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2013 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 

2013 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 26 年

3 月で区切りの 15 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 25 年には 32 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。平成 25 年度は病院全体も約 13.5 億

の黒字決算となりました。消化器内科の貢献も大きいと考えております。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 8 日を切ってお

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 25
年度は 24,763 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 8 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 24 年 12 月末

の時点で総件数 4,000 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る予定となってお

り、難治性の Ib 型高ウイルス検査の SRV 率も 90%以上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。 
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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、

高度先進医療としての大腸 ESD も平成 22 年より開始され、症例も増加してい

ます。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 260 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、今期で 3 期目となりましたので

その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

講師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、2013
年には再び 55 編と 50 編の大台に回復しました。また 15 年間の総インパクトフ

ァクターは 1403.761 点であり英文総論文数は 438 編ですので、近畿大学消化器
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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 
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。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
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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
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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。 
 
(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 Research Conference 出席状況 

教室員 2008 2009 2010 2011 2012 2013 

  

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 27/27 100% 20/20 100% 29/29 100% 23/23 100% 32/32 100% 25/25 100% 

樫田 - - - - 12/19 63% 20/23 87% 27/32 84% 19/25 76% 

西田             5/5 100% 24/32 75% 10/25 40% 

北野 25/27 93% 16/20 80% 21/29 72% 21/23 91% 25/32 78% 21/25 84% 

松井 22/27 81% 18/20 90% 23/29 79% 23/23 100% 30/32 94% 23/25 92% 

上嶋 6/27 22% 3/20 15% 12/29 41% 7/23 30% 9/32 28% 6/25 24% 

櫻井 - - - - 17/19 89% 20/23 87% 25/32 78% 15/25 60% 
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南 19/24 79% 1/2 50% - - 13/14 93% 31/32 97% 22/25 88% 

萩原 11/24 46% 5/20 25% 9/29 31% 11/23 48% 10/32 31% 9/25 36% 

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

矢田 7/11 64% 14/19 74% 26/29 90% 14/23 61% 9/32 28% 15/25 60% 

坂本 19/27 70% 1/2 50% 12/19 63% 11/23 48% 20/32 63% 15/25 60% 

北井 15/27 56% 8/20 40% 15/29 52% 13/23 57% 20/32 63% 16/25 64% 

朝隈 16/27 59% 12/20 60% 11/29 38% 15/23 65% 15/32 47% 15/25 60% 

永井 18/19 95% 17/20 85% 14/29 48% 12.5/23 54% 23/32 72% 14/25 56% 

川崎 23/27 85% 6/20 30% 4/29 14% 6/23 26% 4/32 13% 2/25 8% 

田北 1/2 50% 13/20 65% 15/29 52% 7/23 30% 9/23 39% 12/25 48% 

早石 10/19 53% 9/19 47% 5/29 17% 8/23 35% 9/23 39% - - 

田中 - - - - - - - - 24/27 89% 18/25 72% 

山田 - - - - - - - - 23/25 92% 15/25 60% 

山雄 - - - - - - - - - - 14/25 56% 

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% 

有住 - - 7/15 47% 15/29 52% 17/23 74% 26/32 81% 18/25 72% 

鎌田 - - 11/15 73% 15/29 52% 10/23 43% 16/32 50% 9/25 36% 

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

宮田 - - 9/15 60% 16/29 55% 14.5/23 63% 22/32 69% 15/25 60% 

岡元 - - - - - - - - - - 12/25 48% 

峯 - - 9/15 60% 17/29 59% 17/23 74% 19/32 59% 19/25 76% 

足立 - - - - - - 8/14 57% 22/32 69% 17/25 68% 

大本 - - - - - - 12/14 86% 29/32 91% 19/25 76% 

門阪 - - - - - - 12/14 86% 22/32 69% 16/25 64% 

千品 - - - - - - - - 29/32 91% 22/25 88% 

南(知) - - - - - - - - - - 21/25 84% 

 
4.学会活動および海外における活動 

2013 年における国内の学会発表については 69 演題、国際学会の発表に

ついては 35 演題、海外特別講演は 22、国内特別講演は 56 でありました。私自

身の海外出張は 2013 年は 25 回とこれは例年よりやや多い回数となりました。 
 

2013 年 
1. 1 月 22 日-25 日  GIDEON steering committee meeting に出席 

   (San Francisco) 
 

2. 2 月 1 日－6 日  世界超音波医学会(WFUMB)理事会に理事長とし

て出席(Ha Noi) 
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3. 3 月 15 日-19 日  世界超音波医学会(WFUMB)エラストグラフィー 
   コンセンサス会議へ出席 (Washington DC) 

 
4. 4 月 7 日-11 日 肝臓病医学専門家会議に参加 (New York) 

 
5. 4 月 12 日-14 日 肝癌アジア太平洋インベスティゲーターミーテ

ィングへ出席(Singapore) 
 

6. 4 月 25 日-29 日 ヨーロッパ肝臓学会(EASL)へ出席 
 オプティミススタディーステアリングコミッテ

ィーへ出席(Amsterdam) 
 

7. 4 月 30 日-5 月 5 日 世界超音波医学会(WFUMB)で講演 
 世界超音波医学会(WFUMB)理事会へ理事長およ

び学会長として出席(Sao Paulo) 
    

8. 5 月 9 日-11 日 E7080 アジア太平洋インベスティゲーターミー 
   ティングへ出席(Singapore) 

    
9. 5 月 14 日-17 日 Laennec Liver Society Meeting へ出席 

   (Singapore) 
 
10. 5 月 17 日-20 日 第 3 回世界超音波医学会(WFUMB)Center of 

Exellence にて講演(Jakarta） 
    
11. 5 月 22 日-24 日 アジア超音波医学会(AFSUMB)教育講演会へ出

席・講演 
 アジア超音波医学会(AFUSMB)理事会へ理事と

して出席(Seoul) 
    
12. 6 月 8 日-9 日 TRACER スタディーのデータモニタリング委員 

   会へ出席(Hong Kong) 
    

13. 6 月 9 日 GIDEON Investigator Meeting へ出席 
   (Singapore) 
 

14. 7 月 4 日-8 日 アジア太平洋肝癌専門家会議(APPLE)に 
   て講演４つ・司会３つ(Pusan) 

 
15. 7 月 25 日-27 日 世界超音波医学会(WFUMB)Center of 

Excellence 設置記念ワークショップにて講演 
   (Ulaanbaatar) 
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16. 8 月 4 日-9 日 世界超音波医学会(WFUMB)理事会へ出席 
   (Copenhagen) 

 
17. 8 月 22 日-23 日 CAMIT 腹部超音波シンポジウムにて講演 

   (Beijing) 
 

18. 9 月 11 日-17 日 国際肝癌学会(ILCA)理事会へ出席 
   国際肝癌学会(ILCA)にて口頭発表４題 
   (Washington DC) 

 
19. 9 月 28 日-10 月 1 日 シンガポール超音波医学会にて講演 

   アジア超音波医学会ワークショップにて２講演 
   クアラルンプール会場視察(2014 年アジア超音波

  医学会会場) (Singapore) 
 

20. 10 月 4 日-5 日 台湾消化器病学会にて講演(Taipei) 
    

21. 10 月 18 日-20 日 アジア造影超音波会議にて講演(Taipei) 
   
22. 10 月 24 日-26 日 第 7 回国際肝癌 MRI フォーラムにて発表 
  (Shanghai) 

 
23. 10 月 31 日-11 月 7 日 米国肝臓学会(AASLD)にて発表 
  (Washington DC) 
   
24. 11 月 20 日-24 日 第3回アジア太平洋肝臓学会(APASL)主催肝癌シ

ングルトピックカンファレンスにて発表 
(Cebu City) 

   
25. 12 月 20 日-21 日 ソナゾイドによる肝癌スクリーニングについて 
  の臨床試験ワークショップにて講演(Seoul) 
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平成25年1月～平成25年12月 招待講演・特別講演

愛知県 名古屋市

4月6日

東京都

7月11日-12日

北海道 札幌市

6月20日

香川県 高松市

8月10日

兵庫県 神戸市

9月8日
9月22日

大阪府 大阪市

4月6日

三重県 津市

7月19日

— 10 —



 

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（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（北京、中国）、2009 年 

Md. Nadiruzzaman（バングラディシュ）、2010 年 Lorenzo Andreana（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

Dr.Zhang Shuo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。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。従いまして依然、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
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（SELECTED Study））」 
→2012 年 10 月終了、現在データ解析中、学会および論文発表予定 
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 
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)）」 
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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。2013 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 2013 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。 
 

2014 年 9 月 大阪狭山にて 
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2013 年度表彰式一覧 

 

 Highest Impact Factor Award 2013(最高インパクトファクター賞） 
 
1 位 櫻井俊治   8.650（Cancer Res) 
2 位 北野雅之   7.553（Am J Gastroenterol) 
 

※ 3 位 西田直生志 3.730（Plos One） 
※ 工藤正俊 2.725（Digest Dis） 

 
 Most Numbers of Paper Award 2013（最多英文論文発表賞） 

 
1 位 西田直生志 6 本（Plos One, Oncology-Basel×2, Digest Dis×3） 
2 位 南 康範 3 本（Digest Dis, Oncology-Basel, Gut Liver） 
2 位 櫻井俊治 3 本（Cancer Res, Digest Dis, Liver Cancer） 
 

※ 工藤正俊 7 本 
 
 Total Highest Impact Factor Award 2013（累積最高インパクトファクター賞） 

 
1 位 西田直生志 16.235（6 本） 
2 位 櫻井俊治   11.375（3 本） 

 
※ 3 位 北野雅之 7.553（1 本） 
※ 工藤正俊 10.415（7 本） 

 
 最多入院受持患者賞  

 
1 位 宮田 剛 217 人 
2 位 矢田典久 203 人 
 

※ 3 位 足立哲平 184 人 
 

 最多緊急内視鏡賞 
 
1 位 門阪薫平 72 件 
2 位 大本俊介 64 件 
 

※ 3 位 田中梨絵 58 件 
 

 最多外来患者診療賞 
 

1 位 北野雅之 2,190 人 
2 位 松井繁長 2,171 人 
 

※ 3 位 上嶋一臣 1,946 人 
※ 工藤正俊 1,837 人 
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2013 年度表彰式一覧 

 

 Highest Impact Factor Award 2013(最高インパクトファクター賞） 
 
1 位 櫻井俊治   8.650（Cancer Res) 
2 位 北野雅之   7.553（Am J Gastroenterol) 
 

※ 3 位 西田直生志 3.730（Plos One） 
※ 工藤正俊 2.725（Digest Dis） 

 
 Most Numbers of Paper Award 2013（最多英文論文発表賞） 

 
1 位 西田直生志 6 本（Plos One, Oncology-Basel×2, Digest Dis×3） 
2 位 南 康範 3 本（Digest Dis, Oncology-Basel, Gut Liver） 
2 位 櫻井俊治 3 本（Cancer Res, Digest Dis, Liver Cancer） 
 

※ 工藤正俊 7 本 
 
 Total Highest Impact Factor Award 2013（累積最高インパクトファクター賞） 

 
1 位 西田直生志 16.235（6 本） 
2 位 櫻井俊治   11.375（3 本） 

 
※ 3 位 北野雅之 7.553（1 本） 
※ 工藤正俊 10.415（7 本） 

 
 最多入院受持患者賞  

 
1 位 宮田 剛 217 人 
2 位 矢田典久 203 人 
 

※ 3 位 足立哲平 184 人 
 

 最多緊急内視鏡賞 
 
1 位 門阪薫平 72 件 
2 位 大本俊介 64 件 
 

※ 3 位 田中梨絵 58 件 
 

 最多外来患者診療賞 
 

1 位 北野雅之 2,190 人 
2 位 松井繁長 2,171 人 
 

※ 3 位 上嶋一臣 1,946 人 
※ 工藤正俊 1,837 人 

 

工藤正俊（くどうまさとし） 
（平成 26年 9月 18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（デービスメデイカルセンター） 

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 教授 現在に至る  

(現在の併任) 近畿大学医学部附属病院病院長（平成 20年 10月～現在） 

近畿大学医学部中央臨床検査部長（平成 20年 10 月～現在） 

近畿大学医学部光学治療センター長（平成 20 年 10月～現在） 

近畿大学医学部高度先端医療センター長（平成 20年 10 月～現在） 

近畿大学医学部 NICU部長（平成 22年 10 月～現在） 

近畿大学医学部附属病院救急災害センター長（平成 25 年 9月 1日～現在） 

近畿大学医学部奈良病院消化器・内分泌内科 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） 

 

主な所属学会 

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・ネットワーク委員会委員)、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・取扱規約委員・
肝癌治療効果判定基準作成委員会委員長・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（幹事）、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・企画委員）、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）、日本臨床腫瘍学会（評議員・保険委員会委員（2013
年 4月－現在））、日本癌学会（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)、世界肝臓学会  (IASL)、欧州肝臓学会 (EASL) 、
米国消化器内視鏡学会 (ASGE)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）Secretary（庶務担当理事） 
・ 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 
・ アジア太平洋肝癌専門家会議（APPLE）理事長（President） 
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・ Editor-in-Chief: Liver Cancer (Karger, Basel) 

 

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） 
・ 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） 

 

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, 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 
 

 
EDITER-IN－CHIEF: Liver Cancer (Basel), World J Hepatology (China) 

Associate Editor: Journal of Oncology (Germany),肝胆膵（アークメディア）） 

 
EDITORIAL BOARD: 

国際学術雑誌: International Journal of Clinical Oncology (Tokyo)  Ultrasound in Medicine and 
Biology (ELSEVIER, New York)  Hepatology International (Springer, New York)  
Liver International (Blackwell, UK)  World Journal of Gastroneterology  Liver 
Cancer Review Letters  

国内学術雑誌: 肝胆膵、肝胆膵の臨床、その他の学会誌（3） 
 

論文査読委員 

J Clin Oncol(18.832) , Lancet Oncol（22.589）, Gastroenterology(11.675), Hepatology(11.665) , J 
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Hepatol(9.264), Oncologist(3.910), Am J Gastroenterol(7.282), Endoscopy(5.210), Clin Exp 
Metastas(4.113), Cancer Sci(3.846) , Expert Rev Mol Diagn(4.652) , Eur Radiol(3.594) , Liver 
Int(3.840), J Gastroenterol(4.160) , Eur J Clin Invest(2.736), J Nucl Med(6.381), J Gastroen 
Hepatol(2.410), Oncology-Basel (International Journal of Cancer Research and Treatment)(2.538), 
Ultrasound Med Biol(2.493) , Acta Paediatr(1.955), Hepatol Int(2.963) , Eur J Gastroen Hepat（1.598）, 
J Hepato-Bil-Pan Scu (1.963), Hepatol Res(1.857), Int J Clin Oncol(1.437), Jpn J Clin Oncol(1.856), 
Internal Med(1.037), J Clin Ultrasound(0.808), Biomark Med(1.247), Hepato-Gastroenterol(0.677), Ann 
Nucl Med(1.386), Expert Review of Anticancer Treatment(0), J Cancer Res Ther (0.825), CSR National 
Registry(0), J Gastrointest Liver (1.434), 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: 526（IF: 1829.628） 
     和文論文: 806   国際学会: 310  
教科書（単著） 英文: 2 和文: 6 国内学会: 624 
分担執筆 英文: 21 和文: 246  

 

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 5件（総額 2億 2,375万円） 

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」 
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」 
  

・ 厚生労働省科学研究費 分担研究者 29件（総額 3,325 万円） 
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） 
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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」 
 
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・常任幹事） 
・ 日本腹部造影エコー・ドプラ診断研究会（代表世話人・事務局） 
・ 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 25年

より代表世話人） 
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（現、Asia Contrast Ultrasound Imaging Society）

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幹事 
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−平成 19年 関西造影超音波研究会（代表世話人） 
・平成 13年−現在 関西 B型肝炎研究会（代表世話人） 
・平成 14年−現在 肝癌局所治療研究会（代表世話人） 
・平成 14年−現在   大阪消化器化学療法懇話会（代表世話人） 
・平成 15年−現在 臨床消化器病フォーラム（代表世話人） 
・平成 18年−平成 22年 Bay Area Gut Club（代表世話人） 
・平成 18年−平成 22年 South Osaka Liver Club（代表世話人） 
・平成 19年−現在 関西肝血流動態イメージ研究会（代表世話人） 
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・平成 20年-現在 Kinki Liver Club（代表世話人） 
・平成 21年-現在 南大阪肝疾患研究会（代表世話人） 
・平成 21年-現在 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−現在  大阪肝穿刺生検治療研究会世話人 
・平成 6年−現在  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 
・平成 8年−現在  肝胆膵治療フォーラム・神戸世話人 
・平成 9年−現在  京都肝疾患懇話会世話人 
・平成 9年−現在  肝臓分子生物学研究会 
・平成 11年−平成 18年 肝代謝コロキウム世話人 
・平成 11年−現在  大阪肝胆膵懇話会世話人 
・平成 11年−現在  南大阪肝胆膵疾患研究会世話人 
・平成 11年−現在  南大阪消化器病懇話会世話人 
・平成 11年−現在  南大阪肝疾患研究会世話人 
・平成 11年−平成 24年 消化器ラウンドテーブルディスカッション世話人 
・平成 11年−平成 18年 泉州肝臓病研究会世話人 
・平成 11年−平成 18年 大阪肝炎ミーティング世話人 
・平成 12年−現在  大阪肝臓病談話会世話人 
・平成 12年−現在  関西経皮内視鏡的胃瘻造設術研究会世話人 
・平成 12年−現在  肝疾患座談会 in Kyoto世話人 
・平成 12年−現在 近畿肝癌談話会常任幹事 
・平成 13年−現在 関西肝血流動態イメージ研究会世話人 
・平成 16年−平成 23年 あおい肝臓研究会世話人 
・平成 18年−現在  大阪肝臓ミーティング世話人 
・平成 19年−現在 近畿・超音波内視鏡研究会顧問 
 

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） 
・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）（予定） 
 

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（2016年 5月）,京都（予定） 

 

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6-7日),Kyoto 
・ the 8th International Liver Cancer Association（ILCA）（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(予定) 
・ AFSUMB 2016（アジア超音波医学会）（2016年5月）,Kyoto（予定） 
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近畿大学 消化器内科学教室医局員 
 （平成 26年 6月現在） 

 

 
主任教授 工藤正俊 S53 肝臓・消化器・肝癌の診断と治療 
教授（内視鏡部） 樫田博史 S58 下部消化管 
准教授 汐見幹夫 S55 上部・胆膵内視鏡（関空クリニック所長・教授兼務） 
 西田直生志  S60 肝臓病学・肝癌の分子生物学 
 北野雅之 H2 消化管全般・胆膵疾患 
講師 松井繁長 H3 食道静脈瘤止血・上部消化管 
 (医局長)  
医学部講師 上嶋一臣 H7 慢性肝炎・肝癌の治療 
 (病棟医長) 
 櫻井俊治 H7 上部消化管・分子生物学 
 (外来医長) 
 南 康範 H9 肝疾患・消化器一般 
  萩原 智  H10   肝疾患・消化器一般 
 井上達夫  H11   肝疾患・消化器一般 
 矢田典久 H11 肝疾患・消化器一般 
 坂本洋城 H12 胆膵疾患・消化器一般 
  朝隈 豊 H14   上部消化管・消化器一般 

北井 聡 H14   肝疾患・消化器一般 
助教   

米田 賴晃  H13  消化器一般 
岡崎 能久  H13  消化器一般 
田北雅弘  H15       肝疾患・消化器一般 

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

 有住忠晃 H19  肝疾患・消化器一般 
 鎌田 研 H19  胆膵疾患・消化器一般 
 峯 宏昌 H19 消化器一般 
 宮田 剛 H19  胆膵疾患・消化器一般 
 高山政樹 H19  消化器一般 
 足立哲平 H20 肝疾患・消化器一般 
 大本俊介 H20 消化器一般 
  門阪薫平  H20   胆膵疾患・消化器一般 
               田中梨絵   H22     消化器一般 
               千品寛和     H22         消化器一般 
               河野匡志   H22     消化器一般 
  南 知宏     H23         消化器一般 
               岡元寿樹     H23         消化器一般 

  
  
  
 
 
非常勤  仲谷達也  H3  仲谷クリニック 
  中岡良介  H8  山本病院内科 
  福田信宏  H10  朝日大学附属村上病院 消化器内科 
  市川 勉  H13  内海町いちかわ診療所 
  黒木恵美  H12  肝疾患・消化器一般 
 柴田千栄 H15  肝疾患・消化器一般 
  上田泰輔 H15  肝疾患・消化器一般 
 
大学院 4年 足立哲平 H20 肝疾患・消化器一般 
 大本俊介 H20 消化器一般 
 門阪薫平 H20 胆膵疾患・消化器一般 
大学院 2年     南 知宏     H23         消化器一般 
         千品寛和     H22         消化器一般 
大学院 1年 山雄健太郎   H18         胆膵疾患・消化器一般 
 河野 匡志   H22   消化器一般 
 
実験助手 鏡 郁子 
        垣井麻莉 
データマネージャー（CRC業務） 
 児玉美由紀 
臨床研究補助  弓削公子 
教授秘書 田中真紀 

村橋亜季 
 本廣佳香 
日本肝癌研究会 田村利恵  
 前原なつみ 
 
医局秘書 胡桃由佳 
 朝隈 智 
 山本有紀 
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分院勤務 
堺病院  辻 直子  S60   近畿大学堺病院 准教授・科長 

               谷池聡子    H7  近畿大学堺病院  診療講師 

  川崎正憲  H15   近畿大学堺病院 診療講師 

  奥村直巳  H21   近畿大学堺病院 臨床助教 

  高場雄久     近畿大学堺病院 臨床助教 

               松本 望               近畿大学堺病院 臨床助教 

               丸山康典         近畿大学堺病院 臨床助教 

               尾崎 信人               近畿大学堺病院 臨床助教 
   

 
奈良病院 川崎俊彦  S58   近畿大学奈良病院消化器内分泌内科 准教授 

  岸谷 譲  S62   近畿大学奈良病院消化器内分泌内科 講師 

宮部欽生 H14   近畿大学奈良病院消化器内分泌内科 診療講師 

  清水昌子 H12 近畿大学奈良病院消化器内分泌内科 診療助教 

茂山朋広 H17   近畿大学奈良病院消化器内分泌内科 診療助教 

  奥田英之 H19 近畿大学奈良病院消化器内分泌内科 診療助教 

  木下大輔 H20 近畿大学奈良病院消化器内分泌内科 臨床助教 

  秦 康倫 H21 近畿大学奈良病院消化器内分泌内科 臨床助教 

 永田嘉昭 H16 近畿大学奈良病院消化器内分泌内科 臨床助教 

 永井知行 H16 近畿大学奈良病院消化器内分泌内科 臨床助教 

 
他病院勤務   山本健二  岡本クリニック 

  林 道友   医療法人恵和会 林内科クリニック 院長 

  中里 勝   上ヶ原病院 

南野達夫 S55 なんの医院 

水野成人 S61  神戸薬科大学 医療薬学研究室 

近畿大学奈良病院消化器内分泌内科 非常勤医師 

         鍋島紀滋 S61 三菱京都病院消化器内科 

  由谷逸朗 S62  高石藤井病院 

  川端一史 H元年 川端内科クリニック 

  米田 円 H元年 米田内科胃腸科 

  渡邉和彦 H3  結核予防会大阪府支部相談診療所 

  森村正嗣 H3  森村医院 

               仲谷達也 H3 仲谷クリニック 

福永豊和 H4  北野病院消化器内科  

  遠田弘一 H7 慈温堂遠田医院 院長 

  遠田由紀 

  亀山千晴 H7  しあわせクリニック 

               小牧孝充 H7 富田林病院消化器内科 

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

中岡良介 H8    山本病院内科 

末冨洋一郎 H8     末冨放射線科医院 

 福田信宏 H10 朝日大学歯学部附属村上記念病院 消化器内科 

 小川 力 H11 高松赤十字病院 消化器内科 

 坂口康浩  H11   河崎内科病院 

               梅原 泰 H11  辻 腎太郎クリニック 

加藤玲明 H11 宝塚市立病院消化器内科 

                         近畿大学奈良病院消化器内分泌内科 非常勤医師 

  宮本容子 H12 近畿大学奈良病院消化器内分泌内科 非常勤医師 

梅原康湖  H12   JR大阪鉄道病院 非常勤医師 

    永島美樹  H12   桃坂クリニック 

        工藤可苗   H12      乾医院 

               市川 勉 H13  内海町いちかわ診療所 

冨田崇文 H14 冨田病院 

  齊藤佳寿  H14 介護老人保健施設 徳田山 

高橋俊介  H14   市立堺病院 

西尾 健 H14 南堺病院 

 坂本康明  H15 （医）坂本クリニック 

 早石宗右   H18         医療法人早石会 早石病院 

山本典雄  H19  医療法人山紀会 内科 
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分院勤務 
堺病院  辻 直子  S60   近畿大学堺病院 准教授・科長 
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  秦 康倫 H21 近畿大学奈良病院消化器内分泌内科 臨床助教 

 永田嘉昭 H16 近畿大学奈良病院消化器内分泌内科 臨床助教 

 永井知行 H16 近畿大学奈良病院消化器内分泌内科 臨床助教 
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  林 道友   医療法人恵和会 林内科クリニック 院長 
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  米田 円 H元年 米田内科胃腸科 

  渡邉和彦 H3  結核予防会大阪府支部相談診療所 

  森村正嗣 H3  森村医院 

               仲谷達也 H3 仲谷クリニック 

福永豊和 H4  北野病院消化器内科  

  遠田弘一 H7 慈温堂遠田医院 院長 

  遠田由紀 

  亀山千晴 H7  しあわせクリニック 

               小牧孝充 H7 富田林病院消化器内科 

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

中岡良介 H8    山本病院内科 

末冨洋一郎 H8     末冨放射線科医院 

 福田信宏 H10 朝日大学歯学部附属村上記念病院 消化器内科 

 小川 力 H11 高松赤十字病院 消化器内科 

 坂口康浩  H11   河崎内科病院 

               梅原 泰 H11  辻 腎太郎クリニック 
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  宮本容子 H12 近畿大学奈良病院消化器内分泌内科 非常勤医師 

梅原康湖  H12   JR大阪鉄道病院 非常勤医師 

    永島美樹  H12   桃坂クリニック 

        工藤可苗   H12      乾医院 

               市川 勉 H13  内海町いちかわ診療所 

冨田崇文 H14 冨田病院 

  齊藤佳寿  H14 介護老人保健施設 徳田山 

高橋俊介  H14   市立堺病院 

西尾 健 H14 南堺病院 

 坂本康明  H15 （医）坂本クリニック 

 早石宗右   H18         医療法人早石会 早石病院 

山本典雄  H19  医療法人山紀会 内科 
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医局員の略歴 
および近況 

汐見 幹夫 

 

2013年の反省 

１月の内視鏡学会近畿セミナー座長、３月の消化器病学会総会、５月の内視

鏡学会総会の座長は無事終了できました。 

また、12月の内視鏡学会近畿セミナーを会長として無事開催させていただき

ました。ご協力いただいた諸先生方にはこの場をお借りして御礼申し上げます。

当初参加者は学会からの指示で 250名の予定でしたが、実際には 410名のご

参加をいただきました。喜ぶべきことなのですが、予約していた会場が手狭に

なってしまい机が使用できなくなり、参加者の皆様にはご不便をおかけするこ

とになってしまいました。見通しの甘さを反省しております。 

 

201４年の抱負 

対外的な活動を継続したいと思っています。 

５月の内視鏡学会総会では口演の座長を務めさせていただきます。 

座長だけでなく、６月には以前工藤教授も代表世話人をされた「関西 PEG・

栄養研究会」という胃瘻の研究会を当番世話人としてお世話させていただく予

定です。昨年のように参加者にご不便をおかけしないよう、しっかり準備した

いと思っています。 

 

工藤教授だけでなく、汐見も還暦でした。結婚 30 周年でもあったので、ちょ

うど開園 30周年のディズニーランドで子供たちに祝ってもらいました。 
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まつい しげなが 

松井  繁長 

平成 3年  近畿大学医学部卒業 
平成 3年  近畿大学第二内科入局 
平成 11年 近畿大学消化器内科助手 
平成 14年 近畿大学消化器内科講師 
平成 18年 近畿大学消化器内科医局長 

  

専門領域 

消化器病、消化器内視鏡、門脈圧亢進症、食道、胃静脈瘤 

早期胃癌の内視鏡診断・治療 

 

所属学会 

日本内科学会、日本消化器病学会、日本消化器内視鏡学会 

日本門脈圧亢進症学会、日本消化管学会 

資格 

日本内科学会認定医 

日本消化器病学会（専門医、学会評議員） 

日本消化器内視鏡学会（指導医、学術評議員）  

日本門脈圧亢進症学会評議員 

日本消化管学会胃腸科認定医 

近畿大学医学博士 

 

今年も近畿大学消化器内科のブランド化に向けて、消化管グループとして、 
グループの活性化を図りながら、臨床、研究、学外活動に頑張っていきます。 
 

櫻井 俊治 
 

1995年 3月 京都大学 医学部 卒業     

1995年 5月 神戸市立中央市民病院 医師   

1997年 4月 天理よろづ病院 医師      

2004年 3月 京都大学大学院 博士課程修了            

2004年 9月 京都大学 医学部 助手 

2008年 4月 カリフォルニア大学サンディエゴ校 客員研究員 

2010年 4月 近畿大学 医学部 講師 

現在に至る 

 

診療内容：消化管早期癌、炎症性腸疾患の治療 
研究内容：炎症から発癌の分子機序の解明と新規治療・診断法の開発 
 

2013年を振り返ると、内視鏡治療と炎症性腸疾患の診断と治療において幾許
かの進捗があったと感じています。早期消化管癌や潰瘍性大腸炎・クローン病

の多くの患者さんの治療を明らかな合併症なくさせていただきました。昨年秋

に劇症の潰瘍性大腸炎の患者さんが立て続けに二名入院され、そのうち一人は

高齢であり、感染症などの合併症のないように細心の注意を払いながら治療を

行いました。最終的には兵庫医大の内野基先生に手術していただき、現在元気

に外来に通院されております。もう一人は若い方でありましたが、あらゆる内

科治療に抵抗性で、外科的加療を選択していただきましたが、同じく元気に外

来に通院されております。学術的には、工藤教授より昨年の“論文最多賞”を

いただきました。また学会シンポでの発表、国際学会の座長、研究会の幹事お

よび世話人などを務めさせていただきました。 
20014年は、近大に赴任して 5年目の区切りの年であります。工藤正俊教授、

樫田博史教授のご指導のもと臨床と研究においてますます精進し、“近大まぐろ”

のような、日本一、世界一の“近大○○“を目指して、労苦を惜しまず邁進し

ていきたいと思います。ご指導、ご鞭撻よろしくお願いいたします。 

— 42 —



まつい しげなが 

松井  繁長 

平成 3年  近畿大学医学部卒業 
平成 3年  近畿大学第二内科入局 
平成 11年 近畿大学消化器内科助手 
平成 14年 近畿大学消化器内科講師 
平成 18年 近畿大学消化器内科医局長 

  

専門領域 

消化器病、消化器内視鏡、門脈圧亢進症、食道、胃静脈瘤 

早期胃癌の内視鏡診断・治療 

 

所属学会 

日本内科学会、日本消化器病学会、日本消化器内視鏡学会 

日本門脈圧亢進症学会、日本消化管学会 

資格 

日本内科学会認定医 

日本消化器病学会（専門医、学会評議員） 

日本消化器内視鏡学会（指導医、学術評議員）  

日本門脈圧亢進症学会評議員 

日本消化管学会胃腸科認定医 

近畿大学医学博士 

 

今年も近畿大学消化器内科のブランド化に向けて、消化管グループとして、 
グループの活性化を図りながら、臨床、研究、学外活動に頑張っていきます。 
 

櫻井 俊治 
 

1995年 3月 京都大学 医学部 卒業     

1995年 5月 神戸市立中央市民病院 医師   

1997年 4月 天理よろづ病院 医師      

2004年 3月 京都大学大学院 博士課程修了            

2004年 9月 京都大学 医学部 助手 

2008年 4月 カリフォルニア大学サンディエゴ校 客員研究員 

2010年 4月 近畿大学 医学部 講師 

現在に至る 

 

診療内容：消化管早期癌、炎症性腸疾患の治療 
研究内容：炎症から発癌の分子機序の解明と新規治療・診断法の開発 
 

2013年を振り返ると、内視鏡治療と炎症性腸疾患の診断と治療において幾許
かの進捗があったと感じています。早期消化管癌や潰瘍性大腸炎・クローン病

の多くの患者さんの治療を明らかな合併症なくさせていただきました。昨年秋

に劇症の潰瘍性大腸炎の患者さんが立て続けに二名入院され、そのうち一人は

高齢であり、感染症などの合併症のないように細心の注意を払いながら治療を

行いました。最終的には兵庫医大の内野基先生に手術していただき、現在元気

に外来に通院されております。もう一人は若い方でありましたが、あらゆる内

科治療に抵抗性で、外科的加療を選択していただきましたが、同じく元気に外

来に通院されております。学術的には、工藤教授より昨年の“論文最多賞”を

いただきました。また学会シンポでの発表、国際学会の座長、研究会の幹事お

よび世話人などを務めさせていただきました。 
20014年は、近大に赴任して 5年目の区切りの年であります。工藤正俊教授、
樫田博史教授のご指導のもと臨床と研究においてますます精進し、“近大まぐろ”

のような、日本一、世界一の“近大○○“を目指して、労苦を惜しまず邁進し

ていきたいと思います。ご指導、ご鞭撻よろしくお願いいたします。 

— 43 —



サクランボ追伸 
南 康範 
 
 昨年の年報ではサクランボ好きが講じてサクランボの木を購入し、咲いた花

に受粉作業をしたことを記しました。その後についてご報告します。 
 10輪程度の花が咲き、毎朝 6時に起床しての受粉作業をしたところ 2つの花
の根元（子房）が膨らみ始めました。残念ながら 1 つは不受精果だったのか成
長が途中で止まり落果しましたが、一粒のサクランボ（佐藤錦）は緑色の子房

が徐々に大きくなって行きました。そして少しづつ赤く色づき始めたのですが、

春は虫の季節です。果樹でも特にサクランボは病気や害虫が付き易いですので

注意が必要です。食するため薬品は使えないので、色の悪い葉（病気が疑わし

い）は早めに摘除したり、アブラムシなどには割り箸で駆除するなどの手間は

惜しみませんでした。また、野鳥も大敵です。近くに林や公園があることから

庭に野鳥が時々来ているので、サクランボが食べられやしないかと気が気では

ありませんでした。実を付けたサクランボの鉢を庭木の下に隠れるよう置くと

言うお粗末な対策だけだったので心配でなりません。私が帰宅してまずしたこ

とはサクランボが大丈夫かを確認することでした。苦労と愛情の甲斐あって幸

い野鳥や虫に気付かれることなく実も更に大きく赤くなったのですが、5月のあ
る日のことです。しばらく雨もなく暑い日でもあったので少し多めに夕方の水

やりをした次の日ですが、大事な大事なサクランボの実に傷が…。鳥に啄まれ

たのか!?とかなり落胆しましたが、妻に「裂果じゃないの？」と指摘されました。
「裂果」とは実が水分を摂り過ぎて弾けることを言いますが、今回は前日の水

やりが悪かった結果でした。例えば林檎や蜜柑と言った果樹は数ヵ月かけてゆ

っくり成熟しますが、サクランボは開花から約 1 ヵ月と言う短期間で成熟する
ことから 5 月の水やりは少なめが大事となります。しかし、少なすぎれば萎れ
るのでバランスが必要です。五月雨に当たり過ぎれば容易に裂果することは知

っていましたが、1回の水やりでも失敗するとの教訓を得ました。 
 この実は裂果したまま成熟させ、見た目は悪いものの普通に甘く美味しいサ

クランボでした。さて、今年は昨年と比べて花芽が多いことから沢山花が咲き

そうです。目標は家族でサクランボ 1 粒づつ以上と言うことから 3 個以上の収
穫を目指します。 
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略歴： 
平成 9年 3月 近畿大学医学部卒業 
平成 9年 4月 近畿大学医学部旧第 1外科入局 
平成 10年 7月 八尾徳洲会病院外科 
平成 11年 4月 近畿大学医学部大学院（外科学）入学 
平成 12年 7月 旧第 1外科から消化器内科へ出向 
平成 15年 3月 近畿大学医学部大学院（外科学）卒業 
平成 15年 4月 近畿大学医学部消化器内科 助手 
平成 18年 5月 近畿大学医学部消化器内科 医学部講師 
平成 20年 12月〜平成 21年 3月 University California, San Diego (UCSD)
の Department of Radiologyに Visiting fellowとして短期留学 
平成 21年 4月 近畿大学医学部堺病院 
平成 23年 4月 近畿大学医学部消化器内科 
 
 
 
資格：外科専門医、肝臓専門医、消化器病専門医、消化器内視鏡専門医 
 超音波専門医・指導医 
 
役職： World Journal of Radiology, an Editorial Board Member 
 日本超音波医学会 査読委員 
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今後の目標 

消化器内科 永井 知行 

まずは私事ですが、13年 10月 7日に入籍、14年 2月 1日に披露宴を挙げさせ
て頂きました。その際に消化器内科医局・病院関係者などから多くの祝福を頂

き、この場をかりて御礼申し上げます。 
私の妻は同じ消化器内科の医師であり、学会や外勤先（青葉丘病院当直や富田

林病院の外来・検査）の代診をお願いすることがあり（すでにお願いしていま

すが…）、皆様も会われるかもしれません。その時は温かく接して頂ければ幸い
です。 
去年と今年の年始は披露宴の準備に追われ、本当に一瞬で時間が過ぎていきま

した。最近は少し落ち着きつつあり、今後は臨床と研究において邁進していき

たいと思います。 
今年は研修医からの入局がなく厳しい 1 年になりそうですが、力を合わせて頑
張っていきましょう！ 
 
略歴） 

04 年        近畿大学医学部 卒業 

04 年～ 06 年   神戸労災病院 臨床研修医 

06 年～ 08 年      市立岸和田市民病院 消化器内科 

08 年～現在     近畿大学医学部附属病院 消化器内科 

所属学会） 

日本内科学会、日本消化器病学会、日本消化器内視鏡学会、日本肝臓学会 

日本癌学会、日本臨床腫瘍学会、日本分子標的学会、米国癌学会 

専門医・学位） 

日本内科学会認定医、日本消化器病学会専門医、日本内視鏡学会専門医 

医学博士（平成２３年度） 

 

 

有住忠晃 徳島出身 
 
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 
 
2013年の反省と 2014年の目標 
2013 年は串本病院に出向させていただき地域医療について学ばせていただきました。3 カ
月と短い期間でしたが非常に充実した貴重な体験となりました。しかし学会発表や論文に

関しては自分自身や皆さんが納得することができる程の業績を残せていません。そこで

2014 年は 2013 年以上に日常診療・研究・学会発表・論文を頑張ります。また私生活でも
何か一つ大きなことをやり遂げたいと考えております。具体的な内容はまだ何も考えてい

ません・・・。 
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峯 宏昌 
平成 19年３月：近畿大学医学部卒業 
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：近畿大学医学部消化器内科 助教 
平成 22年４月：近畿大学医学部大学院内科学系 入学 
平成 26年 3月：近畿大学医学部大学院内科学系 卒業 
 
2014年 3月にお陰さまをもちまして、無事に大学院を卒業することとなりました。 
もう二度と受けたくないと思うほどの緊張感で終わった公聴会でしたが、卒業まで至った

のは櫻井先生、樫田教授、工藤教授をはじめ、多くの方々にご指導ご鞭撻いただいた御陰

と思っています。 
またNSTでなかなか参加できない内視鏡治療においても、樫田教授や松井先生のご配慮で、
時間を調整いただき、研鑽を積ましていただいています。 
2014年で医師免許を取得し８年目、入局して 6年目となりました。気づけば自分より上の
先生方が少なくなり、自分より下の先生方が増えつつあり、世間で言う中間管理職的な位

置になってきたように感じます。 
自分が入局した時におられた先生方のような、頼りになる先輩医師として後輩に感じても

らえるようにまだまだ研鑽を積む必要がありそうです。 

近畿大学医学部奈良病院 消化器・内分泌内科 2013年年報（1～12月） 

 

１．スタッフ 

 准教授 川崎俊彦（昭和 58年卒） 

 講師 岸谷 譲（昭和 62年卒） 

 診療講師 清水昌子（平成 12年卒）（12月退職） 

 診療講師 宮部欽生（平成 14年卒）（6月退職） 

 助教 B 永田嘉明（平成 16年卒）（6月赴任） 

 診療助教 茂山朋広（平成 17年卒）（4月より非常勤に） 

  診療助教 奥田英之（平成 19年卒） 

  診療助教 木下大輔（平成 20年卒） 

  診療助教 秦 康倫（平成 21年卒） 

  

 非常勤医師 水野成人 

 

 

２．臨床業績 

 1日平均外来患者  79.5人 

 1日平均在院患者  23.4人 

 平均在院日数  9.4日 

 

 上部内視鏡検査  3223件（含 ESD 75件） 

 下部内視鏡検査  1668件（含 EMR 293件+ESD3件） 

 ERCP  169件 

 超音波内視鏡  34件（含 EUS-FNA 5件） 

 腹部超音波 2527件 

 腹部血管造影 106件 

 ラジオ波治療 34件 

 

 

 

3．学会業績 

（１）第 90回日本消化器内視鏡学会近畿支部例会 

「EUS-FNAで術前診断が可能であった神経性腫瘍の１例」 

（２）第 28回日本糖尿病合併症学会「右鎖骨の溶血性変化のため前胸部悪性腫

瘍を疑われた二次性糖尿病の一例」 
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（３）第 91回日本消化器内視鏡学会近畿支部例会 

「食欲不振を契機に発見された巨大脾腫瘍の１例」 

 

4．学会業績（研究会） 

（１）生駒消化器癌カンファレンス 2013 

「難治性食道カンジダ症を合併した食道疣状癌の 1症例」 

（２）第 4回奈良病診連携を考える会 

「早期胃癌の診断と内視鏡治療」 

 

 

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） 

 

2013年の反省と 2014年の抱負。 

 2013 年は 4 月に茂山医師が開業のため非常勤となり，5 月末には長らく内視

鏡診療を支えてくれた宮部医師が実家近くの病院へと転勤されました。6月より

は近大本学より永田医師が宮部医師の代わりに赴任されましたが，一人欠員状

態が続き苦しい状態でした。更に，清水医師が御懐妊され，9月より長期休業に

入り 11月より一時復帰されましたが，12月に正式に退職され，二人欠員となり

更に苦しい状態が続いています。 

 このため，学会活動は、総会１題，地方会 2 題，研究会 2 題とほぼ休眠状態

だったのは，臨床優先のため仕方がなかったと思います。 

 その中で，EUS-FNA5例を含む，超音波内視鏡を 34例実施でき，ようやく超音

波内視鏡が普通の検査の仲間入りができたのは大きいのではないかと思います。 

 2014 年は 5 月末に永田医師が開業の為に退職することが決定しているので，

何とか近大本学からの補充をお願いしたいところです。 
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消化器内科学業績一覧(2013年) 
  

Ⅰ．英文論文  
1. 2013 Kudo M: Advances in Liver Fibrosis Imaging and Hepatocellular Carcinoma: 

Update in 2013. Oncology 84:1-2, 2013.(IF: 2.613) 

 

2. 2013 Fujimoto K, Kato M, Kudo M, Yada N, Shiina T, Ueshima K, Yamada Y, Ishida 

T, Azuma M, Ymasaki M,Yamamoto K, Hayashi N, Takehara T: Novel image 

analysis method using ultrasound elastography for non-invasive 

evaluation of hepatic fibrosis in patients with chronic hepatitis C. 

Oncology 84:3-12, 2013. (IF: 2.613) 

 

3. 2013 Yada N, Morikawa H, Fujimoto K, Kato M, Kawada N, Kudo M: Assessment of 

liver fibrosis with real-time tissue elastography in chronic viral 

hepatitis. Oncology 84:13-20, 2013. (IF: 2.613) 

 

4. 2013 Kudo M, Matsui O, Sakamoto M, Kitao A, Kim T, Ariizumi S, Ichikawa T, 

Kobayashi S, Imai Y, Izumi N, Fujinaga Y, Arii S: Role of 

gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced 

magnetic resonance imaging (Gd-EOB-DTPA MRI) in the management of 

hepatocellular carcinoma: Consensus at the  Symposium of the 48th Annual 

Meeting of the Liver Cancer Study Group of Japan. Oncology 84:21-27, 2013. 

(IF: 2.613) 

 

5. 2013 Inoue T, Kudo M, Hatanaka K, Arizumi T, Takita M, Kitai S, Yada N, Hagiwara  

S, Minami Y, Sakurai T, Ueshima k, Nishida N: Usefulness of 

contrast-enhanced ultrasonography to evaluate the post treatment 

responses of radiofrequency ablation for hepatocellular carcinoma; 

comparison with dynamic CT. Oncology 84:51-57, 2013. (IF: 2.613) 

 

6. 2013 Minami Y, Kudo M: Therapeutic response assessment of transcatheter 

arterial chemoembolization for hepatocellular carcinoma: US, CT and MRI. 

Oncology 84:58-63, 2013. (IF: 2.613) 

 

7. 2013 Minata M, Harada K, Kudo M, Ikai I, Nishida N: The prognostic value of 

vascular endothelial growth factor in hepatocellular carcinoma for 

predicting metastasis after curative resection. Oncology 84:75-81, 2013. 

(IF: 2.613) 

 

8. 2013 Nishida N, Arizumi T, Takita M, Nagai T, Kitai S, Yada N, Hagiwara S, 

Inoue T, Minami Y, Ueshima K, Sakurai T, Ida H, Kudo M: Quantification 

of tumor DNA in serum and vascular invasion of human hepatocellular 

carcinoma. Oncology 84:82-87, 2013. (IF: 2.613) 

 

9. 2013 Minata M, Kudo M, Harada K, Ikai I, Nishida N: Expression of E-cadherin 

and vascular endothelial growth factor in non-cancerous liver is 

associated with recurrence of HCC after curative resection. Oncology 

84:88-92, 2013. (IF: 2.613) 

 

10. 2013 Nishida N, Kudo M: Recent advancementsincomprehensive genetic analyses 

for human hepatocellular carcinoma. Oncology 84:93-97, 2013. (IF: 2.613) 

 

11. 2013 Claudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M, Nolsoe CP, Piscaglia 

F, Wilson SR, Barr RG, Chammas MC, Chaubal NG, Chen MH, Clevert DA, Correas 

JM, Ding H, Forsberg F, Fowlkes JB, Gibson RN, Goldberg BB, Lassau N, 

Leen EL, Mattrey RF, Moriyasu F, Solbiati L, Weskott HP, Xu HX: Guidelines 

and good clinical practice recommendations for contrast enhanced 

ultrasound (CEUS) in the liver-update 2012: a WFUMB-EFSUMB initiative 

in cooperation with representatives of AFSUMB, AIUM, ASUM, FLAUS and ICUS. 

Ultrasound Med Biol 39:187-210, 2013. (IF: 2.099) 

 

12. 2013 Hasegawa K, Kokudo N, Makuuchi M, Izumi N, Ichida T, Kudo M, Ku Y, Sakamoto 

M, Nakashima O, Matsui O, Matsuyama Y, for the Liver Cancer Study Group 

of Japan.: Comparison of resection and ablation for hepatocellular 

carcinoma: a cohort study based on a Japanese nationwide survey. J Hapatol 

58:724-729, 2013. (IF: 10.401) 

 

13. 2013 Sakurai T, Kudo M, Umemura A, He G, Elsharkawy AM, Seki E, Karin M: p38 

α inhibits liver fibrogenesis and consequent hepatocarcinogenesis by 

curtailing accumulation of reactive oxygen species. Cancer Res 

73:215-224, 2013. (IF: 9.284) 

 

14. 2013 Claudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M, Nolsoe CP, Piscaglia 

F, Wilson SR, Barr RG, Chammas MC, Chaubal NG, Chen MH, Clevert DA, Correas 

JM, Ding H, Forsberg F, Fowlkes JB, Gibson RN, Goldberg BB, Lassau N, 

Leen EL, Mattrey RF, Moriyasu F, Solbiati L, Weskott HP, Xu HX: Guidelines 

and good clinical practice recommendations for contrast enhanced 

ultrasound (CEUS) in the liver-update 2012: a WFUMB-EFSUMB initiative 

in cooperation with representatives of AFSUMB, AIUM, ASUM, FLAUS and ICUS. 

Ultraschall Med 34:11-29, 2013. (IF: 4.645) 

 

15. 2013 Watanabe T, Yamashita K, Sakurai T, Kudo M, Shiokawa M, Uza N, Kadoma 

Y, Uchida K, Okazaki K, Chiba T: Toll-like receptor activation in 

basophils contributes to the development of IgG4-related disease. J 

Gastroenterol 48:247-253, 2013. (IF: 4.020) 

 

16. 2013 Nagata Y, Kudo M, Nagai T, Watanabe T, Kawasaki M, Asakuma Y, Hagiwara 

S, Nishida N, Matsui S, Kashida H, Sakurai T: Heat shock protein 27 

expression is inversely correlated with atrophic gastritis and 

intraepithelial neoplasia. Digest Dis Sci 58:381-388, 2013. (IF: 2.550) 

 

17. 2013 Park JW, Amarapurkar D, Chao Y, Chen PJ, Geschwind JF, Goh KL, Han KH, 

Kudo M, Lee HC, Lee RC, Lesmana LA, Lim HY, Paik SW, Poon RT, Tan CK, 

Tanwandee T, Teng G, Ceng AL: Consensus recommendations and review by 
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3. Kudo M: Invited Lecture “Contras enhanced ultrasound (CEUS) in diagnostic imaging”. 

3rd World Federation of Ultrasound in Medicine and Biology (WFUMB) Center of Excellence 

Seminar, 8th Annual Meeting of the Indonesian Society of Oncology Imaging (ISOI), 20th 

Annual Meeting of the Indonesian Society of Ultrasound in Medicine (ISUM), Jakarta, 

Indonesia, May 18-19, 2013. 

 

4. Kudo M: Invited Lecture “Modern imaging approach to pancreatic tumours”. 3rd World 

Federation of Ultrasound in Medicine and Biology (WFUMB) Center of Excellence Seminar, 

8th Annual Meeting of the Indonesian Society of Oncology Imaging (ISOI), 20th Annual 

Meeting of the Indonesian Society of Ultrasound in Medicine (ISUM), Jakarta, 

Indonesia, May 18-19, 2013. 

 

5. Kudo M: Invited Lecture “Liver elastography in the evaluation of liver fibrosis”. 

3rd World Federation of Ultrasound in Medicine and Biology (WFUMB) Center of Excellence 

Seminar, 8th Annual Meeting of the Indonesian Society of Oncology Imaging (ISOI), 20th 

Annual Meeting of the Indonesian Society of Ultrasound in Medicine (ISUM), Jakarta, 

Indonesia, May 18-19, 2013. 

 

6. Kudo M: Invited Lecture “Recent advances in ultrasound techniques for treatment 

guidance for liver tumours”. 3rd World Federation of Ultrasound in Medicine and 

Biology (WFUMB) Center of Excellence Seminar, 8th Annual Meeting of the Indonesian 

Society of Oncology Imaging (ISOI), 20th Annual Meeting of the Indonesian Society of 

Ultrasound in Medicine (ISUM), Jakarta, Indonesia, May 18-19, 2013. 

 

7. Kudo M: Invited Lecture “How to evaluate treatment response in HCC: a mRESIST 

criterion enough?” “Unresolved Issues for Advanced HCC ”, The 4th Asia-Pacific 

Primary Liver Cancer Expert Meeting (APPLE),Busan, Korea, July 5-7, 2013. 

 

8. Kudo M: Invited Lecture “Sorafenib in patients with liver dysfunction:Final analysis 

of GIDEON.” “Unresolved Issues for Advanced HCC ”, The 4th Asia-Pacific Primary 

Liver Cancer Expert Meeting (APPLE),Busan, Korea, July 5-7, 2013. 

 

9. Kudo M: Invited Lecture “Treatment strategy for early stage of HCC.” “APPLE 

Consensus Workshop”, The 4th Asia-Pacific Primary Liver Cancer Expert Meeting 

(APPLE), Busan, Korea, July 5-7, 2013.   

 

10. Kudo M: Invited Lecture “New druggable targets in HCC.” “Early Morning Work Shop 

1 II. Hepatocellular Carcinoma: Genomics, Pathways & Targets”, The 4th Asia-Pacific 

Primary Liver Cancer Expert Meeting (APPLE), Busan, Korea, July 5-7, 2013. 

 

11. Kudo M: Invited Lecture “What is TACE failure/refractory?  Literature update and 

arriving at consensus.” “EPOIHCC”, The 4th Asia-Pacific Primary Liver Cancer 

Expert Meeting (APPLE), Busan, Korea, July 5-7, 2013. 

 

12. Kudo M: Invited Lecture “Imaging assessment of tumor response.” “Controversial 

issues in early HCC”, The 4th Asia-Pacific Primary Liver Cancer Expert Meeting 

(APPLE), Busan, Korea, July 5-7, 2013. 

 

13. Kudo M: Invited Lecture “Ultrasound elastography for non-invasive diagnosis of liver 

fibrosis”. Program of WFUMB COE Launching Workshop, Ulaanbaatar, Mongolia, July 

25-27, 2013. 

 

14. Kudo M: Invited Lecture “Interventional and contrast-enhanced EUS for 

pancreatobiliary diseases.” Program of WFUMB COE Launching Workshop, Ulaanbaatar, 

Mongolia, July 25-27, 2013. 

 

15. Kudo M: Invited Lecture“Resection vs. ablation in very early HCC” Seventh Annual 
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検査－欧米と日本－. 特集「消化器疾患に対する超音波内視鏡検査－現況と

将来展望」, 最新医学 68: 1677-1693, 2013. 

 

20. 2013 北野雅之: 膵管非癒合. 専門医のための消化器病学（第 2 版）, 監修 小俣政

男, 千葉 勉, 編集 下瀬川徹, 渡辺 守, 金子周一, 樫田博史, 医学書院, 

東京, p658-661, 2013. 

 

Ⅳ．招待講演・特別講演（海外） 
（2012年記載漏れ分） 

1. Kudo M: Invited Lecture “Interventional US for liver tumors.” The 10th Congress 

of Asian Federation of Societies for Ultrasound in Medicine and Biology (AFSUMB), 

Bali, Indonesia, November 7-10, 2012. 

 

2. Kudo M: Invited Lecture “Double contrast US for surveillance of HCC.” The 10th 

Congress of Asian Federation of Societies for Ultrasound in Medicine and Biology 

(AFSUMB), Bali, Indonesia, November 7-10, 2012. 

 

3. Kudo M: Invited Lecture “Sonazoid-enhanced US in the management of HCC.” The 10th 

Congress of Asian Federation of Societies for Ultrasound in Medicine and Biology 

(AFSUMB), Bali, Indonesia, November 7-10, 2012. 

 

4. Kudo M: Invited Lecture “Interventional and contrast EUS for pancreatobiliary 

tumors.” The 10th Congress of Asian Federation of Societies for Ultrasound in Medicine 

and Biology (AFSUMB), Bali, Indonesia, November 7-10, 2012. 

 

 

 
1. Kudo M: Special Lecture “Surveillance of hepatocellular carcinoma with CEUS using 

a unique contrast agent-Sonazoid.” “CEUS of liver lesions”, 14th World Congress 

of the world federation for ultrasound in medicine and biology (WFUMB) 2013, Sao Paulo, 

Brazil, May 2-5, 2013. 

 

2. Kudo M: Special Lecture “a) Liver (Strain)” “Elastography”, 14th World Congress 

of the world federation for ultrasound in medicine and biology (WFUMB) 2013, Sao Paulo, 

Brazil, May 2-5, 2013. 

 

3. Kudo M: Invited Lecture “Contras enhanced ultrasound (CEUS) in diagnostic imaging”. 

3rd World Federation of Ultrasound in Medicine and Biology (WFUMB) Center of Excellence 

Seminar, 8th Annual Meeting of the Indonesian Society of Oncology Imaging (ISOI), 20th 

Annual Meeting of the Indonesian Society of Ultrasound in Medicine (ISUM), Jakarta, 

Indonesia, May 18-19, 2013. 

 

4. Kudo M: Invited Lecture “Modern imaging approach to pancreatic tumours”. 3rd World 

Federation of Ultrasound in Medicine and Biology (WFUMB) Center of Excellence Seminar, 

8th Annual Meeting of the Indonesian Society of Oncology Imaging (ISOI), 20th Annual 

Meeting of the Indonesian Society of Ultrasound in Medicine (ISUM), Jakarta, 

Indonesia, May 18-19, 2013. 

 

5. Kudo M: Invited Lecture “Liver elastography in the evaluation of liver fibrosis”. 

3rd World Federation of Ultrasound in Medicine and Biology (WFUMB) Center of Excellence 

Seminar, 8th Annual Meeting of the Indonesian Society of Oncology Imaging (ISOI), 20th 

Annual Meeting of the Indonesian Society of Ultrasound in Medicine (ISUM), Jakarta, 

Indonesia, May 18-19, 2013. 

 

6. Kudo M: Invited Lecture “Recent advances in ultrasound techniques for treatment 

guidance for liver tumours”. 3rd World Federation of Ultrasound in Medicine and 

Biology (WFUMB) Center of Excellence Seminar, 8th Annual Meeting of the Indonesian 

Society of Oncology Imaging (ISOI), 20th Annual Meeting of the Indonesian Society of 

Ultrasound in Medicine (ISUM), Jakarta, Indonesia, May 18-19, 2013. 

 

7. Kudo M: Invited Lecture “How to evaluate treatment response in HCC: a mRESIST 

criterion enough?” “Unresolved Issues for Advanced HCC ”, The 4th Asia-Pacific 

Primary Liver Cancer Expert Meeting (APPLE),Busan, Korea, July 5-7, 2013. 

 

8. Kudo M: Invited Lecture “Sorafenib in patients with liver dysfunction:Final analysis 

of GIDEON.” “Unresolved Issues for Advanced HCC ”, The 4th Asia-Pacific Primary 

Liver Cancer Expert Meeting (APPLE),Busan, Korea, July 5-7, 2013. 

 

9. Kudo M: Invited Lecture “Treatment strategy for early stage of HCC.” “APPLE 

Consensus Workshop”, The 4th Asia-Pacific Primary Liver Cancer Expert Meeting 

(APPLE), Busan, Korea, July 5-7, 2013.   

 

10. Kudo M: Invited Lecture “New druggable targets in HCC.” “Early Morning Work Shop 

1 II. Hepatocellular Carcinoma: Genomics, Pathways & Targets”, The 4th Asia-Pacific 

Primary Liver Cancer Expert Meeting (APPLE), Busan, Korea, July 5-7, 2013. 

 

11. Kudo M: Invited Lecture “What is TACE failure/refractory?  Literature update and 

arriving at consensus.” “EPOIHCC”, The 4th Asia-Pacific Primary Liver Cancer 

Expert Meeting (APPLE), Busan, Korea, July 5-7, 2013. 

 

12. Kudo M: Invited Lecture “Imaging assessment of tumor response.” “Controversial 

issues in early HCC”, The 4th Asia-Pacific Primary Liver Cancer Expert Meeting 

(APPLE), Busan, Korea, July 5-7, 2013. 

 

13. Kudo M: Invited Lecture “Ultrasound elastography for non-invasive diagnosis of liver 

fibrosis”. Program of WFUMB COE Launching Workshop, Ulaanbaatar, Mongolia, July 

25-27, 2013. 

 

14. Kudo M: Invited Lecture “Interventional and contrast-enhanced EUS for 

pancreatobiliary diseases.” Program of WFUMB COE Launching Workshop, Ulaanbaatar, 

Mongolia, July 25-27, 2013. 

 

15. Kudo M: Invited Lecture“Resection vs. ablation in very early HCC” Seventh Annual 
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Conference International Liver Cancer Association (ILCA), Washington D.C., USA, 

September 13-15, 2013. 

 

16. Kudo M: Lecture “Diagnosis of diffuse liver diseases.” Medical ultrasound society, 

Singapore 11th Annual Seminar in conjunction with AFSUMB Workshop 2013, Singapore, 

September 28-29, 2013. 

 

17. Kudo M: Special Lecture “Management of Hepatocellular Carcinoma: Recent Progress.” 

“Special Lecture (Ⅱ)”, Taiwan Digestive Disease Week 2013 (TDDW), Taipei, Taiwan, 

October 5-6, 2013.  

 

18. Kudo M: Invited Lecture “Contrast-enhanced EUS of GI disorders”, The 5th Asian 

Conference of Ultrasound Contrast Imaging (ACUCI 2013), Taipei, Taiwan, October 19-20, 

2013.  

 

19. Kudo M: Invited Lecture “Diagnosis of Gross Pathological Classification of HCC by 

Kupffer phase CEUS”, The 5th Asian Conference of Ultrasound Contrast Imaging (ACUCI 

2013), Taipei, Taiwan, October 19-20, 2013. 

 

20. Kudo M: Invited Lecture “APASL Guidelines.” “Clinical practice guidelines: 

paradigms in management of HCC venue”, 3rd APASL Single Topic Conference HCC IN 3D, 

Cebu, Philippines, November 21-23, 2013. 

 

21. Kudo M: Invited Lecture “Management of intermediate stage HCC.” “Current treatment 

strategies for HCC venue”, 3rd APASL Single Topic Conference HCC IN 3D, Cebu, 

Philippines, November 21-23, 2013. 

 

22. Kudo M: Invited Lecture “Ongoing trial with Sonazoid in Japan”, Workshop for a 

Clinical Trial of HCC Screening with Sonazoid, Seoul, Korea, December 20, 2013. 

 

 

23. Kitano M: Invited Lecture “Pancreatic EUS: Imaging distinguishes benign from 

neoplastic lesions”. 10th Annual Rocky Mountain interventional Endoscopy Course, 

February 14-15, 2013, Colorado, USA. 

 

24. Kitano M: Invited Lecture “FCMS for BPS; When? How?”. “Recent update pancreatic 

stenting”, Bonastent Summit 2013 in Busan, April 5-7, 2013, Paradise Hotel, Busan, 

Korea. 

 

25. Kitano M: Invited Lecture “EUS in gastric cancer-Does it alter clinical management?” 

“Upper GI EUS”, 3rd Practical Workshop in Diagnostic and Therapeutic Endoscopic 

Ultrasound, May 23-24, 2013, Hong Kong, China. 

 

26. Kitano M: Invited Lecture “Contrast enhanced and elastography in EUS”, 3rd Practical 

Workshop in Diagnostic and Therapeutic Endoscopic Ultrasound, May 23-24, 2013, Hong 

Kong, China. 

 

27. Matsui S: Invited Lecture “Endoscopic submucosal dissection (ESD) procedure and 

management  of  complications  associated  with  ESD  for  esophagogastric 

cancer.”, 第一会天津市消化器早期がん・がん前病変国際フォーラム, June 2, 2013, 

Tianjin, China. 

 

28. Kitano M: Invited Lecture “Contrast-enhanced EUS: Can this replace EUS-FNA or just 

fancy?” Sessin Ⅲ “Technical advances on EUS-guided tissue acquisition for 

pancreatic lesions” , International Digestive Endoscopy Network 2013 with the 12th 

Korea-Japan Joint Symposium on Gastrointestinal Endoscopy, June 8-9, 2013, Grand 

Hilton Seoul, Korea. 

 

29. Kitano M: Invited Lecture “ERCP: Beyond enteroscopy and cap”. Video lecture Ⅱ

“Tips for successful ERCP in surgically altered anatomy” , International Digestive 

Endoscopy Network 2013 with the 12th Korea-Japan Joint Symposium on Gastrointestinal 

Endoscopy, June 8-9, 2013, Grand Hilton Seoul, Korea. 

 

30. Kitano M: Invited Lecture “Contrast harmonic echo in EUS: the principles” 1st 

European CH-EUS Workshop, September 19-20, 2013, Hospital Prive Jean Mermoz, Lyon, 

France. 

 

31. Kitano M: Invited Lecture “Other indication” 1st European CH-EUS Workshop, September 

19-20, 2013, Hospital Prive Jean Mermoz, Lyon, France. 

 

32. Kitano M: Invited Lecture “EUS-guided celiac neurolysis and block: ending the pain” 

18th Annual Endoscopic Ultrasonography Live 2013, November 8-10, 2013, the University 

of Chicago Medicine Center for Care and Discovery, Cicago, USA. 

 

33. Kitano M: Invited Lecture “Contrast agents and elastography: enhancing EUS” 18th 

Annual Endoscopic Ultrasonography Live 2013, November 8-10, 2013, the University of 

Chicago Medicine Center for Care and Discovery, Cicago, USA. 

 
34. Nishimura N, Mori M, Nishida N: Landscape of DNA methylation status of human 

hepatocellular carcinoma revealed by the human methylation BeadChip 450K. AACR 104th 

Annual Meeting 2013, Washington, D.C., USA, April 6-10, 2013. 

 

35. Yasuda I, Nakashima M, Iwai T, Isayama H, Itoi T, Hisai H, Inoue H, Kato H, Kanno 

A, Kubota K, Irisawa A, Igarashi H, Okabe Y, Kitano M, Kawakami H, Hayashi T, Mukai 

T, Kida M, Shimosegawa T: Japanese muliticenter experience of endscopic necrosectomy 

for infected walled-off pancreatic necrosis: JENIPaN study. Digestive Disease Week 

(DDW) 2013, May 19-21, 2013, Orlando, FL, USA. 

 

36. Yoshida K, Nagasaka T, Umeda Y, Yokomichi N, Mori Y, Kubota N, Morikawa T, Takehara 

Y, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Nishida N, Fujiwara T, Goel 

A: Accumulation of epigenetic alteration could predict malignant formation in 

intraductal papillary mucinous neoplasm (IPMN). Digestive Disease Week (DDW) 2013, 

May 19-21, 2013, Orlando, FL, USA. 

 

37. Yokomichi N, Nagasaka T, Nishida N, Umeda Y, Mori Y, Morikawa T, Kubota N, Yoshida 

K, Takehara Y, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Fujiwara T, Goel 

A: Cytokeratin 19 staining is a novel, predictive biomarker for extra-hepatic 

metastasis in hepatocellular carcinoma. Digestive Disease Week (DDW) 2013, May 19-21, 

2013, Orlando, FL, USA. 
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Conference International Liver Cancer Association (ILCA), Washington D.C., USA, 

September 13-15, 2013. 

 

16. Kudo M: Lecture “Diagnosis of diffuse liver diseases.” Medical ultrasound society, 

Singapore 11th Annual Seminar in conjunction with AFSUMB Workshop 2013, Singapore, 

September 28-29, 2013. 

 

17. Kudo M: Special Lecture “Management of Hepatocellular Carcinoma: Recent Progress.” 

“Special Lecture (Ⅱ)”, Taiwan Digestive Disease Week 2013 (TDDW), Taipei, Taiwan, 

October 5-6, 2013.  

 

18. Kudo M: Invited Lecture “Contrast-enhanced EUS of GI disorders”, The 5th Asian 

Conference of Ultrasound Contrast Imaging (ACUCI 2013), Taipei, Taiwan, October 19-20, 

2013.  

 

19. Kudo M: Invited Lecture “Diagnosis of Gross Pathological Classification of HCC by 

Kupffer phase CEUS”, The 5th Asian Conference of Ultrasound Contrast Imaging (ACUCI 

2013), Taipei, Taiwan, October 19-20, 2013. 

 

20. Kudo M: Invited Lecture “APASL Guidelines.” “Clinical practice guidelines: 

paradigms in management of HCC venue”, 3rd APASL Single Topic Conference HCC IN 3D, 

Cebu, Philippines, November 21-23, 2013. 

 

21. Kudo M: Invited Lecture “Management of intermediate stage HCC.” “Current treatment 

strategies for HCC venue”, 3rd APASL Single Topic Conference HCC IN 3D, Cebu, 

Philippines, November 21-23, 2013. 

 

22. Kudo M: Invited Lecture “Ongoing trial with Sonazoid in Japan”, Workshop for a 

Clinical Trial of HCC Screening with Sonazoid, Seoul, Korea, December 20, 2013. 

 

 

23. Kitano M: Invited Lecture “Pancreatic EUS: Imaging distinguishes benign from 

neoplastic lesions”. 10th Annual Rocky Mountain interventional Endoscopy Course, 

February 14-15, 2013, Colorado, USA. 

 

24. Kitano M: Invited Lecture “FCMS for BPS; When? How?”. “Recent update pancreatic 

stenting”, Bonastent Summit 2013 in Busan, April 5-7, 2013, Paradise Hotel, Busan, 

Korea. 

 

25. Kitano M: Invited Lecture “EUS in gastric cancer-Does it alter clinical management?” 

“Upper GI EUS”, 3rd Practical Workshop in Diagnostic and Therapeutic Endoscopic 

Ultrasound, May 23-24, 2013, Hong Kong, China. 

 

26. Kitano M: Invited Lecture “Contrast enhanced and elastography in EUS”, 3rd Practical 

Workshop in Diagnostic and Therapeutic Endoscopic Ultrasound, May 23-24, 2013, Hong 

Kong, China. 

 

27. Matsui S: Invited Lecture “Endoscopic submucosal dissection (ESD) procedure and 

management  of  complications  associated  with  ESD  for  esophagogastric 

cancer.”, 第一会天津市消化器早期がん・がん前病変国際フォーラム, June 2, 2013, 

Tianjin, China. 

 

28. Kitano M: Invited Lecture “Contrast-enhanced EUS: Can this replace EUS-FNA or just 

fancy?” Sessin Ⅲ “Technical advances on EUS-guided tissue acquisition for 

pancreatic lesions” , International Digestive Endoscopy Network 2013 with the 12th 

Korea-Japan Joint Symposium on Gastrointestinal Endoscopy, June 8-9, 2013, Grand 

Hilton Seoul, Korea. 

 

29. Kitano M: Invited Lecture “ERCP: Beyond enteroscopy and cap”. Video lecture Ⅱ

“Tips for successful ERCP in surgically altered anatomy” , International Digestive 

Endoscopy Network 2013 with the 12th Korea-Japan Joint Symposium on Gastrointestinal 

Endoscopy, June 8-9, 2013, Grand Hilton Seoul, Korea. 

 

30. Kitano M: Invited Lecture “Contrast harmonic echo in EUS: the principles” 1st 

European CH-EUS Workshop, September 19-20, 2013, Hospital Prive Jean Mermoz, Lyon, 

France. 

 

31. Kitano M: Invited Lecture “Other indication” 1st European CH-EUS Workshop, September 

19-20, 2013, Hospital Prive Jean Mermoz, Lyon, France. 

 

32. Kitano M: Invited Lecture “EUS-guided celiac neurolysis and block: ending the pain” 

18th Annual Endoscopic Ultrasonography Live 2013, November 8-10, 2013, the University 

of Chicago Medicine Center for Care and Discovery, Cicago, USA. 

 

33. Kitano M: Invited Lecture “Contrast agents and elastography: enhancing EUS” 18th 

Annual Endoscopic Ultrasonography Live 2013, November 8-10, 2013, the University of 

Chicago Medicine Center for Care and Discovery, Cicago, USA. 

 
34. Nishimura N, Mori M, Nishida N: Landscape of DNA methylation status of human 

hepatocellular carcinoma revealed by the human methylation BeadChip 450K. AACR 104th 

Annual Meeting 2013, Washington, D.C., USA, April 6-10, 2013. 

 

35. Yasuda I, Nakashima M, Iwai T, Isayama H, Itoi T, Hisai H, Inoue H, Kato H, Kanno 

A, Kubota K, Irisawa A, Igarashi H, Okabe Y, Kitano M, Kawakami H, Hayashi T, Mukai 

T, Kida M, Shimosegawa T: Japanese muliticenter experience of endscopic necrosectomy 

for infected walled-off pancreatic necrosis: JENIPaN study. Digestive Disease Week 

(DDW) 2013, May 19-21, 2013, Orlando, FL, USA. 

 

36. Yoshida K, Nagasaka T, Umeda Y, Yokomichi N, Mori Y, Kubota N, Morikawa T, Takehara 

Y, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Nishida N, Fujiwara T, Goel 

A: Accumulation of epigenetic alteration could predict malignant formation in 

intraductal papillary mucinous neoplasm (IPMN). Digestive Disease Week (DDW) 2013, 

May 19-21, 2013, Orlando, FL, USA. 

 

37. Yokomichi N, Nagasaka T, Nishida N, Umeda Y, Mori Y, Morikawa T, Kubota N, Yoshida 

K, Takehara Y, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Fujiwara T, Goel 

A: Cytokeratin 19 staining is a novel, predictive biomarker for extra-hepatic 

metastasis in hepatocellular carcinoma. Digestive Disease Week (DDW) 2013, May 19-21, 

2013, Orlando, FL, USA. 
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38. Morikawa T, Nagasaka T, Yoshida K, Mori Y, Kubota N, Takehara Y, Yokomichi N, Nishida 
N, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Fujiwara T, Goel A: Fecal 

DNA methylation assay for the identification of a multiple gastrointestinal cancers 

including pancreatic cancer. Digestive Disease Week (DDW) 2013, May 19-21, 2013, 

Orlando, FL, USA. 

 

39. Kubota N, Nagasaka T, Toda K, Mori Y, Morikawa T, Umeda Y, Yokomichi N, Yoshida K, 
Takehara Y, Takehara K, Nyuya A, Shiwaku R, Shigeyasu K, Suno M, Nishida N, Fujiwara 

T, Goel A: Genetic and epigenetic alteration in the netrin-1 receptors, unc5c and 

DCC, constitutes a previously unrecognized pathway in gastric cancer progression. 

Digestive Disease Week (DDW) 2013, May 19-21, 2013, Orlando, FL, USA. 

 

40. Mori Y, Nagasaka T, Tazawa H, Umeda Y, Morikawa T, Kubota N, Yoshida K, Takehara 
Y, Yokomichi N, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Nishida N, 

Fujiwara T, Goel A: MGMT methylation as a novel biomarker for the identification 

of stage Ⅲ  colorectal cancers at high-risk of disease recurrence following 

curative surgery. Digestive Disease Week (DDW) 2013, May 19-21, 2013, Orlando, FL, 

USA. 

 

41. Nishimura T, Mori Y, Uemoto S, Nishida N: Loss at long arm of chromosome 4 as 
predictive factor for recurrence of human hepatocellular carcinoma after orthotopic 

living-donor liver transplantation. 2013 ASCO Annual Meeting, Chicago, USA, May 

31-June 4, 2013. 

 

42. Nishimura N, Mori M, Nishida N: Landscape of DNA methylation status of human 
hepatocellular carcinoma revealed by the human methylation BeadChip 450K. AACR 104th 

Annual Meeting 2013, Washington, D.C., USA, April 6-10, 2013. 

 

43. Yasuda I, Nakashima M, Iwai T, Isayama H, Itoi T, Hisai H, Inoue H, Kato H, Kanno 
A, Kubota K, Irisawa A, Igarashi H, Okabe Y, Kitano M, Kawakami H, Hayashi T, Mukai 

T, Kida M, Shimosegawa T: Japanese muliticenter experience of endscopic necrosectomy 

for infected walled-off pancreatic necrosis: JENIPaN study. Digestive Disease Week 

(DDW) 2013, May 19-21, 2013, Orlando, FL, USA. 

 

44. Yoshida K, Nagasaka T, Umeda Y, Yokomichi N, Mori Y, Kubota N, Morikawa T, Takehara 
Y, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Nishida N, Fujiwara T, Goel 

A: Accumulation of epigenetic alteration could predict malignant formation in 

intraductal papillary mucinous neoplasm (IPMN). Digestive Disease Week (DDW) 2013, 

May 19-21, 2013, Orlando, FL, USA. 

 

45. Yokomichi N, Nagasaka T, Nishida N, Umeda Y, Mori Y, Morikawa T, Kubota N, Yoshida 
K, Takehara Y, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Fujiwara T, Goel 

A: Cytokeratin 19 staining is a novel, predictive biomarker for extra-hepatic 

metastasis in hepatocellular carcinoma. Digestive Disease Week (DDW) 2013, May 19-21, 

2013, Orlando, FL, USA. 

 

46. Morikawa T, Nagasaka T, Yoshida K, Mori Y, Kubota N, Takehara Y, Yokomichi N, Nishida 
N, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Fujiwara T, Goel A: Fecal 

DNA methylation assay for the identification of a multiple gastrointestinal cancers 

including pancreatic cancer. Digestive Disease Week (DDW) 2013, May 19-21, 2013, 

Orlando, FL, USA. 

 

47. Kubota N, Nagasaka T, Toda K, Mori Y, Morikawa T, Umeda Y, Yokomichi N, Yoshida K, 
Takehara Y, Takehara K, Nyuya A, Shiwaku R, Shigeyasu K, Suno M, Nishida N, Fujiwara 

T, Goel A: Genetic and epigenetic alteration in the netrin-1 receptors, unc5c and 

DCC, constitutes a previously unrecognized pathway in gastric cancer progression. 

Digestive Disease Week (DDW) 2013, May 19-21, 2013, Orlando, FL, USA. 

 

48. Mori Y, Nagasaka T, Tazawa H, Umeda Y, Morikawa T, Kubota N, Yoshida K, Takehara 
Y, Yokomichi N, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Nishida N, 

Fujiwara T, Goel A: MGMT methylation as a novel biomarker for the identification 

of stage Ⅲ  colorectal cancers at high-risk of disease recurrence following 

curative surgery. Digestive Disease Week (DDW) 2013, May 19-21, 2013, Orlando, FL, 

USA. 

 

49. Nishimura T, Mori Y, Uemoto S, Nishida N: Loss at long arm of chromosome 4 as 
predictive factor for recurrence of human hepatocellular carcinoma after orthotopic 

living-donor liver transplantation. 2013 ASCO Annual Meeting, Chicago, USA, May 

31-June 4, 2013. 

 

 

Ⅴ．招待講演・特別講演（国内） 
1. 工藤正俊: 特別講演「肝胆膵領域の造影エコーの現況と展望」, 第 26 回日本腹部造影エコ

ー・ドプラ診断研究会, 平成 25 年 4月 6日, ホテルグランヴィア大阪，大阪. 

 

2. 工藤正俊: 特別講演「肝細胞癌診療の新しいパラダイム」, 第 10回臨床消化器病フォーラ

ム, 平成 25 年 4月 6日, ウインクあいち，愛知. 

  

3. 工藤正俊: 特別講演「肝細胞癌治療の現状」, 第 3 回札幌肝疾患フォーラム, 平成 25 年 6

月 20 日,ニューオータニイン札幌, 北海道. 

 

4. 工藤正俊: TACE と動注化学療法: 分子標的薬との併用. ワークショップ 3「肝細胞癌に対

する TACE・肝動注化学療法・放射線療法の適応と治療成績」, 第 49 回日本肝癌研究会, 平

成 25 年 7月 11 日-12 日, 京王プラザホテル, 東京. 

 

5. 工藤正俊: 特別講演「肝発癌の予測と分子標的治療」, 固形がんの基礎と臨床-インフォメ

ーションからコミュニケーションへ-, 第 2回三重先端がんフォーラム, 平成 25年 7月 19

日, 三重大学医学部, 三重. 

 

6. 工藤正俊: 特別講演「肝炎, 肝癌治療の最近の話題」, 東四国ベアネットカンファレンス, 

平成 25年 8 月 10日, JRホテルクレメント高松, 香川. 

 

7. 工藤正俊: 特別講演 肝臓領域「ソノグラファーへの望む！肝臓エコー」, JSS 関西第 20

回地方会学術集会, 平成 25 年 9月 8日, 神戸国際会議場, 兵庫. 
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38. Morikawa T, Nagasaka T, Yoshida K, Mori Y, Kubota N, Takehara Y, Yokomichi N, Nishida 
N, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Fujiwara T, Goel A: Fecal 

DNA methylation assay for the identification of a multiple gastrointestinal cancers 

including pancreatic cancer. Digestive Disease Week (DDW) 2013, May 19-21, 2013, 

Orlando, FL, USA. 

 

39. Kubota N, Nagasaka T, Toda K, Mori Y, Morikawa T, Umeda Y, Yokomichi N, Yoshida K, 
Takehara Y, Takehara K, Nyuya A, Shiwaku R, Shigeyasu K, Suno M, Nishida N, Fujiwara 

T, Goel A: Genetic and epigenetic alteration in the netrin-1 receptors, unc5c and 

DCC, constitutes a previously unrecognized pathway in gastric cancer progression. 

Digestive Disease Week (DDW) 2013, May 19-21, 2013, Orlando, FL, USA. 

 

40. Mori Y, Nagasaka T, Tazawa H, Umeda Y, Morikawa T, Kubota N, Yoshida K, Takehara 
Y, Yokomichi N, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Nishida N, 

Fujiwara T, Goel A: MGMT methylation as a novel biomarker for the identification 

of stage Ⅲ  colorectal cancers at high-risk of disease recurrence following 

curative surgery. Digestive Disease Week (DDW) 2013, May 19-21, 2013, Orlando, FL, 

USA. 

 

41. Nishimura T, Mori Y, Uemoto S, Nishida N: Loss at long arm of chromosome 4 as 
predictive factor for recurrence of human hepatocellular carcinoma after orthotopic 

living-donor liver transplantation. 2013 ASCO Annual Meeting, Chicago, USA, May 

31-June 4, 2013. 

 

42. Nishimura N, Mori M, Nishida N: Landscape of DNA methylation status of human 
hepatocellular carcinoma revealed by the human methylation BeadChip 450K. AACR 104th 

Annual Meeting 2013, Washington, D.C., USA, April 6-10, 2013. 

 

43. Yasuda I, Nakashima M, Iwai T, Isayama H, Itoi T, Hisai H, Inoue H, Kato H, Kanno 
A, Kubota K, Irisawa A, Igarashi H, Okabe Y, Kitano M, Kawakami H, Hayashi T, Mukai 

T, Kida M, Shimosegawa T: Japanese muliticenter experience of endscopic necrosectomy 

for infected walled-off pancreatic necrosis: JENIPaN study. Digestive Disease Week 

(DDW) 2013, May 19-21, 2013, Orlando, FL, USA. 

 

44. Yoshida K, Nagasaka T, Umeda Y, Yokomichi N, Mori Y, Kubota N, Morikawa T, Takehara 
Y, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Nishida N, Fujiwara T, Goel 

A: Accumulation of epigenetic alteration could predict malignant formation in 

intraductal papillary mucinous neoplasm (IPMN). Digestive Disease Week (DDW) 2013, 

May 19-21, 2013, Orlando, FL, USA. 

 

45. Yokomichi N, Nagasaka T, Nishida N, Umeda Y, Mori Y, Morikawa T, Kubota N, Yoshida 
K, Takehara Y, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Fujiwara T, Goel 

A: Cytokeratin 19 staining is a novel, predictive biomarker for extra-hepatic 

metastasis in hepatocellular carcinoma. Digestive Disease Week (DDW) 2013, May 19-21, 

2013, Orlando, FL, USA. 

 

46. Morikawa T, Nagasaka T, Yoshida K, Mori Y, Kubota N, Takehara Y, Yokomichi N, Nishida 
N, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Fujiwara T, Goel A: Fecal 

DNA methylation assay for the identification of a multiple gastrointestinal cancers 

including pancreatic cancer. Digestive Disease Week (DDW) 2013, May 19-21, 2013, 

Orlando, FL, USA. 

 

47. Kubota N, Nagasaka T, Toda K, Mori Y, Morikawa T, Umeda Y, Yokomichi N, Yoshida K, 
Takehara Y, Takehara K, Nyuya A, Shiwaku R, Shigeyasu K, Suno M, Nishida N, Fujiwara 

T, Goel A: Genetic and epigenetic alteration in the netrin-1 receptors, unc5c and 

DCC, constitutes a previously unrecognized pathway in gastric cancer progression. 

Digestive Disease Week (DDW) 2013, May 19-21, 2013, Orlando, FL, USA. 

 

48. Mori Y, Nagasaka T, Tazawa H, Umeda Y, Morikawa T, Kubota N, Yoshida K, Takehara 
Y, Yokomichi N, Takehara K, Shigeyasu K, Nyuya A, Shiwaku R, Suno M, Nishida N, 

Fujiwara T, Goel A: MGMT methylation as a novel biomarker for the identification 

of stage Ⅲ  colorectal cancers at high-risk of disease recurrence following 

curative surgery. Digestive Disease Week (DDW) 2013, May 19-21, 2013, Orlando, FL, 

USA. 

 

49. Nishimura T, Mori Y, Uemoto S, Nishida N: Loss at long arm of chromosome 4 as 
predictive factor for recurrence of human hepatocellular carcinoma after orthotopic 

living-donor liver transplantation. 2013 ASCO Annual Meeting, Chicago, USA, May 

31-June 4, 2013. 

 

 

Ⅴ．招待講演・特別講演（国内） 
1. 工藤正俊: 特別講演「肝胆膵領域の造影エコーの現況と展望」, 第 26 回日本腹部造影エコ

ー・ドプラ診断研究会, 平成 25 年 4月 6日, ホテルグランヴィア大阪，大阪. 

 

2. 工藤正俊: 特別講演「肝細胞癌診療の新しいパラダイム」, 第 10回臨床消化器病フォーラ

ム, 平成 25 年 4月 6日, ウインクあいち，愛知. 

  

3. 工藤正俊: 特別講演「肝細胞癌治療の現状」, 第 3 回札幌肝疾患フォーラム, 平成 25 年 6

月 20 日,ニューオータニイン札幌, 北海道. 

 

4. 工藤正俊: TACE と動注化学療法: 分子標的薬との併用. ワークショップ 3「肝細胞癌に対

する TACE・肝動注化学療法・放射線療法の適応と治療成績」, 第 49 回日本肝癌研究会, 平

成 25 年 7月 11 日-12日, 京王プラザホテル, 東京. 

 

5. 工藤正俊: 特別講演「肝発癌の予測と分子標的治療」, 固形がんの基礎と臨床-インフォメ

ーションからコミュニケーションへ-, 第 2回三重先端がんフォーラム, 平成 25年 7月 19

日, 三重大学医学部, 三重. 

 

6. 工藤正俊: 特別講演「肝炎, 肝癌治療の最近の話題」, 東四国ベアネットカンファレンス, 

平成 25年 8 月 10日, JRホテルクレメント高松, 香川. 

 

7. 工藤正俊: 特別講演 肝臓領域「ソノグラファーへの望む！肝臓エコー」, JSS 関西第 20

回地方会学術集会, 平成 25 年 9月 8日, 神戸国際会議場, 兵庫. 
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8. 工藤正俊: 特別講演「超音波診断の最新動向: 腹部領域を中心に」, 第 31回日本乳腺甲状

腺超音波医学会学術集会, 平成 25年 9 月 22日, 神戸国際会議場, 兵庫. 

 

9. 工藤正俊: 特別講演「超音波診断の最新動向: 腹部領域を中心に」,日本超音波医学会第

40 回関西地方会学術集会, 平成 25年 11月 9日, 大阪国際会議場, 大阪. 

 

10. 北野雅之: 講演「EUS を用いた消化器内視鏡診断と治療」. 第 26回日本消化器内視鏡学会

近畿セミナー, 平成 25年 1 月 6 日, 京都テルサ, テルサホール, 京都. 

 

11. 松井繁長: 特別講演「低用量アスピリンによる消化管粘膜障害の現状と治療」. 南和医療

学術講演会, 平成 25年 1月 12 日, 橿原ロイヤルホテル, 奈良. 

 

12. 北野雅之: 特別講演「EUS-FNA の基礎から治療への応用まで」. 第 21 回日本消化器内視

鏡学会北陸セミナー, 平成 25年 1月 20 日, 石川県政記念しいのき迎賓館, 石川. 

 

13. 松井繁長: 講演「低用量アスピリンによる消化管粘膜傷害のリスクマネジメント」. 消化

器フォーラム, 平成 25年 1 月 26日, シェラトン都ホテル大阪, 大阪. 

 

14. 松井繁長: 講演「H.pylori 除菌治療の現状と留意点」. タケプロン発売 20周年記念講演

会, 平成 25 年 1月 31 日, ホテル・アゴーラリージェンシー堺, 大阪. 

  

15. 坂本洋城: 特別講演「胆膵疾患に対する Interventional EUS-Up to date-」. 第 18 回播

磨消化器内視鏡懇話会, 平成 25 年 3月 9日, 姫路商工会議所, 兵庫. 

 

16. 松井繁長: 特別講演「H.pylori 除菌治療の現状と課題」. 学術講演会, 平成 25年 3月 14

日, 耳原総合病院, 大阪. 

 

17. 坂本洋城: デモンストレーション「ERCP・EUS デモンストレーション」.大阪胆膵内視鏡

研究会第 2回大阪胆膵内視鏡ライブ, 平成 25年 3月 16日, 公益財団法人田附興会医学研

究所北野病院, 大阪. 

 

18. 北野雅之: ミニセミナー「超音波内視鏡による診断と治療」. 第 13 回西宮消化器病フォ

ーラム, 平成 25年 4月 4日, ノボテル甲子園, 兵庫. 

 

19. 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 10 回臨床消化器病

フォーラム, 平成 25年 4月 20 日, ホテルグランヴィア大阪, 大阪. 

 

20. 北野雅之: 講師, 第 2回 EUS-FNAトレーニングコース, 平成 25年 4月 21日, オリンパス

メディカルシステムズ技術開発センター石川, 東京. 

 

21. 北野雅之: 次世代超音波観測装置. 特別企画「最新の機器開発報告」, 1.超音波内視鏡の

取組み, 2）臨床報告, 消化器内視鏡促進連絡会第 30 回総会, 平成 25 年 5 月 9 日, ホテ

ルグランヴィア京都, 京都. 

 

22. 坂本洋城: オブサーバー「Meet the professor＝ How do we treat this case?」. 平成

25年 5月 11 日, グランドプリンスホテル京都, 京都. 

 

23. 北野雅之: 私はこう考える～Covered WallFlexTMの有用性 当院の使用経験と成績から～. 

エキスパートセミナー27「エキスパートに学ぶ WallFlexTM Biliary RX Stent の選択基準

～Covered? or Uncovered? エビデンスから導き出される最善の治療を目指して～」, 第

85 回日本消化器内視鏡学会総会, 平成 25年 5 月 12日, 国立京都国際会館, 京都. 

 

24. 坂本洋城: 手技の実際「EUS ガイド下治療に標準化を目指して-胆道ドレナージ-」. 第 4

回超音波内視鏡下治療研究会, 平成 25 年 5月 12 日, 国立京都国際会館, 京都. 

 

25. 松井繁長: 症例提示「バレッド食道癌」. 第 418回大阪胃研究会, 平成 25年 5月 15日, ホ

テルグランヴィア大阪, 大阪. 

 

26. 松井繁長: 特別講演「H.pylori除菌治療の新しい展開」. 第 10回泉州 Closed Meeting, 平

成 25 年 5月 30 日, スターゲイトホテル 関西エアポート, 大阪. 

 

27. 北野雅之: 特別講演「膵疾患診療の最近の Topics」. 第 23回りんくう消化器病研究会, 平

成 25 年 6月 15 日, りんくう総合医療センター, 大阪. 

 

28. 汐見幹夫: 特別企画: PEGに関するアンケート調査報告.「PEGの現況に関するアンケート

-集計結果報告-」, 第 19 回関西 PEG・栄養研究会, 平成 25 年 6 月 15 日, ホテル大阪ベ

イタワー4階 ベイタワーホール, 大阪. 

 

29. 上嶋一臣: ランチョンセミナー「肝癌の集学的治療～経カテーテル療法から分子標的薬ま

で～」. 第 8回日本肝がん分子標的治療研究会, 平成 25年 6月 22日, 和倉温泉「加賀屋」, 

石川. 

 

30. 松井繁長: 講演「お腹の痛みと胃の病気」. 第 49 回日本消化器病学会近畿支部市民公開

講座, 平成 25年 6 月 22日, ビッグ・アイ多目的ホール, 大阪. 

 

31. Sakamoto H: Invited Lecture “EUS-guided gallbladder drainage”. Tokyo Conference 

of Asian Pancreato-biliary International Endoscopist 2013 (T-CAP 2013), June 22-23, 

2013, Ito International Research Center, Japan. 

 

32. 松井繁長: 講演「低用量アスピリンによる消化管粘膜障害の現状と対策」. 生駒市医師会

講演会, 平成 25年 6月 28日, 生駒メディカルセンター, 奈良. 

 

33. 南 康範: 講演「Defect Re-perfusion image による診断」. 腹部造影超音波フォーラム

2013, 平成 25年 6 月 29日, TKP ガーデンシティ品川, 東京. 

 

34. 松井繁長: 特別講演「門脈圧亢進症について」. GSK社内勉強会, 平成 25年 7月 19日, GSK

近畿リージョナルオフィス, 大阪. 

 

35. 北野雅之: 講演「最新の EUS 事情-診断から治療まで- Interventional EUS」. 第 12 回新

別府病院内視鏡ライブセミナー, 平成 25年 7月 20日, 国家公務員共済組合連合会新別府

病院, 大分. 
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8. 工藤正俊: 特別講演「超音波診断の最新動向: 腹部領域を中心に」, 第 31回日本乳腺甲状

腺超音波医学会学術集会, 平成 25年 9 月 22日, 神戸国際会議場, 兵庫. 

 

9. 工藤正俊: 特別講演「超音波診断の最新動向: 腹部領域を中心に」,日本超音波医学会第

40 回関西地方会学術集会, 平成 25年 11月 9日, 大阪国際会議場, 大阪. 

 

10. 北野雅之: 講演「EUS を用いた消化器内視鏡診断と治療」. 第 26回日本消化器内視鏡学会

近畿セミナー, 平成 25年 1 月 6 日, 京都テルサ, テルサホール, 京都. 

 

11. 松井繁長: 特別講演「低用量アスピリンによる消化管粘膜障害の現状と治療」. 南和医療

学術講演会, 平成 25年 1月 12 日, 橿原ロイヤルホテル, 奈良. 

 

12. 北野雅之: 特別講演「EUS-FNA の基礎から治療への応用まで」. 第 21 回日本消化器内視

鏡学会北陸セミナー, 平成 25年 1月 20 日, 石川県政記念しいのき迎賓館, 石川. 

 

13. 松井繁長: 講演「低用量アスピリンによる消化管粘膜傷害のリスクマネジメント」. 消化

器フォーラム, 平成 25年 1 月 26日, シェラトン都ホテル大阪, 大阪. 

 

14. 松井繁長: 講演「H.pylori 除菌治療の現状と留意点」. タケプロン発売 20周年記念講演

会, 平成 25 年 1月 31 日, ホテル・アゴーラリージェンシー堺, 大阪. 

  

15. 坂本洋城: 特別講演「胆膵疾患に対する Interventional EUS-Up to date-」. 第 18 回播

磨消化器内視鏡懇話会, 平成 25 年 3月 9日, 姫路商工会議所, 兵庫. 

 

16. 松井繁長: 特別講演「H.pylori 除菌治療の現状と課題」. 学術講演会, 平成 25 年 3月 14

日, 耳原総合病院, 大阪. 

 

17. 坂本洋城: デモンストレーション「ERCP・EUS デモンストレーション」.大阪胆膵内視鏡

研究会第 2回大阪胆膵内視鏡ライブ, 平成 25年 3月 16日, 公益財団法人田附興会医学研

究所北野病院, 大阪. 

 

18. 北野雅之: ミニセミナー「超音波内視鏡による診断と治療」. 第 13 回西宮消化器病フォ

ーラム, 平成 25年 4月 4日, ノボテル甲子園, 兵庫. 

 

19. 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 10 回臨床消化器病

フォーラム, 平成 25年 4月 20 日, ホテルグランヴィア大阪, 大阪. 

 

20. 北野雅之: 講師, 第 2回 EUS-FNAトレーニングコース, 平成 25年 4月 21日, オリンパス

メディカルシステムズ技術開発センター石川, 東京. 

 

21. 北野雅之: 次世代超音波観測装置. 特別企画「最新の機器開発報告」, 1.超音波内視鏡の

取組み, 2）臨床報告, 消化器内視鏡促進連絡会第 30 回総会, 平成 25 年 5 月 9 日, ホテ

ルグランヴィア京都, 京都. 

 

22. 坂本洋城: オブサーバー「Meet the professor＝ How do we treat this case?」. 平成

25年 5月 11 日, グランドプリンスホテル京都, 京都. 

 

23. 北野雅之: 私はこう考える～Covered WallFlexTMの有用性 当院の使用経験と成績から～. 

