiGlide; Olympus Medical Systems) was inserted, and the
ERCP catheter was exchanged from 19-G FNA needle. We
successfully advanced the guidewire into the duodenum
across the right IHBD stricture (Figure 2A). We first per-
formed antegrade biliary dilation using a balloon dilation
catheter (Figure 2B). Next, we changed the ERCP scope
from an echoendoscope; then, we inserted the cannula into
the common bile duct. Using the guidewire as a landmark,
we successfully advanced the guidewire into the right

IHBD. Finally, we performed 7-Fr plastic biliary stent
placement (Figure 2C). No adverse events were seen in
association this procedure.

Take Home Message
EUS-guided antegrade balloon dilation from a right he-

patic bile duct route has clinical impact, but if a stricture site
is present in the peripheral bile duct, this method may not
be indicated because of difficulty advancing the guidewire
into the common bile duct. Additional cases are needed to
evaluate this technique.

Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://dx.doi.org/10.1053/
j.gastro.2015.03.007.

Figure 1. (A) CT shows
isolated right bile duct
dilation, and no tumor is
evident. (B) We puncture
the right intrahepatic bile
duct from the duodenal
bulb using a 19-G FNA
needle.

Figure 2. (A) We success-
fully advance the guide-
wire into the common bile
duct across the biliary
stricture. (B) We perform
antegrade balloon dilation
using an 8-mm balloon
catheter. (C) To avoid bile
leakage from the fistula,
we exchange the ERCP
scope, and successfully
perform stent placement
under ERCP guidance.
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Endoscopic ultrasound-guided drainage of a right
liver abscess with a self-expandable metallic stent

Percutaneous drainage is one of the first
options for the treatmentof liver abscesses
[1]. However, this method has several lim-
itations, such as the requirement for exter-
nal drainage and the risk for self-removal
of the tube. On the other hand, endoscopic
ultrasound (EUS)-guided drainage of liver
abscesses overcomes both of these limita-
tions. In addition, EUS-guided liver abscess
drainage with a self-expandable metallic
stent (SEMS) has a greater effect than
percutaneous drainage, and leakage of the
infected fluid is not likely to occur.
To date, only a few cases of EUS-guided
liver abscess drainage with a SEMS have
been reported [2]. Furthermore, EUS-
guided drainage of an abscess in the right
hepatic lobe has not previously been re-
ported. Herein, we describe our technique
for performing EUS-guided drainage of an
abscess of the right hepatic lobe with a
SEMS.
An 81-year old woman was admitted to
our hospital with fever and abdominal
pain. Computed tomography revealed a
liver abscess with a maximum diameter
of 64mm in the right hepatic lobe par-
enchyma (●" Fig.1, ●" Fig.2). The patient
had previously undergone metallic stent
placement in the right hepatic bile duct
because of unresectable cholangiocarci-
noma. In addition, she had dementia;
therefore, to avoid the risk for self-remov-
al of the tube, we selected a transluminal
approach with EUS.

First, the echoendoscope was advanced
into the duodenum, and with counter-
clockwise rotation the right hepatic lobe
was visualized.We punctured the liver ab-
scess with a 19-gauge fine-needle aspira-
tion needle (Medi-Globe GmbH, Rosen-
heim, Germany), and the infected fluid
was aspirated. Next, contrast mediumwas
injected (●" Fig.3), and a 0.025-inch guide-

wire (VisiGlide; Olympus Medical Sys-
tems, Tokyo, Japan) was inserted. After
the fistula had been dilated with a 4-mm
Hurricane Balloon Dilatation Catheter
(Boston Scientific, Tokyo, Japan), the stent
delivery system was inserted. Finally, we
successfully placed a fully covered SEMS
(Bonastent, 10mm×10cm; Standard Sci-
Tech, Seoul, Korea) from the liver abscess

Fig.3 The liver ab-
scess was punctured
with a 19-gauge fine-
needle aspiration nee-
dle, and contrast medi-
um was injected.
Inset Endoscopic ultra-
sound-guided image
showing a huge liver
abscess.

Fig.2 Coronal com-
puted tomographic
scan of the liver ab-
scess.