エキスパートセミナー27「エキスパートに学ぶ WallFlexTM Biliary RX Stent の選択基準

～Covered? or Uncovered? エビデンスから導き出される最善の治療を目指して～」, 第

85 回日本消化器内視鏡学会総会, 平成 25年 5 月 12日, 国立京都国際会館, 京都. 

 

24. 坂本洋城: 手技の実際「EUS ガイド下治療に標準化を目指して-胆道ドレナージ-」. 第 4

回超音波内視鏡下治療研究会, 平成 25 年 5月 12 日, 国立京都国際会館, 京都. 

 

25. 松井繁長: 症例提示「バレッド食道癌」. 第 418回大阪胃研究会, 平成 25年 5月 15日, ホ

テルグランヴィア大阪, 大阪. 

 

26. 松井繁長: 特別講演「H.pylori除菌治療の新しい展開」. 第 10回泉州 Closed Meeting, 平

成 25 年 5月 30 日, スターゲイトホテル 関西エアポート, 大阪. 
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48. 峯 宏昌, 高山政樹: 当院における薬剤性消化管障害による緊急上部内視鏡検査の検討. 

シンポジウム 1「薬剤性消化管傷害の現況と対策」, 日本消化器内視鏡学会近畿支部第 90

回支部例会, 平成 25年 6月 22 日, 大阪国際交流センター, 大阪. 
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54. 足立哲平, 朝隈 豊, 樫田博史: 大腸腫瘍性病変の形態と内視鏡治療成績の検討. ビデ

オシンポジウム「大腸腫瘍性病変の内視鏡診断と治療」, 日本消化器内視鏡学会近畿支部

第 91 回支部例会, 平成 25年 11 月 16日, 大阪国際交流センター, 大阪. 
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本消化器病学会大会・第 86 回日本消化器内視鏡学会総会・第 11 回日本消化器外科学会

大会・第 51回日本消化器がん検診学会大会・第 44回日本消化器吸収学会総会合同）, 平

成 25 年 10月 9 日-12日, グランドプリンスホテル新高輪国際パミール, 東京. 

 

41. 今井 元, 北野雅之, 工藤正俊: 切除不能胆道狭窄での EUS下胆道ドレナージの位置づ

け. ワークショップ 14「胆道癌の胆管ドレナージの標準化-手術症例と非手術症例」, 第

21 回日本消化器関連学会週間 JDDW2013（第 17 回日本肝臓学会大会・第 55回日本消化

器病学会大会・第 86回日本消化器内視鏡学会総会・第 11 回日本消化器外科学会大会・

第 51 回日本消化器がん検診学会大会・第 44回日本消化器吸収学会総会合同）, 平成 25

年 10 月 9日-12 日, グランドプリンスホテル新高輪国際パミール, 東京. 

 

42. 櫻井俊治, 樫田博史, 工藤正俊: 肝発癌および治療抵抗性獲得における幹細胞の役割. 

ワークショップ 16「消化器癌に対する幹細胞研究の現状と展望」, 第 21 回日本消化器

関連学会週間 JDDW2013（第 17 回日本肝臓学会大会・第 55回日本消化器病学会大会・第

86 回日本消化器内視鏡学会総会・第 11回日本消化器外科学会大会・第 51 回日本消化器

がん検診学会大会・第 44回日本消化器吸収学会総会合同）, 平成 25 年 10月 9 日-12 日, 

品川プリンスホテル, 東京. 

 

43. 今井 元, 北野雅之, 工藤正俊: EUS ガイド下胆管ドレナージ術における工夫とトラブ

ルシューティング. ワークショップ 23「胆膵内視鏡のトラブルシューティング《ビデ

オ》」，第 21 回日本消化器関連学会週間 JDDW2013（第 17 回日本肝臓学会大会・第 55回

日本消化器病学会大会・第 86 回日本消化器内視鏡学会総会・第 11 回日本消化器外科学

会大会・第 51回日本消化器がん検診学会大会・第 44 回日本消化器吸収学会総会合同）, 

平成 25年 10月 9日-12日, 品川プリンスホテル, 東京. 
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大会・第 86 回日本消化器内視鏡学会総会・第 11回日本消化器外科学会大会・第 51 回
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日本消化器吸収学会総会合同）, 平成 25年 10月 9日-12日, 品川プリンスホテル, 東

京. 
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JDDW2013（第 17回日本肝臓学会大会・第 55 回日本消化器病学会大会・第 86回日本消
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47. 大本俊介, 北野雅之, 工藤正俊:当院における EUS 下胆道および膵管ドレナージの工夫

と成績. シンポジウム 1「消化器領域超音波の最前線-診断からインターベンションま

で」, 日本超音波医学会第 40 回関西地方会学術集会, 平成 25年 11月 9日, 大阪国際

会議場, 大阪. 

 

48. 門阪薫平, 北野雅之, 工藤正俊: 高齢者または ADL不良の急性胆嚢炎および胆管炎例に

対する EUS下胆嚢ドレナージ術. シンポジウム 1「高齢者における内視鏡診療の問題点

と対策（胆膵）」,日本消化器内視鏡学会近畿支部第 91 回支部例会, 平成 25年 11 月 16

日, 大阪国際交流センター, 大阪. 

 

49. 高場雄久, 辻 直子, 工藤正俊: 高齢者における大腸ポリペクトミーの安全性と予後. 

シンポジウム 2「高齢者における内視鏡診療の問題点と対策（消化管）」, 日本消化器内

視鏡学会近畿支部第 91回支部例会, 平成 25年 11月 16日, 大阪国際交流センター, 大
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問題点. シンポジウム 2「高齢者における内視鏡診療の問題点と対策（消化管）」, 日本
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3. 足立哲平, 松井繁長, 樫田博史, 工藤正俊: 当院におけるヘリコバクターピロリ除菌

治療成績の検討. 第 9 回日本消化管学会総会学術集会, 平成 25 年１月 25 日-26 日, 京
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倫, 工藤正俊, 太田善夫: 胃粘膜下腫瘍様形態を呈した膵扁平上皮癌の 1例. 日本消化

器病学会近畿支部第 98回例会, 平成 25年 2 月 16日, 神戸ポートピアホテル, 兵庫. 

 

7. 南 知宏, 朝隈 豊, 足立哲平, 高山政樹, 峯 宏昌, 永田嘉昭, 永井知行, 川崎正

憲, 櫻井俊治, 松井繁長, 樫田博史, 工藤正俊: 同時多発早期胃癌 11 病変に対し内視

鏡治療を施行した 1例. 日本消化器病学会近畿支部第 98回例会, 平成 25年 2月 16日, 

神戸ポートピアホテル, 兵庫. 

 

8. 八木澤朋弘, 足立哲平, 高山政樹, 峯 宏昌, 永田嘉昭, 永井知行, 川崎正憲, 朝隈 
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後孝章: 腸重積を契機に発見された回腸癌の 1 例. 日本消化器病学会近畿支部第 98 回

例会, 平成 25年 2 月 16日, 神戸ポートピアホテル, 兵庫. 

 

9. 河野匡志, 丸山康典, 松本 望, 高場雄久, 奥村直己, 山本典雄, 冨田崇文, 梅原康
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消化器病学会近畿支部第 98 回例会, 平成 25 年 2 月 16 日, 神戸ポートピアホテル, 兵

庫. 

 

10. 足立哲平, 高山政樹, 峯 宏昌, 永井知行, 永田嘉昭, 川崎正憲, 朝隈 豊, 櫻井俊

治, 松井繁長, 樫田博史, 工藤正俊: 当院のヘリコバクターピロリ除菌治療における

PPI別検討. 第 99 回日本消化器病学会総会, 平成 25年 3月 21 日-23 日, 城山観光ホテ

ル, かごしま県民交流センター, 鹿児島. 

 

11. 櫻井俊治, 樫田博史, 工藤正俊: 慢性膵炎における p38MAPK, HSP27 の役割. 第 99 回日

本消化器病学会総会, 平成 25 年 3 月 21 日-23 日, 城山観光ホテル, かごしま県民交流
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と負の相関を示す. 第 99回日本消化器病学会総会, 平成 25年 3月 21日-23日, 城山観

光ホテル, かごしま県民交流センター, 鹿児島. 

 

13. 今井 元, 北野雅之, 工藤正俊, 門阪薫平, 大本俊介, 鎌田 研, 宮田 剛, 坂本洋

城: 超音波内視鏡下胆嚢ドレナージ術の有用性. 第 99 回日本消化器病学会総会, 平成

25年 3月 21 日-23 日, 城山観光ホテル, かごしま県民交流センター, 鹿児島. 

 

14. 大本俊介, 北野雅之, 山田光成, 門阪薫平, 宮田 剛, 鎌田 研, 今井 元, 坂本洋

城, 工藤正俊: 膵仮性嚢胞に対する Interventional EUS. 第 99 回日本消化器病学会総
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47. 大本俊介, 北野雅之, 工藤正俊:当院における EUS 下胆道および膵管ドレナージの工夫

と成績. シンポジウム 1「消化器領域超音波の最前線-診断からインターベンションま

で」, 日本超音波医学会第 40 回関西地方会学術集会, 平成 25年 11月 9日, 大阪国際

会議場, 大阪. 

 

48. 門阪薫平, 北野雅之, 工藤正俊: 高齢者または ADL不良の急性胆嚢炎および胆管炎例に

対する EUS下胆嚢ドレナージ術. シンポジウム 1「高齢者における内視鏡診療の問題点

と対策（胆膵）」,日本消化器内視鏡学会近畿支部第 91 回支部例会, 平成 25年 11 月 16

日, 大阪国際交流センター, 大阪. 

 

49. 高場雄久, 辻 直子, 工藤正俊: 高齢者における大腸ポリペクトミーの安全性と予後. 

シンポジウム 2「高齢者における内視鏡診療の問題点と対策（消化管）」, 日本消化器内

視鏡学会近畿支部第 91回支部例会, 平成 25年 11月 16日, 大阪国際交流センター, 大
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 Preface 

 Oncology 2013;84(suppl 1):1–2 
 DOI: 10.1159/000345882 

 Advances in Liver Fibrosis Imaging and 
Hepatocellular Carcinoma: Update in 2013 

 Masatoshi Kudo  

 Kinki University School of Medicine,  Osakasayama , Japan 

  Takayasu  [4]  contributes a state-of-the-art article on 
transcatheter arterial chemoembolization (TACE) for 
unresectable HCC. The author concluded that conven-
tional TACE as well as drug-eluting beads loaded with 
doxorubicin and yttrium-90 ( 90 Y) microspheres demon-
strated a similar median survival.

  Kim and Kim  [5]  report that  90 Y radioembolization 
has a potent anticancer effect with negligible adverse 
events if appropriate pretreatment evaluations, including 
dosimetry, calculation of lung shunt fraction and assess-
ment of vascular anatomy, are performed. They conclud-
ed that selected populations, for whom TACE would not 
be effective, are candidates for  90 Y radioembolization.

  Peng and Chen  [6]  report that combination therapy of 
TACE with radiofrequency ablation (RFA) showed better 
survival and recurrence-free survival than an RFA alone 
group. Thus, they expect the combination therapy of 
TACE with RFA to become a standard of care for HCC, 
which is treatable with RFA, in the future.

  Makino et al.  [7]  discuss how RFA can be performed 
for HCCs, which have poor conspicuity on grayscale ul-
trasonography (US), by introducing US fusion imaging 
with CT/MRI.

  Inoue et al.  [8]  show that contrast-enhanced US 
(CEUS) can be used to assess the efficacy of RFA for HCC, 
with the potential of reducing the number of CT scans 
required for evaluating treatment response.

  Minami and Kudo  [9]  examine therapeutic response as-
sessment of TACE for HCC by US, CT and MRI. The au-
thors conclude that CT is commonly used as the standard 
imaging technique, but Lipiodol makes it difficult to detect 

 The 3rd Asia-Pacific Primary Liver Cancer Expert 
Meeting (APPLE) was held on July 6–8, 2012, in Shanghai, 
China. In this meeting more than 50 invited internation-
al speakers and more than 500 participants from Asian 
countries participated. Highly scientific lectures followed 
by active discussion made this meeting an invaluable one.

  The 48th Annual Meeting of the Liver Cancer Study 
Group of Japan was held on July 20–21, 2012, in Kanaza-
wa, Japan. This meeting was also active and outstanding. 
This supplement issue contains selected articles with a 
high scientific value from these 2 meetings.

  Fujimoto et al.  [1]  and Yada et al.  [2]  describe the use-
fulness of noninvasive techniques in evaluating liver fi-
brosis using real-time tissue elastography (RTE). RTE is 
a strain elastography in contrast to shear wave elastogra-
phy in the diagnosis of liver stiffness. According to these 
2 articles, RTE seems to be a promising method in evalu-
ating liver fibrosis stage.

  Kudo et al.  [3]  describe the role of gadolinum-ethoxy-
benzyl-diethylenetriamine imaging (Gd-EOB-DTPA 
MRI) in the management of hepatocellular carcinoma 
(HCC). This is a report based on the votes cast by 144 
HCC experts at the 48th Annual Meeting of the Liver 
Cancer Study Group of Japan. The voting results which 
achieved more than 67% agreement are summarized as 
‘consensus statements’. Furthermore, issues which ob-
tained more than 50% agreement are summarized as ‘in-
formative statements’. This report presents very interest-
ing results and reflects daily clinical practice on use of 
EOB-MRI in Japan.

 Published online: February 20, 2013 

 © 2013 S. Karger AG, Basel
0030–2414/13/0847–0001$38.00/0 

 Accessible online at:
www.karger.com/ocl 
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 Kudo

 

Oncology 2013;84(suppl 1):1–22

the residual tumor on CT. CEUS is a useful tool for assess-
ing the vascularity of the viable tumor in comparison with 
CT. Dynamic MRI is also useful in demonstrating viable 
tumor with high sensitivity, but low specificity. We should 
keep in mind that these 3 techniques have both advantag-
es and disadvantages in response evaluation after TACE.

  Tsai et al.  [10]  report that serum/plasma markers, 
functional MRI and FDG-PET have been selectively used 
to predict disease outcome after radiotherapy to HCC.

  Wei and Zeng  [11]  propose that external beam radio-
therapy (EBRT) be included in the National Comprehen-
sive Cancer Network since EBRT was more effective than 
sorafenib for improving patient survival when tested on 
tumors of comparable metastatic size.

  Minata et al.  [12]  report that evaluating vascular endo-
thelial growth factor in HCC tissue after surgical resec-
tion has predictive value for metastatic HCC recurrence. 
The ability to risk stratify should improve treatment 
strategies after hepatectomy.

  Nishida et al.  [13]  discuss how methylation status of 
 APC  sequences could be a promising marker for improv-
ing HCC management when considering the strong as-
sociation between the ratio of the methylated to unmeth-
ylated  APC  sequences in serum and the presence of portal 
vein thrombosis.

  Minata et al.  [14]  show that expression levels of E-cad-
herin in adjacent noncancerous liver after surgical resec-
tion is associated with later metastatic HCC recurrence. 
Analysis of E-cadherin expression should provide impor-
tant information for predicting recurrence after curative 
resection of HCC.

  Nishida and Kudo  [15]  report that recent whole-ge-
nome analyses and exome sequencing of tumor DNA 
have revealed numerous novel alterations to cancer-relat-
ed genes and pathways critical for HCC development. In 
addition, various risk factors for HCC, such as the pres-
ence or absence of hepatitis B and hepatitis C virus, may 
affect the mutation profile of the corresponding cancer 
genome. On the other hand, genome-wide association 
studies have also identified important single-nucleotide 
polymorphisms involved in HCC development, which 
may allow detection of a group at high risk of HCC emer-
gence. Such analyses will clarify how this malignancy can 
be treated, diagnosed and prevented more effectively.

  I believe this supplement issue contains articles with 
high scientific value and thus will prove to be beneficial 
for readers of Oncology.

 Disclosure Statement

The author declares that no conflict of interests exist.
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of this study is to increase objectivity by using a newly devel-
oped automatic analysis method. We obtain the Liver Fibro-
sis Index (LFI), which is calculated from image features of RTE 
images, using multiple regression analysis performed on 
clinical data of 310 cases as the training data set. The correla-
tion coefficient obtained between the LFI and the stage of 
hepatic fibrosis was r = 0.68, and significant differences exist 
between all stages of fibrosis (p  !  0.001). Our new method 
seems promising since it has the ability to diagnose fibrosis 
even in the presence of inflammation. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Approximately 700,000 people worldwide are estimat-
ed to die annually of hepatocellular carcinoma (HCC), 
which is the third highest cause of cancer death  [1, 2] . 
HCC often develops in the presence of hepatic fibrosis 
from long-term infection of chronic hepatitis B and C. It 
has been reported that the risk of HCC increases as the 
stage of liver fibrosis progresses  [3] . It has been shown 
that fibrosis treatment using interferon reduces hepatic 

 Key Words 
 Real-time tissue elastography  �  Chronic hepatitis  �  
Ultrasound elastography  �  Liver fibrosis 

 Abstract 
 It has been established that the long-term infection of chron-
ic hepatitis C leads to the increased risk of hepatic fibrosis 
and hepatocellular carcinoma. Currently, histological diag-
nosis by invasive and painful liver biopsy is the gold standard 
for evaluating the hepatic fibrosis stage. Because of a side 
effect or patient inability to cope with the pain, it is difficult 
to assess the fibrosis stage frequently using liver biopsy. Re-
cently, instead of liver biopsy, many articles have been pub-
lished showing the usefulness of ultrasound elastography to 
evaluate the stage of hepatic fibrosis. We also reported the 
usefulness of real-time tissue elastography (RTE) for liver fi-
brosis staging in 2007. However, in our previous report, fibro-
sis classification was performed manually and the number of 
patients involved was also small. In the current study, the fi-
brosis staging is performed automatically using software by 
characterizing the elastography images. We have also in-
creased the number of patients from 64 to 310. Thus, the aim 

 Published online: February 20, 2013 
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 Fujimoto et al.   Oncology 2013;84(suppl 1):3–124

fibrosis and also dramatically reduces the incidence of 
HCC  [4] . Thus, it is important to evaluate the stage of he-
patic fibrosis both for establishing treatment and also for 
monitoring its effectiveness.

  Histological diagnosis using liver biopsy is very im-
portant for the evaluation of hepatic fibrosis  [5–10] . How-
ever, because of its invasiveness, liver biopsy cannot be 
performed frequently. In addition, there is a limitation in 
the accuracy of liver biopsy due to sampling error  [11–13] . 
Thus, the development of noninvasive tests that are reli-
able, cost-effective and easy to use is required for evaluat-
ing the stage of hepatic fibrosis. Previously, measurement 
of platelet counts  [14]  and liver fibrosis marker  [15–18]  
were used as noninvasive tests to evaluate hepatic fibrosis, 
but generally the basic procedure for evaluating the stage 
of hepatic fibrosis is to combine the use of these tests with 
diagnostic imaging techniques, such as ultrasonography.

  Ultrasound imaging is the most useful imaging diag-
nostic technique used for evaluating chronic hepatitis 
and/or cirrhosis. The image characteristics for evaluating 
hepatic fibrosis/cirrhosis are the nodular liver parenchy-
ma, heterogeneous internal echo texture, decrease in the 
volume of right hepatic lobe and increase in the volume 
of caudate and left hepatic lobe, and the narrowing of the 
hepatic vein  [19, 20] . However, staging of the liver fibrosis 
using these characteristics is less reliable since the ap-
pearance of images can be changed due to differences in 
ultrasonic power and/or the image settings of the equip-
ment used. Ultrasound tissue characterization has been 
attempted in the literature for objective evaluation of tis-
sue by analyzing the signals obtained from the ultra-
sound system, for example intensity of RF signals, extent 
of scattering  [21, 22]  and velocity of shear wave generated 
by a probe in the liver  [23] .

  New methods are emerging to estimate the liver stiff-
ness or the fibrosis, using ultrasound elastography or MRI 
 [24] . There are many forms of elastography that are popu-
lar, namely transient elastography (Fibroscan � )  [25–28] , 

acoustic radiation forces impulse imaging (ARFI) and our 
own real-time tissue elastography (RTE)  [29–32] . Fibroscan 
and ARFI measure the velocity of shear waves propagating 
in the tissue to measure liver stiffness, which is then cor-
related to fibrosis. However, in the case of Fibroscan, mea-
sured liver stiffness is correlated not only with the stage of 
hepatic fibrosis, but also with grade of inflammation. 
Therefore, the involvement of many dynamic factors inde-
pendent of hepatic fibrosis affect the measurement value, 
such as inflammation or cholestasis. The stage of hepatic 
fibrosis, which is the goal of the imaging technique, should 
be defined as the parameter dependent only on the fibrosis 
of the liver, which is the true pathology to be indicated and 
should not include other dynamic factors.

  Our RTE is different from Fibroscan and ARFI and it 
measures relative stiffness of the tissue in the region of 
interest (ROI) and displays the stiffness with color over-
laid over the B-mode image in real time. Apart from liv-
er imaging, it has many other clinical applications that 
have been reported in the literature, such as breast, thy-
roid, prostate and pancreas  [33–36] . RTE image is con-
structed using tissue strains which are calculated from 2 
consecutive frames. The phase difference of RF signals 
from 2 consecutive frames are calculated to obtain tissue 
strain and transferred to color codes. The colors in the 
ROI range from blue to red to show the relative hardness 
and softness of area inside the ROI  [30, 31] . The harder 
areas are displayed in blue and the softer areas in red.

  In our previous work using RTE for liver imaging, we 
established the usefulness of RTE for the evaluation of 
hepatic fibrosis of chronic hepatitis C patients. The re-
ported liver elasticity scores, which were scored visually, 
showed significant correlation with hepatic fibrosis  [37] . 
Our RTE, available as a native mode in an ultrasound 
system, can be used for evaluating patients even with as-
cites and severe hepatic atrophy.

  Even though our previous paper showed the feasibility 
of using RTE, the main limitation was that the evaluation 
of the RTE images was performed visually. While evalu-
ating visually, two radiologists used the increase in a blue 
area in the RTE image as a criteria for staging hepatic fi-
brosis. Blue areas of RTE images increased and became 
patchy as the stage of hepatic fibrosis increased. It was 
difficult for the radiologists to visually estimate hepatic 
fibrosis with RTE images since the scoring of fibrosis also 
depended on the individual examiner’s image perspec-
tive. In addition, in our previous report, we did not per-
form any investigation about the relationship between 
the grade of inflammation and the RTE image. Thus, the 
aims of this study are: (1) to present a newly developed 

Abbreviations used in this paper

MEAN Mean of relative strain value within the ROI
SD Standard deviation of relative strain value within the ROI
%AREA Area of low strain (blue) within the ROI
COMP Complexity of low strain (blue) area within the ROI = 

(perimeter)2/area
SKEW Skewness – asymmetry of the histogram
KURT Kurtosis – peakedness of the histogram
ENT Entropy – textural complexity
IDM Inverse Difference Moment – textual local homogeneity
ASM Angular Second Moment – textual homogeneity
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image analysis software method to obtain Liver Fibrosis 
Index (LFI) automatically from image features of RTE 
images using multiple regression analysis  [38–40] , (2) to 
show the effectiveness of this software tool and (3) to es-
tablish the relationship between LFI, the stage of fibrosis 
and the grade of inflammation.

  Patients and Methods 

 Patients 
 The protocol was created following the Declaration of Hel-

sinki and approved by an independent ethics committee of 3 in-
stitutions. For this study, we chose 295 patients with chronic hep-
atitis C or cirrhosis. Fifty-five patients were excluded from the 
study ( table 1 ). All these patients were anti-hepatitis C virus and 
hepatitis C virus RNA positive, and were diagnosed by liver bi-
opsy between May 2005 and December 2009. The patient popula-
tion included 130 males and 165 females aged between 26 and 76 
years old (mean age 56 years;  table 1 ). Fifteen healthy volunteers 
were also enrolled as a normal control group. We obtained written 
informed consent from all participants at the National Hospital 
Organization Minamiwakayama Medical Center, Kaizuka City 
Hospital and Kinki University Hospital.

  Liver Histology 
 Liver biopsy was performed twice using 18G automatic cutting 

biopsy needles (Adjustable Temno Biopsy System; Cardinal Health, 
Waukegan, Ill., USA) under local anesthesia for all study patients. 
Regardless of benign or malignant tumor, patients who had tumor 
located in the imaging plane from the right intercostal were exclud-
ed from the study. The specimen lengths were 20 mm (range 10–25 
mm) and the sections were stained with hematoxylin and eosin and 
Masson trichrome staining. These sections were examined by 3 pa-
thologists to stage the fibrosis and also to grade the activities. All 3 
pathologists were blinded to any clinical data including the results 
of RTE. Hepatic fibrosis were staged from F0 to F4 according to the 
following scale: F0 – no fibrosis, F1 – portal fibrosis without septa, 
F2 – portal fibrosis with septa, F3 – numerous septa without cir-
rhosis and F4 – cirrhosis. Inflammatory activities were graded from 
A0 to A3 with the following scale: A0 – no activity, A1 – mild activ-
ity, A2 – moderate activity and A3 – severe activity.

  The fifteen healthy volunteers were all male, aged between 22 
and 52 years (average 31.5), BMI between 17.9 and 24.7 (average 
21.0) and their blood tests, such as aspartate aminotransami-
nase, alanine transaminase, gamma-GTP, total cholesterol and 
triglyceride, were all within normal limits. All volunteers had no 
sign of fatty liver in ultrasonography findings, thus no liver bi-
opsy was performed and they were staged F0.

  Real-Time Tissue Elastography 
 HI VISION 900 (Hitachi Medical Corp., Tokyo, Japan) was 

used for ultrasonography and the probes used were EUP-L52 lin-
ear probes (7–3 MHz). We used linear array probes for this study 
over convex array probes because linear probes have many advan-
tages when internal compression and relaxation induced by the 
cardiac motion is utilized for obtaining RTE images of the liver. 
We utilized internal compression and relaxation induced by the 

cardiac motion instead of manual compression because this is 
more consistent and reliable. Even though the field of view of a 
linear array probe is small, the direction of displacement induced 
by cardiac movement can be set to the surface of the probe, thus 
making it suitable for RTE analysis. Also, at smaller depth the 
field of view of a linear probe is much larger than that of convex 
probes, thus making it more suitable for an RTE image.

  After obtaining B-mode images, the ultrasound mode was 
switched to RTE and scanned from the right intercostal space to 
observe the right hepatic lobe. RTE images were obtained by hold-
ing the probe still at the position where displacement by the car-
diac motion in B-mode was in the axial direction. The optimum 
intercostal space was the position where liver parenchyma was im-
aged in the deepest area. When the liver was not contracted, RTE 
images were easily obtained by scanning through the intercostal 
space of anterior to middle axillary lines. Because the RTE image 
is formed from the strain values computed from the axial displace-
ment, the position where liver parenchyma moves in a lateral di-
rection due to cardiac motion was not suitable for this study.

  The ROI for RTE was set inside liver parenchyma. Regions 
with large vessels or regions having shadows from ribs were avoid-
ed to reduce the artifacts arising from the anechoic region. The 
tops of the ROI were positioned at a depth of more than 1 cm from 
the surface of the liver to avoid multiple reflections arising from 
the surface of the liver.

  RTE was performed using a freehand technique, with the lin-
ear probe placed at the appropriate position with the patient hold-
ing their breath. As mentioned in the previous paragraph, no 
manual compression/relaxation was applied. The compression/

Table 1. B ackground of patients and excluded cases

Patients (n = 295)
Male/female 130/165
Age, years

Range
56818 
26476

ALT, IU/l 59.4841.1
Total bilirubin, mg/dl 0.980.5
Albumin, g/dl 4.081.1
Choline esterase, IU/l 270.4878.4
Total cholesterol, mg/dl 187.4833.4
Prothrombin time, % 94.2812.9
Platelet count (!104/�l) 16.287.7
Fibrosis stage, F0/F1/F2/F3/F4 84/97/65/48
Histological activity, A0/A1/A2/A3 29/90/146/30

Excluded cases (n = 55) 
Poor penetration (n = 20)

Fatty layer ≥5 mm and muscular layer ≥10 mm 9
Fatty layer ≥5 mm and muscular layer <10 mm 3
Fatty layer <5 mm and muscular layer ≥10 mm 5
Fatty layer <5 mm and muscular layer <10 mm 3

Unstable technique (n = 35)
Slipping section by body movement 10
Slipping horizontally by cardiac movement 13
Poor cardiac movement 3
Artifact by multiple reflection 9
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relaxation of the liver induced by the cardiac motion is easily de-
tected to compute strain images. The ultrasound system param-
eters such as depth, ROI and gain were set for optimum RTE im-
age quality. RTE images obtained by the lateral movements of the 
heart were avoided. One to two RTE images are displayed in 1 
heartbeat, and the best RTE image was selected for final analysis. 
In total 3–5 RTE images obtained from different heart cycles 
without lateral motion were selected. The average of these 3–5 im-
ages for each patient was then used in regression analysis.

  We extracted the following 9 image features to quantify the 
patchy pattern of the RTE images. More details about these fea-
tures can also be found in the literature  [41] .

  All 9 parameters have been found in the literature to be very 
useful for characterizing the imaging pattern in many different 
applications, e.g. satellite imaging, geothermal imaging and ma-
chine visions  [42] . For liver fibrosis staging using RTE images, we 
employ these features for characterizing the image and correlating 
them with fibrosis staging. Analysis of RTE image features were 
performed with the prototype analysis software shown in  figure 1 . 
This software converts the selected analysis area of the RTE image 
(STEP 1) into a 256-step grayscale image (STEP 2), plots the strain 
histogram (STEP 3), and calculates the mean of relative strain 
(MEAN), standard deviation of relative strain (SD), skewness of 
strain histogram (SKEW) and kurtosis of strain histogram (KURT; 
STEP 4). Moreover, it binarizes the RTE image into black and white 
regions: white as low strain (blue) regions and black as all other 
regions (STEP 5). To characterize the low strain (blue) regions of 
the binary image, it calculates the ratio of low strain regions with-
in the selected analysis area (%AREA), and the complexity of the 
low strain region (COMP; STEP 6). Furthermore, it also calculates 
entropy (ENT), inverse difference moment (IDM), and angular 

second moment (ASM) to evaluate the texture of the RTE image 
(STEP 7). Multiple regression analysis was then performed to im-
prove the diagnostic accuracy using all these 9 image features in-
stead of diagnosing with individual image features.

  The LFI was estimated using these 9 image features as inde-
pendent variables and the hepatic fibrosis stage as a dependent 
variable, as shown in the following multiple regression equation:

  LFI = 
  –0.009  !  MEAN – 0.005  !  SD + 0.023  !  %AREA
+ 0.025  !  COMP + 0.775  !  SKEW – 0.281  !  KURT
+ 2.083  !  ENT + 3.042  !  IDM + 39.979  !  ASM – 5.542.

  Multiple regression analysis was also performed to estimate the 
Liver Activity Index (LAI) using 9 image features as independent 
variables and grade of inflammatory activity as a dependent vari-
able. LFI and LAI were calculated for all patients and compared 
with the stage of hepatic fibrosis and grade of inflammatory activ-
ity. Then, to eliminate the inflammatory activity from hepatic fi-
brosis, LAI and grade of inflammatory activity were compared for 
each stage of hepatic fibrosis. Receiver operating characteristic 
(ROC) analysis was performed for LFI to obtain a cutoff value for 
the identification of F0–1/F2–4 and F0–3/F4, and also to calculate 
sensitivity, specificity, accuracy and area under ROC (AUROC).

  Statistical Analysis 
 All of the statistical analysis, such as multiple regression anal-

ysis and ROC analysis were carried out using the JMP statistical 
discovery software, version 8.0 (SAS Institute Inc., Cary, N.C., 
USA) for windows.
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SD
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KURT          

          
 

     

STEP 3. Histogram
STEP 4. 

STEP 1. RTE image
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  Fig. 1.  Flow of calculations. 
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  Results 

 Patients 
 We performed liver elastography in 365 patients (in-

cluding 15 healthy volunteers) between April 2005 and 
November 2009. We excluded 55 patients from our study 
because more than 3 stable RTE images could not be ac-
quired for these patients. Most of the reasons of exclusion 
were related to RTE skill of the clinicians, which improved 
significantly with more experience.  Table  1  shows the 
characteristics of the 295 patients (excluding 15 healthy 
volunteers out of 310 patients). The indicated stages of he-
patic fibrosis in the study patients were: F0 in 1 subject, F1 
in 84 subjects, F2 in 97 subjects, F3 in 65 subjects and F4 
in 48 subjects. The stage of hepatic fibrosis in all healthy 
volunteers was F0. Typical RTE images and pathological 
images for each fibrosis stage are shown in  figure 2 .

  Correlation between Features and Stage 
 In the present study, as described previously, we ex-

tracted 9 image features. Correlation coefficients be-
tween 9 image features, such as MEAN, SD, %AREA, 
COMP, SKEW, KURT, ENT, IDM and ASM and stage of 
hepatic fibrosis were –0.63, 0.53, 0.65, 0.58, 0.59, 0.02, 
–0.22, 0.34 and 0.21, respectively. Thus, 5 of 9 image

features, i.e. MEAN, SD, %AREA, COMP and SKEW, 
highly correlated with the stage of hepatic fibrosis ( fig. 3 ).

  Accuracy of Staging Fibrosis by LFI 
  Figure 4  shows the relationship between hepatic fibro-

sis stages and LFI calculated from 9 image features using 
multiple regression analysis. LFI highly correlates with 
the fibrosis stages (r = 0.68 with p  !  0.001), and signifi-
cant differences exist between all different stages.  Figure 
5  shows the ROC analysis. When the cutoff value of LFI 
was set to 1.92, the AUROC of LFI for F0–1 versus F2–4 
was 0.82, and sensitivity, specificity and accuracy were 
78.6, 78.0 and 78.4%, respectively. For F0–3 versus F4, 
when the cutoff value was 2.56, the AUROC was 0.87, and 
sensitivity, specificity and accuracy were 79.2, 80.5 and 
80.3%, respectively ( fig. 5 ). In this study, LFI clearly dif-
ferentiates either F0–1 and F2–4 or F0–3 and F4.

  Effect of Inflammation 
  Figure 6  shows the comparison between grades and 

the 9 image features for evaluating the effect of inflam-
mation on RTE image. None of the 9 image features have 
a correlation with grades, and LAI, which was calculated 
by multiple regression analysis similar to LFI, also did not 
correlate with grades (r = 0.30;  fig. 6 j).

Stage 1 Stage 2 Stage 3 Stage 4

a

b

Hard

Soft
ε0 + 

ε0

ε0: Mean strain
     within ROI

Δ

ε0 – Δ

  Fig. 2.  RTE images ( a ) and pathological images, Masson trichrome stain,  ! 100 ( b ). 
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  Discussion 

 Results of Estimation 
 To improve the accuracy of estimation of hepatic fi-

brosis and to make it automatic, we performed multiple 
regression analysis using 9 image features and obtained 
the estimated LFI. This index highly correlated with the 
stage of hepatic fibrosis (r = 0.68, p  !  0.001) and signifi-
cant differences were also observed between each stage. 
Furthermore, ROC analysis indicated that LFI has a high 
ability to differentiate each stage.

  All 9 image features we used are independent and do 
not include confounding factors. Out of the 9 image fea-
tures we analyzed, 5 (%AREA, MEAN, SD, COMP and 
SKEW) had a high correlation with the stages of hepatic 
fibrosis. This strong correlation, we believe, is mainly due 
to following reasons:
  – AREA: hard area increases as a hepatic fibrosis pro-

gresses. 
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  Fig. 4.  Comparison of stage of hepatic fibrosis and LFI.       

  Fig. 3.  Comparisons of stage of hepatic fibrosis and image features.       
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 – MEAN: liver parenchyma becomes stiffer as hepatic 
fibrosis progresses. 

 – SD: stiffness of liver parenchyma becomes heteroge-
neous as hepatic fibrosis progresses. 

 – COMP: figure of hard area becomes more complex as 
hepatic fibrosis progresses. 

 – SKEW: histogram skew towards the lower value of 
strain (harder) as hepatic fibrosis progresses. 
 Histopathological tissue evaluation using liver biopsy 

has been the gold standard for evaluation of hepatic fibro-
sis. However, this procedure is invasive, painful and could 
cause complications, such as hemorrhage, due to which 
many patients hesitate over the procedure. In addition, if 
the platelet count is low, partial thromboplastin time is 
greater than 3 s, the liver presents with a tumor and there 
is presence of ascites, then liver biopsy is also difficult to 
perform. This liver biopsy is also an economic burden due 
to the hospitalization required after the procedure. Cur-
rently, in such patients where a liver biopsy cannot be per-

formed it is substituted with blood tests, which have sig-
nificantly lower accuracy. Thus, our LFI based on RTE im-
ages, which is painless, cost-effective and can be performed 
in the presence of any of the above conditions can be a good 
addition to the clinicians tools for the noninvasive evalua-
tion of liver fibrosis.

  Effect of Inflammation 
 We did not find any correlation between any of the 9 

features we used and inflammation grades. The RTE im-
age, we believe, thus reflects the hepatic fibrosis and does 
not reflect the inflammatory factors such as intracellular 
pressure and change in blood flow due to inflammation. In 
addition, the spatial resolution of RTE images is 0.5–2 mm 
 [43] , which can completely capture the regenerating nod-
ules in liver cirrhosis, which are 3–10 mm in size  [44] . Thus, 
we can conclude that the LFI we have developed is not in-
fluenced by inflammation and it depends mainly upon liv-
er fibrosis. Compared to RTE, other shear wave elastogra-
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  Fig. 5.  ROC analysis differentiating F2–4 from F0–1 ( a ) and F4 from F0–3 ( b ).   
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phy-based techniques, such as Fibroscan and ARFI, have 
been reported showing strong correlation with inflamma-
tion  [45–47] . This correlation could be mainly because 
shear wave elastography adopts the principle of measuring 
the velocity of shear wave. Inflammatory factors such as 
intracellular pressure and condition of blood flow may 
change the velocity of shear waves, thus resulting in bias in 
the estimate.

  Acquisition of RTE 
 We utilized compression/relaxation induced by the 

cardiac motion to obtain our RTE images for liver index 
computation. This helped to simplify RTE image acqui-
sition and made it easier for clinicians to acquire RTE
images. However, for some patients with weak pulsation 
and/or who are obese, it was difficult to perform liver 
elastography accurately. Training of clinicians was need-
ed to avoid artifacts related to obesity, to set the ROI not 
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  Fig. 6.   a–j  Comparison of grade and image features.     
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to include vessels and to adjust the position of the probe 
to image the liver where compression/relaxation was ho-
mogeneous and axial to the probe. RTE data were col-
lected in 3 hospitals and 2 experts performed liver elas-
tography. Image features were extracted from multiple 
RTE images and the average value from the acquired RTE 
images were used for our analysis.

  Patient Selection Bias 
 In our study we did not include patients who had dif-

ficulty holding their breath or for whom it was difficult 
to image the liver through the intercostal spaces due to 
overlying bowel gases. Moreover, we excluded 55 cases 
with difficulty in analysis, the reasons for which are 
shown in  table 1 . The acquisition rate was 84.9% (310/365), 
which is still quite impressive in spite of these exclusions. 
Most of the exclusions happened at the beginning of the 
study. As the clinician gained experience, the failure rate 
reduced significantly and the success rate increased up to 
98.0% (98/100). This implies that with some education 
and training the acquisition failure rate can be decreased 
significantly.

  Limitations 
 We compared the results of LFI derived from RTE im-

ages with histopathological results of liver biopsy. How-
ever, liver biopsy results themselves have bias due to sam-
pling error and due to the histopathological image being 
classified not by continuous quantity but staged by the 
progression of hepatic fibrosis. Moreover, there are large 
differences in the progression of hepatic fibrosis between 
4 stages of liver fibrosis  [40] , thus the accuracy of liver 
biopsy is limited. Since liver biopsy results are used as a 
training set for our LFI computation, we speculate that 
there is also some bias in our estimate of liver fibrosis. A 
new index is needed as training data to derive a multiple 
regression equation to reduce the variation in results.

  As a future subject for increasing the accuracy of the 
LFI, fibrosis staging by two or more pathologists is due to 
be judged using the block specimen by a surgical resec-
tion. Thereby, since the variation in a pathology result 
can be decreased, we think that better equation estimates 
of LFI can be derived.

  Prospects of RTE 
 Our results of liver fibrosis staging are very impressive. 

It is automatic, consistent and agrees very well with cur-
rent liver biopsy results. Thus, in the near future, we ex-
pect that the RTE could be used as a first-choice imaging 
tool for fibrosis screening. If considered suspicious, then 

liver biopsy can be performed for further confirmation. 
In addition, RTE imaging could be the only choice avail-
able along with blood tests for patients in whom liver bi-
opsy cannot be performed. RTE can also be used for 
monitoring the progress or resolution of fibrosis in pa-
tients treated with interferon. It can also be used to mon-
itor the progress in fibrosis in patients where interferon 
treatment was not done. RTE imaging is easy to use, cost-
effective and, moreover, painless. It is readily available 
with the ultrasound machine as an additional mode mak-
ing the technique easily available and easy to use when 
liver screening is being done to monitor cirrhosis and rule 
out HCC. It can also be used in patients with hepatitis 
other than viral, such as nonalcoholic steatohepatitis, etc.

  Conclusion 

 LFI computed from RTE images highly correlates with 
stages of hepatic fibrosis and accurately reflects the un-
derlying hepatic fibrosis, even with the presence of in-
flammation. Thus, it can be used for screening, monitor-
ing and at times diagnosis of hepatic fibrosis. We believe 
our results and our techniques are superior to other tech-
niques such as transient elastography. In the near future 
we plan to conduct more extensive clinical studies both 
for substantiating our results as well as to prove the clin-
ical utility of RTE imaging for liver fibrosis staging.
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FibroIndex for predicting F3 stage or higher (F0–F2 vs. F3–F4) 
was 0.865, 0.824, 0.708, 0.789 and 0.828, respectively.  Conclu-
sions:  RTE is useful for diagnosis of liver fibrosis, regardless of 
stage, in patients with chronic viral hepatitis. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 The assessment of liver fibrosis is an important factor 
in deciding on therapeutic options and for predicting the 
prognosis of chronic hepatitis. Biopsy is the gold standard 
for assessment of liver fibrosis; however, it carries risks 
such as bleeding and pain. Furthermore, needle biopsy of 
the liver has been shown to be associated with a high rate 
of sampling error in patients with diffuse parenchymal 
liver diseases. The possibility of sampling error with liver 
biopsy arises because the tissue obtained represents only 
a small portion (approx. one part in 50,000) of the entire 
liver mass  [1–3] .

  Elastography is reported to be useful for diagnosis of 
liver fibrosis and has a variety of measurement methods 
 [4, 5] . FibroScan, virtual-touch tissue quantification, and 
shear wave elastography measure the propagation speed 

 Key Words 
 Real-time tissue elastography  �  FibroScan  �  Liver fibrosis  �  
Liver stiffness 

 Abstract 
  Objective:  The aim of this study was to assess prospectively 
the accuracy of measurement of liver fibrosis with real-time 
tissue elastography (RTE) in patients with chronic viral hepa-
titis.  Methods:  Two hundred and forty-five patients were pro-
spectively enrolled. Nine image features were measured from 
strain images, and Liver Fibrosis Index (LFI) was calculated 
from these features. Fibrosis stage was diagnosed from path-
ological specimens obtained by ultrasound-guided biopsy. 
LFI and serological markers were compared with pathological 
diagnosis, and the diagnostic performance of RTE was com-
pared.  Results:  LFI in stages F0–F1, F2, F3 and F4 was 1.58, 
2.03, 2.40 and 2.86, respectively, demonstrating a stepwise 
increase with increasing severity of liver fibrosis (p  !  0.001). 
LFI in F2 did not significantly differ from that in F3, whereas 
for all other combinations of stages, there were significant dif-
ferences. The area under the receiver operating characteristic 
curve of the LFI, platelet count, aspartate/alanine aminotrans-
ferase ratio, aspartate aminotransferase-to-platelet ratio, and 
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of the shear wave  [6–8] . The more severe hepatic fibrosis 
progresses, the faster propagation speed increases. They 
are said to be useful for the diagnosis of liver fibrosis, es-
pecially in advanced fibrosis cases. However, the propa-
gation speed of the shear wave is not only affected by liv-
er fibrosis, but also hepatic activity, jaundice and hepat-
ic congestion  [9–12] . The other method measures tissue 
distortion. Real-time tissue elastography (RTE) shows in 
real time the strain of the tissue. It has been reported that 
RTE is useful for evaluation of malignant tumors in the 
mammary gland and thyroid  [13, 14] .

  In the present study, we investigated the performance 
of RTE for diagnosis of liver fibrosis. We also compared 
the diagnostic performance of RTE and serum markers 
of fibrosis.

  Patients and Methods 

 Patients 
 This was a multicenter, cross-sectional study that was per-

formed at Kinki University Hospital (Osaka, Japan), Osaka City 
University Hospital (Osaka, Japan) and Minamiwakayama Med-
ical Center (Wakayama, Japan). Consecutive patients with chron-
ic hepatitis C virus (HCV) or chronic by hepatitis B virus (HBV) 
infection, who underwent percutaneous ultrasound-guided liver 
biopsy before treatment, were enrolled. Only patients with HCV 
or HBV, whose disease was defined by the presence of serum anti-
HCV antibody and serum HCV RNA, or the presence of serum 
hepatitis B surface antibody and serum HBV DNA, were includ-
ed. Percutaneous ultrasound-guided liver biopsy was performed 
within 2 weeks before or after RTE. Clinical and laboratory data 
were collected at the time of liver biopsy. Patients were excluded 
if they consumed  1 20 g alcohol per day. Patients with a history of 
autoimmune hepatitis, primary biliary hepatitis, primary scleros-
ing cholangitis, hemochromatosis,  � 1-antitrypsin deficiency, or 
Wilson’s disease were also excluded. The study protocol con-
formed to the Declaration of Helsinki and was approved by the 
local ethics committee. Informed consent to participate in the 
study was obtained from each patient.

  Clinical and Laboratory Assessments 
 Relevant clinical data recorded were age, sex, weight, height, 

waist circumference and cause of chronic liver disease. Body Mass 
Index was calculated as weight (kg) divided by height (m) squared. 
Blood samples were taken after overnight fasting on the day of 
biopsy. Laboratory tests including platelet count, cholesterol, bil-
irubin, aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT),  � -glutamyl transpeptidase, bilirubin, albumin,  � -
globulins, prothrombin time and international normalized ratio 
were assessed using automated methods. From these single vari-
ables, three ratio indexes were calculated using classical ratios: 
AST/ALT  [15] ; AST-to-platelet ratio index [APRI; AST/upper lim-
it of normal 100/platelet count (10 4 /mm 3 )]  [16] , and FibroIndex 
[1.738 – 0.064  !  platelet count (10 4 /mm 3 ) + 0.005  !  AST (U/l) + 
0.463  !   � -globulin (g/dl)]  [17] .

  Liver Histological Assessment 
 Percutaneous ultrasound-guided liver biopsy was performed 

on the liver right lobe with a Tru-Cut semiautomatic 18-gauge 
needle apparatus (Monopty; C.R. Bard, Tempe, Ariz., USA). The 
liver biopsy specimens were fixed in formalin, embedded in
paraffin and stained with hematoxylin and eosin, Masson’s tri-
chrome or Azan stain. All biopsy specimens were examined by 
pathologists who were blinded to the patient characteristics. Liv-
er fibrosis was scored by the New Inuyama classification. The 
stage of fibrosis was classified from F0 to F4 as follows: F0, no fi-
brosis; F1, fibrosis portal expansion; F2, bridging fibrosis (portal–
portal or portal–central linkage); F3, bridging fibrosis with lobu-
lar distortion (disorganization), and F4, cirrhosis.

  Real-Time Tissue Elastography 
 RTE was performed using ultrasonography (EUS-8500, HI-

VISION 900 and HI-VISION Ascendus; Hitachi Aloka Medical, 
Tokyo, Japan) and the EUP-L52 linear probe (3–7 MHz; Hitachi 
Aloka Medical). Patients were examined in the spine position 
with the right arm in maximal abduction and were instructed to 
hold their breath. The examinations were performed on the right 
lobe of the liver through the intercostal spaces, holding firmly the 
transducer without applying compression on the skin. The B-
mode and static image superimposed on B-mode were both visu-
alized in real-time; therefore, the best position could be easily se-
lected. The region of interest (ROI) of the strain image was 2.5 cm 2  
and located about 1 cm below the surface of the liver. In addition, 
to obtain good images, scanning was performed to avoid large 
vessels and attenuation by lungs and ribs. RTE shows a relative 
strain image, thus, there should be no artifacts in the ROI of the 
strain image.

  Nine image features were extracted from each RTE image: 
mean relative strain value (MEAN); standard deviation of relative 
strain value (SD); percentage of low strain area (percentage of blue 
color area – %AREA); complexity of low strain area (calculated as 
perimeter 2 /area – COMP); skewness (SKEW); kurtosis (KURT); 
entropy (ENT); textural complexity, inverse difference moment 
(IDM), and angular second moment (ASM). For stable extracting 
of image features, the extraction area approximately matched or 
was slightly smaller than the ROI of the strain image ( fig. 1 ). To 
perform a quantitative evaluation, Liver Fibrosis Index (LFI) was 
calculated as follows: –0.009  !  MEAN – 0.005  !  SD + 0.023  !  
%AREA + 0.025  !  COMP + 0.775  !  SKEW – 0.281  !  KURT + 
2.083  !  ENT + 3.042  !  IDM + 39.979  !  ASM – 5.542  [18, 19] . 
The median LFI was calculated from 10 images.

  Statistical Analysis 
 Descriptive statistics are shown as the mean  8  SD, median or 

percentage, as appropriate. Comparisons between groups were de-
termined by Wilcoxon’s signed rank test and confirmed by the 
nonparametric Mann-Whitney U test between groups. Correla-
tion between data was tested using the nonparametric Spearman 
rank correlation analysis. Differences were considered statistically 
significant at p  !  0.05. Tukey’s Honestly Significant Difference test 
was used to compare the data among each fibrosis stage of chronic 
hepatitis. The diagnostic performance for liver fibrosis was deter-
mined in terms of sensitivity, specificity, positive predictive value, 
negative predictive value, diagnostic accuracy and area under the 
receiver operating characteristic curve (AUROC). Analysis was 
performed using SPSS Statistics 20 (IBM, Armonk, N.Y., USA).
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  Results 

 Demographics and Baseline Features 
 In 4 patients, the liver biopsy specimen was too small to 

be used for pathological diagnosis. The remaining 245 pa-
tients, 137 (56.1%) men and 108 women (43.9%) who met 
the requirements were enrolled in the study. The clinical 
characteristics and laboratory data are shown in  table 1 . 
One hundred and eighty-nine patients (77.1%) had HCV 
and the other 56 (22.9%) had HBV. Four, 95, 77, 27 and 42 
patients were respectively diagnosed with stage F0, F1, F2, 
F3 and F4 fibrosis. AST and alkaline phosphatase were sig-
nificantly elevated with increasing severity of fibrosis (p  !  
0.001). Serum albumin, cholinesterase, total cholesterol, 
prothrombin time and platelet count were significantly de-
creased with increasing severity of fibrosis (p  !  0.001).

  Comparison of Serological Markers and Pathological 
Diagnosis 
 Serological fibrosis makers, platelet count, AST/ALT 

ratio, APRI and FibroIndex were compared with the 
pathological diagnosis of hepatic fibrosis. Platelet count 
in patients with F0–F1, F2, F3 and F4 stage fibrosis was 
21.0, 15.7, 14.1 and 10.6  !  10 4 /mm 3 , respectively, demon-
strating a stepwise decrease with increasing severity of 
liver fibrosis (p  !  0.001). AST/ALT ratio in patients with 
F0–F1, F2, F3 and F4 stage fibrosis was 1.09, 1.01, 1.59 and 
1.33, respectively, and showed a slightly upward trend 
with increasing severity of liver fibrosis (p = 0.001). APRI 
in patients with F0–F1, F2, F3, and F4 stage fibrosis was 
5.49, 11.37, 12.52 and 23.79, respectively, and FibroIndex 
in patients with F0–F1, F2, F3 and F4 stage was 1.21, 1.78, 
1.82, and 2.31, respectively. Both APRI and FibroIndex 

Solid line;
the extraction area
of image features 

Dotted line; ROI

a b

c d

  Fig. 1.  RTE images in patients with chronic viral hepatitis. With fibrosis associated to progress, strain elas-
togram increases color variation between relatively low strain regions and generates a patched image pattern. 
F1 stage ( a ), F2 stage ( b ), F3 stage ( c ), F4 stage ( d ). 
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showed a significant stepwise increase with severity of 
liver fibrosis (p  !  0.001). However, there were a number 
of outliers in these serological markers ( fig. 2 ).

  Comparison between each F stage group was per-
formed. Platelet count showed a significant decrease with 
severity of liver fibrosis between F0–F1 and F2, F0–F1 
and F3, F0–F1 and F4, and F2 and F4. APRI showed a 
significant increase with severity of liver fibrosis between 
F0–F1 and F4, F2 and F4, and F3 and F4. FibroIndex 
showed a significant increase with severity of liver fibro-
sis between F0–F1 and F2, F0–F1 and F3, F0–F1 and F4, 
F2 and F4, and F3 and F4 ( fig. 2 ).

  Relationship between LFI and Pathological Liver 
Fibrosis 
 RTE was performed in all the enrolled patients. LFI 

was calculated as the median from 10 images. The me-
dian LFI in patients with F0–F1, F2, F3 and F4 stage fi-
brosis was 1.58, 2.03, 2.40 and 2.86, respectively, dem-
onstrating a stepwise increase with increasing severity 

of liver fibrosis (p  !  0.001). Comparison between each F 
stage group was performed. There was a significant in-
crease between F0–F1 and F2, F0–F1 and F3, F0–F1 and 
F4, F2 and F4, and F3 and F4. The best cutoff of LFI for 
diagnosis of F2 or higher stage fibrosis (differentiating 
F2–F4 from F0–F1) was 2.05, and the accuracy was 
73.0%. The best cutoff of LFI for diagnosis of F3 or high-
er stage fibrosis (differentiating F3–F4 from F0–F2) was 
2.28, and the accuracy was 79.6%. The best cutoff of LFI 
for diagnosis of F4 stage fibrosis (differentiating F4 
from F0–F3) was 2.36, and the accuracy was 78.3 ( ta-
ble 2 ).

  Correlation with LFI and Serum Markers 
 The AUROC of the LFI, platelet count, AST/ALT ra-

tio, APRI and FibroIndex for predicting F2 or higher 
stage fibrosis (F0–F1 vs. F2–F4) was 0.800, 0.832, 0.646, 
0.820 and 0.853, respectively. Similarly, the AUROC for 
predicting F3 or higher stage fibrosis (F0–F2 vs. F3–F4) 
was 0.865, 0.824, 0.708, 0.789 and 0.828, respectively. 

Table 1. C linical characteristics and laboratory data of patients

Fibrosis stage F0–F1 F2 F3 F4 Total p value

Etiology (HCV/HBV) 70/30 63/16 20/7 39/3 189/56
Sex (male/female) 55/44 45/32 15/12 22/20 137/108
Age, years 51.4812.8 59.6814.0 59.6814.9 66.7811.6 57.7814.3 <0.001
Height, m 162.188.2 165.388.7 161.587.5 160.189.2 162.588.4 NS
Weight, kg 60.7810.9 65.5814.7 59.489.4 61.2814.2 61.7812.1 NS
Waist circumference, cm 82.888.6 90.1814.1 87.9812.4 87.2810.6 85.7810.6 NS
Body mass index 23.183.5 23.884.2 22.883.5 23.683.7 23.383.7 NS
AST, IU/l 43.6833.8 58.3848.2 63.3842.2 70.0847.2 54.0841.8 <0.001
ALT, IU/l 57.0863.3 69.6855.7 57.6846.7 59.7845.3 60.1856.6 NS
GGT, IU/l 42.3848.8 62.1870.1 45.2844.2 61.8886.6 50.4862.2 NS
ALP, IU/l 238.2883.4 266.6895.3 307.08169.8 376.78209.5 280.48141.4 <0.001
Total bilirubin, mg/dl 0.7280.49 0.9281.48 0.7880.58 1.0980.63 0.8480.82 <0.001
Total protein, g/dl 7.887.1 7.280.7 7.180.9 7.180.8 7.584.9 NS
Serum albumin, g/dl 4.280.4 4.180.4 4.180.7 3.680.6 4.180.5 <0.001
Gamma globulin, g/dl 1.480.4 1.680.4 1.780.5 2.080.5 1.680.5 <0.001
Cholinesterase, IU/l 353.9899.8 288.3847.4 273.9876.5 157.4880.0 313.88105.0 <0.001
Total cholesterol, mg/dl 185.3832.7 172.2831.2 161.5834.9 149.7826.8 172.8834.4 <0.001
Prothrombin time, % 100.4811.7 95.8815.6 89.1814.9 76.6815.4 93.2816.4 <0.001
Platelets, 104/mm3 21.086.0 15.785.0 14.184.7 10.687.5 17.187.3 <0.001
AST/ALT ratio 1.0980.92 1.0180.45 1.5981.46 1.3380.53 1.1880.88 0.001
APRI 5.4984.14 11.37813.68 12.5287.87 23.79826.23 11.05815.14 <0.001
FibroIndex 1.2180.45 1.7880.60 1.8280.55 2.3180.66 1.6380.70 <0.001
LFI 1.5880.67 2.0380.71 2.4080.64 2.8680.64 2.0280.82 <0.001

Total, n 99 77 27 42 245

G GT = �-Glutamyl transpeptidase; ALP = alkaline phosphatase.
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  Fig. 2.  LFI and serological markers for each fibrosis stage.  a  LFI 
for each fibrosis stage. The lines through the middle of the boxes 
represent the medians. The top and bottom of each box represents 
the 1st and 3rd quartiles. The length of the box represents the in-
terquartile range within which 50% of the values were located. F2 
versus F3 did not differ significantly (p = 0.066), whereas there 
were significant differences in all the other combinations of stag-
es. There was no outlier.  b  Platelet counts for each fibrosis stage. 
Many outliers (open circles) were present. Black circles are ex-
treme outliers, representing a case with a value of more than three 
times the height of the box.  c  AST/ALT ratio for each fibrosis 
stage. There were no significant differences with each fibrosis 
stage and many extreme outliers were present.  d  APRI for each 
fibrosis stage; many extreme outliers were present.  e  FibroIndex 
for each fibrosis stage; many outliers were present.  *   p  !  0.05,
 *  *  p  !  0.001, comparing between each fibrosis stage. 
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For diagnosis of cirrhosis (F0–F3 vs. F4), AUROC was 
0.846, 0.840, 0.710, 0.809 and 0.850, respectively ( ta-
ble 3 ,  fig. 3 ). Regardless of the degree of fibrosis progres-
sion, RTE has a very good diagnostic capability for liver 
fibrosis.

  Discussion 

 There is a variety of methods for performing elastog-
raphy. FibroScan, virtual-touch tissue quantification 
and shear wave elastography measure the velocity of 
propagation of the shear wave, which is displayed as 
elastic modulus or velocity. As the liver becomes hard, 
the speed of propagation increases. However, the hard-
ness of the liver is also affected by inflammation, jaun-
dice and congestion, as well as fibrosis. FibroScan has 
been most frequently used in clinical practice to evalu-
ate advanced fibrosis without liver biopsy. However, Fi-
broScan cannot be performed in patients with ascites, 
narrow intercostal space or severe obesity. Furthermore, 
it has the disadvantage of low accuracy because there is 
no B-mode.

  RTE displays in real time the relative strain of the tis-
sue by measuring its displacement and does not have the 
limitations of FibroScan. In the mammary gland, thy-
roid and prostate, the relative degree of elastic modulus 
can distinguish malignant space-occupying lesions  [13, 
14, 20] . As mentioned previously, as liver fibrosis pro-

Table 2. S ensitivity, specificity, positive predictive value, negative 
predictive value and accuracy of cutoff values of LFI for predict-
ing hepatic fibrosis stage

F ibrosis stage

F0–F1 vs.
 F2–F4

F0–F2 vs.
F3–F4

F0–F3 vs.
F4

AUROC 0.800 0.865 0.846
Cutoff value 2.049 2.278 2.357
Sensitivity, % 70.0 78.4 73.5
Specificity, % 76.4 80.2 79.7
Positive predictive value, % 76.7 66.7 51.0
Negative predictive value, % 69.6 88.0 91.3
Accuracy, % 73.0 79.6 78.3

Table 3. A UROC of LFI and several serological makers for pre-
dicting liver fibrosis stage

LFI Platelets AST/ALT APRI FibroIndex

F0–F1 vs. F2–F4 0.800 0.832 0.646 0.820 0.853
F0–F2 vs. F3–F4 0.865 0.824 0.708 0.789 0.828
F0–F3 vs. F4 0.846 0.840 0.710 0.809 0.850
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  Fig. 3.   a  ROC curve of the LFI, platelet count, AST/ALT ratio, APRI, and FibroIndex for predicting F2 stage or 
higher fibrosis (F0–F1 vs. F2–F4).  b  ROC of predicting F3 stage or higher fibrosis.  c  ROC of predicting stage F4 
fibrosis.               
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gresses, the blue portion of the strain image tends to in-
crease in RTE  [21] . Shiina et al.  [22]  have indicated that 
this pattern of strain images is related to the fibrous 
structure changes of fibrosis. Several previous studies 
have focused on the diagnostic accuracy of RTE for liver 
fibrosis. There are few reports representing a poor accu-
racy of liver fibrosis. However, the reason for the poor 
diagnostic accuracy may be the lack of experience of the 
examiners. To the best of our knowledge, we have been 
one of the first groups worldwide to perform RTE in pa-
tients with liver fibrosis  [18, 21, 23, 24] . It is slightly dif-
ficult to visualize strain images well. Artifacts such as 
multiple reflections at the surface of the liver, echo-free 
areas by thick blood vessels, ribs and lungs, and lack of 
penetration should be avoided if possible. These are im-
portant issues when performing RTE. Although manip-
ulative pressure is used during RTE of the mammary 
gland and thyroid gland, we performed RTE of the liver 
without using such pressure. If manipulative pressure is 
too strong, there is a possibility that the elastic relation-
ship will vary due to the elastic nonlinearity. In addition, 
there is a possibility that the pressure is not uniformly 
transmitted to the liver. On the other hand, the liver is 
deformed slightly by the steady rhythm of the heartbeat. 
Good images can be obtained merely by light application 
of the probe to the right intercostal region. Furthermore, 

because manipulative pressure is not used, human error 
can be minimized.

  LFI in stage F2 fibrosis did not significantly differ 
from that in stage F3, whereas in all other combinations 
of stages there were significant differences. The AUROC 
for prediction of  6 F4 and  6 F2 of LFI was higher than 
that of serological markers. Our study confirmed that 
RTE is useful for distinguishing not only advanced fibro-
sis patients but also mild fibrosis patients from others. 
Moreover, our study showed that RTE can be performed 
in all cases, with good discrimination of each fibrosis 
stage.

  In summary, we demonstrated a convenient and non-
invasive tool, RTE, for relative strain imaging of the liver. 
We found that LFI measured by RTE is a useful predictive 
factor for diagnosis of liver fibrosis stage in patients with 
chronic viral hepatitis. Our study was based on the gold 
standard of diagnosis by liver biopsy; therefore, there was 
a possibility of sampling error. Further studies are desir-
able on a large number of patients with diagnosis of fibro-
sis using surgical specimens.

  Disclosure Statement 

 The authors declare that no conflicts of interests exist.
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EOB-MRI should be performed in selected cases of HCC ul-
trahigh-risk groups every 3–4 months, or EOB-MRI should be 
performed at least once at the first visit in all HCC ultrahigh-
risk groups.  Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Gadolinium-ethoxybenzyl-diethylenetriamine pen-
taacetic acid (Gd-EOB-DTPA; Primovist, Bayer Health-
care, Leverkusen, Germany)  [1–5]  has been available in 
Japan as a magnetic resonance imaging (MRI) contrast 
agent for more than 4 years since its release in January 
2008. This contrast agent, consisting of Gd-DTPA conju-
gated with an ethoxybenzyl (EOB) group, has the charac-
teristics of both an extracellular Gd contrast agent and a 
hepatocyte-specific contrast agent. Because Gd-EOB-
DTPA-enhanced MRI (EOB-MRI) allow for the observa-

 Key Words 
 Hepatocellular carcinoma  �  EOB-MRI  �  Expert consensus 

 Abstract 
 We summarize here the consensus reached at the Sympo-
sium of the 48th Annual Meeting of the Liver Cancer Study 
Group of Japan held in Kanazawa on July 20th and 21st, 2012, 
on the role of gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid-enhanced magnetic resonance imaging 
(EOB-MRI) in the management of hepatocellular carcinoma 
(HCC). Currently, dynamic CT is the first choice of imaging 
modality when HCC is suspected. EOB-MRI is useful for dif-
ferentiation and definitive diagnosis of HCC when dynamic 
CT/MRI does not show conclusive findings for HCC. In addi-
tion, contrast- enhanced ultrasound with Sonazoid is useful 
for making a decision on whether or not to treat a hypovas-
cular lesion  ! 1 cm when the nodules are shown with low 
intensity in the hepatocyte phase of EOB-MRI. Furthermore, 

 Published online: February 20, 2013 

 Masatoshi Kudo, MD, PhD 
 Division of Gastroenterology and Hepatology, Department of Internal Medicine
Kinki University School of Medicine 
 377-2 Ohno-Higashi, Osakasayama ,  Osaka 589-8511 (Japan) 
 E-Mail m-kudo   @   med.kindai.ac.jp 

 © 2013 S. Karger AG, Basel
0030–2414/13/0847–0021$38.00/0 

 Accessible online at:
www.karger.com/ocl 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
10

/8
/2

01
3 

6:
09

:3
7 

AM

— 135 —



 Kudo et al.    Oncology 2013;84(suppl 1):21–2722

tion of blood flow in hepatocellular carcinoma (HCC) 
and the function of hepatocyte, diagnosis made by EOB-
MRI is reportedly superior to diagnosis of hepatic blood 
flow either by dynamic computed tomography (CT) us-
ing multi-detector CT, dynamic MRI using an extra-
cellular Gd contrast agent, or functional diagnosis of
hepatic Kupffer cells by superparamagnetic iron oxide 
(SPIO)-MRI  [6–13] . EOB-MRI is highly capable of de-
tecting not only typical hypervascular HCC but also ear-
ly-stage hypovascular HCC  [11–13] , greatly influencing 
early diagnosis and treatment for HCC. However, MRI is 
not as widespread as CT and it takes longer to complete 
EOB-MRI than dynamic CT, thus limiting the number of 
EOB-MRI scans performed in daily clinical practice.

  Based on this background, the Symposium of the 48th 
Annual Meeting of the Liver Cancer Study Group of Japan 
was held on July 20th, 2012, to address the role of EOB-
MRI in the management of HCC. Here, we report the con-
sensus reached using a key-pad answering system in the 
meeting. Votes were cast by 144 experts specialized in in-
ternal medicine (57%), radiology (24%), surgery (12%), pa-
thology (4%) and other fields (3%). This report describes 
consensus of current clinical practice for patients with 
HCC in Japan. The consensuses that achieved more than 
67% agreement were summarized as ‘consensus state-
ments’. Furthermore, issues obtaining more than 50% 
agreement were summarized as ‘informative statements’.

  Novel Diagnostic Algorithm Proposed for the 
Management of HCC 

 In Japan, HCC diagnostic algorithms have been pro-
posed in the EBM-based ‘HCC Clinical Practice Guide-
lines’  [14]  and the ‘HCC Clinical Practice Manual’  [15]  
based on EBM plus consensus reached by HCC experts. 
The algorithm in the ‘HCC Clinical Practice Manual’ re-
flects Japan’s sophisticated approach to the detection of 
early HCC and is in line with the actual clinical situation; 
however, the algorithm is somewhat complicated to use as 
a clinical practice guideline. Moreover, there is an increas-
ing need to develop a simple HCC diagnostic algorithm 
centered on EOB-MRI, owing to its good diagnostic capa-
bility, simplicity and highly objective nature. Accordingly, 
a new HCC diagnostic algorithm was proposed in March 
2012 by the research group (headed by Dr. Shigeki Arii) 
funded by the Ministry of Health, Labour and Welfare for 
the ‘development of molecular markers and diagnostic 
imaging systems for the early detection of HCC’ ( fig. 1 ).

  This algorithm basically recommends the implemen-
tation of EOB-MRI in cases where HCC is suspected by 
B-mode ultrasound findings and tumor marker mea-
surements. The diagnosis of HCC is made when a nodu-
lar lesion is hypervascular in the arterial phase and 
washed out in the late phase on EOB-MRI images. HCC 
is also diagnosed when nodular lesions are hypervascular 
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HCC Biopsy

HCC

<1 cm

NoYes ≥1 cm
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Hepatocyte phase of 
Gd-EOB-DTPA MRI

Dynamic CT (when MRI is not available)

Low intensity Low intensity High intensityHigh intensity

Contrast US

Hypervascularity and/or
defect in Kupffer phase

  Fig. 1.  New diagnostic algorithm proposed 
by the research group (headed by Shigeki 
Arii) supported by the Japan Ministry of 
Health, Labour and Welfare. 
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in the arterial phase and hypointense in the hepatocyte 
phase of EOB-MRI, even if it is difficult to determine the 
degree of washout in the portal phase (with the exclusion 
of hemangioma by another imaging modality). When hy-
pervascular nodular lesions are hyperintense in the hepa-
tocyte phase on EOB-MRI imaging, they are difficult to 
diagnose as HCC, but can be diagnosed as HCC when the 
capsule or mosaic structure is apparent. Biopsy is recom-
mended if the diagnosis is not definitive.

  On the other hand, if nodular lesions are hypovascular 
in the arterial phase and hypointense in the hepatocyte 
phase on EOB-MRI images, contrast-enhanced ultraso-
nography (US) using Sonazoid is required to confirm hy-
pervascularity or defects in the Kupffer phase in order to 
make a definitive diagnosis of HCC. If hypervascularity 
or defects in the Kupffer phase are absent, lesions  6 1 cm 
in diameter should be biopsied and those  ! 1 cm need to 
be followed up. Follow-up observations are also recom-
mended for nodular lesions that are hypovascular in the 
arterial phase and hyperintense in the hepatocyte phase 
on EOB-MRI images. Furthermore, institutions unable 
to conduct MRI as initial diagnostic imaging need to per-

form dynamic CT first, followed by EOB-MRI as the rec-
ommended diagnostic method. CT arterial portography/
CT hepatic arteriography (CTAP/CTHA), SPIO-MRI 
and high-precision tumor marker assessments should be 
performed as needed at each institution. At the sympo-
sium, we evaluated HCC management on the basis of this 
algorithm and voted for the consensus.

  Consensus Voting Results 

 Selection of Diagnostic Imaging Modality:
Questions 1–4 
 When HCC is suspected based on US and tumor mark-

er findings, 67% of physicians would select dynamic CT 
as the initial diagnostic imaging, 30% EOB-MRI and 2% 
dynamic MRI. When those who had selected dynamic 
CT/MRI were asked to which clinical cases they would 
add EOB-MRI, 41% selected ‘cases requiring differential 
diagnosis and staging’ and 32% responded with ‘all cases’. 
When asked on what imaging findings they would place 
a special emphasis in the diagnosis of HCC, 75% of physi-

Q1. What initial diagnostic imaging modality do you use if HCC is suspected by US findings and tumor marker assessments?

Dynamic MRI with extracellular agent: 2%

Dynamic CT: 67%

Dynamic CT: 16%

EOB-MRI: 30%

Others: 1%

Add only to cases which have nodules needing differential diagnosis: 26% Others: 1%
Add for the purpose of differential diagnosis and staging diagnosis: 41%

Q2. To what clinical cases do you add EOB-MRI after initial dynamic CT/MRI?
       (This is for those who selected dynamic CT/MRI in response to Q1)

Q3. On which imaging findings do you place a special emphasis in the diagnosis of HCC?

Dynamic MRI with extracellular agent: 3% Contrast US: 3%
Others: 3%

Add to all cases: 32%

EOB-MRI: 75%

Q4. Is EOB-MRI available on the day you need it?

Yes and no: 4%

Yes: 65% No: 31%

 Fig. 2. Questions 1–4 and responses. 
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cians selected EOB-MRI and 16% dynamic CT. However, 
because only 65% of physicians answered that EOB-MRI 
was available on the day they needed it, availability of MRI 
at each institution might have affected the selection of ini-
tial diagnostic imaging modality ( fig. 2 ).

  Diagnosis of Hypervascular HCC by EOB-MRI: 
Questions 5–6 
 ‘HCC is diagnosed if nodular lesions are hypervascu-

lar in the arterial phase and washed out in the portal/
equilibrium phase on EOB-MRI images regardless of the 
signal intensity in the hepatocyte phase’ was selected by 
58% of physicians. Similarly, ‘HCC is diagnosed if nodu-
lar lesions are hypervascular in the arterial phase and hy-
pointense in the hepatocyte phase of EOB-MRI even if no 
washout is observed (with the exclusion of hemangioma 
by another imaging modality)’ was selected by 59% of 
physicians. We think that the answer to this question was 
affected by the fact that the patients in question are not 
restricted to those with cirrhosis, that washout is inter-
preted differently between EOB-MRI and dynamic MRI 
using extracellular Gd contrast agents, and that some 
pseudotumors such as arterioportal shunt exhibit low 
signals in the hepatocyte phase ( fig. 3 ).

  Diagnosis and Treatment of Hypovascular HCC: 
Questions 7–14 
 When asked if they would treat hypovascular nodular 

lesions  6 1.5 cm in diameter with hypointense signals in 
the hepatocyte phase of EOB-MRI, 55% of physicians vot-
ed for ‘treat based on the results of additional imaging’, 
23% selected ‘treat if biopsy confirms cancer’, 17% chose 
‘treat with no additional imaging’ and only 5% selected 
‘assign to follow-up observation’. As additional imaging, 

52% of physicians would select contrast-enhanced US 
with Sonazoid and 45% CTAP/CTHA. When nodular le-
sions are  6 1.0 cm but  ! 1.5 cm, 72% would ‘treat based 
on the results of additional imaging’, 18% would ‘treat if 
biopsy confirms cancer’, 5% would ‘treat with no addi-
tional imaging’ and another 5% would ‘assign to follow-
up observation’. For nodular lesions  ! 1.0 cm, 9% of physi-
cians would consider the option ‘assign to follow-up ob-
servations’. In summary, a certain number of physicians 
would treat hypointense nodular lesions in the hepato-
cyte phase even if the lesions were hypovascular.

  When asked about the most appropriate diagnostic 
imaging to perform when deciding whether to follow up 
hypovascular nodular lesions with hypointense signals in 
the hepatocyte phase of EOB-MRI, 63% of physicians se-
lected EOB-MRI, 9% chose contrast-enhanced US with 
Sonazoid, 6% nominated dynamic CT, 2% indicated dy-
namic MRI and 20% suggested combinations of these im-
aging modalities. Physicians considered 6 months (56%) 
and 3 months (41%) to be the most appropriate interval 
for follow-up observations ( fig. 4 ).

  HCC Screening: Questions 15–17 
 When asked whether EOB-MRI should be performed 

for ultrahigh-risk groups (patients with cirrhosis due to 
hepatitis B or C) as a screening tool, 49% of physicians 
selected ‘in all cases’ and 42% ‘depending on the case’. To 
clarify the definition of ‘a screening tool’, physicians were 
further asked whether such high-risk individuals should 
undergo EOB-MRI every 3–4 months: overwhelmingly, 
71% selected ‘depending on the case’. In addition, the ma-
jority of physicians (83%) answered ‘in all cases’ to the 
question of whether ‘EOB-MRI should be used at least 
once in patients at ultrahigh-risk for HCC’ ( fig. 5 ).

Q5. Do you make a diagnosis of HCC if nodular lesions are ‘hypervascular and washout’ on EOB-MRI images regardless
       of the signal intensity in the hepatocyte phase?

Yes: 59%

Yes: 58% No: 42%

Q6. Do you make a diagnosis of HCC if nodular lesions are ‘hypervascular without washout’ on EOB-MRI images
       if they are hypointense in the hepatocyte phase (with the exclusion of hemangioma by another imaging modality)?

No: 41%

 Fig. 3. Questions 5–6 and responses. 

C
o

lo
r v

er
si

o
n 

av
ai

la
b

le
 o

n
lin

e

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
10

/8
/2

01
3 

6:
09

:3
7 

AM

— 138 —



 Role of EOB-MRI in the Management of 
HCC 

Oncology 2013;84(suppl 1):21–27 25

Q7. Do you treat nodular lesions that are hypointense in the hepatocyte phase of EOB-MRI (if the tumor diameter is >1.5 cm)?

Treat without additional examination: 17%

Contrast US with Sonazoid: 52%

Treat if the nodules are confirmed as cancer with biopsy: 23%
Decide whether to treat after additional diagnostic imaging: 55% Follow-up: 5%

Q8. Which of the following do you select as additional diagnostic imaging?
       (This question is for those who selected ‘perform additional imaging’ in response to Q7)

Others: 3%

Q9. Do you treat hypovascular nodules that are hypointense in the hepatocyte phase of EOB-MRI (if the tumor diameter is ≥1.0 cm
  but <1.5 cm)?

Treat without additional examination: 5% Treat if the nodules are confirmed as cancer with biopsy: 18%
Decide whether to treat after additional diagnostic imaging: 72% Follow-up: 5%

Q10. Which of following do you select as additional diagnostic imaging?
          (This question is for those who selected ‘perform additional diagnostic imaging’ in response to Q9)

Others: 1%

Q11. Do you treat hypovascular nodules that are hypointense in the hepatocyte phase of EOB-MRI (if the tumor diameter is 
          <1.0 cm)?

Treat without additional examination: 9% Treat if the nodules are confirmed as cancer with biopsy: 9%
Decide whether to treat after additional diagnostic imaging: 73% Follow-up: 9%

Q12. Which of the following do you select as additional diagnostic imaging?
         (This question is for those who selected ‘perform additional diagnostic imaging’ in response to Q11)

Others: 1%

Q13. What is the most appropriate diagnostic imaging to decide whether to follow up hypovascular nodules with hypointense  
          signals in the hepatocyte phase of EOB-MRI?

Dynamic MRI with extracellular agent: 2% Contrast US with Sonazoid: 9%
Dynamic CT: 6%

Q14. What is the most appropriate follow-up interval for diagnostic imaging of hypovascular nodules with hypointense signals in  
          the hepatocyte phase of EOB-MRI?

Every 1 year: 3%

Every 6 months: 56%Every 3 months: 41%

CTAP/CTHA: 45%

Contrast US with Sonazoid: 52% CTAP/CTHA: 40%

Contrast US with Sonazoid: 76% CTAP/CTHA: 23%

Combination: 20%EOB-MRI: 63%

 Fig. 4. Questions 7–14 and responses. 
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  Consensus Statements 

 (1) Currently, dynamic CT is the first choice of imaging 
modality when HCC is suspected (agreement: 67%). 

 (2) EOB-MRI is useful for differentiation and definitive 
diagnosis of HCC when dynamic CT/MRI does not 
show conclusive findings for HCC (agreement: 75%). 

 (3) Contrast-enhanced US with Sonazoid is useful for 
making a decision on whether or not to treat hypovas-
cular lesions  ! 1 cm when the nodules are shown with 
low intensity in the hepatocyte phase (agreement: 76%). 

 (4) EOB-MRI should be performed in selected cases of 
HCC ultrahigh-risk groups every 3–4 months (agree-
ment: 71%). 

 (5) EOB-MRI should be performed at least once in all 
HCC ultrahigh-risk groups (agreement: 83%). 

 Informative Statements 

 (1) HCC can be confirmed by EOB-MRI when nodular 
lesions show arterial hypervascularity with venous 
washout (agreement: 58%). 

 (2) HCC can be confirmed by EOB-MRI when nodular 
lesions show arterial hypervascularity with low inten-
sity on hepatocyte phase (agreement: 59%). 

 (3) Contrast-enhanced US with Sonazoid is useful for 
making a decision on whether or not to treat nodules 

 1 1 cm when the hypovascular nodules are shown with 
low intensity in the hepatocyte phase of EOB-MRI 
(agreement: 59%). 

 (4) EOB-MRI is the most appropriate diagnostic tool to 
decide whether to treat or to follow up hypovascular 
nodules with hypointense in the hepatocyte phase 
EOB-MRI (agreement: 63%). 

 (5) Hypovascular nodules with hypointense signals in the 
hepatocyte phase of EOB-MRI should be followed up 
every 6 months (agreement: 56%). 

 Conclusion 

 The above results clearly show that EOB-MRI has be-
come a crucial diagnostic imaging tool for HCC despite 
the problems associated with insufficient MRI availabil-
ity. It is also clear that it is considered that hypointense 
nodular lesions in the hepatocyte phase on EOB-MRI im-
ages should be treated, even if the nodule is hypovascular, 
in current clinical practice in Japan.

  Disclosure Statement 

 This symposium was sponsored by Bayer Yakuhin Ltd., Osa-
ka, Japan.
 

Q15. What are your thoughts on performing EOB-MRI as a screening measure in patients at ultrahigh risk for HCC?

Should be used for all cases: 49% Should be used for selected cases: 42%

Should not be used as screening: 9%

Q16. Should you perform EOB-MRI in HCC ultrahigh-risk groups every 3–4 months?

Should be used for all cases: 3%

Should be used for selected cases: 71%

Should not be used as screening: 26%

Q17. Should you perform EOB-MRI in HCC ultrahigh-risk groups at least once?

Should be used for all cases: 83%

Should be used for selected cases: 16%
Should not be used as screening: 1%

 Fig. 5. Questions 15–17 and responses. 
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 Usefulness of Contrast-Enhanced Ultrasonography 
to Evaluate the Post-Treatment Responses
of Radiofrequency Ablation for Hepatocellular 
Carcinoma: Comparison with Dynamic CT 
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ic CT showed local recurrences. Two cases diagnosed as ‘in-
complete’ by CEUS and dynamic CT had recurrences within 
1 year.  Conclusion:  CEUS can be used to assess the efficacy 
of RFA for HCC, with the potential to reduce the number of 
CT scans required for confirmation. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) ranks worldwide as 
the sixth most common cancer and as the third most 
common cause of cancer deaths. For patients with HCC, 
percutaneous radiofrequency ablation (RFA) has recently 
been established as a promising and safe technique  [1–4] . 
RFA has steadily become a first-line ablative procedure 
for small- to intermediate-sized (3 cm) HCCs at many 
centers. It has a primary effectiveness rate of 88–99% in 
treating HCC  [5–9] . Dynamic computed tomography 
(CT) is commonly used for evaluating the response of 
HCC after RFA  [10–12] . However, the use of dynamic CT 
is prohibited for patients with renal dysfunction and io-
dine allergy. Another concern for patients is to minimize 
the exposure to radiation.

 Key Words 
 Hepatocellular carcinoma  �  Radiofrequency ablation  �  
Treatment response  �  Contrast-enhanced ultrasonography  � 
Defect-reperfusion imaging 

 Abstract 
  Objective:  Contrast-enhanced ultrasonography (CEUS) with 
Sonazoid �  and dynamic computed tomography (CT) were 
used to evaluate radiofrequency ablation (RFA) for hepato-
cellular carcinoma (HCC). Local recurrence rate was used as 
the gold standard of evaluation.  Methods:  From January 
2007 to December 2011, 86 HCCs from 70 patients were treat-
ed with RFA. CEUS with Sonazoid and dynamic CT were then 
used to evaluate the effect of RFA. For CEUS and dynamic CT, 
effects were classified as follows: (1) complete ablated re-
sponse with safety margin  1 5 mm (CRSM+); (2) complete
ablated response but with safety margin  ! 5 mm (CRSM–);
(3) incomplete, residual tumor detected after treatment.  Re-
sults:  CEUS judged 33 cases as CRSM+, while dynamic CT 
identified 49 cases. None of these 33 cases from the CEUS 
group had local recurrences, while dynamic CT had 1 case. 
CEUS judged 49 cases as CRSM–, compared to 34 cases with 
dynamic CT. Of these, 9 cases of CEUS and 8 cases of dynam-
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  Sonazoid �  (Daiichi-Sankyo, Tokyo, Japan; GE Health-
care, Milwaukee, Wisc., USA), a lipid-stabilized suspen-
sion of perfluorobutane gas microbubbles was approved 
exclusively in Japan in January 2007. It facilitates obtain-
ing a real-time blood flow image in addition to a stable 
Kupffer phase  [13] . Sonazoid is a second-generation con-
trast agent possessing superior qualities over other agents 
that enabled the acquisition of a good real-time vascular 
image and a very stable Kupffer-phase image lasting up 
to 120 min after injection  [14, 15] . Defect reperfusion im-
aging is an innovative technique by which the arterial 
blood flow can be demonstrated in nodules that show a 
defect in the Kupffer phase owing to the stability of the 
Kupffer image with Sonazoid. This is a unique property 
of Sonazoid and dual phase contrast ultrasound is now a 
breakthrough in the diagnostic imaging of HCC  [14, 16] . 
By using defect reperfusion imaging in the assessment of 
RFA, an ablated area can be visualized clearly. Further-
more, a residual nodule or recurrence can be diagnosed 
by assuming that the defect reinjection sign was positive 
when arterial vascularity was noted inside a Kupffer de-
fect area. In the present study, the defect reperfusion im-
aging procedure with Sonazoid was used in assessing the 
response to RFA. The results were then compared with 
dynamic CT.

  Materials and Methods 

 Patients 
 From January 2007 to December 2011, 70 patients (41 males 

and 29 females; age range 52–83 years) with HCC underwent 
RFA. Sixty-two patients had cirrhosis (56 with Child-Pugh A and 
6 with Child-Pugh B), and 8 patients had chronic hepatitis. Base-
line features of the study population are summarized in  table 1 . 
All patients met the following criteria for treatment with percuta-
neous RFA: percutaneous accessibility of the tumor; absence of 
portal venous and extrahepatic metastases; prothrombin time ra-
tio  1 50%; total bilirubin concentration  ! 3.0 mg/dl, and platelet 
count  1 50,000/ � l. Patients were excluded if they had an excessive 
bleeding tendency (platelet count  ! 50,000/ � l or prothrombin ac-
tivity  ! 50%) or refractory ascites. The study was performed ac-
cording to the guidelines of the Helsinki Declaration and was ap-
proved by our institution’s ethics committee. Written, fully in-
formed consent was obtained from each patient before treatment.

  Diagnosis of HCC 
 The diagnosis of HCC was made by the presence of typical tu-

mor features, such as hyperattenuations in the arterial phase and 
hypoattenuations in the portal phase, using dynamic CT with 64 
detectors (LightSpeed VCT; GE Healthcare)  [17, 18] . The median 
diameter of HCC was 16.5  8  7.1 mm on B-mode ultrasonography 
(US). All patients underwent dynamic CT during the month be-
fore RFA.

  RFA Technique 
 All RFAs were performed percutaneously by experienced hep-

atologists, each of whom had more than 5 years of experience in 
US-guided interventional procedures and RFA. The treatments 
were performed under local anesthesia and conscious sedation. 
Patients were treated with a cooled-tip needle RFA system (Cool-
tip, Covidien, Dublin, Ireland), which is a 480-kHz alternative 
current generator that can produce a maximum power of 180 W 
through a 17-gauge monopolar cooled-tip needle electrode. A sin-
gle 2-cm exposed tip was selected for nodules  ! 2 cm in diameter 
and a single 3-cm exposed tip for larger nodules.

  Evaluation of Post-Treatment Effect of RFA 
  Evaluation of the Effect of RFA Using Contrast-Enhanced US 

(CEUS).  CEUS was performed using a GE LOGIQ 7 ultrasound 
scanner with a 4.0- or 6.5-MHz convex transducer. The acoustic 
power of contrast-enhanced harmonic US was set at the default 
setting with a mechanical index of 0.2; the dynamic range was 
fixed at 60–65 dB. A single focus point was set at a depth of 10 cm. 
Data were analyzed and defined by consensus of two hepatolo-
gists (T.I., K.H.) who were blinded to the results of evaluation by 
dynamic CT. In case of discrepancy, the reviewers assessed the 
saved images together and their findings were re-evaluated to 
reach an agreement. Defect reperfusion imaging  [14, 19]  was used 
to evaluate the Kupffer phase of CEUS with Sonazoid ( fig. 1 ,  2 ). 
When the tumor was completely ablated with a safe margin of 
more than 5 mm, the effectiveness was graded as (CRSM+). When 
the tumor was completely ablated but with a safe margin less than 
5 mm, the effectiveness was graded as (CRSM–). When there were 
residual tumors (reperfusion areas adjacent to the ablated tumor 
in the defect reperfusion test), the grading was recorded as ‘in-
complete’, indicative of a residual tumor after treatment. All 
CEUS studies were performed within 1–3 days of RFA.

   Evaluation of Treatment Effect of RFA Using Dynamic CT.  Dy-
namic CT data were analyzed and defined by consensus of two 
hepatologists (M.K., T.A.) who were blinded to the results of con-
trast-enhanced US. In case of discrepancy, the reviewers assessed 
the saved images together and their findings were re-evaluated to 
reach an agreement. A CT scan with a 5-mm section thickness 
was performed 1–3 days after RFA to evaluate its effectiveness  [1] . 
When the tumor was completely ablated with a safe margin of 
more than 5 mm, the effectiveness was graded as CRSM+. When 
the tumor was completely ablated but with a safe margin less than 
5 mm, the effectiveness was graded as (CRSM–). When there were 
residual tumors (hyperattenuations in the arterial phase and hy-
poattenuation areas in the portal phase adjacent to the tumor) the 
grading was recorded as ‘incomplete’, indicating a residual tumor 
after treatment.

Table 1.  Baseline features of study population

Patients, n 70
Tumors, n 86
Mean age, years 70.787.1
Sex (male/female) 41/29
Size of tumors, cm 16.587.1
Follow-up, days 8738426
Child-Pugh (A/B/C) 64/6/0
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  Assessment of Local Recurrence 
 Tumor recurrence rates were assessed by performing dynam-

ic CT every 3–4 months after RFA. Local tumor recurrence was 
defined as the appearance of a viable tumor during follow-up that 
was contiguous with the zone that had been ablated.

  Statistical Analysis 
 Cumulative incidence of local tumor recurrence was calcu-

lated using the Kaplan-Meier test and Fisher’s exact test was 
used to analyze the data. The level of significance was set at p  !  
0.05. All analyses were performed with statistical software 
(SPSS version 11, SPSS Inc., Chicago, Ill., USA) for Microsoft 
Windows.

  Results 

 Post-Treatment Evaluation of RFA for HCC Using 
Each Modality 
 At the initial evaluation of post-treatment effect of 

RFA there were 33 and 49 cases judged CRSM+ by CEUS 
and dynamic CT, respectively. Also, there were 49 and 34 
cases judged CRSM– by CEUS and dynamic CT, respec-
tively. CEUS and multidetector CT each judged 3 cases as 
‘incomplete’. Two cases out of 3 were judged ‘incomplete’ 
on both contrast-enhanced US and dynamic CT.

Kupffer phase Defect-reinjection test

Ablated nodule 

Ablated area 

≥5 mm
 Complete response with
 safety margin: CRSM(+)

 

<5 mm

CRSM(–)

Incomplete (residual nodule)
D-RIT positive  

Vessels or
bile duct

 
 

CR: complete response
SM: safety ablative margin
D-RIT: defect-reinjection test

 
 

  Fig. 1.  Evaluation of post-treatment effect 
of RFA using defect reperfusion test 1. 
When the ablated tumor was detected on 
Kupffer-phase image, post-treatment ef-
fect was evaluated using the technique 
shown here. Briefly, in Kupffer phase, the 
ablated area was observed after reinjection 
of Sonazoid. If the tumor was completely 
ablated with adequate safety margin ( 1 5 
mm), the therapeutic effect was judged as 
CRSM(+). If the tumor was ablated with-
out adequate safety margin ( ! 5 mm) or 
there were some vessels close to tumors 
within 5 mm, the therapeutic effect was 
judged as CRSM(–). If there were reperfu-
sion areas on the defect reperfusion test, 
they were judged as incomplete (residual 
tumor). 

Kupffer phase  

Defect-reinjection test 

Ablated area  

≥5 mm
 Complete response with
 safety margin: CRSM(+)

 

<5 mm  

 
 

CRSM(–)

Pre-RFA B-mode  

Pre-RFA CEUS
(Kupffer phase)  

 

Compare post-RFA area to pre-RFA images
(sweep scan)  

Vessels or bile duct  

Incomplete (residual nodule)
(D-RIT positive) 

 

CR: complete response
SM: safety ablative margin
D-RIT: defect-reinjection test
CEUS: contrast-enhanced US

 
 

  Fig. 2.  Evaluation of post-treatment effect 
of RFA using defect reperfusion test 2. 
When the ablated tumor cannot be detect-
ed on Kupffer-phase image, the safety 
margin was evaluated by comparing im-
ages of pre-B-mode or Kupffer-phase im-
ages of HCCs with postablated areas side 
by side on the US screen. 
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P ost-treatment evaluation

CRSM (+) CRSM(–) incomplete N/A

Dynamic CT 1/49 (2.5%)1 8/34 (30%)1 3/3 0
Contrast-enhanced US 0/33 (0%)1 9/49 (18%)1 3/3 0/1

N/A  = Not available. 1 Fisher’s exact test.

Table 3. R esult of the local recurrence 
rate according to the therapeutic
evaluation of each modality

Dynamic CT C ontrast-enhanced US

CRSM(+) CRSM(–) incomplete N/A

CRSM(+) 30 19 0 0
CRSM(–) 3 29 1 1
Incomplete 0 1 2 0

N/A  = Not available.

Table 2. P ost-treatment evaluation of 
RFA for HCC using each modality

a b

c d

  Fig. 3.  Case presentation of local tumor re-
currence after RFA.  a  A 62-year-old man 
with a 1.3-cm HCC; Dynamic CT shows a 
hypervascular tumor (arrow) in segment 
VIII; RFA was performed on 25th July, 
2007.  b  On dynamic CT, the effect of RFA 
was judged as complete response with a 
safety margin  1 5 mm (CRSM+).  c  By using
a defect reperfusion test in Kupffer phase, 
there was a vessel in the ablated area (ar-
row); the judgment by CEUS was complete 
response without a safety ablative margin 
(CRSM–).  d  Local tumor recurrence was 
observed on 4th June 2008 (arrow). 
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acoustic power using a high mechanical index, but the ef-
fect was transient  [21, 22] . SonoVue (Bracco, Milan, Italy) 
is widely available for contrast visualization in Europe 
and China and is thought to be a truly intravascular, 
blood-pool contrast agent, with no interstitial equilibri-
um phase. When parenchyma-specific contrast images 
can be seen only 3–5 min after the injection, a precise 
post-treatment evaluation is difficult  [23, 24] . Unlike Le-
vovist and SonoVue, Sonazoid has a very stable Kupffer-
phase image that may last up to 120 min after its injec-
tion. Therefore, in the present study, post-RFA areas were 
easily detected as perfusion defects in the Kupffer phase. 
If tumors inside the ablated areas can be detected in the 
Kupffer phase, safe margins can be clearly seen by using 
defect reperfusion imaging. Even if tumors cannot be de-
tected in the ablated areas after RFA, safe margins can be 
evaluated by carefully comparing images of pre-B-mode 
or Kupffer-phase images of HCCs with postablated areas 
in the Kupffer phase side by side on the US screen. If arte-
rial perfusion within the defect is demonstrated by the 
reinjection test of Sonazoid, it can easily define a residual 
tumor, or if some vessels recognized by the reinjection 
test are inside ablated areas, the adequacy of the safety 
margin can be determined. Kim et al.  [25]  and Nakazawa 
et al.  [26]  reported that an ablation zone with a margin of 
5 mm or greater was the most important factor for local 
control of HCC. Therefore, we evaluated the local recur-
rence rate with or without adequate margins (more than 
5 mm). Local recurrence rates between contrast-en-
hanced US and dynamic CT on each evaluation showed 
no difference and the consistency of the evaluation result 
of each modality was 71%. This indicated that CEUS is 
also useful to evaluate the response of RFA. To date, dy-
namic CT has been used most frequently to assess the ef-
fectiveness of RFA for HCC treatment. However, dynam-
ic CT is prohibited for patients with renal dysfunction 

  One case which could not be evaluated by CEUS was 
judged as CRSM– by dynamic CT. The consistency of the 
evaluation result of each modality was 71% (61/86) ( ta-
ble 2 ).

  Local Tumor Recurrence 
 Two cases were judged ‘incomplete’ on both contrast-

enhanced US and dynamic CT and these were eliminated 
from the calculation of the cumulative local tumor recur-
rence rate. Finally, local tumor recurrence was investi-
gated in 84 nodules of 68 patients. Ten of the 84 nodules 
developed a local tumor recurrence ( fig. 3 ). The cumula-
tive local tumor recurrence rates were 9 and 12% in 1 and 
2 years, respectively ( fig. 4 ).

  Evaluation of Local Recurrence Rates for Each 
Modality 
 Recurrence rates in the CRSM+ and CRSM– groups of 

dynamic CT were 2.5% (1/49) and 30% (8/34), respective-
ly. Recurrence rates in the CRSM+ and CRSM– groups of 
CEUS were 0% (0/33) and 18% (9/49), respectively. There 
were no differences between dynamic CT and CEUS for 
each of the 3 evaluations, i.e. CRSM+, CRSM– and ‘in-
complete’ (not significant by Fisher’s exact test;  table 3 ).

  Discussion 

 Post-treatment responses of percutaneous ethanol in-
jection and RFA for HCC using CEUS have been evalu-
ated in several studies  [20–24] . However, precise evalua-
tion was difficult because Doppler US studies with con-
trast agents were affected by blooming artifacts, poor 
spatial resolution and low sensitivity to slow flow  [20] . 
Levovist (SH U 508A; Schering AG, Berlin, Germany), 
was effective only when imaging was performed at high 
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  Fig. 4.  Cumulative local tumor recurrence 
rate after RFA of the present study: 9% in 
1 year and 12% in 2 years.           
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and iodine allergy. It is also preferable for the patients to 
refrain from exposure to radiation. MRI has also been 
used for evaluating the therapeutic effect of RFA  [27, 28] . 
However, patients who have a heart pacemaker, a metallic 
foreign body (metal sliver) in the eye or an aneurysm clip 
in the brain, cannot have an MRI scan because the mag-
netic field may dislodge the metal. It has been reported 
that another contrast agent like gadolinium sometimes 
causes nephrogenic systemic sclerosis  [29] .

  Compared with dynamic CT and MRI  [12] , Sonazoid 
enhanced US has none of the risks mentioned above for 
the patients. Furthermore, CEUS is less expensive than 
CT and MRI and can be performed numerous times  [30, 
31] .

  This study had several limitations. First, it was a ret-
rospective review of HCCs examined by CEUS using 
Sonazoid and dynamic CT nearly simultaneously after 

treatment, and there was a bias in the selection of the le-
sions. Second, the number of evaluated lesions was small. 
Third, histopathologic findings were not obtained from 
all patients for the diagnosis of local recurrence. To eval-
uate the true usefulness of CEUS using Sonazoid for the 
detection of local recurrence after treatment for HCC, 
further prospective randomized studies with a larger 
number of patients are warranted. In conclusion, CEUS 
with Sonazoid can be used to assess the efficacy of RFA 
for HCC, with the potential of reducing the number of 
CT scans required for confirmation.

  Disclosure Statement 

 The authors declare that no conflicts of interests exist.
 

 References 

  1 Shiina S, Tateishi R, Arano T, Uchino K, 
Enooku K, Nakagawa H, et al: Radiofrequen-
cy ablation for hepatocellular carcinoma: 10-
year outcome and prognostic factors. Am J 
Gastroenterol 2012;   107:   569–578. 

  2 Shibata T, Iimuro Y, Yamamoto Y, Maetani 
Y, Ametani F, Itoh K, et al: Small hepatocel-
lular carcinoma: comparison of radio-fre-
quency ablation and percutaneous micro-
wave coagulation therapy. Radiology 2002;  
 223:   331–337. 

  3 Wood TF, Rose DM, Chung M, Allegra DP, 
Foshag LJ, Bilchik AJ: Radiofrequency abla-
tion of 231 unresectable hepatic tumors:
indications, limitations, and complications. 
Ann Surg Oncol 2000;   7:   593–600. 

  4 Livraghi T, Goldberg SN, Lazzaroni S, Melo-
ni F, Solbiati L, Gazelle GS: Small hepatocel-
lular carcinoma: treatment with radio-fre-
quency ablation versus ethanol injection. 
Radiology 1999;   210:   655–661. 

  5 Tateishi R, Shiina S, Teratani T, Obi S, Sato S, 
Koike Y, et al: Percutaneous radiofrequency 
ablation for hepatocellular carcinoma: an 
analysis of 1,000 cases. Cancer 2005;   103:  
 1201–1209. 

  6 Teratani T, Yoshida H, Shiina S, Obi S, Sato 
S, Tateishi R, et al: Radiofrequency ablation 
for hepatocellular carcinoma in so-called 
high-risk locations. Hepatology 2006;   43:  
 1101–1108. 

  7 Camma C, Di Marco V, Orlando A, Sando-
nato L, Casaril A, Parisi P, et al: Treatment of 
hepatocellular carcinoma in compensated 
cirrhosis with radio-frequency thermal abla-
tion (RFTA): a prospective study. J Hepatol 
2005;   42:   535–540. 

  8 Lencioni RA, Allgaier HP, Cioni D, 
Olschewski M, Deibert P, Crocetti L, et al: 
Small hepatocellular carcinoma in cirrhosis: 
randomized comparison of radio-frequency 
thermal ablation versus percutaneous etha-
nol injection. Radiology 2003;   228:   235–240. 

  9 Tiong L, Maddern GJ: Systematic review and 
meta-analysis of survival and disease recur-
rence after radiofrequency ablation for he-
patocellular carcinoma. Br J Surg 2011;   98:  
 1210–1224. 

 10 Lim HK, Choi D, Lee WJ, Kim SH, Lee SJ, 
Jang HJ, et al: Hepatocellular carcinoma 
treated with percutaneous radio-frequency 
ablation: evaluation with follow-up multi-
phase helical CT. Radiology 2001;   221:   447–
454. 

 11 Chopra S, Dodd GD 3rd, Chintapalli KN, 
Leyendecker JR, Karahan OI, Rhim H: Tu-
mor recurrence after radiofrequency ther-
mal ablation of hepatic tumors: spectrum of 
findings on dual-phase contrast-enhanced 
CT. AJR Am J Roentgenol 2001;   177:   381–387. 

 12 Lee JM, Yoon JH, Joo I, Woo HS: Rencet ad-
vances in CT and MR imaging for evaluation 
of hepatocellular carcinoma. Liver Cancer 
2012;   1:   22–40. 

 13 Halpern EJ, McCue PA, Aksnes AK, Hagen 
EK, Frauscher F, Gomella LG: Contrast-en-
hanced US of the prostate with Sonazoid: 
comparison with whole-mount prostatecto-
my specimens in 12 patients. Radiology 
2002;   222:   361–366. 

 14 Kudo M, Hatanaka K, Kumada T, Toyoda H, 
Tada T: Double-contrast ultrasound: a novel 
surveillance tool for hepatocellular carcino-
ma. Am J Gastroenterol 2011;   106:   368–370. 

 15 Hatanaka K, Kudo M, Minami Y, Maekawa 
K: Sonazoid-enhanced ultrasonography for 
diagnosis of hepatic malignancies: compari-
son with contrast-enhanced CT. Oncology 
2008;   75(suppl 1):42–47. 

 16 Kudo M, Hatanaka K, Maekawa K: Newly 
developed novel ultrasound technique, de-
fect reperfusion ultrasound imaging, using 
sonazoid in the management of hepatocel-
lular carcinoma. Oncology 2010;   78(suppl 1):
40–45. 

 17 Kudo M, Okanoue T, Japan Society of Hepa-
tology: Management of hepatocellular carci-
noma in Japan: consensus-based clinical 
practice manual proposed by the Japan Soci-
ety of Hepatology. Oncology 2007;   72(suppl 
1):2–15. 

 18 Bruix J, Sherman M: Management of hepato-
cellular carcinoma: an update. Hepatology 
2011;   53:   1020–1022. 

 19 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 Ultra-
sound 2008;   16:   169–175. 

 20 Bartolozzi C, Lencioni R, Ricci P, Paolicchi 
A, Rossi P, Passariello R: Hepatocellular car-
cinoma treatment with percutaneous etha-
nol injection: evaluation with contrast-en-
hanced color Doppler US. Radiology 1998;  
 209:   387–393. 

 21 Ding H, Kudo M, Onda H, Suetomi Y, Mi-
nami Y, Chung H, et al: Evaluation of post-
treatment response of hepatocellular carci-
noma with contrast-enhanced coded phase-
inversion harmonic US: comparison with 
dynamic CT. Radiology 2001;   221:   721–730. 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
10

/8
/2

01
3 

6:
10

:3
6 

AM

— 147 —



 CEUS to Evaluate Response of RFA for 
HCC 

Oncology 2013;84(suppl 1):51–57 57

 22 Ding H, Kudo M, Onda H, Suetomi Y, Mi-
nami Y, Maekawa K: Contrast-enhanced 
subtraction harmonic sonography for eval-
uating treatment response in patients with
hepatocellular carcinoma. AJR Am J Roent-
genol 2001;   176:   661–666. 

 23 Frieser M, Kiesel J, Lindner A, Bernatik T, 
Haensler JM, Janka R, et al: Efficacy of con-
trast-enhanced US versus CT or MRI for the 
therapeutic control of percutaneous radio-
frequency ablation in the case of hepatic ma-
lignancies. Ultraschall Med 2011;   32:   148–
153. 

 24 Ricci P, Cantisani V, Drudi F, Pagliara E, 
Bezzi M, Meloni F, et al: Is contrast-en-
hanced US alternative to spiral CT in the as-
sessment of treatment outcome of radiofre-
quency ablation in hepatocellular carcino-
ma? Ultraschall Med 2009;   30:   252–258. 

 25 Kim YS, Rhim H, Cho OK, Koh BH, Kim Y: 
Intrahepatic recurrence after percutaneous 
radiofrequency ablation of hepatocellular 
carcinoma: analysis of the pattern and risk 
factors. Eur J Radiol 2006;   59:   432–441. 

 26 Nakazawa T, Kokubu S, Shibuya A, Ono K, 
Watanabe M, Hidaka H, et al: Radiofrequen-
cy ablation of hepatocellular carcinoma: cor-
relation between local tumor progression af-
ter ablation and ablative margin. AJR Am J 
Roentgenol 2007;   188:   480–448. 

 27 Tokunaga S, Koda M, Matono T, Sugihara T, 
Nagahara T, Ueki M, et al: Assessment of ab-
lative margin by MRI with ferucarbotran in 
radiofrequency ablation for liver cancer: 
comparison with enhanced CT. Br J Radiol 
2012;   85:   745–752. 

 28 Koda M, Tokunaga S, Miyoshi K, Kishina M, 
Fujise Y, Kato J, et al: Assessment of ablative 
margin by unenhanced magnetic resonance 
imaging after radiofrequency ablation for 
hepatocellular carcinoma. Eur J Radiol 2012;  
 81:   2730–2736. 

 29 Grobner T, Prischl FC: Gadolinium and 
nephrogenic systemic fibrosis. Kidney Int 
2007;   72:   260–264. 

 30 Joo I, Choi BI: New paradigm for manage-
ment of hepatocellular carcinoma by imag-
ing. Liver Cancer 2012;   1:   94–109. 

 31 Salvatore V, Bolondi L: Clinical impact of ul-
trasound-related techniques in the diagnosis 
of focal liver lesions. Liver Cancer, 2012;   1:  
 238–246. 

  

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
10

/8
/2

01
3 

6:
10

:3
6 

AM

— 148 —



Fax +41 61 306 12 34
E-Mail karger@karger.com
www.karger.com

 Oncology 2013;84(suppl 1):58–63 
 DOI: 10.1159/000345891 

 Therapeutic Response Assessment of Transcatheter 
Arterial Chemoembolization for Hepatocellular 
Carcinoma: Ultrasonography, CT and MR Imaging 

 Yasunori Minami    Masatoshi Kudo 

 Department of Gastroenterology and Hepatology, Kinki University Faculty of Medicine,  Osakasayama , Japan 

cancer patients. Imaging is generally used to assess ther-
apeutic effects earlier and more objectively.

  Hepatocellular carcinoma (HCC) is a main leading 
cause of cancer-related death worldwide  [1–4] . HCC may 
also develop in more than one site in the liver and may 
grow into multiple tumors. In addition, in a high propor-
tion of cases the disease recurs after radical therapy. 
Transcatheter arterial chemoembolization (TACE) is the 
current standard of care for patients presenting with 
multinodular HCC and relatively preserved liver func-
tion, absence of cancer-related symptoms, and no evi-
dence of vascular invasion or extrahepatic spread  [5–10] . 
In 2002, two randomized controlled trials  [11–14]  identi-
fied that TACE showed a significant survival benefit 
compared with controls after a long-term controversy. 
TACE has often been performed repeatedly during effec-
tive monitoring  [15] . However, repetitive TACE treat-
ments might reduce liver function and induce stenosis of 
the hepatic artery. Furthermore, repetitive TACE treat-
ments can become less effective in patients with relapsed 
HCC. These cases are considered TACE-refractory in 
clinical practice  [16–18] . It is essential to assess tumor 
response accurately in order to discontinue ineffective 
therapies and avoid complications caused by tumor
progression. Imaging, including ultrasonography (US), 
computed tomography (CT) and magnetic resonance 
imaging (MRI)  [19] , has an important role in assessing 
the effectiveness of tumor response of HCC. Therefore, 
we need to understand the characteristics of each imag-

 Key Words 
 Computed tomography  �  Hepatocellular carcinoma  �  
Magnetic resonance imaging  �  Transcatheter arterial 
chemoembolization  �  Ultrasonography 

 Abstract 
 Two randomized controlled trials identified that transcath-
eter arterial chemoembolization (TACE) for hepatocellular 
carcinoma (HCC) shows a significant survival benefit com-
pared with controls, after a long-term controversy. Thus, 
TACE is the current standard of care for patients presenting 
with multinodular HCC. Monitoring tumor response to TACE 
is part of the clinical management of HCC patients. Imaging, 
including ultrasonography, computed tomography and 
magnetic resonance imaging, has an important role in as-
sessing therapeutic effects earlier and more objectively. Im-
aging assessment needs to detect not only a reduction in 
overall tumor load but also a reduction in viable tumor. Here, 
we give an overview of the current status of the imaging as-
sessment of HCC response to TACE. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 The primary goal of cancer treatment is to produce a 
complete and sustained remission. Monitoring tumor re-
sponse to therapy is part of the clinical management of 
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ing modality for reading images. In this review, we focus 
our discussion on the imaging assessment of HCC re-
sponse to TACE.

  Principle of Tumor Response Assessment to TACE for 
HCC 

 Tumor shrinkage after therapy is only one parameter 
affecting patient survival. Conventional methods for re-
sponse assessment, such as the World Health Organiza-
tion (WHO) criteria and the Response Evaluation Crite-
ria In Solid Tumors (RECIST), have limited predictive 
value in HCC patients treated with TACE  [20–22] . TACE 
induces direct tumor necrosis and its anticancer efficacy 
is not paralleled by a reduction in overall tumor load but 
rather by a reduction in viable tumor, as recognized
by contrast-enhanced radiologic imaging  [21, 22] . The 
guidelines state that assessment of response in HCC 
should be based on performing contrast-enhanced imag-
ing 1 month after initial treatment and at least every 3 
months during follow-up  [22, 23] . These criteria rely only 
on tumor shrinkage as a measure of antitumor activity.

  Imaging 
 Computed Tomography 
 Recently, drug-eluting beads have provided an attrac-

tive alternative to iodized oil-based regimens. However, 
conventional TACE with administration of an antican-
cer agent-in-oil emulsion followed by embolic agents
has been the most popular technique. Lipiodol (Lipiodol 
Ultrafluide, Laboratoire Guerbet, Aulnay-Sous-Bois, 
France) is an oily contrast medium in radiography, and 
Lipiodol accumulation in the tumor can be regarded as 
representing a necrotic area  [24, 25] . Therefore, CT is 
commonly used as the standard imaging technique for 
evaluating the therapeutic response in patients with HCC 
after TACE ( table 1 )  [26–38] .

  The accumulation pattern of Lipiodol observed on CT 
can be classified, and the pattern and distribution of Lip-
iodol in the tumor are useful for assessing the therapeutic 
effects of TACE. A greater amount of accumulation of 
Lipiodol within a tumor indicates a greater area of necro-
sis. During follow-up, the focal defect or washout of Lip-
iodol in the mass with the contrast-enhanced area sug-
gests the presence of a viable tumor and that additional 
treatment is needed. However, Lipiodol can be more dif-
ficult to assess on CT because accumulation of Lipiodol 
in tumors can mask the enhancement of a residual tumor. 
At least a few weeks are required to evaluate whether Lip-

iodol accumulation corresponds to the necrotic area on 
CT because Lipiodol gradually washes out of the viable 
area in the tumor  [25] . Thus, it is considered that early 
assessment of response of TACE is difficult on contrast-
enhanced CT.

  Recent developments in flat panel detector technology 
and rotational angiography techniques can provide 3D 
imaging information that offers a quality similar to that 
of CT images. Several studies have shown that cone-beam 
CT angiography can be extremely helpful during TACE 
 [39–42] . Cone-beam CT would potentially be a conve-
nient tool for very early assessment of response by Lipi-
odol retention in HCCs immediately after TACE  [43] .

  Ultrasonography 
 A recent advance in US imaging is the development of 

microbubble contrast agents, which consist of a gas core 
that is encapsulated by a shell constructed of a lipid mono-
layer or cross-linked albumin. Each bubble acts as a har-
monic oscillator and contrast-enhanced echo signals con-
tain significant energy components at higher harmonics, 
while tissue echoes do not. With the use of a contrast 
agent, contrast harmonic imaging possesses not only a 
very high sensitivity to the contrast agent but also a high 
spatial resolution, and can depict signals from microbub-
bles in very slow flow without Doppler-related artifacts. 
Consequently, it could be a more accurate way to demon-
strate residual viable tumor flow in HCC after therapy. 
Several researchers have reported that contrast harmonic 
imaging is a useful tool for assessing vascularity in com-
parison with contrast-enhanced CT because the tumor 
vascularity depiction is not affected by Lipiodol accumu-
lation ( table 2 )  [44–52] . Residual tumor blood flow on con-
trast-enhanced US performed within days to 2 weeks after 
TACE could be predictive of tumor outcome as an early 
assessment of response to TACE. Use of contrast-en-
hanced US permits the proper selection of patients who 
would benefit from additional focal therapy after TACE 
earlier, as well as helping to guide focal ablation to the vi-
able portion of HCC  [46, 49] . However, contrast-enhanced 
US has technical limitations imposed by body habitus and 
the difficulty involved in the accessibility to lesions near 
the hemidiaphragm and to lesions in some small or dis-
eased livers. Additionally, contrast-enhanced US exami-
nations used to be performed on a solitary mass or on a 
dominant mass in patients with multiple lesions.

  Magnetic Resonance Imaging 
 MRI provides better contrast between the different 

soft tissues and higher spatial resolution with sensitivity 
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Table 1. A  ssessment of treatment response to TAE/TACE using CT

First author, year n (pat ients/
nodules)

Mean tumor
size, cm

Procedure Assessment of response

Takayasu, 1984 [26] 18/ND ND TAE Con trast-enhanced area
Furui, 1984 [27] 50/65 ND TAE Cont rast-enhanced area
Matsuo, 1993 [28] 12/ND ND Lip-TACE Lipio dol uptake
Nishimine, 1994 [29] 98/ND ND Lip-TACE Lipiodol uptake
Tsushima, 1998 [30] 22/ND ND Lip-TACE Lipiod ol uptake + contrast-enhanced area
Ernst, 1999 [31] 160/ND ND Lip-TAC E Lipiodol uptake only
Sumi, 1999 [32] 45/142 ND Lip-TACE Lipiodol  uptake + contrast-enhanced area
Okusaka, 2000 [33] 88/ND ND Lip-TACE Lipiodol  uptake + contrast-enhanced area
Cioni, 2000 [34] 47/68 4.3 Lip-TACE Lipiodol u ptake + contrast-enhanced area
Katyal, 2000 [35] 57/ND ND TACE Contrast-enhanced area
Kubota, 2001 [36] 54/84 2.2 Lip-TACE Lipiodol up take + contrast-enhanced area
Kim, 2002 [37] 54/129 ND Lip-TACE Lipiodol upt ake + contrast-enhanced area
Ebied, 2003 [38] 72/186 ND Lip-TACE Lipiodol uptake + contrast-enhanced area

Lip = Lipiodo l; ND = not described; TAE = transcatheter arterial embolization.

Table 2. A  ssessment of treatment response to TACE: contrast harmonic US versus contrast-enhanced CT

First author, year n (patients/
nodules)

Mean tumor
size, cm

Contrast agent Viable area detection
rate (US/CT), %

Catalano, 1999 [44] 28/43 3.4 Levovist 91/72
Cioni, 2000 [34] 47/68 4.3 Levovist 88/34
Numata, 2001 [45] 29/39 ND Levovist 92/33
Mi nami, 2003 [46] 40/44 3.9 Levovist 86/43
Morimoto, 2003 [47] 29/29 ND Levovist 57/ND
Kim, 2006 [48] 29/29 2.5 Levovist 61/39
Kono, 2007 [49] 33/42 ND Optison 78/ND
Xia, 2008 [50] 28/43 1.7 Sonazoid 58/40
Schacherer, 2010 [51] 15/15 4.8 SonoVue 93/73

ND  = Not described.

Table 3. A ssessment of treatment response to TACE: MRI versus CT

First author, year n (patients/
nodules)

Mean tumor
size, cm

Contrast agent Viable area detection 
rate (MRI/CT), %

Yamashita, 1993 [53] 37/44 ND Gd-DTPA 100/ND
Ito, 1995 [54] 13/13 ND Gd-DTPA 77/ND
Kubota, 2001 [55] 54/84 2.2 Gd-DTPA 100/76
Minami, 2003 [46] 40/44 3.9 Gd-DTPA 50/43
Chen, 2006 [56] 20/20 ND n one (diffusion-weighted MRI) 100/ND
Kubota, 2010 [57] 25/36 2.0 none (diffusion-weighted MRI) 92/92

ND  = Not described.
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than CT. Recent advances in MRI, including breath-hold 
3D imaging and rapid half-Fourier acquisition, allow im-
aging of the liver in a single breath-hold with a high spa-
tial resolution. Various contrast agents are available to 
image the liver. A paramagnetic ion, gadolinium-dieth-
ylenetriamine pentaacetic acid, is the most commonly 
used MRI contrast agent; it has an extracellular distribu-
tion and behaves similarly to the iodinated contrast 
agents used in CT. The presence of gadolinium can 
strongly influence the relaxation properties of nearby 
protons, leading to changes in tissue contrast. Liver-spe-
cific contrast media, such as mangafodipir trisodium 
(taken up by hepatocytes) and ferrum oxides (taken up by 
Kupffer cells), demonstrate selective uptake in the liver 
and are primarily used for lesion detection.

  Lipiodol causes variable signal intensity changes on 
unenhanced MRI, and it is difficult to detect accurately 
 [24] . Enhanced areas in the embolization site on gadolin-
ium-enhanced MRI presumably represent viable tumor 
( table 3 )  [53–57]  but could also result from post-treatment 
granulation tissue  [58] . In addition, diffusion-weighted 
MRI is a new kind of functional imaging technology that 
can explore the random diffusion motion of water mol-
ecules in vivo. Diffusion-weighted MRI has been found 
to be useful for lesion detection with higher accuracy 
compared with superparamagnetic iron oxide-enhanced 
MRI  [59] . However, diffusion-weighted MRI is known to 
have limitations such as a relatively poor signal-to-noise 
ratio and high sensitivity to pulsatile or susceptibility
artifacts, degrading the ability to detect lesions. A new 
quantitative measurement on diffusion-weighted MRI 
may allow effective evaluation of the efficacy of TACE for 
HCC and correctly reveal recurrent tumors  [56, 57] .

  Conclusion 

 Conventional TACE with administration of an anti-
cancer agent-in-oil emulsion followed by embolic agents 
has been the most popular technique. Imaging, including 
US, CT and MRI, has an important role in assessing the 
effectiveness of tumor response of HCC. Imaging assess-
ment needs to detect not only a reduction in overall tu-
mor load, but also a reduction in viable tumor.

  CT is commonly used as the standard imaging tech-
nique because the accumulation of Lipiodol is observed 
easily on plain CT. Distribution of Lipiodol in the tumor 
is useful for assessing the therapeutic effects on CT. How-
ever, Lipiodol often makes it difficult to detect the resid-
ual tumor on CT because accumulation of intratumoral 
Lipiodol can mask its enhancement. Contrast-enhanced 
US is a useful tool for assessing the vascularity in com-
parison with contrast-enhanced CT because the tumor 
vascularity depiction is not affected by Lipiodol accumu-
lation. However, US examinations used to be performed 
on a solitary mass or on a dominant mass in patients with 
multiple lesions. MRI provides better contrast between 
the different soft tissues and higher spatial resolution 
than that of CT. Enhanced areas in the embolization site 
on gadolinium-enhanced MRI presumably represent vi-
able tumor with high sensitivity but low specificity.
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 Introduction 

 Postoperative recurrence of hepatocellular carcinoma 
(HCC) is common and limits long-term survival follow-
ing otherwise successful surgery  [1–3] . Rates of recur-
rence within 3 years after initial resection have ranged 
from approximately 60 to 80%, even in HCC tumors 
smaller than 4 cm or curative resection  [4, 5] . A high re-
currence rate of HCC is attributed to frequent occur-
rence of microvascular invasion, occult metastases  [6]  
and multicentric recurrence within a background liver 
of liver cirrhosis  [7] . On the other hand, it was previous-
ly demonstrated that metastatic recurrence is associated 
with angiogenesis and invasiveness of the tumor  [8] . Vas-
cular endothelial growth factor (VEGF) is frequently
implicated in metastasis by promoting an angiogenic 
phenotype  [9] . Besides, transcriptional inactivation of
E-cadherin was shown to occur frequently in tumor pro-
gression  [10] . From this standpoint, molecular analyses 
based on genetic profiles of HCC could be useful for pre-
dicting the clinical behavior of HCC. However, highly 
specialized molecular analyses, such as expression mi-
croarrays, could not be applicable for clinical setting
because of the cost and complexity on analyses. In this 
study, we investigated an alternative method of molecu-
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underwent curative resection of tumors using immunohis-
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revealed that only strong expression of VEGF in HCC tissue 
was significantly associated with metastatic recurrence (p  !  
0.001, hazard ratio, HR, 3.32).  Conclusions:  Evaluating VEGF 
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lar analysis using immunohistochemical analysis of can-
cer-related molecules. Specifically, we sought to identify 
relationships between patterns of recurrence in the ex-
pression of VEGF in HCC after curative hepatectomy.

  Materials and Methods 

 Patients 
 We retrospectively analyzed the relationship between the re-

currence of HCCs and clinicopathological parameters in 133 pa-
tients who were diagnosed with HCC of stage I or II and under-
went curative hepatectomy at Kyoto University Hospital between 
1985 and 1993. The mean follow-up period was 6.7  8  5.2 years 
(range 0–21) and the patients consisted of 89 men and 44 women 
with a mean age of 61.4 years. The study was approved by the in-
stitutional review board of involved institutions and informed 
consent was obtained from each patient. The stage of HCC and 
the curability of surgery were classified according to general rules 
for the clinical and pathological study of primary liver cancer es-
tablished by the Liver Cancer Study Group of Japan  [11] . After 
surgery, each patient was monitored every 3 months with serum 
 � -fetoprotein levels and radiological examination of computed 
tomography or magnetic resonance imaging until September 
2008. Abdominal echogram and chest radiograms were also per-
formed every 3 months. Outcome of the patients was classified 
into 3 groups: recurrence-free (n = 37), multicentric recurrence
(n = 22) and metastatic recurrence (n = 74). The patterns of re-
currence were assessed morphologically from computed tomog-
raphy images, angiography, bone scintigrams and pathological 
findings. Intrahepatic metastatic recurrence was diagnosed as 
follows: emergence of multiple hypervascular tumors appeared in 
a localized segment that had contained the original tumor, emer-
gence of a large tumor situated near the original site, emergence 
of additional smaller tumors in distant parts of the liver  [12] .

  Additional clinicopathological information of the patients are 
as follows (some data were not available for all patients): status of 
hepatitis virus, positive for hepatitis B surface antigen (HBsAg;
n = 17), positive for hepatitis C virus antibody (HCVAb) or HCV-
RNA (n = 77), negative for both HBsAg and HCVAb (n = 5); clin-
ical stage of HCC I (n = 34), II (n = 97); serum alanine aminotrans-
ferase (ALT) level  ̂  80 IU/l (n = 81),  1 80 IU/l (n = 50); platelet 
count (10 3 /mm 3 )  6 10  !  10 4  (n = 76),  ! 10  !  10 4  (n = 56); serum 
α-fetoprotein level  ̂  400 ng/ml (n = 95),  1 400 ng/ml (n = 34); his-
tology of noncancerous liver normal (n = 5), chronic hepatitis (n = 
35), cirrhosis (n = 89); tumor size  ! 2 cm (n = 47), 2–5 cm (n = 75), 
 1 5 cm (n = 11); histological differentiation of HCC well (n = 13), 
moderate (n = 90), poor (n = 30); vascular invasion positive
(n = 2), negative (n = 131). There was no significant correlation be-
tween each item of clinicopathological data and patient outcome.

  Immunohistochemical Analyses    
 Immunohistochemical staining for VEGF, E-cadherin and cy-

clin D1 were performed using the avidin-biotin complex method 
(Vecstatin ABC kit, Vector Laboratories, Burlingame, Calif., 
USA). Antibodies used were a rabbit polyclonal antibody for 
VEGF (Santa Cruz Biotechnology, Santa Cruz, Calif., USA) at a
1:   200 dilution, a mouse monoclonal antibody for E-cadherin (Ta-
kara Shuzo Co., Shiga, Japan) at a 1:   20 dilution and a mouse 

monoclonal antibody for cyclin D1 (Progen Biotechnik GmbH, 
Heidelberg, Germany) at a 1:   20 dilution. VEGF expression level 
was scored semi-quantitatively based on staining intensity and 
distribution using the immunoreactive score (IRS) as described 
before  [13, 14] : IRS = SI (staining intensity)  !  PP (percentage of 
positive cells). SI was determined as 0 (negative), 1 (weak), 2 (mod-
erate) and 3 (strong). PP was defined as 0 (negative), 1 (10% posi-
tive cells), 2 (11–50% positive cells), 3 (51–80% positive cells) and 
4 (more than 80% positive cells). Ten visual fields from different 
areas of each tumor were used for IRS evaluation. Based on the 
IRS score, staining intensity was graded into 4 categories of grade 
0 (–) (IRS 0–3), grade 1 (+) (IRS 4–6), grade 2 (++) (IRS 7–9) or 
grade 3 (+++) (IRS 10–12;  fig. 1 a, b).

  To evaluate E-cadherin expression, the immunostaining pat-
tern in normal disease-free liver was used as a positive control. 
E-cadherin staining was observed at cell-cell borders of all epithe-
lial cells in normal liver; discontinuous or negative membrane 
staining was defined as abnormal. The approximate intensity of 
E-cadherin staining in the membrane of each specimen was 
scored and arranged into three categories: equivalent staining in-
tensity to that of normal hepatic cells was regarded as positive (+), 
recognizable albeit weaker staining than present in normal cells 
was classified as weak positive ( 8 ) and complete loss of staining 
was determined as negative (–) ( fig. 1 c, d).

  The expression of cyclin D1 was categorized it as either posi-
tive (+) or negative (–). Cyclin D1 expression in cancer was classi-
fied as positive staining when more than 30% of tumor cells were 
positive in high intensity ( fig. 1 e, f). IHC staining was evaluated 
independently by two pathologists who were blinded to the pa-
tient profiles.

  Statistics 
 Correlations between the expressions of VEGF, E-cadherin 

and cyclin D1, and clinicopathological features were evaluated us-
ing  �  2  tests or Fisher’s exact tests. Disease-free survival (DFS) of 
the patients with each pattern of immunohistochemical staining 
was estimated using the Kaplan-Meier method and p value of the 
log-rank tests were calculated. Death was treated as censored at 
that time. To clarify the relationship between expression of each 
molecule and metastatic recurrence, we also verified the hazard 
ratios (HR) of emergence of recurrence within 2 years for each 
patient group, which were classified according to the intensity of 
immunohistochemical staining. HR and 95% confidence inter-
vals (95% CI) were calculated with the Cox proportional hazards 
regression model and each analysis was performed so as to com-
pare different groups (i.e. metastatic recurrence vs. multicentric 
recurrence, and multicentric recurrence vs. recurrence-free).
p values  ! 0.05 were considered statistically significant. The data 
were managed and analyzed using SAS software (version 9.1, SAS 
Institute Inc., Cary, N.C., USA).

  Results 

 Correlation between VEGF Expression and Clinical 
Outcome 
 VEGF staining was primarily cytoplasmic ( fig. 1 a, b). 

The proportion of HCC exhibiting grade 2 or 3 expres-
sion of VEGF was significantly higher in patients with 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
10

/8
/2

01
3 

6:
12

:3
7 

AM

— 156 —



 VEGF in HCC Survival Oncology 2013;84(suppl 1):75–81 77

a b

c d

e f

g

h

i

p < 0.001

p = 0.017

p = 0.014

Time to recurrence (months)

Time to recurrence (months)

Time to recurrence (months)

C
um

ul
at

iv
e 

d
is

ea
se

-f
re

e 
su

rv
iv

al
C

um
ul

at
iv

e 
d

is
ea

se
-f

re
e 

su
rv

iv
al

C
um

ul
at

iv
e 

d
is

ea
se

-f
re

e 
su

rv
iv

al

(–) (n = 54)

(+) (n = 54)

(+) (n = 52)

(+) (n = 42)

(–) (n = 22)

(–) (n = 91)

(±) (n = 59)

(++) (n = 19)(+++) (n = 6)

(+)
(–)

(+)

(+)

(±)
(–)

(–)

(++)
(+++)

  Fig. 1.  Immunostaining with a VEGF antibody in HCCs with 
chronic hepatitis or early cirrhosis: grade 3 (+++) ( a ), negative (–) 
( b ). Immunostaining with an E-cadherin antibody in HCCs with 
chronic hepatitis or early cirrhosis; E-cadherin was observed at 
cell-cell boundaries: positive (+) ( c ), negative (–) ( d ). Immuno-
staining with a cyclin D1 antibody in HCCs; cyclin D1 was pri-
marily located in the nucleus: positive (+) ( e ), negative (–) ( f ).  a–
f  Original magnification  ! 200.  g–i  Comparison of cumulative 
postoperative DFS curves according to intensity. VEGF expres-
sion in cancerous tissue ( g ), E-cadherin expression in cancerous 
tissue ( h ), cyclin D1 expression in cancerous tissue ( i ). Immuno-
staining intensity was evaluated by the Kaplan-Meier method. All 
patients with grade 3 (+++) expression of VEGF in cancerous tis-

sues exhibited recurrence within 2 years. The group with grade 1 
(+), grade 2 (++) or grade 3 (+++) expression of VEGF in cancerous 
tissues exhibited higher recurrence rates than those with negative 
(–) expression of VEGF (p  !  0.001; log-rank). The group with neg-
ative (–) E-cadherin expression in cancerous tissues exhibited 
shorter periods of DFS than those with weak positive ( 8 ) or pos-
itive (+) expression. In accordance with reduced E-cadherin ex-
pression, the group with reduced E-cadherin expression exhibited 
higher recurrence rates than those with positive (+) expression of 
E-cadherin (p = 0.017; log-rank). The group with positive (+) ex-
pression of cyclin D1 in cancerous tissue exhibited higher recur-
rence rates than those with negative (–) expression of cyclin D1
(p = 0.013; log-rank).   
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metastatic recurrence (27%; 20/74) than those with mul-
ticentric recurrence (9.1%; 2/22) or as recurrence-free 
(8.1%; 3/37; p  !  0.001). Notably, all cases of grade 3 VEGF 
expression were observed exclusively in patients with 
metastatic recurrence (100%; 6/6).

   Table 1  compares HR of metastatic versus multicentric 
recurrence and recurrence-free, and multicentric recur-
rence versus recurrence-free. These comparisons were 
made in relation to clinicopathological data from uni-
variate and multivariate analyses, which were performed 
to evaluate variables that could affect metastatic recur-

rence or the emergence of multicentric recurrence after 
curative surgery. For the onset of metastatic recurrence, 
the extent of VEGF staining correlated significantly with 
an increased HR for grade 3 (p  !  0.001, HR 3.54, 95% CI 
2.10–5.60), grade 2 (p = 0.027, HR 1.51, 95% CI 1.05–2.14) 
and grade 1 (p = 0.002, HR 1.54, 95% CI 1.17–2.08) by 
univariate analysis. Multivariate analysis comparing be-
tween metastatic recurrence and multicentric recurrence 
and recurrence-free revealed significantly elevated risk of 
metastatic recurrence for each grade of VEGF expression 
(grade 1: p = 0.002, HR 1.57, 95% CI 1.18–2.13; grade 2:

Table 1. U nivariate and multivariate analyses

Variable Univariate M ultivariate

HR 95% CI p HR 95% CI p

a Factors associated with metastatic recurrence (metastatic recurrence vs. multicentric carcinoma and recurrence-free) using univariate 
and multivariate Cox proportional analysis

Platelet count, 103/mm3

≥10 ! 104 1.00 –
<10 ! 104 1.30 1.03–1.64 0.029

VEGF expression in HCC tissue
Negative 1.00 –
Grade 1 1.54 1.17–2.08 0.002 1.57 1.18–2.13 0.002
Grade 2 1.51 1.05–2.14 0.027 1.52 1.05–2.17 0.027
Grade 3 3.54 2.10–5.60 <0.001 3.32 1.93–5.41 <0.001

E-cadherin expression in HCC tissue
Positive 1.00 –
Weak positive 1.29 0.99–1.70 0.056
Negative 1.58 1.13–2.18 0.008

Cyclin D1 expression in HCC tissue
Negative 1.00 –
Positive 1.34 1.05–1.69 0.019

b Factors associated with multicentric carcinoma (multicentric carcinoma vs. recurrence-free) using univariate and multivariate Cox 
proportional analysis

Hepatitis status
Non-B non-C 1.00 –
HCV 1.91 1.16–3.57 0.010 1.83 1.11–3.25 0.017
HBV 0.80 0.18–2.08 0.671

Clinical stage
I 1.00 –
II 1.76 1.10–2.78 0.020

ALT, IU/l
≤80 1.00 –
>80 1.58 1.03–2.45 0.035 1.59 1.03–2.48 0.037

Cyclin D1 expression in HCC tissue
Negative 1.00 –
Positive 1.46 1.11–1.39 0.18

p v alues were calculated for continuous values by ANOVA and for categorical values for the �2 test or Fisher’s exact test. The pa-
tients who had incomplete data were excluded. Non-B non-C denotes negative for HBsAg and HCVAb or HCV-RNA (–); HCV denotes 
positive for HCVAb or HCV-RNA; HBV denotes positive for HBsAg. 
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p = 0.027, HR 1.52, 95% CI 1.05–2.17; grade 3: p  !  0.001, 
HR 3.32, 95% CI 1.93–5.41;  table 1 ); however, no signifi-
cant relationship existed between VEGF expression and 
multicentric recurrence.

  Correlation between E-Cadherin Expression and 
Clinical Outcome 
 E-cadherin staining was detected at the cell-cell 

boundary ( fig. 1 c, d). Negative E-cadherin expression was 
observed more frequently in patients with metastatic re-
currence (21.6%; 16/74) than in patients with multicentric 
recurrence (4.5%; 1/22) or recurrence-free (13.5%; 5/37). 
According to univariate analysis, negative E-cadherin
expression indicated increased risk for metastatic recur-
rence (p = 0.008, HR 1.58, 95% CI 1.13–2.18;  table  1 ). 
However, no significant relationship existed between 
metastatic recurrence and E-cadherin expression by mul-
tivariate analysis. Moreover, there was no significant re-
lationship between E-cadherin expression and multicen-
tric recurrence.

  Correlation between Cyclin D1 Expression and 
Clinical Outcome 
 Cyclin D1 staining was observed primarily in the nu-

cleus ( fig. 1 e, f). The positive rate was higher in patients 
with metastatic recurrence (36.5%; 27/74) than for pa-
tients with multicentric recurrence (13.6%; 3/22) or re-
currence (32.4%; 12/37), although this was not signifi-
cant. Univariate analysis demonstrated that expression
of cyclin D1 correlated with metastatic recurrence (p = 
0.019, HR 1.34, 95% CI 1.05–1.69); however, multivariate 
analysis did not demonstrate a correlation between cyclin 
D1 expression and metastatic recurrence or multicentric 
carcinoma ( table 1 ).

  Clinical Features of the Patients and Outcome 
 For metastatic recurrence, low platelet count ( ! 10  !  

10 4 ) was revealed to be the significant correlation in uni-
variate analysis (p = 0.029, HR 1.30, 95% CI 1.03–1.64) but 
not in multivariate analysis. For multicentric recurrence, 
positivity for HCV (p = 0.010, HR 1.91, 95% CI 1.16–3.57), 
advanced clinical stage of HCC (p = 0.020, HR 1.76, 95% 
CI 1.10–2.78) and serum ALT level ( 1 80; p = 0.035, HR 
1.58, 95% CI 1.03–2.45) were revealed as the significant 
relationships by univariate analysis, and the presence of 
HCV and serum ALT level were selected as independent 
factors for emergence of multicentric recurrence by mul-
tivariate analysis (p = 0.017, HR 1.83, 95% CI 1.11–3.25 
and p = 0.037, HR 1.59, 95% CI 1.03–2.48, respectively; 
 table 1 ).

  DFS, Expression of VEGF, E-Cadherin and Cyclin 
D1 
 The median duration of DFS in patients with multi-

centric recurrence was significantly longer (87.3  8  56.7 
months) than in patients with metastatic recurrence (22.9 
 8  20.5 months; p  !  0.001). The recurrence rate was
positively correlated with the extent of VEGF expres-
sion (p  !  0.001;  fig. 1 g). Notably, all patients with grade
3 VEGF expression occurred recurrence within 2 years 
and HR of recurrence within 2 years was much higher
in grade 3 VEGF expression than the other groups (p  !  
0.001, HR 3.20, 95% CI 1.87–5.17).

  Negative or weak E-cadherin expression correlated 
with shorter periods of DFS, the recurrence rate corre-
lated negatively with the extent of E-cadherin expression 
(p = 0.017;  fig. 1 h). Moreover, HRs of recurrence within 2 
years for negative as well as weak E-cadherin expression 
were higher than the normal expression group (p  !  0.040, 
HR 1.57, 95% CI 1.01–2.42 and p  !  0.02, HR 1.46, 95% CI 
1.04–2.11, respectively). Additionally, positive cyclin D1 
expression was correlated with a high rate of recurrence 
(p = 0.014;  fig. 1 i).   HR of recurrence within 2 years for 
patients with positive cyclin D1 expression was higher 
than the other groups (p  !  0.005, HR 1.51, 95% CI 1.13–
2.01).

  Discussion 

 Our results confirm the findings of prior studies that 
evaluated the prognostic value of measuring the expres-
sion of cancer-related genes, such as VEGF in HCC  [15, 
16] . We compared the significance of expression of VEGF, 
E-cadherin and cyclin D1 on the risk of HCC recurrence 
after curative resection using immunohistochemical 
analyses. We found that the extent of VEGF expression in 
HCC provides the important prognostic information that 
can be used to evaluate the risk of metastasis following 
curative hepatic surgery. An interesting dosage-effect of 
VEGF expression was identified in which HCC patients 
with grade 3 expression demonstrated the shortest peri-
ods of DFS ( fig. 1 g), which reinforced the notion that an-
giogenesis plays a pivotal role in metastasis. It is known 
that metastatic recurrence is early-phase recurrence 
(within 2 years), whereas those associated with multicen-
tric recurrence contributed to late-phase recurrence (af-
ter 2 years)  [17] , which was consistent with the fact that 
VEGF expression was associated with metastatic recur-
rence.
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in serum than those without portal vein thrombosis (p = 
0.0029).  Conclusions:  Considering the strong association 
between the ratio of the methylated to unmethylated  APC  
sequences in serum and the presence of portal vein throm-
bosis, methylation status of  APC  sequences could be a prom-
ising marker for improving HCC management. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common cancers in the world, and infection with hepa-
titis B virus or hepatitis C virus is a critical risk for the 
emergence of this type of malignancy. The number of 
HCC patients is expected to increase after recent studies 
revealed that several types of common metabolic disor-
der such as diabetes mellitus and obesity could also act as 
important factors for accelerating HCC development  [1] . 
Surgical treatment  [2] , radiofrequency ablation  [3]  and 
trance catheter arterial chemoembolization  [4]  are well-
known major treatment options; however, the prognosis 
of advanced HCC is unsatisfactory because of the lack of 
effective therapeutic alternatives  [1] .

 Key Words 
 Hepatocellular carcinoma  �  Tumor suppressor gene  �  
DNA methylation  �  Epigenetics  �  Molecular diagnosis 

 Abstract 
  Objectives:  Hepatocellular carcinoma (HCC) is one of the 
common cancers worldwide. Accurate diagnosis of tumor 
progression is critical for the appropriate management of 
HCC. Here, we established a sensitive assay to detect and 
quantify tumor-derived DNA in the serum of HCC patients. 
 Methods:  Aberrant methylation of the  APC  gene was quanti-
fied in 23 HCC patients and 8 healthy volunteers using 100 
 � l of serum. For sensitive detection and accurate quantifica-
tion of tumor DNA, we combined seminested polymerase 
chain reaction (PCR) with TaqMan PCR, which could amplify 
the  APC  gene regardless of the methylation status and de-
tect the methylated and unmethylated sequences separate-
ly. The ratio of methylated to unmethylated sequences was 
quantified.  Results:  The methylated  APC  gene was detected 
in all HCC patients examined, but no healthy volunteers 
showed amplification of methylated sequences in serum. 
HCC patients with portal vein thrombosis showed a signifi-
cantly higher methylated to unmethylated  APC  gene ratio
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  Recent advancements in the study of molecular tar-
geted agents such as sorafenib have resulted in improved 
survival rates of patients with advanced HCC and in-
creased time to progression, even in cases that failed to 
achieve tumor regression  [5] . However, estimation of this 
type of tumor response, or response to ‘dormant therapy’, 
is sometimes difficult because the lack of tumor regres-
sion identified through imaging studies could be regard-
ed as treatment failure, even in cases of stable disease with 
prolonged time to progression, which could be a benefit 
of treatment with sorafenib. Imaging studies are also in-
adequate for estimating a total tumor burden because the 
advanced tumors are usually associated with multiple 
small metastatic lesions. Therefore, in addition to imag-
ing studies, conventional tumor markers such as  � -feto-
proteins (AFP) and des- � -carboxy prothrombin (DCP) 
have been examined to evaluate the dynamics of tumor 
volume during treatment  [6] . Although a combination of 
AFP and DCP reportedly improved the sensitivity of di-
agnosing HCC, a considerable number of HCC patients 
failed to show an increase in tumor marker levels  [7] . In 
these patients, conventional tumor markers were not use-
ful for the estimation of tumor response during the course 
of HCC treatment.

  Generally, the molecular pathogenesis of cancer devel-
opment involves multiple genetic and epigenetic aberra-
tions, which lead to activation of oncogenes and inactiva-
tion of tumor suppressor genes (TSGs)  [8] . Recent reports 
have suggested that quantification of circulating mutant 
genes from tumor cells could be useful in assessing the 
tumor dynamics of colon cancer during treatment and 
that this personalized genetic approach could be gener-
ally applied to patients with other types of cancer  [9] . So 
far, we have intensively analyzed genetic and epigenetic 
alterations in oncogenes and TSGs in human HCC tis-
sues  [10–13] . Although recurrent genetic alterations of
individual genes are not frequent, epigenetic alterations 
such as methylation of the promoter of TSGs occur far 
more frequently. In particular, we found that abnormal 
methylation of the promoter of the adenomatous polypo-
sis coli  (APC)  gene was seen in a majority of HCC tissues, 
and the methylation level of the  APC  gene was consider-
ably different between HCC tissue and the corresponding 
noncancerous liver tissue  [14] .

  In this study, we developed a sensitive assay for the 
quantification of cancer-specific DNA in serum of HCC 
patients, based on the methylated  APC  gene. We ex-
plored the possible diagnostic value of this tumor-spe-
cific DNA alteration for tumor detection. We found
the amount of the methylated  APC  gene in serum to

be strongly correlated with vascular invasion of HCC.
In addition, quantification of this epigenetic alteration 
could be a powerful tool to estimate the aggressiveness 
of the tumor as well as tumor dynamics during the treat-
ment of HCC.

  Materials and Methods 

 Patients 
 Twenty-three HCC patients and 8 healthy volunteers were an-

alyzed to quantify promoter methylation of the  APC  gene using 
serum DNA. The clinical backgrounds of the HCC patients were 
as follows: median age was 71 years (25th and 75th percentiles: 66 
and 73); 14 were male and 9 were female, and 4 were hepatitis B 
virus surface antigen (HBsAg) positive, 13 were hepatitis C virus 
antibody (HCVAb) positive, 2 were positive for both HBsAg and 
HCVAb, and 4 were negative for both. Among 23 patients, 7 
showed portal vein invasion and 19 showed multiple HCCs (2 or 
more) on contrast enhanced-computed tomography. Three HCC 
patients were classified as stage 1, 2 as stage 2, 11 as stage 3 and 7 
as stage 4. Median serum AFP and DCP levels were 76 ng/ml (25th 
and 75th percentiles: 21 and 778) and 307 mAU/ml (25 and 1,169), 
respectively. Informed consent was obtained from each patient 
and the study was approved by the institutional review board of 
the involved institution.

  Quantification of Methylation Levels in Serum DNA 
 DNA was extracted from 100  � l of serum using the DNA Ex-

tractor SP Kit according to the manufacturer’s protocol (Wako 
Pure Chemical Industries Ltd., Osaka, Japan). The serum DNA 
samples were subjected to bisulfite treatment using the EpiTect TM  
Bisulfite kit (QIAGEN Inc., Valencia, Calif., USA). We selected 
the methylated  APC  gene as a target for the detection of tumor 
DNA because our previous analysis indicated aberrant methyla-
tion of the  APC  gene in 84% of HCC cases  [14, 15] . In addition, 
the difference in the methylation level between HCC and non-
cancerous liver tissues was most prominent in the promoter of 
the  APC  gene among the CpG loci examined. HCC tissues 
showed a high level of methylation, but methylation was extreme-
ly low in noncancerous tissues  [14, 15] . Thus, the methylation 
level of this gene made it an ideal candidate for quantification of 
tumor-derived DNA in serum of HCC patients in the context of 
minimizing false-positive and false-negative errors. For the 
quantification of methylated  APC  genes, the ratio of amount of 
the methylated to unmethylated  APC  gene was determined using 
the StepOne TM  real-time detection system (Applied Biosystems, 
Foster City, Calif., USA). In order to increase the sensitivity for 
detecting small amounts of methylated DNA, we used semi-
nested PCR with setting TaqMan probes for the detection of
inner PCR products that are specific for the methylated or un-
methylated  APC  gene ( fig. 1 a). These primers and probes were 
designed to amplify the promoter of the  APC  gene. The PCR 
primers and probes used in this assay were as follows: forward 
outer PCR primer, 5 � -GGTTATGTGTGTTTATATTTAGTTAA-
TTGGTG-3 �  and reverse outer PCR primer, 5 � -AAATACAAA-
CC AA AA CACTCCCC-3 � . The inner forward nested-PCR prim-
er and TaqMan probe for detecting the methylated  APC  gene pro-
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moter were 5 � -TTATATGTCG GTTACGTGCGTTTATAT-3 �  and 
FAM-C C C GTCGAAAAC CCGCCGATTA-MBG, respectively. 
The inner PCR forward primer and TaqMan probe specific for 
the unmethylated pro moter were 5 � -GGTTAT GT GT GT TT ATA-
TTT AG TT AATTG GTG-3 �  and FAM-TTCCCATCAAAAAC-
MGB, respectively. We expected that both methylated and un-
methylated promoters would be equally amplified on using the 
outer primer pairs, which do not contain the CpG sequence. 
However, the methylated and unmethylated promoters would be 
quantified separately on using the specific inner primer pairs and 
TaqMan probes for methylated or unmethylated DNA ( fig. 1 a). 
The PCR was performed according to the manufacturer’s proto-
col using TaqMan �  Fast Universal PCR Master Mix (Applied 
Biosystems). A standard curve for each assay was generated by 
the serial dilution of bisulfite-treated CpGenome TM  Universal 
Methylated DNA (Chemicon International Inc., Temecula, Cal-
if., USA). The ratio of amount of the methylated to unmethylated 
 APC  gene was calculated using the StepOne TM  real-time detec-
tion system (Applied Biosystems).

  Statistical Analysis 
 The Wilcoxon rank-sum test was applied to compare the dif-

ferences in the ratio of methylated to unmethylated  APC  gene 
levels between any 2 categorical variables of clinical factors. 
Continuous variables such as age, serum AFP levels and serum 
DCP levels were each categorized into 2 subgroups:  ! 70 or  6 70 
years,  ! 100 or  6 100 ng/ml, and  ! 400 or  1 400 mAU/ml, respec-
tively. All p   values were two-sided and p    !  0.05 was considered 
statistically significant. All statistical analyses were performed 
using JMP version 9.0 software (SAS Institute Inc., Cary, N.C., 
USA).

  Results 

 Amplification of the Methylated and Unmethylated 
APC Genes 
 Using the sensitive assay, a combined seminested and 

real-time PCR-detection system, we successfully ampli-
fied both the methylated and unmethylated  APC  gene 
from serum DNA.  Figure 1 b, c shows the amplification 
and standard curve of the methylated and unmethylated 
gene products, respectively. The 2 standard curves for the 
amplification of the methylated and unmethylated genes 
revealed that amplification efficiency should be similar 
for the 2 heminested PCR products of the methylated and 
unmethylated genes. The serum DNA of 8 healthy volun-
teers showed amplification of the unmethylated gene, but 
no amplification of the methylated gene. In contrast, se-
rum DNA samples from all 23 HCC patients showed am-
plification of the methylated as well as the unmethylated 
gene, and we were able to calculate the ratio of methyl-
ated to unmethylated DNA in 20 of 23 samples. The mean 
value was 9% (25th and 75th percentiles: 8.0 and 18.8%). 
For 3 of 23 serum DNA samples, the ratio of methylated 
to unmethylated DNA could not be determined because 
of the low level (less than 1%) of the methylated APC al-
lele.

a b

c

 Fig. 1. Sensitive detection and quantifica-
tion of the ratio of methylated to unmeth-
ylated  APC  genes.  a  Heminested PCR for 
the methylated and unmethylated  APC 
 genes. Using outer primers, which do not 
contain a CpG site, the  APC  gene was am-
plified regardless of methylation status. 
However, methylated and unmethylated 
 APC  genes can be detected separately by 
using the inner heminested primer and 
TaqMan probe specific for the methylated 
and unmethylated sequences, respectively. 
A filled circle and an empty circle repre-
sent a methylated and unmethylated CpG 
site, respectively. Amplification curve ( b ) 
and standard curve ( c ) for PCR of the 
methylated and unmethylated  APC  genes; 
the efficiency of PCR amplification of the 
methylated and unmethylated  APC  genes 
was almost equal.   
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  Relationship between the Ratio of Methylated to
Unmethylated Gene Sequences and Clinical 
Backgrounds of HCC Patients 
  Table 1  shows the relationship between the ratio of the 

methylated to unmethylated  APC  genes in serum and the 
clinical background of each HCC patient. Clinical back-
ground variables such as age, gender and status of hepa-
titis virus were not associated with this ratio. In addition, 
no significant association was noted between the levels of 
conventional tumor markers AFP and DCP and the de-
gree of the methylated  APC  gene. In contrast, although 
the factors of tumor size and number did not affect the 
ratio of the methylated to unmethylated genes, HCC pa-
tients with portal vein thrombosis showed a significantly 

higher degree of the methylated  APC  gene in serum DNA 
(p = 0.0029 by the Wilcoxon rank-sum test;  table 1 ). The 
mean values of the ratio of methylated to unmethylated 
genes in patients with and without portal vein thrombo-
sis were 19% (25th and 75th percentiles: 11 and 28%) and 
6% (4 and 10%), respectively ( table 1 ).

  Discussion 

 HCC is one of the most common malignancies world-
wide, and the overall prevalence of the at-risk population 
is still growing. Although the definitive molecular patho-
genesis of HCC still needs to be clarified, several reports 
describe different forms of genetic and epigenetic altera-
tions in HCC  [8] . Recent genome-wide analysis of human 
HCC tissues revealed that a variety of genes harbored sev-
eral types of genetic alterations; however, the frequency 
of alteration types in individual cancer-related genes was 
low compared with epigenetic changes such as promoter 
methylation of TSGs  [8, 16] . Therefore, we hypothesized 
that the evolution and progression of this disease may in-
volve epigenetic alterations, which could be a target for 
the detection of tumor DNA in serum.

  So far, many studies have tried to detect tumor-asso-
ciated aberrant methylation of TSGs in the circulation of 
patients with HCC. Wong et al.  [17]  reported that the 
methylated  CDKN2A  sequence was found in the serum 
of HCC patients, and that methylation was evident in the 
 CDKN2A  gene in the tumor. More recently, it was report-
ed that the quantification of tumor-specific methylated 
genes in the serum of HCC patients could be applied to 
predict disease-free survival after hepatectomy  [18] , and 
as a valuable biomarker for early detection in populations 
at high risk of HCC  [19] . These results suggest that circu-
lating tumor-derived DNA could be detected using tu-
mor-associated DNA methylation changes and that this 
approach may have implications for the noninvasive de-
tection of HCCs as well as the prediction of aggressive 
tumor behavior.

  Treatment of advanced HCC is still unsatisfactory be-
cause of high tumor recurrence rates. In particular, inva-
sion into the portal vein is a characteristic feature of ad-
vanced HCC, which limits treatment options. However, 
advances in molecular targeted therapy, such as the use 
of sorafenib, can possibly play an important role in the 
treatment of this refractory tumor, especially a tumor 
with metastasis or portal vein thrombosis  [5] . Predictive 
biomarkers for sorafenib treatment are still undeter-
mined, making early detection of vascular invasion criti-

Table 1.  Association between the ratio of the methylated to un-
methylated APC gene in serum DNA and clinical background of 
HCC patients

Clinical background
(number of cases)

Mean ratio, %
(25–75th percentiles)

p value

Age
<70 years (10) 11 (7–18.25) 0.2256
≥70 years (10) 5.5 (3.75–23.5)

Gender
Male (11) 11 (7–18) 0.2697
Female (9) 5 (3.5–23)

Viral status
HBV (4) 21 (11.25–27) 0.2626
HCV (11) 7 (4–19)
HBV and HCV (2) 8 (5–11)
Virus negative (3) 7 (2–13)

Tumors, n
<2 (4) 11 (5.5–25) 0.3066
≥2 (16) 8 (4.5–18.25)

Maximal tumor size
<3 cm (10) 9 (6.25–12.5) 1.0000
≥3 cm (10) 9 (4.25–21.25)

Portal vein thrombosis
Presence (7) 19 (11–28) 0.0029*
Absence (13) 6 (4–10)

Serum AFP level
<100 ng/ml (8) 7 (3.25–10.5) 0.1527
≥100 ng/ml (12) 12 (6.25–21.25)

Serum DCP level
<400 mAU/ml (11) 9 (5–22) 0.7320
≥400 mAU/ml (9) 7 (5–2)

T hree patients who showed a ratio of less than 1% were ex-
cluded from the analysis. Continuous variables of age, serum AFP 
and DCP level were categorized into two subgroups of <70 or ≥70 
years, <100 or ≥100 ng/ml, and <400 or ≥400 mAU/ml, respec-
tively. p values calculated by the Wilcoxon rank-sum test. * p < 
0.05.
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cal in determining the timing of the administration of 
sorafenib  [20] . Consequently, the results obtained from 
our study are clinically important because we found a 
significant association between increase of methylated 
 APC  gene in serum and the presence of portal vein throm-
bosis. As tumor-derived DNA in serum should be a result 
of the moving out of DNA from HCC tissue to circulation 
 [9] , the results of this study are reasonable; high levels of 
methylated sequences of tumor DNA were observed in 
HCC patients, especially in those with vascular invasion. 
In addition, the results indicated that the ratio of methyl-
ated to unmethylated DNA did not significantly correlate 
with the levels of other conventional tumor markers such 
as AFP and DCP. Because these conventional markers are 
also associated with tumor growth  [6] , the combination 
of tumor-derived methylated DNA measurement and 
AFP and DCP level evaluation could provide a powerful 
tool for early detection and prediction of portal vein 
thrombosis in HCC patients  [21] . This information can 
be applied to HCC management in the context of treat-
ment selection  [20] . Furthermore, measurements of cir-
culating tumor DNA can possibly be applied to reliably 
monitor tumor dynamics in patients undergoing cancer 
therapy  [18] . Reduction in tumor-derived DNA levels oc-
curred faster than the reduction in conventional tumor 
marker levels after effective treatment  [9] , so we conclud-
ed that the measurement of circulating tumor DNA, such 
as the methylated  APC  sequence, in the serum of HCC 

patients could be critical for early determination of ther-
apy effectiveness  [22] . This is of importance because the 
establishment of second-line therapy for refractory HCC 
cases is currently under investigation.

  In this study, we established a novel assay for the sensi-
tive detection and quantification of tumor-derived DNA 
in the peripheral blood of HCC patients based on the
aberrant methylation of the  APC  gene. We successfully 
quantified tumor DNA in the peripheral blood of these 
patients using small amounts of serum. Our previous 
study revealed that methylation of the  APC  gene was de-
tected in a majority of HCC cases and could discriminate 
HCC from noncancerous liver tissue. Therefore, the 
methylated  APC  sequence is an ideal target for the detec-
tion of tumorous DNA in peripheral blood. Considering 
the strong association between the ratio of methylated to 
unmethylated  APC  sequences in serum and the presence 
of portal vein thrombosis in HCC, quantification of the 
methylated sequence of the  APC  gene could be a promis-
ing approach for the management of advanced HCC.
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 Expression of E-Cadherin and Vascular Endothelial 
Growth Factor in Noncancerous Liver Is Associated 
with Recurrence of Hepatocellular Carcinoma after 
Curative Resection 
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respectively].  Conclusions:  Expression levels of E-cadherin 
in adjacent noncancerous liver after surgical resection was 
associated with metastatic HCC recurrence later on. Analysis 
of E-cadherin expression should provide important informa-
tion for predicting recurrence after curative resection of 
HCC.  Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Despite significant advances in early detection and 
therapy for hepatocellular carcinoma (HCC), recurrence 
rate of this tumor is still high and long-term survival re-
mains poor  [1] . Recurrence of HCC can be divided into 
metastasis and multicentric recurrence  [2] . However, so 
far, more than 90% of cancer-related deaths are attributed 
to the recurrence of tumor metastasis  [3] . In addition, re-
cent studies have revealed that epithelial-mesenchymal 
transition (EMT) is critically involved in invasion and 
metastasis in cancer, and loss of E-cadherin expression 
reportedly plays a critical role for phenotype of EMT  [4] . 
Besides, it has also been reported that vascular endothe-
lial growth factor (VEGF)-responsive precursor cells are 
necessary for neovascularization in the premetastatic 

 Key Words 
 Hepatocellular carcinoma  �  E-cadherin  �  Recurrence  �  
Vascular endothelial growth factor  �  Metastasis 

 Abstract 
  Objectives:  Hepatocellular carcinoma (HCC) frequently re-
curs even after curative resection. The purpose of this study 
was to examine how background liver affects postoperative 
recurrence of HCC that underwent curative resection using 
expression of cancer-related molecules in the adjacent non-
cancerous liver of HCC patients.  Methods:  We examined ex-
pression of E-cadherin and vascular endothelial growth fac-
tor in noncancerous liver tissues of 133 HCC patients who 
underwent curative resection of tumors using immunohis-
tochemical analysis. Associations between expressions of 
these molecules and disease-free survival of HCC were ana-
lyzed using the Kaplan-Meier method.  Results:  The average 
period of follow-up of the patients was 6.7 years. Multivari-
ate analyses revealed that low platelet count and negative 
expression of E-cadherin in adjacent noncancerous liver 
were significantly associated with metastatic recurrence
[p = 0.017, hazard ratio (HR) = 1.31 for low platelet count, and 
p = 0.009, HR = 1.43 for negative expression of E-cadherin, 
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niche  [5] . From this standpoint, analyses of E-cadherin 
and VEGF based on genetic profiles in the background 
liver of HCC patients should be important for predicting 
the biological behavior of HCC. We investigated the rela-
tionships between patterns of recurrence and the expres-
sion of E-cadherin or VEGF in noncancerous liver tissue 
of HCC patients after curative hepatectomy using an im-
munohistochemical analysis.

  Material and Methods 

 Patients 
 The tissue samples were collected from 133 HCC patients who 

were consecutively treated with surgery for primary HCC be-
tween 1985 and 1993 at Kyoto University Hospital. We specifi-
cally selected and focused on the patients who curatively resected 
of HCC with stage I or II and retrospectively analyzed the correla-
tion between the recurrence of HCC and their clinicopathological 
parameters (over a median follow-up period of 6.7  8  5.2 years). 
This study was performed based on the consent of the institu-
tional review board of involved institutions and informed consent 
was obtained from each patient. We classified the stage of HCC 
and the surgical curability according to the criteria of general 
rules established by the Liver Cancer Study Group of Japan for the 
clinical and pathological study of primary liver cancer  [6] . Every 
3 months until September 2008, all patients were followed up with 
regular monitoring for serum α-fetoprotein level, and computer-
ized tomographic (CT) scan or magnetic resonance imaging 
(MRI) of the liver in addition to abdominal echogram and chest 
radiograms. The diagnosis of recurrence was based on CT or an-
giography and, if necessary, bone scintigram was performed. 
Pathological findings of recurrent tumor tissues were also taken 
into consideration if available. Intrahepatic metastatic recurrence 
was diagnosed as follows: emergence of multiple hypervascular 
tumors appeared in a localized segment that had contained the 
original tumor, emergence of a large tumor situated near the orig-
inal site and emergence of additional smaller tumors in distant 
parts of the liver  [7] . Finally, the outcome of the patients was cat-
egorized into 3 groups of recurrence-free (n = 37), multicentric 
recurrence (n = 22) and metastatic recurrence (n = 74).

  Additional clinicopathological information of the patients are 
as follows: sex, male (n = 89), female (n = 44) with a mean age of 
61.4 years; status of hepatitis virus, positive for hepatitis B virus 
antigen (n = 17), positive for hepatitis C virus antibody or hepati-
tis C virus RNA (n = 77), negative for both hepatitis B virus anti-
gen and hepatitis C virus (n = 5); clinical stage of HCC, I (n = 34), 
II (n = 97); serum alanine aminotransferase (ALT) level  ̂  80 IU/l 
(n = 81),  1 80 IU/l (n = 50); platelet count (10 3 /mm 3 )  6 10  !  10 4 
(n = 76),  ! 10  !  10 4  (n = 56); serum α-fetoprotein level  ̂  400 ng/
ml (n = 95),  1 400 ng/ml (n = 34); histology of noncancerous liver, 
normal (n = 5), chronic hepatitis (n = 35), cirrhosis (n = 89); tumor 
size  ! 2 cm (n = 47), 2–5 cm (n = 75),  1 5 cm (n = 11); histological 
differentiation of HCC, well (n = 13), moderate (n = 90), poor (n 
= 30); vascular invasion, positive (n = 2), negative (n =
131). No significant correlation was observed between each clini-
copathological category and patient outcome.

  Immunohistochemical Analyses 
 We performed immunohistochemical staining for E-cadherin 

and VEGF using the avidin-biotin complex method (Vecstatin 
ABC kit, Vector Laboratories, Burlingame, Calif., USA). Antibod-
ies were: E-cadherin, a rabbit polyclonal (Takara Shuzo Co., Shi-
ga, Japan) at a 1:   20 dilution and VEGF, a mouse monoclonal (San-
ta Cruz Biotechnology, Santa Cruz, Calif., USA) at a 1:   200 dilu-
tion. E-cadherin staining was observed at cell-cell borders of all 
epithelial cells in normal liver, discontinuous or negative mem-
brane staining was defined as abnormal. The E-cadherin expres-
sion patterns were divided into three groups as follows: (1) posi-
tive (+), E-cadherin staining was similar to that of normal hepat-
ic cells; (2) weak positive ( 8 ), staining was weaker than present in 
normal cells; (3) negative (–), complete loss of staining was dis-
cerned. VEGF staining was primarily cytoplasmic, the percentage 
of positive cells was semi-quantitatively counted based on stain-
ing intensity and distribution using the immunoreactive score 
(IRS) as described in previous studies  [8, 9] . Based on the IRS 
score, VEGF staining intensity was divided into four groups as 
follows: (1) grade 0 (–), IRS 0–3; (2) grade 1 (+), IRS 4–6; (3) grade 
2 (++), IRS 7–9; (4) grade 3 (+++), IRS 10–12. For IRS evaluation, 
ten visual fields from different areas were recorded.

  Statistics 
 All the data in this study were evaluated using SAS software 

(version 9.1, SAS Institute Inc., Cary, N.C., USA). Differences were 
considered significant at values of p  !  0.05. Fisher’s exact tests or 
 �  2  test was used for the analysis of relationships between the ex-
pressions of E-cadherin or VEGF, and clinicopathological char-
acters. Cumulative disease-free survival (DFS) was computed us-
ing the Kaplan-Meier method and compared between groups by 
the log-rank test. DFS was measured from the date of liver surgery 
to the date when recurrent disease was diagnosed or, in the ab-
sence of detectable tumor, to the date of death or the last follow-
up. To elucidate the relationship between each expression and 
metastatic recurrence, we also analyzed the hazard ratios (HR) of 
recurrence within 2 years for each patient group, which were clas-
sified according to the intensity of immunohistochemical stain-
ing. Using the Cox proportional hazards regression model, HR 
and 95% CI were calculated and each analysis was performed so 
as to compare different groups (i.e. metastatic recurrence vs. mul-
ticentric recurrence, and multicentric recurrence vs. recurrence-
free).

  Results 

 Correlation between E-Cadherin Expression in 
Noncancerous Liver and Clinical Outcome 
 E-cadherin staining was specifically observed at the 

cell boundary. Negative E-cadherin expression was ob-
served more frequently in patients with metastatic recur-
rence (32.4%; 24/74) than in patients with multicentric 
recurrence (13.6%; 3/22) or recurrence-free (13.5%; 5/37).

   Table 1  compares HR for patients between metastatic 
recurrence versus multicentric recurrence and recur-
rence-free and multicentric recurrence versus recurrence-
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free. These comparisons were made in relation to clinico-
pathological data from univariate and multivariate analy-
ses, which were performed to evaluate variables that could 
affect metastatic recurrence or the emergence of multi-
centric recurrence after curative surgery. According to 
univariate and multivariate analyses, negative E-cadherin 
expression in noncancerous liver was associated with in-

creased risk for metastatic recurrence (p = 0.020, HR 1.41, 
95% CI 1.06–1.87; p = 0.009, HR 1.43, 95% CI 1.10–1.84
by univariate and multivariate analyses, respectively;
 table 1 ). However, no significant relationship existed be-
tween multicentric recurrence and expression of E-cad-
herin by both univariate and multivariate analyses.

  Correlation between VEGF Expression in 
Noncancerous Liver and Clinical Outcome 
 The proportion of HCC exhibiting grade 2 or 3 expres-

sion of VEGF in noncancerous liver was significantly 
higher in patients with metastatic recurrence (28.4%; 
21/74) than those with multicentric recurrence (9.1%; 
2/22) or as recurrence-free (10.8%; 4/37, p = 0.038). All 
cases of grade 3 VEGF expression, even though the num-
ber was only 2 patients, experienced metastatic recur-
rence (100%; 2/2).

  For the onset of metastatic recurrence, the degree of 
VEGF staining in noncancerous liver was significantly 
correlated with an increased HR for grade 2 or grade 3 
expression (p = 0.038, HR 1.43, 95% CI 1.02–2.03) than 
grade 1 (p = 0.210, HR 1.20, 95% CI 0.82–1.65) by uni-
variate analysis; however, there was no correlation with 
multivariate analysis ( table 1 ). On the contrary, no sig-
nificant relationship was observed between VEGF ex-
pression and multicentric recurrence.

  Clinical Features of the Patients and Outcome 
 For metastatic recurrence, low platelet count ( ! 10  !  

10 4 ) was revealed to be the significant correlation in both 
univariate and multivariate analyses (p  =  0.029, HR 1.30, 
95% CI 1.03–1.64; p =   0.017, HR 1.31, 95% CI 1.05–1.68 by 
univariate and multivariate analyses, respectively). For 
multicentric recurrence, the positive for hepatitis C virus 
antibody (p = 0.010, HR 1.91, 95% CI 1.16–3.57), advanced 
clinical stage of HCC (p = 0.020, HR 1.76, 95% CI 1.10–
2.78) and serum ALT level ( 1 80; p = 0.035, HR 1.58, 95% 
CI 1.03–2.45) were revealed as significant risk factors in 
univariate analysis, and the presence of hepatitis C virus 
and serum ALT level were the independent prognostic 
factors for emergence of multicentric recurrence by mul-
tivariate analysis (p = 0.017, HR = 1.83, 95% CI 1.11–3.25; 
p = 0.037, HR 1.59, 95% CI 1.03–2.48, respectively;  table 1 ).

  DFS of HCC, and Expression of E-Cadherin and 
VEGF in Noncancerous Liver 
 The median duration of DFS in patients with multi-

centric recurrence was significantly longer (87.3  8  56.7 
months) than in patients with metastatic recurrence (22.9 
 8  20.5 months; p  !  0.001). Negative E-cadherin expres-

 Table 1. Univariate and multivariate Cox proportional analyses

a Factors associated with metastatic recurrence (metastatic
recurrence vs. multicentric carcinoma and recurrence-free)

Variable Univariate Multivariate

HR 95% CI p HR 95% CI p

Platelet count, 103/mm3

≥10 ! 104 1.00 –
<10 ! 104 1.30 1.03–1.64 0.029 1.31 1.05–1.68 0.017

E-cadherin expression in noncancerous liver
Positive 1.00
Weak positive 1.04 0.79–1.37 0.076
Negative 1.41 1.06–1.87 0.020 1.43 1.10–1.84 0.009

VEGF expression in noncancerous liver
Negative 1.00
Grade 1 1.20 0.82–1.65 0.210
Grade 2 or 
Grade 3 1.43 1.02–2.03 0.038

T he patients with grade 3 and grade 2 expression of VEGF in non-
cancerous tissues are combined for statistical analysis.

b Factors associated with multicentric carcinoma
(multicentric carcinoma vs. recurrence-free)

Variable Univariate Mu ltivariate

HR 95% CI p HR 95% CI p

Hepatitis status –
Non-B non-C 1.00
HCV 1.91 1.16–3.57 0.010 1.83 1.11–3.25 0.017
HBV 0.80 0.18–2.08 0.671

Clinical stage
I 1.00 –
II 1.76 1.10–2.78 0.020

ALT, IU/l
≤80 1.00 –
>80 1.58 1.03–2.45 0.035 1.59 1.03–2.48 0.037

p values were calculated for continuous values by ANOVA and for 
categorical values for the �2 test or Fisher’s exact test.

The patients with incomplete data were excluded.
Non-B non-C hepatitis = Negative for hepatitis B surface anti-

gen (HBsAg) and hepatitis C virus antibody (HCVAb) or RNA (–); 
HCV = positive for HCVAb or HCV-RNA; HBV = positive for
HBsAg. 
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sion in noncancerous liver correlated with reduced time 
of DFS, and the recurrence rate correlated negatively with 
the extent of E-cadherin expression (p = 0.036;  fig. 1 a). 
Moreover, HR of recurrence within 2 years for negative 
E-cadherin expression was higher than the normal ex-
pression, although not statistically significant.

  All patients with grade 3 for VEGF expression oc-
curred recurrence within 2 years, and HR of recurrence 
within 2 years was much higher in grade 3 VEGF expres-
sion than the other groups (p = 0.004, HR 4.68, 95% CI 
1.78–9.70). Furthermore, patients with grade 2 or 3 VEGF 
expression exhibited higher recurrence rates than those 
with negative VEGF expression (p = 0.030, HR 2.05, 95% 
CI 1.04–4.11). The reduced DFS was positively correlated 
with degree of VEGF expression in noncancerous liver
(p = 0.004;  fig. 1 b).

  Discussion 

 Surgical resection offers good overall survival for pa-
tients with HCC  [10] , although recurrence rates remain 
high  [11] . In the cases of multicentric recurrence, surgical 
resection of tumor  [12] , radiofrequency ablation  [13]  and 
transplantation  [1, 14]  should be effective for treatment of 
recurrent tumor; however, there are few effective treat-

ment options for patients with metastasis. In this study, 
we found an interesting association between expression 
of E-cadherin in noncancerous liver and occurrence of 
metastatic recurrence after curative resection of HCC.

  The mechanism of metastasis is, as yet, not fully un-
derstood. Increasing evidence suggests that the role of the 
microenvironment surrounding metastasis appears criti-
cal for ‘self-seeding’ of cancer cells  [15, 16] , evaluating the 
‘soil’ (premetastatic niche) seems to play an important 
role for establishment of metastasis. Nonetheless, the re-
lationship between the status of adjacent nontumor liver 
tissue and metastatic recurrence has not been clarified 
yet. In this study we focused on the relationship between 
the supporting noncancerous liver tissue and recurrence 
signature after curative resection of HCC. It is clear that 
EMT is involved in metastatic events in cancer  [4] , be-
sides which, reduced E-cadherin expression is one of the 
EMT markers  [17, 18] . We observed a positive relation-
ship between metastatic recurrence and reduced E-cad-
herin expression in adjacent noncancerous liver ( table 1 ). 
For this finding, it is possible to speculate over the two 
possible roles of E-cadherin expression in the liver. First, 
reduced E-cadherin in adjacent nontumor liver is associ-
ated with presence of microvascular invasion or micro-
metastasis of primary tumor at the time of surgery. Sec-
ond, noncancerous liver with reduced E-cadherin ex-

a b

  Fig. 1.  Comparison of cumulative postoperative DFS curves ac-
cording to intensity of immunohistochemistry. E-cadherin ex-
pression in noncancerous tissue ( a ) and VEGF expression in non-
cancerous tissue ( b ). Immunostaining intensity was evaluated by 
the Kaplan-Meier method. The group with negative (–) E-cad-
herin expression in noncancerous liver tissues exhibited shorter 
periods of DFS than those with weak positive ( 8 ) or positive (+) 

expression (p = 0.036 by log-rank test). All patients with grade 3 
(+++) expression of VEGF in noncancerous tissues exhibited re-
currence within 2 years. The group with grade 1 (+), grade 2 (++) 
or grade 3 (+++) expression of VEGF in noncancerous liver tissues 
exhibited higher recurrence rates than those with negative (–) ex-
pression of VEGF (p = 0.004 by log-rank test).   
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pression might be suitable for homing of HCC cells in the 
circulation, which might lead to loosening of cell-cell 
contacts of epithelium  [19, 20] . In chronic hepatitis and 
liver cirrhosis, downregulation of E-cadherin by aberrant 
DNA methylation has been reported  [21] . Therefore, epi-
genetic inactivation of E-cadherin in noncancerous liver 
might be a risk of metastatic recurrence after curative re-
section of HCC. Our result also revealed that the only 
clinical independent factor for predicting emergence of 
metastatic recurrence was reduced platelet count.

  Moreover, we observed that reduced E-cadherin ex-
pressions as well as increased VEGF expressions in non-
cancerous liver were associated with the shorter periods 
of DFS ( fig. 1 a, b). It is reported that reduced E-cadherin 
was associated with increases in HIF-1 �  and VEGF ex-
pression, and elevated microvessel density  [22] . There-
fore, reduced E-cadherin and increased VEGF expression 
should be correlated with each other and this association 

seems to be one of the hallmarks of metastasis in the con-
text of status of background noncancerous liver of HCC. 
From this standpoint, blocking reductions or improving 
the expression of E-cadherin might have potential thera-
peutic implications by suppressing invasiveness and in-
hibiting the formation of HCC metastases  [23] .

  The IHC expression profiles of E-cadherin in adjacent 
noncancerous liver tissue revealed high-risk patterns
of metastatic recurrence. These results could suggest a 
promising approach to suppression of metastasis for pa-
tients with high risk of postoperative recurrence whose 
tumors are completely resected.
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velopment, which may allow detection of a group at high 
risk of HCC emergence. Such analyses will clarify how this 
malignancy can be treated, diagnosed and prevented more 
effectively.  Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common cancers worldwide, and multiple risk factors, 
such as chronic infection of hepatitis B virus and hepa-
titis C virus (HCV), alcohol intake and exposure to car-
cinogens such as aflatoxin B1 are known to be involved 
in the development of this disease  [1] . Thus far, several 
studies have examined the analytical methods used for 
determining the molecular characteristics of HCC  [2–
8] . However, because of the limited number of genes and 
genomic regions analyzed, genomic alterations and crit-
ical pathways involved during hepatocarcinogenesis re-
mains unclear. In contrast, a recent report involving 
whole-genome and exome analyses of human HCC re-
vealed a novel landscape of genetic alterations, which 
had not been previously recognized  [9, 10] . In this re-
view, we focus on the recent exome analysis and whole-
genome DNA sequencing of HCC tissues. We also dis-

 Key Words 
 Hepatocellular carcinoma  �  Whole-genome sequencing  �  
Exome analysis  �  Genome-wide association study 

 Abstract 
 Hepatocellular carcinoma (HCC) typically develops in the 
liver with chronic hepatitis and cirrhosis, and activation of 
oncogenes and inactivation of tumor suppressor genes oc-
curs during carcinogenesis via genetic and epigenetic 
mechanisms. Recent advancements in the development of 
analyses for examining the cancer genome have revealed 
information regarding genetic alterations in HCC tissues. 
According to previous studies, the incidence of recurrent 
genetic alterations in individual genes was thought to be 
relatively rare and limited to a subset of a few cancer-specif-
ic genes such as tumor suppressor  p53 ,  RB  genes and onco-
genes such as  CTNNB1.  However, recent whole-genome 
analyses and exome sequencing of tumor DNA have re-
vealed numerous novel alterations of cancer-related genes 
and pathways critical for HCC development. In addition, var-
ious risk factors for HCC, such as the presence or absence of 
hepatitis B and C virus, may affect the mutation profile of 
the corresponding cancer genome. On the other hand, ge-
nome-wide association studies have also identified impor-
tant single-nucleotide polymorphisms involved in HCC de-
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cuss a genome-wide association study (GWAS) involv-
ing the somatic cells of HCC patients, which revealed 
critical single-nucleotide polymorphisms (SNPs) im-
portant for identifying patients at high risk of HCC 
emergence  [11] .

  Base Substitution and Etiology of HCC 

 A profile of base substitutions resulting in mutations 
in HCC has been reported on the basis of mutation anal-
yses of the tumor suppressor  TP53  gene, in which G 1 T/
C 1 A transversions were predominant  [2, 12] . Most base 
substitutions were detected on the nontranscribed strand, 
which may be attributed to preferential repair of the tran-
scribed strand  [2] . Further, aflatoxin B1 is known to in-
duce G 1 T/C 1 A transversions at codon 249, and many 
HCCs in China and South Africa reportedly carry this 
mutation  [12, 13] . Recently, Guichard et al.  [14]  performed 
whole-exome sequencing and reported that G 1 T/C 1 A 
transversions were significantly more frequent in tumors 
that developed on noncirrhotic liver. This suggests that 
specific genotoxic agents, such as aflatoxin B1, may con-
tribute in part to HCC emergence without the back-
ground condition of liver cirrhosis. Most HCC cases in 
this cohort were in patients from France and not likely 
associated with aflatoxin B1; therefore, another genotox-
in may be involved in HCC carcinogenesis  [14] . Substitu-
tions of G 1 T/C 1 A and T 1 A 1 A 1 T transversions were 
also frequently detected in HBV-related HCCs with por-
tal vein thrombosis (PVTT)  [15] .

  In contrast, Totoki et al.  [16]  performed a massive par-
allel sequencing of HCV-positive HCC and found a pre-
dominance of T 1 C/A 1 G substitutions at the ApT site in 
the genomes of HCV-related HCCs compared to smok-
ing- and ultraviolet-related cancers. A study by Fujimoto 
et al.  [17]  showed that the C 1 T/G 1 A at the CpG site was 
also important. However, because this type of transition 
was also predominant in other cancers, they concluded 
that T 1 C/A 1 G and C 1 A/G 1 T substitutions may be 
characteristic of HCCs in Japan, where most HCCs were 
HCV-related  [17] . They also reported that habitual alco-
hol consumption and occurrence of synchronous or 
metachronous multiple liver nodules were significantly 
associated with components of the somatic substitution 
profile of HCC  [17] . Therefore, variations in somatic sub-
stitution patterns in HCCs may reflect a difference in sta-
tus of hepatitis virus and exposure to various carcino-
gens.

  Mutational Profile of Cancer-Related Genes and 
Etiology of HCC 

 By analyzing HCV-related HCCs, several somatic mu-
tations have been reported, including the  TP53 ,  AXIN1 , 
 ADAM22 ,  JAK2 ,  KHDRBS2 ,  NEK8  and  TRRAP  genes, as 
well as a large number of somatic mutations in genes en-
coding phosphoproteins and those with bipartite nuclear 
signals  [16] . Through high-resolution characterization, 
they also identified intratumor heterogeneity of the mu-
tations, including inactivation of the  TSC  complex in a 
subpopulation of the tumors  [16] . Li et al.    [18]  also re-
ported differences in mutated genes among HCCs with 
several etiologies, focusing on 5 genes:  ARID2 ,  CTNNB1 ,  
TP53 ,  DMXL1  and  NLRP1 . Mutations in the  ARID2  gene, 
which encodes a subunit of the chromatin remodeling 
complex, were more frequently detected in HCV-related 
HCC compared with HBV-related HCC  [18] . In addi-
tion, mutations in the  ARID2  gene were correlated with 
 CTNNB1  mutations and were mutually exclusive with 
 TP53  mutations  [18] .  CTNNB1  mutations were also
more frequently observed in HCV-related HCCs than in 
HBV-related tumors. In contrast, the prevalence of  TP53 
 mutations was significantly higher in patients from Chi-
na  [18] , where HBV infection is the leading cause of he-
patocarcinogenesis.

  Huang et al.  [19]  performed RNA sequence analysis of 
HBV-related HCC and identified a novel, highly unregu-
lated exon-exon junction in the  ATAD2  gene. According 
to high-resolution copy number analysis and whole
genome sequencing, novel recurrent alterations in the 
 ARID1A ,  RPS6KA3 ,  NFE2L2  and  IRF2  genes were de-
tected  [14] . Interestingly, inactivation of the  IRF2  gene 
was exclusively observed in HBV-related HCC, which led 
to disruption of  TP53  function  [14] . However, mutations 
in chromatin remodelers were observed in association 
with alcohol-related HCC  [14] . They also reported an as-
sociation between highly rearranged copy number pro-
file and HCC progression, such as high serum tumor 
markers, larger size and tumor dedifferentiation  [14] , 
which was suggested previously  [20, 21] . Further, a high 
degree of copy number alterations was more frequently 
observed in HBV-related tumor, tumors developed in 
noncirrhotic liver and tumors with the  TP53  mutation 
 [14, 22] . They described the 5 major pathways commonly 
altered by somatic mutations and homozygous deletions, 
including the Wnt/beta-catenin, p53/cell cycle control, 
chromatin remodeling, PI3K/Ras signaling and oxidative 
and endoplasmic reticulum stress pathways. Among 
these, the Wnt/beta-catenin pathway was the most fre-
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quently altered pathway according to whole-genome
sequencing  [14] . This study also revealed that most
 CTNNB1  mutations were present in tumors without HBV 
infection and were mutually exclusive to the TP53  muta-
tion  [14] , which is consistent with the results of Li et al. 
 [18] . In contrast, mutations in the  AXIN1  and  APC  genes 
were detected in tumors with various etiologies and 
showed no relationship with TP53  mutations. Alterations 
in  IRF2 , which is involved in the p53 pathway, are associ-
ated with HBV infection and high chromosomal instabil-
ity  [14] . Mutations of the chromatin remodeling-related 
genes  ARID1A  were significantly more frequent in alco-
hol-related HCC and showed an association with the 
 CTNNB1  mutation  [14] . Overall,  1 24% of HCCs pos-
sessed mutations in at least one of the genes involved in 
the chromatin remodeling pathway. Mutations of the
 RPS6KA3  gene, which encodes a component involved in 
PI3K/Ras signaling, were detected predominantly in 
HCC without cirrhosis and associated with  AXIN1  muta-
tions  [14] . Mutations in the  NFE2L2  gene, which encodes 
a component of the oxidative and endoplasmic reticulum 
stress pathways, showed an association with alterations 
in the Wnt/beta-catenin pathway  [14] .

  Fujimoto et al.  [17]  also analyzed HCC with various 
etiologies and showed that 52% of HCCs carried muta-
tions in at least one of the genes associated with chroma-
tin regulation, including  ARID1A ,  ARID1B ,  ARID2 , 
 MLL ,  MLL3 ,  BAZ2B ,  BRD8 ,  BPTF ,  BRE  and  HIST1H4B . 
These mutations were marginally associated with the 
stage of liver fibrosis and hepatic invasion. Huang et al. 
 [15]  also analyzed HBV-related HCC with PVTT and
intrahepatic metastasis by using exome sequencing. The 
gene that encodes the component of the chromatin re-
modeling complex,  ARID1A , was mutated in 13% of sub-
jects in the HBV-related HCC cohort  [15] . However, mu-
tations in this gene were also observed in HCV-related 
and non-virus-infected HCCs. They also described that 
mutations in  VCAM1  and  TMEM35  genes may be poten-
tial driver mutations for hepatocarcinogenesis  [15] .

  Integration of HBV Genome into Host DNA 

 For HCC cases with HBV infection, HBV integration 
was reportedly observed within or upstream of the  TERT  
gene in tumor tissues  [17] . Recurrent integration of HBV 
was also detected in the  FAR2 ,  ITPR1 ,  IRAK2 ,  MAPK1 , 
 MLL  and  MLL4  genes  [23–26] . In addition to integration 
of HBV into the  TERT  gene, Sung et al.  [27]  reported in-
tegration events at the  MLL4  and  CCNE1 , and  SENP5  and  

ROCK1  genes. They found that most HBV breakpoints in 
HCC were close to active coding genes, potentially allow-
ing HBV to integrate into the open chromatin region 
more effectively  [27] . Breakpoints in HBV were over-rep-
resented in exon and promoter in HCC issues, but these 
were primarily detected in introns in noncancerous liver 
tissues, which may be attributed to positive selective pres-
sure induced by integration of HBV into exons and pro-
moters of active genes  [27] .

  Jiang et al.  [28]  also performed comprehensive analy-
ses of HBV-related HCC and their corresponding normal 
tissues using Alu-PCR, ligation-mediated PCR and an 
array-based comparative genomic hybridization assay. 
Nontumor liver tissues carried many viral integration 
sites randomly scattered throughout the genome. How-
ever, clonal and high-abundance viral integrations were 
detected in tumor tissue  [27, 28] . Integration events may 
lead to abnormal expression of genes close to the integra-
tion sites, emergence of fusion genes and alterations of 
DNA copy number  [28] , which has also been suggested in 
another study  [27] .

  A larger number of HBV integration events is report-
edly associated with a high serum level of hepatitis sur-
face antigen,  � -fetoprotein, younger age of HCC emer-
gence and chromosome copy number  [14, 27] . Interest-
ingly, it is also associated with patient survival and tumor 
aggressiveness  [27] .

  Evolution of Genetic Alteration during Tumor 
Progression 

 Whole-genome sequencing is a powerful tool that can 
be used to identify candidate driver mutations of carci-
nogenesis using human tissue samples. Tao et al.  [29]  an-
alyzed the evolution of HCC using 9 different sections of 
3 tumors, including original and metastatic lesions and 7 
sections of adjacent nontumor tissues by using whole-ge-
nome sequencing. In these analyses, somatic mutations 
were used to define 4 evolutionary linkages among tumor 
cells and candidate diver mutations of tumor progression 
of these HCC cases were speculated. Huang et al.  [15]  
compared primary tumors and their PVTT lesions and 
reported that 94.2% of mutations were identical among 
primary tumors and PVTT. However, PVTT cases are 
thought to be derived from primary tumors, and muta-
tions in the  KDM6A  and  CUL9  genes were exclusively 
detected in PVTT, suggesting that these mutations play
a role in tumor progression  [15] .
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  Genetic Risk of HCC 

 Although hepatitis virus infection, alcohol consump-
tion, obesity, diabetes mellitus and intake of genotoxic 
agents such as aflatoxin B1 are known critical risk factors 
for developing HCC, genetic factors determined on the 
basis of the nucleotide sequence of the host genome may 
also play a role in malignancy  [11] . Several reports have 
suggested the association between polymorphisms in in-
dividual genes and the risk of HCC. For example, SNPs 
of the  SCBY14 ,  CRHR2 ,  GFRA1 ,  CCND2 ,  RAD23B ,  
GRP78 ,  CEP164 ,  MDM2  and  ALDH2  genes were report-
edly associated with an increased risk of HCC in Japanese 
patients with HCV infection  [30, 31] .

  Recently, a GWAS revealed that intronic SNPs in the 
 DEPDC5  locus on chromosome 22 are associated with 
HCC risk in Japanese patients with chronic hepatitis C 
 [32] . The  DEPDC5  gene is known to be involved in blad-
der carcinogenesis, but the function of this gene remains 
debatable  [33] . Kumar et al.  [34]  also performed a GWAS 
on HCV-related HCCs and found a novel SNP of 
rs2596542 located in the 5 � -region of the  MICA  gene on 
chromosome 6p. According to the GWAS conducted to 
identify risk of HBV-related hepatocarcinogenesis, an in-
tronic SNP of the  KIF1B  gene on chromosome 1p was 
reported, and SNPs in the  UBE4B  and  PGD  genes were 
also shown to be significant for HCC emergence among 
HBV-positive patients  [35] .

  Conclusion 

 Through comprehensive and precise analyses of can-
cer genomes, novel mutations and alterations in individ-
ual pathways involved in HCC development have been 
clarified. This information may be critical for establish-
ing novel biomarkers for cancer therapy. Furthermore, 
these analyses will provide useful information for devel-
oping novel molecular-targeted therapy of this refractory 
cancer. Also, GWAS using DNA of somatic cells will be 
important for specifically identifying those at high risk of 
developing HCC. Accumulation of genetic information 
regarding cancer and somatic cells may help clarify how 
HCC should be managed to prevent HCC more effective-
ly in the future.
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PREAMBLE

The present document describes the third iteration
of recommendations for the hepatic use of contrast
enhanced ultrasound (CEUS) and contrast specific
imaging techniques introduced ten years ago in Europe
and Canada.

Initially, a set of guidelines for the use of ultrasound
contrast agents (UCA) was published in the 2004 edition
of Ultraschall in der Medizin (European Journal of Ultra-
sound) dealing only with liver applications (Albrecht
et al. 2004). Subsequently, CEUS was introduced into
other important guidelines and recommendations for the
diagnostic strategy of focal liver lesions (FLL) in
cirrhosis, including the guidelines of the American Asso-
ciation for the Study of Liver Diseases (AASLD) 2005
(Bruix and Sherman 2005), the Asian Pacific Association
for the Study of the Liver consensus recommendations on
hepatocellular carcinoma (HCC) (Omata et al. 2010) and
the recommendations of the Japan Society of Hepatology
(Kudo et al. 2011b). A second edition of the guidelines in
2008 reflected changes in the available contrast agents
and updated the guidelines for the liver (Claudon et al.
2008). CEUS has also been recommended in guidelines
for several non-liver applications, which have recently
been updated under the auspices of European Federation
of Societies for Ultrasound inMedicine and Biology (EF-
SUMB) as non-liver guidelines (Piscaglia et al. 2011).