Fig.1 Axial computed tomographic scan
showing a liver abscess in the right hepatic lobe
of an 81-year-old woman presenting with fever
and abdominal pain.
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to the duodenum (●" Fig.4,●" Video 1). The
treatment resulted in a decrease in the size
of the liver abscess, and the patient was
dischargedwithout any adverse events.
EUS-guided liver abscess drainage has the
potential to become the first-line method
for draining liver abscesses because it can
be used even for abscesses of the right
hepatic lobe, as in the present case.

Endoscopy_UCTN_Code_TTT_1AS_2AG

Competing interests: None

Takeshi Ogura1, Wataru Takagi1,
Saori Onda1, Daisuke Masuda1,
Masayuki Kitano2, Akira Imoto1,
Kazuhide Higuchi1

1 2nd Department of Internal Medicine,
Osaka Medical College, Osaka, Japan

2 Department of Gastroenterology and
Hepatology, Kinki University Faculty of
Medicine, Osaka-Sayama, Japan

References
1 Bertel CK, van Heerden JA, Sheedy PF 2nd.

Treatment of pyogenic hepatic abscess. Sur-
gical vs percutaneous drainage. Arch Surg
1986; 121: 554–558

2 Alcaide N, Vargass-Garcia AL, de la Serma-
Higuera C et al. EUS-guided drainage of liv-
er abscess by using a lumen-apposing metal
stent (with video). Gastrointest Endosc
2013; 78: 941–942; discussion 942

Bibliography
DOI http://dx.doi.org/
10.1055/s-0034-1392632
Endoscopy 2015; 47: E397–E398
© Georg Thieme Verlag KG
Stuttgart · New York
ISSN 0013-726X

Corresponding author
Takeshi Ogura, MD
2nd Department of Internal Medicine
Osaka Medical College
2-7 Daigakuchou
Takatsukishi
Osaka 569-8686
Japan
Fax: +81-72-684-6532
oguratakeshi0411@yahoo.co.jp

Fig.4 A fully covered
self-expandable metal-
lic stent was successful-
ly placed from the liver
abscess to the duode-
num.
Inset Amassive amount
of infected material
seen on the endoscopic
image.

Video 1

The liver abscess was punctured with a
19-gauge fine-needle aspiration needle, and
contrast medium was injected. Then, a guide-
wire was inserted into the liver abscess. First,
an endoscopic retrograde cholangiopancrea-
tography (ERCP) catheter was inserted to dilate
the fistula. Next, balloon dilation was per-
formed. Finally, a stent was successfully placed
from the liver abscess to the duodenum.
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Surgically resected needle tract seeding following endoscopic
ultrasound-guided fine-needle aspiration in pancreatic cancer

KosukeMinaga · Masayuki Kitano · Yukitaka Yamashita
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aspiration · Needle tract seeding · Pancreatic cancer

Needle tract seeding is a rare complication of endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA), with
an estimated prevalence of 0.003%–0.009% [1]. We are
aware of only six previous case reports in the published lite-
rature [2–7]. Herein, we report a case of needle tract seeding
on the gastric wall after EUS-FNA of a pancreatic body
adenocarcinoma.

A 64-year-old woman with elevated serum CA19-9 levels
was referred to our hospital. She underwent distal pancreatec-
tomy 8months before. The pathological diagnosis was a
T3N0M0 moderately differentiated tubular adenocarcinoma
with a 20-mm maximum diameter and clear resection mar-
gins. A repeat computed tomography (CT) scan and magnetic
resonance imaging showed no evidence of tumor recurrence;
however, upper gastrointestinal endoscopy demonstrated a
12-mm submucosal tumor-like mass on the posterior gastric
wall (Fig. 1a). Before surgery, she underwent EUS-FNA
(three passes) through the posterior gastric wall using a 22-
gauge needle (EchoTip ProCore, Cook Medical, Limerick,
Ireland) with a 10-mL syringe suction. The mass was located
near the previous EUS-FNA puncture site where no masses
had been detected during the initial preoperative examination.
On EUS, this mass was heterogeneous and was mainly pres-
ent in the third layer of the gastric wall (Fig. 1b). Positron
emission tomography also showed abnormal accumulation
in the proximal gastric body but with no abnormal uptake at
the previous resection margin.