LIST OFABBREVIATIONS:

AASLD – American Association for the Study of Liver
Diseases
AFSUMB – Asian Federation of Societies for Ultrasound
in Medicine and Biology
AIUM – American Institute of Ultrasound in Medicine
ASUM – Australasian Society for Ultrasound in
Medicine
AUC – area under the curve
AUWI – area under the wash in
AUWO – area under the wash out
CCC – cholangiocellular carcinoma
CT – computed tomography
CECT – contrast enhanced computed tomography
CEMRI – contrast enhanced magnetic resonance imaging
CEUS – contrast enhanced ultrasound
DCE-US – dynamic contrast enhanced ultrasound
ECG – electrocardiogram
EMA – European Medicines Agency
EFSUMB – European Federation of Societies for Ultra-
sound in Medicine and Biology
FLAUS – Latin-American Federation of Societies for
Ultrasound in Medicine and Biology
FLL – focal liver lesion(s)
FNH – focal nodular hyperplasia
HA – hepatic artery
HCA – hepatocellular adenoma
HCC – hepatocellular carcinoma
ICU – intensive care unit
ICUS – International Contrast Ultrasound Society
IO-CEUS – intraoperative contrast enhanced ultrasound
IOUS – intraoperative ultrasound
IVC – inferior vena cava
MI – mechanical index
MIP – maximum intensity projection
MRI – magnetic resonance imaging
MTT – mean transit time (TIC parameter)
PI – peak intensity
PV – portal vein (portal venous)
RECIST – response evaluation criteria in solid tumors
RF – radio-frequency
SPIO – superparamagnetic iron oxide
SWI – slope of the wash in (TIC parameter)
TIC – time intensity curve(s)
TPI – time to peak intensity (TIC parameter)
UCA – ultrasound contrast agent(s)
US – ultrasound or ultrasonography
USA-FDA – United States of America Food and Drug
Administration
WFUMB –World Federation for Ultrasound in Medicine
and Biology
WHO – World Health Organization
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Time has moved on, and the need for worldwide
guidelines on the use of CEUS in the liver has become
apparent. World Federation for Ultrasound in Medicine
and Biology (WFUMB) and EFSUMB initiated further
discussions in 2010, in conjunction with the Asian Feder-
ation of Societies for Ultrasound in Medicine and
Biology (AFSUMB), American Institute of Ultrasound
in Medicine (AIUM), Australasian Society for Ultra-
sound in Medicine (ASUM) and International Contrast
Ultrasound Society (ICUS) to bring the 2008 liver guide-
lines up-to-date, recognizing the fact that contrast agents
are now licensed in many parts of the world, including
Australasia, Brazil, Canada, China, Europe, India, Japan
and Korea.

This joint WFUMB-EFSUMB venture has resulted
in a liver CEUS simultaneous duplicate on liver CEUS
in the official journals of WFUMB and EFSUMB (i.e.,
Ultrasound in Medicine and Biology and Ultraschall in
der Medizin/European Journal of Ultrasound).

To produce the new CEUS liver guidelines and
recommendations, a meeting of representatives from 36
European (France, Denmark, Germany, Italy and the
UK), North American (Canada and the USA), Asian
(China, India, Japan and Korea) and Australian experts
was held in Chicago in December 2010. While a signifi-
cant portion of the work was accomplished at the
meeting, the group continued to meet via conference calls
and at local meetings.

As before, these guidelines are based on comprehen-
sive literature surveys, including results from prospective
clinical trials. On topics where no significant study data
were available, evidence was obtained from expert
committee reports or was based on the consensus of
experts in the field of ultrasound (US) and CEUS during
the consensus conferences. During the meeting of experts
in Chicago, many additional new developments were dis-
cussed and included. Others were believed to be too early
in their development to be included in the current
recommendations.

These guidelines and recommendations provide
general advice on the use of UCA. They are intended to
create standard protocols for the use and administration
of UCA in liver applications on an international basis
and improve the management of patients. Individual
cases must be managed on the basis of all clinical data
available.

1. GENERAL CONSIDERATIONS (TECHNICAL
ASPECTS)

1.1. Introduction
The development of microbubble ultrasound

contrast agents has overcome some of the limitations of
conventional B-mode and Doppler ultrasound techniques

for the liver and enabled the display of the parenchymal
microvasculature (Claudon et al. 2008). The enhancement
patterns of lesions can be studied during all vascular
phases (arterial, portal venous, late and postvascular
phases), in a similar fashion to contrast enhanced
computed tomography (CECT) and contrast enhanced
magnetic resonance imaging (CEMRI) but in real time
and under full control of the ultrasound operator. UCA
have different pharmacokinetics from commonly used
contrast agents for computed tomography (CT) and
magnetic resonance imaging (MRI) in that they are
confined to the vascular space whereas the majority of
contrast agents for CT and MRI are rapidly cleared from
the blood pool into the extravascular space (Dawson
et al. 1999). In addition, some UCA have a late or a post-
vascular phase during which they are retained in the liver
(and in the spleen) (Dawson et al. 1999).

An inherent advantage of CEUS is the opportunity to
assess the contrast enhancement patterns in real time,
with a much higher temporal resolution than is possible
with other imaging modalities, so that the enhancement
dynamics of lesions can be studied. There is no need to
predefine scan time points or to perform bolus tracking.
Furthermore, the excellent tolerance and safety profiles
of UCA allow for their repeated administrations in the
same session when needed. Regrettably, UCA studies
are subject to the same limitations as other types of ultra-
sound imaging: as a general rule, if the baseline ultra-
sound is suboptimal, CEUS may be disappointing.

There are limitations in the use of CEUS in the liver:

� Limitations of resolution of CEUS or particular scan-
ning conditions mean that the smallest detectable
lesions range between 3 and 5 mm in diameter
(Leoni et al. 2010).

� Very small FLL may be overlooked.
� Subdiaphragmatic lesions, especially those in segment

VIII, may not be accessible to conventional US or
CEUS. Intercostal scanning and positioning the patient
in the left decubitus position can help reduce this
limitation.

� Since CEUS has limited penetration, especially in stea-
tosis, deep-seated lesions may not be accessible.
Again, scanning in the left lateral decubitus position
brings the liver forward and closer to the transducer
and can help to reduce this limitation; it should be
part of the routine survey.

� The falciform ligament and surrounding fat can cause
an enhancement defect that may be confused with
a FLL.

1.2. Commercially available UCA for the liver
The UCA currently used in diagnostic US of the

liver are microbubbles consisting of gas bubbles
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stabilized by a shell (Claudon et al. 2008). Three are in
common use today as follows:

� SonoVue� (sulfur hexafluoride with a phospholipid
shell) Bracco SpA, Milan, Italy, introduced in 2001.
Licensed in Europe, China, India, Korea, Hong
Kong, New Zealand, Singapore and Brazil.

� Definity�/Luminity� (octafluoropropane [perflutren]
with a lipid shell) Lantheus Medical, Billerica, MA,
USA, introduced in 2001. Licensed in Canada and
Australia.

� Sonazoid� (perfluorobutane with a phospholipid shell:
hydrogenated egg phosphatidyl serine). Daiichi-
Sankyo, GE Tokyo, Japan, introduced in 2007.
Licensed in Japan and now South Korea.

There are several other UCAwhich may be useful in
liver studies but they are either not licensed for the liver in
any country or, in the case of Levovist� (Bayer Schering
AG, Germany), production has ceased.

For product information regarding handling, compo-
sition, packaging, storage, indications and contraindica-
tions of these agents, contact the manufacturing
company.

1.3. Background on UCA and contrast specific modes
UCA strongly increase the backscatter of US regard-

less ofwhether themicrobubbles are flowing or stationary.
The low solubility of the gases in currently licensed UCA
improves their stability and provides good resonance
behavior at low acoustic pressures. This allowsminimally
disruptive contrast-specific imaging and enables effective
investigation over several minutes to visualize their
dynamic enhancement patterns in real time.

Because of their physical size (equal to or smaller
than red blood cells), UCA act as blood pool agents and
allow depiction of both the macrovasculature and the
microvasculature (Cosgrove and Harvey 2009). Despite
their varied physicochemical composition, all UCA
have similar behaviors for CEUS imaging, rapidly
enhancing the vascular pool after intravenous injection,
with slow dissipation over about 5 min. An exception to
this behavior occurs with Sonazoid�, which has an
extended late phase, herein termed the ‘‘postvascular
phase’’ in which it persists for several hours in the liver
and spleen, long after it has disappeared from the detect-
ablevascular pool. Sonazoid� is phagocytozed byKupffer
cells and this undoubtedly contributes to its persistence in
the liver. This postvascular phase is often referred to as
‘‘the Kupffer phase’’ (Yanagisawa et al. 2007).

Contrast-specific US modes cancel the linear US
signals from tissue and utilize the nonlinear responses
from the microbubbles to form images (Claudon et al.
2008). This nonlinear microbubble response can be
produced by two different mechanisms:

� Stable nonlinear oscillations at low acoustic pressure,
which is nowadays the standard modality for most
CEUS examinations.

� Disruption at higher acoustic pressures to give broad-
band nonlinear responses.

Nonlinear harmonic US signals also arise from
tissue because the sound waves become distorted during
their propagation. These ‘‘tissues harmonics’’ increase
with increasing acoustic pressure, which is roughly indi-
cated by the mechanical index (MI), [see section 1.8]
(Simpson et al. 1999; Tiemann et al. 1999; Averkiou
et al. 2003; Szabo 2004). However, a low MI is usually
chosen for continuous real-time imaging, and for mini-
mizing microbubble destruction. MI is considered as
‘‘low’’ when #0.3 but most systems work optimally
with MI far below 0.3 (as low as 0.05).

Current contrast specific imaging enables effective
tissue cancellation to generate almost pure microbubble
images. Each manufacturer has developed proprietary
techniques for this and adequate cancellation is indicated
by near-disappearance of the ultrasound parenchymal
liver structures (the screen goes black), though strong
reflectors, such as vascular structures and the diaphragm/
lung interface, remain barely visible. Correct settings on
the ultrasound scanner and the scanning mode are impor-
tant to avoid artifacts (Dietrich et al. 2011). Inappropri-
ately high MI and gain are the two most common causes
of tissue signals being wrongly displayed.

1.4. Intermodality comparison
For characterization of FLL, the enhancement

patterns observed during the arterial, portal venous and
late phases are generally similar among CEUS, CECT
and CEMRI. The real-time nature of US allows depiction
of early arterial phase enhancement which is sometimes
missed on CT and MRI because they have lower frame
rates. Discordance has also been shown in some lesions
during the portal venous and late phases when CT and
MRI contrast materials diffuse into the tumor interstitium
and may conceal wash out (Wilson et al. 2007). On the
other hand, postvascular phase imaging with Sonazoid�

shows patterns similar to those described with superpara-
magnetic iron oxide (SPIO)-MRI (Korenaga et al. 2009).

1.5. Equipment and contrast signal detection
See companies’ websites for references and

specification.

1.6. Clinical practitioner training
Investigators wishing to perform CEUS examina-

tions are recommended to gain experience by observing
contrast studies being performed by experts in this field.
EFSUMB has defined three levels of training in its
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minimal training requirements (EFSUMB 2006) and
recommends that CEUS should be performed by opera-
tors at a competence level higher than level 1
(EFSUMB 2010: Appendix 14).

They should also ensure that their equipment is opti-
mized for CEUS by discussion with their equipment
manufacturer. In addition, a sufficient volume and variety
of pathology are essential to acquire and maintain an
adequate level of skill. Practitioners need competence
in the intravenous administration of contrast agents,
familiarity with any contraindications and ability to
deal with any possible adverse effects within the medical
and legal framework of their country.

1.7. Safety considerations
In general, UCA are safe with a very low incidence

of side effects. There are no cardio-, hepato- or nephro-
toxic effects. Therefore, it is not necessary to perform
laboratory tests to assess liver or kidney function before
their administration.

The incidence of severe hypersensitivity events is
lower than with current X-ray contrast agents and is
comparable to those encountered with MRI contrast
agents. Life-threatening anaphylactoid reactions in
abdominal applications have been reported with a rate
of 0.001%, with no deaths in a series of.23,000 patients
(Piscaglia and Bolondi 2006). Nonetheless, investigators
should be trained in resuscitation and have the appro-
priate facilities available.

Deaths in critically ill patients who have undergone
contrast echocardiography examinations have been re-
ported but with no evidence of a causal relationship
(Main et al. 2009). Contraindications for the use of Sono-
Vue� were defined by the European Medicines Agency
(EMA) in 2004. In 2007, the United States of America
Food and Drug Administration (US-FDA) issued contra-
indications for the use of Definity� and Optison� (GE
Healthcare, licensed for cardiac use) in patients with
severe cardiopulmonary disease, and imposed echocar-
diogram (ECG) monitoring for 30 min after injection
(US-FDA Alert 10/2007). The contraindications were
downgraded to warnings in May 2008 following review
of recent studies on contrast reactions and postmarketing
studies supplied by the manufacturers at the request of the
FDA (Exuzides et al. 2010); in 2011, the requirement to
observe the patient for 30 min after injection was
removed. Numerous subsequent studies have been con-
ducted to examine adverse reactions to UCA in cardiac
applications (Khawaja et al. 2010) and these have indi-
cated an excellent safety profile. One study (Kurt et al.
2009) demonstrated the positive impact of the use of
UCA in cardiac examinations: additional procedures
were avoided or therapy changed in over 35% of patients.
Another large study reported better survival in acute

cardiac disorders undergoing UCA administration in
comparison to those receiving echocardiography without
UCA (Main et al. 2008).

Although there is a theoretical possibility that the
interaction of diagnostic ultrasound and UCA could
produce bioeffects, there is no clinical evidence for
adverse effects on the human liver. Cellular effects that
have been observed in vitro include sonoporation, hemo-
lysis and cell death (Skyba et al. 1998). Data from small
animal models suggest that microvascular disruption can
occur when microbubbles are insonated (Skyba et al.
1998). Thus, in general, low MI should be preferred for
CEUS of the liver. Where diagnostic information can
only be obtained using high MI sequences, the benefits
vs. the risks of the procedure should be assessed and
the mode selected for the benefit of the patient.

There is limited data on the use of UCA in preg-
nancy, during breastfeeding or in pediatrics
(Piskunowicz et al. 2011). The implied contraindications
can be overridden according to clinical judgment and
with dedicated informed consent in case of need.

All administration decisions and procedures for the
use of UCA should be made with the local regulatory
restrictions in mind.

Some general recommendations include:

� As in all diagnostic ultrasound procedures, the operator
should bemindful of the desirability of keeping the dis-
played MI low and of avoiding unduly long exposure
times.

� Caution should be exercised when using UCA in
patients with severe coronary artery disease.

� As with all contrast agents, resuscitation facilities must
be available.

� The use of UCA should be avoided 24 h prior to extra-
corporeal shock wave therapy.

1.8. Terminology
The appearance of a lesion or region-of-interest in

the liver should be described in terms of the degree and
timing (phase) of enhancement.

Degree of enhancement: describing the region in
terms of vascularity (e.g., hypervascular, hypovascular)
may be incorrect from a histologic point of view and
describing the degree of enhancement is preferred.

� Enhancement refers to the intensity of the signal rela-
tive to that of the adjacent parenchyma: either equal
to, isoenhancing; greater than, hyperenhancing; or
less than, hypoenhancing.

� Sustained enhancement usually refers to continuance
of enhancement in the lesion over time.

� Complete absence of enhancement can be described
as nonenhancing. When a region is nonenhancing in
the postvascular phase with Sonazoid�, the term

CEUS in the liver-2012 update d M. CLAUDON, C. F. DIETRICH et al. 191

— 182 —



‘‘enhancement defect’’ is often used in clinical
practice.

Phase of enhancement
� The enhancement pattern should be described sepa-

rately for the different phases, which for the liver
comprise the arterial, the portal venous, the late phases
and, in case of Sonazoid�, also the postvascular phase.
Conventional, but imprecise time points, separate these
different phases [see section 2.1.1].

� ‘‘Wash in’’ used for both qualitative and quantitative
analysis, refers to the period of progressive enhance-
ment within a region of interest from the arrival of mi-
crobubbles in the field of view to ‘‘peak enhancement’’
and ‘‘wash out phase’’ refers to the period of reduction
in enhancement which follows peak enhancement.

Mechanical index
MI refers to the mechanical index of an ultrasound

system, which is an estimate of the maximum amplitude
of the pressure pulse in tissue, reflecting the power of the
system. In very simple terms, higher MI tends to corre-
spond to higher acoustic pressure emission and conse-
quently to more rapid disruption of microbubbles. In
physical terms, the MI is defined as:

MI5
PNPffiffiffiffiffiffiffiffiffiðFcÞ
p

where PNP is the peak negative pressure of the ultrasound
wave (in MPa and derated for modeled attenuation) and
Fc is the center frequency of the ultrasound wave (MHz).

Data types
Different types of data have been used in CEUS

studies (Szabo 2004):

� RF data refers to the radiofrequency information after
the beam former.

� Raw data refers to the data after the phase information
in the RF data has been removed.

� Linear data refers to the RF or Raw data, before
compression.

� Video data refers to the data after log (or quasi log)
compression for video display.

2. CEUS FOR CHARACTERIZATION OF FOCAL
LIVER LESIONS

CEUS should be performed with knowledge of all
prior imaging, the patient’s demographics and the clinical
history, exactly as for a conventional ultrasound examina-
tion. This is particularly important for lesion characteriza-
tion because the range of tumor types differs between
cirrhotic and noncirrhotic livers. Accordingly, in these
guidelines the characterization of FLL is described
separately for patients with and without cirrhosis.

2.1. Characterization of FLL in the noncirrhotic liver

2.1.1. Background. The dual blood supply of the
liver from the hepatic artery (25%–30%) and the portal
vein (70%–75%) gives rise to three overlapping vascular
phases on CEUS study (Table 1):

� The arterial phase provides information on the degree
and pattern of the arterial vascular supply. Depending
on the individual’s circulatory status, the hepatic arte-
rial phase generally starts within 20 s after injection
and continues to 30–45 s. This phase may occur very
rapidly and the real-time nature of CEUS is needed
to capture them, often best seen in a slow replay of
a stored cine loop.

� The portal venous phase usually lasts until 2 min after
injection. These two early phases are very similar
between the different available UCA (SonoVue�,
Definity�, Sonazoid�).

� The late phase lasts until the clearance of the UCA
from the circulation and is limited to 4–6 min.

The additional postvascular (or Kupffer) phase for
Sonazoid� begins 10 min after injection and lasts for an
hour or more. To ensure that there is no overlap with
the late phase, postvascular phase scanning should not
be performed sooner than 10 min after injection.

All of these times may be shortened by microbubble
disruption if the liver is imaged continuously, even at
a low MI.

Late and postvascular phase enhancement provide
important information regarding the character of a lesion
as most malignant lesions are hypoenhancing while the
majority of solid benign lesions are iso- or hyperenhanc-
ing (Wilson and Burns 2006; Claudon et al. 2008; Strobel
et al. 2008; Trillaud et al. 2009; Bernatik et al. 2010; Seitz
et al. 2010; Seitz et al. 2011).

2.1.2. Study procedure. Low MI contrast-specific
techniques allow dynamic evaluation of the three vascular
phases for all UCA and also of the postvascular phase for
Sonazoid�:

� Any investigation should start with conventional
B-mode and Doppler techniques.

Table 1. Vascular phases in CEUS of the liver
(visualization postinjection time)

Phase Start (s) End (s)

Arterial 10–20 30–45
Portal venous (PV) 30–45 120
Late .120 Bubble disappearance

(approx. 4–6 min)

The portal and late phases start at the end of the preceding one. Indi-
vidual hemodynamic and other factors (e.g., site of injection) may influ-
ence their time of onset.
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� After identification of the target lesion, the transducer
is held still while the scanner is switched to low MI
contrast-specific imaging.

� A dual screen format showing a lowMI B-mode image
alongside the contrast-only display aids anatomic guid-
ance. This is useful for small lesions to ensure that the
target is kept within the field of view during CEUS. A
difficulty with the split screen method is that a low MI
is used for both panels and this means that the gray
scale display is noisy so that smaller and low contrast
lesions may be difficult to image. On some scanners,
conventional and CEUS images are not split onto two
screens but overlaid with different color scales.

� UCA is administered as a bolus injection followed by
a flush of normal saline 0.9%.

� Ideally, the diameter of the venous line should not be
smaller than 20 G to avoid destruction of microbubbles
during injection. Central line and port systems can be
used as long as there is no filter requiring a high injec-
tion pressure but contrast arrival time will be shorter.

� A stop clock should be started at the time of UCA
injection.

� Because of the dynamic nature of real-time CEUS,
essential clips for each vascular phase should be
recorded.

� Assessment of the arterial and portal venous phases
should be carried out without interruption. For the
late phase, intermittent scanning may be used until
the disappearance of the UCA from the liver’s micro-
vasculature. Under some circumstances, especially
for HCC, the examination may need to be continued
for up to 5 min because wash out may be delayed
(Mork et al. 2007).

� Injection can be repeated when a lesion has been de-
tected in the portal venous phase or in the late/postvas-
cular phase to study the arterial phase and in the case of
multiple FLL. Reinjection should be postponed until
most microbubbles have vanished and the CEUS
screen is almost black again, which can be expected
after 6–10 min using SonoVue� and Definity�.

2.1.3. Image interpretation and differentiation of
benign from malignant lesions. CEUS can often establish
a definitive diagnosis or otherwise facilitate the clinical
decision as to whether a sonographically detected liver
lesion needs further investigation.

2.1.4. Benign liver lesions. Sustained enhancement
in the portal and late phases is typically observed in
almost all solid benign liver lesions. They can be further
characterized by their enhancement patterns during the
arterial phase, (e.g., enhancement of the whole lesion
[typical of focal nodular hyperplasia] or initial peripheral
globular/nodular enhancement [in hemangiomas]).

The enhancement patterns are summarized in
Table 2.

Hemangioma. CEUS has markedly improved the
accurate diagnosis of hemangiomas, which is now
possible in about 95% of cases (Strobel et al. 2008).
The typical CEUS features of a hemangioma are periph-
eral nodular enhancement in the arterial phase, progress-
ing in a centripetal direction to partial or complete fill-in.
The filling lasts from seconds to minutes and is more
rapid in smaller lesions. Enhancement is sustained
through the late and postvascular phases.

High flow (or shunt) hemangiomas show rapid
homogeneous hyperenhancement in the arterial phase
and can be confused with focal nodular hyperplasia
(FNH), or rarely with hepatocellular adenomas or carci-
nomas. Thrombosed hemangiomas can be confused
with malignancies because of the lack of enhancement
in the thrombosed portions, which may be misinterpreted
as wash out (Dietrich et al. 2007b).

Focal nodular hyperplasia. FNH is a benign hepatic
lesion that is usually discovered incidentally. It can be
managed conservatively in most patients. Color Doppler
techniques are helpful to visualize the spoke-wheel
vascular pattern which strongly supports the diagnosis
of FNH (Dietrich et al. 2005; Piscaglia et al. 2010)
more sensitively shown on CEUS, especially with
maximum intensity projection (MIP) technique. On
CEUS, FNH typically appears as a hyperenhancing
homogeneous lesion in all phases. Hyperenhancement
is obvious and usually marked in the arterial phase,
with a rapid fill-in from the center outwards (70%) or
with an eccentric vascular supply (30%) (Dietrich et al.
2005). During the portal venous and late phases, FNH
may remain slightly hyperenhancing or become isoen-
hancing (Piscaglia et al. 2010) and a centrally located
scar may be seen, hypoenhancing in the late phase. In
small or deeply located lesions, it can be helpful to switch
to color Doppler techniques after the CEUS study and use
the remaining circulating microbubbles to enhance
the Doppler signals for improved recognition of the
typical spoke-wheel vascular pattern. Postvascular phase
imaging (Sonazoid�) shows iso or hyperenhancement
(Hatanaka et al. 2008b).

Hepatocellular adenoma. Hepatocellular adenoma
(HCA) is a benign estrogen-dependent tumor, which is
often discovered incidentally (Dietrich et al. 2005).
HCA is an indication for surgery, particularly when larger
than 5 cm (risk of hemorrhage and possible malignant
transformation).OnCEUS,HCAexhibit arterial hyperen-
hancement, usually initially at the periphery with subse-
quent very rapid centripetal filling, the opposite
direction to that seen in FNH. However, this arterial
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enhancement pattern can also be encountered in HCC and
hyperenhancing metastases and is not pathognomonic of
HCA. The transition from the arterial hyperenhancing to
the isoenhancing appearance occurs at the beginning of
the portal venous phase, usually earlier than in FNH
(Dietrich et al. 2005; Piscaglia et al. 2010). In most cases,
the enhancement patterns of HCA may suggest malig-
nancy when wash out occurs in the late phase, one of the
few causes of false positives on CEUS.

Focal fatty change. Focal fatty change, either fat
infiltration or fatty sparing, may simulate masses on
conventional B-mode US. Differential diagnosis is
important, especially in patients with underlying malig-
nant disease or with an atypical location of suspected
focal fatty changes. Focal fatty change shows exactly
the same enhancement patterns as the adjacent liver
parenchyma in all phases (Hirche et al. 2007).

Infection. Phlegmonous inflammation has variable
and sometimes confusing CEUS appearances, which
change as they evolve, early lesions being hyperenhanc-
ing, while mature lesions develop hypoenhancing foci
as liquefaction progresses.

Mature abscesses typically show marginal enhance-
ment in the arterial phase, sometimes with enhancement

of septae followed by venous hypoenhancement. Lack
of enhancement in the liquefied portions is the most
prominent feature (Catalano et al. 2004; Catalano et al.
2007; Liu et al. 2008a).

The appearances of granulomas and focal tubercu-
losis on CEUS are variable but the majority show periph-
eral enhancement in the arterial phase with wash out in
the portal and late phases, which may be difficult or
impossible to differentiate from malignancies. The clin-
ical history is important and the diagnosis is usually ob-
tained on histopathology or microbiology (Liu et al.
2008a; Cao et al. 2010).

Other benign lesions. Active hemorrhage demon-
strates contrast extravasation whereas hematomas show
no enhancement.

Cysts show no contrast enhancement at all. CEUS is
not needed for simple cysts but is useful to evaluate
complicated or atypical cysts.

Inflammatory pseudotumor is a rare disease whose
definite diagnosis is usually only made at surgery. It may
show arterial enhancement and late phase hypoenhance-
ment, falsely suggestingmalignancy (Dietrich et al. 2007b).

Hepatic angiomyolipoma is a rare benign mesen-
chymal tumor with heterogeneous echogenicity on

Table 2. Enhancement patterns of benign focal liver lesions in the non cirrhotic and cirrhotic liver

Lesion Arterial phase Portal venous phase Late phase

A. Noncirrhotic liver
Hemangioma
Typical features Peripheral nodular enhancement Partial/complete centripetal fill in Complete enhancement
Additional features Small lesion: complete, rapid centripetal

enhancement
Nonenhancing regions

FNH
Typical features Hyperenhancing from the center,

complete, early
Hyperenhancing Iso/hyperenhancing

Additional features Spoke-wheel arteries Unenhanced central scar Unenhanced central scar
Feeding artery

Hepatocellular adenoma
Typical features Hyperenhancing, complete Isoenhancing Isoenhancing
Additional features Nonenhancing regions Hyperenhancing Slightly hypoenhancing

Nonenhancing regions Nonenhancing regions
Focal fatty infiltration
Typical features Isoenhancing Isoenhancing Isoenhancing

Focal fatty sparing
Typical features Isoenhancing Isoenhancing Isoenhancing

Abscess
Typical features Peripheral enhancement, no central

enhancement
Hyper-/isoenhancing rim, no central
enhancement

Hypoenhancing rim, no
central enhancement

Additional features Hypoenhancing rim
Enhanced septa Enhanced septa
Hyperenhanced liver segment Hyperenhanced liver segment

Simple cyst
Typical features Nonenhancing Nonenhancing Nonenhancing

B. Cirrhotic liver
Regenerative nodule (6dysplastic)
Typical features

(not diagnostic)
Isoenhancing Isoenhancing Isoenhancing

Additional features Hypoenhancing

In cirrhotic liver simple cysts, hemangiomas and abscesses may also be found and show the same enhancement pattern as in noncirrhotic livers. All
other entities are rare findings in cirrhotic livers.

194 Ultrasound in Medicine and Biology Volume 39, Number 2, 2013

— 185 —



baseline ultrasound. CEUS shows arterial hyperenhance-
ment (Wang et al. 2010).

Cholangiocellular adenomas (CCA or bile duct
adenoma) are rare lesions that are usually small (90%,1
cm). CEUS may show strong arterial enhancement and
earlywash out in the portal and late phases (they lack portal
veins), falsely suggesting malignancy (Ignee et al. 2009).

2.1.5. Malignant liver lesions. Hypoenhancement of
solid lesions in the late and postvascular phases, corre-
sponding to the wash out phenomenon characterizes
malignancies. Almost all metastases show this feature,
regardless of their enhancement pattern in the arterial
phase. Very few exceptions to this rule have been reported,
mainly in atypical HCC (Table 3).

HCC in the noncirrhotic liver. HCC are usually hy-
perenhancing in the arterial phase, typicallywith a chaotic
vascular pattern. In the portal venous and late phases,
HCC usually shows hypoenhancement apart from
well-differentiated HCC that may be isoenhancing. Hy-
perenhancement in the arterial phase is believed to be
homogeneous with fill from the periphery. However,
this information is based only on expert opinion. The fi-
brolamellar variant of HCC has nonspecific appearances
on B-mode. According to expert opinion and a single case
report, they show rapid hyperenhancement with a hetero-
geneous pattern in the arterial phase and rapid wash out
(Mandry et al. 2007).

Cholangiocarcinoma (intrahepatic cholangiocel-
lular carcinoma). Intrahepatic cholangiocarcinomas
have a variety of patterns in the arterial phase but all

show late phase wash out, in contrast to the late enhance-
ment on CECT or CEMRI (Xu et al. 2006b; Chen et al.
2008; Chen et al. 2010). The typical pattern of malignancy
is better displayed by CEUS than by CECT or CEMRI.
Peripheral cholangiocarcinoma may also be suspected on
baselineUS as surface retraction is a characteristic feature.

Metastases. Liver metastases can be detected and
characterized reliably as hypoenhancing lesions during
the portal venous and late phases, with very few excep-
tions. Wash out starts early, usually in the portal venous
phase, and is marked. Thus, they appear as punched-out
‘‘black foci’’ against the background of the uniformly
enhanced normal liver. Larger traversing vessels can
sometimes be seen as enhancing lines within the lesion
but these are not tumor tissue and, thus, have the hemody-
namics of the vascular tree, disappearing in parallel with
the main liver vessels rather than being retained, as occurs
in the normal liver parenchyma. In the late phase, very
small metastases may be conspicuous and lesions that
were occult on B-mode ultrasound can be detected
(Dietrich et al. 2006).

Metastases usually show at least some contrast
enhancement in the arterial phase and sometimes this is
marked and often it is chaotic. Rim or halo enhancement
is often seen. Only a few false positive results have been
observed, mainly from abscesses or necrosis, old fibrous
FNH, granulomas and inflammatory pseudotumors (Ding
et al. 2005; Schuessler et al. 2006; Dietrich et al. 2008).

Benign lesions such as cysts, calcifications, heman-
giomas, FNH and adenomas are found with the same
frequency (5%–20%) in themetastatic liver as in a healthy

Table 3. Enhancement patterns of malignant focal liver lesions in the noncirrhotic and cirrhotic liver

Lesion Arterial phase Portal venous phase Late phase

A. Noncirrhotic liver
Metastasis
Typical features Rim-enhancement Hypoenhancing Hypo/nonenhancing
Additional features Complete enhancement Nonenhancing regions Nonenhancing regions

Hyperenhancement
Nonenhancing regions

HCC
Typical features Hyperenhancing Isoenhancing Hypo/nonenhancing
Additional features Nonenhancing regions Nonenhancing regions Nonenhancing regions

Cholangiocarcinoma
Typical features Rim-like hyperenhancement,

central hypoenhancement
Hypoenhancing Nonenhancing

Additional features Nonenhancing regions Nonenhancing regions Nonenhancing regions
Inhomogeneous
Hyperenhancement

B. Cirrhotic liver
HCC
Typical features Hyperenhancing, complete Isoenhancing Hypoenhancing (slightly or moderately)

Nonenhancing areas (if large) Nonenhancing regions
Additional features Basket pattern, chaotic vessels Isoenhancing

Enhancing tumor thrombus
Hypo/nonenhancing Nonenhancing Nonenhancing

Explanation: Other malignancies in cirrhosis have the same patterns as in noncirrhotic livers.
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population. Thus, the possibility of a benign FLL must be
kept in mind when the liver is first staged after the diag-
nosis of a cancer, especially with lesions ,2 cm.

Lymphoma. Lymphoma shows variable arterial
enhancement but characteristic wash out in the portal
venous and late phases, predictive of malignancy
(Foschi et al. 2010).

2.1.6. Recommended uses and indications. CEUS
should be performed and interpreted with knowledge of
the patient’s clinical history and investigations findings.
When the enhancement patterns are typical (in appro-
priate clinical settings) hemangiomas, FNH, focal fatty
change and malignancies can all be characterized with
confidence. FLL with atypical enhancement patterns or
studies that are technically suboptimal require further
investigation, mainly with CECT and/or CEMRI.

CEUS is indicated for lesion characterization in the
following clinical situations:

� Incidental findings on routine ultrasound.
� Lesion(s) or suspected lesion(s) detected with US in

patients with a known history of a malignancy, as an
alternative to CT or MRI.

� Need for a contrast study when CT and MRI contrast
are contraindicated.

� Inconclusive MRI/CT.
� Inconclusive cytology/histology results.

Specificity and sensitivity are reduced in moderately
or markedly fatty livers and with deeply positioned
lesions.

2.2. Characterization of FLL in the cirrhotic liver

2.2.1. Background. Types of FLL in cirrhosis. The
FLL that occur in the cirrhotic liver are hepatocellular
lesions (.95% of cases), peripheral cholangiocellular
carcinomas (CCC), lymphomas and hemangiomas. Other
diagnoses may be considered, but they are very rare, for
unknown reasons.

B-mode ultrasound may detect features of malig-
nancy (such as infiltration of adjacent structures,
including vessels) but these features are usually only
seen in large nodules (.5 cm) and do not help charac-
terize smaller nodules.

Carcinogenic mechanism in HCC. The develop-
ment of HCC is thought to occur through a multistep
pathway in about 90% of cases (International
Consensus Group for Hepatocellular Neoplasia 2009) in
the following sequence:

� Large regenerative nodule.
� Low- or high-grade dysplastic nodule.
� Dysplastic nodule with a focus of HCC.

� Well differentiated HCC.
� Moderately to poorly differentiated HCC.

Progression along this pathway is accompanied by
a decrease in both normal arterial and portal blood flow
and a concurrent disappearance of normal intranodular
vessels (Matsui 2005). Simultaneous with this decline
in normal vascularity, there is a progressive increase in
arterial flow from newly formed tumor vessels (neoangio-
genesis). Therefore, hyperenhancement in the arterial
phase can be seen in HCC of all stages of differentiation
(Matsui 2005). These changes are key elements for the
characterization of hepatocellular nodules in cirrhosis
during the vascular phases of contrast enhancement.

Beside the vascular changes, HCC nodules tend to
be devoid of reticuloendothelial cells (Kupffer cells),
particularly with progressive dedifferentiation from well
to moderately and poorly differentiated grades. This has
become of particular importance with the introduction
of contrast agents with a postvascular phase, where
HCC shows as an enhancement defect.

The probability of HCC increases with nodule size.
Nodules ,1 cm are rarely malignant and ultrasound
follow up (at 3-month intervals) is sufficient, according
to the AASLD guidelines (Bruix and Sherman 2011).
Further investigations should be started when the nodule
enlarges to over 1 cm. The rate of HCC is 66% in nodules
1–2 cm (Forner et al. 2008; Iavarone et al. 2010),
increasing to about 80% in nodules of 2–3 cm in size
(Bolondi et al. 2005) and is above 92%–95% for nodules
larger than 3 cm. The most challenging situation for
imaging techniques is, therefore, the diagnosis of nodules
of 1–3 cm in diameter.

2.2.2. Study procedure. General recommendations
for the study of FLL are summarized above [see section
2.1.2]. In addition, if the liver is cirrhotic, the following
points should be kept in mind:

Since the arterial phase is the most important in the
setting of cirrhosis, good visualization of the nodule
during normal breathing is desirable. If this is impossible,
it is important to practice cooperation with the patient so
that the nodule can be visualized during a breath hold,
best taken about 10 s after contrast injection and main-
tained for 15–30 s.

As microbubbles are disrupted despite the use of
a low mechanical index, acoustic output power should
be reduced as much as possible, while maintaining suffi-
cient signal intensity, to allow contrast persistence until
the very late phase (beyond 3–4 min), which is often crit-
ical for the diagnosis of HCC. Furthermore, when the
arterial phase is over, the lesion should be scanned inter-
mittently, not continuously, to minimize bubble disrup-
tion that may cause difficulties in interpretation of
subtle wash out.
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2.2.3. Image interpretation and evaluation. CEUS
pattern and diagnosis of HCC (Table 3). The key feature
for the diagnosis of HCC in liver cirrhosis is hyperen-
hancement in the arterial phase, followed by wash out
in the late phase (Bruix and Sherman 2011). This pattern
corresponds to HCC in more than 97% of cases (Fan et al.
2006; Foschi et al. 2010; Vilana et al. 2010; Boozari et al.
2011). However, it has also been reported in peripheral
CCC and hepatic lymphoma, which comprise the remain-
ing 1%–3% of cases. The timing and intensity of wash out
in the latter lesions have not yet been described precisely
(Fan et al. 2006; Foschi et al. 2010; Vilana et al. 2010;
Boozari et al. 2011).

Arterial hyperenhancement is usually homogeneous
and intense in HCC, but may be inhomogeneous in larger
nodules (.5 cm), which contain regions of necrosis. Rim
enhancement is atypical for HCC.

Wash out is observed overall in about half the cases
of HCC but more rarely in very small nodules (20%–30%
in those 1–2 cm, 40%–60% in those 2–3 cm) (Forner et al.
2008; Leoni et al. 2010; Sangiovanni et al. 2010). Wash
out is observed more frequently in HCC with poorer
grades of differentiation than in well-differentiated
HCC, which tend to be isoechoic in the late phase (Fan
et al. 2006; Jang et al. 2007; Iavarone et al. 2010;
Boozari et al. 2011).

The hypoenhancement in the late phase is usually less
marked in HCC than in other primary tumors or in liver
metastases. Furthermore, the wash out tends to start later
in HCC, usually not before 60 s after injection and, in up
to 25% of cases, appearing only after 180 s (Chen et al.
2006a; Boozari et al. 2011); consequently it is important
to observe nodules in cirrhosis until very late (.4 min)
to increase sensitivity for the diagnosis of HCC. Early
wash out (,60 s) has been reported to occur in poorly
differentiated HCC or to suggest a nonhepatocellular
malignancy (Chen et al. 2006a; Fan et al. 2006; Jang
et al. 2007; Boozari et al. 2011), most often a peripheral
CCC. Wash out in HCC is observed less often with
CEUScomparedwithMRIorCTbecause of their different
contrast pharmacokinetics (Strobel et al. 2005; Forner
et al. 2008; Leoni et al. 2010; Sangiovanni et al. 2010).

Arterial hyperenhancement not followed by wash
out is also highly suspicious for HCC, mainly for the
well-differentiated variants but is not definitive
(Bolondi et al. 2005; Fan et al. 2006; Jang et al. 2007;
Iavarone et al. 2010; Boozari et al. 2011).

An inconclusive CEUS pattern does not rule out
malignancy and should prompt other imaging (CT or
MRI) and, if these are also inconclusive, biopsy is
needed. If this is negative, the nodule should be followed
up every 3 months (at least for the first 2 years) and, if it
enlarges or the enhancement pattern changes, diagnostic
investigations must be resumed. If arterial enhancement

is present on any imaging technique, repeated biopsy
should be considered even in the absence of changes in
size or enhancement.

Hemangioma has the same CEUS pattern in
cirrhosis as in the noncirrhotic liver but an additional
MRI scan is preferable to confirm the diagnosis in this
clinical setting. Abscesses may occur in cirrhosis, usually
as a complication of interventional procedures. CEUS
shows typical findings of malignancy in CCC, whereas
the enhancement pattern atMRI and CTmay be inconclu-
sive (Vilana et al. 2010).

Staging of cirrhotic patients with HCC and the role
of CEUS. Examining the entire liver during the arterial
phase to look for hyperenhancing nodules is difficult or
impossible with CEUS, so CECT or CEMRI must be
used to stage patients with HCC (Bruix and Sherman
2011). For Sonazoid�, the postvascular phase may
improve staging of the disease.

A diagnostic flowchart for CEUS of nodules in
cirrhosis is given in Figure 1.

2.2.4. Recommended uses, indications and limitations

CEUS is recommended:
� To characterize all nodules found on surveillance and

routine US.
� To characterize nodules in cirrhosis and establish

a diagnosis of HCC. It is a strong belief of the expert
panel that CEUS is extremely useful, especially
when performed immediately after nodule detection,
to make a rapid diagnosis. However, CT or MRI are
needed (unless contraindicated) to stage the disease
before the treatment strategy is decided.

� Whether CEUS has a role as first line investigation at
the same level as CT or MRI is variably accepted in
national and international guidelines. For example,
CEUS is part of the Japanese guidelines on HCC
(Kudo and Okanoue 2007; Kudo et al. 2011b) but has
been removed from the American guidelines (Bruix
and Sherman 2011). This was partly justified by the
fact that no UCA is licensed for the liver in the USA
and additionally because of the risk of misdiagnosing
CCC for HCC when CEUS is used alone (1%–2%).
In practice, the likelihood of misdiagnosis is minimal
when CEUS is performed by skilled operators
(Barreiros et al. 2012).

� When CTorMRI is inconclusive, especially in nodules
not suitable for biopsy.

� Tocontribute to the selectionof nodule(s) for biopsywhen
they are multiple or have different contrast patterns.

� To monitor changes in size and enhancement patterns
over time when a nodule is not diagnostic for HCC
and is being followed.

� After inconclusive histology.
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2.2.5. CEUS with postvascular phase agents in
cirrhotic liver nodules. Technical aspects and diagnostic
features. Sonazoid� is different from pure blood-pool
ultrasound contrast agents in that, in addition to the arte-
rial and portal venous phases, there is a postvascular
phase starting from 10 minutes after injection. Sonazoid�

is taken up by the reticuloendothelial cells, particularly
the Kupffer cells, similarly to SPIO MRI contrast agents
(Korenaga et al. 2009). The microbubbles can be detected
even when located within cells.

The mesenchymal meshwork of malignant lesions
usually does not harbor reticuloendothelial (Kupffer)
cells, at variance from normal and cirrhotic liver paren-
chyma and from most solid benign liver lesions. The
absence of Kupffer cells causes a defect in Sonazoid�

uptake in the postvascular phase (Hatanaka et al.
2008b; Inoue et al. 2008), which is, thus, a molecular
imaging modality. The diagnostic capability of CEUS
with Sonazoid� in the postvascular phase is similar to
that of MRI with an SPIO (Korenaga et al. 2009) and
has been endorsed in the Japanese guidelines for the
management of HCC (Kudo et al. 2011b).

Study procedures specific to postvascular phase
agents.
� After intravenous injection of Sonazoid�, continuous

scanning for 30–60 s is recommended to assess the
arterial and portal venous phases.

� The late vascular phase is deemed less relevant by
Japanese authors, as this is replaced by the postvascu-

lar phase. For assessment of the postvascular (Kupffer)
phase, scanning is begun not earlier than 10 min post-
injection of Sonazoid� to allow clearance of contrast
from the blood pool (Kudo et al. 2010).

� After the end of the portal venous phase, insonation of
the liver should be stopped to limit acoustic disruption
of microbubbles before the postvascular phase.

� The postvascular phase lasts until the microbubbles
have disappeared; thus, there is usually enough time
for a thorough assessment of the whole liver to detect
enhancement defects that suggest malignant nodules.

� When an enhancement defect is identified in the post-
vascular phase, a repeat contrast injection can be per-
formed, superimposed on the original enhancement,
to assess the arterial phase in this region. This proce-
dure is termed ‘‘defect reperfusion imaging’’ or ‘‘defect
reinjection technique’’ (Kudo et al. 2010).

Image interpretation. Image interpretation in the
postvascular phase with Sonazoid� is reported in
Table 4. A contrast defect, corresponding to hypoen-
hancement in the postvascular phase should be regarded
as highly suggestive of malignancy in the setting of
nodules in cirrhosis (Hatanaka et al. 2008b). Very well
differentiated, early HCC, are isoenhancing in both the
arterial and the postvascular phases in approximately
70% of cases (Arita et al. 2011). Nodule characterization
cannot be performed in the postvascular phase alone,
for which arterial phase assessment remains the
cornerstone.

Fig. 1. * In cases with marked and rapid wash out in portal/late phase, consider the possibility of peripheral cholangio-
carcinoma, especially if the pattern with MRI or CT does not confirm late wash out, or (exceptionally) metastasis or
lymphoma. CEUS alone with a typical pattern is enough to establish a diagnosis of malignancy in nodules .1 cm, but
a panoramic imaging technique (CT or MRI) is required to stage the patient before treatment. **When Sonazoid� is
used, the postvascular phase may allow diagnosis of malignancy if the lesion becomes hypoenhancing in the postvascular
phase, even though it appeared isoenhancing in the portal/late phases. E 5 enhancement; HCC 5 hepatocellular carci-

noma; CCC 5 cholangiocellular carcinoma; met 5 metastasis.
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Recommended uses and indications. CEUS with
Sonazoid� is recommended:

� To characterize nodules in cirrhosis, allowing assess-
ment of both the vascular and postvascular phases.
CEUS has been adopted in the Japanese guidelines
for the management of HCC (Kudo and Okanoue
2007; Kudo 2010; Kudo et al. 2011b) to search for
nodules seen on CT or MRI but unidentifiable on B-
mode ultrasound.

� To screen for HCC in a cirrhotic liver (Kudo et al.
2011a); however, there is no evidence to date that
this procedure is cost-effective.

� To stage HCC in livers in which US imaging is satisfac-
tory; however, there is no evidence to date that CEUS
can replace CT or MRI.

2.2.6. Tips for all contrast agents

� When a nodule is deeply located (.8 cm) and subop-
timally visualized with conventional B-mode ultra-
sound, its evaluation can become even worse during
CEUS because of attenuation by contrast microbub-
bles. Use of greater amounts of contrast increases the
signals both from nodules and from superficial tissues,
usually failing to improve or even worsening target
evaluation. Irrespective of the contrast agent used,
high doses should be avoided because this limits
CEUS penetration in all phases.

� When the liver parenchyma is coarse on B-mode ultra-
sound, it may be extremely difficult to detect small

nodules making it difficult to choose the region to be
scanned during CEUS in the arterial phase.

� In case of liver nodules in patients with complete portal
thrombosis, perfusion of the parenchyma depends on
the arterial supply. Reducing the contrast dose (half
the usual dose or less) can reduce signal saturation
and improve tumor conspicuity.

2.3. Characterization of portal vein thrombosis

2.3.1. Definition. Portal vein thrombosis refers to the
development of solid material within the lumen of any
portion of the portal vein. The thrombus may be occlusive
or nonocclusive and may involve the entire portal venous
system or any segment. There are two main forms
(Piscaglia et al. 2010):

� Bland (appositional) thrombosis refers to the presence
of a simple clot within the vein. It is often silent and
may be clinically inapparent.

� Malignant (neoplastic) thrombosis occurs almost
always as a complication of HCC in the liver. Its iden-
tification is of prognostic significance as it negatively
alters therapy options and upstages disease.

2.3.2 Imaging of portal vein thrombosis. Baseline
ultrasound and Doppler techniques. The thrombosed
portal vein may look normal and yet be filled with
thrombus. However, more often the thrombus has vari-
able echogenicity, making the lumen appear hypoechoic
rather than anechoic. The baseline scan should include
color and spectral Doppler interrogation of the portal
veins. Complete thrombosis shows no detectable signal
from the portal vein, even when optimized for slow
flow. The presence of intrathrombus signal with an arte-
rial waveform onDoppler spectral examination is a highly
specific sign of malignancy but its sensitivity is only
moderate.

CEUS. Bland thrombus is avascular and shows as
a void within the enhancing liver in all phases of CEUS
but best visualized during the portal venous phase. A
malignant thrombus has the same enhancement charac-
teristics as the tumor from which it originated, including
rapid arterial phase hyperenhancement (Rossi et al. 2006;
Sorrentino et al. 2009; Piscaglia et al. 2010). While slow
and weak portal venous wash out may be seen, the wash
out is usually more rapid.

To perform the scans, the suspect thrombus within
the vein should be studied during the wash in of the
UCA, as the vascularization of the clot should parallel
the arrival of the microbubbles within the hepatic artery
in the liver in case of neoplastic thrombus. Sweeping
through the liver in sagittal and axial planes in the portal
venous phase will often depict the washed out tumor
within the portal vein branches optimally.

Table 4. Enhancement patterns of focal liver lesions in
liver cirrhosis during the postvascular phase (Kupffer

phase) with Sonazoid�

Lesion
Post-vascular phase with Sonazoid�

(Kupffer phase)

Cyst Nonenhancing
Hemangioma Nonenhancing
FNH Iso to hyperenhancing
Regenerative nodule
Typical features (but not

diagnostic)
Isoenhancing

Additional features
(but not diagnostic)

Slightly hypo- or hyperenhancing

Dysplastic nodule Isoenhancing
HCC
Typical features Nonenhancing or hypoenhancing
Additional features Isoenhancing (well differentiated HCC)

Cholangiocarcinoma
Typical features Nonenhancing or hypoenhancing
Additional features Not reported

Metastasis
Typical features Nonenhancing or hypoenhancing
Additional features Not reported

The arterial and portal venous phases are the same as for other agents.
Cholangiocarcinoma may mimic metastasis and poorly differentiated
HCC. Metastasis may mimic cholangiocarcinoma and poorly differenti-
ated HCC.
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The tumor source of amalignant portal vein thrombus
may be obvious or it may be invisible on ultrasound, even
with the assistance ofCEUS. Sweeping through the liver in
both the arterial and the portal venous phases of enhance-
ment may be enlightening.Washed out regions of the liver
should undergo reinjection with arterial phase imaging to
show their arterial enhancement. A suspicious clot within
the portal vein may be amenable to biopsy with US guid-
ance, targeting, whenever possible, enhancing regions
within the thrombus (Sorrentino et al. 2009).

2.4. CEUS for biopsy planning in cirrhotic and normal
livers

CEUS prior to biopsy procedures can increase the
diagnostic yield by 10% and decrease the false negative
rate especially in large tumors with areas of necrosis.
CEUS can localize the site for biopsy more accurately
by demonstrating regions of vascularized viable tumor,
which should be targeted, and regions of necrosis, which
should be avoided (Wu et al. 2006). These two entities
cannot be distinguished by conventional ultrasound
alone. CEUS may also locate occult lesions on nonen-
hanced US (Schlottmann et al. 2004).

3. DETECTION OF MALIGNANT FLL:
TRANSABDOMINAL APPROACH

3.1. Background
Conventional US is the most frequently used

modality for the primary imaging of abdominal organs,
including the liver but is less sensitive in the detection
of liver lesions than CECT, CEMRI or intraoperative
US. The main reasons for this are difficulties in detecting
small and isoechoic lesions, especially when they are
deep or in difficult anatomic locations.

The published literature (Dietrich et al. 2006; Quaia
et al. 2006; Konopke et al. 2007; Larsen et al. 2007;
Piscaglia et al. 2007; Chami et al. 2008; Inoue et al.
2008; Cantisani et al. 2010) provides strong evidence
that CEUS significantly improves the detection of metas-
tases compared with conventional US. The most impor-
tant CEUS feature for detecting a malignant liver lesion
is the identification of a focal region of wash out occur-
ring as early as the late arterial phase but mostly during
the portal venous and late or postvascular phases.

3.2. Study procedures
The study procedure is similar to the study proce-

dure described in section 2.1.2 but the following points
should be borne in mind:

� With all agents, lesion detection requires an examina-
tion time of at least 3–4 min, which is the useful persis-
tence of most microbubbles.

� With agents presenting a postvascular phase (Sona-
zoid�), it is possible to detect lesions that wash out
very late (Hatanaka et al. 2008b; Moriyasu and Itoh
2009).

� A second administration (reinjection technique) can be
used to confirm the metastatic nature of any detected
contrast defect by demonstrating arterial enhancement
followed by wash out [see section 2.2.6].

3.3. Detection of metastatic lesions
The typical and almost invariable appearance of

metastases is focal hypoenhancement in the portal
venous, late and postvascular phases. The enhancement
patterns observed during the arterial phase are variable
and help to characterize lesions but aid only minimally
in their detection [see section 2.1.3].

With vascular phase agents (SonoVue�, Definity�),
several studies have shown that the accuracy in the detec-
tion of liver metastases is comparable to that of CECTand
CEMRI, when scanning conditions allow a complete
investigation of all liver segments (Larsen et al. 2007).

3.4. Detection of HCC and CCC
With all agents (SonoVue�, Definity�, Sonazoid�),

most HCC show increased enhancement in the arterial
phase but the short duration of this phase makes adequate
assessment of the whole liver impossible, at least with
current technology. The late phase lasts long enough for
thorough exploration, but the appearances of HCC are
variable, as described in section 2.2.3, and, importantly,
not all HCC wash out in the late phase, limiting the sensi-
tivity of CEUS for the detection of HCC. Consequently,
routine use of UCA in the detection of HCCwith vascular
phase agents cannot be recommended.

With agents presenting a postvascular phase (Sona-
zoid�), scanning the entire liver at 10 min or later after
injection helps to detect malignant nodules since typical
HCC show as an enhancement defect (Hatanaka et al.
2008a; Maruyama et al. 2009; Moriyasu and Itoh 2009).
However, postvascular defects are not specific findings
and demonstration of homogeneous arterial enhancement
requires a second administration of Sonazoid� to confirm
the diagnosis of HCC. Moreover, approximately half of
well differentiated HCC do not show enhancement
defects in the postvascular phase (Arita et al. 2011).

Depiction of local tumor recurrence and residual
tumor after ablation using B-mode alone is difficult.
With vascular phase agents, scanning in the arterial phase
with repeated injections demonstrates the hypervascular-
ity in the recurrence, which usually lies adjacent to the
previously ablated tumor. The same technique is useful
for demonstrating new HCC and, in both cases, helps
identify the target and guide treatment [see section 5.1].
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Cholangiocarcinomas behave in the same way as
metastases, washing out rapidly and appearing as defects
in the late phase, regardless of the appearance in the arte-
rial phase (Xu et al. 2006a). This pattern may facilitate
detection of satellite nodules adjacent to a larger lesion
that were not visualized on conventional US.

3.5. Recommended uses, indications and limitations
Use of CEUS is recommended for the following

indications:

� To characterize indeterminate (usually small) lesions
shown on either CECT or CEMRI.

� To ‘‘rule out’’ liver metastases or abscesses, unless
conventional ultrasound shows typical findings.

� For treatment planning in selected cases to assess the
number and location of liver metastases, either alone
or as complementary to CECT and/or CEMRI.

� Surveillance of oncology patients where CEUS has
been useful previously. Recommended to replace un-
enhanced US with CEUS for the evaluation of liver
metastases in colorectal cancer after chemotherapy
(Konopke et al. 2008).

� CEUS with vascular phase agents is not indicated for
the detection and staging of HCC. With the use of So-
nazoid� and postvascular phase scanning, CEUS may
be used to stage HCC in the liver where imaging is
good. However, there is no evidence to date that
CEUS can replace CT or MRI.

� Apotential pitfall is that small cysts,whichwerenot seen
on unenhanced US, are sometimes detected in late or
postvascular phase scanning. Careful re-evaluation
with conventional US may help to show their cystic
nature. In doubtful situations, a second contrast agent
injection is recommended, looking for arterial phase
enhancement, which indicates viable tumor tissue.

4. INTRAOPERATIVE CONTRAST ENHANCED
ULTRASOUND

4.1. Background
Standard preoperative imaging remains limited in

selecting patients who may benefit from liver surgery
(Ellsmere et al. 2007;Mazzoni et al. 2008). Intraoperative
ultrasound (IOUS) is recognized as the gold standard,
which ultimately dictates the surgical management of
those undergoing resection (Charnley et al. 1991;
Cervone et al. 2000; Jarnagin et al. 2001; Conlon et al.
2003). Patients with early stage HCC are offered trans-
plantation or resection (Bruix et al. 2001), which can be
curative procedures. Similarly, for patients with colo-
rectal liver metastases, resection is the treatment of
choice, with 5-year survival rates of up to 60% (Scheele
et al. 1995; Fong 2000). However, 75% of patients who
undergo resection develop recurrences (50% in the liver).

The majority of recurrences appear within 2 years (Finlay
et al. 1988; Scheele et al. 1995; Adam et al. 1997). Thus,
more accurate imaging is required.

Recent studies of intraoperative contrast enhanced
ultrasound (IO-CEUS) with different contrast agents
have shown that it is more sensitive, specific and accurate
than IOUS,CTorMRI indefiningwhether tumor resection
(metastases or HCC) is appropriate. Furthermore, surgical
management is altered in up to 30% of cases (Torzilli et al.
2005; Leen et al. 2006; Torzilli et al. 2007; Fioole et al.
2008; Nakano et al. 2008; Qiang et al. 2008). It is now
recognized that the more aggressive the surgical approach
adopted, the higher the impact of IO-CEUS becomes
(Leen et al. 2006).

4.2. IO-CEUS technique
Dedicated high frequency intraoperative probes with

contrast specific capability are needed. Covering the
transducer and cable with a long sterile sheath containing
coupling gel, and the control panel with a large sterile
membrane ensures sterility. Some ultrasound systems
provide intraoperative transducers that can be sterilized
by gas and, thus, need no cover.

At surgery, all patients undergo a manual abdominal
and pelvic exploration for extra-hepatic disease, followed
by mobilization of the liver from the diaphragm to
improve sonographic access. Bimanual palpation of the
liver is then performed, followed by systematic IOUS
of the entire liver, looking for previously diagnosed as
well as for new lesions and to identify involvement of
major vessels or bile ducts.

With vascular phase agents (SonoVue� and Defi-
nity�) CEUS is used as explained for the transabdominal
approach [see section 2.1.2]. The duration of enhance-
ment in normal liver in the late phase is shorter than
with percutaneous US. Injections may be repeated for
global assessment, or to assess the arterial phase enhance-
ment of identified lesions for their characterization. Irre-
spective of the contrast agent used, high doses should be
avoided because this limits US penetration in all phases.

With postvascular phase agents (Sonazoid�), detec-
tion of malignant FLL starts 10 min postinjection
(Hatanaka et al. 2008b; Moriyasu and Itoh 2009). A
second injection can be used to confirm the metastatic
nature of a lesion by demonstrating arterial enhancement
[see section 2.1.6].

4.3. Image interpretation
Image interpretation is the same as for the transab-

dominal approach reported in section 2.1.5.

4.4. Recommended use and limitations
IO-CEUS is recommended for:

� The detection of liver metastases in all patients under-
going liver resection.
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� The characterization of focal liver nodules in cirrhotic
patients undergoing liver resection for HCC, especially
of new nodules detected at IOUS (Torzilli et al. 2007).

� The targeting of occult lesions for ablation therapy for
patients undergoing combined liver resection and abla-
tive therapy.

The shorter duration of contrast enhancement is
a limitation of IO-CEUS.

5. MONITORING ABLATION TREATMENT

5.1. Monitoring local ablation treatment

5.1.1. Background. Locoregional therapies, which
conventionally include ablation, whatever the modality
used, and transarterial chemo/radioembolization, play
a key role in the management of patients with liver malig-
nancies, both HCC and metastases (Livraghi et al. 2000;
Gillams and Lees 2009).

Unenhanced US is commonly used to guide abla-
tion. It is easy to use and widely available but, even
when combined with Doppler, it does not provide useful
information on the extent of the ablation. Assessment of
tissue perfusion is crucial to differentiate necrotic from
viable residual tumor.

The addition of CEUS can provide important infor-
mation in each of the following procedures (Choi et al.
2003; Minami et al. 2007):

� Assessment of the lesions to be treated by ablation
(number and size and homogeneity of enhancement
of the lesions, and the presence of feeding vessels) to
define the eligibility of the patient for treatment and
the best ablation strategy.

� Depict previously undetectable lesions with the
support of fusion imaging, enabling needle/probe
guidance.

� Detecting viable tumor persistence following locore-
gional treatment (either ablation or chemo/
radioembolization).

5.1.2. Study procedures [see also section
2.1.2]. Pretreatment CEUS. Particularly for metastases,
assessment of size must include the perilesional hyper-
vascular halowith wash out. Tumor margins are better de-
tected by CEUS than unenhanced US (Chen et al. 2007)
because definition of its relationships with surrounding
structures is improved, thus, helping develop appropriate
treatment strategies and reducing the risks of complica-
tions (Chen et al. 2006b; Chen et al. 2007).

Accurate pretreatment planning can be improved by
real-time fusion imaging with CT, MRI or CEUS, which
provides an accurate volumetric map of the tumor and
graphically depicts the number and sites of the ablation

volumes needed to cover the whole mass and achieve
an adequate perilesion ‘‘safety margin’’ (Chen et al.
2004; Liu et al. 2005).

Pretreatment CEUS is very helpful for comparison
of the patterns before and after treatment.

The field depth, selected scan plane, acoustic gain
and MI used for the pretreatment CEUS study of each
lesion must be predefined. Images and/or video clips
should be stored for precise comparison with immediate
postablation studies.

Positioning of ablation device. The ablation device
is inserted when the target is optimally depicted. When
lesion targeting is particularly difficult (e.g., small lesion
size, difficult location), fusion imaging with CT/MRI
may allow ‘‘targeted’’ CEUS in some instances
(Crocetti et al. 2008) and consequent improvement of
ablation needle/probe guidance. Depiction of a ‘‘virtual
needle’’ during CEUS provided by fusion imaging may
facilitate the procedure.

5.1.3. Image interpretation—definition of complete
treatment response. The Response Evaluation Criteria
in Solid Tumors (RECIST) guidelines (Therasse et al.
2000) for the assessment of tumor response are no longer
considered adequate for locoregional treatment because
of the poor relationship between necrosis and tumor
size. After thermal ablations, completely necrotic tumors
may remain unchanged in size, whereas tumors that
shrink may still be partially viable.

Accordingly, the RECIST criteria have been
amended, at least for HCC (Lencioni and Llovet 2010),
to stress that the imaging indicator of complete ablation
is the disappearance of any previously visualized intrale-
sional enhancement on CEUS. This must be assessed
throughout the whole volume of each tumor which has
undergone ablation (Choi et al. 2003; Shiozawa et al.
2010). The volume of the necrosis achieved should be
compared with the pretreatment volume of the tumor(s).
Simultaneous display of tissue and contrast is of partic-
ular value for follow-up of treated lesions. The volume
of necrosis achieved can be compared with the pretreat-
ment volume of the same lesion on CECT or CEMRI
using real-time fusion imaging (Kisaka et al. 2006).

Completeness of treatment of hypoenhancing
lesions (mostly liver metastases) can be assessed by
comparing the volume and location of pretreatment
lesions with those of the ablated region. This also deter-
mines whether a sufficient safety margin around the
lesion has been achieved. The frequent occurrence of
satellite nodules around small HCC (5–10 mm from
the main tumor [Sasaki et al. 2005]), dictates that the
thickness of the safety margin following ablation should
be assessed not only for liver metastases but also for
HCC.

202 Ultrasound in Medicine and Biology Volume 39, Number 2, 2013

— 193 —



5.2. Periprocedural assessment of treatment response
Unenhanced US is used to monitor the reduction of

the hyperechoic ‘‘cloud’’ of gas caused by heating imme-
diately after ablation. This usually takes 5–15 min to
dissipate.

For each treated lesion, the same system settings and
scan planes must be used as for the preablation assess-
ment. Images and/or video clips should be stored for
comparison with previously stored preablation images.
If additional probe/needle insertions are performed,
repeated doses of UCA can be given.

5.2.1. Follow-up investigation to assess tumor
recurrence. It is often difficult to depict local tumor recur-
rence after ablation using B-mode alone. Here, scanning
in the late or postvascular phase, with subsequent reinjec-
tion to confirm tumor enhancement in any suspicious
region is useful to identify the viable tumor adjacent to
the ablated volume. This can be used to guide biopsy
and additional treatment. While CEUS may be extremely
useful to define local recurrence in a treated nodule, CT
and MRI provide a better overview of the liver to detect
distant intra- and extrahepatic tumor and cannot be re-
placed by CEUS.

In the early postablative evaluation (within the first
30 days), a thin, uniform enhancing rim can be visible
along the periphery of the necrotic region, similar to the
findings on CECT. Misinterpretation of this perilesional
hyperemic halo as residual viable tumor can be avoided
by comparing postablation images with preablation
scans.

5.2.2. Recommended uses and indications

� As a complement to CECTand/or CEMRI for pretreat-
ment staging and assessment of target lesion
vascularity.

� Facilitation of needle positioning in cases of incom-
plete or poor lesion delineation on unenhanced US.

� Evaluation of the immediate treatment effect after
ablation and guidance for immediate re-treatment of
residual unablated tumor. Using this strategy, the rate
of incomplete ablation in the first session is reported
to decrease from 16% to 6% (Chen et al. 2004).

� Assessment of local tumor progression when follow-up
CECT or CEMRI are contraindicated or not conclu-
sive. In addition to CECT and/or CEMRI, CEUS may
be used in follow-up protocols.

6. LIVER TRANSPLANTATION

6.1. Background
Liver transplantation is currently an established

first-line treatment for patients with end-stage acute or
chronic liver disease but postoperative complications
may limit its long-term success and their early detection

is extremely important for graft and patient survival.
Hepatic artery (HA) thrombosis, which is the most
common and severe vascular complication, occurs in
3%–8% of transplants in adults (Jain et al. 2000; Shaw
et al. 2003). Acute HA thrombosis almost invariably
leads to graft loss from infarction and eventual abscess
formation. Hepatic artery stenosis may proceed to throm-
bosis and may cause ischemic liver and biliary injuries if
not promptly corrected. Although portal vein (PV) and
hepatic vein or caval thrombosis are less frequent, they
are also serious complications that may lead to graft
loss (Langnas et al. 1991). Clinical signs of vascular
complications are often nonspecific, and the diagnosis,
best made at the presymptomatic stage, depends on
imaging. Ultrasound is usually used first to detect
vascular complications as well as for long-term follow-
up (Flint et al. 1988; Langnas et al. 1991; Dodd et al.
1994).

Though Doppler is useful, it may be not sensitive
enough to depict slow flow in a patent HA, particularly
in patients with postoperative edema, inaccessible
hepatic arteries, or inability to cooperate (Sidhu et al.
2004). When flow cannot be identified in the HA,
CECT or angiography, with their attendant risks, were
hitherto required to obtain a definitive answer; CEUS
can be used instead and is often able to overcome the
limitations of Doppler.

6.2. Study procedure
The study procedure is as described in section 2.1.2.

The intrahepatic arterial tree is well visualized at the time
of its enhancement in the early arterial phase, before
arrival of contrast microbubbles in the portal system.
The right hepatic artery is usually visible anteriorly
alongside the right portal branch through a right inter-
costal scan and the left hepatic artery at the bifurcation
of the left portal branch, optimally seen with a supine
epigastric approach. The portal vein and its branches
are visualized in the portal venous phase, following which
the enhancement of the parenchyma can be studied look-
ing for infarcts, which appear as nonenhancing regions.
Later the hepatic veins fill and can be studied. When
only the vessels are to be explored, a reduced amount
of injected contrast may improve their visualization by
preventing signal saturation.

6.3. Image interpretation
Lack of visualization of the arterial tree, expected

to be seen before portal enhancement, indicates
complete arterial thrombosis with very high positive
predictive values (Sidhu et al. 2004; Berstad et al.
2009; Clevert et al. 2009; Lu et al. 2012). Identification
of the arterial branches when conventional Doppler has
failed (Sidhu et al. 2004), may allow subsequent
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targeted Doppler reassessment, which is needed to
distinguish thrombosis from slow flow caused by vaso-
constriction or splenic steal from post-thrombotic/
stenotic recanalization, tasks not achievable using
CEUS alone. When the main hepatic artery is visible,
CEUS depicts the shape of the lumen and its course,
possibly identifying stenoses, which usually occur at
the site of the surgical anastomosis (Zheng et al.
2010). CEUS may also allow study of the shape and
patency of the caval and portal anastomoses.

6.4. Recommended Indications and Limitations

6.4.1. Indications. Before liver transplantation,
CEUS is indicated to assess portal vein thrombosis
and characterize focal liver lesions in cirrhosis. After
liver transplantation, CEUS can be performed at the
bedside or in the intensive care unit, avoiding most of
the risks associated with CECT or angiography
(Huang et al. 2008; Berstad et al. 2009; Clevert et al.
2009; Luo et al. 2009; Zheng et al. 2010). CEUS is indi-
cated for:

� Confirmation of occlusion of the intrahepatic hepatic
arteries, portal veins, hepatic veins or inferior vena
cava (IVC) after an inconclusive Doppler evaluation
of the liver vasculature. The extrahepatic arterial tree
cannot always be studied in its entirety and complete
patency cannot be confirmed with certainty without
the addition of the finding of normal flow tracings
from the intrahepatic arteries on Doppler US. In the
late phase, the ultrasound can be switched to Doppler
to exploit the remaining microbubbles to enhance the
Doppler signals and investigate small vessels missed
without contrast.

� Confirmation of the presence and assessment of the
nature of fluid collections and, in case of recent hema-
tomas, to search for active bleeding.

� Exclusion of perfusion defects when infarction is
suspected.

� For monitoring the success of thrombolysis in the
intensive care unit (ICU) after interventions for hepatic
artery occlusion.

6.4.2. Limitations

� In the early postoperative period, wounds and surgical
dressings or subcutaneous emphysema, may limit
examination windows.

� In patients with split liver transplantation or after living
donor liver transplantation, the examination may be
more difficult because of the complex anatomy.

� Imaging the prehepatic portions of the hepatic artery
and portal vein may be precluded by the surgical
wound or intervening bowel gas.

6.4.3. Tips and tricks

� When a side-to-side caval (piggyback) anastomosis is
used, the distal part of the donor cava may thrombose
and simulate a small subcapsular hematoma.

� Ascites may collect alongside the ligament teres and
may simulate a complex cyst on follow-up
examinations.

� Knowledge of the surgical procedures including the
presence of jump grafts, difficult anastomoses and
the status of the donor liver may be helpful to
interpretation.

� While CEUS shows the morphology of the vessel
lumen, integration with Doppler US is required to
confirm the presence of a hemodynamically significant
stenosis.

7. CONTRAST QUANTIFICATION AND
MONITORING SYSTEMIC TREATMENT OF

MALIGNANCIES

7.1. Background
Neovascularization is a key stage in the growth of

malignancies beyond 2–3 mm3. This neoangiogenesis is
an important target for novel anticancer treatments and
many new antiangiogenesis or antivascular treatments
aim at destroying or limiting the growth of tumor vessels
(Ferrara and Kerbel 2005; Kessler et al. 2010). A new
area of clinical utility for dynamic contrast enhanced
ultrasound (DCE-US) has emerged for monitoring the
response to these drugs. Initially, such monitoring relied
on qualitative analyses only. More recently, robust and
quantitative features have been developed. To achieve
successful results, standardization and strict control of
scanner settings are needed (Dietrich et al. 2012).

7.2. Methodology and equipment for quantification

7.2.1. Data acquisition. Contrast specific imaging is
used to distinguish microbubble signals from tissue. The
best temporal and spatial resolution is provided by
nonlinear gray scale modes [see section 1.3]. Conven-
tional Doppler imaging techniques cannot visualize
vessels smaller than approximately 100 mm but CEUS
can detect signals from vessels up to 40 mm (Forsberg
et al. 2008) and, thus, provides a better assessment of
the extent of angiogenesis.

7.2.2. Quantification software. Early measurements
of contrast kinetics (i.e., time-intensity curves, TIC)
were performed using video data because it was readily
available. Background subtraction was necessary to
compensate for attenuation effects (Bos et al. 1995) and
extract reliable time-based features, such as time to
peak intensity, mean transit time, etc. However, the
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nonlinear compression applied to the original signals
(required to display them on video monitors) distorts
amplitude-based TIC features (e.g., peak intensity and
area under the curve) (Peronneau et al. 2010).

The majority of reports have used uncompressed,
post beam formed data (radio-frequency data are not
required since the phase information is not essential).
TIC based on such raw data sets allow for accurate assess-
ment of both time-based and amplitude-dependent
features. All manufacturers that supply built-in analysis
packages on their scanners use this type of data but off-
line software packages are also available (Cosgrove and
Lassau 2010).

7.3. Administration of UCA and quantitative analysis

7.3.1. Bolus injection. Functional ultrasound studies
are based on measuring the time sequence of signal
enhancement, typically over the initial 1–3 min after an
intravenous bolus injection, either across a large region-
of-interest such as an entire tumor or on a pixel-by-
pixel basis. The resulting TIC follows the wash in and
wash out of the contrast agent and features linked to blood
flow and blood volume can be extracted from them.
Quantitative analyses of the TIC can be performed to
determine functional features that characterize the TIC
with or without curve fitting. Several functional features
can be studied (Lassau et al. 2010a):

� Related to fractional blood volume: peak intensity (PI);
area under the curve (AUC) (Clevert et al. 2009); area
under the wash in (AUWI); under the wash out
(AUWO).

� Related to blood flow: time to peak intensity (TPI);
slope of the wash in (SWI).

� Related to transit time: mean transit time (MTT).

It is also possible to map the changes in TIC features
over time and show these as colorized functional images.

7.3.2. The disruption-replenishment or reperfusion
method. In this method, originally described for the heart
(Wei et al. 1998), a high intensity diagnostic series of
pulses is transmitted to a tissue slice filled with microbub-
bles following bolus or infusion injection, to destroy the
bubbles within it. The scanner then switches to a low
MI and the refill of the slice with microbubbles is moni-
tored with a contrast-specific imaging mode. The refill
takes the form of a rising exponential curve whose slope,
b, relates to the velocity of blood inflow while the
maximum enhancement, A, relates to the fractional blood
volume. Their product forms an estimate of tissue perfu-
sion (Guibal et al. 2010).

The advantage of an infusion of UCA is that
a concentration equilibrium can be achieved, which
makes it easier to compare different tissue regions

directly (Liu et al. 2008b; Su et al. 2009). With the
destruction-reperfusion method only the wash in phase
can be assessed, which may limit its utility.

7.3.3. Hepatic vein transit times. The arrival times of
a UCA bolus in the hepatic artery, portal vein and hepatic
veins can be measured and transit times calculated. Short-
ening of the transit time between the hepatic artery/portal
vein and the hepatic veins occurs in the presence of liver
malignancies, presumably because of intrahepatic shunt-
ing. However, this also occurs in cirrhosis (Lim et al.
2005; Li et al. 2010), resulting in a nonspecific finding
which limits its use in liver malignancy. Its use to stage
chronic hepatitis is also limited by the substantial overlap
between different stages despite statistically significant
differences among groups (Ridolfi et al. 2007).

7.4. Assessment of antiangiogenic treatment
Since antiangiogenic treatment frequently induces

necrosis without causing tumor shrinkage, functional
imaging techniques are particularly suitable for the early
assessment of response, a task for which both the RE-
CISTandWorld Health Organization (WHO) size criteria
(World Health Organisation Offset Publication 1979;
Therasse et al. 2000) are unsatisfactory (Lencioni and
Llovet 2010).

Studies of various types of tumors treated with anti-
angiogenic therapies have confirmed that DCE-US may
enable early prediction of response to treatment (De
Giorgi et al. 2005; Lamuraglia et al. 2006; Lassau et al.
2006; Lassau et al. 2010b; Lassau et al. 2011; Lassau
et al. 2012).
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Background & Aims: The treatment of choice for early or moder-
ately advanced hepatocellular carcinoma (HCC) with good liver
function remains controversial. We evaluated the therapeutic
impacts of surgical resection (SR), percutaneous ethanol injection
(PEI), and radiofrequency ablation (RFA) on long-term outcomes
in patients with HCC.
Methods: A database constructed on the basis of a Japanese
nationwide survey of 28,510 patients with HCC treated by SR,
PEI, or RFA between 2000 and 2005 was used to identify 12,968
patients who had no more than 3 tumors (63 cm) and liver dam-
age of class A or B. The patients were divided into SR (n = 5361),
RFA (n = 5548), and PEI groups (n = 2059). Overall survival and
time to recurrence were compared among them.
Results:Median follow-up was 2.16 years. Overall survival at 3
and 5 years was respectively 85.3%/71.1% in the SR group,
81.0%/61.1% in the RFA, and 78.9%/56.3% in the PEI. Time to recur-
rence at 3 and 5 years was 43.3%/63.8%, 57.2%/71.7%, and 64.3%/
76.9%, respectively. On multivariate analysis, the hazard ratio for
death was significantly lower in the SR group than in the RFA (SR
vs. RFA:0.84, 95% confidence interval, 0.74–0.95; p = 0.006) and
PEI groups (SR vs. PEI:0.75, 0.64–0.86; p = 0.0001). The hazard
ratios for recurrence were also lower in the SR group than in
the RFA (SR vs. RFA:0.74, 0.68–0.79; p = 0.0001) and PEI groups
(SR vs. PEI:0.59, 0.54–0.65; p = 0.0001).

Conclusions: Our findings suggest that surgical resection results
in longer overall survival and shorter time to recurrence than
either RFA or PEI in patients with HCC.
� 2012 Published by Elsevier B.V. on behalf of the European
Association for the Study of the Liver.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer
in men and the seventh in women, worldwide [1]. Outcomes
remain disappointing, despite recent progress in the techniques
of diagnosis and therapy. Japanese [2], European [3] and Ameri-
can [4] clinical practice guidelines strongly recommend surgical
resection (SR) and percutaneous ablation, including radiofre-
quency ablation (RFA) and percutaneous ethanol injection (PEI),
for the management of early or moderately advanced HCC (i.e.,
up to 3 tumors 3 cm or less in diameter) in patients with ade-
quately maintained liver function. Although comparative studies
of these treatments have been conducted previously [5–7], the
most suitable treatment strategy still remains controversial.

By nationwide surveys initiated in 1965, the Liver Cancer
Study Group of Japan has prospectively collected data on patients
with HCC in Japan. The Group conducted two retrospective anal-
yses to define the treatment with the best outcomes [8,9]. How-
ever, each of the analyses was flawed, and had several problems:
data on RFA were not included in the first report [8], and the fol-
low-up period was short in the second one [9]. Although the sec-
ond analysis demonstrated that surgical resection was superior to
RFA and PEI for preventing recurrence [9], no apparent difference
in the overall survival could be discerned between surgery and
percutaneous ablation therapies (RFA and PEI). Thus, the treat-
ment of choice for less advanced HCC still remains under debate.

Before starting this study, the results of 2 randomized con-
trolled trials (RCT) were available [10,11]. As we pointed out in
a previous report [12], however, the study designs of these 2
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trials were critically flawed by factors such as insufficient sample
size, excessively optimistic hypotheses, and high conversion
ratios. Because of these problems, the results of the two RCTs
do not allow firm conclusions to be drawn concerning the impor-
tant clinical question: is surgery or percutaneous ablation the
treatment of choice for early or moderately advanced HCC? To
answer this question, we conducted this cohort study based on
the latest data available from a Japanese nationwide survey.

Patients and methods

Patients and settings

The Liver Cancer Study Group of Japan has performed nationwide surveys of
patients with primary liver cancer since 1965. Patients are registered and fol-
lowed up, as reported previously [9]. Although this study protocol was not sub-
mitted to the Institutional Review Board of each institution participating in the
nationwide survey, the collection and registration of data of patients with HCC
were performed with the approval of each institution. Because RFA has been
available for clinical use since 1999 in Japan, we set the study period from
2000 to 2005, to exclude preliminary experiences with RFA. During this period,
a total of 28,510 patients with HCC were registered and received surgical resec-
tion, RFA or PEI as the primary treatment with curative intent for HCC. We iden-
tified 12,968 patients who met the following criteria: (1) liver function classified
as liver damage A or B defined by the Liver cancer Study Group of Japan [13]; (2)
number of tumors 3 or less; (3) maximum tumor diameter 63 cm. The 12,968
patients were divided into 3 groups according to the treatment received: SR
group (n = 5361, 41.3%), RFA group (n = 5548, 42.8%), and PEI group (n = 2059,
15.9%). The diagnostic criteria and details of follow-up were described previously
[8]. Because it has been unusual for biopsies to be performed in cases treated by
percutaneous ablation in Japan, histological findings such as microscopic vascular
invasion, tumor grading, and microscopic intrahepatic metastasis were not eval-
uated in this study. Relevant clinical data were collected and analyzed.

Statistical analyses

The baseline characteristics of the three groups (Table 1) were compared by anal-
ysis of variance for continuous variables and by Chi-square or Mantel-trend tests
for categorical variables. Consistent with our preliminary report [9], the SR group
had a higher proportion of younger patients and male patients than the RFA and
PEI groups. Hepatitis C virus infection was less prevalent in the SR group than in
the RFA and PEI groups. Based on the liver damage class, serum albumin and total
bilirubin levels, platelet counts, and the indocyanine green retention rate at
15 min, liver function was better in the SR group than in the RFA and PEI groups,
consistent with our previous report [9]. As for tumor-related factors, the number
of tumors was smaller, and the maximum tumor diameter was larger in the SR
group than in the RFA or PEI group. The SR group had the lowest proportion of
patients with abnormally elevated alpha-fetoprotein levels (P15 ng/ml) and
the highest proportion of patients with abnormally elevated des-c-carboxy pro-
thrombin levels (P40 AU/ml).

Overall survival and time to recurrence curves were plotted using the Kap-
lan–Meier method and compared with the use of the log-rank test. Recurrence
was diagnosed on the basis of imaging studies, clinical data, and/or histopathol-
ogical studies at each institution [9].

The therapeutic impacts of surgical resection, RFA and PEI were estimated
using a Cox proportional hazards model including the following 10 covariates:
age, gender, liver damage class, hepatitis C virus antibody, hepatitis B surface
antigen, platelet count, number of tumors, tumor size, and serum alpha-fetopro-
tein and des-c-carboxy prothrombin levels. The results of multivariate analysis
were expressed as hazard ratios with 95% confidence intervals. p values of
<0.05 were considered to indicate statistical significance.

For the subgroup analyses, the study populations were classified into 8 sub-
groups according to the tumor size (< or P2 cm), tumor number (single or multi-
ple), and liver damage class (A or B). Macroscopic vascular invasion was excluded
from the subgroup analyses because its presence is a contraindication to percuta-
neous ablation therapies. The therapeutic impacts of the three treatments were
evaluated in each of these subgroups, and hazard ratios with 95% confidence
intervals and p values were calculated according to the above three factors
(tumor size, number of tumors, and liver damage class).

Results

The median follow-up after treatment was 2.16 years, and the
5th and 95th percentiles were 0.14 and 5.19 years, respectively.
The overall survival rates at 3/5 years were 85.3%/71.1% in the
SR group, 81.0%/61.1% in the RFA group, and 78.9%/56.3% in the
PEI group (Fig. 1). The median survival times were 8.4, 5.9, and
5.6 years in the three groups, respectively. The time to recurrence
rates at 3/5 years in the 3 groups were 43.3%/63.8%, 57.2%/71.7%,
and 64.3%/76.9%, respectively (Fig. 2).

According to the results of the multivariate analysis, the haz-
ard ratio for death in the SR group was 0.84 (0.74–0.95, p = 0.006)
relative to that in the RFA group, and 0.75 (0.64–0.86, p = 0.0001)
relative to that in the PEI group (Table 2A). The hazard ratios for
recurrence in the SR group were 0.74 (0.68–0.79, p = 0.0001) and
0.59 (0.54–0.65, p = 0.0001) relative to those in the RFA and PEI
groups, respectively (Table 2B). These results indicated that the
overall survival and time to recurrence rates were both signifi-
cantly better in the SR group than in the RFA and PEI groups.

The overall survival rates following surgical resection, RFA and
PEI in the 4 subgroups with a single tumor are shown in Fig. 3A–
D. The results of the subgroup analyses (summarized in Fig. 4A)
showed that the overall survival was significantly longer in the
SR group than in the RFA group in 2 subgroups of patients,
namely, those who had a single tumor smaller than 2 cm in diam-
eter with liver damage class A, and those who had a single tumor
2 cm or larger in diameter with liver damage class B.

As shown in Fig. 4B, the time to recurrence was shorter in the
SR group than that in the RFA group in the 4 following subgroups:
patients with a single tumor with liver damage class A (regard-
less of the tumor size), those with multiple tumors 2 cm or larger
in diameter with liver damage class A, and those with a single
tumor 2 cm or larger in diameter with liver damage class B.

Discussion

Our study showed that surgical resection was associated with
significantly lower risk of both death and recurrence as compared
to RFA and PEI in patients with early or moderately advanced
HCC. Our previous preliminary report [9] suggested that surgery
reduces the risk of recurrence, but failed to demonstrate any dif-
ference in the overall survival between surgery and percutaneous
ablation therapies in patients with early or moderately advanced
HCC. The present study reconfirms that surgery is associated with
a reduced recurrence rate and newly shows that surgery yields a
longer overall survival than percutaneous ablation therapies.

Differences in the results between the present study and pre-
vious investigations are most likely related to the sample size and
length of follow-up. The total number of subjects increased mark-
edly from 7185 in our previous study to 12,968 in this study, and
the median follow-up period increased from 10.4 months to
2.16 years (25.9 months). These factors are considered not only
to have enhanced the reliability of our findings, but also to have
strengthened our conclusions. We believe that our results, which
are, of course, subject to the inherent drawbacks of the study
design, are meaningful, given the current lack of credible data
derived from well-designed RCTs.

The large sample size and prolonged follow-up period also
allowed us to perform several subgroup analyses, which were
not feasible in our previous study [9]. We classified the patients
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into 8 subgroups according to 3 factors (liver damage class, tumor
size, and number of tumors), which have repeatedly been shown
to be clinically relevant prognostic factors. The results of the sub-

group analyses indicated that surgical resection would effectively
prevent recurrence in patients with relatively advanced HCC (2–
3 cm in diameter) among the study populations, irrespective of
liver damage class or number of tumors. This finding suggests
that surgery might be superior to percutaneous ablation thera-
pies in patients with a more advanced tumor stage. As for the
subgroups with a single tumor, surgical resection yielded better
overall survival and time to recurrence rates than RFA or PEI.
Especially in the subgroup with a single tumor smaller than
2 cm in diameter, both the overall and time to recurrence rates
were statistically significantly better after surgery than after
RFA, whereas no such statistically significant differences in these
two parameters between the two treatment groups were
detected in a few subgroups with a single tumor, maybe due to
the insufficient sample size of the subgroups. Thus, surgical
resection would be considered as the treatment modality of first
choice for a single HCC, as recommended by the Japanese clinical
practice guideline [2]. Overall, there was a trend toward superior

Table 1. Baseline characteristics.

Variables SR RFA PEI p value
n = 5361 n = 5548 n = 2059

Age, median (5, 95 percentile), yr 66 (48, 77) 69 (52, 80) 69 (52, 80) <0.0001a

Sex <0.0001b

Male, No. (%) 3967 (74.0) 3569 (64.3) 1303 (63.3)
Female, No. (%) 1394 (26.0) 1979 (35.7) 756 (36.7)

Hepatitis virus infection <0.0001b

HBs Ag(+)/HCV-Ab(-), No. (%) 908 (16.9) 462 (8.3) 141 (6.8)
HBs Ag(-)/HCV-Ab(+), No. (%) 3393 (63.3) 4263 (76.8) 1632 (79.3)
HBs Ag(+)/HCV-Ab(+), No. (%) 106 (2.0) 87 (1.6) 32 (1.6)
HBs Ag(-)/HCV-Ab(-), No. (%) 760 (14.2) 512 (9.2) 160 (7.8)
Unknown 194 (3.6) 224 (4.0) 94 (4.6)

Liver damage <0.0001b

A, No. (%) 4000 (74.6) 3349 (60.4) 1204 (58.5)
B, No. (%) 1361 (25.4) 2199 (39.6) 855 (41.5)

Serum albumin, median (5, 95 percentile), g/dl 3.9 (3.1, 4.6) 3.7 (2.9, 4.4) 3.7 (2.8, 4.4) <0.0001a

Serum total bilirubin, median (5, 95 percentile), mg/dl 0.8 (0.4, 1.5) 0.9 (0.4, 1.9) 0.9 (0.4, 2.2) <0.0001a

Platelet count, median (5, 95 percentile), x 104/µl 12.6 (5.8, 24.0) 9.9 (4.5, 20.4) 9.5 (4.4, 19.6) <0.0001a

ICG R15, median (5, 95 percentile), % 15 (5, 35) 22 (7, 51) 24 (8, 51) <0.0001a

Tumor number <0.0001c

Single, No. (%) 4458 (83.2) 4068 (73.3) 1449 (70.4)
Two, No. (%) 706 (13.2) 1096 (19.8) 443 (21.5)
Three, No. (%) 197 (3.7) 384 (6.9) 167 (8.1)

Tumor size, median (5, 95 percentile), mm 23 (12, 30) 20 (10, 30) 17 (10, 30) <0.0001a

Alpha-fetoprotein <0.0001b

≥15 ng/ml, No. (%) 2726 (50.9) 3028 (54.6) 1125 (54.6)
<15 ng/ml, No. (%) 2457 (45.8) 2301 (41.5) 828 (40.2)
Unknown, No. (%) 178 (3.3) 219 (3.9) 106 (5.2)

Des-γ-carboxy prothrombin <0.0001b

≥40 AU/ml, No. (%) 2182 (40.7) 1593 (28.7) 541 (26.3)
<40 AU/ml, No. (%) 2651 (49.5) 3322 (59.9) 1169 (56.8)
Unknown, No. (%) 528 (9.9) 633 (11.4) 349 (17.0)

HBsAg, hepatitis B virus antigen; HCV-Ab, hepatitis C virus antibody; ICG R15, indocyanine green retention rate at 15 min.
aANOVA.
bChi-square.
cMante-trend test.
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Fig. 1. Overall survival curves after surgical resection (SR), radiofrequency
ablation (RFA), and percutaneous ethanol injection (PEI).
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overall and time to recurrence rates after surgery than after RFA
and PEI.

The reason why the long-term outcomes of the SR group were
better than those of the PEI and RFA groups cannot be definitely

clarified from the results of this study, however, in theory, surgi-
cal resection has the advantage of offering better local control of
HCC over PEI and RFA, both of which have some potential risks of
local recurrence associated with insufficient ablation. In addition,
anatomic resection to remove minute tumor satellites [14] might
have decreased the recurrence rate in the SR group, although this
remains a speculation.

Recently, the latest trial from China [15], which had an ade-
quate sample size (total 230 patients), reported that surgical
resection yielded significantly better long-term outcomes than
RFA. Although the study design was better than that of the two
previously reported RCTs [10,11], it appeared to have limitations
with respect to the results, such as drop in the overall survival in
the RFA group as compared with that in the surgery group during
the early period after treatment. The early deaths in the RFA
group could have been treatment-related rather than cancer-
related. Thus, no conclusion can be drawn from the three cur-
rently available RCTs.

One of the limitations of our study is the diversity of demo-
graphic factors in the study population, which would have been
caused by the selection process of treatment modalities. As sim-
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Fig. 2. Time to recurrence curves after surgical resection (SR), radiofrequency
ablation (RFA), and percutaneous ethanol injection (PEI).

Table 2. Hazard ratios for death and recurrence adjusted by multivariate analysis.

A  For death

Variables Hazard ratio 95% CI p value
Treatments SR vs. RFA 0.84 0.74, 0.95 0.006

SR vs. PEI 0.75 0.64, 0.86 0.0001
RFA vs. PEI 0.88 0.77, 1.01 0.08

Age <65 vs. ≥65 0.71 0.63, 0.79 0.0001
Sex Female vs. male 0.87 0.78, 0.98 0.03
HBsAg Positive vs. negative 0.91 0.74, 1.11 0.34
HCV Ab Positive vs. negative 0.93 0.79, 1.10 0.40
Liver damage A vs. B 0.62 0.56, 0.69 0.0001
Platelet count ≥104 vs. <104/μl 0.76 0.68, 0.85 0.0001
Tumor size <2 vs. ≥2 cm 0.82 0.73, 0.92 0.0007
Tumor number Single vs. multiple 0.72 0.64, 0.80 0.0001
AFP <15 vs. ≥15 ng/ml 0.66 0.59, 0.74 0.0001
DCP <40 vs. ≥40 AU/ml 0.59 0.53, 0.66 0.0001

B  For recurrence

Variables Hazard ratio 95% CI p value
Treatments SR vs. RFA 0.74 0.68, 0.79 0.0001

SR vs. PEI 0.59 0.54, 0.65 0.0001
RFA vs. PEI 0.81 0.74, 0.88 0.0001

Age <65 vs. ≥65 0.83 0.78, 0.89 0.0001
Sex Female vs. male 0.88 0.82, 0.95 0.0001
HBsAg Positive vs. negative 1.04 0.92, 1.17 0.53
HCV Ab Positive vs. negative 1.15 1.04, 1.27 0.007
Liver damage A vs. B 0.87 0.81, 0.93 0.0001
Platelet count ≥104 vs. <104/μl 0.92 0.86, 0.98 0.02
Tumor size <2 vs. ≥2 cm 0.84 0.79, 0.90 0.0001
Tumor number Single vs. multiple 0.69 0.64, 0.74 0.0001
AFP <15 vs. ≥15 ng/ml 0.71 0.67, 0.76 0.0001
DCP <40 vs. ≥40 AU/ml 0.72 0.67, 0.77 0.0001

HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus; Ab, antibody; AFP, alpha-fetoprotein; DCP, des-c-carboxy prothrombin; SR, surgical resection; RFA,
radiofrequency ablation; PEI, percutaneous ethanol injection; CI, confidence interval.
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ilar to the previous retrospective studies [5–9], the patients ame-
nable to surgery had had younger age, less prevalence of hepatitis

C virus infection, better liver function, less association with
portal hypertension, fewer number of tumors and lower alpha-
fetoprotein level, whereas their tumor size was larger and their
des-c-carboxy prothrombin level was higher. To minimize
potential effects of confounding factors, we studied patients
who had similar tumor-related and liver function-related
factors and performed multivariate analysis using 10 clinically
important factors, similar to our previous study [9]. Although it
is impossible to completely eliminate potential negative impacts
of demographic diversity, we believe that our results are
clinically meaningful, because of the large sample size of our
study. In Japan, a nationwide RCT in patients with HCC is now
ongoing, and the results are expected to lead to more definitive
conclusions [16].

Another potential limitation of our study is the lack of data on
liver function during the follow-up, which precluded assessment
of the relationship between the liver function status and the
choice of treatment at recurrence. In HCC, the influence of the
first treatment is considered to be smaller than that in other pri-
mary malignant diseases, because the liver function remarkably
affects the recurrence rate. Further investigations, particularly
prospective clinical trials, are needed to address these issues.

In conclusion, this large cohort study based on data obtained
by a nationwide survey in Japan, suggests that surgical resection
may offer some advantage over RFA and PEI in terms of both
overall survival and time to recurrence in patients with less
advanced HCC. Although our results are considered as being more
reliable than those of previous studies comparing the treatment
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Fig. 3. Overall survival rates after surgical resection (SR), radiofrequency
ablation (RFA), and percutaneous ethanol injection (PEI) in the subgroup of
cases with single tumor and liver damage class A and B. (A) Liver damage class
A, a single tumor (<2 cm); (B) liver damage class A, a single tumor (2–3 cm); (C)
liver damage class B, a single tumor (<2 cm); (D) liver damage class B, a single
tumor (2–3 cm).
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outcomes in HCC, our conclusions need to be confirmed by future
RCTs.
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p38α inhibits liver fibrogenesis and consequent
hepatocarcinogenesis by curtailing accumulation of reactive
oxygen species
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Abstract
Most hepatocellular carcinomas (HCCs) develop in the context of severe liver fibrosis and
cirrhosis caused by chronic liver inflammation, which also results in accumulation of reactive
oxygen species (ROS). In this study, we examined whether the stress activated protein kinase
p38α (Mapk14) controls ROS metabolism and development of fibrosis and cancer in mice given
thioacetamide (TAA) to induce chronic liver injury. Liver-specific p38α ablation was found to
enhance ROS accumulation, which appears to be exerted through the reduced expression of anti-
oxidant protein heat shock protein (HSP) 25 (Hspb1), a mouse homologue of HSP27. Its re-
expression in p38α-deficient liver prevents ROS accumulation and TAA-induced fibrosis. p38α-
deficiency increased expression of SOX2, a marker for cancer stem cells, and the liver
oncoproteins c-Jun (Jun) and Gankyrin (Psmd10) and led to enhanced TAA-induced
hepatocarcinogenesis. The up-regulation of SOX2 and c-Jun was prevented by administration of
the antioxidant butylated hydroxyanisole. Intriguingly, the risk of human HCC recurrence is
positively correlated with ROS accumulation in liver. Thus, p38α and its target HSP25/HSP27
appear to play a conserved and critical hepatoprotective function by curtailing ROS accumulation
in liver parenchymal cells engaged in oxidative metabolism of exogenous chemicals. Augmented
oxidative stress of liver parenchymal cells may explain the close relationship between liver
fibrosis and hepatocarcinogenesis.
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Introduction
The liver plays an important role in oxidative metabolism and detoxification of endogenous
and exogenous chemicals. The most common detoxification mechanism depends on
cytochrome p450-mixed function oxidases (1). As a result, extensive and repetitive exposure
to toxic chemicals can lead to accumulation of reactive oxygen species (ROS) in hepatocytes
that are actively engaged in the detoxification of such chemicals. ROS accumulation can
cause liver injury, which often progresses to liver fibrosis, cirrhosis and cancer.