Fig. 1 (a) An upper gastrointestinal endoscopy image showing a submu-
cosal tumor-like mass on the posterior wall of the proximal gastric body
(arrow). (b) Endoscopic ultrasound showing a heterogeneous low-echoic
massmeasuring 12mm in diameter, mainly in the third layer of the gastric
wall. (c) The gross specimen included a solid tumor in the gastric wall,
measuring 12mm in its maximum diameter. (d) Histological examination
revealed a moderately differentiated tubular adenocarcinoma, consistent
with the primary pancreatic tumor. The tumor was mainly located in the
submucosa and muscularis propria, with focal invasion into the mucosa
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The patient then underwent partial gastrectomy because
her imaging studies demonstrated no other metastatic
lesions. Gross pathology confirmed the presence of a
12-mm (maximum diameter) solid tumor in the gastric wall
(Fig. 1c), while histopathological analysis showed a moder-
ately differentiated tubular adenocarcinoma, consistent with
the primary pancreatic tumor. The tumor was mainly
located in the submucosa and muscularis propria, with
evidence of focal invasion into the mucosa (Fig. 1d). This
finding was compatible with needle tract seeding from the
initial EUS-FNA.

To the best of our knowledge, this is the first report of
needle tract seeding from a pancreatic cancer secondary to
EUS-FNA to be treated by surgical excision. Although this
is a rare complication of EUS-FNA, the possibility of
needle tract seeding should be considered, particularly
when the surgical resection does not include the needle
tract site.
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氏名 出身大学
（卒業年） 勤務先 勤務先住所 電話番号

近畿大学医学部　消化器内科学教室　同門会名簿
（平成28年12月時点）

平成11年入局

氏名 出身大学
（卒業年） 勤務先 勤務先住所 電話番号

工藤　正俊 京都大学
（昭和53年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

汐見　幹夫 近畿大学
（昭和55年） 関空国際空港クリニック 〒549-0001

泉佐野市泉州空港北１ 072-456-7185

上硲 俊法 近畿大学
（昭和60年）

近畿大学医学部
臨床検査医学

〒589-8511
大阪狭山市大野東377-2 072-366-0221

由谷　逸郎 近畿大学
（昭和62年） 富田林病院 〒584-0082　

富田林市向陽台1-3-36 0721-29-1121

松井　繁長 近畿大学
（平成３年）

近畿大学医学部
消化器内科
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谷池　聡子 近畿大学
（平成７年）

亀山　千晴 近畿大学
（平成７年）

遠田　弘一 近畿大学
（平成７年） 慈温堂遠田医院 〒589-0011 

大阪狭山市半田1-624-3 072-367-4772

中岡　良介 近畿大学
（平成８年） 山本病院 〒648-0072

橋本市東家6-7-26 0736-32-8899

末冨　洋一郎 近畿大学
（平成８年） 末冨放射線科医院 〒759-0212

山口県宇部市際波1445-3 0836-41-1231

小川　力 近畿大学
（平成11年） 高松赤十字病院 〒760-0017 

高松市番町4-1-3 087-831-7101

井上　達夫 近畿大学
（平成11年） 井上医院 〒593-8312 

堺市西区草部181 072-271-0022

梅原　泰 近畿大学
（平成11年） 辻健太郎クリニック 〒543-0027 

大阪市天王寺区筆ケ崎町5-52 06-6772-3939

加藤　玲明 近畿大学
（平成11年） かとう内科眼科クリニック 〒665-0877

宝塚市中山桜台2-2-1 2F 0797-69-6456

坂口　康浩 近畿大学
（平成11年） 熊取坂口クリニック 〒590-0451 

泉南郡熊取町野田3-353-4 072-493-8855

辻　　直子
（近大堺）

京都府立
医科大学

（昭和60年）

近畿大学医学部　堺病院
消化器内科

〒590-0132
堺市南区原山台2-7-1 072-299-1120

南野　達夫
（近大奈良）

近畿大学
（昭和55年） なんの医院 枚方市三栗1-14-12 072-856-0107

平成12年入局

北野　雅之 鳥取大学
（平成２年）

和歌山県立医科大学　
第二内科

〒641-8509
和歌山市紀三井寺811-1 073-447-2300

川崎　俊彦 京都大学
（昭和58年）

近畿大学医学部　奈良病院
消化器内科 

〒630-0293 
生駒市乙田町1248-1 0743-77-0880
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氏名 出身大学
（卒業年） 勤務先 勤務先住所 電話番号

鄭　　浩柄
東京慈恵会
医科大学

（平成８年）

神戸市立医療センター中央
市民病院

〒650-0047 
神戸市中央区港島南町2-1-1 078-302-4321

南　　康範 近畿大学
（平成９年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

黒木　恵美
（旧姓：石川）

近畿大学
（平成11年）

PL病院・りんくう総合医
療センター（非常勤）

山口　美樹
（旧姓：永島）

近畿大学
（平成12年） みきクリニック 〒543-0018

大阪市天王寺区空清町5-18 06-6711-0761

梅原　康子　
（旧姓：小村）

近畿大学
（平成12年）

近畿大学医学部
堺病院（非常勤）

乾　　可苗 近畿大学
（平成12年）

坂本　洋城 近畿大学
（平成12年） 葛城病院 〒596-0825

岸和田市土生町2-33-1 072-422-9909

福永　豊和
（近大奈良）

京都大学
（平成4年） 北野病院 〒530-8480　

大阪市北区扇町2-4-20 06-6312-1221

平成13年入局

萩原　智 近畿大学
（平成10年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

福田　信宏 近畿大学
（平成10年） 福田内科医院 〒501-0236　

瑞穂市本田1017-1 058-327-0721

市川　勉 近畿大学
（平成12年） 内海町いちかわ診療所 〒722-2632 

広島県福山市内海町ロ355-1 084-980-9099

岡田　無文 近畿大学
（平成13年） 山本病院 〒648-0072

橋本市東家6-7-26 0736-32-8899

宮本　容子
（旧姓：北口）

近畿大学
（平成12年）

豊澤　昌子 近畿大学
（平成13年）

畑中　絹世
（旧姓：乾）

川崎医科大学
（平成13年）

りんくう総合医療センター
（非常勤）

平成14年入局

秋山　智之 近畿大学
（平成14年） 平成立石病院 〒124-0012

東京都葛飾区立石5-1-9 03-3692-2121

朝隈　豊 近畿大学
（平成14年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

北井　聡 近畿大学
（平成14年） 大東中央病院（非常勤）

高橋　俊介 近畿大学
（平成14年） 堺市立総合医療センター 〒593-8304 

堺市西区家原寺町1-1-1 072-272-1199

冨田　崇文 近畿大学
（平成14年） 富田病院 〒649-6253 

和歌山県岩出市紀泉台2 0736-62-1522

医局員名簿
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医局員名簿

氏名 出身大学
（卒業年） 勤務先 勤務先住所 電話番号

齋藤　佳寿
（旧姓：野田）

近畿大学
（平成14年）

西尾　健 近畿大学
（平成14年） 咲花病院 〒594-1105 

和泉市のぞみ野1-3-30 0725-55-1919

宮部　欽生 近畿大学
（平成14年） 尾道市立市民病院

〒722-0055 
広島県尾道市新高山
3-1170-177

0848-47-1155

水野　成人
（近大奈良）

京都府立
（昭和61年）

近畿大学医学部　奈良病院
消化器内科

〒630-0293 
生駒市乙田町1248-1 0743-77-0880

平成15年入局

仲谷　達也 近畿大学
（平成３年）

上田　泰輔 近畿大学
（平成15年）

りんくう総合医療センター
（非常勤）

大久保　充 近畿大学
（平成15年）

東京医科大学
八王子医療センター

〒193-0944
八王子市館町1163 042-665-5611

川崎　正憲 近畿大学
（平成15年） 近畿大学医学部　堺病院 〒590-0132

堺市南区原山台2-7-1 072-299-1120

坂本　康明 近畿大学
（平成15年） 坂本内科クリニック 〒596-0045

岸和田市別所町1-14-28 2F 072-433-1120

田北　雅弘 近畿大学
（平成15年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

柴田　千栄
（旧姓：辰巳）

近畿大学
（平成15年）

り ん く う 総 合 医 療 セ ン