Hepatocellular carcinoma (HCC) is the most common form of liver cancer and the third
leading cause of cancer deaths worldwide and is usually associated with a very poor
prognosis (2). In addition to chronic exposure to toxic chemicals, chronic infections with
hepatitis B virus (HBV) or hepatitis C virus (HCV) as well as hepatosteatosis are the major
risk factors for both liver fibrosis and HCC (3). In the case of HCV, a virus estimated to
infect 4-5 million Americans (4), HCC develops only after one or more decades of chronic
infection, and elevated risk of HCC progression is restricted largely to patients with cirrhosis
or advanced fibrosis (5, 6). Although HCV-infected individuals with mild or nonhepatic
fibrosis are unlikely to develop HCC, once cirrhosis is established, HCC develops at a rate
of 1-4% per year (6). Thus, the risk of hepatocarcinogenesis depends on background liver
factors, of which fibrosis is a major one. Development and progression of liver fibrosis is
associated with hepatocyte death and a subsequent inflammatory response (7), both of which
involve ROS accumulation in injured hepatocytes (8). Hence, a better understanding of
hepatoprotective mechanisms that prevent ROS accumulation and their impact on
fibrogenesis and carcinogenesis is of great importance.

The chemical thioacetamide (TAA) can induce liver cirrhosis and cancer of the bile ducts
when given to rats over a period of several months (9). However, as described here we
found that mice given TAA for 10 months develop HCC rather than cholangiocellular
carcinoma subsequent to appearance of severe liver fibrosis, thus providing a model that
closely mimics the natural history of human HCV-related liver disease. In addition, the
histology of the TAA-exposed rat liver was reported to resemble human liver cirrhosis (10).
Thus, the mouse TAA model may be suitable for studying the relationship between ROS
accumulation, liver fibrogenesis and hepatocarcinogenesis and allows studies to be carried
out that are of relevance to human HCV-related liver disease.

Mitogen and stress activated protein kinases (MAPK/SAPK) play a pivotal role in the
transduction of extracellular signals to the nucleus, thereby modulating numerous cellular
responses, including cell survival, proliferation, differentiation, and metabolism (11, 12).
One of the SAPKs, p38α, the major p38 MAPK isoform, is activated in response to
inflammation and oxidative stress and in turn controls expression of cytokines,
inflammatory mediators, survival genes and anti-oxidants (13-16). As ubiquitous p38α
ablation in all cells results in midgestational lethality, mainly due to placental insufficiency
(17-20), we used a conditional p38α “floxed” (p38αF/F) strain (21) to generate p38αΔhep

mice, lacking p38α in liver parenchymal cells, to assess the role of this kinase in
development of liver cancer (15). In the course of these studies we found that p38α
prevented the accumulation of ROS in liver parenchymal cells exposed to the hepatic
carcinogen diethylnitrosamine (DEN). We now describe that p38α also prevents ROS
accumulation, liver fibrogenesis and subsequent hepatocarcinogenesis in mice exposed to
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TAA. In both models, p38α prevents ROS accumulation by controlling the expression of
heat shock protein (HSP) 25, the mouse homolog of human HSP27. Restoration of HSP25
expression in the p38α-deficient liver prevents TAA-induced ROS accumulation and
fibrogenesis. We also show that the risk of HCC recurrence in post-hepatectomy patients is
positively associated with ROS accumulation in the non-tumor liver tissue.

Materials and Methods
Animals, tumor induction and analysis

p38αF/F mice (21) were crossed with Alb-Cre mice (Jackson lab, Bar Harbor, Maine) to
generate p38αΔhep mice (15). All mice were maintained in the C57BL/6 background in
filter-topped cages on autoclaved or non-autoclaved food at UCSD and Kinki University,
respectively. Mice were given 0.03% TAA in drinking water. After 10 months on normal
chow, mice were sacrificed and analyzed for presence of HCCs. Tumor-occupied areas were
measured using Image J software.

Biochemical and immunochemical analyses
JNK assays, real time Q-PCR, immunoblotting, and immunohistochemistry were previously
described (15). The primer sequences for TIMP-1, PDGF-b, SOX2 and gankyrin were;
forward primer 5′-CCAGAACCGCAGTGAAGAGT-3′, reverse primer 5′-
AAGAAGCTGCAGGCATTGAT-3′; and forward primer 5′-
CCTCGGCCTGTGACTAGAAG-3′, reverse primer 5′-
AAGGCTCCTGCACACTTGTT-3′; forward primer 5′-
GAACGCCTTCATGGTATGGT-3′, reverse primer 5′-
TTGCTGATTCTCCGAGTTGTG-3′; respectively. Antibodies used were: anti-HSP27/25,
anti-α-fetoprotein (Santa Cruz Biotechnology, Santa Cruz, CA); anti-actin (Sigma, St.
Louis, MO); anti-α-smooth muscle actin (α-SMA) (Dako, Glostrup, Denmark); anti-p38α,
anti-MAPKAPK2, anti-phospho-MAPKAPK2, anti-SOX2 (Cell Signaling, Danvers, MA);
anti-PRMO1 (CD133, Abnova, Newmarket Suffolk, England); anti-c-kit (R&D systems);
anti-JNK1, (Pharmingen, San Diego, CA). Immunohistochemistry was performed using
ABC staining kit (Vector Laboratory, Burlingame, CA) according to manufacturer’s
recommendations. TUNEL staining was performed on tissue sections using In Situ
Apoptosis Detection Kit (Takara, Tokyo, Japan). To examine accumulation of superoxide
anions or H2O2, freshly prepared frozen liver sections were incubated with 2 μM
dihydroethidine hydrochloride (Invitrogen, Carlsbad, CA) or 5 μM 5-[and-6]-
chloromethyl-2′,7′-dichlorodihydrofluorescein diacetate (Invitrogen), respectively for 30
min at 37°C, after which they were observed by fluorescent microscopy and quantified with
Metamorph software. Protein oxidation was assessed by the OxyBlot Protein Oxidation
Detection Kit (Millipore, Billerica, MA). Sirius Red staining was performed to quantitate the
amount of collagen present. To analyze the relative fibrotic area, the Sirius Red positive
areas were measured in six random fields (100×) on each slide and quantified using NIH
imaging software. Myeloperoxidase (MPO) activity was measured using MPO Activity
Assay Kit (Invitrogen). Livers were homogenized in MPO buffer (0.5% hexadecyl trimethyl
ammonium bromide, 10 mM EDTA, 50 mM Na2HPO4, pH 5.4). Hydroxyproline content
was measured as described (22).

Adenoviral transduction
Adenovirus expressing HSP25 was prepared as described (15). Adenovirus stocks were
injected via the tail vein at 1×109 plaque-forming units (PFU)/mouse. Before infection, virus
stocks were dialyzed against PBS containing 10% glycerol.
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Patients and specimens
HCC tissues and non-cancerous liver tissues were obtained from 43 patients, respectively,
who had undergone curative hepatectomy for HCC at the Kinki University Hospital between
2004 and 2010. The specimens used were routinely processed, formalin-fixed, and paraffin-
embedded. After hematoxylin-eosin staining, all samples were diagnosed as HCC. Non-
cancerous tissue and HCC specimens were frozen and stocked at −80. The demographic
profiles of the patients are summarized in Supplementary Table. The study protocol
conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved
by the institutional review boards. Written informed consents were obtained from all
patients for subsequent use of their resected tissues.

Statistical analysis
Data are presented as means ± SEM. Differences were analyzed by Fisher’s exact test or
Student’s t test. Recurrence free survival curves were calculated by the Kaplan-Meier
method and analyzed by the log-rank test. P values < 0.05 were considered significant.

Results
Enhanced fibrogenesis in p38αΔhep mice

Hepatic stellate cells (HSCs) which undergo a transition from a quiescent to an activated
state after liver injury play an important part in the pathogenesis of liver fibrosis (23). HSC
activation includes increased proliferation rate, a phenotypic transition to a myofibroblast-
like, smooth muscle α-actin (α-SMA) expression, and a dramatic increase in the synthesis
of extracellular matrix proteins. After 8 weeks of TAA treatment, we observed
inflammation, HSC activation and formation of fibrotic septa as assessed histologically or
by immunohistochemistry with a specific antibody against α-SMA (Fig. 1A). p38αΔhep

mice exhibited more TAA-induced liver damage assessed by ALT release, and hepatocyte
apoptosis measured by a TUNEL assay, relative to controls (Fig. 1A and B). Neutrophil
infiltration was enhanced, based on measurement of myeloperoxidase (MPO) activity (Fig.
1C). In addition, there were higher numbers of α-SMA-positive cells, higher levels of
hydroxyproline and larger fibrotic areas in p38αΔhep mice compared with control mice (Fig.
1D-F). No significant difference in serum ALT levels or fibrotic areas was found between
male and female p38αΔhep mice (data not shown).

We examined the consequences of p38α deletion in liver parenchymal cells on expression of
fibrogenic markers. Loss of p38α significantly enhanced expression of the mRNAs for
col1α1, TIMP1, TGF-β1 and PDGFb (Fig. 1G). No difference in the expression of these
fibrogenic markers was found in uninjured livers taken from p38αF/F and p38αΔhep mice
(data not shown).

Enhanced ROS accumulation in p38αΔhep mice accounts for increased liver injury and
fibrogenesis

A causal link between oxidative stress and liver fibrosis was proposed (24). We assessed the
accumulation of hepatocyte superoxides by staining freshly frozen liver sections with
dihydroethidine (DHE), whose oxidation gives rise to the fluorescent derivative ethidine.
More extensive fluorescence was seen in periportal areas (zone 1) after TAA administration
in p38αΔhep mice than in control mice (Fig. 2A, B). Notably, the histological location of
TAA-induced ROS accumulation differs from that of DEN-induced ROS, which are mainly
detected in centrilobular (zone 3) hepatocytes (15, 25). This differential distribution of ROS
positive hepatocytes is likely to be due to a difference in the metabolism of the two
compounds. Whereas DEN is metabolically activated by Cyp2E1 which is more abundant in
zone 3 hepatocytes (26), TAA can be converted to more toxic metabolites via a
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thioacetamide S-oxide intermediate by several enzymes including Cyp2B (27), whose
spatial distribution in the liver is affected by exposure to different chemicals and growth
factors (28). Increased H2O2 accumulation in livers of TAA-treated p38αΔhep mice was also
detected using the ROS indicator 5-[and-6]-chloromethyl-2′,7′-dichlorodihydrofluorescein
diacetate (CM-H2DCFDA) (Fig. 2A). p38αΔhep mice were found to have higher levels of
oxidized protein in comparison to p38αF/F mice (Fig. 2B).

To evaluate the contribution of oxidative stress to TAA-induced liver damage and fibrosis,
we placed a group of mice on chow diet supplemented with the antioxidant butylated
hydroxyanisole (BHA). p38αΔhep mice kept on this diet showed a significant reduction in
TAA-induced liver injury (Fig. 2C) and fibrosis (Fig. 2D). Thus, loss of p38α enhances
TAA-induced cell death and fibrogenesis through mechanisms that may depend on ROS
accumulation.

The p38α-induced anti-oxidant gene HSP25 inhibits TAA-induced fibrosis
As previously described for DEN-treated mice (15), HSP25 expression was also induced by
TAA administration and the extent of induction was much lower in p38αΔhep mice relative
to p38αF/F controls (Fig. 3A, B). HSP25 was reported to inhibit ROS accumulation (29, 30).
Adenoviral transduction of HSP25 into p38αΔhep liver (Supplementary Fig. 1) prevented
TAA-induced ROS accumulation, protein oxidation (Fig. 3C, D), liver damage (Fig. 3E) and
fibrogenesis (Fig. 3F, G). These results provide further support to the notion that the
enhanced accumulation of ROS in the p38α-deficient liver is responsible for the enhanced
fibrogenic response of p38αΔhep mice.

Decreased expression of MAPKAP kinase-2 and increased expression of SOX2, c-Jun and
Gankyrin in TAA-treated p38αΔhep mice

Previous studies have described a critical role for c-Jun and JNK in mediating HCC
development (31, 32). In the TAA model, p38α deficient livers exhibited elevated c-Jun
expression and increased JNK activity (Fig. 4A, B). Whereas cytokine-driven compensatory
proliferation was suggested to promote DEN-induced hepatocarcinogenesis (15, 25, 33),
there was no significant increase in IL-6, and TNFα and IL-1β expression in TAA-treated
p38αΔhep mice relative to p38αF/F controls (Fig. 4B). An important downstream target for
p38 is MAPKAP kinase-2 (MAPKAPK2) and MAPKAPK2-deficient cells are more
sensitive to DNA damage-induced cell death (34). As shown in Fig. 4C, MAPKAPK2
expression and phosphorylation is down-regulated in p38α deficient livers. Pluripetency-
associated transcription factors like SOX2 and Nanog are known as regulators of cellular
identity in embryonic stem cells. More recently SOX2 has been shown to participate in
reprogramming of adult somatic cells to a pluripotent stem cell state and has been implicated
in tumorigenesis in various organs (35). Loss of p38α significantly enhanced the expression
of SOX2 mRNA and protein in TAA-treated mice (Fig. 4D and 4F). Gankyrin, a liver
oncoprotein, was reported to mediate dedifferentiation and facilitate the tumorigenecity of
rat hepatocytes (36). p38αΔhep miceexhibited a significant increase in gankyrin expression
after TAA administration (Fig. 4E, F). No difference in the expression of Gankyrin was
found in uninjured livers taken from p38αF/F and p38αΔhep mice (data not shown). To
evaluate the contribution of oxidative stress to the increase in expression of these genes, we
placed a group of mice on chow diet supplemented with the antioxidant BHA. p38αΔhep

mice kept on this diet showed a significant reduction in SOX2 and c-Jun expression, but not
the Gankyrin expression (Fig. 4G). Immunohistochemical analysis revealed that putative
hematopoietic stem cells, c-kit-positive cells, were recruited to TAA treated livers (Fig. 4H)
but not in non-treated livers (data not shown). We confirmed that c-kit-positive cells
expressed p38α in p38αΔhep mice (Fig. 4H). Between p38αF/F and p38αΔhep livers, there
was no significant difference in the number of c-kit-positive cells (data not shown),
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indicating that hepatic p38α deficiency does not increase hematopoietic stem cell
recruitment.

Enhanced hepatocarcinogenesis in p38αΔhep mice
p38αF/F and p38αΔhep mice were given TAA in drinking water for 10 months. When
sacrificed, all p38αΔhep mice given TAA developed typical liver cirrhosis and 50% of
p38αΔhep mice had ascites, a common clinical finding indicative of portal hypertension. The
liver surface was irregular, closely resembling human cirrhotic liver (Fig. 5A). All the
p38αF/F and p38αΔhep mice given TAA for 10 months developed well-differentiated HCCs
(Fig 5B), whereas only a few and small number of cholangiocellular carcinomas were found.
Many tumors were positive for α-fetoprotein (AFP) expression, a tumor marker specific for
HCC (Fig. 5C). Tumor sizes and areas were considerably larger in p38αΔhep mice relative
to similarly treated p38αF/F controls (Fig. 5D). In contrast to mice, TAA-treated rats
develop cholangiecellular carcinoma (9). This may be because CD133-positive stem cells
are induced by TAA in mice but not in rats (Fig. 5E).

Association between risk of HCC recurrence and protein oxidation in human liver
Forty-two patients with HCC were recruited in this study. Clinocopathological profiles of
the patients and their HCCs are shown in Supplementary Table. Intrahepatic HCC
development after hepatectomy is caused by de novo HCC development and/or metastasis
from the resected HCC. The risk of the former depends on background liver factors such as
liver fibrosis, while the risk of the latter mainly depends on the characteristics of the
resected HCC (37). In mouse models, HSP25-mediated inhibition of ROS accumulation is
involved in control of liver fibrogenesis and can subsequently attenuate de novo HCC
development. We examined whether this hypothesis is applicable to humans, focusing on
non-cancerous liver tissues rather than cancers to assess the potential for de novo HCC
development or rapid progression of lesions that were undetectable or pre-neoplastic at the
time of resection. In patients exhibiting HCC recurrence after hepatectomy, protein
oxidation levels in the non-tumor tissues, but not in tumors, were significantly higher than in
those without HCC recurrence (Fig. 6A). In addition, patients with low protein oxidation in
non-cancerous liver had a prolonged recurrence-free survival (Fig. 6B). In conclusion,
elevated ROS accumulation in the liver is associated with increased risk of human HCC
development or recurrence.

Discussion
Oxidative stress is thought to play a major role in the pathogenesis of hepatic fibrosis (8)
and cancer development (38, 39), exerting many effects, including alteration of gene
expression (40), enhanced cell death and proliferation as well as genomic instability (39).
However, the exact impact of oxidative stress and anti-oxidant responses on hepatic fibrosis
and subsequent HCC development needs to be better understood. We previously found that
the p38α MAPK pathway prevents ROS accumulation in mice exposed to the non-
fibrogenic hepatic carcinogen DEN (15). Here we describe that p38α activity is also
important for suppression of ROS accumulation upon TAA administration, which leads to
induction of fibrosis, cirrhosis and HCC. In the absence of the p38α target HSP25, the
TAA-exposed p38αΔhep liver shows elevated ROS accumulation that correlates with
augmented liver damage in these mice. Increased susceptibility to liver damage in p38αΔhep

mice is reversed by administration of the small molecule antioxidant BHA or restoration of
HSP25 expression. These results support the hypothesis that increased ROS accumulation
may be the main cause of hepatocyte death in p38α-deficient mice regardless of the
hepatotoxic chemical to which they were exposed. Expression levels of MAPKAPK2 and
phospho-MAPKAPK2 were decreased in the p38α depleted livers. Given the protective role
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of MAPKAPK2 in DNA damage-induced cell death (34), the down-regulation of
MAPKAPK2 expression and phosphorylation that take place in the absence of p38α, are
likely to contribute, at least in part, to increased liver damage in p38αΔhep mice. Hepatocyte
death activates an inflammatory response, which promotes HSC activation via a paracrine
mechanism (24), which we and others have suggested to involve IL-1α release (15, 41).
This inflammatory response results in excessive synthesis of extracellular matrix proteins
and fibrosis development (23). Correspondingly, BHA administration or restoration of
HSP25 expression reverses enhanced thioacetamide-induced fibrogenesis caused by the
p38α deficiency. A strong correlation between liver fibrogenesis and hepatocarcinogenesis
has been reported in patients infected with HCV (6) and HCV infection has been
demonstrated to cause ROS accumulation and oxidative stress (42). We find that enhanced
protein oxidation in the non-cancerous portion of human liver is associated with a high risk
of HCC recurrence after hepatectomy. These data support an important role of ROS
accumulation within liver parenchymal cells in liver fibrogenesis and subsequent
hepatocarcninogenesis.

HSP25/HSP27 has anti-oxidant properties (29, 30). Mice given TAA showed an inverse
correlation between HSP25 expression and ROS accumulation in the liver. In addition, we
found that elevated ROS accumulation correlated with the presence of HCC recurrence after
hepatectomy. However, we did not observe a statistically significant relationship between
HSP27 expression and ROS accumulation in human livers (data not shown). Whilst elevated
HSP27 expression reduces ROS accumulation, HSP27 expression itself is up-regulated
following oxidative stress (43). Most probably, our findings may reflect complex
mechanisms regulating ROS accumulation via several molecules in the human liver. The
exact relationship between HSP27 and oxidative stress in human parenchymal cells remains
to be elucidated. In the mouse liver, however, it is quite clear that p38α negatively regulates
ROS accumulation through induction of HSP25, which maintains parenchymal cell viability
and suppresses liver fibrogenesis. Enhanced cell death caused by the absence of p38α
results in increased inflammation and hepatic fibrogenesis, which eventually augments HCC
development, as seen before in DEN-treated mice (15, 32). Thus, the anti-tumorigenic
activity of hepatocyte p38α is not model specific and may also apply to human liver.

Stem cell function is central for the maintenance of normal tissue homeostasis. SOX2 forms
the core of the self-renewal transcription network in embryonic stem cells. Selective
downregulation of SOX2 induces embryonic stem cell differentiation and exit from the
pluripotent stem cell state. By contrast, combinatorial overexpression of SOX2, Nanog and
other transcription factors was shown to reprogram several types of adult somatic cells to a
pluripotent stem cell like state (44-46). In these experiments, cells were reprogrammed fully
or only partially (47), possibly due to heterogeneous exposure to reprogramming factors. It
is tempting to speculate that acquisition or overexpression of SOX2 can promote
tumorigenesis by processes that resemble partial reprogramming (35, 44, 47). In our study,
we showed that p38α deletion increased expression of SOX2 through enhanced ROS
accumulation. Hepatocyte dedifferentiation has been reviewed as a key cellular event during
hepatocarcinogenesis (48). Gankyrin, also named 26S proteasome non-ATPase regulatory
subunit 10, is a critical oncoprotein overexpressed in human HCC. A close association of
Gankyrin expression with hepatocyte dedifferentiation were observed and differentiation
induced by Gankyrin interference reduced the population of cancer stem cells in hepatoma
cell lines (36), suggesting that Gankyrin promotes HCC development by driving
dedifferentiation of hepatocytes and facilitating HCC stem/progenitor cell generation. We
found that the p38α deficiency enhances the induction of Gankyrin expression in livers of
TAA-treated mice. Recently, JNK activation was reported to be involved in stem cell
expansion in human HCC (49). JNK activity was significantly enhanced in p38α-deficient
liver. The inactivation of p38α also leads to an immature and hyperproliferative lung
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epithelium that is highly sensitized to tumorigenesis (50). It has been shown that the
Albumin-Cre driver does not only lead to deletion of genes in hepatocytes, but also deletes
genes in hepatic precursor cells. These data suggest an important role of p38α in regulating
hepatic stem/precursor cell behavior.

In conclusion, p38α plays a critical role in liver fibrogenesis and hepatocarcinogenesis
through the control of HSP27 expression and ROS accumulation in the mouse TAA model
which may be suitable for studying the pathogenesis of HCV-related HCC development.
Importantly, the risk of human HCC recurrence after hepatectomy is positively correlated
with protein oxidation in liver. Deletion of p38α upregulates expression of SOX2 and
Gankyrin, which may be involved in cancer stem cell maintenance.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Enhanced fibrogenesis in p38αΔhep mice.
(A) Histological and immunohistological analysis of livers from mice treated with TAA for
8 weeks. Liver sections were examined using H&E and Sirius Red staining,
immunohistochemistry with α-SMA specific antibody and TUNEL staining. (B) ALT levels
in serum were determined after 8 weeks of TAA treatment. Results are means ± SEM (n=8).
*, p<0.05 vs. control (F/F) mice. (C) Extent of neutrophil infiltration was determined by
MPO assay. MPO activity in untreated liver was given an arbitrary value of 1.0. Results are
means ± SEM (n=8). (D-F) The surface area stained with Sirius Red or antibody against α-
SMA was quantified. Hepatic hydroxyproline content was measured. Results are means ±
SEM (n=6). (G) Mice were treated with TAA for 8 weeks and liver RNA was extracted.
Relative mRNA amounts of the indicated genes were determined by real time Q-PCR and
normalized to the amount of actin mRNA. The amount of each mRNA in untreated liver was
given an arbitrary value of 1.0. Results are means ± SEM (n=8).

Sakurai et al. Page 11

Cancer Res. Author manuscript; available in PMC 2013 July 01.

 Europe PM
C

 Funders A
uthor M

anuscripts
 Europe PM

C
 Funders A

uthor M
anuscripts

— 218 —



Figure 2.
Enhanced ROS accumulation in p38αΔhep mice accounts for increased liver injury and
fibrogenesis.
(A) Frozen liver sections prepared after 8 weeks of TAA treatment were incubated with 2
μM dihydroethidine hydrochloride (DHE) or 5 μM 5-[and-6]-chloromethyl-2′,7′-
dichlorodihydrofluorescein diacetate (DCFDA) for 30 min at 37°C. Cells staining positively
for the oxidized dyes were identified by fluorescent microscopy (original magnification
×100). (B) Protein oxidation was assessed by immunoblotting (OxyBlot) and quantified
using NIH image analysis software. Results are means ± SEM (n=6). *, p<0.05 vs. control
(F/F) mice. (C, D) Mice were fed either BHA-supplemented (0.7%) or regular chow. After 4
weeks of TAA treatment, serum ALT was measured in p38αF/F (F/F) and p38αΔhep mice
(C) and the surface area stained with Sirius Red was quantified in p38αΔhep mice (D).
Results are means ± SEM (n=6). *, p<0.05.
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Figure 3.
The p38α-induced anti-oxidant gene HSP25 inhibits TAA-induced fibrosis.
(A) Mice were treated with TAA for 8 weeks and their livers isolated and homogenized.
Homogenates were gel-separated and immunoblotted with the indicated antibodies. (B)
Mice were treated as above and total liver RNA was extracted at the indicated times.
Amounts of mRNA relative to those in untreated p38αF/F livers were determined by real
time Q-PCR. Results are means ± SEM (n=6). *, p<0.05 vs. control (F/F) mice. (C-G)
p38αΔhep mice were infected with an adenovirus-expressing HSP25 or a control adenovirus
20 hrs before TAA treatment. Frozen liver sections prepared after 4 weeks of TAA treatment
were incubated with 2 μM DHE for 30 min at 37°C and photographed. (C). Protein
oxidation was assessed by immunoblotting (OxyBlot) and quantified using NIH image
analysis software (D). ALT levels in serum were determined after 4 weeks of TAA
treatment (E). Sections of livers prepared after 4 weeks of TAA treatment were examined by
Sirius Red staining. The numbers below the panels indicate relative fibrotic areas (F).
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Hepatic hydroxyproline content was measured (G). Results are means ± SEM (n=6). *,
p<0.05.

Sakurai et al. Page 14

Cancer Res. Author manuscript; available in PMC 2013 July 01.

 Europe PM
C

 Funders A
uthor M

anuscripts
 Europe PM

C
 Funders A

uthor M
anuscripts

— 221 —



Figure 4.
Decreased expression of MAPKAP kinase-2 and increased expression of SOX2, c-Jun and
gankyrin in TAA-treated p38αΔhep mice.
Mice of the indicated genotypes were given TAA for 8 weeks and their livers isolated,
homogenized. (A) JNK activity was determined by immunecomplex kinase assay. Protein
recovery was determined by immunoblotting with JNK1 antibody. The numbers below the
panels indicate relative JNK activities determined by densitometry. (B, D, E) Liver RNA
was extracted. Relative amounts of cytokine, Nanog, SOX2 and Gankyrin mRNAs were
determined by real time Q-PCR and normalized to the amount of actin mRNA. The amount
of each mRNA in untreated liver was given an arbitrary value of 1.0. Results are means ±
SEM (n=6). (C, F) Homogenates of liver tissues were gel-separated and immunoblotted with
the indicated antibodies. Representative data are shown. The numbers below the panels
indicate relative expression levels determined by densitometry. (G) p38αΔhep mice were fed
either BHA-containing (0.7%) or regular chow and treated with TAA for 8 weeks. Relative
amounts of mRNAs were determined by real time Q-PCR and normalized to the amount of
actin mRNA. The amount of each mRNA in untreated liver was given an arbitrary value of
1.0. Results are means ± SEM (n=6). (H) Immunohistochemistry was performed on frozen
liver sections of TAA-treated p38αΔhep mice. Cells stained with indicated antibodies were
identified by confocal microscopy. Scale bar = 50μm.
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Figure 5.
Enhanced hepatocarcinogenesis in p38αΔhep mice.
(A) Livers of p38αΔhep and p38αF/F mice after 10 months of TAA treatment. (B, C)
Sections of livers were examined using H&E staining (B) and by immunohistochemistry
with α-fetoprotein (AFP) specific antibody (C). Original magnification: 200×. N, non-
cancerous liver tissues; T, tumors. Distinction between tumor and non-cancerous liver tissue
was made by H&E staining. (D) Maximal tumor sizes (diameters) and percentages of liver
area occupied by tumors in p38αF/F (F/F, n=8) and p38αΔhep (n=8) mice. *, p<0.05 vs.
control mice (F/F). (E) Sprague-Dawley rats and p38αF/F control mice were given TAA
(0.03%) for 5 weeks and their livers isolated. Homogenates of rat and mouse liver tissues
were gel-separated and immunoblotted with the indicated antibodies. The numbers below
the panels indicate relative CD133 expression levels..
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Figure 6.
Associations between the risk of HCC recurrence and protein oxidation in human liver.
(A) Protein oxidation was assessed in tumors and non-tumorous human liver tissues by
immunoblotting (OxyBlot) and quantified using NIH image analysis software. *, p<0.05 vs.
patients without HCC recurrence. (B) Recurrence free survival vs protein oxidation. The
Kaplan-Meier method was used to determine recurrence free survival and the log-rank test
was used to compare recurrence free survival between patients grouped according to amount
of protein oxidation in liver.
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Abstract
!

Initially, a set of guidelines for the use of ultra-
sound contrast agents was published in 2004
dealing only with liver applications. A second
edition of the guidelines in 2008 reflected
changes in the available contrast agents and up-
dated the guidelines for the liver, as well as im-
plementing some non-liver applications. Time
has moved on, and the need for international
guidelines on the use of CEUS in the liver has be-
come apparent. The present document describes
the third iteration of recommendations for the
hepatic use of contrast enhanced ultrasound
(CEUS) using contrast specific imaging tech-
niques. This joint WFUMB-EFSUMB initiative
has implicated experts frommajor leading ultra-
sound societies worldwide. These liver CEUS
guidelines are simultaneously published in the
official journals of both organizing federations
(i.e., Ultrasound in Medicine and Biology for
WFUMB and Ultraschall in der Medizin/Europe-
an Journal of Ultrasound for EFSUMB). These
guidelines and recommendations provide gener-
al advice on the use of all currently clinically
available ultrasound contrast agents (UCA).
They are intended to create standard protocols
for the use and administration of UCA in liver ap-
plications on an international basis and improve
the management of patients worldwide.
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AUC area under the curve
AUWI area under the wash in
AUWO area under the wash out
CCC cholangiocellular carcinoma
CT computed tomography
CECT contrast enhanced computed tomography
CEMRI contrast enhanced magnetic resonance imaging
CEUS contrast enhanced ultrasound
DCE-US dynamic contrast enhanced ultrasound
ECG electrocardiogram
EMA European Medicines Agency
EFSUMB European Federation of Societies for Ultrasound in

Medicine and Biology
FLAUS Latin-American Federation of Societies for Ultrasound

in Medicine and Biology
FLL focal liver lesion(s)
FNH focal nodular hyperplasia
HA hepatic artery
HCA hepatocellular adenoma
HCC hepatocellular carcinoma
ICU intensive care unit
ICUS International Contrast Ultrasound Society
IO-CEUS intraoperative contrast enhanced ultrasound
IOUS intraoperative ultrasound
IVC inferior vena cava
MI mechanical index
MIP maximum intensity projection
MRI magnetic resonance imaging
MTT mean transit time (TIC parameter)
PI peak intensity
PV portal vein (portal venous)
RECIST response evaluation criteria in solid tumors
RF radio-frequency
SPIO superparamagnetic iron oxide
SWI slope of the wash in (TIC parameter)
TIC time intensity curve(s)
TPI time to peak intensity (TIC parameter)
UCA ultrasound contrast agent(s)
US ultrasound or ultrasonography
USA-FDA United States of America Food and Drug

Administration
WFUMB World Federation for Ultrasound in Medicine and

Biology
WHO World Health Organization

Preamble
!

The present document describes the third iteration of recom-
mendations for the hepatic use of contrast enhanced ultrasound
(CEUS) and contrast specific imaging techniques introduced ten
years ago in Europe and Canada.
Initially, a set of guidelines for the use of ultrasound contrast
agents (UCA) was published in the 2004 edition of Ultraschall in
der Medizin (European Journal of Ultrasound) dealing only with
liver applications [5]. Subsequently, CEUS was introduced into
other important guidelines and recommendations for the diag-
nostic strategy of focal liver lesions (FLL) in cirrhosis, including
the guidelines of the American Association for the Study of Liver
Diseases (AASLD) 2005 [14], the Asian Pacific Association for the
Study of the Liver consensus recommendations on hepatocellular
carcinoma (HCC) [111] and the recommendations of the Japan

Society of Hepatology [79]. A second edition of the guidelines in
2008 reflected changes in the available contrast agents and upda-
ted the guidelines for the liver [31]. CEUS has also been recom-
mended in guidelines for several non-liver applications, which
have recently been updated under the auspices of European Fed-
eration of Societies for Ultrasound in Medicine and Biology (EF-
SUMB) as non-liver guidelines [116].
Time has moved on, and the need for worldwide guidelines on
the use of CEUS in the liver has become apparent. World Federa-
tion for Ultrasound in Medicine and Biology (WFUMB) and EF-
SUMB initiated further discussions in 2010, in conjunction with
the Asian Federation of Societies for Ultrasound in Medicine and
Biology (AFSUMB), American Institute of Ultrasound in Medicine
(AIUM), Australasian Society for Ultrasound in Medicine (ASUM)
and International Contrast Ultrasound Society (ICUS) to bring the
2008 liver guidelines up-to-date, recognizing the fact that con-
trast agents are now licensed in many parts of the world, includ-
ing Australasia, Brazil, Canada, China, Europe, India, Japan and
Korea.
This joint WFUMB-EFSUMB venture has resulted in a liver CEUS
simultaneous duplicate on liver CEUS in the official journals of
WFUMB and EFSUMB (i. e., Ultrasound in Medicine and Biology
and Ultraschall in der Medizin/European Journal of Ultrasound).
To produce the new CEUS liver guidelines and recommendations,
a meeting of representatives from 36 European (France, Den-
mark, Germany, Italy and the UK), North American (Canada and
the USA), Asian (China, India, Japan and Korea) and Australian ex-
perts was held in Chicago in December 2010.While a significant
portion of the work was accomplished at the meeting, the group
continued to meet via conference calls and at local meetings.
As before, these guidelines are based on comprehensive literature
surveys, including results from prospective clinical trials. On to-
pics where no significant study data were available, evidence
was obtained from expert committee reports or was based on
the consensus of experts in the field of ultrasound (US) and
CEUS during the consensus conferences. During the meeting of
experts in Chicago, many additional new developments were dis-
cussed and included. Others were believed to be too early in their
development to be included in the current recommendations.
These guidelines and recommendations provide general advice
on the use of UCA. They are intended to create standard protocols
for the use and administration of UCA in liver applications on an
international basis and improve the management of patients. In-
dividual cases must be managed on the basis of all clinical data
available.

1. General Considerations (Technical Aspects)
!

1.1. Introduction
The development of microbubble ultrasound contrast agents has
overcome some of the limitations of conventional B-mode and
Doppler ultrasound techniques for the liver and enabled the dis-
play of the parenchymal microvasculature [31]. The enhance-
ment patterns of lesions can be studied during all vascular pha-
ses (arterial, portal venous, late and postvascular phases), in a
similar fashion to contrast enhanced computed tomography
(CECT) and contrast enhanced magnetic resonance imaging
(CEMRI) but in real time and under full control of the ultrasound
operator. UCA have different pharmacokinetics from commonly
used contrast agents for computed tomography (CT) andmagnet-
ic resonance imaging (MRI) in that they are confined to the vas-
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cular space whereas the majority of contrast agents for CT and
MRI are rapidly cleared from the blood pool into the extravascu-
lar space [37]. In addition, some UCA have a late or a postvascular
phase during which they are retained in the liver (and in the
spleen) [37].
An inherent advantage of CEUS is the opportunity to assess the
contrast enhancement patterns in real time, with a much higher
temporal resolution than is possible with other imaging modal-
ities, so that the enhancement dynamics of lesions can be stud-
ied. There is no need to predefine scan time points or to perform
bolus tracking. Furthermore, the excellent tolerance and safety
profiles of UCA allow for their repeated administrations in the
same session when needed. Regrettably, UCA studies are subject
to the same limitations as other types of ultrasound imaging: as a
general rule, if the baseline ultrasound is suboptimal, CEUS may
be disappointing.
There are limitations in the use of CEUS in the liver:

▶ Limitations of resolution of CEUS or particular scanning condi-
tions mean that the smallest detectable lesions range between
3 and 5mm in diameter [92].

▶ Very small FLL may be overlooked.

▶ Subdiaphragmatic lesions, especially those in segment VIII,
may not be accessible to conventional US or CEUS. Intercostal
scanning and positioning the patient in the left decubitus posi-
tion can help reduce this limitation.

▶ Since CEUS has limited penetration, especially in steatosis,
deep-seated lesions may not be accessible. Again, scanning in
the left lateral decubitus position brings the liver forward and
closer to the transducer and can help to reduce this limitation;
it should be part of the routine survey.

▶ The falciform ligament and surrounding fat can cause an en-
hancement defect that may be confused with a FLL.

1.2. Commercially available UCA for the liver
The UCA currently used in diagnostic US of the liver are micro-
bubbles consisting of gas bubbles stabilized by a shell [31]. Three
are in common use today as follows:

▶ SonoVue® (sulfur hexafluoride with a phospholipid shell)
Bracco SpA, Milan, Italy, introduced in 2001. Licensed in Eur-
ope, China, India, Korea, Hong Kong, New Zealand, Singapore
and Brazil.

▶ Definity®/Luminity® (octafluoropropane [perflutren] with a
lipid shell) Lantheus Medical, Billerica, MA, USA, introduced
in 2001. Licensed in Canada and Australia.

▶ Sonazoid® (perfluorobutane with a phospholipid shell: hydro-
genated egg phosphatidyl serine). Daiichi-Sankyo, GE Tokyo,
Japan, introduced in 2007. Licensed in Japan and now South
Korea.

There are several other UCA which may be useful in liver studies
but they are either not licensed for the liver in any country or, in
the case of Levovist® (Bayer Schering AG, Germany), production
has ceased.
For product information regarding handling, composition, packa-
ging, storage, indications and contraindications of these agents,
contact the manufacturing company.

1.3. Background on UCA and contrast specific modes
UCA strongly increase the backscatter of US regardless of wheth-
er the microbubbles are flowing or stationary. The low solubility
of the gases in currently licensed UCA improves their stability
and provides good resonance behavior at low acoustic pressures.
This allows minimally disruptive contrast-specific imaging and

enables effective investigation over several minutes to visualize
their dynamic enhancement patterns in real time.
Because of their physical size (equal to or smaller than red blood
cells), UCA act as blood pool agents and allow depiction of both
the macrovasculature and the microvasculature [34]. Despite
their varied physicochemical composition, all UCA have similar
behaviors for CEUS imaging, rapidly enhancing the vascular pool
after intravenous injection, with slow dissipation over about
5min. An exception to this behavior occurs with Sonazoid®,
which has an extended late phase, herein termed the “postvascu-
lar phase” in which it persists for several hours in the liver and
spleen, long after it has disappeared from the detectable vascular
pool. Sonazoid® is phagocytozed by Kupffer cells and this un-
doubtedly contributes to its persistence in the liver. This postvas-
cular phase is often referred to as “the Kupffer phase” [153].
Contrast-specific US modes cancel the linear US signals from tis-
sue and utilize the nonlinear responses from the microbubbles to
form images [31]. This nonlinear microbubble response can be
produced by two different mechanisms:

▶ Stable nonlinear oscillations at low acoustic pressure, which is
nowadays the standard modality for most CEUS examinations.

▶ Disruption at higher acoustic pressures to give broadband
nonlinear responses.

Nonlinear harmonic US signals also arise from tissue because the
sound waves become distorted during their propagation. These
“tissues harmonics” increase with increasing acoustic pressure,
which is roughly indicated by the mechanical index (MI), (see
section 1.8) [7, 132, 138, 140]. However, a low MI is usually cho-
sen for continuous real-time imaging, and for minimizing micro-
bubble destruction. MI is considered as “low” when ≤0.3 but
most systems work optimally with MI far below 0.3 (as low as
0.05).
Current contrast specific imaging enables effective tissue cancel-
lation to generate almost pure microbubble images. Each manu-
facturer has developed proprietary techniques for this and ade-
quate cancellation is indicated by near-disappearance of the
ultrasound parenchymal liver structures (the screen goes black),
though strong reflectors, such as vascular structures and the dia-
phragm/lung interface, remain barely visible. Correct settings on
the ultrasound scanner and the scanning mode are important to
avoid artifacts [41]. Inappropriately high MI and gain are the two
most common causes of tissue signals being wrongly displayed.

1.4. Intermodality comparison
For characterization of FLL, the enhancement patterns observed
during the arterial, portal venous and late phases are generally
similar among CEUS, CECT and CEMRI. The real-time nature of
US allows depiction of early arterial phase enhancement which
is sometimes missed on CT and MRI because they have lower
frame rates. Discordance has also been shown in some lesions
during the portal venous and late phases when CT and MRI con-
trast materials diffuse into the tumor interstitium and may con-
ceal wash out [148]. On the other hand, postvascular phase ima-
ging with Sonazoid® shows patterns similar to those described
with superparamagnetic iron oxide (SPIO)-MRI [75].

1.5. Equipment and contrast signal detection
See companies’websites for references and specification.

1.6. Clinical practitioner training
Investigators wishing to perform CEUS examinations are recom-
mended to gain experience by observing contrast studies being
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performed by experts in this field. EFSUMB has defined three lev-
els of training in its minimal training requirements (EFSUMB
2006) [1] and recommends that CEUS should be performed by
operators at a competence level higher than level 1 (EFSUMB
2010: Appendix 14) [3].
They should also ensure that their equipment is optimized for
CEUS by discussion with their equipment manufacturer. In addi-
tion, a sufficient volume and variety of pathology are essential to
acquire and maintain an adequate level of skill. Practitioners
need competence in the intravenous administration of contrast
agents, familiarity with any contraindications and ability to deal
with any possible adverse effects within the medical and legal
framework of their country.

1.7. Safety considerations
!

In general, UCA are safe with a very low incidence of side effects.
There are no cardio-, hepato- or nephrotoxic effects. Therefore, it
is not necessary to perform laboratory tests to assess liver or kid-
ney function before their administration.
The incidence of severe hypersensitivity events is lower than
with current X-ray contrast agents and is comparable to those
encountered with MRI contrast agents. Life-threatening anaphy-
lactoid reactions in abdominal applications have been reported
with a rate of 0.001%, with no deaths in a series of > 23000 pa-
tients [113]. Nonetheless, investigators should be trained in re-
suscitation and have the appropriate facilities available.
Deaths in critically ill patients who have undergone contrast
echocardiography examinations have been reported but with no
evidence of a causal relationship [101]. Contraindications for the
use of SonoVue® were defined by the European Medicines Agen-
cy (EMA) in 2004. In 2007, the United States of America Food and
Drug Administration (US-FDA) issued contraindications for the
use of Definity® and Optison® (GE Healthcare, licensed for cardiac
use) in patients with severe cardiopulmonary disease, and im-
posed echocardiogram (ECG) monitoring for 30min after injec-
tion (US-FDA Alert 10/2007). The contraindications were down-
graded to warnings in May 2008 following review of recent
studies on contrast reactions and postmarketing studies supplied
by the manufacturers at the request of the FDA [48]; in 2011, the
requirement to observe the patient for 30min after injection was
removed. Numerous subsequent studies have been conducted to
examine adverse reactions to UCA in cardiac applications [71]
and these have indicated an excellent safety profile. One study
[81] demonstrated the positive impact of the use of UCA in cardi-
ac examinations: additional procedures were avoided or therapy
changed in over 35% of patients. Another large study reported
better survival in acute cardiac disorders undergoing UCA admin-
istration in comparison to those receiving echocardiography
without UCA [102].
Although there is a theoretical possibility that the interaction of
diagnostic ultrasound and UCA could produce bioeffects, there is
no clinical evidence for adverse effects on the human liver. Cellu-
lar effects that have been observed in vitro include sonoporation,
hemolysis and cell death [133]. Data from small animal models
suggest that microvascular disruption can occur whenmicrobub-
bles are insonated [133]. Thus, in general, low MI should be pre-
ferred for CEUS of the liver. Where diagnostic information can
only be obtained using high MI sequences, the benefits vs. the
risks of the procedure should be assessed and the mode selected
for the benefit of the patient.

There is limited data on the use of UCA in pregnancy, during
breastfeeding or in pediatrics [117]. The implied contraindica-
tions can be overridden according to clinical judgment and with
dedicated informed consent in case of need.
All administration decisions and procedures for the use of UCA
should be made with the local regulatory restrictions in mind.
Some general recommendations include:

▶ As in all diagnostic ultrasound procedures, the operator
should be mindful of the desirability of keeping the displayed
MI low and of avoiding unduly long exposure times.

▶ Caution should be exercised when using UCA in patients with
severe coronary artery disease.

▶ As with all contrast agents, resuscitation facilities must be
available.

▶ The use of UCA should be avoided 24h prior to extracorporeal
shock wave therapy.

1.8. Terminology
The appearance of a lesion or region-of-interest in the liver
should be described in terms of the degree and timing (phase)
of enhancement.
Degree of enhancement: describing the region in terms of vascu-
larity (e. g., hypervascular, hypovascular) may be incorrect from a
histologic point of view and describing the degree of enhance-
ment is preferred.

▶ Enhancement refers to the intensity of the signal relative to
that of the adjacent parenchyma: either equal to, isoenhan-
cing; greater than, hyperenhancing; or less than, hypoenhan-
cing.

▶ Sustained enhancement usually refers to continuance of en-
hancement in the lesion over time.

▶ Complete absence of enhancement can be described as none-
nhancing. When a region is nonenhancing in the postvascular
phase with Sonazoid®, the term “enhancement defect” is often
used in clinical practice.

Phase of enhancement

▶ The enhancement pattern should be described separately for
the different phases, which for the liver comprise the arterial,
the portal venous, the late phases and, in case of Sonazoid®,
also the postvascular phase. Conventional, but imprecise time
points, separate these different phases (see section 2.1.1).

▶ “Wash in” used for both qualitative and quantitative analysis,
refers to the period of progressive enhancement within a re-
gion of interest from the arrival of microbubbles in the field
of view to “peak enhancement” and “wash out phase” refers
to the period of reduction in enhancement which follows
peak enhancement.

Mechanical index
MI refers to the mechanical index of an ultrasound system, which
is an estimate of the maximum amplitude of the pressure pulse
in tissue, reflecting the power of the system. In very simple
terms, higher MI tends to correspond to higher acoustic pressure
emission and consequently to more rapid disruption of micro-
bubbles. In physical terms, the MI is defined as:

where PNP is the peak negative pressure of the ultrasound wave
(in MPa and derated for modeled attenuation) and Fc is the center
frequency of the ultrasound wave (MHz).

MI = PNP

c(F )√
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Data types
Different types of data have been used in CEUS studies [138]:

▶ RF data refers to the radiofrequency information after the
beam former.

▶ Raw data refers to the data after the phase information in the
RF data has been removed.

▶ Linear data refers to the RF or Raw data, before compression.

▶ Videodata refers to the data after log (or quasi log) compres-
sion for video display.

2. CEUS for Characterization of Focal Liver Lesions
!

CEUS should be performed with knowledge of all prior imaging,
the patient’s demographics and the clinical history, exactly as for
a conventional ultrasound examination. This is particularly im-
portant for lesion characterization because the range of tumor
types differs between cirrhotic and noncirrhotic livers. Accord-
ingly, in these guidelines the characterization of FLL is described
separately for patients with and without cirrhosis.

2.1. Characterization of FLL in the noncirrhotic liver
2.1.1. Background
The dual blood supply of the liver from the hepatic artery (25–
30%) and the portal vein (70–75%) gives rise to three overlap-
ping vascular phases on CEUS study (●" Table 1):

▶ The arterial phase provides information on the degree and
pattern of the arterial vascular supply. Depending on the indi-
vidual’s circulatory status, the hepatic arterial phase generally
starts within 20 s after injection and continues to 30–45 s.
This phase may occur very rapidly and the real-time nature of
CEUS is needed to capture them, often best seen in a slow re-
play of a stored cine loop.

▶ The portal venous phase usually lasts until 2min after injec-
tion. These two early phases are very similar between the dif-
ferent available UCA (SonoVue®, Definity®, Sonazoid®).

▶ The late phase lasts until the clearance of the UCA from the cir-
culation and is limited to 4–6min.

The additional postvascular (or Kupffer) phase for Sonazoid® be-
gins 10min after injection and lasts for an hour or more. To en-
sure that there is no overlap with the late phase, postvascular
phase scanning should not be performed sooner than 10min
after injection.
All of these times may be shortened by microbubble disruption if
the liver is imaged continuously, even at a low MI.
Late and postvascular phase enhancement provide important in-
formation regarding the character of a lesion as most malignant
lesions are hypoenhancing while the majority of solid benign le-
sions are iso- or hyperenhancing [9, 31, 127, 128, 136, 143, 147].

2.1.2. Study procedure
LowMI contrast-specific techniques allow dynamic evaluation of
the three vascular phases for all UCA and also of the postvascular
phase for Sonazoid®:

▶ Any investigation should start with conventional B-mode and
Doppler techniques.

▶ After identification of the target lesion, the transducer is held
still while the scanner is switched to low MI contrast-specific
imaging.

▶ A dual screen format showing a low MI B-mode image along-
side the contrast-only display aids anatomic guidance. This is
useful for small lesions to ensure that the target is kept within
the field of view during CEUS.A difficulty with the split screen
method is that a lowMI is used for both panels and this means
that the gray scale display is noisy so that smaller and low con-
trast lesions may be difficult to image. On some scanners, con-
ventional and CEUS images are not split onto two screens but
overlaid with different color scales.

▶ UCA is administered as a bolus injection followed by a flush of
normal saline 0.9%.

▶ Ideally, the diameter of the venous line should not be smaller
than 20 G to avoid destruction of microbubbles during injec-
tion. Central line and port systems can be used as long as there
is no filter requiring a high injection pressure but contrast ar-
rival time will be shorter.

▶ A stop clock should be started at the time of UCA injection.

▶ Because of the dynamic nature of real-time CEUS, essential
clips for each vascular phase should be recorded.

▶ Assessment of the arterial and portal venous phases should be
carried out without interruption. For the late phase, intermit-
tent scanning may be used until the disappearance of the UCA
from the liver’s microvasculature. Under some circumstances,
especially for HCC, the examination may need to be continued
for up to 5min because wash out may be delayed [109].

▶ Injection can be repeated when a lesion has been detected in
the portal venous phase or in the late/postvascular phase to
study the arterial phase and in the case of multiple FLL. Rein-
jection should be postponed until most microbubbles have
vanished and the CEUS screen is almost black again, which
can be expected after 6–10min using SonoVue® and Defi-
nity®.

2.1.3. Image interpretation and differentiation of benign
from malignant lesions
CEUS can often establish a definitive diagnosis or otherwise facil-
itate the clinical decision as to whether a sonographically detect-
ed liver lesion needs further investigation.

2.1.4. Benign liver lesions
Sustained enhancement in the portal and late phases is typically
observed in almost all solid benign liver lesions. They can be fur-
ther characterized by their enhancement patterns during the ar-
terial phase, (e. g., enhancement of thewhole lesion [typical of fo-
cal nodular hyperplasia] or initial peripheral globular/nodular
enhancement [in hemangiomas]).
The enhancement patterns are summarized in●" Table 2.

Hemangioma
CEUS has markedly improved the accurate diagnosis of heman-
giomas, which is now possible in about 95% of cases [136]. The
typical CEUS features of a hemangioma are peripheral nodular
enhancement in the arterial phase, progressing in a centripetal

Table 1 Vascular phases in CEUS of the liver (visualization postinjection
time).

phase start (s) end (s)

arterial 10 – 20 30 – 45

portal venous (PV) 30 – 45 120

late > 120 bubble disappearance
(approx. 4 – 6min)

The portal and late phases start at the end of the preceding one. Individual hemo-
dynamic and other factors (e. g., site of injection) may influence their time of onset.
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direction to partial or complete fill-in. The filling lasts from sec-
onds to minutes and is more rapid in smaller lesions. Enhance-
ment is sustained through the late and postvascular phases.
High flow (or shunt) hemangiomas show rapid homogeneous hy-
perenhancement in the arterial phase and can be confused with
focal nodular hyperplasia (FNH), or rarely with hepatocellular
adenomas or carcinomas. Thrombosed hemangiomas can be con-
fused with malignancies because of the lack of enhancement in
the thrombosed portions, which may be misinterpreted as wash
out [43].

Focal nodular hyperplasia
FNH is a benign hepatic lesion that is usually discovered inciden-
tally. It can be managed conservatively in most patients. Color
Doppler techniques are helpful to visualize the spoke-wheel vas-
cular pattern which strongly supports the diagnosis of FNH
[44, 115] more sensitively shown on CEUS, especially with maxi-
mum intensity projection (MIP) technique. On CEUS, FNH typi-
cally appears as a hyperenhancing homogeneous lesion in all
phases. Hyperenhancement is obvious and usually marked in
the arterial phase, with a rapid fill-in from the center outwards
(70%) or with an eccentric vascular supply (30%) [44]. During
the portal venous and late phases, FNH may remain slightly hy-
perenhancing or become isoenhancing [115] and a centrally loca-

ted scar may be seen, hypoenhancing in the late phase. In small
or deeply located lesions, it can be helpful to switch to color Dop-
pler techniques after the CEUS study and use the remaining cir-
culating microbubbles to enhance the Doppler signals for im-
proved recognition of the typical spoke-wheel vascular pattern.
Postvascular phase imaging (Sonazoid®) shows iso- or hyperen-
hancement [61].

Hepatocellular adenoma
Hepatocellular adenoma (HCA) is a benign estrogen-dependent
tumor, which is often discovered incidentally [44]. HCA is an in-
dication for surgery, particularly when larger than 5 cm (risk of
hemorrhage and possible malignant transformation). On CEUS,
HCA exhibit arterial hyperenhancement, usually initially at the
periphery with subsequent very rapid centripetal filling, the op-
posite direction to that seen in FNH. However, this arterial en-
hancement pattern can also be encountered in HCC and hyper-
enhancing metastases and is not pathognomonic of HCA. The
transition from the arterial hyperenhancing to the isoenhancing
appearance occurs at the beginning of the portal venous phase,
usually earlier than in FNH [44, 115]. In most cases, the enhance-
ment patterns of HCA may suggest malignancy when wash out
occurs in the late phase, one of the few causes of false positives
on CEUS.

Table 2 Enhancement patterns
of benign focal liver lesions in the
non cirrhotic and cirrhotic liver.

lesion arterial phase portal venous phase late phase

A. noncirrhotic liver

hemangioma

typical features peripheral nodular
enhancement

partial/complete
centripetal fill in

complete enhancement

additional features small lesion: complete,
rapid centripetal
enhancement

nonenhancing regions

FNH

typical features hyperenhancing from the
center, complete, early

hyperenhancing iso/hyperenhancing

additional features spoke-wheel arteries unenhanced central scar unenhanced central scar

feeding artery

hepatocellular adenoma

typical features hyperenhancing,
complete

isoenhancing isoenhancing

additional features nonenhancing regions hyperenhancing slightly hypoenhancing

nonenhancing regions nonenhancing regions

focal fatty infiltration

typical features isoenhancing isoenhancing isoenhancing

focal fatty sparing

typical features isoenhancing isoenhancing isoenhancing

abscess

typical features peripheral enhancement,
no central enhancement

hyper-/isoenhancing rim,
no central enhancement

hypoenhancing rim, no
central enhancement

additional features hypoenhancing rim

enhanced septa enhanced septa

hyperenhanced liver
segment

hyperenhanced liver seg-
ment

simple cyst

typical features nonenhancing nonenhancing nonenhancing

B. cirrhotic liver

regenerative nodule (±dysplastic)

typical features (not
diagnostic)

isoenhancing isoenhancing isoenhancing

additional features hypoenhancing

In cirrhotic liver simple cysts, hemangiomas and abscesses may also be found and show the same enhancement pattern as in noncirrhotic
livers. All other entities are rare findings in cirrhotic livers.
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Focal fatty change
Focal fatty change, either fat infiltration or fatty sparing, may si-
mulate masses on conventional B-mode US.Differential diagnosis
is important, especially in patients with underlying malignant
disease or with an atypical location of suspected focal fatty
changes. Focal fatty change shows exactly the same enhancement
patterns as the adjacent liver parenchyma in all phases [62].

Infection
Phlegmonous inflammation has variable and sometimes confus-
ing CEUS appearances, which change as they evolve, early lesions
being hyperenhancing, while mature lesions develop hypoen-
hancing foci as liquefaction progresses.
Mature abscesses typically show marginal enhancement in the
arterial phase, sometimes with enhancement of septae followed
by venous hypoenhancement. Lack of enhancement in the lique-
fied portions is the most prominent feature [19, 20, 95].
The appearances of granulomas and focal tuberculosis on CEUS
are variable but the majority show peripheral enhancement in
the arterial phase with wash out in the portal and late phases,
which may be difficult or impossible to differentiate from malig-
nancies. The clinical history is important and the diagnosis is
usually obtained on histopathology or microbiology [18, 95].

Other benign lesions
Active hemorrhage demonstrates contrast extravasationwhereas
hematomas show no enhancement.
Cysts show no contrast enhancement at all. CEUS is not needed
for simple cysts but is useful to evaluate complicated or atypical
cysts.
Inflammatory pseudotumor is a rare disease whose definite diag-
nosis is usually only made at surgery. It may show arterial en-
hancement and late phase hypoenhancement, falsely suggesting
malignancy [43].

Hepatic angiomyolipoma is a rare benign mesenchymal tumor
with heterogeneous echogenicity on baseline ultrasound. CEUS
shows arterial hyperenhancement [145].
Cholangiocellular adenomas (CCA or bile duct adenoma) are rare
lesions that are usually small (90% <1 cm). CEUS may show
strong arterial enhancement and early wash out in the portal
and late phases (they lack portal veins), falsely suggesting malig-
nancy [65].

2.1.5.Malignant liver lesions
Hypoenhancement of solid lesions in the late and postvascular
phases, corresponding to the wash out phenomenon characteri-
zes malignancies. Almost all metastases show this feature, re-
gardless of their enhancement pattern in the arterial phase.
Very few exceptions to this rule have been reported, mainly in
atypical HCC (●" Table 3).

HCC in the noncirrhotic liver
HCC are usually hyperenhancing in the arterial phase, typically
with a chaotic vascular pattern. In the portal venous and late pha-
ses, HCC usually shows hypoenhancement apart from well-dif-
ferentiated HCC that may be isoenhancing. Hyperenhancement
in the arterial phase is believed to be homogeneous with fill
from the periphery. However, this information is based only on
expert opinion. The fibrolamellar variant of HCC has nonspecific
appearances on B-mode. According to expert opinion and a single
case report, they show rapid hyperenhancement with a hetero-
geneous pattern in the arterial phase and rapid wash out [103].

Cholangiocarcinoma (intrahepatic cholangiocellular carcinoma)
Intrahepatic cholangiocarcinomas have a variety of patterns in
the arterial phase but all show late phase wash out, in contrast
to the late enhancement on CECTor CEMRI [24, 25, 152]. The typ-
ical pattern of malignancy is better displayed by CEUS than by
CECT or CEMRI. Peripheral cholangiocarcinoma may also be sus-

Table 3 Enhancement patterns
of malignant focal liver lesions in
the noncirrhotic and cirrhotic liv-
er.

lesion arterial phase portal venous phase late phase

A. noncirrhotic liver

metastasis

typical features rim-enhancement hypoenhancing hypo/nonenhancing

additional features complete enhancement nonenhancing regions nonenhancing regions

hyperenhancement

nonenhancing regions

HCC

typical features hyperenhancing isoenhancing hypo/nonenhancing

additional features nonenhancing regions nonenhancing regions nonenhancing regions

cholangiocarcinoma

typical features rim-like hyperenhancement,
central hypoenhancement

hypoenhancing nonenhancing

additional features nonenhancing regions nonenhancing regions nonenhancing regions

inhomogeneous

hyperenhancement

B. cirrhotic liver

HCC

typical features hyperenhancing, complete isoenhancing hypoenhancing (slightly or
moderately)

nonenhancing areas (if large) nonenhancing regions

additional features basket pattern, chaotic
vessels

isoenhancing

enhancing tumor thrombus

hypo/nonenhancing nonenhancing nonenhancing

Explanation: Other malignancies in cirrhosis have the same patterns as in noncirrhotic livers.
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pected on baseline US as surface retraction is a characteristic fea-
ture.

Metastases
Liver metastases can be detected and characterized reliably as
hypoenhancing lesions during the portal venous and late phases,
with very few exceptions. Wash out starts early, usually in the
portal venous phase, and is marked. Thus, they appear as pun-
ched-out “black foci” against the background of the uniformly en-
hanced normal liver. Larger traversing vessels can sometimes be
seen as enhancing lines within the lesion but these are not tumor
tissue and, thus, have the hemodynamics of the vascular tree, dis-
appearing in parallel with the main liver vessels rather than
being retained, as occurs in the normal liver parenchyma. In the
late phase, very small metastasesmay be conspicuous and lesions
that were occult on B-mode ultrasound can be detected [42].
Metastases usually show at least some contrast enhancement in
the arterial phase and sometimes this is marked and often it is
chaotic. Rim or halo enhancement is often seen. Only a few false
positive results have been observed, mainly from abscesses or ne-
crosis, old fibrous FNH, granulomas and inflammatory pseudotu-
mors [40, 45, 126].
Benign lesions such as cysts, calcifications, hemangiomas, FNH
and adenomas are found with the same frequency (5–20%) in
the metastatic liver as in a healthy population. Thus, the possibi-
lity of a benign FLL must be kept in mind when the liver is first
staged after the diagnosis of a cancer, especially with lesions
< 2 cm.

Lymphoma
Lymphoma shows variable arterial enhancement but characteris-
tic wash out in the portal venous and late phases, predictive of
malignancy [57].

2.1.6. Recommended uses and indications
CEUS should be performed and interpreted with knowledge of
the patient’s clinical history and investigations findings. When
the enhancement patterns are typical (in appropriate clinical set-
tings) hemangiomas, FNH, focal fatty change and malignancies
can all be characterized with confidence. FLL with atypical en-
hancement patterns or studies that are technically suboptimal
require further investigation, mainly with CECT and/or CEMRI.
CEUS is indicated for lesion characterization in the following clin-
ical situations:

▶ Incidental findings on routine ultrasound.

▶ Lesion(s) or suspected lesion(s) detected with US in patients
with a known history of a malignancy, as an alternative to CT
or MRI.

▶ Need for a contrast study when CT and MRI contrast are
contraindicated.

▶ Inconclusive MRI/CT.

▶ Inconclusive cytology/histology results.
Specificity and sensitivity are reduced in moderately or markedly
fatty livers and with deeply positioned lesions.

2.2. Characterization of FLL in the cirrhotic liver
2.2.1. Background
Types of FLL in cirrhosis
The FLL that occur in the cirrhotic liver are hepatocellular lesions
(> 95% of cases), peripheral cholangiocellular carcinomas (CCC),
lymphomas and hemangiomas. Other diagnoses may be consid-
ered, but they are very rare, for unknown reasons.

B-mode ultrasound may detect features of malignancy (such as
infiltration of adjacent structures, including vessels) but these
features are usually only seen in large nodules (>5 cm) and do
not help characterize smaller nodules.

Carcinogenic mechanism in HCC
The development of HCC is thought to occur through a multistep
pathway in about 90% of cases (International Consensus Group
for Hepatocellular Neoplasia 2009) [2] in the following sequence:

▶ Large regenerative nodule.

▶ Low- or high-grade dysplastic nodule.

▶ Dysplastic nodule with a focus of HCC.

▶ Well differentiated HCC.

▶ Moderately to poorly differentiated HCC.
Progression along this pathway is accompanied by a decrease in
both normal arterial and portal blood flow and a concurrent dis-
appearance of normal intranodular vessels [105]. Simultaneous
with this decline in normal vascularity, there is a progressive in-
crease in arterial flow from newly formed tumor vessels (neoan-
giogenesis). Therefore, hyperenhancement in the arterial phase
can be seen in HCC of all stages of differentiation [105]. These
changes are key elements for the characterization of hepatocellu-
lar nodules in cirrhosis during the vascular phases of contrast en-
hancement.
Beside the vascular changes, HCC nodules tend to be devoid of re-
ticuloendothelial cells (Kupffer cells), particularly with progres-
sive dedifferentiation from well to moderately and poorly differ-
entiated grades. This has become of particular importance with
the introduction of contrast agents with a postvascular phase,
where HCC shows as an enhancement defect.
The probability of HCC increases with nodule size. Nodules < 1 cm
are rarely malignant and ultrasound follow up (at 3-month inter-
vals) is sufficient, according to the AASLD guidelines [15]. Further
investigations should be started when the nodule enlarges to
over 1 cm. The rate of HCC is 66% in nodules 1–2 cm [55, 64], in-
creasing to about 80% in nodules of 2–3 cm in size [11] and is
above 92–95% for nodules larger than 3 cm. The most challen-
ging situation for imaging techniques is, therefore, the diagnosis
of nodules of 1–3 cm in diameter.

2.2.2. Study procedure
General recommendations for the study of FLL are summarized
above (see section 2.1.2). In addition, if the liver is cirrhotic, the
following points should be kept in mind.
Since the arterial phase is themost important in the setting of cir-
rhosis, good visualization of the nodule during normal breathing
is desirable. If this is impossible, it is important to practice coop-
eration with the patient so that the nodule can be visualized dur-
ing a breath hold, best taken about 10 s after contrast injection
and maintained for 15–30 s.
As microbubbles are disrupted despite the use of a low mechan-
ical index, acoustic output power should be reduced as much as
possible, while maintaining sufficient signal intensity, to allow
contrast persistence until the very late phase (beyond 3–4min),
which is often critical for the diagnosis of HCC. Furthermore,
when the arterial phase is over, the lesion should be scanned in-
termittently, not continuously, to minimize bubble disruption
that may cause difficulties in interpretation of subtle wash out.
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2.2.3. Image interpretation and evaluation
CEUS pattern and diagnosis of HCC (Table●" 3)
The key feature for the diagnosis of HCC in liver cirrhosis is hyper-
enhancement in the arterial phase, followed by wash out in the
late phase [15]. This pattern corresponds to HCC in more than
97% of cases [12, 49, 57, 144]. However, it has also been reported
in peripheral CCC and hepatic lymphoma, which comprise the re-
maining 1–3% of cases. The timing and intensity of wash out in
the latter lesions have not yet been described precisely [12, 49,
57, 144].
Arterial hyperenhancement is usually homogeneous and intense
in HCC, but may be inhomogeneous in larger nodules (> 5 cm),
which contain regions of necrosis. Rim enhancement is atypical
for HCC.
Wash out is observed overall in about half the cases of HCC but
more rarely in very small nodules (20–30% in those 1–2 cm,
40–60% in those 2–3 cm) [55, 92, 122]. Wash out is observed
more frequently in HCC with poorer grades of differentiation
than in well-differentiated HCC, which tend to be isoechoic in
the late phase [12, 49, 64, 68].
The hypoenhancement in the late phase is usually less marked in
HCC than in other primary tumors or in liver metastases. Further-
more, the wash out tends to start later in HCC, usually not before
60 s after injection and, in up to 25% of cases, appearing only after
180 s [12, 26]; consequently it is important to observe nodules in
cirrhosis until very late (>4min) to increase sensitivity for the di-
agnosis of HCC. Early wash out (< 60 s) has been reported to occur
in poorly differentiated HCC or to suggest a nonhepatocellular
malignancy [12, 26, 49, 68], most often a peripheral CCC. Wash
out in HCC is observed less often with CEUS compared with MRI
or CT because of their different contrast pharmacokinetics
[55, 92, 122, 135].
Arterial hyperenhancement not followed by wash out is also
highly suspicious for HCC, mainly for the well-differentiated var-
iants but is not definitive [11, 12, 49, 64, 68].
An inconclusive CEUS pattern does not rule out malignancy and
should prompt other imaging (CTor MRI) and, if these are also in-
conclusive, biopsy is needed. If this is negative, the nodule should
be followed up every 3 months (at least for the first 2 years) and,
if it enlarges or the enhancement pattern changes, diagnostic in-
vestigations must be resumed. If arterial enhancement is present

on any imaging technique, repeated biopsy should be considered
even in the absence of changes in size or enhancement.
Hemangioma has the same CEUS pattern in cirrhosis as in the
noncirrhotic liver but an additional MRI scan is preferable to con-
firm the diagnosis in this clinical setting. Abscesses may occur in
cirrhosis, usually as a complication of interventional procedures.
CEUS shows typical findings of malignancy in CCC, whereas the
enhancement pattern at MRI and CT may be inconclusive [144].

Staging of cirrhotic patients with HCC and the role of CEUS
Examining the entire liver during the arterial phase to look for
hyperenhancing nodules is difficult or impossible with CEUS, so
CECT or CEMRI must be used to stage patients with HCC [15].
For Sonazoid®, the postvascular phase may improve staging of
the disease.
A diagnostic flowchart for CEUS of nodules in cirrhosis is given in

●" Fig. 1.

2.2.4. Recommended uses, indications and limitations
CEUS is recommended:

▶ To characterize all nodules found on surveillance and routine
US.

▶ To characterize nodules in cirrhosis and establish a diagnosis
of HCC. It is a strong belief of the expert panel that CEUS is ex-
tremely useful, especially when performed immediately after
nodule detection, to make a rapid diagnosis. However, CT or
MRI are needed (unless contraindicated) to stage the disease
before the treatment strategy is decided.

▶ Whether CEUS has a role as first line investigation at the same
level as CT or MRI is variably accepted in national and interna-
tional guidelines. For example, CEUS is part of the Japanese
guidelines on HCC [79, 80] but has been removed from the
American guidelines [15]. This was partly justified by the fact
that no UCA is licensed for the liver in the USA and additionally
because of the risk of misdiagnosing CCC for HCCwhen CEUS is
used alone (1–2%). In practice, the likelihood of misdiagnosis
is minimal when CEUS is performed by skilled operators [8].

▶ When CTor MRI is inconclusive, especially in nodules not suit-
able for biopsy.

▶ To contribute to the selection of nodule(s) for biopsy when
they are multiple or have different contrast patterns.

Fig. 1 *In cases with marked and rapid wash out in
portal/late phase, consider the possibility of per-
ipheral cholangiocarcinoma, especially if the pat-
tern with MRI or CT does not confirm late wash out,
or (exceptionally) metastasis or lymphoma. CEUS
alone with a typical pattern is enough to establish a
diagnosis of malignancy in nodules > 1 cm, but a
panoramic imaging technique (CT or MRI) is requir-
ed to stage the patient before treatment. **When
Sonazoid is used, the postvascular phase may allow
diagnosis of malignancy if the lesion becomes
hypoenhancing in the postvascular phase, even
though it appeared isoenhancing in the portal/late
phases. E = enhancement; HCC=hepatocellular
carcinoma; CCC= cholangiocellular carcinoma;
met=metastasis.

Claudon M., Dietrich C. F. et al. Guidelines and Good… Ultraschall in Med 2013; 34: 11–29

Guideline 19

D
ow

nl
oa

de
d 

by
: K

in
ki

 U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.

— 233 —



▶ To monitor changes in size and enhancement patterns over
time when a nodule is not diagnostic for HCC and is being fol-
lowed.

▶ After inconclusive histology.

2.2.5. CEUS with postvascular phase agents in cirrhotic
liver nodules
Technical aspects and diagnostic features
Sonazoid® is different from pure blood-pool ultrasound contrast
agents in that, in addition to the arterial and portal venous pha-
ses, there is a postvascular phase starting from 10 minutes after
injection. Sonazoid® is taken up by the reticuloendothelial cells,
particularly the Kupffer cells, similarly to SPIO MRI contrast
agents [75]. The microbubbles can be detected even when loca-
ted within cells.
The mesenchymal meshwork of malignant lesions usually does
not harbor reticuloendothelial (Kupffer) cells, at variance from
normal and cirrhotic liver parenchyma and from most solid be-
nign liver lesions. The absence of Kupffer cells causes a defect in
Sonazoid® uptake in the postvascular phase [61, 66], which is,
thus, a molecular imaging modality. The diagnostic capability of
CEUS with Sonazoid® in the postvascular phase is similar to that
of MRI with an SPIO [75] and has been endorsed in the Japanese
guidelines for the management of HCC [79].

Study procedures specific to postvascular phase agents

▶ After intravenous injection of Sonazoid®, continuous scanning
for 30–60 s is recommended to assess the arterial and portal
venous phases.

▶ The late vascular phase is deemed less relevant by Japanese
authors, as this is replaced by the postvascular phase. For as-
sessment of the postvascular (Kupffer) phase, scanning is be-
gun not earlier than 10min postinjection of Sonazoid® to al-
low clearance of contrast from the blood pool [78].

▶ After the end of the portal venous phase, insonation of the liv-
er should be stopped to limit acoustic disruption of microbub-
bles before the postvascular phase.

▶ The postvascular phase lasts until the microbubbles have dis-
appeared; thus, there is usually enough time for a thorough as-
sessment of the whole liver to detect enhancement defects
that suggest malignant nodules.

▶ When an enhancement defect is identified in the postvascular
phase, a repeat contrast injection can be performed, superim-
posed on the original enhancement, to assess the arterial
phase in this region. This procedure is termed “defect reperfu-
sion imaging” or “defect reinjection technique” [78].

Image interpretation
Image interpretation in the postvascular phase with Sonazoid® is
reported in ●" Table 4. A contrast defect, corresponding to hy-
poenhancement in the postvascular phase should be regarded
as highly suggestive of malignancy in the setting of nodules in
cirrhosis [61]. Very well differentiated, early HCC, are isoenhan-
cing in both the arterial and the postvascular phases in approxi-
mately 70% of cases [6]. Nodule characterization cannot be per-
formed in the postvascular phase alone, for which arterial phase
assessment remains the cornerstone.

Recommended uses and indications
CEUSwith Sonazoid® is recommended:

▶ To characterize nodules in cirrhosis, allowing assessment of
both the vascular and postvascular phases. CEUS has been
adopted in the Japanese guidelines for the management of
HCC [76, 79, 80] to search for nodules seen on CT or MRI but
unidentifiable on B-mode ultrasound.

▶ To screen for HCC in a cirrhotic liver [77]; however, there is no
evidence to date that this procedure is cost-effective.

▶ To stage HCC in livers in which US imaging is satisfactory;
however, there is no evidence to date that CEUS can replace
CT or MRI.

2.2.6. Tips for all contrast agents
▶ When a nodule is deeply located (> 8 cm) and suboptimally

visualized with conventional B-mode ultrasound, its evaluati-
on can become even worse during CEUS because of attenua-
tion by contrast microbubbles. Use of greater amounts of con-
trast increases the signals both from nodules and from
superficial tissues, usually failing to improve or even worsen-
ing target evaluation. Irrespective of the contrast agent used,
high doses should be avoided because this limits CEUS pene-
tration in all phases.

▶ When the liver parenchyma is coarse on B-mode ultrasound, it
may be extremely difficult to detect small nodules making it
difficult to choose the region to be scanned during CEUS in
the arterial phase.

▶ In case of liver nodules in patients with complete portal
thrombosis, perfusion of the parenchyma depends on the ar-
terial supply. Reducing the contrast dose (half the usual dose
or less) can reduce signal saturation and improve tumor con-
spicuity.

Table 4 Enhancement patterns of focal liver lesions in liver cirrhosis during
the postvascular phase (Kupffer phase) with Sonazoid®.

lesion post-vascular phase with

Sonazoid® (Kupffer phase)

cyst nonenhancing

hemangioma nonenhancing

FNH iso to hyperenhancing

regenerative nodule

typical features (but not
diagnostic)

isoenhancing

additional features (but not
diagnostic)

slightly hypo- or hyperenhancing

dysplastic nodule isoenhancing

HCC

typical features nonenhancing or hypoenhancing

additional features isoenhancing (well differentiated
HCC)

cholangiocarcinoma

typical features nonenhancing or hypoenhancing

additional features not reported

metastasis

typical features nonenhancing or hypoenhancing

additional features not reported

The arterial and portal venous phases are the same as for other agents. Cholangio-
carcinoma may mimic metastasis and poorly differentiated HCC. Metastasis may
mimic cholangiocarcinoma and poorly differentiated HCC.
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2.3. Characterization of portal vein thrombosis
2.3.1. Definition
Portal vein thrombosis refers to the development of solid materi-
al within the lumen of any portion of the portal vein. The throm-
bus may be occlusive or nonocclusive and may involve the entire
portal venous system or any segment. There are two main forms
[115]:

▶ Bland (appositional) thrombosis refers to the presence of a
simple clot within the vein. It is often silent and may be clini-
cally inapparent.

▶ Malignant (neoplastic) thrombosis occurs almost always as a
complication of HCC in the liver. Its identification is of prog-
nostic significance as it negatively alters therapy options and
upstages disease.

2.3.2 Imaging of portal vein thrombosis
Baseline ultrasound and Doppler techniques
The thrombosed portal vein may look normal and yet be filled
with thrombus. However, more often the thrombus has variable
echogenicity, making the lumen appear hypoechoic rather than
anechoic. The baseline scan should include color and spectral
Doppler interrogation of the portal veins. Complete thrombosis
shows no detectable signal from the portal vein, even when opti-
mized for slow flow. The presence of intrathrombus signal with
an arterial waveform on Doppler spectral examination is a highly
specific sign of malignancy but its sensitivity is only moderate.

CEUS
Bland thrombus is avascular and shows as a void within the en-
hancing liver in all phases of CEUS but best visualized during the
portal venous phase. A malignant thrombus has the same en-
hancement characteristics as the tumor fromwhich it originated,
including rapid arterial phase hyperenhancement [115, 121,
134]. While slow and weak portal venous wash out may be seen,
the wash out is usually more rapid.
To perform the scans, the suspect thrombus within the vein
should be studied during the wash in of the UCA, as the vascular-
ization of the clot should parallel the arrival of the microbubbles
within the hepatic artery in the liver in case of neoplastic throm-
bus. Sweeping through the liver in sagittal and axial planes in the
portal venous phase will often depict the washed out tumor
within the portal vein branches optimally.
The tumor source of a malignant portal vein thrombus may be
obvious or it may be invisible on ultrasound, evenwith the assist-
ance of CEUS. Sweeping through the liver in both the arterial and
the portal venous phases of enhancement may be enlightening.
Washed out regions of the liver should undergo reinjection with
arterial phase imaging to show their arterial enhancement. A
suspicious clot within the portal vein may be amenable to biopsy
with US guidance, targeting, whenever possible, enhancing re-
gions within the thrombus [134].

2.4. CEUS for biopsy planning in cirrhotic and normal
livers
CEUS prior to biopsy procedures can increase the diagnostic yield
by 10% and decrease the false negative rate especially in large tu-
mors with areas of necrosis. CEUS can localize the site for biopsy
more accurately by demonstrating regions of vascularized viable
tumor, which should be targeted, and regions of necrosis, which
should be avoided [150]. These two entities cannot be distin-
guished by conventional ultrasound alone. CEUS may also locate
occult lesions on nonenhanced US [125].

3.Detection of Malignant FLL: Transabdominal
Approach
!

3.1. Background
Conventional US is the most frequently usedmodality for the pri-
mary imaging of abdominal organs, including the liver but is less
sensitive in the detection of liver lesions than CECT, CEMRI or in-
traoperative US. The main reasons for this are difficulties in de-
tecting small and isoechoic lesions, especially when they are
deep or in difficult anatomic locations.
The published literature [17, 22, 42, 66, 74, 84, 114, 119] provides
strong evidence that CEUS significantly improves the detection of
metastases compared with conventional US. The most important
CEUS feature for detecting a malignant liver lesion is the identifi-
cation of a focal region of wash out occurring as early as the late
arterial phase but mostly during the portal venous and late or
postvascular phases.

3.2. Study procedures
The study procedure is similar to the study procedure described
in section 2.1.2 but the following points should be borne in mind:

▶ With all agents, lesion detection requires an examination time
of at least 3–4min, which is the useful persistence of most mi-
crobubbles.

▶ With agents presenting a postvascular phase (Sonazoid®), it is
possible to detect lesions that wash out very late [61, 108].

▶ A second administration (reinjection technique) can be used
to confirm the metastatic nature of any detected contrast de-
fect by demonstrating arterial enhancement followed by wash
out (see section 2.2.6).

3.3.Detection of metastatic lesions
The typical and almost invariable appearance of metastases is fo-
cal hypoenhancement in the portal venous, late and postvascular
phases. The enhancement patterns observed during the arterial
phase are variable and help to characterize lesions but aid only
minimally in their detection (see section 2.1.3).
With vascular phase agents (SonoVue®, Definity®), several stud-
ies have shown that the accuracy in the detection of liver metas-
tases is comparable to that of CECT and CEMRI, when scanning
conditions allow a complete investigation of all liver segments
[84].

3.4.Detection of HCC and CCC
With all agents (SonoVue®, Definity®, Sonazoid®), most HCC
show increased enhancement in the arterial phase but the short
duration of this phase makes adequate assessment of the whole
liver impossible, at least with current technology. The late phase
lasts long enough for thorough exploration, but the appearances
of HCC are variable, as described in section 2.2.3, and, important-
ly, not all HCC wash out in the late phase, limiting the sensitivity
of CEUS for the detection of HCC. Consequently, routine use of
UCA in the detection of HCC with vascular phase agents cannot
be recommended.
With agents presenting a postvascular phase (Sonazoid®), scan-
ning the entire liver at 10min or later after injection helps to de-
tect malignant nodules since typical HCC show as an enhance-
ment defect [60, 104, 108]. However, postvascular defects are
not specific findings and demonstration of homogeneous arterial
enhancement requires a second administration of Sonazoid® to
confirm the diagnosis of HCC. Moreover, approximately half of
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well differentiated HCC do not show enhancement defects in the
postvascular phase [6].
Depiction of local tumor recurrence and residual tumor after ab-
lation using B-mode alone is difficult. With vascular phase
agents, scanning in the arterial phase with repeated injections
demonstrates the hypervascularity in the recurrence, which
usually lies adjacent to the previously ablated tumor. The same
technique is useful for demonstrating new HCC and, in both
cases, helps identify the target and guide treatment (see section
5.1).
Cholangiocarcinomas behave in the same way as metastases,
washing out rapidly and appearing as defects in the late phase,
regardless of the appearance in the arterial phase [151]. This pat-
tern may facilitate detection of satellite nodules adjacent to a lar-
ger lesion that were not visualized on conventional US.

3.5. Recommended uses, indications and limitations
Use of CEUS is recommended for the following indications:

▶ To characterize indeterminate (usually small) lesions shown
on either CECT or CEMRI.

▶ To “rule out” liver metastases or abscesses, unless convention-
al ultrasound shows typical findings.

▶ For treatment planning in selected cases to assess the number
and location of liver metastases, either alone or as comple-
mentary to CECT and/or CEMRI.

▶ Surveillance of oncology patients where CEUS has been useful
previously. Recommended to replace unenhanced US with
CEUS for the evaluation of liver metastases in colorectal cancer
after chemotherapy [73].

▶ CEUSwith vascular phase agents is not indicated for the detec-
tion and staging of HCC. With the use of Sonazoid® and post-
vascular phase scanning, CEUS may be used to stage HCC in
the liver where imaging is good. However, there is no evidence
to date that CEUS can replace CT or MRI.

▶ A potential pitfall is that small cysts, which were not seen on
unenhanced US, are sometimes detected in late or postvascu-
lar phase scanning. Careful re-evaluationwith conventional US
may help to show their cystic nature. In doubtful situations, a
second contrast agent injection is recommended, looking for
arterial phase enhancement, which indicates viable tumor tis-
sue.

4. Intraoperative Contrast Enhanced Ultrasound
!

4.1. Background
Standard preoperative imaging remains limited in selecting pa-
tients who may benefit from liver surgery [47, 106]. Intraopera-
tive ultrasound (IOUS) is recognized as the gold standard, which
ultimately dictates the surgical management of those undergoing
resection [21, 23, 33, 69]. Patients with early stage HCC are of-
fered transplantation or resection [16], which can be curative
procedures. Similarly, for patients with colorectal liver metasta-
ses, resection is the treatment of choice, with 5-year survival
rates of up to 60% [54, 124]. However, 75% of patients who un-
dergo resection develop recurrences (50% in the liver). The ma-
jority of recurrences appear within 2 years [4, 51, 124]. Thus,
more accurate imaging is required.
Recent studies of intraoperative contrast enhanced ultrasound
(IO-CEUS) with different contrast agents have shown that it is
more sensitive, specific and accurate than IOUS, CT or MRI in de-
fining whether tumor resection (metastases or HCC) is appropri-

ate. Furthermore, surgical management is altered in up to 30% of
cases [52, 90, 110, 118, 141, 142]. It is now recognized that the
more aggressive the surgical approach adopted, the higher the
impact of IO-CEUS becomes [90].

4.2. IO-CEUS technique
Dedicated high frequency intraoperative probes with contrast
specific capability are needed. Covering the transducer and cable
with a long sterile sheath containing coupling gel, and the control
panel with a large sterile membrane ensures sterility. Some ultra-
sound systems provide intraoperative transducers that can be
sterilized by gas and, thus, need no cover.
At surgery, all patients undergo a manual abdominal and pelvic
exploration for extra-hepatic disease followed by mobilization
of the liver from the diaphragm to improve sonographic access.
Bimanual palpation of the liver is then performed, followed by
systematic IOUS of the entire liver, looking for previously diag-
nosed as well as for new lesions and to identify involvement of
major vessels or bile ducts.
With vascular phase agents (SonoVue® and Definity®) CEUS is
used as explained for the transabdominal approach (see section
2.1.2). The duration of enhancement in normal liver in the late
phase is shorter than with percutaneous US. Injections may be
repeated for global assessment, or to assess the arterial phase
enhancement of identified lesions for their characterization. Irre-
spective of the contrast agent used, high doses should be avoided
because this limits US penetration in all phases.
With postvascular phase agents (Sonazoid®), detection of malig-
nant FLL starts 10min postinjection [61, 108]. A second injection
can be used to confirm the metastatic nature of a lesion by de-
monstrating arterial enhancement (see section 2.1.6).

4.3. Image interpretation
Image interpretation is the same as for the transabdominal ap-
proach reported in section 2.1.5.

4.4. Recommended use and limitations
IO-CEUS is recommended for:

▶ The detection of liver metastases in all patients undergoing
liver resection.

▶ The characterization of focal liver nodules in cirrhotic patients
undergoing liver resection for HCC, especially of new nodules
detected at IOUS [142].

▶ The targeting of occult lesions for ablation therapy for patients
undergoing combined liver resection and ablative therapy.

The shorter duration of contrast enhancement is a limitation of
IO-CEUS.

5.Monitoring Ablation Treatment
!

5.1.Monitoring local ablation treatment
5.1.1. Background
Locoregional therapies, which conventionally include ablation,
whatever the modality used, and transarterial chemo/radioem-
bolization, play a key role in the management of patients with
liver malignancies, both HCC and metastases [58, 98].
Unenhanced US is commonly used to guide ablation. It is easy to
use and widely available but, even when combinedwith Doppler,
it does not provide useful information on the extent of the abla-
tion. Assessment of tissue perfusion is crucial to differentiate ne-
crotic from viable residual tumor.
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The addition of CEUS can provide important information in each
of the following procedures [30, 107]:

▶ Assessment of the lesions to be treated by ablation (number
and size and homogeneity of enhancement of the lesions, and
the presence of feeding vessels) to define the eligibility of the
patient for treatment and the best ablation strategy.

▶ Depict previously undetectable lesions with the support of fu-
sion imaging, enabling needle/probe guidance.

▶ Detecting viable tumor persistence following locoregional
treatment (either ablation or chemo/radioembolization).

5.1.2. Study procedures (see also section 2.1.2)
Pretreatment CEUS
Particularly for metastases, assessment of size must include the
perilesional hypervascular halo with wash out. Tumor margins
are better detected by CEUS than unenhanced US [28] because
definition of its relationships with surrounding structures is im-
proved, thus, helping develop appropriate treatment strategies
and reducing the risks of complications [27, 28].
Accurate pretreatment planning can be improved by real-time
fusion imaging with CT, MRI or CEUS, which provides an accurate
volumetric map of the tumor and graphically depicts the number
and sites of the ablation volumes needed to cover thewhole mass
and achieve an adequate perilesion “safety margin” [29, 97].
Pretreatment CEUS is very helpful for comparison of the patterns
before and after treatment.
The field depth, selected scan plane, acoustic gain andMI used for
the pretreatment CEUS study of each lesion must be predefined.
Images and/or video clips should be stored for precise compari-
son with immediate postablation studies.

Positioning of ablation device
The ablation device is inserted when the target is optimally de-
picted. When lesion targeting is particularly difficult (e. g., small
lesion size, difficult location), fusion imaging with CT/MRI may
allow “targeted” CEUS in some instances [36] and consequent im-
provement of ablation needle/probe guidance. Depiction of a
“virtual needle” during CEUS provided by fusion imaging may fa-
cilitate the procedure.

5.1.3. Image interpretation – definition of complete
treatment response
The Response Evaluation Criteria in Solid Tumors (RECIST) guide-
lines [139] for the assessment of tumor response are no longer
considered adequate for locoregional treatment because of the
poor relationship between necrosis and tumor size. After ther-
mal ablations, completely necrotic tumors may remain unchang-
ed in size, whereas tumors that shrink may still be partially vi-
able.
Accordingly, the RECIST criteria have been amended, at least for
HCC [91], to stress that the imaging indicator of complete abla-
tion is the disappearance of any previously visualized intrale-
sional enhancement on CEUS. This must be assessed throughout
the whole volume of each tumor which has undergone ablation
[30, 130]. The volume of the necrosis achieved should be compar-
ed with the pretreatment volume of the tumor(s). Simultaneous
display of tissue and contrast is of particular value for follow-up
of treated lesions. The volume of necrosis achieved can be com-
pared with the pretreatment volume of the same lesion on CECT
or CEMRI using real-time fusion imaging [72].
Completeness of treatment of hypoenhancing lesions (mostly liv-
er metastases) can be assessed by comparing the volume and lo-

cation of pretreatment lesions with those of the ablated region.
This also determines whether a sufficient safety margin around
the lesion has been achieved. The frequent occurrence of satellite
nodules around small HCC (5–10mm from the main tumor
[123]), dictates that the thickness of the safety margin following
ablation should be assessed not only for liver metastases but also
for HCC.

5.2. Periprocedural assessment of treatment response
Unenhanced US is used to monitor the reduction of the hypere-
choic “cloud” of gas caused by heating immediately after ablation.
This usually takes 5–15min to dissipate.
For each treated lesion, the same system settings and scan planes
must be used as for the preablation assessment. Images and/or
video clips should be stored for comparison with previously
stored preablation images. If additional probe/needle insertions
are performed, repeated doses of UCA can be given.

5.2.1. Follow-up investigation to assess tumor recurrence
It is often difficult to depict local tumor recurrence after ablation
using B-mode alone. Here, scanning in the late or postvascular
phase, with subsequent reinjection to confirm tumor enhance-
ment in any suspicious region is useful to identify the viable tu-
mor adjacent to the ablated volume. This can be used to guide
biopsy and additional treatment. While CEUS may be extremely
useful to define local recurrence in a treated nodule, CT and MRI
provide a better overview of the liver to detect distant intra- and
extrahepatic tumor and cannot be replaced by CEUS.
In the early postablative evaluation (within the first 30 days), a
thin, uniform enhancing rim can be visible along the periphery
of the necrotic region, similar to the findings on CECT. Misinter-
pretation of this perilesional hyperemic halo as residual viable
tumor can be avoided by comparing postablation images with
preablation scans.

5.2.2. Recommended uses and indications
▶ As a complement to CECT and/or CEMRI for pretreatment stag-

ing and assessment of target lesion vascularity.

▶ Facilitation of needle positioning in cases of incomplete or
poor lesion delineation on unenhanced US.

▶ Evaluation of the immediate treatment effect after ablation
and guidance for immediate re-treatment of residual unabla-
ted tumor. Using this strategy, the rate of incomplete ablation
in the first session is reported to decrease from 16 to 6% [29].

▶ Assessment of local tumor progression when follow-up CECT
or CEMRI are contraindicated or not conclusive. In addition to
CECT and/or CEMRI, CEUS may be used in follow-up protocols.

6. Liver Transplantation
!

6.1. Background
Liver transplantation is currently an established first-line treat-
ment for patients with end-stage acute or chronic liver disease
but postoperative complications may limit its long-term success
and their early detection is extremely important for graft and pa-
tient survival. Hepatic artery (HA) thrombosis, which is the most
common and severe vascular complication, occurs in 3–8% of
transplants in adults [67, 129]. Acute HA thrombosis almost in-
variably leads to graft loss from infarction and eventual abscess
formation. Hepatic artery stenosis may proceed to thrombosis
and may cause ischemic liver and biliary injuries if not promptly
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corrected. Although portal vein (PV) and hepatic vein or caval
thrombosis are less frequent, they are also serious complications
that may lead to graft loss [83]. Clinical signs of vascular compli-
cations are often nonspecific, and the diagnosis, best made at the
presymptomatic stage, depends on imaging. Ultrasound is usual-
ly used first to detect vascular complications as well as for long-
term follow-up [46, 53, 83].
Though Doppler is useful, it may be not sensitive enough to de-
pict slow flow in a patent HA, particularly in patients with post-
operative edema, inaccessible hepatic arteries, or inability to co-
operate [131]. When flow cannot be identified in the HA, CECTor
angiography, with their attendant risks, were hitherto required
to obtain a definitive answer; CEUS can be used instead and is of-
ten able to overcome the limitations of Doppler.

6.2. Study procedure
The study procedure is as described in section 2.1.2. The intrahe-
patic arterial tree is well visualized at the time of its enhance-
ment in the early arterial phase, before arrival of contrast micro-
bubbles in the portal system. The right hepatic artery is usually
visible anteriorly alongside the right portal branch through a
right intercostal scan and the left hepatic artery at the bifurcation
of the left portal branch, optimally seen with a supine epigastric
approach. The portal vein and its branches are visualized in the
portal venous phase, following which the enhancement of the
parenchyma can be studied looking for infarcts, which appear as
nonenhancing regions. Later the hepatic veins fill and can be
studied. When only the vessels are to be explored, a reduced
amount of injected contrast may improve their visualization by
preventing signal saturation.

6.3. Image interpretation
Lack of visualization of the arterial tree, expected to be seen be-
fore portal enhancement, indicates complete arterial thrombosis
with very high positive predictive values [10, 32, 99, 131]. Identi-
fication of the arterial branches when conventional Doppler has
failed [131], may allow subsequent targeted Doppler reassess-
ment, which is needed to distinguish thrombosis from slow
flow caused by vasoconstriction or splenic steal from post-
thrombotic/stenotic recanalization, tasks not achievable using
CEUS alone. When the main hepatic artery is visible, CEUS de-
picts the shape of the lumen and its course, possibly identifying
stenoses, which usually occur at the site of the surgical anasto-
mosis [154]. CEUS may also allow study of the shape and patency
of the caval and portal anastomoses.

6.4. Recommended Indications and Limitations
6.4.1. Indications
Before liver transplantation, CEUS is indicated to assess portal
vein thrombosis and characterize focal liver lesions in cirrhosis.
After liver transplantation, CEUS can be performed at the bedside
or in the intensive care unit, avoiding most of the risks associated
with CECTor angiography [10, 32, 63, 100, 154]. CEUS is indicated
for:

▶ Confirmation of occlusion of the intrahepatic hepatic arteries,
portal veins, hepatic veins or inferior vena cava (IVC) after an
inconclusive Doppler evaluation of the liver vasculature. The
extrahepatic arterial tree cannot always be studied in its en-
tirety and complete patency cannot be confirmed with cer-
tainty without the addition of the finding of normal flow tra-
cings from the intrahepatic arteries on Doppler US. In the late
phase, the ultrasound can be switched to Doppler to exploit

the remaining microbubbles to enhance the Doppler signals
and investigate small vessels missed without contrast.