ター・新生会病院（非常勤）

平成17年入局

上嶋　一臣 神戸大学
（平成７年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

平成18年入局

小牧　孝充 近畿大学
（平成７年） 富田林病院 〒584-0082　

富田林市向陽台1-3-36 0721-29-1121

永井　知行 近畿大学
（平成16年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

永田　嘉昭 近畿大学
（平成16年） 永田消化器内科クリニック 〒755-0023 

山口県宇部市恩田町4-2-17 0836-21-2311

平成19年入局

今井　元 近畿大学
（平成17年） くしもと町立病院

〒649-3510 
和歌山県東牟婁郡串本町
サンゴ台691-7

0735-62-7111

鍋島　紀滋
（近大奈良）

京都大学
（昭和61年） 三菱京都病院 〒615-8087

京都市西京区桂御所町1番地 075-381-2111
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氏名 出身大学
（卒業年） 勤務先 勤務先住所 電話番号

茂山　朋広
（近大奈良）

近畿大学
（平成17年） しげやまクリニック 〒663-8111

兵庫県西宮市二見町13-21 0798-65-9292

平成20年入局

早石　宗右 近畿大学
（平成18年） 早石病院 〒543-0027

大阪市天王寺区筆ケ崎町2-75 06-6771-1227

矢田　典久 滋賀医科大学
（平成11年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

平成21年入局

有住　忠晃 近畿大学
（平成19年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

鎌田　研 近畿大学
（平成19年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

高山　政樹 近畿大学
（平成19年）

近畿大学医学部
奈良病院

〒630-0293 
奈良県生駒市乙田町1248-1 0743-77-0880

峯　　宏昌 近畿大学
（平成19年） 山本病院 〒648-0072

橋本市東家6-7-26 0736-32-8899

宮田　剛 近畿大学
（平成19年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

奥村　直巳
（近大堺）

近畿大学
（平成19年） 飯田内視鏡内科 〒577-0803

東大阪市下小阪3-13-5 06-6730-7070

山本　典雄
（近大堺）

近畿大学
（平成19年）

大阪市立大学医学部
呼吸器内科

〒545-8585　
大阪市阿倍野区旭町1-4-3 06-6645-3611

奥田英之
（近大奈良）

近畿大学
（平成19年）

近畿大学医学部　奈良病院
消化器内科

〒630-0293 
生駒市乙田町1248-1 0743-77-0880

平成22年入局

樫田　博史 京都大学
（昭和58年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

櫻井　俊治 京都大学
（平成７年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

高場　雄久
（近大堺）

近畿大学
（平成20年） 永山病院 〒590-0406 

泉南郡熊取町大久保東1-1-10 072-453-1122

平成23年入局

足立　哲平 近畿大学
（平成21年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

大本　俊介 近畿大学
（平成21年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

門阪　薫平 近畿大学
（平成21年）

西田　直生志 大阪医科大学
（昭和60年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221
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氏名 出身大学
（卒業年） 勤務先 勤務先住所 電話番号