▶ Confirmation of the presence and assessment of the nature of
fluid collections and, in case of recent hematomas, to search
for active bleeding.

▶ Exclusion of perfusion defects when infarction is suspected.

▶ For monitoring the success of thrombolysis in the intensive
care unit (ICU) after interventions for hepatic artery occlusion.

6.4.2. Limitations
▶ In the early postoperative period, wounds and surgical dres-

sings or subcutaneous emphysema, may limit examination
windows.

▶ In patients with split liver transplantation or after living donor
liver transplantation, the examination may be more difficult
because of the complex anatomy.

▶ Imaging the prehepatic portions of the hepatic artery and por-
tal vein may be precluded by the surgical wound or interven-
ing bowel gas.

6.4.3. Tips and tricks
▶ When a side-to-side caval (piggyback) anastomosis is used,

the distal part of the donor cava may thrombose and simulate
a small subcapsular hematoma.

▶ Ascites may collect alongside the ligament teres and may si-
mulate a complex cyst on follow-up examinations.

▶ Knowledge of the surgical procedures including the presence
of jump grafts, difficult anastomoses and the status of the do-
nor liver may be helpful to interpretation.

▶ While CEUS shows the morphology of the vessel lumen, integ-
rationwith Doppler US is required to confirm the presence of a
hemodynamically significant stenosis.

7. Contrast Quantification and Monitoring Systemic
Treatment of Malignancies
!

7.1. Background
Neovascularization is a key stage in the growth of malignancies
beyond 2–3mm3. This neoangiogenesis is an important target
for novel anticancer treatments and many new antiangiogenesis
or antivascular treatments aim at destroying or limiting the
growth of tumor vessels [50, 70]. A new area of clinical utility
for dynamic contrast enhanced ultrasound (DCE-US) has
emerged for monitoring the response to these drugs. Initially,
suchmonitoring relied on qualitative analyses only. More recent-
ly, robust and quantitative features have been developed. To
achieve successful results, standardization and strict control of
scanner settings are needed [39].

7.2.Methodology and equipment for quantification
7.2.1. Data acquisition
Contrast specific imaging is used to distinguish microbubble sig-
nals from tissue. The best temporal and spatial resolution is
provided by nonlinear gray scale modes (see section 1.3). Con-
ventional Doppler imaging techniques cannot visualize vessels
smaller than approximately 100 μm but CEUS can detect signals
from vessels up to 40 μm [56] and, thus, provides a better assess-
ment of the extent of angiogenesis.
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7.2.2.Quantification software
Early measurements of contrast kinetics (i. e., time-intensity
curves, TIC) were performed using video data because it was
readily available. Background subtraction was necessary to com-
pensate for attenuation effects [13] and extract reliable time-
based features, such as time to peak intensity, mean transit
time, etc. However, the nonlinear compression applied to the
original signals (required to display them on video monitors)
distorts amplitude-based TIC features (e. g., peak intensity and
area under the curve) [112].
The majority of reports have used uncompressed, post beam
formed data (radio-frequency data are not required since the
phase information is not essential). TIC based on such raw data
sets allow for accurate assessment of both time-based and ampli-
tude-dependent features. All manufacturers that supply built-in
analysis packages on their scanners use this type of data but off-
line software packages are also available [35].

7.3. Administration of UCA and quantitative analysis
7.3.1. Bolus injection
Functional ultrasound studies are based on measuring the time
sequence of signal enhancement, typically over the initial 1–
3min after an intravenous bolus injection, either across a large
region-of-interest such as an entire tumor or on a pixel-by-pixel
basis. The resulting TIC follows the wash in and wash out of the
contrast agent and features linked to blood flow and blood vol-
ume can be extracted from them. Quantitative analyses of the
TIC can be performed to determine functional features that char-
acterize the TIC with or without curve fitting. Several functional
features can be studied [87]:

▶ Related to fractional blood volume: peak intensity (PI); area
under the curve (AUC) [32]; area under the wash in (AUWI);
under the wash out (AUWO).

▶ Related to blood flow: time to peak intensity (TPI); slope of the
wash in (SWI).

▶ Related to transit time: mean transit time (MTT).
It is also possible to map the changes in TIC features over time
and show these as colorized functional images.

7.3.2. The disruption-replenishment or reperfusion
method
In this method, originally described for the heart [146], a high in-
tensity diagnostic series of pulses is transmitted to a tissue slice
filled with microbubbles following bolus or infusion injection, to
destroy the bubbles within it. The scanner then switches to a low
MI and the refill of the slice with microbubbles is monitoredwith
a contrast-specific imaging mode. The refill takes the form of a
rising exponential curve whose slope, β, relates to the velocity of
blood inflow while the maximum enhancement, A, relates to the
fractional blood volume. Their product forms an estimate of tis-
sue perfusion [59].
The advantage of an infusion of UCA is that a concentration equi-
librium can be achieved, whichmakes it easier to compare differ-
ent tissue regions directly [96, 137]. With the destruction-reper-
fusion method only the wash in phase can be assessed, which
may limit its utility.

7.3.3.Hepatic vein transit times
The arrival times of a UCA bolus in the hepatic artery, portal vein
and hepatic veins can be measured and transit times calculated.
Shortening of the transit time between the hepatic artery/portal
vein and the hepatic veins occurs in the presence of liver malig-

nancies, presumably because of intrahepatic shunting. However,
this also occurs in cirrhosis [93, 94], resulting in a nonspecific
finding which limits its use in liver malignancy. Its use to stage
chronic hepatitis is also limited by the substantial overlap be-
tween different stages despite statistically significant differences
among groups [120].

7.4. Assessment of antiangiogenic treatment
Since antiangiogenic treatment frequently induces necrosis
without causing tumor shrinkage, functional imaging techniques
are particularly suitable for the early assessment of response, a
task for which both the RECIST and World Health Organization
(WHO) size criteria [139, 149] are unsatisfactory [91].
Studies of various types of tumors treated with antiangiogenic
therapies have confirmed that DCE-US may enable early predic-
tion of response to treatment [38, 82, 85, 86, 88, 89].
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Abstract

Background IgG4-related disease (IRD) is characterized

by systemic IgG4 antibody responses and by infiltration of

IgG4-expressing plasma cells into the affected organs.

Although T helper type 2 (Th2) cytokines are implicated

in enhanced IgG4 responses, molecular mechanisms

accounting for the development of IgG4 antibody respon-

ses are poorly defined. Since basophils function as antigen-

presenting cells for Th2 responses, we tried to clarify the

role of basophils in the development of IgG4 responses in

this study.

Methods IgG4 and cytokine responses to various nucle-

otide-binding oligomerization domain-like receptor and

Toll-like receptor (TLR) ligands were examined by using

basophils isolated from healthy controls and from patients

with IgG4-related disease.

Results Activation of TLRs in basophils from healthy

controls induced IgG4 production by B cells, which effect

was associated with enhanced production of B cell acti-

vating factor (BAFF) and IL-13. In addition, activation of

TLRs in basophils from patients with IRD induced a large

amount of IgG4 by B cells from healthy controls. This

enhancement of IgG4 production was again associated with

BAFF and IL-13.

Conclusions These data suggest that innate immune

responses mediated through TLRs may play a role in the

development of IgG4-related disease, in part by production

of BAFF from basophils.

Keywords IgG4-related disease � Basophil � TLR
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AIP Autoimmune pancreatitis
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BAFF B cell activating factor
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Introduction

IgG4-related disease (IRD) is a newly proposed disease

entity that is diagnosed based on enhanced systemic IgG4

antibody (Ab) responses [1, 2]. Patients with IRD exhibit a

variety of symptoms associated with pancreatitis, cholan-

gitis, sialoadenitis, nephritis, retroperitoneal fibrosis and

inflammatory psuedotumors [1]. Thus, a variety of clinical

manifestations related to involvement of multiple organs is

one of the characteristic findings in patients with IRD.

Importantly, infiltration of IgG4-expressing plasma cells is

seen in the affected organs of IRD, which suggests possible

involvement of systemic and local IgG4 responses in the

pathophysiology of IRD [1].

Although autoimmune responses are considered to be

involved in the development of IRD, the pathogenic anti-

gens (Ags) have not been identified in this disorder. Given

the fact that a significant population of patients with

autoimmune pancreatitis (AIP), pancreatic manifestation of

IRD, have a diagnosis of inflammatory bowel disease

(IBD), the development and progression of which requires

excessive immune reactions to intestinal microflora [3, 4],

it is possible that enhanced immune responses toward

microbial Ags underlie the immuno-pathogenesis of IRD.

Compatible to this idea, we have previously shown that

activation of toll-like receptors (TLRs) and nucleotide-

binding oligomerization domain (NOD)-like receptors

(NLRs) in monocytes by microbial Ags induce IgG4 pro-

duction through activation of B cell-activation factor

(BAFF)-mediated signaling pathways [5]. Thus, our pre-

vious data show the involvement of activation of TLRs and

NLRs in the immunopathogeneis of IRD.

IgG4 production is regulated by T helper type 2 (Th2)

cytokines such as IL-4, IL-10, and IL-13 [6]. Antigen-pre-

senting cells (APCs) and T cells produce these Th2 cytokines

to induce IgG4 secretion byB cells. Although basophils have

been considered as Th2 effector cells, recent studies have

now defined the role of basophils in the initiation of Th2

responses [7, 8]. Exposure of basophils to microbial Ags and

protease allergen induce production of Th2 cytokines and

BAFF, both of which are necessary for IgG production

[9–11]. Therefore, it is possible that activation of basophils

via microbial Ags contributes to the development of IRD via

production of Th2 cytokines and BAFF.
In this study, we addressed the role of basophils in the

development of IRD. Here we show evidence that basophil

activation of TLRs enhances production of IgG4 from B

cells in a BAFF-dependent manner. In addition, we found

that basophils from patients with IRD induce IgG4 pro-

duction from B cells more efficiently than those from

healthy controls upon stimulation with TLR ligands. Thus,

we propose that activation of TLRs in basophils contributes

to the development of IRD.

Materials and methods

Stimulation of cells with microbial Ags

Basophils and B cells were isolated from peripheral blood

mononuclear cells (PBMCs) by using a human basophil

isolation kit (Miltenyi Biotech, Auburn, CA) and anti-CD19

microbead (Miltenyi Biotech), respectively. Basophils

(1 9 106/mL) and CD19? B cells (1 9 106/mL) were

stimulated with FK156 (Astellas, Tokyo, Japan, 20 lg/mL),

muramyl dipeptide (MDP; 20 lg/mL, InvivoGen, San

Diego, CA), Pam3CSK4 (PAM; 10 lg/mL, InvivoGen),

and lipopolysaccharide (LPS; 1 lg/mL, Sigma-Aldrich,

St. Louis, MO) as described previously [5]. In some experi-

ments, isolated cell populations were cultured with the indi-

cated doses of a neutralizing anti-BAFF monoclonal Ab

(R&DSystems,Minneapolis,MN), or anti-IL-13monoclonal

Ab (Pharmingen, San Jose, CA) or mouse IgG control Ab

(eBioscience, San Diego, CA). Culture supernatants were

collected at the indicated time points.

Enzyme-linked immunosorbent assays

Culture supernatants were assayed for the measurement of

IL-8, IL-13, BAFF, and thymic stromal lymphopoietin

(TSLP) by using enzyme linked immno-sorbent assay

(ELISA) kits (Pharmingen, eBioscience) [5]. The produc-

tion of IgG1, IgG4, IgE was determined by ELISAs as

described previously [5].

Fluorescence-activated cell sorter analysis

Cells were pre-incubated with Fc-blocking solution (Milt-

enyi Biotech), stained with fluorescein isothiocyanate

(FITC)-conjugated anti-human CD123 (Biolegend, San

Diego, CA) and phycoerythrin-labeled anti-human CD203c,

TLR2, and TLR4 (eBioscience). Stained cells were ana-

lyzed on an Accuri C6 cytometer (Accuri Cytometers, Ann

Arbor, MI).

Studies using peripheral blood cells from patients

Ethical permission for this study was granted by the review

board of Kyoto University. Healthy controls (n = 8) and

treatment-naı̈ve patients with IRD (n = 5) were enrolled in

this study after informed consent was obtained. Basophils

and CD19? B cells were isolated from the patients and

stimulated with microbial Ags as described above. In some

experiments, a neutralizing anti-BAFF monoclonal anti-

body (R&D systems) or mouse IgG control antibody

(eBioscience) was used as described previously [5].
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Statistical analysis

The Student’s t test was used to evaluate statistical

significance. A value of p\ 0.05 was regarded as statis-

tically significant.

Results

Activation of TLRs in basophils induces IgG4

production by B cells

Th2 responses are implicated in the development of IRD

since Th2 cytokines such as IL-4, IL-10, and IL-13

enhance IgG4 production from B cells [6]. Although

basophils have recently been identified as APCs necessary

for optimal Th2 responses [7, 8], the role played by

basophils in the development of IRD remains largely

unknown. Our previous studies suggest possible involve-

ment of TLR and NLR ligands in the immuno-pathogenesis

of IRD. Given the fact that human primary basophils

express functional TLRs [11], we investigated whether

innate immune responses mediated by activation of TLRs

and NLRs in basophils are involved in the development

of IgG4 responses. To this end, basophils isolated from

PBMCs from healthy controls were co-cultured with

CD19? B cells in the presence of various TLR and NLR

ligands (FK156, NOD1 ligand; MDP, NOD2 ligand;

Pam3CSK4, TLR2 ligand; LPS, TLR4 ligand) for 7 days.

The purity of basophils, which are positive for CD203c and

CD123 (IL-3Ra), are more than 90 % (Fig. 1a). As shown

in Fig. 1b, stimulation of basophils with TLR2 and TLR4

ligands induced the production of IgG4, but not IgG1, by B

cells in the absence of T cells. In contrast, the activation of

NOD1 and NOD2 in basophils did not induce the pro-

duction of IgG1 or IgG4. Thus, these data suggest that

activation of TLR2 and TLR4 enhances the IgG4 response

rather than the IgG1 response in a T cell-independent

manner.

Activation of TLRs enhances production of BAFF

and IL-13 by basophils

We next examined the effects of TLRs activation on

mediator release and cytokine production by basophils. As

shown in Fig. 2, basophils secret significant amounts of

IL-8 upon stimulation with NOD1, TLR2, and TLR4

ligands. Th2 cytokines and BAFF are involved in the

production of IgG4 [5, 6]. Consequently, we investigated

whether NLR and TLR ligands induce these cytokines

associated with IgG4 responses. TLR4 activation by LPS

induced production of IL-13 and BAFF by basophils

(Fig. 2a). In contrast, stimulation of basophil by LPS did

not lead to the secretion of other Th2 cytokines such as IL-

4 and TSLP. Similar results were obtained in basophils

stimulated with PAM although not statistically significant.

Thus, these data suggest that TLR4 activation in basophils

induces production of BAFF and IL-13.

Activation of TLRs in basophils enhances IgG4

production via BAFF signaling pathways

We next addressed whether IgG4 production induced by

basophil activation of TLRs depends upon signaling

pathways via BAFF and/or IL-13. To this end, neutralizing

Abs against BAFF and/or IL-13 were added to the co-culture

containing CD19? B cells and basophils. Blockade of

BAFF-signaling, but not IL-13 signaling, reduced IgG4

production induced by TLR4 activation in basophils

(Fig. 2b). In contrast, neutralization of BAFF or IL-13

signaling did not change IgG1 production (data not shown).

These data suggest that TLR4 activation of basophils induces

IgG4 production by B cells via BAFF signaling pathways.

Basophils from patients with IgG4-related disease

induces IgG4 production by B cells upon stimulation

with TLR ligands

As mentioned above, we identified a novel pathway of

TLR-mediated IgG4 production by utilizing peripheral

blood basophils and B cells from healthy controls. To

establish the significance of this finding in the immuno-

pathogenesis of IRD, we compared the immune responses

of basophils from patients with IgG4-related AIP with

those from healthy controls. Three patients enrolled in this

study met the criteria for the diagnosis of AIP [1] and were

diagnosed with lymphoplasmacytic sclerosing pancreatitis

type. These patients enrolled in this study show increased

serum levels of IgG4 (948, 469, 262 mg/dL, normal range

4.8–105 mg/dL). For this purpose, basophils isolated from

four healthy controls and three patients were co-cultured

with CD19? B cells from healthy controls in the presence

of MDP, PAM, and LPS. As shown in Fig. 3a, basophils

from patients with IgG4-related AIP enhanced production

of IgG1 and IgG4 by healthy CD19? B cells upon stimu-

lation with TLR2 and TLR4 ligands as compared with

basophils from healthy controls. It should be noted that

induction of IgG4 production by patients’ basophils was

much greater than that of IgG1 production. This enhanced

IgG4 production by patients’ basophils was associated with

increased production of BAFF and IL-13 (Fig. 3b). We

also measured serum levels of BAFF and IL-13 in these

patients. Although serum levels of IL-13 were below the

detection limit in both patients and healthy controls, serum

levels of BAFF were higher in patients as compared with

those in healthy controls (patients versus controls,
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mean ? standard deviation, 2.274 ? 1.119 vs. 0.751 ?

0.535 ng/mL).

BAFF-mediated signaling pathways are involved

in IgG4 production induced by basophils from IRD

patients

Finally, we addressed whether induction of IgG4 produc-

tion by baosphils from IRD patients depends upon

BAFF-mediated signaling pathways. As shown in Fig. 4,

abrogation of BAFF signaling by its neutralizing Ab

inhibited the production of IgG4. Thus, these data suggest

that activation of TLRs in patients’ basophils triggers IgG4

production by healthy CD19? B cells through signaling

pathways mediated by BAFF.

Discussion

In this study we have reported that activation of TLRs in

basophils induces IgG4 production by B cells through

signaling pathways mediated by BAFF. More importantly,

a marked increase in IgG4 production by healthy B cells is

seen when B cells are co-cultured with basophils isolated

from patients with IRD in the presence of TLR ligands as

compared with those from healthy controls. Thus, these

data suggest possible involvement of TLRs activation in

basophils in the development of IRD. In our previous

study, we showed that activation of NOD2 and TLRs in

monocytes is involved in enhanced IgG4 responses in

patients with IRD [5]. Our previous and present studies

suggest that ligation of TLRs play roles in the development

of enhanced IgG4 responses through activation of two

different innate immune cells; monocytes and basophils.

Interestingly, activation of these two different innate

immune cells leads to T cell-independent IgG4 responses

via BAFF-mediated signaling pathways, which highlights

the importance of BAFF in the development of IRD.

Therefore, two distinct innate immune cells utilize

BAFF-mediated signaling pathways to achieve enhanced

IgG4 production.

We previously showed that NOD2 activation in mono-

cytes leads to a T cell-independent IgG4 production

via BAFF-mediated signaling pathways [5]. Thus,

BAFF-mediated signaling pathways induce T cell-inde-

pendent IgG4 production either by activation of TLRs in

basophils or by that of NOD2 in monocytes. Although

serum levels of BAFF are higher in patients with IRD [12],

Fig. 1 Activation of TLRs in basophils enhances IgG4 production by

the B cells. a Basophils were isolated from PBMCs from the healthy

controls. The percentages of the basophils expressing CD203c and

CD123 are shown in the plots (left before separation; right after

separation). b The CD19? B cells (1 9 106/mL) from the healthy

controls (n = 4) were co-cultured for 7 days with the basophils

(1 9 106/mL) in the presence of FK156 (20 lg/mL), MDP (20 lg/
mL), PAM (10 lg/mL), and LPS (1 lg/mL). The culture supernatants

were analyzed for the production of IgG1 and IgG4. The results are

expressed as mean ± SE. *p\ 0.05, as compared with the medium

alone
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Fig. 2 Basophils produce IL-13 and BAFF upon stimulation with

TLR ligands. a The basophils isolated from the PBMCs of the healthy

controls (n = 4, 1 9 106/mL) were stimulated with the NLR and

TLR ligands for 24 h as shown in Fig. 1. The culture supernatants

were analyzed for the production of IL-8, IL-4, IL-13, BAFF, and

TSLP. The results are expressed as mean ± SE. *p\ 0.05, as

compared with the medium alone. b The CD19? B cells (1 9 106/mL)

from the healthy controls (n = 2) were co-cultured for 7 days with

basophils (1 9 106/mL) in the presence of LPS (1 lg/mL). The

neutralizing Abs against BAFF and/or IL-13 were added to the

co-culture. The culture supernatants were analyzed for the production

of IgG4. The results are expressed as mean ± SE. *p\ 0.05, as

compared with the control Ab

Fig. 3 Basophils isolated from

the patients with IgG4-related

AIP induce IgG4 production

upon stimulation with TLR

ligands by the B cells from the

healthy controls. The CD19? B

cells (1 9 106/mL) from the

healthy controls (n = 4) were

co-cultured with the basophils

(1 9 106/mL) from the controls

(n = 4) or the patients (n = 3)

with IgG4-related AIP in the

presence of MDP (20 lg/mL),

PAM (10 lg/mL) or LPS (1 lg/
mL) for 7 days. The culture

supernatants obtained on day 7

were assayed for the presence of

IgG1 (a), IgG4 (a), IL-13 (b),
and BAFF (b). The results are

expressed as means ± SE.

*p\ 0.05, as compared with

the culture conditions using the

basophils from the healthy

controls
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the mechanisms accounting for enhanced BAFF production

have been poorly understood. Our data suggest that acti-

vation of TLRs and NLRs in monocytes and basophils

induces BAFF production and thereby causes systemic

IgG4 responses. As for the mechanisms for enhanced

BAFF production by monocytes, our previous study clearly

shows that activation of NOD2 induces BAFF production

via NF-jB-dependent signaling pathways [5]. It remains

unknown whether BAFF production by basophils from

IRD patients also requires activation of NF-jB as in the

case of monocytes. Alternatively, circulating IgD may

enhance BAFF production by basophils since binding of

IgD to basophils induces the secretion of pro-inflammatory

cytokines such as BAFF and IL-4 [9]. Further studies are

necessary to elucidate the molecular mechanisms

accounting for enhanced BAFF production by basophils

isolated from IRD patients.

Although basophils have been considered as effectors

cells for allergic Th2-IgE responses, recent studies show

evidence that basophils with the ability to produce Th2

cytokines and to present Ags are inducers for these allergic

reactions [7]. Thus, generation of allergic Th2-IgE

responses depends upon activation of basophils not only at

the effector phase but also at the induction phase. Patients

with IRD often exhibit enhanced serum levels of IgE

associated Th2 responses [2]. In this study, we clearly

showed that activation of TLRs in basophils from IRD

patients induce IgG4 production by B cells from healthy

controls. Therefore, it is possible that microbial Ags trigger

production of IgG4 and IgE through TLR activation in

baosphils. However, we failed to detect IgE production

(data not shown). This preferential induction of IgG4

responses rather than IgE responses by TLRs-activated

basophils can be partially explained by the lack of IL-4 and

TSLP production, both of which are necessary for IgE

production [13, 14].

One question arising from the present study is the sites

where basohil activation of TLRs occur. Given the fact that

the mucosa of the gastrointestinal (GI) tract is always

exposed to intestinal microflora [4, 15], it is possible that

TLR ligands derived from intestinal microflora activate

basophils in GI tract. Thus, the GI tract is one possible

induction site for the development of systemic IgG4

responses. However, clinical analysis of patients with AIP

show poor association between IgG4-related AIP and IBD

[16], the latter of which requires excessive innate immune

responses against intestinal microflora for the development

of inflammation. In this regard, several mechanisms for

preventing hyper-responsiveness to TLR ligands operate in

the gut [4, 15]. Therefore, one possible explanation is that

pathogenic immune reactions causing inflammation are

suppressed in the gut by regulatory mechanisms whereas

such reactions cause tissue injury in the other sterile organs

such as pancreas and bile duct due to the lack of regulatory

mechanisms. Confirmation of this idea awaits further

investigation of immune responses occurring in the GI tract

of patients with IRD.

In conclusion, it is important to note that the findings

shown here have certain implications both with respect to

possible mechanisms of IRD and with respect to a possible

new approach to the treatment of this disease. Activation of

TLR2 and TLR4 in basophils enhances IgG4 Ab responses

by B cells from healthy controls and IRD, which suggests

that abnormal innate immune responses through TLRs may

be involved in the development of IRD. With respect to

treatment, a link between BAFF and IgG4 implies that

patients with IRD may be treated with the inhibition of

BAFF signaling.

Acknowledgments This work is supported in part by grants from

the Ministry of Education, Science and Culture, Japan, and the Japan

Society for the Promotion of Science (21590532); Takeda Science

Foundation; Astellas Foundation for Research on Metabolic Disor-

ders; Yakult Bioscience Foundation; Cell Science Research Founda-

tion; Kato Memorial Trust for Nambyo Research; Pancreas Research

Foundation of Japan; Uehara Memorial Foundation (to T. W.); and

Health and Labour Sciences Research Grants for research on intrac-

table diseases from the Ministry of Health, Labour and Welfare of

Japan (to T. C.).

Conflict of interest The authors have declared no conflicts of

interest.

Fig. 4 BAFF-mediated IgG4 production by basophils from patients

with IgG4-realted disease. The CD19? B cells (1 9 106/mL) from the

healthy controls (n = 2) were co-cultured with the basophils

(1 9 106/mL) from the patients (n = 2) with IgG4-related disease

in the presence of LPS (1 lg/mL) for 7 days. The culture supernatants

obtained on day 7 were assayed for the presence of IgG4.

The neutralizing Ab against BAFF (25 lg/mL) was added to the

co-culture. The results are expressed as means ± SE. *p\ 0.05
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Abstract

Background Intestinal-type gastric carcinomas progress

through several sequential steps, including atrophic gas-

tritis, intestinal metaplasia, dysplasia, and cancer.

Aim We investigated heat shock protein 27 (HSP27)

expression in gastric neoplasia and background gastric

mucosa to assess its involvement in gastric carcinogenesis.

Methods We used real-time quantitative polymerase

chain reaction to examine HSP27 expression in gastric

neoplasias and background gastric mucosae of 30 patients

with intraepithelial neoplasias and in gastric mucosae of 30

patients without gastric neoplasia. Immunohistochemical

staining was performed on 30 advanced gastric cancer

tissues.

Results HSP27 expression was negatively associated with

atrophic gastritis. HSP27 expression in the background

gastric mucosa of neoplasia-bearing patients was signifi-

cantly lower than in the mucosa of those without gastric

neoplasia. In tumor necrosis factor a-treated gastric cancer

cells, HSP27 knockdown increased cell death and

accumulation of the reactive oxygen species that link

inflammation to cancer. Poorly differentiated tumors most

frequently had high HSP27 levels. Dedifferentiation of

cancer cells is associated with an epithelial–mesenchymal

transition (EMT) signaling pathway. In gastric cancer

MKN-1 cells, HSP27 knockdown upregulated E-cadherin

and downregulated vimentin and smooth muscle actin, but

this did not occur in MKN-74 cells.

Conclusion HSP27 expression in gastric mucosae is

inversely correlated with intraepithelial neoplasia, a prob-

able precursor to gastric cancer, and HSP27 expression in

cancer is positively correlated with poor differentiation.

Keywords Gastric cancer � HSP27 � ROS
Inflammation � Atrophic gastritis � EMT � Stem cell

Introduction

The incidence of gastric cancer has decreased over the past

few decades [1]. However, gastric adenocarcinoma remains

one of the most frequent causes of cancer-related death

worldwide [2]. Because it is frequently diagnosed late, it is

associated with significant mortality. Overall 5-year survival

for this type of cancer is only 35–45 % [3, 4]. Survival can

only be improved if the disease is diagnosed early, because

endoscopic or surgical resection can be curative when per-

formed at an early stage. Therefore, it is important that new

biomarkers are established to identify patients who are at

high risk and to diagnose gastric cancer early.

In the Correa model, the currently accepted model

of intestinal-type gastric carcinogenesis, development of

intestinal-type gastric cancer is preceded by a number of

sequential steps. These steps are atrophic gastritis, followed

by intestinal metaplasia, dysplasia, and invasive neoplasia.
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Atrophic gastritis is characterized by the atrophy of gastric

mucosa because of chronic inflammation. Chronic inflam-

mation and oxidative stress are related to human cancers as a

result of the production of reactive oxygen species (ROS) by

inflammatory cells such as neutrophils, eosinophils, and

macrophages [5]. The ROS induce necrosis of neighboring

cells, leading to further ROS accumulation and greater

inflammatory response. Oxidative stress has many effects,

including alteration of gene expression [6], an increase in cell

death, and increased proliferation and induction of DNA

mutation [7]. Although chronic inflammation may act as an

initiator of gastric carcinogenesis, via the induction of oxi-

dative stress, little is known about the molecular link

between chronic gastritis and gastric cancer.

Tissue homeostasis in multicellular organisms requires a

balance between cell death and proliferation. Homeostatic

imbalance leads to many pathological conditions, for

example chronic inflammation and cancer. Cellular

necrosis leads to oxidative stress and a strong inflammatory

response [8]. Recent studies suggest that IL-1a acts as a

mediator that monitors signals from necrotic cells and

induces the recruitment of inflammatory cells to the site of

injury [9, 10]. In adults, cancer frequently develops in the

setting of chronic inflammation, conditions in which epi-

thelial cells are killed and inflammatory cells are activated

to produce cytokines that drive the compensatory prolif-

eration of surviving cells. Although the precise molecular

effect of chronic inflammation in the pathogenesis of

cancer remains to be fully elucidated, it is likely to promote

cancer development through cycles of cell death and

compensatory proliferation [11, 12]. For instance,

increased epithelial cell death in inhibitor of NF kappa-B

kinase subunit beta (IKK-b) null mice increases the rate of

gastric carcinogenesis. Early induction of cell death may

drive the development of gastric cancer via increased

inflammatory-cell infiltration and ROS accumulation [13].

Heat shock protein 27 (HSP27), a stress-induced

molecular chaperone, has been reported to inhibit ROS

accumulation [14, 15]. HSP27 is highly and uniformly

expressed in cancers [16], and its level of expression is

associated with metastasis and poor prognosis [17–20].

Although several mechanisms have been proposed to

explain the effect of HSP27 on the promotion and pro-

gression events of carcinogenesis, including enhanced

motility and invasion [21, 22] and inhibition of cell death

[23, 24], little is known about the function of HSP27 in the

gastric epithelial cell at the initiation of gastric carcino-

genesis. Given the critical function of HSP27 in protecting

the stomach mucosa [25], we hypothesized that HSP27

may attenuate cell death and ROS accumulation in the

gastric mucosa, and subsequently have a protective effect

against gastric carcinogenesis. Thus, we investigated

expression of HSP27 in the background gastric mucosa of

patients with and without gastric intraepithelial neoplasia,

the potential precursor to gastric cancer, using real-time

quantitative polymerase chain reaction (qPCR) to evaluate

the relevance of HSP27 to the development of gastric

cancer. The HSP27 level in background gastric mucosa

was significantly lower in patients with atrophic gastritis

and neoplasia than in those without them. HSP27 may be a

biomarker of gastric cancer risk and a promising target for

cancer prevention.

Materials and Methods

Patients

From April 2010 to October 2011, 231 patients underwent

endoscopic and surgical curative resection for gastric car-

cinoma at Kinki University School of Medicine. None of

these patients had been subjected previously to any other

form of therapy, for example radiation or chemotherapy.

Thirty sample pairs of neoplasia and adjacent non-neo-

plastic tissue, and 30 gastric mucosa specimens from

patients without neoplasia were obtained by endoscopy.

These patients were selected from among those who had

given informed consent to use of the tissue collected from

them, and were matched by age and gender with controls.

All non-cancerous tissues were obtained more than 3 cm

away from any tumors.

Patients with advanced gastric cancer were assigned to

1 of 2 groups that were matched by age and gender. One

group contained 15 patients with intestinal-type (differen-

tiated) carcinoma; the other group contained 15 patients

with diffuse-type (poorly differentiated, signet-ring cell)

carcinoma. The extent of tumor cell differentiation was

assessed by use of Laurens’s classification [26]. Upper

gastrointestinal tract biopsy with culture or urea breath test

was used to diagnose Helicobacter pylori (H. pylori)

infection. The median level of HSP27 mRNA, as deter-

mined by real-time qPCR, was used to distinguish low and

high-expression groups. The study protocols conformed to

the guidelines of the 1975 Declaration of Helsinki and were

approved by the institutional review boards of Kinki

University.

Biochemical and Immunochemical Analysis

We used previously described methods for real time qPCR,

immunoblotting, and immunohistochemical analysis [10].

Antibodies used were: anti-poly (ADP-ribose) polymerase

(PARP; Santa Cruz Biotechnology, CA, USA), anti-a-
smooth muscle actin (a-SMA; Dako, Glostrup, Denmark),

anti-actin (Sigma, St Louis, MO, USA), anti-vimentin (Cell

Signaling, Danvers, MA, USA), anti-E-cadherin (Cell
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Signaling), anti-caspase 3 (Cell Signaling) and anti-HSP27

(Cell Signaling). Immunohistochemistry was performed by

use of ABC staining kits (Vector Laboratory, Burlingame,

CA, USA), in accordance with manufacturer’s recom-

mendations. HSP27 immunoreactivity was coded as fol-

lows: no positive cells (-), 1–25 % positive cells (?),

26–75 % positive cells (??),[75 % positive cells

(???). Protein carbonylation, a major form of protein

oxidation, was analyzed by use of the Oxiselect protein

carbonyl immunoblot kit (Cell Biolabs, San Diego, CA,

USA), in accordance with the manufacturer’s instructions.

To evaluate signal intensity, western blot image data were

quantified by use of Image J software (NIH, Bethesda, MD,

USA).

Cell Culture

MKN-1 and MKN-74 cells were derived from adenosqu-

amous carcinomas and differentiated adenocarcinomas,

respectively. We used these two cell lines because they

express HSP27. These cells were seeded in Dulbecco’s

Modified Eagle Medium (Gibco Invitrogen, Carlsbad, CA,

USA) supplemented with 100 U/mL penicillin, 100 lg/mL

streptomycin (Gibco), and 10 % fetal bovine serum. Cells

were cultured at 37 �C under 5 % CO2/95 % ambient air.

HSP27 siRNA duplexes that target the sequences sense,

50-UGAGAGACUGCCGCCAAGUAA-30, and antisense,

50-UUACUU GGCGGCAGUCUCAUU-30, were synthe-

sized by Genedesign (Osaka, Japan). MKN-1 and MKN-74

cells were transfected with HSP27 siRNA or non-targeting

siRNA as a negative control (Fig. 2a). siRNA was trans-

fected by use of Lipofectamine RNAiMAX reagent

(Invitrogen). Twenty-four hours after transfection, cells

were treated with tumor necrosis factor (TNF)-a (50 ng/mL)

plus cycloheximide (10 lg/mL) to induce cell death. The

number of viable cells was estimated by trypan blue

extraction 24 h after exposure to the stressors and the

number of untreated cells was given an arbitrary value of 1.

To assess the causal link between HSP27 and dedifferenti-

ation of cancer cells, we investigated the effect of HSP27 on

the epithelial–mesenchymal transition (EMT). Transforming

growth factor (TGF)-b, epidermal growth factor (EGF),

fibroblast growth factor (FGF), and hepatocyte growth factor

(HGF) are well-known inducers of EMT. Therefore, we

treated MKN-1 and MKN-74 cells with TGF-b, EGF, FGF,
or HGF (10 ng/mL) for 72 h and EMT was evaluated by

western blot analysis.

Statistical Analysis

Data are presented as mean ± SEM. Differences were

analyzed by use of Fisher’s exact test or Student’s t test.

p values\0.05 were considered significant.

Results

HSP27 Expression Was Inversely Related to Atrophic

Gastritis and Intraepithelial Neoplasia

The initiating molecular events in gastric carcinogenesis

are not completely known. To assess the effect of HSP27

on the initiation of gastric carcinogenesis, we examined the

relationship between HSP27 expression in background

gastric mucosa and the presence of intraepithelial neopla-

sia. The level of expression of HSP27 in background gas-

tric mucosa was significantly lower in neoplasia-bearing

patients than in patients without gastric neoplasia (Fig. 1a,

Table 1; p = 0.004). c-Jun N-terminal kinase (JNK) acti-

vation and cytokine, for example interleukin (IL)-1b, IL-6
and TNFa production, have been reported to have crucial

involvement in carcinogenesis [10, 12, 13, 27]. There was

no difference in the expression of c-Jun (a downstream

molecule of JNK), IL-1b, IL-6, or TNFa between neopla-

sia-bearing patients and those without gastric neoplasia

(Fig. 1a). Cell proliferation is involved inextricably in the

development of cancer. In human gastric mucosa, there

was no significant relationship between HSP27 and cyclin

D or E expression (data not shown).

Embryonic stem cells are defined as cells that have the

ability to perpetuate themselves by self-renewal and to

generate mature cells of a particular tissue by differentia-

tion [28]. Cancer stem cells have been suggested to have

characteristics similar to those of embryonic stem cells.

Table 1 Characteristics of patients with and without intraepithelial

neoplasia

Variable Patients

without

neoplasia

(n = 30)

Patients

with neoplasia

(n = 30)

p value

Age-years 69.0 ± 1.40 69.4 ± 1.76 Matched

Sex-no. (%) Matched

Male 23 23

Female 7 7

Atrophic gastritis 0.014

Mild 11 3

Moderate 14 13

Severe 5 14

H. pylori infection 0.064

Negative 16 8

Positive 14 22

HSP27 expression 0.037

Low 12 21

High 18 9

The median value of HSP27 mRNA level, as determined by real time-

qPCR, was used as a cut-off between the low and high-expression

groups
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The stemness factors Sox2, Oct-4, and Nanog are associ-

ated with induced pluripotent stem cells. Some studies have

suggested that these factors may be involved in human

malignancy [29]. Therefore, we investigated the relation-

ship between HSP27 and the stemness factors Sox2, Oct-4,

and Nanog in human gastric mucosa by real-time qPCR.

No significant association between them was found (data

not shown).

One of the most frequently mentioned risk factors for

gastric cancer development is atrophic gastritis because of

H. pylori infection, which is consistent with our results

(Table 1). We found a significant inverse relationship

betweenHSP27 expression and severity of atrophic gastritis,

but not between HSP27 expression and H. pylori infection

(Table 2, Fig. 1b and Supplementary Table; p = 0.015).

The significant relationship between the level of HSP27

expression in background gastricmucosa and the presence of

atrophic gastritis and neoplasia was independent ofH. pylori

infection. As shown in Fig. 1c, HSP27wasmainly expressed

in the epithelial cells of gastric mucosae which are positive

for E-cadherin. TypeB gastritis is a common type of atrophic

gastritis in which more severe atrophy is present in the

antrum than in the corpus mucosa. To assess the relationship

between HSP27 expression and mucosal atrophy, we com-

pared HSP27 expression in the antrum and corpus of the

same patients. No significant difference in the level of

expression of HSP27 was found between in the two regions

(Fig. 1d). These data suggest that reduced HSP27 levels do

not result from mucosal atrophy itself.

HSP27 Prevented TNFa-Mediated Cell Death and ROS

Accumulation in Gastric Cancer Cells

HSP27 has been shown to interact and inhibit components of

both stress-induced and receptor-induced apoptotic path-

ways. HSP27 prevents the activation of caspases by

sequestering cytochrome c in the cytoplasm [30]. Expression

of TNFa was higher in neoplasia-bearing patients than in

those without gastric neoplasia (Fig. 1a). We investigated

whether HSP27 might provide a protection against TNFa in
gastric cancer cells. As shown in Fig. 2b, TNFa induced

significantlymore cell death in HSP27 knockdown cells than

in controls (MKN1, p = 0.0005; MKN74, p = 0.017).

TNFa-treated HSP27 knockdown cells accumulated signif-

icantly more ROS than controls (Fig. 2c; MKN1,

p = 0.0012; MKN74, p = 0.0001). Proteolytic cleavage of

PARP and caspase 3 is a characteristic of apoptosis. There

was slightly more PARP cleavage in TNFa-treated HSP27

knockdown cells than in controls and no difference in cas-

pase 3 cleavage between TNFa-treated HSP27 knockdown

Fig. 1 HSP27 expression was inversely related to the presence of

gastric neoplasia. a By real-time qPCR, mRNA levels of the indicated

genes were quantified in the non-neoplastic gastric tissues of patients

with intraepithelial neoplasias (with tumor) and in the gastric mucosae

of those without gastric neoplasia (without tumor). Results are

reported as the mean ± SEM. *p\ 0.05 vs control. b mRNA levels

of HSP27 in the gastric mucosae of patients with mild, moderate, and

severe atrophic gastritis were quantified by real-time qPCR.

*p\ 0.05 vs mild atrophic gastritis. c Expression of HSP27 and

E-cadherin, a marker for epithelial cells, in non-cancerous gastric

tissue. Many epithelial cells were stained immunohistochemically

with anti-HSP27 antibody, and a few non-epithelial cells were

stained. d mRNA levels of HSP27 in the antrum and the corpus

mucosae of the same patients were quantified by real-time qPCR

Table 2 Association between HSP27 expression and atrophic

gastritis

Atrophic gastritis p value

Mild Moderate Severe

HSP27 expression 0.015

Low 4 15 15

High 10 12 4

H. pylori infection 0.057

Negative 11 14 5

Positive 5 12 13

The median value of HSP27 mRNA level, as determined from real

time-qPCR, was used as a cut-off between the low and high-expres-

sion groups
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cells and controls (Fig. 2d), suggesting that HSP27 knock-

down induces necrosis and apoptosis. HSP27 knock-down

did not affect cell proliferation as assessed by trypan blue dye

exclusion and MTT assays (data not shown).

Tumor Histology Grade Was Significantly Associated

with HSP27 Expression

The level of HSP27 expression in the intraepithelial neoplasia

was slightly higher than in the corresponding non-tumorous

mucosa as assessed by real-time qPCR (Fig. 3). Next, we

performed immunohistochemistry on 30 advanced gastric

cancer tissues. HSP27 immunoreactivity occurred in 83.3 %

(25of 30) of gastric cancer specimens and46.6 % (14of 30) of

the corresponding non-cancerous gastric mucosal specimens

from 30 patients with advanced gastric cancer. The distribu-

tion of HSP27 expression in intestinal-type and diffuse-type

carcinomas is reported in Fig. 4a–e and Table 3. We found

significantly greater expression of HSP27 in diffuse-type

(poorly differentiated) carcinomas than in intestinal-type

(better differentiated) carcinomas (p = 0.01).

HSP27 Was Critical for EMT in Gastric Cancer MKN-

1 Cells but Not in MKN-74 Cells

Because HSP27 expression was significantly higher in poorly

differentiated gastric cancer than in better differentiated ade-

nocarcinoma (Fig. 4, Table 3), we examined whether HSP27

is related to dedifferentiation of cancer cells. Epithelial–mes-

enchymal transition (EMT), defined as switching of polarized

epithelial cells to a migratory fibroblastoid phenotype, is

involved in dedifferentiation of cancer cells [31]. Western blot

analysis revealed a decrease in E-cadherin level and an

increase in SMA, vimentin, and HSP27 levels when MKN-1

cells were treated with TGF-b, an inducer of EMT (Fig. 5a).

HSP27 expression is not associated with EMT induction in

MKN74 cells (Fig. 5a). In MKN-1 cells, HSP27 knockdown

resulted in an increase in E-cadherin level and a decrease in

vimentin and SMA levels (Fig. 5b). In contrast, in MKN74

cells, there were no significant changes in E-cadherin,

vimentin, or SMA levels (Fig. 5b). This implies that HSP27

modulates EMT in MKN-1 cells but not in MKN-74 cells.

Discussion

The gastrointestinal tract is continuously exposed to inju-

rious agents that can lead to cellular stress and trigger

Fig. 2 HSP27 prevented TNFa-mediated cell death and ROS accu-

mulation in gastric cancer cells. a MKN-1 and MKN-74 cells were

transfected with HSP27 siRNA or non-targeting siRNA as negative

control. Homogenates of cells were extracted 24 h after transfection,

electrophoresed, and immunoblotted with anti-HSP27 antibody.

b, c MKN1 and MKN74 cells were transfected with HSP27 siRNA

or non-targeting siRNA. Culture with media that contained TNF-a
(50 ng/mL) plus cycloheximide (10 lg/mL) was initiated 24 h after

transfection. The number of viable cells was estimated by trypan blue

extraction 24 h after exposure to the stressors and the number of

untreated cells was given an arbitrary value of 1 (b). At 18 h after

exposure to the stressors, protein carbonylation of cell lysate was

examined by use of Oxiselect kits and the level of untreated controls

was given an arbitrary value of 1 (c). Results are presented as

mean ± SEM. *p\ 0.05 vs control. d The protein levels of the

uncleaved and cleaved forms of PARP and the cleaved form of

caspase 3 (Cas. 3) were analyzed by western blotting

Fig. 3 Level of HSP27 expression in the intraepithelial neoplasia

was slightly higher than in the corresponding non-tumorous mucosa.

mRNA levels of HSP27 in intraepithelial neoplastic (Tumor) and non-
neoplastic gastric tissues (Non-tumor) of the same patients were

quantified by real-time qPCR
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epithelial damage and cell death. The manner of epithelial

cell death can be determined from cell morphology and

intracellular signaling pathways [32]. Apoptosis is a natu-

rally occurring form of cell death that can be initiated via

either extrinsic or intrinsic pathways. In contrast, cellular

necrosis lacks the features of apoptosis or autophagy and

does not occur normally [33]. Cellular necrosis is induced

by a variety of external factors, and typically leads to

oxidative stress and a strong inflammatory response [8].

Recent studies suggest that IL-1a acts as a mediator that

monitors signals from necrotic cells and induces the

recruitment of immune cells to the site of injury [9, 10].

There may be a causal link between inflammation and

cancer [5]. Especially in adults, cancer is frequently pre-

ceded by a long period of subclinical inflammatory disease

and micronecrosis that provides a setting in which the

epigenetic regulation of genes, cell death, cell proliferation,

and mutagenesis occur [11]. Cancer results from rounds of

disordered and unscheduled necrotic cell death and sub-

sequent proliferation of surviving cells, rather than from a

process that is determined solely by cell growth [11, 12].

Indeed, rapid progression to dysplasia or cancer is associ-

ated with greater susceptibility to gastric epithelial cell

death after H. felis infection [13]. Here, we showed that

HSP27 prevents cell death and ROS production and that

HSP27 expression is inversely related to atrophic gastritis

and intraepithelial neoplasia, the potential precursor to

gastric cancer, in humans. HSP27 may protect against the

initiation of gastric cancer by suppression of epithelial cell

death, ROS accumulation, and the subsequent inflamma-

tory response.

Fig. 4 Tumor histology grade

was significantly associated

with HSP27 expression.

Representative immunostaining

images of intestinal-type

carcinoma (a, b) and diffuse-

type carcinoma (c–e) are shown.
Scale bar 100 lm

Table 3 HSP27 Expression in gastric cancer samples and its rela-

tionship to tumor differentiation

Histologic grade Immunostaining

distribution of

HSP27

p value

- ? ?? ???

Intestinal type (better differentiated) 7 5 3 0 0.010

Diffuse type (poorly differentiated) 1 3 6 5

HSP27 immunoreactivity was assessed as follows: -, no positive

cells; ?, 1–25 % positive cells; ??, 26–75 % positive cells;

???,[75 % positive cells

Fig. 5 HSP27 was critical for EMT in gastric cancer MKN-1 cells

but not in MKN-74 cells. Representative western blots evaluating

EMT and HSP27 are shown. a MKN-1 and MKN-74 cells treated

with TGF-b, EGF, FGF, or HGF (10 ng/mL) for 72 h. Homogenates

of cells were electrophoresed and immunoblotted with the indicated

antibodies. bMKN-1 and MKN-74 cells were transfected with siRNA

against HSP27 or control siRNA. Twenty-four hours after transfec-

tion, cell lysates were extracted and immunoblotted with the indicated

antibodies
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It has been widely reported that the major causative

factor of chronic gastritis is infection with the bacterium

H. pylori [34]. However, H. pylori tend to disappear as

intestinal metaplasia, the final stage of atrophic gastritis,

develops. This may be because of histological changes that

create unfavorable environments for survival of the bac-

terium [35]. Epidemiologic studies have revealed an

association between H. pylori infection and gastric cancer

risk [36, 37], and the development of gastric cancer is also

affected by other factors, for example diet and patient

genetic factors [38]. In our study, there was a consistent

correlation between H. pylori infection and the presence of

atrophic gastritis and neoplasia (Tables 1, 2).

HSP27 is expressed in a variety of human cancers. For

cancers such as rectal [19], gastric [18, 20], and hepatocel-

lular carcinoma [17], high levels of HSP27 are associated

with a poor prognosis. Poorly differentiated tumors are

more invasive and patients with these tumors have worse

prognoses than those with differentiated tumors. We dem-

onstrated that HSP27 expression is related to poor differen-

tiation of human gastric cancer. EMT is an active process

driving tumor dedifferentiation and determining tumor his-

tology, one of the major prognostic variables used in clinical

practice for gastric cancer patients [38, 39]. HSP27 induces

EMT in gastric cancer MKN-1 cells, but not in MKN-74

cells. In contrast with normal epithelial cells, cancer cells are

phenotypically and functionally heterogeneous. In at least

some types of gastric cancer, HSP27 is critical for EMT-

related dedifferentiation. HSP27 expression in cancer is

positively correlated with its poor differentiation although

the cause–effect relationship between HSP27 and poor dif-

ferentiation remains to be elucidated.

In conclusion, HSP27 expression in the background

mucosa is inversely associated with atrophic gastritis and

gastric intraepithelial neoplasia, whereas HSP27 expres-

sion in the tumor is positively associated with poor dif-

ferentiation of tumor cells. HSP27 may have distinct

effects in the initiation step of gastric carcinogenesis and

the progression of gastric cancers. Although studies have

suggested that HSP27 can inhibit cancer cell death, leading

to increases in cancer cell growth and expansion, there

have been only a few studies of the involvement of HSP27

in the initiation of carcinogenesis [10]. Further work using

knock-out mice is necessary to validate these findings and

to determine whether HSP27 is crucially involved in car-

cinogenesis in vivo.
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Abstract
Hepatocellular carcinoma (HCC) presents with a high burden of disease in
East Asian countries. Intermediate-stage HCC as defined by the Barcelona
Clinic Liver Cancer (BCLC) staging system poses a clinical challenge as it
includes a heterogeneous population of patients that can vary widely in terms
of tumour burden, liver function and disease aetiology. Intermediate HCC
patients often have unsatisfactory clinical outcomes with repeated transarte-
rial chemoembolization (TACE, due to non-response of the target tumour or
the development of further metastasis indicating progressive disease. In Sep-
tember 2011, an Expert Panel Opinion on Interventions in Hepatocellular
Carcinoma (EPOIHCC) was convened in HK in an attempt to provide a con-
sensus on the practice of TACE. To that end, current clinical practice
throughout Asia was reviewed in detail including safety and efficacy data on
TACE alone as well as in combination with targeted systemic therapies. This
review summarises the evidence discussed at the meeting and provides expert
recommendation regarding the available therapeutic options for unresectable
intermediate stage HCC. A key consensus of the Expert Panel was that in
order to improve patient outcomes and long-term survival, the possibility of
using TACE in combination with targeted agents given systemically should
be explored. While the currently available clinical data is promising, the
expected completion of several pivotal phase II and III RCTs will provide fur-
ther evidence in support of the rationale for combination therapy regimens.

Globally, hepatocellular carcinoma (HCC) is the fifth
most common form of cancer (1) with a particularly
high burden of disease in east Asian countries, including
China, Japan, Korea, and Taiwan (2, 3). There are a

number of staging systems for HCC classification, often
with different numbers of stages and different criteria
for classification. While early stage HCC is commonly
staged consistently between systems, the differentiation
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of intermediate from advanced stage HCC is often not
well defined. Differences arise depending on the under-
lying level of liver disease, the level of liver function and
historical slant towards resectable versus non resectable
tumours (Reviewed in(4)). As the prognosis of unresec-
table patients varies greatly, from weeks to years,
depending on tumor extension and liver function, surgi-
cal unresectability alone is not suitable for prognostic
staging or treatment decision. Studies have shown the
degree of liver dysfunction is a determinant of both
prognosis and appropriate treatment eligibility and
treatments themselves may impact on liver function (4).
The Barcelona Clinic Liver Cancer (BCLC)(5) staging
system has been widely adopted as the staging system of
choice in many countries across the world as it links
different stages of HCC with appropriate therapeutic
treatment options(6) and has been endorsed by the
European Association for the Study of the Liver (EASL)
(7) and the American Association for the Study of the
Liver (AASLD) (8). The BCLC system has four stages
with well defined early and advanced patient staging.
Subsequently, intermediate stages are also more clearly
defined and include criteria for tumor stage, liver
functional status, physical status and cancer related
symptoms (5).

Intermediate HCC

Intermediate-stage HCC includes a heterogeneous
population of patients that can vary widely in terms of
tumour burden, liver function and disease aetiology (6).
The BCLC intermediate stage (BCLC-B) consists of
Child-Pugh A and B patients with large/multifocal HCC
(defined as >3 tumors whichever the size, or 2–3 tumor
exceeding 3 cm in maximal diameter or one single un-
resectable tumor larger than 5 cm, who do not have
cancer related symptoms, macrovascular invasion or
extrahepatic spread) (5). Some cases with good liver
function and small tumors of intermediate stage may
reach 50% survival over 3 years without therapy (9).
However, Child-Pugh B patients with large and multi-
ple/diffuse HCC show worse prognosis. Therapeutically,
intermediate stage HCC patients are considered optimal
candidates for transarterial embolization (TAE) and
chemoembolisation (TACE). Conventional TACE most
often consists of arterial infusion of an emulsion of lipi-
odol with a chemotherapeutic agent (e.g. doxorubicin,
cisplatin) followed by embolization. TAE has been
shown to be effective in inducing tumour necrosis and
in delaying tumour progression and revascularisation of
the tumor bed in 15–55% of patients (10, 11). However,
a recent study indicates the inclusion of a chemothera-
peutic agent provided a better local tumor response,
with lower recurrence and longer time to progression
than TAE alone (12). Despite this, systemic chemother-
apy alone is not particularly effective. The most active
agents in vitro and in vivo are doxorubicin and cisplatin
but a meta-analysis reported only partial responses in

around 10% of cases, without any evidence of survival
advantages (13). An early meta-analysis of six random-
ized control trials which compared TACE with best
supportive care or suboptimal therapies, recommended
TACE as the standard-of-care for intermediate-stage
HCC (14). However, only two of these six studies
reporting 2-year survival demonstrated a statistically
significant improvement compared with conservative
management reflecting significant differences between
the individual study designs (Reviewed in(6)). A 2011
meta-analysis defined the evidence supporting the bene-
fits of TACE as limited (15), however, there have been
several criticisms of this analysis primarily related to the
inclusion of inappropriate trial data (Reviewed in 6)
(16). TACE has been reported to achieve a partial
response in 15–62% of patients, with significantly
delayed tumor progression and vascular invasion and an
improvement of median survival from 16 to 20 months
(14, 17). A recent expert opinion review of the indica-
tions/contraindications for TACE including technical
issues relating to the procedure and follow up have been
published and has highlighted the importance of patient
selection in predicting favourable responses to TACE
(18). While there is clear evidence for the effectiveness
of conventional TACE in prolonging survival in inter-
mediate patients with well preserved liver function
(Child-Pugh A class) (14), <10% of the total population
in this meta-analysis were Child-Pugh B patients (4).
Child-Pugh B patients represent a highly heterogeneous
population with limited evidence of benefit from TACE
treatment with an inherent risk of deterioration of liver
function. This view is further reinforced by a recent
study utilising selective and sequential TACE reporting
median survival of 46.1 months for Child-Pugh A and
only 11.1 months for Child-Pugh B patients (19).

Currently, TACE procedures are not well standar-
dised and the optimal chemotherapeutic/embolizing
agent and the retreatment strategy, including standardi-
sation of treatment schedule and indications, have to be
determined (20). For example, gelatine sponge particles,
or gelfoam, widely used in Asia and previously the most
common embolizing agent used in trials, provide a het-
erogeneous and temporary arterial obstruction. In con-
trast, polyvinyl alcohol particles (PVA), not widely used
in Asia but used in many Western centres, results in per-
manent artery occlusion (20). Additionally, the time lag
between chemotherapy injection and vessel obstruction
allows systemic release of the chemotherapy agent while
another critical factor influencing the effectiveness of
TACE is tumor burden and operator skill (4). The
recent development of DEB-TACE enables a slow release
of the chemotherapy agent following injection into the
blood stream and systemic release is significantly
reduced resulting in reduced toxicity as compared to
conventional TACE (reviewed in(21)). Selective emboli-
zation is associated with a greater antitumor effect, as it
preserves liver function and is associated with better
overall outcome (22), however, very large tumors and
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bilobar infiltration reduces the possibility of selective
embolization or total tumor necrosis (4). A phase II
RCT (Precision V) recently compared conventional
TACE with TACE using drug-eluting beads (DEB-
TACE) to enhance tumor drug delivery and reduce sys-
temic availability (23, 24). While the Precision V study
failed to show a statistically significant difference in the
6-month objective response rate, better 6-month objec-
tive response rates were seen in patients with more
advanced liver impairment, performance status 1, bilo-
bar and recurrent disease (24). Encouraging data have
been provided by a recent evaluation of the survival
of HCC patients treated with DEB-TACE with well
preserved liver function, the absence of symptoms,
extrahepatic spread or vascular invasion reported med-
ian survival times of 54.2 months in BCLC stage A
patients and 47.7 months in stage B patients (21).

Transarterial radioembolization with the use of the
radioisotope yttrium-90 (Y-90) has also produced
results similar to TACE in small numbers of patients
(25, 26). Internal radioembolization might be more
advantageous than TACE in Child-Pugh A patients with
very large tumors where TACE does not provide very
effective treatment (25, 26). Unfortunately, these trials
excluded Child-Pugh B patients limiting conclusions of
efficacy in the broader class of intermediate HCC. This
has been partially addressed by a recent retrospective
analysis of 325 patients which reported considerable
variation in median overall survival between tumour
stage (BCLC A, 24.4 months, BCLC B, 16.9 months,
BCLC C, 10.0 months) and Child status (BCLC A:
30.9 months (Child A) vs 19.4 months (Child B); BCLC
B: 18.4 months (Child A) vs 3.6 months (Child B);
BCLC C: 9.7 months (Child A) vs 10.0 months (Child
B)) (27). An important advantage of radioembolization
is that it is safe in patients with portal vein thrombosis
in whom TACE may lead to complications such as
liver abscess or decompensation of cirrhosis (28, 29).
However, an important consideration for radioemboli-
zation in cirrhotic patients is the potential changes in
the distribution of microspheres as a result of vascular
changes that occur in the cirrhotic liver. This altered
microvascular pattern and the presence of anatomical
arterio-portal and arterio-venous shunts may modify
the radiation dose absorbed by the tumor and the
non-tumoral liver and therefore affect treatment
tolerance and effectiveness (30). A major disadvantage
of radioembolization is that in order to ensure Y-90-
microspheres do not spread into gastroduodenal or gas-
tric circulation resulting in severe clinical consequences,
it is essential to carefully map the tumor perfusing
vessels, to embolize collateral vessels and to assess portal
vein patency before the administration of the treatment
compound. Therefore, invasive hepatic angiography is
an essential first step in planning a radiembolization
treatment, adding additional risks and costs to therapy
(31). While a number of scientific societies and groups
of experts have acknowledged that radioembolization

may have a role as a valuable form of locoregional ther-
apy for HCC in recently issued treatment guidelines
(reviewed in(30)), the recently updated guidelines of the
American Association for the Study of Liver Diseases
(AASLD) do not consider that radioembolization can be
recommended as standard therapy for advanced HCC
outside clinical trials (9).

Sorafenib is an oral multikinase inhibitor which
blocks tumor cell proliferation and angiogenesis by
inhibiting the serine/threonine kinases Raf-1/B-Raf and
the tyrosine kinases of vascular endothelial growth
factor receptor (VEGFR-2/-3) and platelet derived
growth factor receptor (PDGFR) (32). In the landmark
SHARP trial, the median overall survival (OS) was
10.7 months in the sorafenib group and 7.9 months in
the placebo group in 602 patients with advanced HCC
with well-preserved liver function (33). A phase III trial
has also been conducted in Asia which showed a similar
magnitude of benefit in the sorafenib arm compared
with the placebo arm (34). These two phase III trials
have established sorafenib as the preferred systemic
therapy for advanced HCC although the role for sorafe-
nib in intermediate HCC is less clear. It should be noted
that both of these Phase III studies restricted enrolment
to patients with Child-Pugh class A disease, because
impairment of liver function associated with Child-
Pugh class B or C could have potentially confounded
the results (33, 34). To date there have only been small
numbers of Child-Pugh B patients treated with sorafe-
nib in a clinical trial setting so it is not possible to
adequately assess efficacy and safety in this important
patient group at this time.

TACE in Asia

Transarterial chemoembolization (TACE) has been used
for almost 30 years in Asian countries in unresectable
HCC patients without strong evidence of improved sur-
vival or quality of life (35). To date, seven randomized
studies, including more than 500 patients, have com-
pared TACE with best supportive care. Two of these
reported a survival advantage for treated patients. A
Spanish randomised controlled study demonstrated 1
and 2 year survival probabilities of 82 and 63%, respec-
tively, for patients who underwent TACE vs 63 and 27%
for the control group receiving supportive care only
(36). Comparatively, a Hong Kong study indicated 1
and 2 year survival probabilities of 57% and 31%,
respectively vs 32% and 11% for patients receiving
symptomatic treatment only (37). A subsequent meta
analysis demonstrated a beneficial survival effect of
TACE compared with conservative treatment (14).
While the difference in survival rates between these pop-
ulations could be due to a number of factors, including
protocol differences, there were considerable differences
in hepatitis status with 81% of the Spanish patients hav-
ing cirrhosis caused by the hepatitis C virus (HCV),
while 85% of the Hong Kong patients had cirrhosis
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predominantly due to the hepatitis B virus (HBV).
There is still considerable debate about whether TACE
can affect viral replication. Studies have reported that
patients with decreased pre-TACE white blood cell
counts (38), HBeAg seropositivity (39), increased serum
total bilirubin coexisting with cirrhosis and the total
number of cycles of TACE received(40) all have a poten-
tial risk of the reactivation of the replication of HBV or
HCV after TACE. HBV-DNA load is a risk factor for
HCC and IFN-a treatment will reduce the HBV-DNA
load (41). The current EASL guidelines recommend
antiviral therapies leading to maintained HBV suppres-
sion in chronic hepatitis B patients and sustained viral
response in hepatitis C since they have been shown to
prevent progression to cirrhosis, and hence HCC
development (42). However, once cirrhosis is estab-
lished, the benefits of anti-viral therapy in preventing
HCC development are not robustly demonstrated (42).

Previous studies have indicated potential ethnic dif-
ferences in HCC prognosis and survival after similar
treatments (43). A North American study reported sur-
vival rates following TACE therapy intermediate
between these two populations (76% at 1 year and 56%
at 2 years) that could indicate a mixed ethnicity within
this population but was also reflective of the mean
tumour size of the treated lesions (5 cm for the Spanish
study, 6.8 cm for the North American study and 7 cm
for the Hong Kong study) (35). A large case series from
Japanese patients treated with TACE reported median
survival of 34 months with good stratification of sur-
vival by degree of liver damage and the tumor, node,
metastasis system proposed by the Liver Cancer Study
Group of Japan (44). A 13 year retrospective analysis of
patients in China with unresectable HCC undergoing
TACE as initial treatment identified tumor status, hepa-
tic function reserve, AFP, and HBV status as indepen-
dent prognostic factors (45). These studies indicate that
TACE can effectively delay HCC progression and pre-
vent recurrence early. However, 2 year survival rates are
poor (46). Recent Asian trials of TACE with modified
formulations of cisplatin, doxorubicin and epirubicin
microspheres reported overall 2 year survival rates of
76%, 46% and 59%, respectively (47, 48). A recent
Korean study of TACE in BCLC B/C patients reported a
median TTP of 3.8 months (49).

Patient selection

As noted above, intermediate stage HCC includes a het-
erogeneous group of patients with significant variations
in tumor and liver characteristics. In order to achieve
the best outcomes, there must be careful selection of
patients for each treatment option and the expert appli-
cation of these treatments (9). A recent review suggests
there are patients who are currently categorized within
the intermediate patient segment for whom TACE may
not be the optimal treatment option (50). Tumor stage
is strongly associated with the prognosis of solid tumors

and should also guide treatment decisions although the
underlying liver function in many HCC patients makes
the prediction of prognosis complex (9). The BCLC
staging system has been used by a number of major
trials of HCC therapy as it can define patient groups for
therapies across the continuum of disease extent seen
with HCC (9). This enables a more defined patient
population to be recruited and stratified into separate
prognosis categories based on published response rates
to the various treatments (9, 50).

Repetition of TACE is based on evidence suggesting
that one cycle of TACE may not be sufficient for effec-
tive treatment of intermediate-stage HCC and repeating
TACE prolongs survival (reviewed in(50)). However,
current treatment guidelines do not specify the criteria
for repeating TACE providing unnecessary uncertainty.
Consequently, TACE uptake rates in Asia are high
accounting for 50–60% of all HCC procedures at insti-
tutions involved in the TACE Study Group of Japan
(51). A recent study reported TACE was the most com-
mon first treatment in Asia and North America (52). In
terms of scheduling repeat TACE sessions, it is unclear
if on-demand TACE is more or less effective than sched-
uled TACE for improving patient survival although
aggressive repetition of TACE increases the incidence of
adverse events (reviewed in(50)). Raoul et al. recently
proposed a treatment algorithm for the repetition of
cTACE in patients with intermediate stage HCC repeti-
tion on-demand, with longer intervals between treat-
ments, rather than regular repetition (50). Of note, the
algorithm also considers sorafenib as a treatment option
in this patient population when cTACE fails or is
contraindicated.

Molecular targeted therapy in intermediate stage HCC

The current AASLD recommendations suggest TACE
should be used as first line non-curative therapy for
BCLC B patients (9). The recent development of sorafe-
nib has provided a viable treatment option with demon-
strable benefits in prolonging life in patients with
advanced HCC. Two phase III trials comparing sorafe-
nib with placebo in patients with advanced HCC
reported median overall survival of 10.7 months and
6.5 months in the sorafenib groups vs7.9 months and
4.2 months in the placebo groups, respectively (33, 34).
Sorafenib is recommended for those who have failed
TACE or for TACE-refractory patients, but TACE
failure or refractoriness has not been clearly defined.
The need to define TACE refractory HCC is particularly
important for the strategy of repeating multiple sessions
of TACE for residual viable tumors or the development
of new lesions as an on-demand basis, especially in
Asian countries (53).

Despite promising results in patients with advanced
HCC where sorafenib is the only systemic agent to have
demonstrated an overall survival benefit (33), the role
for sorafenib in intermediate HCC has not yet been
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predominantly due to the hepatitis B virus (HBV).
There is still considerable debate about whether TACE
can affect viral replication. Studies have reported that
patients with decreased pre-TACE white blood cell
counts (38), HBeAg seropositivity (39), increased serum
total bilirubin coexisting with cirrhosis and the total
number of cycles of TACE received(40) all have a poten-
tial risk of the reactivation of the replication of HBV or
HCV after TACE. HBV-DNA load is a risk factor for
HCC and IFN-a treatment will reduce the HBV-DNA
load (41). The current EASL guidelines recommend
antiviral therapies leading to maintained HBV suppres-
sion in chronic hepatitis B patients and sustained viral
response in hepatitis C since they have been shown to
prevent progression to cirrhosis, and hence HCC
development (42). However, once cirrhosis is estab-
lished, the benefits of anti-viral therapy in preventing
HCC development are not robustly demonstrated (42).

Previous studies have indicated potential ethnic dif-
ferences in HCC prognosis and survival after similar
treatments (43). A North American study reported sur-
vival rates following TACE therapy intermediate
between these two populations (76% at 1 year and 56%
at 2 years) that could indicate a mixed ethnicity within
this population but was also reflective of the mean
tumour size of the treated lesions (5 cm for the Spanish
study, 6.8 cm for the North American study and 7 cm
for the Hong Kong study) (35). A large case series from
Japanese patients treated with TACE reported median
survival of 34 months with good stratification of sur-
vival by degree of liver damage and the tumor, node,
metastasis system proposed by the Liver Cancer Study
Group of Japan (44). A 13 year retrospective analysis of
patients in China with unresectable HCC undergoing
TACE as initial treatment identified tumor status, hepa-
tic function reserve, AFP, and HBV status as indepen-
dent prognostic factors (45). These studies indicate that
TACE can effectively delay HCC progression and pre-
vent recurrence early. However, 2 year survival rates are
poor (46). Recent Asian trials of TACE with modified
formulations of cisplatin, doxorubicin and epirubicin
microspheres reported overall 2 year survival rates of
76%, 46% and 59%, respectively (47, 48). A recent
Korean study of TACE in BCLC B/C patients reported a
median TTP of 3.8 months (49).

Patient selection

As noted above, intermediate stage HCC includes a het-
erogeneous group of patients with significant variations
in tumor and liver characteristics. In order to achieve
the best outcomes, there must be careful selection of
patients for each treatment option and the expert appli-
cation of these treatments (9). A recent review suggests
there are patients who are currently categorized within
the intermediate patient segment for whom TACE may
not be the optimal treatment option (50). Tumor stage
is strongly associated with the prognosis of solid tumors

and should also guide treatment decisions although the
underlying liver function in many HCC patients makes
the prediction of prognosis complex (9). The BCLC
staging system has been used by a number of major
trials of HCC therapy as it can define patient groups for
therapies across the continuum of disease extent seen
with HCC (9). This enables a more defined patient
population to be recruited and stratified into separate
prognosis categories based on published response rates
to the various treatments (9, 50).

Repetition of TACE is based on evidence suggesting
that one cycle of TACE may not be sufficient for effec-
tive treatment of intermediate-stage HCC and repeating
TACE prolongs survival (reviewed in(50)). However,
current treatment guidelines do not specify the criteria
for repeating TACE providing unnecessary uncertainty.
Consequently, TACE uptake rates in Asia are high
accounting for 50–60% of all HCC procedures at insti-
tutions involved in the TACE Study Group of Japan
(51). A recent study reported TACE was the most com-
mon first treatment in Asia and North America (52). In
terms of scheduling repeat TACE sessions, it is unclear
if on-demand TACE is more or less effective than sched-
uled TACE for improving patient survival although
aggressive repetition of TACE increases the incidence of
adverse events (reviewed in(50)). Raoul et al. recently
proposed a treatment algorithm for the repetition of
cTACE in patients with intermediate stage HCC repeti-
tion on-demand, with longer intervals between treat-
ments, rather than regular repetition (50). Of note, the
algorithm also considers sorafenib as a treatment option
in this patient population when cTACE fails or is
contraindicated.

Molecular targeted therapy in intermediate stage HCC

The current AASLD recommendations suggest TACE
should be used as first line non-curative therapy for
BCLC B patients (9). The recent development of sorafe-
nib has provided a viable treatment option with demon-
strable benefits in prolonging life in patients with
advanced HCC. Two phase III trials comparing sorafe-
nib with placebo in patients with advanced HCC
reported median overall survival of 10.7 months and
6.5 months in the sorafenib groups vs7.9 months and
4.2 months in the placebo groups, respectively (33, 34).
Sorafenib is recommended for those who have failed
TACE or for TACE-refractory patients, but TACE
failure or refractoriness has not been clearly defined.
The need to define TACE refractory HCC is particularly
important for the strategy of repeating multiple sessions
of TACE for residual viable tumors or the development
of new lesions as an on-demand basis, especially in
Asian countries (53).

Despite promising results in patients with advanced
HCC where sorafenib is the only systemic agent to have
demonstrated an overall survival benefit (33), the role
for sorafenib in intermediate HCC has not yet been
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established. Currently, multifocal (intermediate BCLC
stage B) HCC is treated primarily with TACE alone and
more advanced (BCLC stage C) HCC is treated with
sorafenib monotherapy (9). While these treatments
produce modest survival benefits when used alone, the
likely benefits of combination therapy are enticing.
Recently, two prospective phase II studies and one case
study which used drug eluting bead (DEB)-TACE (54,
55), yttrium-90 microspheres (54), or conventional
TACE(56) plus sorafenib combination therapy, have
reported promising efficacy results with both intermedi-
ate and advanced HCC (54–56). There are a substantial
number of clinical trials assessing the combination of
TACE with sorafenib that have either been completed or
are currently underway (Table 1). Interim or final
results have been presented for some of these trials and
are summarised below (Table 2). The Study in Asia of
the Combination of TACE with Sorafenib in Patients
with HCC (START) study is a prospective Phase II,

open label, trial that investigated the safety and efficacy
of the combination of Sorafenib and conventional
TACE in South East Asian patients with HCC, the
majority of which were BCLC stage B. The preliminary
results of START indicate concurrent sorafenib and
TACE therapy is safe and effective with no unexpected
side effects (57). The phase II randomized, double-
blind, placebo-controlled sorafenib or placebo in
combination with TACE in HCC (SPACE) trial incor-
porates a continuous sorafenib administration protocol
concurrently with DEB-TACE (58). In 307 patients the
median treatment duration in the treatment and pla-
cebo groups was 4.8 and 6.3 months, respectively, and
the HR for TTP was 0.797. While median TTP reported
was similar for both groups (Table 2), there were
considerable differences in TTP at the 25th and 75th
percentiles and the study met its primary endpoint of
improving TTP when sorafenib was added to a regimen
of TACE with DEBDOX, compared with TACE with

Table 1. Clinical trials evaluating the combination of TACE and sorafenib listed on clinicaltrials.gov (Accessed 23 August, 2012)

NCT Number Status Interventions Sponsor/Collaborators N Study Design Other IDs

NCT00478374 Completed cTACE + continuous
sorafenib

University of Bern 21 I Single Arm, Open label S-TACE

NCT00494299 Completed cTACE + sequential
sorafenib

Bayer 458 III Randomized, Placebo
controlled, Double Blind

11721

NCT00768937 Completed cTACE + continuous
sorafenib

Medical University
of Vienna

22 I/II Single Arm, Open label SORATACE1

NCT00844883 Active, not
recruiting

DEB-TACE + continuous
sorafenib

Johns Hopkins Hospital,
Baltimore

50 II Single Arm, Open label J08110

NCT00855218 Active, not
recruiting

DEB-TACE + continuous
sorafenib

Bayer 307 II Randomized, Placebo
controlled, Double Blind

SPACE

NCT00919009 Completed cTACE + continuous
sorafenib

National Cancer Center,
Korea

50 II Single Arm, Open label COTSUN
Korea Trial

NCT00990860 Active, not
recruiting

cTACE + interrupted
sorafenib

Taipei Veterans General
Hospital, Taiwan

36 II Single Arm, Open label START

NCT01004978 Recruiting cTACE/DEB-TACE
+ continuous sorafenib

National Cancer Institute
(NCI), Eastern Cooperative
Oncology Group

400 III Randomized, Placebo
controlled, Double Blind

ECOG-E1208

NCT01042041 Completed cTACE + continuous
sorafenib

Abramson Cancer Center
of the University of
Pennsylvania

18 I Single Arm, Open label UPCC 08208

NCT01170104 Recruiting cTACE + continuous
sorafenib

Chung-Ang University,
Gyeongsang
National University
Hospital

63 II Single Arm, Open label CAUHHO 2009-1

NCT01217034 Recruiting cTACE + interrupted
sorafenib

Japan Liver Oncology
Group

228 II Randomized, Parallel,
Open label

TACTICS

NCT01324076 Recruiting DEB-TACE
+ continuous
sorafenib

National Cancer Institute
(NCI), University College,
London

412 III Randomized,
Double Blind

CRUK-TACE-2

NCT01409499 Recruiting cTACE + sequential
sorafenib

Sun Yat-sen University 200 IV Parallel, Open label 2011PTAHCC

NCT01556815 Not yet
recruiting

cTACE + continuous
sorafenib

Shandong Cancer Hospital
and Institute

40 II Parallel, Open label ShandongCHI-001

NCT01605734 Not yet
recruiting

cTACE + sequential
sorafenib

Shandong Cancer Hospital
and Institute

120 II Parallel, Open label ShandongCHI-002

NCT00618384 Terminated cTACE interrupted Heinrich-Heine University,
Duesseldorf

43 II Single Arm,
Open label

SOCRATES-072
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DEBDOX alone. Considering the natural course of
intermediate stage HCC, the optimal time for discontin-
uation of sorafenib in combination treatment strategies
must still be determined given the possibility of rebound
after discontinuation of sorafenib in patients who
respond to this drug (56).

Therapeutic end points

There are a number of recommended primary and sec-
ondary endpoints for HCC clinical trials (Reviewed in
(6)). These include survival, defined as time from ran-
domization to death and time to progression (TTP),
defined as time from initiation of therapy to progression
by the Response Evaluation Criteria in Solid Tumors
(RECIST). A number of composite endpoints have also
been used in HCC research, such as disease-free and
progression-free survival, defined as time from random-
ization to either recurrence or death (disease-free) or

radiological progression or death (progression-free). In
clinical practice however, there is less agreement about
the measurement of treatment response. RECIST was
created to assess tumor response to therapy by measur-
ing tumor size (unidimensional longest diameter)
thereby providing a quantitative simple measure of
tumor response that could easily be reproduced
throughout the world. (59). However, it was noted that
liver tumors typically do not shrink after loco-regional
therapy making RECIST somewhat obsolete as an imag-
ing tool. This was also observed for anticancer drugs
with alternate mechanisms of action, such as molecular
targeted therapies, which do not cause tumor shrinkage
(6). Treatments such as TACE and sorafenib for exam-
ple, poorly correlate with the extent of tumor shrinkage.
Rather, these types of therapies cause tumor necrosis
which is reflected by a decrease in the enhancement of
the tumors. This new type of tumor response assessment
by imaging was endorsed by the European Association

Table 2. Published trials evaluating the combination of TACE and sorafenib

Study Author Study Design N TACE Sorafenib Tx Outcome Reported

Kudo et al.,
2011(61)

Phase III, Randomized,
Placebo controlled, Double Blind

458 cTACE
Epirubicin + cisplatin
+ doxorubicin +mitomycin
+ lipiodol + gelatin sponge

Sequential
400 mg po bid, Median
start 9.3 weeks
post TACE

Med TTP
5.4 mo (TACE + S)
3.7 mo (placebo)
HR 0.87
6-mo PFR
45.7% (TACE + S)
33.5% (placebo)

Sansonno et al.,
2012(62)

Phase II, Randomized,
Placebo controlled, Double Blind

80 cTACE
Doxorubicin +mitomycin C
+ lipiodol + gelatin sponge

Sequential
400 mg po bid, Start
30 days post TACE

Med TTP
9.2 mo (TACE + S)
4.9 mo (placebo)

Lencioni
et al., 2012(58)

Phase II, Randomized,
Placebo controlled, Double Blind

307 DEB-TACE
doxorubicin

Continuous
400 mg po bid, Start
3–7 days pre TACE

Med TTP
5.6 mo (TACE + S)
5.5 mo (TACE)
HR 0.797

Siegert et al.,
2012(63)

Phase I, Single Arm, Open label 15 cTACE
Doxorubicin + lipiodol
+ gelatin sponge

Continuous
400 mg po bid, Start
2 weeks pre TACE

Med OS
10.6 mo

Pawlik et al.,
2011(55)

Phase II, Single Arm, Open label 35 DEB-TACE
doxorubicin

Continuous
400 mg po bid, Start
1 week pre TACE

DCR 92%
ORR 58%

Park et al.,
2012(56)

Phase II, Single Arm, Open label 50 cTACE
Doxorubicin + lipiodol
+ gelatin sponge

Interrupted
400 mg po bid, Start
3 days post TACE
Stop 1 day pre TACE

TTP
7.1 mo overall
7.3 mo BCLC B
5.0 mo BCLC C
6-mo PFS 52%

Qu et al.,
2012(64)

Phase II, Parallel (1:1), Open label 90 cTACE
Oxaliplatin + Epirubicin
+ lipiodol + gelatin sponge

Interrupted
400 mg po bid, Start
3 days post TACE
Stop 3 days pre TACE

Med OS
27 mo (TACE + S)
17 mo (TACE)

Chung et al.,
2010(57)

Phase II, ingle Arm, Open label 50 cTACE
Doxorubicin + lipiodol
+ gelatin sponge

Interrupted
400 mg po bid, Start
3 days post TACE
Stop 3 days pre TACE

CR 18/50
PD 2/50

Erhardt et al.,
2011(65)

Phase II, Single Arm, Open label 45 cTACE
Doxorubicin + lipiodol
+ gelatin sponge

Interrupted
400 mg po bid, Start
1 day post TACE
Stop 3 days pre TACE

TTP
18.9 mo
Med OS
20.1 mo
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DEBDOX alone. Considering the natural course of
intermediate stage HCC, the optimal time for discontin-
uation of sorafenib in combination treatment strategies
must still be determined given the possibility of rebound
after discontinuation of sorafenib in patients who
respond to this drug (56).

Therapeutic end points

There are a number of recommended primary and sec-
ondary endpoints for HCC clinical trials (Reviewed in
(6)). These include survival, defined as time from ran-
domization to death and time to progression (TTP),
defined as time from initiation of therapy to progression
by the Response Evaluation Criteria in Solid Tumors
(RECIST). A number of composite endpoints have also
been used in HCC research, such as disease-free and
progression-free survival, defined as time from random-
ization to either recurrence or death (disease-free) or

radiological progression or death (progression-free). In
clinical practice however, there is less agreement about
the measurement of treatment response. RECIST was
created to assess tumor response to therapy by measur-
ing tumor size (unidimensional longest diameter)
thereby providing a quantitative simple measure of
tumor response that could easily be reproduced
throughout the world. (59). However, it was noted that
liver tumors typically do not shrink after loco-regional
therapy making RECIST somewhat obsolete as an imag-
ing tool. This was also observed for anticancer drugs
with alternate mechanisms of action, such as molecular
targeted therapies, which do not cause tumor shrinkage
(6). Treatments such as TACE and sorafenib for exam-
ple, poorly correlate with the extent of tumor shrinkage.
Rather, these types of therapies cause tumor necrosis
which is reflected by a decrease in the enhancement of
the tumors. This new type of tumor response assessment
by imaging was endorsed by the European Association

Table 2. Published trials evaluating the combination of TACE and sorafenib

Study Author Study Design N TACE Sorafenib Tx Outcome Reported

Kudo et al.,
2011(61)

Phase III, Randomized,
Placebo controlled, Double Blind

458 cTACE
Epirubicin + cisplatin
+ doxorubicin +mitomycin
+ lipiodol + gelatin sponge

Sequential
400 mg po bid, Median
start 9.3 weeks
post TACE

Med TTP
5.4 mo (TACE + S)
3.7 mo (placebo)
HR 0.87
6-mo PFR
45.7% (TACE + S)
33.5% (placebo)

Sansonno et al.,
2012(62)

Phase II, Randomized,
Placebo controlled, Double Blind

80 cTACE
Doxorubicin +mitomycin C
+ lipiodol + gelatin sponge

Sequential
400 mg po bid, Start
30 days post TACE

Med TTP
9.2 mo (TACE + S)
4.9 mo (placebo)

Lencioni
et al., 2012(58)

Phase II, Randomized,
Placebo controlled, Double Blind

307 DEB-TACE
doxorubicin

Continuous
400 mg po bid, Start
3–7 days pre TACE

Med TTP
5.6 mo (TACE + S)
5.5 mo (TACE)
HR 0.797

Siegert et al.,
2012(63)

Phase I, Single Arm, Open label 15 cTACE
Doxorubicin + lipiodol
+ gelatin sponge

Continuous
400 mg po bid, Start
2 weeks pre TACE

Med OS
10.6 mo

Pawlik et al.,
2011(55)

Phase II, Single Arm, Open label 35 DEB-TACE
doxorubicin

Continuous
400 mg po bid, Start
1 week pre TACE

DCR 92%
ORR 58%

Park et al.,
2012(56)

Phase II, Single Arm, Open label 50 cTACE
Doxorubicin + lipiodol
+ gelatin sponge

Interrupted
400 mg po bid, Start
3 days post TACE
Stop 1 day pre TACE

TTP
7.1 mo overall
7.3 mo BCLC B
5.0 mo BCLC C
6-mo PFS 52%

Qu et al.,
2012(64)

Phase II, Parallel (1:1), Open label 90 cTACE
Oxaliplatin + Epirubicin
+ lipiodol + gelatin sponge

Interrupted
400 mg po bid, Start
3 days post TACE
Stop 3 days pre TACE

Med OS
27 mo (TACE + S)
17 mo (TACE)

Chung et al.,
2010(57)

Phase II, ingle Arm, Open label 50 cTACE
Doxorubicin + lipiodol
+ gelatin sponge

Interrupted
400 mg po bid, Start
3 days post TACE
Stop 3 days pre TACE

CR 18/50
PD 2/50

Erhardt et al.,
2011(65)

Phase II, Single Arm, Open label 45 cTACE
Doxorubicin + lipiodol
+ gelatin sponge

Interrupted
400 mg po bid, Start
1 day post TACE
Stop 3 days pre TACE

TTP
18.9 mo
Med OS
20.1 mo
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for the Study of the Liver (EASL) and became known as
the EASL amendment (60). It equated the lack of con-
trast enhancement with tumor necrosis. Since then,
another modification was suggested whereby residual
enhancement in tumors would be measured and equa-
ted with viable tumor. These criteria became known as
the mRECIST (7).

Expert panel meeting

In September, 2011 the Expert Panel Opinion on Inter-
ventions in Hepatocellular Carcinoma (EPOIHCC)
meeting was convened in Hong Kong bringing together
17 experts from Asia Pacific. The panel was intended to
provide a multidisciplinary approach to optimizing
HCC management incorporating input from specialists
in gastroenterology, hepatology, surgery, transplant
surgery, interventional and diagnostic radiology, medi-
cal oncology, radiation oncology and nuclear medicine.
The objectives for the meeting were to review current
clinical practice with TACE in Asia, the existing Asian
guidelines and the available data for intermediate HCC
including safety & efficacy data for TACE combination
therapy from current clinical trials with a view to
communicating consensus recommendations for
intermediate HCC patients or in advanced HCC after
TACE failure.

Pre-Meeting Survey: Current Clinical Practice with TACE
in HCC in Asia

To provide a snapshot of current clinical practice in
Asia, a pre-meeting survey was completed by 12 of the
expert panel members (Table 3). The results indicated
that the majority (8/12) clinicians refer to guidelines
based on APASL/AASLD recommendations while coun-
try specific guidelines include the Korean Liver Cancer
Study Group and the Japanese Society of Hepatology
(JSH consensus-based treatment algorithm for HCC).
Respondents indicated that conventional TACE-doxo-
rubicin and DC beads are commonly used in clinical
practice with an estimated median 2–5 procedures
required, according to a case-by-case basis. Treatment
responses are measured using both RECIST and mRE-
CIST criteria with tumour size measured by imaging
(CT or MRI) and biomarkers. The primary technical

Table 3. EPOIHCC pre-meeting survey questions and summary of
responses

Question No. of responses

Q1. Do you rely on specific guidelines to advise the use of TACE in
HCC?
Yes 8
No 4
Local/Hospital guidelines 3
AASLD HCC Practice Guidelines 3
British Society of Gastroenterology 1
APASL Guidelines 3
NICE Guidelines 1
Other 3

Q2. Which TACE regimen do you use routinely in clinical practice?
DC Beads 4
cTACE-Doxorubicin 8
cTACE-Cisplatin 2
cTACE-Mitomycin 2
Other 3

Q3. In your experience, what is the optimal number of TACE
procedures required in the treatment of intermediate HCC
patients? Please specify average in your practice
Q4. How do measure patient response to TACE in clinical practice?
Response Evaluation Criteria in Solid
Tumours (RECIST)

6

Modified RECIST (mRECIST) 6
WHO 0
EASL 2
Other (specify)

Q5. What is the greatest challenge faced in the application of TACE
in intermediate HCC patients?
Liver Function 9
Vascular Access 5
Patient Selection 4
Evidence
Other (specify)

Q6. In your opinion, would improved patient outcomes with TACE,
mean less procedures and preserve liver function?
Yes 9
No 3

Q7. What current alternatives to TACE, would you consider in
clinical practice?
Yt-90 9
RFA 7
External beam radiotherapy 5
Other (specify)

Q8. Which patients are unsuitable for TACE, what treatment
options would you consider in these cases?
Technical issues 9
Tumour size 9
Liver function 10
In your opinion there is insufficient
evidence to support alternatives

2

Q9. In your opinion, which intermediate stage HCC patients would
potentially benefit from molecular targeted therapy?
Patients with tumour >10 cm 7
Patients with vascular invasion 9
Patients who have undergone �2 TACE
procedures, without satisfactory response

11

Other (specify 3

Table 3. (continued)

Question No. of responses

Q10. In your opinion, is there sufficient evidence to support the use
of sorafenib and TACE in combination therapy?
I do use it in clinical practice currently 1
I do use it but only in special patient
populations

4

I do not use it in clinical practice 5
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challenges facing treatment are related to vascular access
and liver function damage related to TACE outcomes.
The majority (9/12) of clinicians agreed that improved
patient outcomes will likely translate to fewer rounds of
TACE required and will subsequently preserve liver
function. Panel members suggested the measurement of
hepatitis B virus DNA level is necessary for chronic
hepatitis B control after TACE, with the aim of prolong-
ing TTP, OS and delaying disease progression. The
measurement of serum VEGF would assist with patient
selection for TACE, but more studies are necessary for
clinical use. Current alternatives to TACE in use include
Yt-90, Radiofrequency Ablation (RFA) and external
beam radiotherapy.

Summary of the Panel Discussions

The Barcelona Clinic Liver Cancer (BCLC)(5) staging
system has been widely adopted as the staging system of
choice. It links different stages of HCC with appropriate
therapeutic treatment options with the result that inter-
mediate stages are also more clearly defined. For a given
therapy, appropriate patient selection is essential to ensure
optimal therapeutic efficacy.

The survey conducted here indicates the use of
RECIST guidelines to evaluate responses to treatment in
Asia appears to be decreasing while there is increasing
use of mRECIST for response evaluation in clinical
practice. The panel acknowledges that the use of mRE-
CIST takes into account reductions in the viable tumor
area induced by treatment using contrast-enhanced
radiological imaging, which may be more appropriate
for the newer molecular targeted therapies (7). How-
ever, it is also noted that mRECIST was developed
through consensus rather than via a rigorous clinical
approach, and subsequently, there is no data which
supports any correlation of staging with tumour necro-
sis. The considerable heterogeneity of disease stages and
ill-defined tumour borders complicate the management of
intermediate HCC and the panel recommends both RE-
CIST and mRECIST be used for accurate assessment of
treatment response.

According to current guidelines, the consensus for
standard of care for intermediate stage unresectable
HCC is TACE (conventional or DC beads). However,
intermediate HCC patients represent a highly heteroge-
neous population with limited evidence of clear benefit
from TACE treatment with an inherent risk of deterio-
ration of liver function. While TACE is associated with
benefits in intermediate HCC, TACE procedures are not
well standardised and the optimal chemotherapeutic/
embolizing agent and the retreatment strategy, including
standardisation of treatment schedule and indications,
have to be determined (20).

HBV-DNA load is a risk factor for HCC and antiviral
treatment will reduce the HBV-DNA load (41). The
current EASL guidelines recommend antiviral therapies
leading to maintained HBV suppression in chronic

hepatitis B patients and sustained viral response in
hepatitis C since they have been shown to prevent
progression to cirrhosis, and hence HCC development
(42). The expert panel concurs with this recommendation
with the aim of prolonging TTP, OS and delaying disease
progression.

Transarterial radioembolization has also produced
results similar to TACE in small numbers of patients
but may be more suited to specific patient populations
unsuitable for other therapies. Radioembolization is not
yet widely endorsed in Asia.

Sorafenib is currently the standard of care in
advanced HCC. TACE combined with molecular tar-
geted therapy is currently only considered in special
populations or clinical trials. There have been recent
positive results of a number of trials combining TACE
with sorafenib to enhance efficacy in intermediate HCC
patients. Differences in AE profile and efficacy are
beginning to emerge between sequential, continuous
and interrupted sorafenib administration. The results of
these ongoing trials are expected to provide important
insights into the design of treatment protocols when
sorafenib is administered in combination with TACE.

Patients who remain TACE-refractory after repeated
procedures should be considered for other types of treat-
ment to improve OS. The panel members highlighted the
fact that it is currently difficult to differentiate TACE-
refractory patients from treatment failures. This compli-
cates the definition of appropriate patient management.
Recent expert opinion by other groups has indicated no
response of the treated tumour after at least two sessions
of TACE constitutes TACE failure (50). Reflecting the
uncertainty in this field, there was considerable discus-
sion among the panel members on the definition of
TACE refractory or failure status. The panel defined
TACE-Failure as no response after 3 or more TACE
procedures within a 6 month period, to the same area.

TACE is limited in patients with complications of
vascular access where there are difficulties delivering a
catheter to the tumour site and for patients with hypo-
vascular HCC. For these populations Molecular targeted
therapies, RFA or radiation therapy may also be consid-
ered, if appropriate.

Summary

This expert panel meeting was convened to assess how
intermediate stage unresectable HCC patients should be
managed in clinical practice in Asia. This heterogeneous
patient population often suffer from poor prognosis
with repeated TACE, due to non-response of the target
tumour or the development of further complications
including metastasis from the primary tumour lesion. In
order to improve patient outcomes and long-term sur-
vival TACE combination therapy can be considered with
molecular targeted therapy, or treatment switching to
systemic therapy. The expected completion of several
pivotal phase II and III RCTs will provide further
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challenges facing treatment are related to vascular access
and liver function damage related to TACE outcomes.
The majority (9/12) of clinicians agreed that improved
patient outcomes will likely translate to fewer rounds of
TACE required and will subsequently preserve liver
function. Panel members suggested the measurement of
hepatitis B virus DNA level is necessary for chronic
hepatitis B control after TACE, with the aim of prolong-
ing TTP, OS and delaying disease progression. The
measurement of serum VEGF would assist with patient
selection for TACE, but more studies are necessary for
clinical use. Current alternatives to TACE in use include
Yt-90, Radiofrequency Ablation (RFA) and external
beam radiotherapy.

Summary of the Panel Discussions

The Barcelona Clinic Liver Cancer (BCLC)(5) staging
system has been widely adopted as the staging system of
choice. It links different stages of HCC with appropriate
therapeutic treatment options with the result that inter-
mediate stages are also more clearly defined. For a given
therapy, appropriate patient selection is essential to ensure
optimal therapeutic efficacy.

The survey conducted here indicates the use of
RECIST guidelines to evaluate responses to treatment in
Asia appears to be decreasing while there is increasing
use of mRECIST for response evaluation in clinical
practice. The panel acknowledges that the use of mRE-
CIST takes into account reductions in the viable tumor
area induced by treatment using contrast-enhanced
radiological imaging, which may be more appropriate
for the newer molecular targeted therapies (7). How-
ever, it is also noted that mRECIST was developed
through consensus rather than via a rigorous clinical
approach, and subsequently, there is no data which
supports any correlation of staging with tumour necro-
sis. The considerable heterogeneity of disease stages and
ill-defined tumour borders complicate the management of
intermediate HCC and the panel recommends both RE-
CIST and mRECIST be used for accurate assessment of
treatment response.

According to current guidelines, the consensus for
standard of care for intermediate stage unresectable
HCC is TACE (conventional or DC beads). However,
intermediate HCC patients represent a highly heteroge-
neous population with limited evidence of clear benefit
from TACE treatment with an inherent risk of deterio-
ration of liver function. While TACE is associated with
benefits in intermediate HCC, TACE procedures are not
well standardised and the optimal chemotherapeutic/
embolizing agent and the retreatment strategy, including
standardisation of treatment schedule and indications,
have to be determined (20).

HBV-DNA load is a risk factor for HCC and antiviral
treatment will reduce the HBV-DNA load (41). The
current EASL guidelines recommend antiviral therapies
leading to maintained HBV suppression in chronic

hepatitis B patients and sustained viral response in
hepatitis C since they have been shown to prevent
progression to cirrhosis, and hence HCC development
(42). The expert panel concurs with this recommendation
with the aim of prolonging TTP, OS and delaying disease
progression.

Transarterial radioembolization has also produced
results similar to TACE in small numbers of patients
but may be more suited to specific patient populations
unsuitable for other therapies. Radioembolization is not
yet widely endorsed in Asia.