松本　望
（近大堺）

近畿大学
（平成21年）

近畿大学医学部　堺病院
消化器内科

〒590-0132
堺市南区原山台2-7-1 072-299-1120

木下　大輔
（近大奈良）

近畿大学
（平成20年）

近畿大学医学部　奈良病院
消化器内科 

〒630-0293 
生駒市乙田町1248-1 0743-77-0880

秦　　康倫
（近大奈良）

近畿大学
（平成21年）

近畿大学医学部　奈良病院
消化器内科 

〒630-0293 
生駒市乙田町1248-1 0743-77-0880

平成24年入局
水内　梨絵

（旧姓：田中）
近畿大学

（平成22年）

千品　寛和 近畿大学
（平成22年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

山田　光成 近畿大学
（平成18年） 富田林病院 〒584-0082　

富田林市向陽台1-3-36 0721-29-1121

河野　匡志
（近大堺）

近畿大学
（平成22年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

丸山　康典
（近大堺）

近畿大学
（平成22年）

近畿大学医学部　奈良病院
糖尿病・代謝内科

〒630-0293 
生駒市乙田町1248-1 0743-77-0880

平成25年入局

山雄　健太郎 東京医科大学
（平成18年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

岡元　寿樹 近畿大学
（平成23年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

南　　知宏 近畿大学
（平成23年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

尾﨑　信人
（近大堺）

近畿大学
（平成23年）

近畿大学医学部　堺病院
消化器内科

〒590-0132
堺市南区原山台2-7-1 072-299-1120

平成26年入局

米田　賴晃 北里大学
（平成13年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

岡崎　能久 大阪大学
（平成13年）

近畿大学医学部　奈良病院
消化器内科

〒630-0293 
生駒市乙田町1248-1 0743-77-0880

平成27年入局

依田　広 京都大学
（平成8年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

松田　友彦 弘前大学
（平成19年）

三長　孝輔 京都大学
（平成19年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

岩西　美奈 近畿大学
（平成25年）

近畿大学医学部　堺病院
消化器内科

〒590-0132
堺市南区原山台2-7-1 072-299-1120
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同門会役員

近畿大学消化器内科　同門会役員

会長　　　工藤正俊

幹事　　　松井繁長

会計　　　上嶋一臣

庶務　　　西田直生志

同門会実行委員

南　康範（委員長）、永井知行、有住忠晃、宮田　剛

同門会担当秘書

浦田亜樹

120

氏名 出身大学
（卒業年） 勤務先 勤務先住所 電話番号

平成28年入局

氏名 出身大学
（卒業年） 勤務先 勤務先住所 電話番号

渡邉　智裕 京都大学
（平成５年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

竹中　完 近畿大学
（平成13年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

橋本　有人 近畿大学
（平成26年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

岡本　彩那 兵庫医科大学
（平成23年）

近畿大学医学部
消化器内科

〒589-8511
大阪狭山市大野東377-2 072-366-0221

医局員名簿
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同門会会則

近畿大学医学部消化器内科教室同門会会則
　　　　　　　
第一条 名称
　　本会は近畿大学医学部消化器内科教室同門会と称する。
第二条 目的
　　本会は会員相互の親睦及び教室の隆盛を図ることを目的とする。
第三条 会員

会員は消化器内科教室出身者、教室員及び同教室の発展に寄与するものをもって構成
される。

第四条 役員
１．本会の運営を円滑にするために幹事会を設ける。幹事会は代表幹事を長とし、代表幹

事が指名する教室員をもって構成する。尚、幹事会は代表幹事が随時召集するものと
する。その他、会計をおく。

２．会長
① 会長は現職主任教授より選出される。
② 会長退任後は名誉会長となる。また、名誉会長は主任教授経験者からも選出できる。

３．顧問
　　本会の発展に寄与したもので、幹事会が推戴する。
４．役員の選出

① 幹事は役員より選出する。
② 代表幹事は医局長が兼任する。

５．幹事の任期は２年とする。但し再任を妨げない。
第五条 会議

１．総会は年１回の開催とする。
２．幹事会において仮決議された条件の最終決定権は総会に委ねられる。
３．決議は総会出席者の多数決により成立する。

第六条 会計
１．本会の経費は会費をもって充てる。
２．本会の会費は年額壱萬円とする。
３．会計年度は４月１日から翌年３月31までとし、会計担当者は年1回会計報告を行う。

第七条　
　　事務局は近畿大学医学部消化器内科教室内に置く。
第八条　会則の改正
　　会則の改正は幹事会の仮決議を経て総会で議決されるものとする。

附則　除名規定
　　本会の名誉を毀損したものや、その他本会に不適当と考えられるものは
　　幹事会の動議により総会にて除名が議決される。
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編集後記 
 

2015 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、弓削さん、鏡さん、本廣さん、児玉さん、上妻さん、浦田さん、正

野さん、矢川さん、首藤さん（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。 
 
2015 年版年報も遅い発刊となってしまいましたが、2016 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 29 年 2 月末 

秘書一同 
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