Sorafenib is currently the standard of care in
advanced HCC. TACE combined with molecular tar-
geted therapy is currently only considered in special
populations or clinical trials. There have been recent
positive results of a number of trials combining TACE
with sorafenib to enhance efficacy in intermediate HCC
patients. Differences in AE profile and efficacy are
beginning to emerge between sequential, continuous
and interrupted sorafenib administration. The results of
these ongoing trials are expected to provide important
insights into the design of treatment protocols when
sorafenib is administered in combination with TACE.

Patients who remain TACE-refractory after repeated
procedures should be considered for other types of treat-
ment to improve OS. The panel members highlighted the
fact that it is currently difficult to differentiate TACE-
refractory patients from treatment failures. This compli-
cates the definition of appropriate patient management.
Recent expert opinion by other groups has indicated no
response of the treated tumour after at least two sessions
of TACE constitutes TACE failure (50). Reflecting the
uncertainty in this field, there was considerable discus-
sion among the panel members on the definition of
TACE refractory or failure status. The panel defined
TACE-Failure as no response after 3 or more TACE
procedures within a 6 month period, to the same area.

TACE is limited in patients with complications of
vascular access where there are difficulties delivering a
catheter to the tumour site and for patients with hypo-
vascular HCC. For these populations Molecular targeted
therapies, RFA or radiation therapy may also be consid-
ered, if appropriate.

Summary

This expert panel meeting was convened to assess how
intermediate stage unresectable HCC patients should be
managed in clinical practice in Asia. This heterogeneous
patient population often suffer from poor prognosis
with repeated TACE, due to non-response of the target
tumour or the development of further complications
including metastasis from the primary tumour lesion. In
order to improve patient outcomes and long-term sur-
vival TACE combination therapy can be considered with
molecular targeted therapy, or treatment switching to
systemic therapy. The expected completion of several
pivotal phase II and III RCTs will provide further
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evidence in support of the rationale for combination
therapy regimens.
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Radiofrequency Ablation of Liver Metastases from Colorectal Cancer:  
A Literature Review
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Liver metastases occur in up to 60% of patients with colorec-
tal cancer, and the control of liver metastases is considered 
to be of primary importance because it is a critical factor in 
determining prognosis. Radiofrequency ablation (RFA) ther-
apy is one of the least invasive techniques for unresectable 
hepatic malignancies and can be performed safely using per-
cutaneous, laparoscopic, or open surgical techniques. The 
local tumor progression rates after RFA for colorectal liver 
metastases range from 8.8% to 40.0%, and 5-year survival 
rates range from 20.0% to 48.5%. No prospective, random-
ized trials comparing the efficacy of RFA with that of surgical 
resection for colorectal liver metastases are currently avail-
able. However, some retrospective studies have reported that 
patients who received RFA had a survival rate similar to that 
observed in surgically treated groups, while other studies 
have reported better survival among patients who underwent 
surgical resection. The use of a laparoscopic or open surgical 
approach allows the repeated placement of RFA electrodes 
at multiple sites to ablate larger tumors. An accurate evalua-
tion of treatment response is very important for the success 
of RFA therapy because a sufficient safety margin (at least 0.5 
cm) can prevent local tumor progression. This review critically 
summarizes the current status of RFA for liver metastases 
from colorectal cancer. (Gut Liver 2013;7:1-6)
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of the patients with advanced stage CRC is liver metastasis, 
adequate local control of liver metastasis must be achieved. 
Surgery provides the therapeutic choice for cure in patients with 
hepatic metastases, and it has been reported that hepatic resec-
tion provides a good prognosis and a favorable quality of life 
in the patients with colorectal liver metastasis (CRLM).2 How-
ever, chemotherapy following the resection of primary CRC can 
cause hepatic injury.3 Repeat hepatic resection for current CRLM 
would be confined to the patients with good liver function. 
Moreover, difficulties of surgical resection may be related to the 
size, site, and number of tumors, vascular, and extrahepatic in-
volvement as well as poor liver function.

There is a need for an effective and less invasive technique 
for the treatment of unresectable hepatic malignancies. Re-
cently, several local ablative techniques, such as, percutaneous 
ethanol injection, microwave coagulation therapy, and radiofre-
quency ablation (RFA) have been reported to be effective in the 
patients, considered for liver-directed therapies, expanding the 
pool of patients who can be treated.4-7 RFA, in particular, has 
resulted in a higher rate of complete necrosis of the metastatic 
lesions in the liver and required fewer treatment sessions than 
the other ablation therapies.6-8 The advantage of minimal inva-
siveness for RFA, combined with claims of good local control 
and good survival have had a positive impact on the clinical 
management of the patients with CRLM. However, there is a 
need to scientifically analyze in detail the potential advantages 
and disadvantages of resection versus RFA for resectable CRLM. 
Recently randomized controlled trials have been advocated to 
compare RFA and hepatic resection in resectable CRLM; but to 
date, this has not yet been performed. In this review, we focus 
our discussion on the efficacy of percutaneous, laparoscopic 
and open surgical RFA for CRLM, and the comparison between 
percutaneous RFA and surgical resection.
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size, site, and number of tumors, vascular, and extrahepatic in-
volvement as well as poor liver function.
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for the treatment of unresectable hepatic malignancies. Re-
cently, several local ablative techniques, such as, percutaneous 
ethanol injection, microwave coagulation therapy, and radiofre-
quency ablation (RFA) have been reported to be effective in the 
patients, considered for liver-directed therapies, expanding the 
pool of patients who can be treated.4-7 RFA, in particular, has 
resulted in a higher rate of complete necrosis of the metastatic 
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and open surgical RFA for CRLM, and the comparison between 
percutaneous RFA and surgical resection.
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BACKGROUND

1. Localized application of radiofrequency energy

RFA is a localized thermal treatment technique designed to 
induce tumor destruction by heating the tumor tissue to temper-
atures that exceed 60°C.5-7 The alternating current of radiofre-
quency waves passing down from an uninsulated electrode tip 
into the surrounding tissues generates changes in the direction 
of ions and creates ionic agitation and frictional heating. This 
tissue heating then drives extracellular and intracellular water 
out of the tissue, resulting in tissue destruction by coagula-
tive necrosis. When tumor cells are heated above 45°C to 50°C, 
intracellular proteins are denatured and cell membranes are 
destroyed through dissolution and melting of lipid bilayers. As 
a result, successful ablations usually increase the temperature of 
the ablated tissue to above 60°C.

Percutaneous RFA under local anesthesia is feasible, although 
intraoperative RFA under general anesthesia has also been per-
formed to prevent severe pain and discomfort during the proce-
dure.

2. Treatment algorithm

RFA is recommended for liver metastases with a maximum 
diameter of 3 cm in patients with not more than three tumors 
who are contraindicated for surgery, according to hepatocellular 
carcinoma (HCC) treatment algorithm in Japan and the West.9-11 
This algorithm has often been applied in the treatment of liver 
metastases. However, the number of lesions should not be con-
sidered an absolute limiting consideration for RFA, if successful 
treatment of all metastasis deposits can be accomplished. Most 
centers preferentially treat patients with five or fewer lesions. 
The target tumor should not exceed 3 cm in the longest axis to 
achieve best rates of complete ablation with most of the cur-
rently available devices.

3. Imaging of liver metastasis from CRC

Ultrasonography (US) shows multiple round and/or hy-
poechoic masses with irregular borders.12 A Bull’s eye appear-
ance represents histological findings of an area showing central 
coagulative necrosis surrounded by a zonal area of viable tu-
mor. However, the poorly-differentiated adenocarcinoma often 
appears as infiltrative, without a capsule, and the tumor border 
can be shown irregular on B-mode US. Contrast enhanced US 
can show intratumoral vascurality in the peripheral hypoechoic 
zone, in which viable tumor cells are proliferating.13 It has been 
reported that the presence of rim enhancement with peripheral 
tumor vessels (sensitivity, 88.1%; specificity, 100%) is the typi-
cal pattern.14 Contrast enhanced US in the late phase provides 
marked improvement in the detection of hepatic metastases as 
areas of hypoenhancement, and can be advantageous in detect-
ing small metastases compared with computed tomography (CT) 
and magnetic resonance imaging (MRI).15,16

Multidetector row helical CT have further improved the per-
formance of CT scanners in terms of speed of acquisition, reso-
lution, and the ability to image the liver during various phases 
of contrast enhancement more precisely than was possible 
previously. CRLM are detected as hypodense lesions in the late 
portal venous phase on contrast-enhanced CT. In this phase the 
attenuation of the normal liver parenchyma increases, revealing 
the relatively hypoattenuating metastases, sometimes with rim 
enhancement.17

The majority of CRLM show several typical findings on MRI. 
The lesions appear as low signal intensity on T1-weighted 
images and as moderately high signal intensity lesions on 
T2-weighted images with fat suppression.18 Metastases with 
intratumoral hemorrhage or coagulative necrosis may exhibit 
mixed signal intensity on T1-weighted images, and those with 
a desmoplastic reaction may exhibit low signal intensity on T2-
weighted images. Especially, gadolinium-ethoxybenzyl-diethyl-
enetriamine-pentaacetic acid (Gd-EOB-DTPA) is a liver-specific 
hepatobiliary MR contrast agent that offers both dynamic imag-
ing and static hepatocyte imaging. Gd-EOB-DTPA is taken up 
by hepatocytes in healthy liver tissue in an amount of about 
50% of injected dose, and because malignant primary and sec-
ondary tumors usually do not contain functioning hepatocytes, 
the contrast effect the lesions will appear as dark areas against 
healthy liver parenchyma.19

4. Assessment of technical effectiveness

The area of perilesional rim enhancement shown in contrast-
enhanced CT suggests microscopic tumor cell infiltration. The 
assessment of the therapeutic effect of RFA is very important. 
The technical effectiveness of ablation is commonly assessed by 
findings on contrast enhanced CT or MRI because of objectivity 
and reproducibility of the image. Contrast-enhanced US may 
also provide an alternative approach in assessing the therapeutic 
effect of RFA, in spite of having limitations in identifying the 
safety margin.20 A tumor is considered to have been success-
fully ablated when there is at least a 0.5 cm margin of appar-
ently normal hepatic tissue surrounding the tumor during the 
portal phase (Fig. 1).21,22 Failure to establish a sufficient ablative 
safety margin is an independently significant risk factor for lo-
cal tumor progression on multivariate analysis.23 Basically, the 
local tumor progression rate following a single RFA treatment 
depends on how strictly the therapeutic effect is assessed.

CLINICAL OUTCOMES

1. Percutaneous approach

1) Local controllability (local tumor progression) and sur-
vival

The reported local recurrence rate after RFA for liver metas-
tases ranges from 8.8% to 40% (Table 1).23-35 Three-year and 
5-year survival ranges from 22% to 57% and 20% to 48.5%, re-
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spectively. Several factors can be correlated with the survival of 
the patients with untreated hepatic CRC metastases. The domi-
nant effect of liver tumor involvement suggests that successful 
local therapy could increase life expectancy, decrease mortality, 
or both. Local tumor progression is related to incomplete tumor 
ablation. However, it is often difficult to obtain a specific safety 
margin in three dimensions all around a large tumor. Some 
researchers reported that the most important factor associated 
with failure of local tumor control could be tumor size.36 Table 1 
shows that local tumor progression does not necessarily depend 
on the tumor size; however, recurrence could occur even after a 
sufficient margin had been ensured. It is suggested that local tu-
mor progression arises from the residual cancer after RFA, while 
recurrence from a microsatellite or by microvascular invasion 
other than the main nodule may also appear as a late local tu-

mor progression. Therefore, a larger safety margin is necessary 
in order to obtain complete local ablation of liver metastases 
because of infiltrative invasion.

2) Survival: comparison with those after resection
At present, no prospective randomized trials have been re-

ported. However, there are some retrospective reports of large 
numbers of patients regarding RFA versus surgical resection for 
hepatic colorectal metastasis (Table 2).23,25,26,28,31-33 Some reported 
that patients who received RFA had survival rates similar to 
surgical groups, while others found that survival rates were bet-
ter among patients undergoing surgical resection. Reuter et al.33 
conducted a comparative study on 192 patients with hepatic 
colorectal metastases who received either percutaneous RFA or 
surgical resection. Patients who underwent RFA were similar 

Table 1. Local Tumor Progression Rate and Survival after Radiofrequency Ablation for Liver Metastases

Author (yr) Origin No. Tumor size, mean, cm
Follow-up period, 

mean, mo
Local progression, % Survival, %

Livraghi et al. (2003)24 C&R 88 2.1 33 40 -

Oshowo et al. (2003)25 C&R 25 - - - 53 (3-yr)

Abdalla et al. (2004)26 C&R 57 2.5 - - 22 (3-yr)

Berber et al. (2005)27 C&R 135 4.1 - - 36 (4-yr)

Aloia et al. (2006)28 C&R 27 3.0 50 31 27 (5-yr)

Machi et al. (2006)29 C&R 507 - 24.5 - 30.5 (5-yr)

Abitabile et al. (2007)30 C&R 147 - 33 8.8 57 (3-yr)

White et al. (2007)23 C&R 22 2.4 17 55 25 (3-yr)

Park et al. (2008)31 C&R 30 2.0 49 23 20 (5-yr)

Lee et al. (2008)32 C&R 37 - - - 48.5 (5-yr)

Reuter et al. (2009)33 C&R 66 3.2 - 17 21 (5-yr)

Gillams et al. (2009)34 C&R 309 3.7 - - 34 (5-yr)

Knudsen et al. (2009)35 C&R 36 2.1 27 - 34 (3-yr)

C&R, colon and rectum.

Fig. 1. An 86-year-old man with a liver metastasis from the colon measuring 1.5 cm in diameter. (A) A portal-phase dynamic computed tomogra-
phy (CT) scan showing a hypovascular tumor (arrow) in segment eight of the liver. (B) A portal-phase dynamic CT scan obtained 2 days after RFA 
showing that the tumor and surrounding area (arrowhead) are not enhanced. Thus, this tumor is considered to have been successfully ablated.
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to resection patients based on mean number of hepatic lesions 
(2.8 vs 2.1, p=0.14), and prior chemotherapy (67% vs 60%, 
p=0.33). However, the median time to recurrence was shorter 
with ablation than with resection (12.2 months vs 31.1 months, 
p<0.001). Recurrence at the ablation-resection site was more 
common with ablation than with resection, occurring in 17% 
versus 2% (p<0.001) of cases, respectively. Distant recurrence 
in the liver was also more common with ablation, occurring in 
33% of patients versus 14% for resection (p=0.002). Abdalla 
et al.26 reported that local recurrence was most common after 
RFA (9% vs 2%, p<0.02). The overall survival rate was highest 
after resection (58% at 5 years); 4-year survival after resection 
and RFA only were 65% and 22%, respectively (p<0.0001). In 
both of the above studies, RFA alone for unresectable patients 
did not yield the survival rate comparable to the resected group. 
However, this difference probably reflects a selection bias since 
RFA was used in operative candidates who could not undergo 
complete resection of the disease. A subgroup of patients has 
been identified for whom local control after RFA was equivalent 
to the resected group. Further studies are necessary to determine 
the efficacy of RFA versus resection. We would suggest that the 
time has come for a randomized trial.

2. Laparoscopic/open surgical approach

The use of a laparoscopic or open surgical approach allows 
repeated placement of RFA electrodes at multiple sites to ablate 
larger tumors.37-39 Berber et al.39 reported that local recurrence 
was identified in 21.7% of tumors on CT scans with a mean 
follow-up of 17 months (median, 12 months; range, 3 to 68 
months). The local recurrence rate per tumor was highest for 
colorectal metastasis (34%), followed by noncolorectal, nonneu-
roendocrine metastasis (22%), HCC (18%), and neuroendocrine 
metastasis (6%). The Cox proportional hazard model identi-
fied tumor type, tumor size, ablation margin, and blood vessel 
proximity to be independent predictors of local recurrrence. The 
next advantage is the use of intraoperative US, which provides 
better resolution of the number and location of liver tumors. 
Ibrahim reported that laparoscopic ultrasound identified 19 
new malignant lesions (18.4%), in comparison with the result 

of preoperative imaging.40 In general, great difficulty can be 
encountered during laparoscopic RFA of lesions in contact with 
the diaphragm. However, a hand-assisted technique can offer 
traction while the natural diaphragmatic attachments of the 
liver provides countertraction. Machi et al.41 discussed that the 
hand-assisted laparoscopic method combines the advantages of 
both laparoscopic and open surgical approaches for RFA treat-
ment of liver tumors. The hand-assisted laparoscopic surgery 
approach has several advantages; it facilitates and expedites the 
procedure, reduces the stress factor on the surgeon, greatly im-
proves exposure, and facilitates immediate and efficient control 
of bleeding vessels with the internal hand.

Although more invasive, open surgical RFA can be performed 
more easily and the puncture course of the RF needle can 
be more widely selected than that during a laparoscopic ap-
proach.42,43 Radical open surgical RFA has an advantage of few 
ablation site recurrences, even when the nodules measure more 
than 4 cm in diameter or there are more than three nodules, be-
cause of fewer limitations of RF needle puncture.

3. Complications

A recent review indicated that the complication rates for per-
cutaneous, laparoscopic, and open surgical RFA of hepatic tu-
mors in 3,670 patients are 7.2%, 9.5%, and 9.9%, respectively.44 
Overall, the frequency of major complications of percutaneous 
RFA ranges from 0.6% to 8.9%.45 In RFA of HCC, Llovet et al.46 
reported that dissemination along the puncture route was ob-
served in 12.5% of their patients, so dissemination might not 
occur at such a high frequency. However, this complication was 
almost absent in many reports from Japan.45 On the other hand, 
neoplastic seeding can occur after RFA of liver metastases.47 In 
comparison with RFA of HCC, there are no papers on whether 
or not the seeding on RFA of liver metastases is frequent.

SUMMARY

The successful management of liver metastases from CRC 
can be obtained with RFA. RFA has a potential to achieve the 
same overall and disease-free survival rate as surgical resection 

Table 2. Survival Rates Associated with RFA versus Hepatic Resection for Liver Metastases

Author (yr) No., RFA/resection
Mean tumor size, RFA/

resection, cm
Overall survival, RFA vs  

resection, %
p-value

White et al. (2007)23 22/30 2.4/2.7 25 vs 82 (3-yr) -

Oshowo et al. (2003)25 25/20 -/- 53 vs 55 (3-yr) NS

Abdalla et al. (2004)26 57/190 2.5/- 22 vs 65 (3-yr) <0.001

Aloia et al. (2006)28 27/147 - 27 vs 71 (5-yr) <0.001

Park et al. (2008)31 30/59 2.0/3.1 20 vs 42 (5-yr) 0.0002

Lee et al. (2008)32 37/116 - 48.5 vs 65.7 (5-yr) 0.227

Reuter et al. (2009)33 66/126 3.2/5.3 21 vs 23 (5-yr) NS

RFA, radiofrequency ablation; NS, not significant.
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for patients with liver metastases, while causing fewer side ef-
fects. The use of laparoscopic or open surgical approach allows 
repeated placement of RFA electrodes at multiple sites to ablate 
larger tumors. In addition, an accurate evaluation of treatment 
response is very important for successful RFA therapy, since a 
sufficient safety margin (at least 0.5 cm) can prevent local tu-
mor progression. Finally, because early and accurate diagnosis 
is necessary for the appropriate management of the complica-
tions, physicians should be familiar with all the features of the 
complications of RFA therapy.
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for patients with liver metastases, while causing fewer side ef-
fects. The use of laparoscopic or open surgical approach allows 
repeated placement of RFA electrodes at multiple sites to ablate 
larger tumors. In addition, an accurate evaluation of treatment 
response is very important for successful RFA therapy, since a 
sufficient safety margin (at least 0.5 cm) can prevent local tu-
mor progression. Finally, because early and accurate diagnosis 
is necessary for the appropriate management of the complica-
tions, physicians should be familiar with all the features of the 
complications of RFA therapy.
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HEPATOBILIARY MALIGNANCIES

FGF3/FGF4 Amplification and Multiple Lung Metastases
in Responders to Sorafenib in Hepatocellular Carcinoma

Tokuzo Arao,1* Kazuomi Ueshima,2* Kazuko Matsumoto,1* Tomoyuki Nagai,1,2 Hideharu Kimura,1

Satoru Hagiwara,2 Toshiharu Sakurai,2 Seiji Haji,3 Akishige Kanazawa,4 Hisashi Hidaka,5 Yukihiro Iso,6

Keiichi Kubota,6 Mitsuo Shimada,7 Tohru Utsunomiya,7 Masashi Hirooka,8 Yoichi Hiasa,8 Yoshikazu Toyoki,9

Kenichi Hakamada,9 Kohichiroh Yasui,10 Takashi Kumada,11 Hidenori Toyoda,11 Shuichi Sato,12 Hiroyuki Hisai,13

Teiji Kuzuya,14 Kaoru Tsuchiya,14 Namiki Izumi,14 Shigeki Arii,15 Kazuto Nishio,1 and Masatoshi Kudo2

The response rate to sorafenib in hepatocellular carcinoma (HCC) is relatively low (0.7%-
3%), however, rapid and drastic tumor regression is occasionally observed. The molecular
backgrounds and clinico-pathological features of these responders remain largely unclear.
We analyzed the clinical and molecular backgrounds of 13 responders to sorafenib with sig-
nificant tumor shrinkage in a retrospective study. A comparative genomic hybridization
analysis using one frozen HCC sample from a responder demonstrated that the 11q13
region, a rare amplicon in HCC including the loci for FGF3 and FGF4, was highly ampli-
fied. A real-time polymerase chain reaction–based copy number assay revealed that FGF3/
FGF4 amplification was observed in three of the 10 HCC samples from responders in which
DNA was evaluable, whereas amplification was not observed in 38 patients with stable or
progressive disease (P 5 0.006). Fluorescence in situ hybridization analysis confirmed
FGF3 amplification. In addition, the clinico-pathological features showed that multiple
lung metastases (5/13, P 5 0.006) and a poorly differentiated histological type (5/13, P 5
0.13) were frequently observed in responders. A growth inhibitory assay showed that only
one FGF3/FGF4-amplified and three FGFR2-amplified cancer cell lines exhibited hyper-
sensitivity to sorafenib in vitro. Finally, an in vivo study revealed that treatment with a low
dose of sorafenib was partially effective for stably and exogenously expressed FGF4 tumors,
while being less effective in tumors expressing EGFP or FGF3. Conclusion: FGF3/FGF4
amplification was observed in around 2% of HCCs. Although the sample size was relatively
small, FGF3/FGF4 amplification, a poorly differentiated histological type, and multiple
lung metastases were frequently observed in responders to sorafenib. Our findings may
provide a novel insight into the molecular background of HCC and sorafenib responders,
warranting further prospective biomarker studies. (HEPATOLOGY 2013;57:1407-1415)

Abbreviations: 5FU, 5-fluorouracil; CGH, comparative genomic hybridization; DMEM, Dulbecco’s modified Eagle’s medium; EGFR, epidermal growth factor
receptor; FBS, fetal bovine serum; FFPE, formalin-fixed, paraffin-embedded; FISH, fluorescence in situ hybridization; HCC, hepatocellular carcinoma; IC50, 50%
inhibitory concentration; mRNA, messenger RNA; PCR, polymerase chain reaction; PIVKA-II, protein induced by vitamin K absence or antagonist-II; RPMI-
1640, Roswell Park Memorial Institute 1640; RT-PCR, reverse-transcription PCR.
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H
epatocellular carcinoma (HCC) is the sixth
most common cancer-related cause of death
in the world annually, and the development

of new primary tumors, recurrences, and metastasis are
the most common causes of mortality among patients
with HCC.1,2 Sorafenib (Nexavar; Bayer Healthcare
Pharmaceuticals Inc.) is a small molecule kinase inhibi-
tor that is classified as an anti-angiogenic inhibitor.3

Sorafenib inhibits the kinase activities of Raf-1 and
B-Raf in addition to vascular endothelial growth factor
receptors, platelet-derived growth factor receptor b,
Flt-3, and c-KIT. Two large randomized controlled tri-
als reported a significant clinical benefit of single-agent
sorafenib in extending overall survival in both Western
and Asian patients with advanced unresectable
HCC.4,5 Consequently, sorafenib is now used as a
standard therapy for HCC. The mechanisms of action
that lead to these remarkably prolonged overall survival
periods are thought to result from the anti-angiogenic
effects of sorafenib and its characteristic inhibitory
effect on Raf-1 and B-Raf signaling. In these trials, a
partial response was observed in 0.7% (2/299) and
3.3% (5/150) of the patients treated with sorafenib.4-5

Recently, emerging evidence has demonstrated that
some responders exhibit rapid tumor regression as a
result of sorafenib treatment for HCC. Complete
responses were observed in two patients with advanced
HCC and multiple lung metastases, with rapid tumor
regression observed even after short-term treatment
with sorafenib.6,7 The drastic tumor response to sora-
fenib seems to be similar to the tumor response
obtained using other tyrosine kinase inhibitors to tar-
get a deregulated signal in cancer cells. For example,
constitutively active mutations of epidermal growth
factor receptor (EGFR) tyrosine kinase in non–small
cell lung cancer are associated with a striking treatment
response to gefitinib, a selective EGFR tyrosine kinase
inhibitor.8,9 We hypothesized that these HCC cells
may harbor a genetic background conducive to a dras-
tic response to sorafenib, rather than the typical anti-
angiogenic effect. In this study, we retrospectively
searched for genetic changes using mainly formalin-
fixed, paraffin-embedded (FFPE) samples from patients
with HCC who had undergone sorafenib treatment.

Patients and Methods

Reagent and Cell Culture. Sorafenib was provided
by Bayer Healthcare Pharmaceuticals Inc. (Montville,
NJ). All cell lines used in this study were maintained
in Roswell Park Memorial Institute 1640 (RPMI-
1640) medium (Sigma, St. Louis, MO) except for
IM95, OUMS23, Colo320, WiDr, HLF, HLE, Huh7,
and HepG2 (Dulbecco’s modified Eagle’s medium
[DMEM]; Nissui Pharmaceutical, Tokyo, Japan);
LoVo (F12; Nissui Pharmaceutical, Tokyo, Japan);
KYSE180, KYSE220, and KYSE270 (RPMI-
1640:F12, 1:1); KYSE150 (F12); and KYSE70
(DMEM) supplemented with 10% heat-inactivated fe-
tal bovine serum (FBS) (Gibco BRL, Grand Island,
NY) or 2% FBS for the KYSE series plus penicillin
and streptomycin in a humidified atmosphere of 5%
CO2 at 37�C. These cell lines were obtained from the
American Type Culture Collection (Manassas, VA)
and the Japanese Collection of Research Bioresources
Collection (Sennan-shi, Osaka, Japan).

Patients and Samples. The inclusion criteria for
the study were as follows: patients with histologically
confirmed HCC who had been treated with sorafenib,
from whom pretreatment tumor samples were avail-
able. Finally, the clinical characteristics of a total of 55
cases of HCC from 12 medical centers were evaluated
retrospectively. In the gene copy number analysis, four
samples were excluded because of an insufficient quan-
tity of DNA, two samples were excluded because of
the poor quality of the DNA and two samples were
response not evaluable. One not evaluable sample was
poor DNA quality. Thus, the copy number assay was
performed using the remaining 48 samples. Mean-
while, a series of 82 HCC samples were obtained from
frozen specimens of surgical specimens at the Kinki
University Faculty of Medicine. The tumor response
was evaluated using computerized tomography accord-
ing to the Response Evaluation Criteria in Solid
Tumors; the response was then classified as a complete
response, a partial response, stable disease, progressive
disease, or not evaluable. The clinico-pathological
features evaluated included age, sex, viral infection,
alpha-fetoprotein level, protein induced by vitamin K
absence or antagonist-II (PIVKA-II), clinical stage, pri-
mary tumor size, metastatic lesion, histological type,
treatment response, and duration of sorafenib
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treatment. The present study was approved by the
institutional review boards of all the centers involved
in the study, and informed consent was obtained from
the patients.

Isolation of Genomic DNA. Genomic DNA sam-
ples were extracted from deparaffinized tissue sections
preserved as FFPE tissue using a QIAamp DNA Micro
kit (Qiagen, Hilden, Germany) according to the man-
ufacturer’s instructions. Genomic DNA samples were
extracted from surgical frozen sections using a
QIAamp DNA Mini kit (Qiagen) according to the
manufacturer’s instructions. The DNA concentration
was determined using the NanoDrop2000 (Thermo
Scientific, Waltham, MA).

Comparative Genomic Hybridization Analy-
sis. The Genome-wide Human SNP Array 6.0 (Affy-
metrix, Santa Clara, CA) was used to perform array
comparative genomic hybridization (CGH) on
genomic DNA from HCC and paired liver samples
according to the manufacturer’s instructions. A total of
250 ng of genomic DNA was digested with both Nsp
I and Sty I in independent parallel reactions, subjected
to restriction enzymes, ligated to the adaptor, and
amplified using polymerase chain reaction (PCR) with
a universal primer and TITANIUM Taq DNA Poly-
merase (Clontech, Palo Alt, CA). The PCR products
were quantified, fragmented, end-labeled, and hybri-
dized onto a Genome-wide Human SNP6.0 Array.
After washing and staining in Fluidics Station 450
(Affymetrix), the arrays were scanned to generate CEL
files using the GeneChip Scanner 3000 and GeneChip
Operating Software version 1.4. In the array CGH
analysis, sample-specific copy number changes were an-
alyzed using Partek Genomic Suite 6.4 software (Par-
tek Inc., St. Louis, MO).

Copy Number Assay. The copy numbers for FGF3
and FGF4 were determined using commercially avail-
able and predesigned TaqMan Copy Number Assays
according to the manufacturer’s instructions (Applied
Biosystems, Foster City, CA) as described.10 The
primer IDs used for the FGFs were as follows: FGF3,
Hs06336027_cn; FGF4, HS01235235_cn. The TERT
locus was used for the internal reference copy number.
Human Genomic DNA (Clontech) and DNA from
noncancerous FFPE tissue were used as a normal
control.

Real-Time Reverse-Transcription PCR. Real-time
reverse-transcription PCR (RT-PCR) was performed as
described.11 In brief, complementary DNA was pre-
pared from the total RNA obtained from each surgical
frozen section using a GeneAmp RNA-PCR kit
(Applied Biosystems). Real-time RT-PCR amplification

was performed using a Thermal Cycler Dice (TaKaRa,
Otsu, Japan) in accordance with the manufacturer’s
instructions under the following conditions: 95�C for
5 minutes, followed by 50 cycles of 95�C for 10 sec-
onds and 60�C for 30 seconds. The primers used for
the real-time RT-PCR were as follows: FGF3, 50-TTT
GGA GAT AAC GGC AGT GGA-30 (forward) and
50-CGT ATT ATA GCC CAG CTC GTG GA-30

(reverse); FGF4, 50-GAG CAG CAA GGG CAA GCT
CTA-30 (forward) and 50-ACC TTC ATG GTG GGC
GAC A-30 (reverse); GAPD, 50-GCA CCG TCA AGG
CTG AGA AC-30 (forward) and 50-ATG GTG GTG
AAG ACG CCA GT-30 (reverse). GAPD was used to
normalize expression levels in the subsequent quantita-
tive analyses.

Fluorescence In Situ Hybridization Analysis. Fluor-
escence in situ hybridization (FISH) was performed
as described.10 Probes designed to detect the FGF3
gene and CEN11p on chromosome 11 were la-
beled with fluorescein isothiocyanate or Texas red
and were designed to hybridize to the adjacent
genomic sequence spanning approximately 0.32 Mb
and 0.63 Mb, respectively. The probes were gener-
ated from appropriate clones from a library of
human genomic clones (GSP Laboratory, Kawasaki,
Japan).

Immunoblotting. Western blot analysis was per-
formed as described.11 The following antibodies were
used: monoclonal FGF3 (R&D Systems, Minneapolis,
MN), FGF4 and FGFR2 antibodies (Santa Cruz Bio-
technology, Santa Cruz, CA), and phosphorylated
FGFR and horseradish peroxidase–conjugated second-
ary antibodies (Cell Signaling Technology, Beverly,
MA). NIH-3T3 cells were exposed to the indicated
concentrations of sorafenib for 2 hours and were then
stimulated with FGF4-conditioned medium for 20
minutes.

Cell Growth Inhibitory Assay. To evaluate growth
inhibition in the presence of various concentrations of
sorafenib, we used an MTT assay as described.12

Plasmid Construction, Viral Production, and Sta-
ble Transfectants. The methods used in this section
have been described.12 The complementary DNA frag-
ment encoding human full-length FGF3 or FGF4 was
isolated using PCR and Prime STAR HS DNA poly-
merase (TaKaRa, Otsu, Japan) with following primers:
FGF3, 50-GG GAA TTC GCC GCC ATG GGC
CTA ATC TGG CTG CTA-30 (forward) and 50-CC
CTC GAG GCC CAG CTA GTG CGC ACT GGC
CTC-30 (reverse); FGF4, 50-GG GAA TTC GCC
GCC ATG TCG GGG CCC GGG ACG GCC GCG
GTA GCG C-30 (forward) and 50-CC CTC GAG
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treatment. The present study was approved by the
institutional review boards of all the centers involved
in the study, and informed consent was obtained from
the patients.

Isolation of Genomic DNA. Genomic DNA sam-
ples were extracted from deparaffinized tissue sections
preserved as FFPE tissue using a QIAamp DNA Micro
kit (Qiagen, Hilden, Germany) according to the man-
ufacturer’s instructions. Genomic DNA samples were
extracted from surgical frozen sections using a
QIAamp DNA Mini kit (Qiagen) according to the
manufacturer’s instructions. The DNA concentration
was determined using the NanoDrop2000 (Thermo
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according to the manufacturer’s instructions. A total of
250 ng of genomic DNA was digested with both Nsp
I and Sty I in independent parallel reactions, subjected
to restriction enzymes, ligated to the adaptor, and
amplified using polymerase chain reaction (PCR) with
a universal primer and TITANIUM Taq DNA Poly-
merase (Clontech, Palo Alt, CA). The PCR products
were quantified, fragmented, end-labeled, and hybri-
dized onto a Genome-wide Human SNP6.0 Array.
After washing and staining in Fluidics Station 450
(Affymetrix), the arrays were scanned to generate CEL
files using the GeneChip Scanner 3000 and GeneChip
Operating Software version 1.4. In the array CGH
analysis, sample-specific copy number changes were an-
alyzed using Partek Genomic Suite 6.4 software (Par-
tek Inc., St. Louis, MO).

Copy Number Assay. The copy numbers for FGF3
and FGF4 were determined using commercially avail-
able and predesigned TaqMan Copy Number Assays
according to the manufacturer’s instructions (Applied
Biosystems, Foster City, CA) as described.10 The
primer IDs used for the FGFs were as follows: FGF3,
Hs06336027_cn; FGF4, HS01235235_cn. The TERT
locus was used for the internal reference copy number.
Human Genomic DNA (Clontech) and DNA from
noncancerous FFPE tissue were used as a normal
control.

Real-Time Reverse-Transcription PCR. Real-time
reverse-transcription PCR (RT-PCR) was performed as
described.11 In brief, complementary DNA was pre-
pared from the total RNA obtained from each surgical
frozen section using a GeneAmp RNA-PCR kit
(Applied Biosystems). Real-time RT-PCR amplification

was performed using a Thermal Cycler Dice (TaKaRa,
Otsu, Japan) in accordance with the manufacturer’s
instructions under the following conditions: 95�C for
5 minutes, followed by 50 cycles of 95�C for 10 sec-
onds and 60�C for 30 seconds. The primers used for
the real-time RT-PCR were as follows: FGF3, 50-TTT
GGA GAT AAC GGC AGT GGA-30 (forward) and
50-CGT ATT ATA GCC CAG CTC GTG GA-30

(reverse); FGF4, 50-GAG CAG CAA GGG CAA GCT
CTA-30 (forward) and 50-ACC TTC ATG GTG GGC
GAC A-30 (reverse); GAPD, 50-GCA CCG TCA AGG
CTG AGA AC-30 (forward) and 50-ATG GTG GTG
AAG ACG CCA GT-30 (reverse). GAPD was used to
normalize expression levels in the subsequent quantita-
tive analyses.

Fluorescence In Situ Hybridization Analysis. Fluor-
escence in situ hybridization (FISH) was performed
as described.10 Probes designed to detect the FGF3
gene and CEN11p on chromosome 11 were la-
beled with fluorescein isothiocyanate or Texas red
and were designed to hybridize to the adjacent
genomic sequence spanning approximately 0.32 Mb
and 0.63 Mb, respectively. The probes were gener-
ated from appropriate clones from a library of
human genomic clones (GSP Laboratory, Kawasaki,
Japan).

Immunoblotting. Western blot analysis was per-
formed as described.11 The following antibodies were
used: monoclonal FGF3 (R&D Systems, Minneapolis,
MN), FGF4 and FGFR2 antibodies (Santa Cruz Bio-
technology, Santa Cruz, CA), and phosphorylated
FGFR and horseradish peroxidase–conjugated second-
ary antibodies (Cell Signaling Technology, Beverly,
MA). NIH-3T3 cells were exposed to the indicated
concentrations of sorafenib for 2 hours and were then
stimulated with FGF4-conditioned medium for 20
minutes.

Cell Growth Inhibitory Assay. To evaluate growth
inhibition in the presence of various concentrations of
sorafenib, we used an MTT assay as described.12

Plasmid Construction, Viral Production, and Sta-
ble Transfectants. The methods used in this section
have been described.12 The complementary DNA frag-
ment encoding human full-length FGF3 or FGF4 was
isolated using PCR and Prime STAR HS DNA poly-
merase (TaKaRa, Otsu, Japan) with following primers:
FGF3, 50-GG GAA TTC GCC GCC ATG GGC
CTA ATC TGG CTG CTA-30 (forward) and 50-CC
CTC GAG GCC CAG CTA GTG CGC ACT GGC
CTC-30 (reverse); FGF4, 50-GG GAA TTC GCC
GCC ATG TCG GGG CCC GGG ACG GCC GCG
GTA GCG C-30 (forward) and 50-CC CTC GAG
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GGA GGG TCA CAG CCT GGG GAG GAA GTG
GGT GAC CTT C-30 (reverse). The stable transfec-
tants expressing EGFP or FGF3 or FGF4 for each cell
line were designated as A549/EGFP, A549/FGF3, and
A549/FGF4.

Xenograft Studies. Nude mice (BALB/c nu/nu, 6-
week-old females; CLEA Japan Inc., Tokyo) were used
for in vivo studies and were cared for in accordance
with the recommendations for the handling of labora-
tory animals for biomedical research compiled by the
Committee on Safety and Ethical Handling Regula-
tions for Laboratory Animal Experiments, Kinki Uni-
versity. Mice were subcutaneously inoculated with a
total of 5 � 106 A549/EGFP, A549/FGF3, or A549/
FGF4 cells. Two weeks after inoculation, the mice
were randomized according to tumor size into two
groups to equalize the mean pretreatment tumor size
among the three groups (n ¼ 20 mice per group).
The mice were then treated with a low dose of oral
sorafenib (n ¼ 10, 15 mg/kg/day) or vehicle control
(n ¼ 10, Cremophor EL/ethanol/water) for 9 days.
Tumor volume was calculated as length � width2 �
0.5 and was assessed every 2 to 3 days.

Statistical Analysis. The statistical analyses were
performed to test for differences between groups using
the Student t test or Fisher’s exact test. P < 0.05 was
considered statistically significant. All analyses were

performed using PAWS Statistics 18 (SPSS Japan Inc.,
Tokyo, Japan).

Results

Responder to Sorafenib Who Harbored FGF3/
FGF4 Gene Amplification. A 58-year-old woman was
diagnosed as having histologically confirmed advanced
HCC (Fig. 1A, left panel) with multiple lung metasta-
ses. She received combination treatment with sorafe-
nib, 5-fluorouracil (5FU), and interferon, and a subse-
quent treatment assessment revealed a partial response.
Because the disease was well controlled with sorafenib
treatment for 14 months (Fig. 1A, right panel), sur-
gery was performed. To characterize this tumor molec-
ularly, we performed array CGH analysis using frozen
surgical specimens of the HCC region and paired
background liver tissue as a reference control. The
array CGH analysis revealed a low-level gain in the
genomic DNA copy number for 1q, 8q, 10p, and 18p
and a high level gain at 11q13 (Fig. 1B). Interestingly,
the 11q13 region, a rare amplicons in HCC that con-
tains several genes, including FGF3, FGF4, CCND1,
and FGF19, was highly amplified over 20 copies (Fig.
1C). Western blot analysis revealed that FGF3 was
overexpressed in the HCC specimen compared with
the paired background liver specimen (Fig. 1D).

Fig. 1. HCC exhibiting a marked response to sorafenib treatment harbors FGF3/FGF4 gene amplification. (A) Abdominal CT images obtained
pretreatment (left panel) and 2 months after treatment (right panel). (B) CGH analysis of the tumor. Paired background liver tissue was used as
a reference sample. A gain (>4 copies, red) and a loss (<0.5 copies, blue) of genomic copy number are shown. (C) Whole copy numbers of
chromosome 11 are shown. A highly amplified region is described in the lower panel. (D) Western blot analysis of FGF3 (arrow) in HCC and
paired background liver samples. IB, immunoblotting.
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The 11q13 locus is known to be a frequently ampli-
fied region in several human cancers except HCC.13

Thus, we hypothesized that the amplification of 11q13
may be involved in a marked response to sorafenib.

FGF3/FGF4 Gene Amplification Is Frequently
Observed in Responders to Sorafenib. To address the
question of whether FGF3/FGF4 gene amplification is
also found in the HCC of other responders to sorafe-
nib, we examined HCC specimens collected from 11
other medical centers in Japan. Because most of the
HCC samples were collected as FFPE samples, we
used a TaqMan Copy number assay.10 A copy number
assay revealed that FGF3/FGF4 amplification was
observed in three of the 10 (30%) HCC samples that
responded to sorafenib, whereas no amplification was
observed in the 38 specimens from patients with stable
or progressive disease (P ¼ 0.006, Fig. 2A). The copy
numbers for FGF3/FGF4 were 10.2 6 0.8/6.7 6 0.8,
26.7 6 0.4/35.1 6 3.1, and 162.5 6 9.0/165.0 6
12.5 copies in the amplified samples, whereas the copy
numbers of FGF3 for all the other samples were below
5 copies. The correlation between the FGF3 locus and
the FGF4 locus copy numbers was very high (R ¼
0.998), indicating that the DNA copy number assay

for FGF3/FGF4 was a sensitive and reproducible
method.

FGF3/FGF4 Gene Amplification Mediates the
Overexpression of FGF3/FGF4 Messenger RNA. We
examined the messenger RNA (mRNA) expression lev-
els of FGF3/FGF4 in nine HCC samples that were
available as frozen samples among the 48 sorafenib-
treated samples, as shown in Fig. 2A. One amplified
sample expressed extremely high mRNA levels of
FGF3/FGF4 compared with nonamplified samples
(Fig. 2B). The results demonstrated that FGF3/FGF4
gene amplification mediates the overexpression of
FGF3/FGF4 mRNAs and proteins (Figs. 2B and 1D).

FISH Analysis Confirmed FGF3/FGF4 Gene
Amplification. We used FISH analysis to examine
FGF3/FGF4 amplification and to verify the results of
the above-described PCR-based DNA copy number
assay. All FGF3/FGF4-amplified clinical samples were
confirmed as exhibiting high-level FGF3 amplification
using FISH analysis (Fig. 3). One patient showed mul-
tiple scattered signals, whereas two patients showed
large clustered signals. Nonamplified HCC yielded a
negative result for gene amplification. These results
clearly demonstrate the presence of FGF3/FGF4-

Fig. 2. FGF3/FGF4 gene amplification is frequently observed in responders to sorafenib in HCC. (A) FGF3/FGF4 gene amplification was deter-
mined using the TaqMan copy number assay in DNA samples obtained from 48 HCC samples that had been treated with sorafenib. FGF3 ampli-
fication of >5 copies was observed in three of the sorafenib responders. *Complete response þ partial response versus stable disease þ
progressive disease. (B) FGF3/FGF4 gene amplification mediates the overexpression of FGF3/FGF4 mRNA. The mRNA expression levels of FGF3
and FGF4 were examined in nine HCC samples that were available as frozen samples among 48 HCC samples that were treated with sorafenib.
Rel. mRNA, target gene/GAPD � 106.
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assay. All FGF3/FGF4-amplified clinical samples were
confirmed as exhibiting high-level FGF3 amplification
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tiple scattered signals, whereas two patients showed
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clearly demonstrate the presence of FGF3/FGF4-
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amplified HCC among the clinical samples, and the
FISH analysis results were consistent with those for
the copy number assay.

Frequency of FGF3/FGF4 Gene Amplification in
HCC. To determine the frequency of FGF3/FGF4
gene amplification in HCC, we performed a copy

number assay for HCC samples without sorafenib
treatment in a series of surgical specimens. Two of the
82 (2.4%) HCC samples exhibited FGF3/FGF4 gene
amplification, with copy numbers of 10.7/15.3 and
133.3/112.7 copies, respectively (Fig. 4). One ampli-
fied HCC was a poorly differentiated tumor, whereas
the other was a moderately differentiated tumor.

Clinicopathological Features of Responders to Sor-
afenib. The clinico-pathological features of the sorafe-
nib responders are shown in Table 1. A comparison of
clinical factors (age, sex, viral status, alpha-fetoprotein
level, PIVKA-II, clinical stage, primary tumor size,
metastatic status, histological type, and tumor response
between responders and nonresponders) is given in Ta-
ble 2. Notably, multiple lung metastases over five nod-
ules was significantly higher among responders to sora-
fenib (responders, 5/13 [38%]; nonresponders, 2/42
[5%]; P ¼ 0.006). Although the difference was not
significant, poorly differentiated HCC tended to be

Fig. 3. FISH analysis of FGF3-amplified HCC. Patient numbers were
indicated. Green staining indicates CEN11P loci; red staining indicates
FGF3 loci. High-power images are presented in each inset for a single
cancer cell. Amp, gene amplification.

Fig. 4. FGF3/FGF4 gene amplification in a series of HCC samples
without sorafenib treatment. TaqMan copy number assay for FGF3 and
FGF4 was used to examine DNA samples obtained from 82 surgical
specimens. Human normal genomic DNA was used as a normal con-
trol. Well, well-differentiated HCC; Mod, moderately differentiated HCC;
Poor, poorly differentiated HCC.

Table 1. Clinico-pathological Characteristics in Sorafenib Responders

Patient

No.

Age,

Years Sex

Viral

Status

AFP,

ng/mL

PIVKA-II,

mAU/mL

Clinical

Stage

HCC in

the Liver

Lung

Metastasis

Other

Metastases

Histological

Type

Combination

Treatment

Treatment

Response

FGF3/FGF4

Amplification

1 52 M B 198 140 IV 2 cm, �3 multi Adrenal gland Mod (�) PR (�)

2 63 M B 24 1,983 III 6 cm (�) (�) Mod (�) CR (�)

3 58 M C 16 14 III 9 cm, multiple (�) (�) Well (�) PR (�)

4 62 M B 8 130 IV (�) �3 (�) Mod-Poor (�) PR (�)

5 47 F C 1,872 728 IV 2 cm, multiple Multiple (�) Poor þTAI CR (�)

6 66 M C 290 18,507* IV 5 cm (�) (�) Mod (�) CR (�)

7 71 M C 404,100 1,328 IV 5 cm, multiple Multiple (�) Poor (�) CR (�)

8 66 M Non 49 7,173 IV (�) �2 Pleural, LN Mod (�) PR Amplification

9 58 F B 715 101 IV 11 cm Multiple (�) Combination† þ5FU/IFN PR Amplification

10 80 F C 378 21 III 3 cm, �3 (�) (�) Poor, Mod‡ (�) CR Amplification

11 57 M C 46,835 2,730 IV 14 cm, multiple Multiple (�) Mod (�) CR ND

12 77 M B 435 71,000 IV 4 cm, multiple (�) (�) Mod (�) PR ND

13 84 M Non 5,410 847,000* IV 13 cm, multiple (�) (�) Poor (�) PR ND

Abbreviations: AFP, alpha-fetoprotein; CR, complete response; F, female; IFN, interferon; LN, lymph node; M, male; Mod, moderately differentiated; ND, not done;

Non, non-B, non-C; Poor, poorly differentiated; PR, partial response; TAI, transcatheter arterial infusion; Well, well differentiated.

*Warfarin treatment (þ).

†HCC with cholangiocarcinoma component.

‡From two different HCC nodules.
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more common among responders to sorafenib (res-
ponders, 5/13 [38%]; nonresponders, 6/42 [14%]; P
¼ 0.13). These results suggest that multiple lung me-
tastases and a poorly differentiated histology may be
clinical biomarkers for sorafenib treatment in patients
with HCC.

Sorafenib Potently Inhibits Cellular Growth in
FGF3/FGF4-Amplified and FGFR2-Amplified Cell
Lines. We examined the growth inhibitory effect of
sorafenib in various cancer cell lines to evaluate
whether activated FGFR signaling is involved in the
response to sorafenib. Among 26 cell lines, KYSE220
was the only FGF3/FGF4-amplified cell line (data not
shown), and HSC-43, HSC-39, and KATOIII were
the only FGFR2-amplified cell lines.14 Sorafenib

potently inhibited cellular growth in these four cell
lines at a sub-lM 50% inhibitory concentration (IC50)
(Fig. 5A). The IC50 values were as follows: HSC43,
0.8 lM; HSC39, 0.6 lM; KATOIII, 0.4 lM; and
KYSE220, 0.18 lM. These results suggest that acti-
vated FGFR signaling may be involved in the response
to sorafenib.

Sorafenib Inhibits Tumor Growth in FGF4-Intro-
ducing Cell Lines In Vivo. Finally, we established
cancer cell lines stably overexpressing EGFP, FGF3, or
FGF4 to examine the relationship between the gene
function of FGF3 or FGF4 and drug sensitivity to sor-
afenib in vivo. Western blotting confirmed that exoge-
nously expressed FGF3 and FGF4 were secreted into
the culture medium (Fig. 5B). Sorafenib inhibited the
FGF4-conditioned, medium-mediated expression levels
of phosphorylated FGFR (Figure 5C). A similar result
was obtained using recombinant FGF4 (data not
shown). Mice inoculated with these cell lines were
treated with a low dose of oral sorafenib (15 mg/kg/
day) or without sorafenib (vehicle control). FGF3
overexpression did not increase the tumor volume
compared with EGFP tumors; however, FGF4 overex-
pression aggressively increased tumor volume and
clearly enhanced the malignant phenotype (Fig. 5D).
Notably, the low-dose sorafenib treatment significantly
inhibited the growth of the A549/FGF4 tumors,
whereas it was not effective against A549/EGFP and
A549/FGF3 tumors (Fig. 5D). These results suggest
that overexpression of FGF4 is partially involved in
the response to sorafenib.

Discussion

The FGF3 gene was first identified and character-
ized based on its similarity to the mouse fgf3/int-2
gene, which is a proto-oncogene activated in virally
induced mammary tumors in mice.15 Meanwhile, the
FGF4 gene was first identified in gastric cancer as an
oncogene HST, which has the ability to induce the
neoplastic transformation of NIH-3T3 cells upon
transfection.16 These genes were initially regarded as
proto-oncogenes. FGF3 and FGF4 genes are located
side-by-side and are also closely located to the FGF19
and CCND1 genes (within 0.2 Mb of the 11q13
region).13 The 11q13 region is known as a gene-dense
region, and gene amplification of this region is fre-
quently observed in various solid cancers (including
breast cancer, squamous cell carcinoma of the head
and neck, esophageal cancer, and melanoma) at fre-
quencies of 13%-60%.13 On the other hand, the fre-
quency of FGF3/FGF4 amplification in HCC remains

Table 2. Clinicopathological Characteristics and FGF3/FGF4
Gene Amplification in Responders and Nonresponders to

Sorafenib

Characteristic

Responders

(n ¼ 13)

Nonresponders

(n ¼ 42) P Value*

Age, years (range) 63 (47-84) 66 (22-89) 0.98

Sex, M/F 10/3 30/12 0.97

Viral status, no. 0.69

HBV 5 10

HCV 6 16

BþC 0 1

Non-B, non-C 2 15

AFP, ng/mL (range) 378 (8-404,100) 56 (2-114,248) 0.33

PIVKA-II, mAU/mL (range) 728 (14-847,000) 81 (11-147,000) 0.78

Clinical stage, no. 0.73

II 0 1

III 3 13

IV 10 28

Primary tumor, cm (range) 5 (0-14) 3 (0-15) 0.20

Lung metastasis, no. 0.13

(�) 6 31

(þ) 7 11

Multiple lung metastases, no. 0.006

<5 8 40

�5 5 2

Other metastases, no. 0.24

(�) 11 26

(þ) 2 16

Histological type, no. 0.13

Well 1 7

Moderate 6 26

Poor 5 6

Combination† 1 3

Response, no. ND

Complete response 6 —

Partial response 7 —

Stable disease — 16

Progressive disease — 24

Not evaluable — 2

Abbreviations: AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C

virus; ND, not done.

*P values of viral status and histological type were calculated between HBV

versus HCV and poorly differentiated versus nonpoorly differentiated.

†HCC with cholangiocarcinoma component.
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largely unclear. Relatively small cohort studies have
reported that one out of 20 HCCs exhibited FGF3
amplification as determined via CGH analysis,17 and 3
out of 45 HCCs examined using Southern blot analy-
sis had a copy number >5;18 meanwhile, amplification
was not detected in 0 out of 42 surgically resected
HCCs.19 In the present study, two of the 82 (2.4%)
HCC samples exhibited FGF3/FGF4 gene amplifica-
tion in the HCC series. If only 2%-3% of HCC
patients harbor the FGF3/FGF4 amplification, its value
as a biomarker seems to be limited in clinics because a
frequency of 2%-3% is too low to stratify the patients
for specific targeted therapy. However, a combination
of biomarkers—including FGF3/FGF4 amplification,
lung metastasis, tumor differentiation, and other unre-
vealed dysregulation of FGFR signaling—may increase
the response prediction. In addition, 2%-3% of FGF3/
FGF4 amplification may be a promising therapeutic
target for future FGFR-targeted therapies in the treat-
ment of HCC.

Tumor shrinkage might be due to the mixed effect
(sorafenib þ 5FU þ interferon) of combination ther-
apy in the initially described patient. However, during

this patient’s long clinical course, tumor regrowth was
observed following withdrawal of sorafenib because of
oral hemorrhage, and tumor reshrinkage was observed
when sorafenib treatment recommenced. Thus, we
considered that tumor shrinkage might be achieved by
the effect of sorafenib on its own, rather than 5FU þ
interferon.

Regarding determinants of drug sensitivity to sorafe-
nib, the mechanism of hypersensitivity in the gastric
cancer cell lines HSC-39, HSC-43, and KATO-III is
FGFR2 gene amplification and is thought to be the
addiction of these cell lines to this gene,14 since sorafe-
nib has a relatively weak but significant inhibitory
effect on FGFR1 at a concentration of 580 6 100
nM.3 This result suggests that the blockade of FGFR
signaling by sorafenib may lead to a significant treat-
ment response, at least in FGFR2-amplified cells. In
this study, we found that FGF4, but not FGF3 overex-
pression, was partially involved in the sensitivity to
sorafenib in vivo. The limitations of the study are the
small number of responder patients and the potential
bias in their selection because of the retrospective
study design. Further clinical study of responders to

Fig. 5. FGF3 and FGF4 overexpression and drug sensitivity to sorafenib in vitro and in vivo. (A) Growth inhibitory assay examining sorafenib in
various cancer cell lines in vitro. The growth inhibitory effect of sorafenib was examined using an MTT assay. The IC50 values of each cell line are
shown in the graph. The black bars show that the IC50 values were below 1 lM. Amp, gene amplification. (B) Cancer cell lines stably overex-
pressing EGFP, FGF3, or FGF4 were established and designated as A549/EGFP, A549/FGF3, and A549/FGF4. Western blot analysis confirmed
that exogenously expressed FGF3 and FGF4 were secreted into the culture medium. Sup., supernatant. (C) NIH-3T3 cells were exposed to indi-
cated concentrations of sorafenib for 2 hours and were then stimulated with FGF4-conditioned medium for 20 minutes. (D) Mice inoculated with
A549/EGFP, A549/FGF3, or A549/FGF4 (n ¼ 20 each) were treated with a low dose of oral sorafenib (n ¼ 10, 15 mg/kg/day) or without (n
¼ 10, vehicle control). *P < 0.05.
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sorafenib is necessary. We are presently undertaking a
prospective molecular translational study (2010-2012)
in a cohort of Japanese patients with sorafenib-treated
HCC.

Multiple lung metastases were frequently observed
among responders to sorafenib (38%) but were less
common among nonresponders (5%). Based on a Jap-
anese follow-up survey of patients with primary HCC,
lung metastasis was observed in 7% (169/2355) of the
patients at the time of autopsy.20 Another study dem-
onstrated that 15% of patients were found to have ex-
trahepatic metastases, and lung metastasis was detected
in 6% of 995 consecutive HCC patients.21 When
compared with these data from large-scale studies, the
frequency of lung metastasis among responders to sor-
afenib seems quite high. In addition, a poorly differen-
tiated histological type tended to be more common
among responders, although the correlation was not
significant.

In conclusion, we found that FGF3/FGF4 gene
amplification, multiple lung metastases, and a poorly
differentiated histological type may be involved in the
response to sorafenib.
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Abstract

Background We investigated whether the administration

of maintenance doses of interferon prevented hepatocellu-

lar carcinoma (HCC) in patients with chronic hepatitis C.

Methods Study 1: A multicenter, retrospective, coopera-

tive study was carried out to determine whether long-

term administration of low-dose peginterferon alpha-2a

(PegIFNa-2a) prevented HCC development in patients with

chronic hepatitis C. In total, 594 chronic hepatitis C

patients without a history of HCC were enrolled and treated

with 90 lg PegIFNa-2a administered weekly or bi-weekly

for at least 1 year. Study 2: HCC developed in 16 of 99

additional patients without PegIFNa-2a treatment during

3.8 years of observation. A propensity-matched control

study was then carried out to compare the incidence of
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HCC between the 59 patients who received low-dose

PegIFNa-2a (PegIFNa-2a group) and 59 patients who did

not receive PegIFNa-2a treatment (control group), matched

for sex, age, platelet count, and total bilirubin levels.

Results Study 1: HCC developed in 49 patients. The risk

of HCC was lower in patients with undetectable hepatitis C

virus RNA, B40 IU/L alanine aminotransferase (ALT), or

B10 ng/L alpha-fetoprotein (AFP) 24 weeks after the start

of therapy. Study 2: The incidence of HCC was signifi-

cantly lower in the PegIFNa-2a group than in the control

group.

Conclusions Low-dose and long-term maintenance

administration of PegIFNa-2a decreased the incidence of

HCC in patients with normalized ALT and AFP levels at

24 weeks compared with patients without normal ALT and

AFP levels.

Keywords Chronic hepatitis C � Hepatocellular
carcinoma � Peginterferon

Introduction

Hepatocellular carcinoma (HCC), the sixth most common

cancer worldwide, often develops because of long-term

hepatitis B or C virus infection [1, 2]. In particular, chronic

hepatitis C and hepatic cirrhosis increase the risk of HCC;

the annual incidence of tumor development in such patients

may be as high as 2–4 % [3–5]. The incidence of HCC

decreases in patients who achieve a sustained virological

response (SVR) to interferon (IFN) treatment, although the

incidence remains high in non-SVR patients [6–9]. A

detailed analysis of HCC development revealed that

chronic hepatitis C patients aged 65 years or more, espe-

cially those with advanced fibrosis of the liver, were at an

increased risk of developing HCC [10]. For patients

65 years or older with advanced liver fibrosis, the dose of

ribavirin is often reduced or the agent is discontinued,

resulting in lower SVR rates in those with discontinuation

of ribavirin. Establishing an effective treatment strategy for

preventing the development of HCC is important for these

high-risk patients.

Factors related to the development of HCC have been

analyzed in patients who did not achieve an SVR even after

IFN treatment; advanced fibrosis of the liver and high

levels of serum alanine aminotransferase (ALT), and alpha-

fetoprotein (AFP) are risk factors for HCC development

[11, 12]. A randomized controlled trial was conducted in

Western countries to determine whether combined pegin-

terferon and ribavirin treatment with weekly administration

of 90 lg peginterferon alpha-2a (PegIFNa-2a) could pre-

vent HCC in non-responders. A 3.5-year follow up showed

that administration of a maintenance dose of PegIFNa-2a
did not reduce tumor incidence in these patients [13].

However, after 8.5 years of observation, the incidence of

HCC was decreased among those in the PegIFNa-2a group
with cirrhosis [14]. Meanwhile, Bruix et al. [15] reported

that maintenance therapy with PegIFNa-2b did not prevent

HCC in chronic hepatitis C patients with cirrhosis. In

Japan, long-term low-dose administration of natural IFN

has been reported to decrease the incidence of HCC [16].

In light of these conflicting results, investigations should be

carried out in a large number of patients with chronic

hepatitis C to resolve the question of whether IFN treat-

ment prevents the development of HCC.

We carried out a multicenter retrospective cooperative

study of patients with chronic hepatitis C to determine

whether those treated with 90 lg PegIFNa-2a without

ribavirin had a reduced incidence of HCC compared with

those not treated with IFN.

Patients and methods

Study 1: analysis of risk factors for HCC in patients

treated with long-term low-dose-PegIFNa-2a

In total, at 21 hepatitis centers throughout Japan, 743

patients with hepatitis C who had received 90 lg of Peg-

IFNa-2a therapy weekly or bi-weekly for 1 year or more

without having received the full dose (180 lg) since

December 2003 were examined retrospectively for the

development of HCC. The end of enrollment in this study

was the end of December 2008 and the end of follow up

was the end of December 2010. Patients with a history of

HCC before the start of therapy and those with a therapy

period of less than 48 weeks were excluded, leaving 594

patients who had undergone long-term administration of

PegIFNa-2a for analysis. At the 21 centers involved in this
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study, 4,753 patients with chronic hepatitis C had been

treated; Peg-IFN and ribavirin combination treatment had

been administered to 3,877 patients, 743 patients had

received Peg-IFN alone, and 133 patients had not agreed to

receive IFN (a flow diagram of the enrollment of patients in

this study is shown in Fig. 1). In the patients with Peg-IFN

and ribavirin combination treatment, the SVR rate was

43.8 %; SVR was not achieved in 2,179 patients, and in

776 of these patients, the combination therapy was dis-

continued owing to adverse events or the patient’s choice.

Patients who failed to achieve an SVR were not included in

this study, because the incidence of HCC is known to be

reduced even in non-responders to IFN [17].

The backgrounds of the 594 patients studied are shown

in Table 1. Findings from the liver biopsies of the patients

were classified according to international standards [18].

Long-term PegIFNa-2a treatment is approved by the Jap-

anese Medical Insurance system. Written informed consent

was obtained from all patients prior to participation in this

study. The study design was approved by the regional

ethics committees of the 21 centers involved in this study,

including the Musashino Red Cross Hospital, in accor-

dance with the Helsinki Declaration. The 743 patients

treated with PegIFNa-2a alone were not indicated for Peg-

IFNa and ribavirin combination therapy because of anemia

or heart disease. The 133 patients who did not agree to

receive IFN served as the control group (see Fig. 1). A

large proportion of the 594 study patients had advanced

fibrosis of the liver and active inflammation. A dose of

90 lg PegIFNa-2a was administered to 512 and 82 patients

weekly and biweekly, respectively, according to the

patients’ wishes. There were no significant differences

between the weekly and biweekly groups in the patients’

background data (data not shown).

The median duration of follow up in the PegIFNa-2a
group was 1,273 days (range 228–2,768 days) and HCC

was observed in 49 of the 594 patients (Table 1). Pre-

treatment and on-treatment factors associated with the

development of HCC were analyzed by Student’s t-test, the

Mann–Whitney U-test, and the v2 test (Table 2). Inde-

pendent factors for the development of HCC were assessed

by multivariate analysis using logistic regression. The

Chronic hepatitis C (n=4,753)

Peg-IFNα+ribavirin (n=3,877) Peg-IFN-α2a (n=743) No IFN (n=133)

SVR (n=1,698)
43.8%

Non-SVR (n=2,179)
56.2%

[Discontinued (n=776)]

Peg-IFN-α2a group (n=594)

Excluded from this study
because of a history of HCC
and less than 48 w treatment (n=149) 

Lost to follow-up (n=34) 

Control group (n=99)

Fig. 1 Flow diagram of the

patients’ enrollment in the

study. Peg-IFNa pegylated

interferon a, SVR sustained viral

response, HCC hepatocellular

carcinoma, w week

Table 1 Background data of patients treated with PegIFNa-2a
(n = 594)

n = 594

Age (years) 61.7 ± 11.7

Sex (male/female) 258/336

BMI 23.2 ± 3.3

Genotype (1/2) 443/151

Diagnosis (ASC/CH/LC) 4/460/130

History of excess alcohol consumption

(C60 g/day; yes/no)

118/376

Fibrosis (F0, 1, 2/F3, 4) 443/151

Inflammatory activity (A0, 1/A2, 3) 469/125

Diabetes mellitus (no/yes) 499/95

LDL cholesterol (mg/dL) 94.2 ± 31.1

Fasting blood sugar (mg/dL) 106.3 ± 28.5

White blood cell count (/mm3) 4,360 ± 1,470

Red blood cell count (9106/lL) 423.8 ± 56.4

Hemoglobin (g/dL) 13.3 ± 1.8

Platelet count (9103/lL) 137 ± 56

Albumin (g/dL) 4.0 ± 0.5

Total bilirubin (mg/dL) 0.8 ± 0.6

AST (IU/L) 65.8 ± 47.8

ALT (IU/L) 72.1 ± 68.0

Gamma-GTP (IU/L) 55.2 ± 51.3

Esophageal varices (no/yes) 344/31

Alpha fetoprotein (ng/L) 6.9 (4.2–13.8)

Once weekly or biweekly PegIFNa-2a 512:82

Baseline HCV RNA (KIU/mL) 1,024 (73–2,130)

Development of HCC (no/yes) 545/49

PegIFN pegylated interferon, BMI body mass index, ASC asymto-

tomatic carrier, CH chronic hepatitis, LC liver cirrhosis, LDL low-

density lipoprotein, AST aspartate aminotransferase, ALT alanine

aminotransferase, GTP guanosine triphosphate, HCV hepatitis C

virus, HCC hepatocellular carcinoma

Values are means ± SD, with ranges in parentheses
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incidence of HCC was analyzed according to the ALT,

AFP, and hepatitis C virus (HCV)RNA levels 24 weeks after

the start of PegIFNa-2a administration by using the Kaplan–

Meier method. The risk of HCC was analyzed, using the

Kaplan–Meier method, only in the non-responders with

detectable HCV RNA during PegIFNa-2a administration by

dividing themaccording to theALTandAFP levels 24 weeks

after the start of therapy. The incidence of HCC was com-

pared between the patients with ALT levels of\41 IU/L and

those with levels of C41 IU/L, and between patients with

serum AFP levels of \10 ng/L and those with levels of

C10 ng/mL at 24 weeks after starting treatment, because at

most of the centers participating in the this study, the upper

normal range of serum ALT is set at 40 IU/L, and the most

significant difference in the incidence of HCC was observed

between the PegIFNa-2a and control group with the cut-off

serumALT set at 41 IU/L and cutoff serumAFP set at 10 ng/

mL, 24 weeks after starting treatment. The HCV RNA level

was measured using the Amplicor Monitor method with a

lower detection limit of 50 IU/L (Roche Diagnostics, Tokyo,

Japan). A history of excess alcohol consumption was deter-

mined as[60 g alcohol per day in order to exclude alcoholic

liver disease.

An asymptomatic carrier was defined as a patient with a

serum ALT level within the normal range and minimal

inflammation or fibrosis in the biopsied tissues of the liver.

Chronic hepatitis was defined as mild-to-severe fibrosis of

the liver according to liver biopsy [18]. The diagnosis of

liver cirrhosis was based on the results of histological

examination of the biopsied liver tissues.

Study 2: incidence of HCC in the PegIFNa-2a therapy

and non-administration (control) groups in comparison

with propensity-matched controls

Ninety-nine of the 133 chronic hepatitis C patients who had

not received IFN were examined as controls; patients in

this group received liver-protective agents such as glycyr-

rhizin or were untreated, and the group was observed for

more than 1 year. None of the individuals in the control

groups had received IFN alone or PegIFNa and ribavirin

combination treatment. They were treated for a median of

1,395 days (range 75–6,556 days). Fifty-nine of these

patients underwent liver biopsy before the treatment and

were considered the control group for the propensity-mat-

ched study. For the propensity-matched study, 59 patients

were selected from the PegIFNa-2a group according to

their age, sex, platelet count, and total bilirubin levels,

which had been identified as independent pretreatment risk

factors for the development of HCC in Study 1. The rates

of HCC were analyzed using the Kaplan–Meier method,

and the risk of HCC was analyzed particularly in patients

with advanced fibrosis of the liver (F3 and F4).

Statistical analysis

Categorical data were compared using the v2 test or Fish-

er’s exact test. The distributions of continuous variables

were analyzed using Student’s t-test and the Mann–Whit-

ney U-test for two groups. Multivariate analysis was

Table 2 Comparison of HCC and non-HCC patients with long-term

PegIFNa-2a administration (n = 594)

Patients with or without

development of HCC

p value

With HCC

(n = 49)

Without HCC

(n = 545)

Pretreatment parameters

Age (years) 63.8 ± 1.7 61.3 ± 0.5 \0.05

Sex (male/female) 32/17 226/319 \0.01

BMI 24.0 ± 0.5 23.1 ± 0.2 n.s.

Genotype (1/2) 47/6 397/148 n.s.

History of excess

alcohol

consumption

(C60 g/day;

yes/no)

11/38 107/338 n.s.

Fibrosis (F0, 1,

2/F3, 4)

25/24 418/127 \0.001

Inflammatory

activity

(A0, 1/A2, 3)

7/42 462/83 \0.001

Diabetes mellitus

(no/yes)

38/11 461/84 n.s.

LDL cholesterol

(mg/dL)

88.2 ± 9.0 94.7 ± 2.6 n.s.

White blood cell

count (/mm3)

4,355 ± 210 4,360 ± 64 n.s.

Red blood cell

count (9106/lL)
420.8 ± 8.1 424.1 ± 2.6 n.s.

Hemoglobin (g/dL) 13.6 ± 0.3 13.3 ± 0.1 n.s.

Platelet count

(9103/lL)
106 ± 8 140 ± 2 \0.001

Albumin (g/dL) 3.8 ± 0.1 4.0 ± 0.1 \0.001

Total bilirubin

(mg/dL)

1.2 ± 0.1 0.8 ± 0.1 \0.001

AST (IU/L) 78.1 ± 6.8 64.6 ± 2.1 n.s.

ALT (IU/L) 72.8 ± 9.7 72.0 ± 2.9 n.s.

Gamma-GTP

(IU/L)

68.7 ± 7.5 53.9 ± 2.3 n.s.

Alpha fetoprotein

(ng/L)

17.1 (4.4–36.8) 16.7 (4.1–23.1) n.s.

Esophageal varices 29.0 % (9/31) 6.4 % (22/344) \0.01

On-treatment parameters

ALT (IU/L) 59.4 ± 5.7 44.6 ± 1.8 \0.05

Alpha fetoprotein

(ng/L)

9.8 (4.6–17.4) 5.5 (3.7–11.1) \0.01

HCV RNA level

(KIU/mL)

236 (\0.5–2,210) 21 (\0.5–1,780) \0.05

n.s. not significant
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conducted using logistic regression. The cumulative inci-

dence curve was determined using the Kaplan–Meier

method and differences between groups were assessed by

the log-rank test. For all methods, the level of significance

was set at p\ 0.05. Multivariate analysis of the risk of

HCC was carried out using the Cox proportional hazard

model. Statistical analyses were performed using the Sta-

tistical Package for the Social Sciences software version

11.0 (SPSS, Chicago, IL, USA). In Study 1, age, sex,

platelet count, and total bilirubin levels were identified as

independent factors for the development of HCC; there-

fore, these factors were selected for the propensity-matched

control study (Study 2) in which 59 patients from the

PegIFNa-2a group were included.

Results

Study 1

We analyzed the factors involved in the development of

HCC in patients who received 90 lg PegIFNa-2a weekly

or biweekly for more than a year. The incidence of HCC

did not differ significantly between the groups treated with

PegIFNa-2a weekly and biweekly (34 of 512 vs. 15 of 82,

respectively). As shown in Table 2, univariate analysis

revealed statistically significant differences in the pre-

treatment parameters including age, sex, fibrosis of the

liver, platelet count, albumin level, and total bilirubin,

between patients who developed HCC and those who did

not. Endoscopy was carried out in 375 patients, and

esophageal varices were noted in 31 of them. The inci-

dence of HCC was higher in patients with esophageal

varices than in those without varices [29.0 % (9 of 31) vs.

6.4 % (22 of 344)]. Assessment of on-treatment factors by

univariate analysis revealed statistically significant differ-

ences in serum ALT, AFP, and HCV RNA levels 24 weeks

after the start of PegIFNa-2a maintenance treatment (Table

2).

Multivariate analysis including pretreatment parameters

revealed that age, sex, fibrosis of the liver, platelet count,

and total bilirubin were independent risk factors for HCC

development (Table 3). Multivariate analysis including on-

treatment parameters identified ALT levels of C41 IU/L

and AFP levels of C10 ng/L 24 weeks after the start of the

PegIFNa-2a therapy as independent risk factors for HCC

development (Table 3).

The incidence of HCC was significantly lower in patients

with ALT levels of B40 IU/L than in those with ALT levels

ofC41 IU/L 24 weeks after the start of observation (Fig. 2).

The incidence ofHCCwas also significantly lower in patients

with AFP concentrations of\10 ng/mL at 24 weeks after the

start of observation than in those with AFP concentrations of

C10 ng/mL (Fig. 3). The dose of PegIFNa-2awas reduced to
45 lg in 16 patients because of neutropenia and thrombo-

cytopenia. In addition, PegIFNa-2a was discontinued in 18

patients because of adverse events, including depression (7

patients), interstitial pneumonitis (3 patients), thrombocyto-

penia (3 patients), neutropenia (1 patient), itching (1 patient),

and ascites (3 patients). No statistically significant differ-

ences were found between the patients with reduced dosage

or treatment interruption and those without treatment modi-

fications with respect to overall survival, HCC incidence,

ascites formation, variceal bleeding, hepatic encephalopathy,

and 2-point increases in the Child-Pugh score. No patients

underwent liver transplantation.

Table 3 Independent risk factors for HCC development in patients

treated with 90 lg PegIFNa-2a weekly or bi-weekly, evaluated by

multivariate analysis (logistic regression analysis)

Multivariate analysis

Odds

ratio

95 %

Confidence

interval (CI)

p

Age (years) (every 5 years) 2.24 1.76–9.33 \0.005

Sex (male/female) 3.16 1.56–10.7 \0.005

Fibrosis (F3, 4/F0, 1, 2) 1.69 1.18–5.2 \0.01

Platelet count (\120 9 103/lL
vs. C120 9 103/lL)

3.24 1.44–27.6 \0.01

Total bilirubin (mg/dL) 1.59 1.09–2.58 \0.05

ALT (at 24 weeks) (C41 vs.

\40 IU/L)

2.49 1.51–8.28 \0.05

AFP (at 24 weeks) (C10 vs.

\10 ng/L)

3.78 1.92–11.8 \0.01

Logrank test: p<0.005
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Fig. 2 Comparison of HCC rates in patients administered with

PegIFNa-2a (n = 594) with respect to alanine aminotransferase

(ALT) levels 24 weeks after the start of therapy. Black line patients

with ALT C41 IU/L in the first 24 weeks, gray line patients with

ALT B40 IU/L in the first 24 weeks
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Study 2

We compared the incidence of HCC between 59 patients in

the control group and the same number of patients in the

PegIFNa-2a group using the matched-pair test. The back-

grounds of the patients are shown in Table 4. The Peg-

IFNa-2a group had higher rates of advanced fibrosis (F3

and F4) and active inflammation (A2 and A3). No other

differences were found between the two groups, except for

the white blood cell count (Table 4).

Development of HCC was observed in 2 patients in the

PegIFNa-2a group and 8 in the control group. The inci-

dence of HCC was compared between the two groups,

using the Kaplan–Meier method. The incidence of HCC in

the PegIFNa-2a group was significantly lower than that in

the control group (log-rank test, p = 0.0187; Fig. 4).

Among the patients with advanced fibrosis of the liver (F3

and F4), those in the PegIFNa-2a group had a lower inci-

dence of HCC than those in the control group. The inde-

pendent risk factors for the development of HCC were

analyzed using the stepwise Cox proportional hazard

model. Only PegIFNa-2a administration and age were

identified as independent risk factors for the development

of HCC (Table 5).

Discussion

The number of HCC cases resulting from HCV infection

continues to increase worldwide [19]. To date, IFN therapy

is the most effective preventive measure against HCC in

patients with chronic hepatitis C; furthermore, the

incidence of HCC is reduced in patients who achieve an

SVR to IFN [6–9] Therefore, achieving an SVR is the most

effective approach for reducing the risk of developing

HCC. In Japan, the incidence of HCC is elevated in older

patients with hepatitis C. Corroborating this finding, the

results of a Japanese study show a higher risk of HCC in

patients aged 65 years and more [10]. Therefore, preven-

tion of HCC in aged patients is an important challenge.

In the present multicenter, cooperative, retrospective

study conducted in Japan, the incidence of HCC was

reduced in patients who received 90 lg PegIFNa-2a
weekly or biweekly and had AFP values of\10 ng/mL and

ALT values of B40 IU/L 24 weeks after the start of the

treatment. The results of the matched case–control study of

the PegIFNa-2a group and the non-IFN control group show

that the incidence of HCC was significantly lower in the

PegIFNa-2a group than in the control group, especially in

patients with advanced fibrosis of the liver (F3 and F4).

However, there could have been a selection bias between
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Fig. 3 Comparison of HCC rates in patients administered PegIFNa-
2a (n = 594) with respect to alpha-fetoprotein (AFP) levels in the

first 24 weeks after the start of therapy. Black line patients with AFP

C10 ng/mL at 24 weeks, gray line patients with AFP\10 ng/mL at

24 weeks

Table 4 Backgrounds of the patients in the propensity-matched

control study (PegIFNa-2a group, n = 59; control group, n = 59)

PegIFNa-2a
group

(n = 59)

Control group

(n = 59)

p value

Age (years) 60.5 ± 13.0 63.3 ± 10.5 n.s.

Gender (male/female) 24/35 25/34 n.s.

BMI 22.9 ± 3.6 22.9 ± 3.4 n.s.

Genotype (1/2) 49/10 46/13 n.s.

History of excess alcohol

consumption (60 g/day;

yes/no)

10/49 4/55 n.s.

Fibrosis (F0, 1, 2/F3, 4) 37/22 43/16 \0.05

Development of HCC

(F0–2/F3, 4)

1/1 1/7 n.s.

Inflammatory activity

(A0,1/A2, 3)

19/40 30/29 \0.05

Diabetes mellitus (no/yes) 57/2 56/3 n.s.

LDL cholesterol (mg/dL) 95.3 ± 23.8 117.0 ± 4.2 n.s.

White blood cell

count (/mm3)

4,260 ± 1,239 5,193 ± 2,078 \0.05

Red blood cell count

(910-4/lL)
430 ± 57.8 441 ± 44.9 n.s.

Hemoglobin (g/dL) 13.6 ± 1.5 13.6 ± 1.9 n.s.

Platelet count (910-3/lL) 14.5 ± 5.7 15.8 ± 5.7 n.s.

Albumin (g/dL) 4.1 ± 0.5 4.1 ± 0.4 n.s.

Total bilirubin (mg/dL) 0.7 ± 0.5 0.9 ± 0.7 n.s.

AST (IU/L) 58.3 ± 47.7 49.7 ± 26.6 n.s.

ALT (IU/L) 63.6 ± 68.7 58.0 ± 39.2 n.s.

Gamma-GTP (IU/L) 78.3 ± 81.3 55.3 ± 75.1 n.s.

Baseline alpha-fetoprotein

(AFP) (ng/L)

7.2 (4.3–14.2) 7.7 (3.9–13.8) n.s.

Baseline HCV RNA level

(KIU/mL)

1,230

(24–3,870)

1,024

(38–3,110)

n.s.
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the PegIFNa-2a group and the control group (patients who

did not agree to receive IFN treatment), because this was a

retrospective and non-randomized study. However, con-

cordant with the findings of the HALT-C study [14], the

present results show that PegIFNa-2a inhibits the devel-

opment of HCC in patients with advanced fibrosis of the

liver.

Recent studies show that polymorphisms in the host

IL28B gene are important factors in the response to Peg-

IFNa and ribavirin combination therapy [20, 21]. However,

the mechanism of IL28B involvement in the response to

PegIFNa and ribavirin has not been elucidated completely.

A recent report has shown that IL28B is a significant factor

in the development of HCC as well as in the response to

IFN therapy [22]. Further studies are warranted to analyze

the relationship between IL28B and inhibition of the

development of HCC by PegIFNa in chronic hepatitis C.

Risk factors for the development of HCC have been

discussed previously. Increased intrahepatic fat is involved

in the development of HCC in chronic hepatitis C patients

[23, 24]. In addition, diabetes-associated fat disorder [25,

26], hepatic iron overload [27], advanced fibrosis, older

age, and fatty deposits in the liver are risk factors for HCC

development [4]. Therefore, it is important to establish

strategies to mitigate these risk factors to prevent the

development of HCC and thus improve the outcomes of

hepatitis C patients.

IFN therapy after HCC treatment is reported to inhibit

the recurrence of tumors [28, 29], and a meta-analysis has

revealed a trend toward inhibition of the recurrence of

HCC [30, 31]. The prevention of HCC is an important issue

that needs to be addressed to improve the survival of

chronic hepatitis C patients. The findings of the present

study and the HALT-C trial [14] indicate the effectiveness

of long-term administration of maintenance IFN for pre-

venting the development of HCC in chronic hepatitis C

patients without an SVR. Improvement in ALT levels is

also known to be an important predictor for the prevention

of HCC [32]. A low AFP value during IFN administration

is also recognized as a significant indicator of a lower risk

of HCC [33, 34]. Recently, Osaki et al. [35] reported that a

decrease of serum AFP during treatment with IFN was

associated with a reduced incidence of HCC. Taking these

findings and our own together, we conclude that mainte-

nance administration of low-dose PegIFNa-2a weekly or

biweekly to non-SVR patients with chronic hepatitis C

decreases the incidence of HCC, especially in patients

whose serum ALT and AFP levels are within the normal

range 24 weeks after the start of treatment. The preventive

effects of IFN against the development of HCC without

elimination of the virus may be associated with its anti-

carcinogenic effects [16, 35]; however, the precise mech-

anism should be investigated.

The limitations of the present study are that it is retro-

spective and multicentric; therefore, potentially there may

have been a selection bias. However, the reduction of the

rate of development of HCC by maintenance administra-

tion of PegIFNa-2a in the patients in whom serum ALT

and AFP levels were within the normal ranges 24 weeks

after the start of treatment may be attributable to the

anticarcinogenic effects of IFN without elimination of the

virus.

Conclusion

The incidence of HCC was lower in non-SVR patients with

chronic hepatitis C who were administered with mainte-

nance low-dose PegIFNa-2a; especially in those whose

serum ALT and AFP levels were within the normal ranges

24 weeks after the start of treatment.
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Fig. 4 Comparison of HCC rates between the long-term PegIFNa-2a
administration group (n = 59) and non-administration group

(n = 59) in the propensity-matched control study (Kaplan–Meier

log-rank test, p = 0.019)

Table 5 Risk factors for HCC in the propensity-matched control

study (Cox proportional hazard model)

Variables Risk

ratio

95 % CI p value

PegIFN versus control 0.17 0.03–0.75 \0.05

Age (every 1 year) 1.12 1.02–1.25 \0.05

Fibrosis (F3, 4 vs. F0, 1, 2) 1.70 0.75–4.16 n.s.

Platelet count (every 10 9 103/lL) 0.89 0.73–1.09 n.s.

Albumin (every 1.0 g/dL) 0.80 0.10–6.68 n.s.

On-treatment AFP (\10 vs.

C10 ng/L)

4.07 0.59–40.12 n.s.
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Abstract
Background & Aims: To clarify the biological behaviour of small hypovascu-
lar hepatocellular carcinoma (HCC) because of insufficient evidence even
though frequently encountered. Methods: The study covered na€ıve 4,474
patients who met solitary HCC � 3 cm (mean, 2.1 cm), histopathologically
proven and Child Pugh A or B. Macroscopic vascular invasion and distant
metastasis were excluded. The hypovascularity of tumour was defined as
hypo- or iso-enhancement in arterial phase of multiple dynamic imaging
techniques. Results: Of them, 802 (18%) were hypovascular. The ratio of
hypovascular HCC decreased as tumour size increased (P < 0.001) and most
of them developed to hypervascular type when they grew over 1.5 cm. Hypo-
vascular group showed a significantly higher ratio of well differentiated grade
(P < 0.001) and marginally less incidence of microvascular invasion and
metastases compared with hypervascular group. The histologic dedifferentia-
tion (less differentiation) developed step-by-step as tumour size increased in
hyper- and even hypovascular group. The des-c-carboxy prothrombin
(DCP) value � 300mAU/ml was closely correlated with increase of tumour
size in both groups. Logistic regression analysis revealed five variables were
independent predictors for hypovascular HCC; tumour size � 1.5 cm,
alpha-fetoprotein < 200 ng/ml, DCP < 40mAU/ml, well differentiated grade,
and positivity for hepatitis C virus antibody. Conclusions: Hypovascular
HCC was biologically less aggressive and developed with stepwise dedifferen-
tiation and transformation to hypervascular appearance along with tumour
growth. These results will help in leading correct diagnosis of small hypovas-
cular tumour and assessing optimal treatment for hypovascular
HCC� 3 cm.

Hepatocellular carcinoma (HCC) is the sixth most com-
mon malignancy and the third most common cause of
cancer-related death in the world (1). With the preva-
lence of surveillance protocols for at-risk patients with
chronic liver disease and the development of diagnostic
imaging modalities, small HCC is easily found and

curative treatment of resection, local ablation and liver
transplantation has been undergone. During the last
10 years, the frequency of HCC � 2 cm found in
nation-wide surveillance has much improved from 25%
to 34% in Japan (2, 3). Consequently, we have encoun-
tered not a few small hypo- or isovascular HCCs in the
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mon malignancy and the third most common cause of
cancer-related death in the world (1). With the preva-
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chronic liver disease and the development of diagnostic
imaging modalities, small HCC is easily found and
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transplantation has been undergone. During the last
10 years, the frequency of HCC � 2 cm found in
nation-wide surveillance has much improved from 25%
to 34% in Japan (2, 3). Consequently, we have encoun-
tered not a few small hypo- or isovascular HCCs in the
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arterial phase of dynamic imaging modalities (4–8)
which is an atypical finding for definite HCC in the
diagnostic algorithms proposed by the Japanese guide-
lines (9) and the American Association for the Study of
Liver Diseases (AASLD) (10, 11).

To date, hypovascular HCC has been reported to be
smaller in size and predominantly accounted for well
differentiated grade compared with hypervascular HCC
examined by radiological (4–6, 8, 12) and pathological
(13) studies. More recently, the entity of early HCC was
proposed to have vaguely nodular gross appearance with
histopathologically well differentiated grade, portal
tracts (14–16) and stromal invasion (17). Radiologically,
almost early HCC was hypo- or isovascular in the arte-
rial phase of dynamic enhanced CT and combination
study of CT and hepatic arteriography (18,19). As a
result, single hypovascular or early HCC was recom-
mended to be intensively followed-up and treated with
local ablation under some conditions; pathologically
diagnosed as early HCC, decreased uptake on
hepatobiliary phase of gadoxetic acid enhanced-MRI, or
decreased portal flow on CT during arterial portography
by Consensus Meeting of the Japan Society of Hepatolo-
gy (20). To date, better survival of patients with early
HCC (hypovascular) compared to those with progressed
HCC (hypervascular) on resection was reported (21).
However, which treatment is optimal for patient with
small hypovascular HCC is not yet established. In addi-
tion, several queries of hypovascular HCC remain still
unclear; the frequency, relation of tumour size and
differentiation, transformation of tumour vascularity,
biomarker and relevance of hypovascular HCC and
early HCC.

Therefore, we conducted this study using a large pop-
ulation over 4,000 patients with histopathologically
proved solitary HCC � 3 cm. To our best knowledge,
we were unable to find any previous study on this scale.

Patients and Methods

Patients

During the six years from January 2000 to December
2005, a total of 60,773 patients with primary liver cancer
were diagnosed and prospectively registered nationwide
every two years through more than 500 institutions by
the Liver Cancer Study Group of Japan (LCSGJ). Of
these, 53,008 patients were clinically diagnosed as HCC
with multiple imaging modalities, tumour markers and/
or needle biopsy. Finally, 4,474 patients were enrolled in
this study who met the following inclusion criteria;
Child-Pugh A or B, solitary HCC � 3 cm in diameter
histopathologically proven and tumour vascularity con-
firmed whether hyper- or hypovascular appearance in
the arterial phase of multimodal dynamic techniques of
CT/MRI/contrast enhanced ultrasonography (CE-US)
and/or angiography. All of them underwent one of the
following treatments as an initial therapy; resection

(n = 2,445 patients), local ablation such as radiofre-
quency ablation (n = 1,345), percutaneous ethanol
injection (n = 363) and microwave coagulation (n =
225), or transarterial chemoembolization (n = 96).
Exclusion criteria were macroscopic vascular invasion of
portal and hepatic veins, extrahepatic metastasis and
previous history of HCC.

Diagnosis

For at-risk, patients with chronic liver disease mainly
associated with hepatitis C virus (HCV) and/or B virus
(HBV), surveillance protocol has been carried out with
US and tumour markers of alpha-fetoprotein (AFP;
normal <15 ng/ml) and des-c-carboxy prothrombin
(DCP; <40 mAU/ml) every 3–4 months. The typical
vascular profile of HCC was defined to be hypervascular
in the arterial phase followed by hypovascular or wash-
out in portal or equilibrium phase on multidetector CT
(MDCT, 4-detector scanner commercially available
from 1999 in Japan) or helical CT, MRI with gadolin-
ium- diethylenetriaminepenta-acetic acid (Gd-DTPA)
and CE-US (Levovist, Schering AG, Berlin, Germany;
available from 1999). If the tumour did not show typical
vascular appearance and was larger than 2 cm in diame-
ter, further examinations were recommended, i.e. angi-
ography, combination study of CT and angiography,
MRI with super-paramagnetic iron oxide and/or needle
biopsy. If the tumour was less than 2 cm, follow-up
study with US every three months was recommended by
the Japanese guidelines (9).

In this study, hypovascular HCC included isovascular
type and was defined not to show enhancement com-
pared with surrounding liver parenchyma in the arterial
phase of dynamic imaging technique(s). Overall, 4,119
(92%) of 4,474 patients in the study were available to
evaluate the imaging modalities used. Namely, they had
a total of 8,498 imaging studies with a mean of 2.1
(range, 1–4); CT was performed in 3,377 patients
(82%), MRI in 840, CE-US in 2,664 and angiography in
1,617 (Table 1). The frequency of combination of imag-
ing techniques was - in descending order - combination
of CT and CE-US in 901 (22%) patients, CT alone in
863 (21%), combination of CT, CE-US and angiography
in 693 (17%), combination of all four techniques in 453
(11%), and others. The 2,578 (63%) patients underwent
multimodal imaging techniques and remaining 1,541
(37%) received single technique. For hypovascular
HCC, imaging modalities used was available in 616
(77%) of 802 patients who underwent a total of 1,212
dynamic imaging modalities with a mean of 2.0. The
breakdown of grouping of studies was in descending
order; combination of CT and CE-US in 177 patients
(29%), CE-US alone in 118 (19%), combination of CT,
CE-US and angiography in 81 (13%), CT alone in 72
(12%), combination of all four modalities in 52 (8%)
followed by angiography alone in 32 (6%) and others.
Namely, 380 patients (62%) underwent multimodal

Liver International (2013)
© 2013 John Wiley & Sons A/S 763

Takayasu et al. Biological nature of hypovascular HCC �3 cm

— 295 —



studies and remaining 236 (38%) had single study. The
tumour vascular profile in portal/venous or equilibrium
phase was not available because of lack of inclusion in
the questionnaire sheet.

The histologic diagnosis of HCC was made with
resected (n = 2,445 patients, 55%) and needle-biopsied
specimens (n = 2,029). Of these, 4,196 (94%) were
available for histologic differentiation with Edmondson-
Steiner’s classification (22). The histology of non-can-
cerous hepatic parenchyma was cirrhosis in 1,514 (56%)
of 2,722 patients available, chronic hepatitis or liver
fibrosis in 1,124 and normal liver in 84. In addition,
fibrous capsule formation (fc), portal vein (vp) and
hepatic vein invasions, and intrahepatic metastasis (im)
were microscopically studied with resected specimens
(n = 2,445 patients). The grade of vp1 � is designated
as invasion of distal to second order branches (second
order branches not included) of the portal vein or more
proximal (23). The grade of ims� means spread of
metastasis of one subsegment (Couinaud’s segment) or
more.

Statistical analysis

A chi-squared test and Student’s t-test were used to
compare the discrete and continuous variables respec-
tively. The Mantel-Haenszel trend test was used for
ordinal variables. Multivariate analysis was performed

with logistic regression. All significance tests were 2-
tailed and a P-value <0.05 was considered statistically
significant. Statistical analyses were performed with Sta-
tistical Analysis System version 9.1 (SAS Inc, Cary, NC).

Results

Of 4,474 HCCs, 802 (18%) were hypovascular and 3,672
(82%) were hypervascular (Table 2). The mean tumour
size was 2.1 ± 0.6 cm (mean±standard deviation; range,
0.5–3.0, median, 2.0) in entire, 1.7 ± 0.6 cm in hypo-
vascular and 2.1 ± 0.6 cm in hypervascular HCC
groups. There was a significant difference between the
latter two groups (P < 0.001).

Demographic finding of patients and multivariate logistic
regression analysis

Concerning background factors of hypo- and hypervas-
cular groups, univariate analysis revealed a significant
difference in all eight variables (P = 0.016 to
P < 0.001); the following was favourable for hypovascu-
lar HCC: age � 60 years, female, Child-Pugh B, nega-
tive for HBs antigen and positive for HCV antibody,
small tumour size � 1.5 cm, low level of AFP <200 ng/
ml, normal of DCP and well differentiated grade
(Table 2). The multivariate logistic regression analysis
with these eight variables disclosed the following four
were unlikely and one was likely to associate with signif-
icant predictor for hypovascular HCC (Table 3): for the
former four, tumour size � 1.6 cm (odd ratio (OR),
0.47; 95% confidence interval (CI), 0.34–0.64,
P < 0.001), tumour 2.1–2.5 cm (0.24; 0.16–0.35, P <
0.001), and tumour 2.6–3 cm (0.18; 0.12–0.27,
P < 0.001); AFP level � 200 ng/ml (0.57; 0.39–0.85,
P = 0.01) and DCP levels with 40–299 mAU/ml (0.47;
0.36–0.61, P < 0.001) and � 300 mAU/ml (0.59; 0.36–
0.98, P = 0.04) and moderate (0.18; 0.14–0.23,
P < 0.001) and poor differentiation (0.18; 0.10–0.34,
P < 0.001); and for the latter one, positivity for HCV
antibody (1.57; 1.11–2.22, P = 0.01). Namely, tumour
size � 1.5 cm, AFP<200 ng/ml, DCP<40mAU/ml, well
differentiated grade and positivity for HCV antibody
were independent predictors for hypovascular HCC.

Histopathologic study of resected specimens dis-
closed that for hypovascular group, fibrous capsule for-
mation was significantly less often seen (P < 0.001) and
portal vein invasion and intrahepatic metastasis tended
to be less frequently shown with marginally significant
difference (P = 0.060 and P = 0.053, respectively; lower
portion of Table 2). But no significant difference was
seen for hepatic vein invasion (P = 0.555).

The relation of tumour vascularity and size

According to tumour size with a 5 mm-interval, the
incidence of hypovascular group step-wisely decreased
from 40% in tumours � 1 cm to 7% in 2.6–3 cm, in

Table 1. Breakdown of combination study with 8,498 various
dynamic imaging modalities to confirm the arterial tumor vascular-
ity of HCC in 4,119 patients

No. of patients
receiving
combination
or single
modality (%)

Diagnostic modality

CT MRI CE-US* Angiography

453 (11) + + + +
147 (4) + + +
49 (1) + + +
693 (17) + + +
6 (0.1) + + +
65 (2) + +
901 (22) + +
206 (5) + +
33(1) + +
7 (0.2) + +
18 (0.4) + +
863 (21) +
80(2) +
413 (10) +
185 (4) +
Total no. of
study (%)†

3,377 (82) 840 (20) 2,664 (65) 1,617 (39)

+, examination was performed.

*CE-US, contrast enhanced ultrasonography.

†Percentage calculated by a total no. of study divided by a total no. of

patients (n = 4,119) 9 100.
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contrast that of the hypervascular group increased from
60% to 93% with a significant difference (P < 0.001,
Table 4). Drawing a frequency distribution of tumour
size with a 5 mm interval, hypovascular group showed
peak percentage of 37% in tumours 1.1–1.5 cm and the
hypervascular group demonstrated a peak of 32% in
tumours 1.6–2 cm (Table 2 and Fig. 1). After the peak,
the hypovascular group revealed a slight decline of 30%
in 1.6–2 cm and finally to 8% in 2.6–3 cm. On the con-
trary, the hypervascular HCC group did show a slight
decline and subsequently reached a plateau of 25%.
These results suggest that hypovascular HCC was

transformed to hypervascular HCC when it grew over
1.5 cm. Moreover, it was found that 5% of the hyper-
vascular group were already hypervascular in the small-
est tumours � 1 cm, whereas 8% of hypovascular
group still remained hypovascular even in the largest
tumours 2.6–3 cm.

The relation of histologic differentiation and tumour size

In entire 4,196 HCCs, the histologic grade was well dif-
ferentiated in 44%, moderately in 50% and poorly in
6% (Tables 2 and 5, upper portion). As tumour size

Table 2. Demographic details of 4,474 patients with solitary hypo- or hypervascular HCC � 3 cm, histopathologically proven, and histo-
logic findings of resected specimens

Background factors No. of pts %

Hypovascular
(n = 802)

Hypervascular
(n = 3.672)

P-valueNo. of pts % No. of pts %

Age (yr)
<60 997 22 153 19 844 23 0.016
60 � 3,474 78 648 81 2,826 77

Gender
Male 3,025 68 492 61 2,533 69 <0.001
Female 1,449 32 310 39 1,139 31

Child-Pugh classification
A 3,775 84 641 80 3,134 85 <0.001
B 699 16 161 20 538 15

HBV and HCV
HBsAg�&HCVAb� 559 13 60 8 499 14 <0.001
HBsAg�&HCVAb + 3,104 71 628 81 2,476 69
HBsAg + &HCVAb� 626 14 71 9 555 16
HBsAg + &HCVAb + 80 2 18 2 62 2

Tumor size (cm)
�1 298 7 119 15 179 5 <0.001
1.1–1.5 855 19 298 37 557 15
1.6–2.0 1,417 32 238 30 1,179 32
2.1–2.5 931 21 83 10 848 23
2.6–3.0 973 22 64 8 909 25

Alpha-fetoprotein (ng/ml)
<15 2,076 48 369 47 1,707 48 0.003
15–199 1,672 38 357 46 1,315 37
200� 603 14 52 7 551 15

des-c-carboxy prothrombin (mAU/ml)
<40 2,622 65 598 84 2,024 60 <0.001
40–299 1,088 27 93 13 995 30
300� 347 9 20 3 327 10

Histologic differentiation
Well 1,839 44 624 80 1,215 35 <0.001
Moderately 2,111 50 140 18 1,971 58
Poorly 246 6 14 2 232 7

Histopathologic findings of nesected specimens (n = 2445)
Fibrous capsule formation (fc)
Absent 757 32 77 52 680 31 <0.001
Present 1618 68 71 48 1547 70

Portal vein invasion (vp)
Absent (vp0) 2088 88 140 93 1948 88 0.060
Present (vpl� ) 288 12 11 7 277 12

Intrahepatic metastasis (im)
Absent (im0) 2262 97 151 99 2111 96 0.053
Present (ims� ) 80 3 1 1 79 4
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increased, the proportion of the well differentiated grade
decreased from 69% in tumours � 1 cm to 31% in 2.6–
3 cm. In contrast, those of moderately and poorly dif-
ferentiated grades increased from 29% to 61% and 2%
to 8% respectively. Namely, dedifferentiation, i.e., less
differentiation significantly progressed step by step with
increase of tumour size (P < 0.001).

The similar dedifferentiation in relation to tumour
size was recognized in both hypo- and hypervascular
groups (both, P < 0.001, Table 5, middle and lower
portions). However, the proportion of tumour differen-
tiation was very different. Hypovascular group mainly
composed of well differentiated grade and hypervascular
group consisted of moderately and poorly differentiated
grades. As a result, hypovascular HCCs � 1.5 cm were
well differentiated in more than 88%. By contrast, hy-
pervascular HCC � 2.1 cm were moderately differenti-
ated in approximately two-thirds and poorly
differentiated in more than 7%. Throughout both
groups, the ratio of well vs. moderately to poorly differ-
entiated grades was almost comparable between
tumours 2.6–3 cm in hypovascular group and tumours
� 1 cm in hypervascular group; 58% and 42% vs. 56%
and 44%respectively.

The relation of AFP and DCP level and tumour size

The 2,076 (48%) of 4,351 patients showed normal AFP
level. The 7% of hypovascular and 15% of hypervascular
group were positive for AFP level � 200 ng/ml, The
positive rate for AFP� 15 ng/ml significantly increased
with tumour size in entire group (P = 0.03), but not
seen in hypo- and hypervascular groups (P = 0.40 and
P = 0.25, respectively, Supplementary Table 1). On the
other hand, 2,622 (65%) of 4,057 patients showed nor-
mal DCP level (Table 6). The positive rate for DCP
� 40mAU/ml significantly elevated with tumour size in
entire, hypo- and hypervascular groups (all, P < 0.001).
The positive relation between tumour size and incidence
of patients was shown in entire and hypervascular
groups with DCP >40mAU/ml and in hypovascular
group with DCP � 300mAU/ml.

Discussion

Whether a small nodule suspected HCC is hyper- or
hypovascular is crucial for differentiating tumours in

Table 3. Multivariate logistic regression analysis for predicting
hypovascular HCC

Variables Estimate SE OR (95% CI) P-value

Age (yr)
<60 Ref Ref
60 � 0.05 0.13 1.05 (0.81–1.35) 0.73

Gender
Male Ref Ref
Female 0.09 0.10 1.10 (0.90–1.35) 0.36

Child-Pugh classification
A Ref Ref
B 0.10 0.12 1.11 (0.87–1.41) 0.40

HBV and HCV
HBsAg�&
HCV Ab�

Ref Ref

HBsAg� &
HCV Ab+

0.45 0.18 1.57 (1.11–2.22) 0.01

HBsAg+ &
HCV Ab�

0.22 0.23 1.25 (0.79–1.96) 0.34

HBsAg+ &
HCV Ab+

0.65 0.38 1.92 (0.92–4.00) 0.08

Tumor size (cm)
�1 Ref Ref
1.1–1.5 �0.06 0.16 0.94 (0.68–1.30) 0.71
1.6–2.0 �0.76 0.16 0.47 (0.34–0.64) <0.001
2.1–2.5 �1.43 0.19 0.24 (0.16–0.35) <0.001
2.6–3.0 �1.70 0.21 0.18 (0.12–0.27) <0.001

Alpha-fetoprotein (ng/ml)
<15 Ref Ref
15–199 0.10 0.10 1.11 (0.90–1.35) 0.33
200� �0.56 0.20 0.57 (0.39–0.85) 0.01

des-c-carboxy prothrombin (mAU/ml)
<40 Ref Ref
40–299 �0.75 0.13 0.47 (0.36–0.61) <0.001
300� �0.53 0.26 0.59 (0.36–0.98) 0.04

Histologic differentiation
Well Ref Ref
Moderately �1.71 0.11 0.18 (0.14–0.23) <0.001
Poorly �1.70 0.31 0.18 (0.10–0.34) <0.001

SE, Standard Error; OR,Odds Ratio; CI, Confidence Interval.

Table 4. The relation of tumor size and arterial tumor vascularity
of HCC

Size (cm)
No. of
tumors

Tumor vascularity (%)

P-valueHypovascular Hypervascularr

� 1.0 298 119 (40) 179 (60) <0.001
1.1–1.5 855 298 (35) 557 (65)
1.6–2.0 1417 238 (17) 1179 (83)
2.1–2.5 931 83 (9) 848 (91)
2.6–3.0 973 64 (7) 909 (93)
Total 4,474 802 (18) 3,672 (82)

Fig. 1. Frequency distribution of hypo- and hypervascular HCCs
according to tumours size. Hypovascular group shows peak per-
centage of 37% in 1.1–1.5 cm followed by decline to 8% in 2.6–
3 cm. In contrast, hypervascular group demonstrates the peak of
32% in 1.6–2 cm and subsequently slight decline to plateau of
25% in 2.6–3 cm.
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increased, the proportion of the well differentiated grade
decreased from 69% in tumours � 1 cm to 31% in 2.6–
3 cm. In contrast, those of moderately and poorly dif-
ferentiated grades increased from 29% to 61% and 2%
to 8% respectively. Namely, dedifferentiation, i.e., less
differentiation significantly progressed step by step with
increase of tumour size (P < 0.001).

The similar dedifferentiation in relation to tumour
size was recognized in both hypo- and hypervascular
groups (both, P < 0.001, Table 5, middle and lower
portions). However, the proportion of tumour differen-
tiation was very different. Hypovascular group mainly
composed of well differentiated grade and hypervascular
group consisted of moderately and poorly differentiated
grades. As a result, hypovascular HCCs � 1.5 cm were
well differentiated in more than 88%. By contrast, hy-
pervascular HCC � 2.1 cm were moderately differenti-
ated in approximately two-thirds and poorly
differentiated in more than 7%. Throughout both
groups, the ratio of well vs. moderately to poorly differ-
entiated grades was almost comparable between
tumours 2.6–3 cm in hypovascular group and tumours
� 1 cm in hypervascular group; 58% and 42% vs. 56%
and 44%respectively.

The relation of AFP and DCP level and tumour size

The 2,076 (48%) of 4,351 patients showed normal AFP
level. The 7% of hypovascular and 15% of hypervascular
group were positive for AFP level � 200 ng/ml, The
positive rate for AFP� 15 ng/ml significantly increased
with tumour size in entire group (P = 0.03), but not
seen in hypo- and hypervascular groups (P = 0.40 and
P = 0.25, respectively, Supplementary Table 1). On the
other hand, 2,622 (65%) of 4,057 patients showed nor-
mal DCP level (Table 6). The positive rate for DCP
� 40mAU/ml significantly elevated with tumour size in
entire, hypo- and hypervascular groups (all, P < 0.001).
The positive relation between tumour size and incidence
of patients was shown in entire and hypervascular
groups with DCP >40mAU/ml and in hypovascular
group with DCP � 300mAU/ml.

Discussion

Whether a small nodule suspected HCC is hyper- or
hypovascular is crucial for differentiating tumours in

Table 3. Multivariate logistic regression analysis for predicting
hypovascular HCC

Variables Estimate SE OR (95% CI) P-value

Age (yr)
<60 Ref Ref
60 � 0.05 0.13 1.05 (0.81–1.35) 0.73

Gender
Male Ref Ref
Female 0.09 0.10 1.10 (0.90–1.35) 0.36

Child-Pugh classification
A Ref Ref
B 0.10 0.12 1.11 (0.87–1.41) 0.40

HBV and HCV
HBsAg�&
HCV Ab�

Ref Ref

HBsAg� &
HCV Ab+

0.45 0.18 1.57 (1.11–2.22) 0.01

HBsAg+ &
HCV Ab�

0.22 0.23 1.25 (0.79–1.96) 0.34

HBsAg+ &
HCV Ab+

0.65 0.38 1.92 (0.92–4.00) 0.08

Tumor size (cm)
�1 Ref Ref
1.1–1.5 �0.06 0.16 0.94 (0.68–1.30) 0.71
1.6–2.0 �0.76 0.16 0.47 (0.34–0.64) <0.001
2.1–2.5 �1.43 0.19 0.24 (0.16–0.35) <0.001
2.6–3.0 �1.70 0.21 0.18 (0.12–0.27) <0.001

Alpha-fetoprotein (ng/ml)
<15 Ref Ref
15–199 0.10 0.10 1.11 (0.90–1.35) 0.33
200� �0.56 0.20 0.57 (0.39–0.85) 0.01

des-c-carboxy prothrombin (mAU/ml)
<40 Ref Ref
40–299 �0.75 0.13 0.47 (0.36–0.61) <0.001
300� �0.53 0.26 0.59 (0.36–0.98) 0.04

Histologic differentiation
Well Ref Ref
Moderately �1.71 0.11 0.18 (0.14–0.23) <0.001
Poorly �1.70 0.31 0.18 (0.10–0.34) <0.001

SE, Standard Error; OR,Odds Ratio; CI, Confidence Interval.

Table 4. The relation of tumor size and arterial tumor vascularity
of HCC

Size (cm)
No. of
tumors

Tumor vascularity (%)

P-valueHypovascular Hypervascularr

� 1.0 298 119 (40) 179 (60) <0.001
1.1–1.5 855 298 (35) 557 (65)
1.6–2.0 1417 238 (17) 1179 (83)
2.1–2.5 931 83 (9) 848 (91)
2.6–3.0 973 64 (7) 909 (93)
Total 4,474 802 (18) 3,672 (82)

Fig. 1. Frequency distribution of hypo- and hypervascular HCCs
according to tumours size. Hypovascular group shows peak per-
centage of 37% in 1.1–1.5 cm followed by decline to 8% in 2.6–
3 cm. In contrast, hypervascular group demonstrates the peak of
32% in 1.6–2 cm and subsequently slight decline to plateau of
25% in 2.6–3 cm.
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cirrhotic liver such as dysplastic nodule, early HCC,
hypo- and hypervascular advanced HCC (12). Thus,
much attention has been paid to obtain the optimal
acquisition time to disclose tumour vascularity on
dynamic imaging techniques. In this study, arterial
tumour vascularity was carefully confirmed with combi-
nation of two or more dynamic imaging modalities in
63% of entire patient. It was strongly presumed that
majority of 1,617 (39%) patients who underwent angi-
ography alone concurrently had combination study of
CT and hepatic arteriography as was one of the most
sensitive techniques for identifying tumour vascularity.

The incidence of hypovascular HCC was 18% of
4,474 HCCs � 3 cm, 25% of 2,570 � 2 cm and 24%
of 2,272 ranging 1.1–2 cm (Table 4). To date, wide
range of incidence of hypovascular HCC has been
reported using various imaging modalities; 6% by mul-
tiple dynamic imaging modalities (5), 14% by US angi-
ography with intra-arterial CO2 microbubbles (6) and
18% by digital subtraction angiography and in part by
combination of CT and hepatic arteriography (4). And
recent studies reported higher incidence than before,
i.e., 32% in CE-US, 35% in CT and 34% in MRI for 34
HCCs 1–2 cm (24), 22% in CE-US and 15% in MRI for

Table 5. Incidence of tumors according to tumor size and histopathologic grade in entire, hypo- and hypervascular HCC groups.

Group Size (cm) No. of tumor Well (%) Moderately (%) Poorly (%) P-value

Entire � 1.0 284 196 (69) 82 (29) 6 (2) <0.001
1.1–1.5 808 478 (59) 295 (37) 35 (4)
1.6–2.0 1322 581 (44) 666 (50) 75 (6)
2.1–2.5 877 300 (34) 517 (59) 60 (7)
2.6–3.0 905 284 (31) 551 (61) 70 (8)
Total 4196 1839 (44) 2111 (50) 246 (6)

Hypovascular � 1.0 115 102 (89) 13 (11) 0 (0) <0.001
1.1–1.5 291 256 (88) 33 (11) 2 (1)
1.6–2.0 233 178 (76) 50 (22) 5 (2)
2.1–2.5 79 53 (67) 24 (30) 2 (3)
2.6–3.0 60 35 (58) 20 (34) 5 (8)
Total 778 624 (80) 140 (18) 14 (2)

Hypervascular � 1.0 169 94 (56) 69 (41) 6 (3) <0.001
1.1–1.5 517 222 (43) 262 (51) 33 (6)
1.6–2.0 1089 403 (37) 616 (57) 70 (6)
2.1–2.5 798 247 (31) 493 (62) 58 (7)
2.6–3.0 845 249 (29) 531 (63) 65 (8)
Total 3418 1215 (35) 1971 (58) 232 (7)

Table 6. Distribution of patients according to tumor size and des-c-carboxy prothrombin in entire, hypo- and hypervascular HCC groups

Group Tumor size (cm) No. of patient

des-c-carboxy prothnrombin

P-value<40 mAU/ml 40–299 300�
Entire � 1.0 262 214 (82) 46 (17) 2 (1) <0 0001

1.1–1.5 772 605 (78) 148 (19) 19 (3)
1.6–2.0 1289 863 (67) 342 (27) 84 (6)
2.1–2.5 861 502 (58) 271 (32) 88 (10)
2.6–3.0 873 438 (50) 281 (32) 154 (18)
Total 4057 2622 (65) 1088 (27) 347 (8)

Hypovascular � 1.0 101 84 (83) 17 (17) 0 (0) <0.001
1.1–1.5 266 237 (89) 26 (10) 3 (1)
1.6–2.0 220 183 (83) 31 (14) 6 (3)
2.1–2.5 74 60 (81) 10 (14) 4 (5)
2.6–3.0 50 34 (68) 9 (18) 7 (14)
Total 711 598 (84) 93 (13) 20 (3)

Hypervascular � 1.0 161 130 (81) 29 (18) 2 (1) <0.001
1.1–1.5 506 368 (73) 122 (24) 16 (3)
1.6–2.0 1069 680 (64) 311 (29) 78 (7)
2.1–2.5 787 442 (56) 261 (33) 84 (11)
2.6–3.0 823 404 (49) 272 (33) 147 (18)
Total 3346 2024 (60) 995 (30) 327 (10)

Parentheses show percentage.
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60HCCs � 2 cm (25), and 29% in MDCT for 204
HCCs � 3 cm (8). Gadoxetic acid-enhanced MRI, more
recently introduced has revealed to detect hypovascular
HCC more frequently as a result of higher sensitivity for
early stage HCC than combination of CT and arterial
portography (26) and dynamic MRI (27).

A total of five variables were independent predictor
for hypovascular HCC on logistic regression analysis:
small tumour � 1.5 cm, lower levels of AFP <200 ng/
ml and DCP <40mAU/ml, well differentiated grade and
positivity for HCV antibody. The positivity for HCV
antibody is consistent with the previous result in which
hypovascular HCC emerged more frequently in HCV
related patients than HBV and non-B non-C virus
related patients (28). On the other hand, microscopic
study of resected specimens first revealed that hypovas-
cular group had significantly less fibrous capsule forma-
tion and tended to have less portal invasion and
intrahepatic metastasis, suggesting hypovascular group
is pathologically in earlier stage and less aggressive com-
pared with hypervascular group (Table 2).To date,
microvascular invasion was reported to closely associate
with poor outcome after resection (29) and liver trans-
plantation (30).

Concerning tumour vascularity and size, there was a
significantly negative correlation in hypovascular and
positive association in hypervascular HCC in good
order (P < 0.001). These findings were not inconsistent
with previous studies with no more than 200 patients (4
–6, 8). Present study revealed more precise and reliable
relationship between these two factors with 5 mm-inter-
val of tumour size and more than 4,000 patients.

The tumour size of 1.5 cm was first identified to be
critical for hypovascular HCC to transform to hypervas-
cularization, i.e., angiogenic switch confirmed by imag-
ing techniques in this cross-sectional study (Fig. 1). The
near tumour sizes ranging 1.0 to 1.5 cm were recently
reported by longitudinal study with gadoxetic acid-
enhanced MRI (31, 32). The cut-off value of 1.5 cm
seems interested in patients with hypovascular tumour
ranging 1–2 cm negative for sequential two dynamic
contrast enhanced studies, because subsequent biopsy is
recommended by the AASLD guidelines updated (11).
First, intensive follow-up of hypovascular tumour
would be acceptable to monitor the size and vascularity
by ultrasonography with and without contrast medium
because of high incidence of transition to hypervascular-
ization with tumour growth over 1.5 cm and slow grow-
ing nature (33). Second, elevation of DCP level � 300
mAU/ml is helpful in suspecting that tumors possibly
obtain more aggressive nature even without transition
to hypervascular type (Table 6). Third, biopsy could be
safely performed in a case of hypovascular tumour
� 1.5 cm because of the highest incidence of well differ-
entiated grade � 88% and the lowest ratio of poorly dif-
ferentiated grade � 1% (Table 5). The poorly
differentiated grade was closely associated with neoplas-
tic seeding after radiofrequency ablation (34, 35) and

poor prognosis after transplantation (30). Our study
revealed the ratio was 6% in entire population
(Table 5), much lower than that of 12% in patients with
advanced large HCC (36). While, 94% of 246 poorly dif-
ferentiated HCCs were hyper- and only 6% were hypo-
vascular.

The very close correlation was recognized between
tumour size and dedifferentiation which reflects multi-
step progress of hepatocarcinogenesis in small HCC
(15, 28). Interestingly, the ratio of well vs. moderately
and poorly differentiated grades was almost same i.e.,
58% vs. 42% in tumour 2.6–3.0 cm of hypovascular
group and 56% vs.44% in tumour � 1 cm of hyper-
vascular group (Table 5). These results imply that
hypovascular tumour would grow slowly and reached
tumour 2.6–3.0 cm without emergence of vascular
transformation, in contrast hypervascular tumour
would rapidly progress and reach tumour � 1 cm
after obtaining neoangiogenesis. The reason why 5%
of hypervascular group was already hypervascular even
in tumour � 1 cm (Fig. 1) could be explained by
de novo carcinogenesis other than multistep progres-
sion. While, 8% of hypovascular group being still
hypovascular in 2.6–3 cm lesions would depend on
lack or delay of induction of angiogenic switch in
molecular level.

The positive rate for DCP � 40mAU/ml was signifi-
cantly higher in hypervascular than hypovascular group
(P < 0.001, Table 2). A significant correlation was rec-
ognized between tumour size and DCP level in both
groups (P < 0.001, Table 6). Interestingly, better corre-
lation was seen in � 40mAU/ml in hypervascular group
and in DCP level � 300mAU/ml in hypovascular group.
These results suggest that microvascular invasion and
micro-metastases are associated with increase of tumour
size in hypervascular group (37–39) and even in hypo-
vascular group. On the other hand, AFP level <200 ng/
ml was independent predictor for hypovascular group
on multivariate analysis but there was no significant
correlation between tumour size and AFP level in both
groups. Prior study reported elevated AFP level showed
significant predictor for poor prognosis after resection
(40, 41).

The incidence of early HCC occupied in hypovascu-
lar HCC group was one of great interests in this study.
However, it was hard to clarify it because inconsistency
was not dissolved between gross appearance and histo-
logic differentiation in early HCC resected. It might
depend on in part the difficulty to differentiate gross
type of early HCC/vaguely nodular type from other
types such as infiltrative one. As another reason, patho-
logic findings specific to early HCC, such as portal triad
and/or stromal invasion (17) were not available becaue
of lack of inclusion in questionnaire sheet. Further
study is needed with gadoxetic acid-enhanced MRI
which could more often detect and characterize early
HCC than dynamic CT and combination of CT and
angiography (42).
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60HCCs � 2 cm (25), and 29% in MDCT for 204
HCCs � 3 cm (8). Gadoxetic acid-enhanced MRI, more
recently introduced has revealed to detect hypovascular
HCC more frequently as a result of higher sensitivity for
early stage HCC than combination of CT and arterial
portography (26) and dynamic MRI (27).

A total of five variables were independent predictor
for hypovascular HCC on logistic regression analysis:
small tumour � 1.5 cm, lower levels of AFP <200 ng/
ml and DCP <40mAU/ml, well differentiated grade and
positivity for HCV antibody. The positivity for HCV
antibody is consistent with the previous result in which
hypovascular HCC emerged more frequently in HCV
related patients than HBV and non-B non-C virus
related patients (28). On the other hand, microscopic
study of resected specimens first revealed that hypovas-
cular group had significantly less fibrous capsule forma-
tion and tended to have less portal invasion and
intrahepatic metastasis, suggesting hypovascular group
is pathologically in earlier stage and less aggressive com-
pared with hypervascular group (Table 2).To date,
microvascular invasion was reported to closely associate
with poor outcome after resection (29) and liver trans-
plantation (30).

Concerning tumour vascularity and size, there was a
significantly negative correlation in hypovascular and
positive association in hypervascular HCC in good
order (P < 0.001). These findings were not inconsistent
with previous studies with no more than 200 patients (4
–6, 8). Present study revealed more precise and reliable
relationship between these two factors with 5 mm-inter-
val of tumour size and more than 4,000 patients.

The tumour size of 1.5 cm was first identified to be
critical for hypovascular HCC to transform to hypervas-
cularization, i.e., angiogenic switch confirmed by imag-
ing techniques in this cross-sectional study (Fig. 1). The
near tumour sizes ranging 1.0 to 1.5 cm were recently
reported by longitudinal study with gadoxetic acid-
enhanced MRI (31, 32). The cut-off value of 1.5 cm
seems interested in patients with hypovascular tumour
ranging 1–2 cm negative for sequential two dynamic
contrast enhanced studies, because subsequent biopsy is
recommended by the AASLD guidelines updated (11).
First, intensive follow-up of hypovascular tumour
would be acceptable to monitor the size and vascularity
by ultrasonography with and without contrast medium
because of high incidence of transition to hypervascular-
ization with tumour growth over 1.5 cm and slow grow-
ing nature (33). Second, elevation of DCP level � 300
mAU/ml is helpful in suspecting that tumors possibly
obtain more aggressive nature even without transition
to hypervascular type (Table 6). Third, biopsy could be
safely performed in a case of hypovascular tumour
� 1.5 cm because of the highest incidence of well differ-
entiated grade � 88% and the lowest ratio of poorly dif-
ferentiated grade � 1% (Table 5). The poorly
differentiated grade was closely associated with neoplas-
tic seeding after radiofrequency ablation (34, 35) and

poor prognosis after transplantation (30). Our study
revealed the ratio was 6% in entire population
(Table 5), much lower than that of 12% in patients with
advanced large HCC (36). While, 94% of 246 poorly dif-
ferentiated HCCs were hyper- and only 6% were hypo-
vascular.

The very close correlation was recognized between
tumour size and dedifferentiation which reflects multi-
step progress of hepatocarcinogenesis in small HCC
(15, 28). Interestingly, the ratio of well vs. moderately
and poorly differentiated grades was almost same i.e.,
58% vs. 42% in tumour 2.6–3.0 cm of hypovascular
group and 56% vs.44% in tumour � 1 cm of hyper-
vascular group (Table 5). These results imply that
hypovascular tumour would grow slowly and reached
tumour 2.6–3.0 cm without emergence of vascular
transformation, in contrast hypervascular tumour
would rapidly progress and reach tumour � 1 cm
after obtaining neoangiogenesis. The reason why 5%
of hypervascular group was already hypervascular even
in tumour � 1 cm (Fig. 1) could be explained by
de novo carcinogenesis other than multistep progres-
sion. While, 8% of hypovascular group being still
hypovascular in 2.6–3 cm lesions would depend on
lack or delay of induction of angiogenic switch in
molecular level.

The positive rate for DCP � 40mAU/ml was signifi-
cantly higher in hypervascular than hypovascular group
(P < 0.001, Table 2). A significant correlation was rec-
ognized between tumour size and DCP level in both
groups (P < 0.001, Table 6). Interestingly, better corre-
lation was seen in � 40mAU/ml in hypervascular group
and in DCP level � 300mAU/ml in hypovascular group.
These results suggest that microvascular invasion and
micro-metastases are associated with increase of tumour
size in hypervascular group (37–39) and even in hypo-
vascular group. On the other hand, AFP level <200 ng/
ml was independent predictor for hypovascular group
on multivariate analysis but there was no significant
correlation between tumour size and AFP level in both
groups. Prior study reported elevated AFP level showed
significant predictor for poor prognosis after resection
(40, 41).

The incidence of early HCC occupied in hypovascu-
lar HCC group was one of great interests in this study.
However, it was hard to clarify it because inconsistency
was not dissolved between gross appearance and histo-
logic differentiation in early HCC resected. It might
depend on in part the difficulty to differentiate gross
type of early HCC/vaguely nodular type from other
types such as infiltrative one. As another reason, patho-
logic findings specific to early HCC, such as portal triad
and/or stromal invasion (17) were not available becaue
of lack of inclusion in questionnaire sheet. Further
study is needed with gadoxetic acid-enhanced MRI
which could more often detect and characterize early
HCC than dynamic CT and combination of CT and
angiography (42).
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As possible limitation of this study, single dynamic
imaging modality seems insufficient to determine hypo-
vascular tumour which was seen in 38% of hypovascular
group, but one dynamic imaging technique had been
recommended for tumours � 2 cm by the original
AASLD guidelines (10). One possible reason of less
imaging modality could be speculated that first imaging
modality performed in primary clinic or hospital was
incidentally omitted and a total number of imaging
techniques were undercounted by large volume centre
hospitals where patients were finally treated. In any
event, we believe that the tumour vascularity was cor-
rectly judged in the majority of hypovascular tumours
by final institutions. As another limitation, lack of vas-
cular profile in the portal/venous phase of dynamic
imaging modalities could be given. However, it is not
crucial to evaluate arterial tumour vascularity because
all tumors were histopathologically diagnosed HCC.

In conclusion, hypovascular HCC accounted for 18%
of solitary 4,474 HCCs � 3 cm histologically proven
and was confirmed to be biologically less aggressive
caused by higher incidence of well differentiated grade,
lower value of AFP and DCP, smaller tumour size, and
lower incidence of microvascular invasion and micro-
metastasis. Most hypovascular HCCs seem to transform
to hypervascular type when they grew over 1.5 cm.
Logistic regression analysis revealed tumour size
� 1.5 cm, AFP <200 ng/ml and DCP <40mAU/ml, well
differentiated grade and positivity for HVC antibody
were independent predictor for hypovascular HCC.
These results would practically help in determining an
appropriate diagnostic algorithm and timely biopsy for
small hypovascular tumours particularly after wide
introduction of gadoxetic acid-enhanced MRI. More-
over, they will contribute to evaluate the outcome of
treatments for small hypovascular HCC.
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Patients with chronic liver 
Disease: Risk Factors for 
Development of Hypervascular 
Hepatocellular Carcinoma1
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Purpose: To identify patient characteristics and magnetic resonance 
(MR) imaging findings associated with subsequent hyper-
vascularization in hypovascular nodules that show hypoin-
tensity on hepatobiliary phase gadoxetic acid–enhanced 
MR images in patients with chronic liver diseases.

Materials and 
Methods:

Institutional review board approval was obtained, and in-
formed consent was waived. At multiple follow-up gadoxet-
ic acid–enhanced MR imaging examinations of 68 patients, 
160 hypovascular nodules were retrospectively reviewed. A 
Cox regression model for hypervascularization was devel-
oped to explore the association of baseline characteristics, 
including patient factors (Child-Pugh classification, etiology 
of liver disease, history of local therapy for hepatocellular 
carcinoma [HCC], and coexistence of hypervascular HCC) 
and MR imaging findings (fat content, signal intensity on 
T2-weighted images, and nodule size). In addition, the 
growth rate was calculated as the reciprocal of tumor vol-
ume doubling time to investigate its relationship with sub-
sequent hypervascularization by using receiver operating 
characteristic and Kaplan-Meier analyses.

Results: The prevalence of subsequent hypervascularization was 
31% (50 of 160 nodules). Independent Cox multivariable 
predictors of increased risk of hypervascularization were 
hyperintensity on T2-weighted images (hazard ratio [HR] 
= 8.7; 95% confidence interval [CI]: 3.6, 20.8), previous 
local therapy for hypervascular HCC (HR = 5.0; 95% CI: 
1.8, 13.6), Child-Pugh B cirrhosis (HR = 3.6; 95% CI: 1.4, 
9.5) and coexistence of hypervascular HCC (HR = 2.0; 
95% CI: 1.0, 3.8). The mean growth rate was significantly 
higher in nodules that showed subsequent hypervascu-
larization than in those without hypervascularization. 
Kaplan-Meier analysis based on the receiver operating 
characteristic cutoff level (1.8 3 1023/day [tumor volume 
doubling time, 542 days]) showed that nodules with a 
higher growth rate had a significantly higher incidence of 
hypervascularization (P = 5.2 3 1028, log-rank test).

Conclusion: Hyperintensity on T2-weighted images is an independent and 
strong risk factor at baseline for subsequent hypervascular-
ization in hypovascular nodules in patients with chronic liver  
disease. Tumor volume doubling time of less than 542 days was  
associated with a high rate of subsequent hypervascularization.
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The aims of our study were to 
identify patient characteristics and MR 
imaging findings associated with subse-
quent hypervascularization in hypovas-
cular nodules that show hypointensity 
on gadoxetic acid–enhanced hepatobili-
ary phase MR images in patients with 
chronic liver diseases.

Materials and Methods

Study Group
Retrospective data collection and 
analysis were approved by the institu-
tional review board of the two partici-
pating hospitals, and the requirement 
for informed consent was waived. The 
selection of the subjects is outlined in 
Figure 1. From February 2008 to Octo-
ber 2010, there were 238 patients who 
underwent multiple gadoxetic acid–en-
hanced MR imaging examinations for 
HCC surveillance. Of these, we excluded 
patients with (a) Child-Pugh class C, 
owing to insufficient enhancement on 
gadoxetic acid–enhanced hepatobiliary 
phase MR images (1), and (b) those 
who had undergone previous systemic 
chemotherapy or treatment with molec-
ularly targeted agents against malignant 
tumors. One radiologist (S. Kumano, 
with 22 years of experience in abdomi-
nal imaging) and one gastroenterologist 

The hepatobiliary phase of gadoxet-
ic acid–enhanced MR imaging can allow 
clear visualization of hepatic focal le-
sions (3–6). Along with the widespread 
use of advanced imaging techniques, 
including three-dimensional T1-weight-
ed gradient-echo sequences with high 
spatial resolution (7), hypovascular 
small nodules that show hypointensity 
on gadoxetic acid–enhanced hepatobili-
ary phase MR images are increasingly 
detected during HCC screening of pa-
tients with cirrhosis. Such nodules may 
include hypovascular well-differentiated 
HCCs, dysplastic nodules, and other 
benign nodules (8), which are difficult 
to distinguish, even at needle biopsy. Of 
these, hypovascular HCC and dysplastic 
nodules grow and acquire a more ex-
tensive arterial supply, and show overt 
stromal invasion (invasive growth of tu-
mor tissue in portal tracts and fibrous 
septa), during stepwise carcinogenesis 
of HCC (9,10).

Previously, image-based stud-
ies suggested that hypovascular nod-
ules containing fat or those that were 
greater than 10–15 mm in diameter 
were at high risk for development of 
hypervascularization (11–13). Authors 
of a histopathologic study (14) reported 
that most borderline nodules (dysplas-
tic nodules or well-differentiated HCCs) 
greater than 15 mm in diameter were 
early HCC. Because these results were 
taken from findings at a single time 
point, further research examining the 
time course of the development of this 
change is required for the development 
of a better approach to follow-up of 
these hypovascular nodules.

Follow-up surveillance of patients 
with cirrhosis has been performed 
to detect hepatocellular carcinoma 

(HCC) early enough to allow curative 
treatment (1). The American Associ-
ation for the Study of Liver Diseases  
practice guidelines outline a strategy 
for distinguishing HCCs from other he-
patic lesions of smaller than 3 cm that 
are identified during ultrasound (US) 
screening of livers in patients with cir-
rhosis (2). The guidelines suggest that 
nodules greater than 1 cm in diameter 
be further investigated by using dynamic 
contrast material–enhanced computed 
tomography (CT) or magnetic reso-
nance (MR) imaging. Thus, the detec-
tion of arterial hypervascularization can 
justify treating the nodule as if it were 
HCC. For hypovascular nodules, defined 
as lesions that appear less enhanced 
than the surrounding liver both on ar-
terial and venous phase images (2), 
careful monitoring (eg, repeat US at 3 
months and biopsy) is recommended. 
However, the existing treatment guide-
lines do not specify the patient and tu-
mor attributes that accurately predict 
subsequent hypervascularization.

Implications for Patient Care

 n MR imaging findings may provide 
useful diagnostic information for 
the development of a treatment 
strategy for patients with hepatic 
hypovascular nodules.

 n The hepatic hypovascular nodules 
that show hyperintensity on 
T2-weighted images, or that 
show a higher growth rate should 
be considered for more frequent 
follow-up or biopsy.

Advances in Knowledge

 n In patients with chronic liver 
disease, 31% (50 of 160) of the 
hypovascular nodules that 
showed hypointensity in the hep-
atobiliary phase of gadoxetic 
acid–enhanced MR imaging 
became hypervascular, which is a 
1-year cumulative incidence of 
25%.

 n Hepatic hypovascular nodules 
that showed hyperintensity on 
T2-weighted images were at the 
highest risk for development of 
hypervascular hepatocellular car-
cinoma (hazard ratio, 8.7; 95% 
CI: 3.6, 20.8; P < .001).

 n The higher growth rate (tumor 
volume doubling time, , 542 
days) of a hepatic hypovascular 
nodule was associated with its 
subsequent development to 
hypervascular hepatocellular 
carcinoma.

Published online
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specializing in hepatology (Y.I., with 30 
years of experience) reviewed images to 
detect hypovascular nodules and to di-
agnose subsequent hypervascularization 
in consensus. A hypovascular nodule 
was defined as that in which all parts of 
the nodule showed lower signal intensity 
than the surrounding liver parenchyma 
during the arterial phase of dynamic 
imaging when any of the available mo-
dalities were used (intravenous contrast-
enhanced CT, CT hepatic arteriography 
and contrast-enhanced ultrasound) com-
pared with the corresponding site on 
the unenhanced image. The arterial en-
hancement was assessed by means of vi-
sual inspection. In addition, the subjects 
were limited to those with round hy-
pointense lesions on gadoxetic acid–en-
hanced hepatobiliary phase MR images. 
Procedures involving all modalities were 
performed within 2 weeks of each other. 
Nodules were excluded if they were (a) 
less than 2 mm in diameter; (b) consid-
ered to be suspicious for hemangiomas, 
cysts or cystic tumors on the basis of 
other MR imaging sequences or modal-
ities; or (c) located in segments that had 
been previously biopsied or treated with 
local therapy (including transcatheter 
arterial chemoembolization).

We identified 160 hypovascular 
nodules in 68 patients (mean patient 
age 6 standard deviation, 70.0 6 7.8 
years; range, 51–85 years). Among 
these patients, 48 were men (mean 
age, 69.9 6 7.7 years; range, 54–85 
years), and 20 were women (mean age, 
70.2 ± 8.4 years; range, 51–79 years). 
The presumed causes of chronic liver 
disease of the patients were chronic 
hepatitis C viral infection (n = 46), 
chronic hepatitis B viral infection (n 
= 12), alcohol abuse (n = 4), nonal-
coholic steatohepatitis (n = 1) and 
unknown cause (n = 5). Forty (27%) 
patients had cirrhosis. The number of 
nodules per patient ranged from one to 
10, with a mean value of 2.3. The date 
of entry into the study was defined as 
the date of the initial gadoxetic acid–
enhanced MR imaging examination. 
All patients were treated according to 
the clinical guidelines for the diagnosis 
and treatment of HCC in Japan (15). 
During the study period, all patients 

Figure 1

Figure 1: Flowchart of the study population.
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Image Analysis
A consensus review of baseline MR im-
ages was performed by three radiologists 
(M.O., T.H., and Y.K., with 18, 11, and 
6 years of experience in abdominal im-
aging, respectively), who were blinded 
to the outcomes and the biopsy results 
for each nodule. The fat content of each 
nodule was determined on the basis of 
T1-weighted dual-echo images accord-
ing to apparent signal loss on opposed-
phase images relative to in-phase images. 
On the T2-weighted images, each lesion 
was evaluated for signal intensity relative 
to that of the surrounding liver paren-
chyma and classified as hyperintense, 
isointense, hypointense or missing. On 
the T1-weighted three-dimensional fat-
suppressed gradient-echo images of 
without and with contrast enhancement 
(hepatobiliary phase), signal intensities 
of the nodule and liver parenchyma were 
recorded to evaluate nodule-to-liver con-
trast ratios. For measurement of the 
nodule, one abdominal radiologist (T.H.) 
placed the largest possible region of in-
terest but did not include the edges of 
the nodule to avoid edge artifacts. For the 
liver parenchyma, two regions of interest 
that avoided the major hepatic and portal 
vessels (size range, 200–400 mm2) were 
selected, and then the mean value was 
calculated. The nodule-to-liver contrast 
ratios were calculated for each unen-
hanced and hepatobiliary phase image by 
dividing the signal intensity of the nodule 
by the signal intensity of the liver paren-
chyma. The contrast enhancement ratio 
was then calculated by dividing the con-
trast ratios of the hepatobiliary phase im-
ages by those of the unenhanced images.

One abdominal radiologist (T.H.) 
measured the maximum nodule diame-
ter on axial gradient-echo T1-weighted 
gadoxetic acid–enhanced hepatobiliary–
phase images of the baseline and the 
final MR imaging examinations. Only 
for the purpose of the growth analysis, 
the final MR imaging examination was 
defined as the last MR imaging exami-
nation before hypervascularization for 
each nodule. Twenty-two nodules in 
which the second MR imaging exami-
nation showed hypervascularization (19 
pairs of examinations; median interval 
between the two examinations, 210 days; 

For patients with hepatitis B infections, 
we recorded information regarding the 
use of oral nucleotide analogs with ac-
tivity against hepatitis B. The mean in-
terval between the laboratory test and 
initial MR imaging examination was 9 
days (range, 0–24 days).

Nodules were categorized into two 
groups according to the presence (hy-
pervascularization group) or absence 
(nonhypervascularization group) of 
early enhancement at the final imaging 
examination. Needle biopsy specimens 
were reviewed by two expert patholo-
gists who made a consensus diagnosis 
according to the International Working 
Party criteria (9).

Imaging Techniques
MR imaging studies were performed by 
using either a 3.0 T (Achieva; Philips 
Medical Systems, Best, Netherlands) or 
one of two 1.5 T systems (Signa Excite 
HDxt; GE Healthcare, Milwaukee, Wis; 
Gyroscan Intera Nova; Philips Medical 
Systems) (Table 1). First, a T1-weighted 
dual-echo sequence was performed. For 
dynamic imaging, T1-weighted three-di-
mensional fat-suppressed gradient-echo 
images were acquired before and after a 
bolus injection of 0.025 mmol/kg of body 
weight of gadoxetic acid (EOB-Primovist; 
Bayer Schering Pharma, Osaka, Japan) 
at a rate of 2 mL/sec with a saline flush 
through the antecubital vein. Arterial-
phase imaging was performed by using a 
bolus tracking technique: the center of k-
space was acquired 15 seconds after the 
contrast material appeared in the abdom-
inal aorta (16). Portal venous and hepa-
tobiliary phase images were acquired af-
ter an imaging delay of 70 seconds and 20 
minutes, respectively. T2-weighted im-
ages were acquired with a fat-suppressed 
fast spin-echo sequence before or within 
10 min after contrast-material injection. 
Although there were missing data from 
the fat-suppressed T2-weighted fast spin-
echo images (not available owing to mo-
tion artifacts in two nodules; other T2-
weighted sequences were obtained for 32 
nodules), we included all subjects in the 
analysis. Dynamic contrast-enhanced CT, 
CT hepatic arteriography and contrast-
enhanced US were performed as de-
scribed in the literature (17–19).

received follow-up gadoxetic acid–en-
hanced MR imaging examinations in 
combination with US, CT, or angiogra-
phy at various times according to the 
degree of liver disease. One radiologist 
(S. Kumano) and one gastroenterol-
ogist who specializes in hepatology 
(Y.I.) reviewed images in consensus to 
verify lesion correspondence between 
the different imaging modalities. Each 
nodule was followed up until it showed 
early enhancement when imaged by 
means of any of the imaging modal-
ities, until the segment containing the 
nodule was biopsied or treated, or 
until the final imaging examination of 
the study period. The number of ga-
doxetic acid–enhanced MR imaging 
examinations reviewed per patient was 
two for 32 patients (43%), three for 
16 patients (28%), four for 12 patients 
(18%), five for three patients (4%), six 
for three patients (4%), seven for one 
patient (1%) and eight for one patient 
(1%). The mean interval between ga-
doxetic acid–enhanced MR imaging ex-
aminations was 186 days 6 110 (range, 
57–619 days). Of the 110 nodules that 
did not develop into hypervascular 
nodules, 101 were censored at the 
date of the most recent consultation 
before November 1, 2010, and nine 
(in five patients) were censored at the 
date of the final imaging examination 
of the study period before therapy (six 
nodules for transarterial chemoembo-
lization; one each for radiofrequency 
ablation, intra-arterial reservoir che-
motherapy and whole-liver radiation 
therapy due to coexistent HCC) of the 
liver segment(s) involved.

We obtained the baseline clinical 
data by means of review of all available 
medical records for assessment of the as-
sociation with the subsequent hypervas-
cularization. The clinical data comprised 
seven patient characteristics at the time 
of baseline MR imaging and six initial ga-
doxetic acid–enhanced MR imaging find-
ings from each nodule (see the Imaging 
Analysis subsection). Patient character-
istics that were used in the study were 
age, sex, Child-Pugh classification, cause 
of liver disease, serum a-fetoprotein 
level, history of local therapy for HCC, 
and coexistence of hypervascular HCC. 
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rate of the nodules, continuous data dif-
ferences between the two groups were 
tested with the Mann-Whitney U test, 
and categorical data were assessed by 
using the x2 test. Correlation between 
the initial diameter and the growth rate 
of the nodules was examined by using 
the Kendall tau rank test. The prognos-
tic value of the growth rate was evaluated 
by means of the area under the receiver 
operating characteristic curve. By using 
the ROCR package in the R software, 
the cutoff value for the growth rate was 
determined at the optimal operating 
point, with the highest sensitivity and 
specificity combined (24). Cumulative 
event rates were estimated by using the 
Kaplan-Meier method and compared by 
using the log rank statistic. A P value of 
less than .05 was considered to indicate 
a statistically significant difference. All P 
values were two-sided.

Results

Study Population and Events
During the median follow-up time of 
342 days (range, 64–948 days), arterial 
hypervascularization was observed in 
31% (50 of 160) of the nodules in 52% 
(35 of 68) of the patients. The cumula-
tive percentages of nodules that showed 

estimates (23). Before model selection, 
bivariate analysis was performed by us-
ing Spearman rank correlations to test 
for collinearity among independent var-
iables. As a result, Spearman correlation 
coefficients for variables were generally 
below 0.5, which suggests that multicol-
linearity was not of concern. Hazard ra-
tios (HRs) and 95% confidence intervals 
(CIs) were calculated. Because no factor 
(except intensity on T2-weighted images) 
was found to show a significant difference 
when univariate analysis was performed, 
preliminary multivariate Cox propor-
tional hazards models were constructed 
by using all 13 variables. Candidate vari-
ables were then allowed to enter the final 
model (entry criterion, P , .05). Fat con-
tent and initial diameter were forced into 
the final model because they were con-
sidered important predictors (12). The 
Wald test was performed to determine 
an overall P value for each variable, and a 
robust score test was used to assess the 
significance of the final model as a whole. 
The model that was fitted by using miss-
ing data was not appreciably different 
from that with the missing data excluded.

The median time interval between 
the initial and final MR imaging exami-
nation was compared for the two groups 
by using the Mann-Whitney U test. For 
evaluation of initial diameter and growth 

range, 91–410 days) were excluded from 
the growth analysis, because the growth 
rate before hypervascularization could 
not be calculated. Thus, 138 nodules 
from 59 patients were included in the 
growth analysis. First, the tumor volume 
doubling time (TVDT) was calculated as 
follows (20,21): TVDT = T 3 log 2/[3 3 
log (D2/D1)], where T is the time interval 
between two measurements and D1 and 
D2 denote the maximum diameter of the 
nodule at the initial and last MR imaging 
examinations, respectively. Then, the 
growth rate of the nodules was calcu-
lated as the inverse of the TVDT.

Statistical Analysis
All analyses were conducted at the nodule 
level. R software (Version 2.12.0; R Foun-
dation for Statistical Computing, Vienna, 
Austria) was used for statistical analysis 
(22). To evaluate the independent prog-
nostic significance of baseline covariates 
for subsequent hypervascularization, a 
multivariate Cox proportional hazard 
model was used. Because 32 patients had 
multiple nodules detected at two or more 
follow-up examinations, we used the cox-
ph function from the survival package in 
the R software, with the cluster option. 
This method allows accounting for cor-
relation induced by having multiple nod-
ules per patient and uses robust variance 

Table 1

Pulse Sequence Parameters for 1.5-T and 3.0-T Imaging

Parameter

T1-weighted Dual-Echo GRE* Fat-suppressed 3D T1-weighted GRE Fat-suppressed T2-weighted Fast Spin-Echo

1.5 T 2D† 3.0 T 3D‡ 1.5 T† 3.0 T‡ 1.5 T† 3.0 T‡

Breathing Breath hold Breath hold Breath hold Breath hold Respiratory-triggered  
 technique

Respiratory-triggered  
 technique

Matrix 256 3 256, 320 3 192 192, 176 320 3 512, 320 3 192 320 3 256, 320 3 192 512 3 272, 256 3 224 400, 400
Section thickness (mm) 8, 3.5 7, 7 5, 5 2.5, 3 8, 7 6, 6
Intersection gap (mm) 0.8, 0 0, 0 22.5, 22.5 21.25, 21.5 0.8, 1.4 1, 1
Repetition time (msec) 200, 200 3.9, 3.8 4.4, 4.3 3.5, 3.5 .2000, .2000 .3000, .3000
Echo time (msec) 

in/opposed
4.6/2.3, 4.3/2.1 1.17/2.5, 1.17/2.5 2.2, 2.1 1.7, 1.7 80, 105 80, 80

Flip angle/refocusing angle  
(degrees)

70, 70 10, 10 10, 12 10, 10 180, 180 160, 160

Reduction factor 1.8, 2 2, 2 1.8, 2 2, 1.9 0, 2 1.6, 2

Note.—Field of view was 250–270 mm × 350–380 mm (adjusted for each patient). 2D = two dimensional, 3D = three dimensional, GRE = gradient-recalled echo.

* Indicates in- and opposed-phase imaging.
† For the 1.5-T system, a 16-channel and an 8-channel phased-array body coil were used. Data are presented as 16 channel/8 channel.
‡ For the 3-T system, a 6-channel body coil and 32-channel cardiac coil were used and adjusted to the patient’s physique. Data are presented as 6 channel/32 channel.
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95% CI: 1.8, 13.6), Child-Pugh class B 
cirrhosis (HR = 3.6; 95% CI: 1.4, 9.5), 
and coexistence of hypervascular HCC 
(HR = 2.0; 95% CI: 1.0, 3.8). Hepatitis 
B infection was independently associated 
with a decreased risk (HR = 0.2; 95% 
CI: 0.04, 0.8). Of 26 nodules in 13 pa-
tients with chronic hepatitis B infections, 
23 nodules in 11 patients were treated 
with oral nucleotide analogs with activity 
against hepatitis B at the point of entry 
(five of six nodules in the hypervascu-
larization group and 18 of 20 nodules in 
the nonhypervascularization group). Fat 
content and the initial diameter of the 
nodule were not substantially different 
in the final model. Of 14 fat-containing 
nodules in the nonhypervascularization 

one moderately differentiated HCC). 
Three nodules in the nonhypervascu-
larization group were diagnosed as 
dysplastic nodules and one as well-
differentiated HCC.

Baseline Findings
Table 2 shows the baseline character-
istics of the 160 nodules and results of 
the preliminary multivariate Cox regres-
sion. In the final model, five of the var-
iables showed a statistically significant 
difference (robust score test, P = .023; 
Table 3). The factors associated with an 
increased risk of hypervascularization 
were hyperintensity on T2-weighted im-
ages (HR = 8.7; 95% CI: 3.6, 20.8), pre-
vious local therapy for HCC (HR = 5.0; 

hypervascularization at 6, 12, 18, and 24 
months were 10%, 25%, 36%, and 46%, 
respectively. Hypervascularization was 
diagnosed in 39 nodules on the basis of 
arterial-phase gadoxetic acid–enhanced 
MR images, eight nodules on the basis of 
dynamic CT images, two nodules on the 
basis of CT hepatic arteriographic images, 
and one nodule on the basis of contrast-
enhanced US. In the hypervascularization 
group, the mean number of hypervascu-
larized nodules was 1.5 (range, 1–7) per 
patient during the study period.

Histologic results from core nee-
dle biopsy were obtained for 13 nod-
ules. Of these, nine nodules were 
in the hypervascularization group 
(eight well-differentiated HCCs and 

Table 2

Baseline Patient Characteristics and MR Imaging Findings of 160 Nodules

Parameter
No. of  
Nodules

Hypervascularization at Follow-up Preliminary Multivariate Cox Model

Yes (n = 50) No (n = 110) HR (95% CI) P Value

Patient characteristic
 Age (y) . . . 70.5 6 7.6 (58–85)* 70.4 6 8.3 (51–84)* 1.0 (0.9, 1.1) .852
 Sex . . . .326
  Men 106 32 (30) 74 (70) 1.0
  Women 54 18 (33) 36 (67) 1.4 (0.7, 3.1)
 Child-Pugh class .005
  A or chronic hepatitis 146 44 (30) 102 (70) 1.0
  B 14 6 (43) 8 (57) 3.8 (1.5, 9.0)
 Etiology of liver disease .019
  Hepatitis C virus 107 35 (33) 72 (67) 1.0 (0.3, 3.1)
  Hepatitis B virus 26 6 (23) 20 (77) 0.2 (0.03, 0.8)
  Non-B, non-C (ref) 27 9 (33) 18 (67) 1.0
 Serum a-fetoprotein level . 20 ng/mL 66 24 (36) 42 (64) 0.9 (0.5, 2.0) .948
 History of local therapy for HCC 129 46 (36) 83 (64) 5.5 (2.1, 14.7) ,.001
 Coexistence of hypervascular HCC 67 29 (43) 38 (57) 2.0 (1.1, 3.7) .022
MR Imaging Finding
 Fat-suppressed T2-weighted fast spin echo† ,.001
  Hyperintensity 18 10 (56) 8 (44) 9.4 (3.6, 24.5)
  Iso- or hypointensity (ref) 108 25 (23) 83 (77) 1.0
  Missing data 34 15 (34) 19 (56) 3.7 (1.7, 8.0)
 Fat containing on in- and opposed-phase images† 24 10 (42) 14 (58) 1.4 (0.6, 3.4) .491
 Noise-to-liver contrast on unenhanced fat-suppressed 

T1-weighted GRE images
. . . 0.95 6 0.14 (0.66–1.3)* 0.97 6 0.17 (0.49–1.9)* 0.05 (0.1 3 10-4, 1.7 3 102) .464

 Noise-to-liver contrast on hepatobiliary phase fat-
suppressed T1-weighted GRE images

. . . 0.69 6 0.13 (0.31–0.99)* 0.71 6 0.11 (0.46–0.95)* 47.5 (6.8 3 10-4, 3.3 3 106) .489

 Gadoxetic acid contrast-enhancement ratio . . . 0.74 6 0.14 (0.40–0.98)* 0.75 6 0.14 (0.42–1.5)* 0.07 (0.1 3 10-5, 3.8 3 103) .629
 Diameter (mm) . . . 9.5 6 5.1 (2–34)* 9.8 6 3.7 (4–21)* 1.0 (0.9, 1.1) .998

Note.—Unless otherwise indicated, data are numbers of patients, with percentages in parentheses. GRE = gradient-recalled echo, ref = referent category.

* Data are mean 6 standard deviation, with range in parentheses.
† Qualitative assessment.
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images; the causes are considered to 
be varying degrees of fibrosis, or in-
farction (26,27). It has been reported 
that T2-weighted imaging does not 
provide added diagnostic value to ga-
doxetic acid–enhanced images for the 
detection and characterization of focal 
lesions in cirrhotic livers (28). Find-
ings from our study suggest that the 
combination of T2-weighted images 
and gadoxetic acid–enhanced MR im-
ages could be useful in the prediction 
of hypervascularization of previously 
hypovascular nodules.

Child-Pugh class B cirrhosis in-
creased the risk of hypervasculariza-
tion compared with Child-Pugh class 
A or chronic hepatitis, and hepatitis B 
infection decreased the risk compared 
with hepatitis C infection. These re-
sults might reflect the epidemiologic 
features of HCC (29,30); Child-Pugh 
class B and C are associated with a 
three-fold increase in the risk of HCC. 
The annual incidence of HCC in pa-
tients with cirrhosis due to hepatitis B 
infection exceeds 2%, which is lower 
than that due to hepatitis C infection 
(3%–8%). In addition, there may be 
morphologic and histologic differ-
ences between hypovascular nodules 
associated with hepatitis B and those 
associated with hepatitis C infection. 

28 nodules) and a negative predictive 
value of 63% (70 of 110 nodules) for 
hypervascularization (Fig 5, A). The 
1-year cumulative proportion of nod-
ules showing hypervascularization was 
0% for those with a growth rate of 
less than 1.8 3 1023/day and 53% for 
those with a growth rate greater than 
or equal to 1.8 3 1023/day (log-rank 
test, P = 5.2 3 1028; Fig 5, B).

Discussion

We set out to determine risk factors 
associated with hypervascularization in 
hypovascular nodules in patients with 
chronic liver diseases by using time-to-
event analysis. Among the baseline pa-
tient characteristics and MR imaging 
findings, the most important variable 
associated with an increased risk of 
hypervascularization was hyperinten-
sity on T2-weighted images. In the 
hypervascularization group, higher 
signal intensity on T2-weighted images 
might reflect peliotic changes in the 
intratumoral sinusoids of HCC (25). 
Meanwhile, nodular regeneration, fi-
brosis, and scarring that occur in the 
course of cirrhosis occasionally appear 
as hyperintense round lesions on T2-
weighted images. Dysplastic nodules 
can be hyperintense on T2-weighted 

group, four nodules in one patient were 
censored because the patient underwent 
transcatheter arterial chemoemboliza-
tion for HCC in a different liver seg-
ment. Two nodules were censored be-
cause of biopsy; one was diagnosed as 
moderately differentiated HCC, and the 
other was a dysplastic nodule. The mean 
initial nodule diameter was not signifi-
cantly different between the hyper-
vascularization (9.5 mm 6 5.1 [range, 
2–34 mm]) and the nonhypervascular-
ization groups (9.8 mm 6 3.7 [range, 
4–21 mm]) (P = .282). The numbers of 
nodules that were smaller than 5 mm, 
5–10 mm, 10–15 mm, and greater than 
15 mm in initial size were four, 28, 
11, and seven in the hypervasculariza-
tion group, and three, 60, 33, and 14 
in the nonhypervascularization group, 
respectively. In addition, there was no 
difference in the percentage of nodules 
greater than or equal to 15 mm in size 
between the two groups (14% [seven 
of 50] vs 13% [14 of 110], respectively;  
P = .825).

Growth Analysis
Twenty-eight lesions in the hypervas-
cularization group (initial diameter, 
9.7 mm 6 5.9 [range, 2–34 mm]) and 
110 nodules (9.8 mm 6 3.7 [range, 
4–21 mm]) in the nonhypervascular-
ization group were evaluated. The 
median time between the initial and 
last MR imaging examination was not 
significantly different (P = .075) be-
tween the two groups (235 and 293 
days, respectively). In the hypervascu-
larization group, 27 nodules increased 
in diameter during follow-up (Fig 2) 
and one remained stable. The mean 
growth rate in the hypervasculariza-
tion group (6.5 3 1023/day [TVDT, 
154 days]) was significantly higher (P 
= 1.8 3 1026) than that in the nonhy-
pervascularization group (1.1 3 1023/
day [TVDT, 946 days]) (Fig 3). There 
was no correlation between initial di-
ameter and growth rate (Kendall tau 
= 20.066; P = .266) (Fig 4). Receiver 
operating characteristic analysis (area 
under the curve, 0.79) identified a 
growth rate cutoff value of 1.8 3 1023 
per day (TVDT, 542 days) with a pos-
itive predictive value of 89% (25 of 

Table 3

Multivariate Predictors of Subsequent Hypervascularization

Variable HR (95% CI) P Value

Significant independent predictors
 Child-Pugh classification .008
  A or chronic hepatitis 1.0
  B 3.6 (1.4, 9.5)
 Cause of liver disease .017
  Hepatitis C virus 1.1 (0.4, 3.1)
  Hepatitis B virus 0.2 (0.04, 0.8)
  Non-B and non-C liver disease (Ref) 1.0
 History of local therapy for HCC 5.0 (1.8, 13.6) .002
 Coexistence of hypervascular HCC 2.0 (1.0, 3.8) .038
 Fat-suppressed T2-weighted fast spin echo ,.001
  Hyperintensity 8.7 (3.6, 20.8)
  Hypo- or isointensity (Ref) 1.0
  Missing data 3.4 (1.4, 7.9)
Additional variables included in the model
 Fat containing on in- and opposed-phase images 1.3 (0.5, 3.7) .567
 Diameter (mm) 1.0 (0.9, 1.1) .692
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of hypervascularization in our study. 
One possible reason for this was the 
fact that both early HCCs and dys-
plastic nodules could appear as in-
tracellular lipid-containing lesions in 
cirrhotic livers (35). There was also 
no statistically significant association 
between initial diameter and hyper-
vascularization in our study results. 
The probable reason for this was that 
most subjects (87%) had nodules of 
less than 15 mm in diameter (139 of 
160 nodules).

The reported TVDT for HCC rang-
es from 18 to 605 days (1). The mean 
growth rate for HCCs smaller than 20 
mm that showed no hyperintensity on 
T2-weighted MR images but that en-
hanced during arterial phase MR imag-
ing was 10.5 3 1023/day (TVDT, 95 days; 
calculated by using data from Jeong et al 
[36]). The hypervascularization group, 
which was considered to be represen-
tative of an earlier stage of multistep 
carcinogenesis, showed the lower mean 
growth rate (6.5 3 1023/day [TVDT, 154 

The nodule-to-liver contrast ratios 
on unenhanced T1-weighted images 
and gadoxetic acid–enhanced hepato-
biliary phase MR images were not a 
significant prognostic factor, which is 
consistent with previous reports (33). 
The signal intensity of nodules on T1-
weighted images may be affected by 
intratumoral fat, metal, or glycogen in 
the surrounding hepatic parenchyma 
(1,34). The fat content of the nodules 
was also not a significant predictor 

In comparison with hepatitis C infec-
tion or alcohol abuse, hepatitis B in-
fection tends to induce macronodular 
(. 3 mm) cirrhosis (31). Thus, mac-
ronodular benign nodules in cases of 
hepatitis B cirrhosis might have been 
present in our subjects. Another pos-
sible reason why hepatitis B infection 
was a negative predictor for hypervas-
cularization might be that antihepati-
tis B nucleoside analogs prevented the 
development of HCC (32).

Figure 2

Figure 2: Growing hypovascu-
lar hepatic nodule (arrows) and 
subsequent hypervascularization 
in an 86-year-old man with 
hepatitis C and Child-Pugh class 
B cirrhosis. A-F, Axial gadoxetic 
acid–enhanced T1-weighted fat-
suppressed three-dimensional 
gradient-recalled echo images 
obtained during (A, C, and E) 
arterial phase and (B, D, F) hepa-
tobiliary phase obtained at (A, B) 
baseline, (C, D) day 94, and (E, F) 
day 176. At (A) baseline and (C) 
day 94, hepatic nodule in right 
posterior section showed neither 
arterial-phase enhancement nor 
portal-venous phase washout. 
Hepatobiliary phase images 
showed that maximum diameter 
increased from 8 mm at, B, 
baseline to 12 mm at, D, day 
94, and TVDT was calculated 
as 170 days. E, Arterial-phase 
image at day 176 shows partial 
enhanceme of nodule. G, At day 
194, CT arterial portographic 
image shows a well-defined, 
round perfusion defect and, H, 
CT hepatic arteriographic image 
shows marked enhancement 
corresponding to nodule. Nodule 
was diagnosed as HCC on the 
basis of image views and tumor 
markers.

Figure 3

Figure 3: Box plot shows distribution of growth 
rates of 138 nodules. Median values and 25th and 
75th percentiles are shown in each box plot. Vertical 
bars represent largest and smallest values that are 
not outliers. + = Mean;  = outlier of more than 
1.5 times box length.
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days]) than that reported in the Jeong et 
al study (36).

On the basis of these previous stud-
ies, hypovascular nodules larger than 
15 mm are considered appropriate for 
biopsy. In cases with nodules less than 
10 mm in diameter, the American As-
sociation for the Study of Liver Disease 
recommends imaging follow-up at 3–6 
month intervals, with careful attention 
to increases in size or changes in vascu-
lar pattern. Repeated biopsy for nodules 
larger than 10 mm can be performed, 
but a needle liver biopsy has some dis-
advantages including inaccurate sampling 
caused by technical difficulties (eg, poor 
lesion or needle visualization, deeply lo-
cated lesions, and hepatic fibrosis), risk 
of bleeding, and needle track seeding. 
Our growth analysis, along with base-
line risk factors, might improve diagnos-
tic discrimination with or without the 
need for biopsy, particularly for nodules 
measuring 10–15 mm. By using a cutoff 
growth rate of 1.8 3 1023/day (TVDT, 
542 days), the calculated diameters at 

Figure 4

Figure 4: Scatterplot shows growth rate above the initial diameter. Individual 
nodules were coded according to whether they showed subsequent hypervas-
cularization during the study period.

Figure 5

Figure 5: A, Graph shows receiver operating characteristic curve of growth rate (GR) for the prediction of hypervascularization (area under the curve  
[AUC], 0.79). The optimal operating point on the receiver operating characteristic curve is marked with a black dot (growth rate, 1.8 3 1023/day). B,  
Kaplan-Meier analysis shows effect of growth rate on cumulative incidence of hypervascularization. Number of nodules at risk at each time point is shown  
at bottom of figure.
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though well-trained radiologists and 
physicians reviewed the images.

Tumor growth kinetic calculations 
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that tumor cells grow exponentially. This 
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povascular nodules that show hypoin-
tensity on gadoxetic acid–enhanced 
hepatobiliary phase MR images. MR 
imaging findings, including hyperin-
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higher growth rate, may predict arte-
rial hypervascularization, which may 
lead to early diagnosis and treatment 
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The ideal approach to treat chronic hepatitis B
remains controversial. This pilot study aimed
to evaluate the effectiveness of peginterferon
(PEG-IFN) a-2b and entecavir hydrate (ETV) as
a combination therapy for patients with chron-
ic hepatitis B, particularly in the context of
virological response and the reduction of intra-
hepatic covalently closed circular DNA
(cccDNA). A total of 17 patients with hepatitis
B virus (HBV) genotype C were enrolled in this
study. All subjects were treated with this
combination therapy for 48 weeks and ob-
served for an additional 24 weeks. All patients
underwent liver biopsy before and after the
therapy period. Changes in cccDNA levels and
liver histology were monitored between biop-
sies. Among the 11 patients who exhibited pre-
therapy hepatitis B e antigen (HBeAg), 8 (73%)
showed evidence of HBeAg seroconversion by
the end of the follow-up period. Serum HBV
DNA levels decreased by 5.2 and 3.3 log cop-
ies/ml (mean) by the end of the therapy and
follow-up periods, respectively. In addition,
intrahepatic cccDNA decreased significantly to
1.4 log copies/mg (mean) by the end of the
therapy period. Among the 11 patients who
did not experience viral relapse, only 2 (18%)
exhibited high levels of cccDNA (>4.5 log
copies/mg) by the end of the treatment period.
In contrast, all relapsed subjects exhibited signif-
icantly higher levels of cccDNA than subjects
who did not relapse (P ¼ 0.027). The com-
bination regimen is a promising approach to
treat chronic hepatitis B and may achieve signi-
ficant reduction in serum HBV DNA and intra-
hepatic cccDNA. J. Med. Virol. 85:987–995,
2013. # 2013Wiley Periodicals, Inc.

KEY WORDS: hepatitis B virus; peginterferon
a-2b; entecavir hydrate; combi-
nation therapy; covalently
closed circular DNA

INTRODUCTION

Chronic infection with hepatitis B virus (HBV)
occurs commonly and is associated with increased
risk of cirrhosis and the development of hepatocellu-
lar carcinoma [Lai et al., 2003]. This type of hepatitis
is a worldwide health problem, but achievement of
sustained suppression of HBV replication by conven-
tional antiviral agents is sometimes difficult because
of the unique nature of HBV replication. For exam-
ple, after it infects hepatocytes, linear HBV DNA
transforms into covalently closed circular DNA
(cccDNA), which represents the intracellular HBV
template [Newbold et al., 1995; Arase et al., 2002].
Various nucleotide analogues, such as lamivudine
(LVD) [Dienstag et al., 1995; Lai et al., 1998; Leung
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et al., 2001], adefovir dipivoxil (ADV) [Hadziyannis
et al., 2003; Marcellin et al., 2003], entecavir (ETV)
[Chang et al., 2006; Lai et al., 2006], and tenofovir
disoproxil fumarate have been approved as treat-
ments to suppress HBV replication. However, the
mechanism of action of nucleotide analogues is
limited to reverse transcription and does not de-
crease the quantity of cccDNA; the cessation of this
type of treatment frequently results in viral re-
lapse. In addition, long-term use of nucleotide
analogues is hampered by considerable emergence
of resistant mutants [Yuen et al., 2001, 2007; Lok
et al., 2003].
On the other hand, peginterferon (PEG-IFN) is

known to reduce the quantity of cccDNA, presumably
by inducing cytotoxic T lymphocytes (CTL), which
destroy infected hepatocytes [Wursthorn et al., 2006].
Despite its rapid anti-viral effects, PEG-IFN mono-
therapy alone is less effective than nucleotide ana-
logues [Wu et al., 1990]. From this perspective, a
combination approach of immune modification (PEG-
IFN) and blockade of reverse-transcription (nucleo-
tide analogues) conceivably may compensate for the
antiviral shortcomings inherent to each as a mono-
therapy, and thus, appears promising for achieving
long-term suppression of viral replication that contin-
ues after the completion of antiviral therapy. Howev-
er, a relatively low amount of data has been
generated on the combined use of PEG-IFN and
nucleotide analogues to treat chronic hepatitis B.
The present study evaluated prospectively the

effectiveness of combined PEG-IFN a-2b and ETV
treatment in patients with chronic hepatitis B.
ETV was selected among several nucleotide ana-
logue options because it exerts the strongest anti-
viral activity and has the lowest incidence of
resistant mutation [Chang et al., 2006; Lai et al.,
2006]. A systematic and comprehensive analysis
was conducted to establish an HBV profile based
on several related markers, which included serial
measurements of HBeAg, anti-HBe antibody, se-
rum HBV DNA and RNA, and intrahepatic
cccDNA, and histological evaluations throughout
the clinical course. This report offers profound
insight on the antiviral impact of PEG-IFN and
ETV combination therapy in patients with chronic
hepatitis B.

METHODS

Patient Characteristics and Study Design

A total of 17 patients with chronic hepatitis B
received combination therapy of PEG-IFN a-2b (Pe-
gIntron, Schering-Plough; Kenilworth, NJ) and ETV
(Baraclude, Bristol-Myers Squibb; Princeton, NJ)
between February 2008 and April 2010 in Kinki
University Hospital or Osaka Red Cross Hospital. All
patients were serum-positive for hepatitis B surface
antigen (HBsAg) for at least 6 months. Additional
inclusion criteria included serum HBV DNA levels
greater than 5 log copies/ml at a measurement ob-
tained 4 weeks before the first biopsy, serum alanine
aminotransferase (ALT) levels greater than 31 IU/ml,
and no treatment with nucleic acid analogues or IFN
within 3 years prior to study initiation. Subjects with
hepatitis C virus, hepatitis D virus, human immuno-
deficiency virus, a history of hepatocellular carcino-
ma, autoimmune hepatitis, primary biliary cirrhosis,
or decompensated cirrhosis were excluded from the
study. Patient characteristics are listed in Table I.
After patients provided informed consent, both

drugs were administered throughout the 48-week
treatment phase. Treatment consisted of daily doses of
oral ETV (0.5 mg) and weekly subcutaneous injection
of PEG-IFN a-2b (1.5 mg/kg body weight). PEG-IFN a-
2b was selected for the IFN component of therapy
because its dosing strategy is adjusted for body
weight. For histological analysis and assessment of
intrahepatic viral DNA, liver biopsy samples were
obtained before and after the 48-week treatment
period. All biopsies were performed percutaneously.
The 48-week treatment phase was followed by a 24-
week treatment-free phase. The protocol included
ETV monotherapy after the 24-week follow-up phase
for subjects who had relapsed after they received the
full combination treatment of PEG-IFN a-2b and
ETV. The schematic representation of schedule is
shown in Supplementary Figure 1. The Medical Ethics
Committee of Kinki University School of Medicine and
Osaka Red Cross Hospital approved this study.

Response to Therapy

The virological response to combination therapy
was defined as a decrease in serum HBV DNA

TABLE I. Characteristics of the Patients at Baseline

HBeAg-positive
(n ¼ 11)

HBeAg-negative
(n ¼ 6)

Overall
(n ¼ 17)

Age (year, mean � SD) 45 � 12 50 � 11 47 � 12
Gender (male, no.; %) 9 (82) 4 (67) 13 (76)
Serum HBV DNA (log copies/ml, mean � SD) 7.8 � 1.3 6.8 � 1.3 7.5 � 1.4
ALT (IU/l, mean � SD) 191 � 161 93 � 77 157 � 143
Necroinflammation score (mean � SD) 5.9 � 2.3 5.5 � 3.5 5.8 � 2.7
No. of cases with F score >3 (%) 9 (82) 3 (50) 12 (71)
cccDNA (log copies/mg, mean � SD) 5.8 � 1.1 4.8 � 0.5 5.4 � 1.0

All patients analyzed were Asian with HBV of genotype C.
SD, standard deviation; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; IU, international unit.
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4.0 log copies/ml or less. The biological response was
defined as a decrease in serum ALT to normal levels
of 40 IU/L or less. A complete response was defined
as the achievement of HBeAg seroconversion, which
was indicated by the loss of HBeAg and appearance
of anti-HBe antibody, and evidence of positive viro-
logical and biological response throughout the follow-
up phase. For HBeAg-negative patients, a virological
and biological response that did not include the
appearance of HBeAg was considered a complete
response.

Virological Analyses

Serum levels of HBsAg, anti-HBs, HBeAg, and
anti-HBe were measured using the chemiluminescent
immunoassay (CLIA) from the ARCHITECT kit (Ab-
bott Japan; Tokyo, Japan). The serum hepatitis B
core-related antigen (HBcrAg) was quantified using
the chemiluminescent enzyme immunoassay (CLEIA)
with Lumipulse HBcrAg (Fujirebio, Tokyo, Japan).
Luminescence was detected using Lumipulse f (Fujir-
ebio) [Kimura et al., 2002]. The HBV DNA genotype
was determined by PCR-restriction fragment length
polymorphism. Serum HBV DNA was quantified
using TaqMan PCR (Roche Diagnostics, Mannheim,
Germany); the lower limit of quantification for HBV
DNA was 2.1 log copies/ml [Allice et al., 2007].

Quantitation of HBV RNA and Intrahepatic
cccDNA

HBV RNA was quantified by the method reported
by Rokuhara et al. [2006].
DNA was extracted from liver biopsy specimens

using the QIAamp DNA mini kit (Qiagen, Hilder,
Germany) according to the manufacturer’s instruc-
tions. To quantify HBV cccDNA, real-time PCR on
500 ng DNA was performed. The DR1 and DR2
regions of HBV cccDNA were amplified using forward
and reverse primer sequences that is 5’-CTGCTGTGC
CTTCTCATCTGC-3’ and 5’-GCTCAGCTTGGAGGCTT-
GAC-3’, respectively. The sequence of the TaqMan
probe was 5’ FAM-AACAATTTATGCCTACAG-MGB
3’. The quantitative real-time PCR procedure was
performed in an ABI 7700 or 7900 system (Applied
Biosystems, Foster City, CA). The real-time PCR
procedure included 40 cycles, each of which began
with 40 sec of denaturation at 95˚C and 90 sec of
annealing and polymerization at 60˚C. The amplified
gene was used as an endogenous control for quantifica-
tion purposes. The standard curve was generated by
serial dilution of plasmid DNA that contained HBV
genotype C DNA.

Immunostaining of Hepatitis B
Virus Core Antigen

Hepatitis activity was evaluated in liver biopsies by
determining the Knodell necroinflammatory score
[Knodell et al., 1981]. Fibrosis was scored according
to the Ishak fibrosis scoring system [Ishak et al.,

1995]. Formalin-fixed, paraffin-embedded sections
were subjected to immunohistological staining with
antiserum specific for hepatitis B virus core antigen
(HBcAg) (Dako Cytomation, Carpinteria, CA). For
quantification, the mean percentages of HBcAg-posi-
tive hepatocytes were determined. Five fields of
images were obtained for each sample and stain-
positive nuclei were enumerated by Image J software
(NIH, Bethesda, MD).

Evaluation of Safety

Hematological and biochemical examinations were
performed weekly during the first 12 weeks of the
treatment phase. Thereafter, blood-based examina-
tions were performed every 4 weeks until week 28,
every 8 weeks until the end of the treatment (48
weeks), and 4, 8, 12, and 24 weeks after the
treatment ended. The WHO Toxicity Grading Scale
was used to assess adverse reactions.

Statistical Analyses

To determine significant differences between
groups, the Fisher’s exact test and paired t-test were
used as appropriate. A P-value of less than 0.05 was
considered significant. All analyses described above
were performed using the SPSS program (version
11.5, SPSS, Inc.; Chicago, IL).

RESULTS

Virological and Biological Response to
Combination Therapy

All patients enrolled in the study completed the
combination therapy regimen. The dose of PEG-IFN
a-2b was reduced to 40 mg for three patients, and in
one case, PEG-IFN a-2b was suspended at week 46
because of adverse side effects. All patients received
regular, oral doses of ETV (0.5 mg) every day for
48 weeks. Baseline levels of mean ALT and HBV
DNA (�SD) were 157 � 143 IU/ml and 7.5 � 1.4 log
copies/ml, respectively, and the mean necroinflamma-
tory score was 5.8. An advanced F score of 3 or 4 was
observed in 12 of 17 patients (71%) (Table I).
At the end of the 48-week treatment period, the

mean level of serum HBV DNA in all patients was
2.3 log copies/ml, and the mean decrease in HBV
DNA was 5.2 log copies/ml (P < 0.01). A virological
response was achieved in 14 patients (14/17, 94%).
By the conclusion of the follow-up phase, the mean
level of serum HBV DNA was 4.1 log copies/ml and
the mean decrease in HBV DNA was 3.3 log copies/
ml less than the baseline (P < 0.01); 12 of 17 cases
(71%) achieved virological response (Fig. 1A;
Table II). Biological response was achieved in 13
patients (76%) by the end of the treatment period
and in 14 patients (82%) by the end of the follow-up
phase (Fig. 1B). Of the 11 HBeAg-positive patients,
HBe seroconversion was observed in four patients
(36%) by the end of the treatment period and in eight
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Fig. 1. Virological and biological response during and after combination therapy. A: Comparison of effective virological response
(<4.0 log copies/ml) at the end of the treatment period with the response 24 weeks after treatment ended. B: Comparison of
effective biological response (<40 IU/L) at the end of the treatment period with the response 24 weeks after treatment ended. C:
Comparison of HBeAg seroconversion at the end of the treatment period with seroconversion 24 weeks after treatment. D: CR
rates 24 weeks after the treatment period ended.

TABLE II. Summary of Therapy Effects at 48 and 72 Weeks

Serological and histological parameters At 48 weeks At 72 weeks

Serum HBV DNA reduction (log copies/ml, mean) �5.2 �3.3
Serum HBV DNA <2.1 log copies/ml 14/17 (82%) 5/17 (29%)
Serum HBV DNA <4.0 log copies/ml 16/17 (94%) 12/17 (71%)
Serum HBsAg reduction (log IU/ml, mean) �0.4 N.E.
Serum HBcrAg reduction (log U/ml, mean) �0.7 N.E.
Serum HBV RNA reduction (log copies/ml, mean) �2.0 N.E.
HBsAg seroconversion 0/17 (0%) 1/17 (6%)
HBeAg seroconversion 4/11 (36%) 8/11 (73%)
ALT improvement 14/17 (82%) 14/17 (82%)
ALT normalization 13/17 (76%) 14/17 (82%)
cccDNA reduction (log copies/mg, mean) �1.4 N.E.
Inflammation score improved 14/17 (82%) N.E.
Fibrosis score improved 5/17 (29%) N.E.

HBsAg, hepatitis B surface antigen; IU, international unit; HBcrAg, hepatitis B core-related antigen; U, unit; HBeAg, hepatitis B e
antigen; ALT, alanine aminotransferase; cccDNA, covalently closed circular DNA; N.E., not evaluable.
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patients (73%) by the end of the follow-up phase
(Fig. 1C); 65% achieved complete response (Fig. 1D).

Improved Histology and Decreased HBcAg-
Positive Hepatocytes and cccDNA After

Combination Therapy

Scores improved for inflammation in 14 patients
(82%; Fig. 2A) and for fibrosis in five patients (29%;
Fig. 2B) after combination treatment. These biopsies
were used for simultaneous immunohistochemical
analyses of HBcAg (Fig. 3). The median values and
ranges of HBcAg-positive hepatocytes in each patient
are listed in Supplementary Table I. The mean
percentage of HBcAg-positive hepatocytes was 11.2%
at baseline and 0.9% after the 48-week treatment
phase. A decrease in hepatic cccDNA was observed in
14 of 17 patients (82%). The mean level of hepatocyte
cccDNA decreased from 5.4 to 4.0 log copies/mg after
the 48-week treatment period (P ¼ 0.007, Fig. 4). In

two patients, the level of cccDNA dropped dramati-
cally by more than 3 log copies/mg after combination
therapy. Each patient’s chronic hepatitis B profile,
including altered serum markers, HBV DNA, HBV
RNA, and histological assessments, is listed in Sup-
plementary Table I.

Associations Among cccDNA, Relapse, and
Serum Viral Markers at the End of the 48-week

Treatment Period

The 14 patients who exhibited a decrease in serum
DNA to less than 2.1 log copies/ml by the end of the
48-week treatment period were analyzed subsequent-
ly for associations between intrahepatic cccDNA and
post-treatment relapse. Among the 14 patients with
undetectable levels of serum HBV DNA at the end of
treatment, 3 did not achieve virological response by
the end of the follow-up phase; they were considered
relapse cases of hepatitis. All three patients exhibited
high levels of intrahepatic cccDNA (>4.5 log/copies/
mg) by the end of the treatment. In contrast, only 2 of
the 11 non-relapsed patients exhibited high levels of
cccDNA by the end of the treatment period
(P ¼ 0.027, Table III). These data suggest that high
levels of intrahepatic cccDNA can be interpreted as a
risk factor for the relapse of hepatitis. However, by
the end of the 48-week treatment period, cccDNA did
not correlate significantly with serum viral markers
(HBsAg, HBV RNA, and HBcrAg; date not shown).

Safety

The adverse effects in each patient are summarized
in Supplementary Table I. During week 4 of the
treatment period, patient No. 4 displayed obvious
grade 3 neutropenia and the dose of PEG-IFN a-2b
was reduced from 80 to 40 mg. During week 20 of the
treatment period, patient No. 5 displayed obvious
grade 3 thrombocytopenia and the dose of PEG-IFN
a-2b also was reduced from 80 to 40 mg. Both
patients were able to continue the treatment until
week 48. During week 46, patient No. 10 experienced
a grade 3 transient ischemic attack. Because the
symptom potentially was caused by PEG-IFN a-2b,
PEG-IFN a-2b administration was suspended in this
patient and ETV was continued for the 2 weeks that
remained in the treatment period. All adverse effects
improved after the treatment was discontinued and
no deaths occurred.

DISCUSSION

Thus far, several reports have described the effec-
tiveness of combination therapies using PEG-IFN
and either LVD or ADV to treat chronic hepatitis B
[Chan et al., 2005; Lau et al., 2005; Wursthorn et al.,
2006; Flink et al., 2007; Papadopoulos et al., 2009].
However, the therapeutic outcomes of the described
approaches remain unsatisfactory. The objective of
the present study was to evaluate the effectiveness of

Fig. 2. Improved histology after combination therapy. Histol-
ogy was evaluated before treatment initiation and at the end of
the 48-week treatment period. Improved inflammation scores
were evident in 14 patients (82%) (A), and improved fibrosis
scores were evident in five patients (29%) (B).
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PEG-IFN a-2b and ETV combination therapy. The
results indicated that combination therapy with ETV
may bring about greater levels of HBV suppression
than combination therapies that use other nucleotide
analogues.
Among several potential nucleotide analogues, ETV

was selected because reports have shown that it
possesses stronger anti-viral activity and is less prone
to resistant mutations than the other analogues
[Chang et al., 2006; Colonno et al., 2006; Lai et al.,
2006]. Thus, it is speculated that a combination
approach with ETV presented significant promise for
achieving persistent viral suppression after the com-
pletion of therapy, which is the ultimate goal of
chronic hepatitis B treatment. In addition, the levels

of intrahepatic cccDNA were evaluated because they
may reflect the sustained antiviral effects of a drug
directly, to determine the effects of combination
therapy.
By the end of the treatment period, 94% of the

patients achieved virological response. In addition,
76% (13/17) of the patients achieved biological re-
sponse. Among the 11 patients who presented with
HBeAg initially, 10 (91%) exhibited virological and
biological response by the end of the therapy period.
In addition, four patients (36%) exhibited HBe sero-
conversion, and thus, a complete response.
At the end of the follow-up phase, 12 patients

(71%) exhibited a virological response, 82% exhibited
a biological response rate, and the number of patients

Fig. 3. Reduced quantity of HBcAg-positive hepatocytes after combination therapy. Liver biopsy samples were collected before
and after the 48-week period of combination therapy; the data from a representative patient are shown. Liver sections were fixed
with formalin, embedded in paraffin, and subjected to immunohistological staining with antiserum specific for HBcAg.

Fig. 4. Reduced levels of cccDNA after combination therapy.
Each dot represents one patient, and each solid line represents
the changed level of cccDNA in each patient.

TABLE III. Association Between Intrahepatic cccDNA
Content and Relapse Rates

Serum HBV DNA levels
<2.1 log copies/ml at

the end of the treatment
(n ¼ 14)

P value

Cases with
non-relapse
(n ¼ 11)

Cases with
relapse
(n ¼ 3)

No. of cases
with high
cccDNA level

2/11 (18%) 3/3 (100%) 0.027

Cases with a decrease in serum DNA concentrations to less than
2.1 log copies/ml at the end of the treatment were subjected to
analysis. Relapse was defined as serum DNA � 4.0 log at the end of
follow-up.
Relapse: serum HBV DNA at 4.0 log copies/ml or higher at the end
of follow-up.
Non-relapse: serum HBV DNA less than 4.0 log copies/ml at the
end of follow-up.
P value by Fisher’s exact test.
High cccDNA level: intrahepatic cccDNA � 4.5 log at the end of
treatment.
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with a complete response increased to 65% (11/14).
For HBeAg-positive patients, the number with a
complete response increased from 3 of 11 (27%) at
the end of the treatment phase to 8 of 11 (73%) at
the end of the follow-up phase. It has been reported
that IFN treatment can induce HBeAg seroconver-
sion via immunological mechanisms during and after
treatment [Lau, 2009]. From this perspective, the
high percentage of patients who achieved complete
response after the conclusion of combination therapy
can be attributed primarily to the compensatory,
immune-modulator effects of IFN.
Previously, the effectiveness of PEG-IFN a-2a

monotherapy or combination therapy with LVD was
compared among patients with HBeAg-positive
chronic hepatitis B [Lau et al., 2005]. However, PEG-
IFN a-2a monotherapy failed to reach the level of
superiority of the combination therapy with regard to
HBeAg seroconversion and virological response;
HBeAg seroconversion occurred in 29–32% of patients
treated with PEG-IFN a-2a monotherapy and in 27–
29% of patients who received combination therapy
(Supplementary Table II). Therefore, the authors
concluded that combination therapy with LVD does
not yield additive effects, and this conclusion sup-
ported the use of PEG-IFN a-2a monotherapy as the
first-line treatment [Janssen et al., 2005; Lau et al.,
2005]. In contrast, by replacing LVD with ETV,
HBeAg seroconversion was observed in 73% of study
patients at the end of the follow-up phase (week 72)
and virological response in 82% of HBeAg-positive
patients, which is significantly higher than that in
the previous report. Furthermore, our definition of a
“positive” virological response (<4.0 log copies/ml)
was more strict than the previously reported defini-
tion (<5.0 log copies/ml), and therefore, it is speculat-
ed that the combination of PEG-IFN and EVT is
more effective than the combination of PEG-IFN and
LVD. The superiority of the PEG-IFN and ETV
combination was observed even in HBeAg-negative
patients. The biological and virological response rates
of PEG-IFN alone was 59% and 43%, respectively,
and the rates of a PEG-IFN and LVD combination
were 60% and 44%, respectively (Supplementary
Table II). In contrast, the biological and virological
response rates to combined PEG-IFN and ETV treat-
ment were 67% and 50%, respectively. Based on the
response levels of ALT and HBV DNA in our cohort,
all HBeAg-positive patients who had achieved viro-
logical and biological response also exhibited HBeAg
seroconversion at the end of the follow-up phase and
vice versa. From this perspective, achievement of
both virological and biological response at the end of
follow-up phase was considered to be critical to
HBeAg-positive and HBeAg-negative patients. There-
fore, the definition of complete response was modified
to include HBeAg-negative patients and the overall
complete response ratio was calculated. In the pres-
ent cohort, 65% achieved complete response (Fig. 4D),
which was considerably high for the treatment of

chronic hepatitis B. Considering these data, it is
speculated that PEG-IFN and ETV may function as a
more powerful and ideal combination treatment that
yields additive effects.
Recent studies have shown that relapse of hepatitis

sometimes occurs after antiviral therapy is discontin-
ued, even in patients who exhibited decreased levels
of serum HBV DNA, because of the protracted half-
life of cccDNA in infected hepatocytes [Moraleda
et al., 1997; Le Guerhier et al., 2000; Mommeja-
Marin et al., 2003; Werle-Lapostolle et al., 2004;
Sung et al., 2005; Laras et al., 2006]. Therefore, a
critical component of any assessment of anti-HBV
therapy is the reduction of intrahepatic cccDNA. In
the present study, intrahepatic cccDNA dropped by a
mean of 1.4 log copies/mg by the end of the treatment
period.
This study investigated the relationship between

intrahepatic cccDNA at the end of the treatment
period and viral reactivation at the end of the follow-
up phase in patients with undetectable levels of
serum HBV DNA at the end of the treatment period.
All relapsed patients displayed high levels of intra-
hepatic cccDNA (�4.5 log copies/mg) at the end of the
treatment period, whereas, only 2 of the 11 non-
relapse patients displayed high levels of intrahepatic
cccDNA. The findings from both the present study
and previous reports [Moraleda et al., 1997; Le
Guerhier et al., 2000; Werle-Lapostolle et al., 2004;
Laras et al., 2006] support the notion that cccDNA
levels predict long-term suppression of HBV more
accurately than serum HBV DNA. Subsequently,
non-invasive serum markers that may reflect intra-
hepatic levels of cccDNA were evaluated. The mecha-
nism of action of nucleotide analogues barely
influences the transcription of cccDNA to mRNA or
translation to various viral proteins. Therefore, treat-
ment with nucleotide analogues should still allow
HBsAg, HBcrAg [Rokuhara et al., 2003; Tanaka
et al., 2008; Matsumoto et al., 2012], and HBV RNA
levels to function as surrogate markers of intra-
hepatic cccDNA. Nevertheless, the levels of cccDNA
did not correlate with any of these markers in this
study. It is possible that maldistribution of cccDNA
in liver tissue presents a critical issue to quantifica-
tion. Therefore, the quantification of cccDNA from
multiple liver biopsies from different sites would be
ideal for determining the accurate level of cccDNA in
each patient. However, because of ethical limitations,
only one liver biopsy was performed on each patient
and thus the distribution differences from single liver
tissue samples could not be evaluated. Nevertheless,
the amount of cccDNA observed before treatment
initiation correlated significantly with serum HBV
DNA (r ¼ 0.85, P < 0.001) and serum HBsAg
(r ¼ 0.70, P ¼ 0.002), and thus, the levels of cccDNA
determined in this study are probably sound. Because
of this study’s limited number of patients, future
studies may yield controversial results with regard to
the levels of cccDNA, HBcrAg, and HBV RNA.
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Further investigation should be conducted on a larger
number of patients.
In summary, this study systematically analyzed

the efficacy of a new combination therapy that
consists of PEG-IFN a-2b and ETV administered over
a 48-week period. In particular, the effectiveness of
this combination approach was evident by decreases
in intrahepatic cccDNA. Given the robustness of the
data, these results are clinically significant with
respect to the achievement of sustained viral re-
sponse, which is the ultimate goal for chronic hepati-
tis B treatment. However, further investigation is
needed on a larger number of patients and to
compare combination therapy to PEG-IFN monother-
apy. To address these important issues, and validate
the results of the present study, a prospective
multicenter trial of patients using combination thera-
py will be conducted.
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Editorial

Early Hepatocellular Carcinoma:  
Definition and Diagnosis

Early hepatocellular carcinoma (HCC) can be described as “early” according to its patho-
logical characteristics as well as its clinical characteristics. Taking the pathological approach 
first, the term “early” implies that a lesion is at a relatively early stage of carcinogenesis 
and prognosis is still good. Well-differentiated HCC is not necessarily early HCC. According 
to the clinical approach, the term “early” is used to differentiate HCC diagnosed in its early 
developmental stage from that diagnosed at more advanced stages. The clinical approach to 
diagnosing early HCC is used preferentially in the United States and Europe and, in general, 
this conceptualization of early HCC refers to tumors smaller than 3 cm and three or fewer 
in number at stage A (early stage) with respect to Barcelona Clinic Liver Cancer staging, 
although it sometimes includes solitary tumors up to 5 cm in size, as defined in the Milan cri-
teria. Both very early and early stage tumors are relatively small, but both are hypervascular 
in the arterial phase and are regarded as classic HCC.

The pathological approach, however, defines early HCC as HCC in the early stage of car-
cinogenesis (generally ≤2 cm) that is often hypovascular with irregular boundaries on di-
agnostic imaging and contains portal elements without significantly affecting the original 
structure of the liver. The pathological characteristics of HCC include its multistep progres-
sion from a low-grade to a high-grade dysplastic nodule, to early HCC, and eventually to clas-
sic hypervascular HCC [1](fig.1). Accordingly, the accurate diagnosis and proper treatment 
of early HCC, a precursor of classic (typical) HCC, is extremely important. Therefore, I will 
discuss here the pathological aspects of early HCC.

According to the General Rules for the Clinical and Pathological Study of Primary Liver 
Cancer developed by the Liver Cancer Study Group of Japan [2], early HCC is defined as fol-
lows. Early HCC exhibits focal structural abnormalities such as acinar or pseudoglandular 
structures, broken or irregular trabecular alignment, and/or obvious invasion of the stro-
mal tissue. Cellular atypia is usually unremarkable, but the nuclear–cytoplasmic ratio is in-
creased due to decreased amounts of cytoplasm. The cytoplasm also shows eosinophilia or 
basophilia. The cell density may be more than twice that of the surrounding non-cancerous 
liver tissue. In addition, lesions often exhibit fatty changes or clear cell changes. Because the 
cancer cells of early HCCs do not grow expansively, they instead proliferate by replacing ad-
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jacent hepatocytes in a trabecular arrangement at the boundary with surrounding liver tis-
sues, resulting in a poorly demarcated margin. Macroscopically, the lesions are classified as 
small nodules with indistinct margins [3]. These criteria for early HCC have already gained 
international consensus [4] and have been incorporated into the World Health Organiza-
tion’s latest “blue book” on digestive system tumors [5]. In addition, several molecular mark-
ers for the pathological diagnosis of early HCC have been identified, including heat-shock 
protein 70 (HSP70) [6], glypican-3 (GPC3) [7], glutamine synthetase (GS), cyclase-associated 
protein 2, and Bmi-1. Using HSP70, GPC3, and GS markers in combination, the sensitivity and 
specificity of early HCC diagnosis can be as high as 72 and 100%, respectively [8].

However, accurate differentiation of early HCC from dysplastic nodules is possible only 
when stromal invasion is found in resected specimens. In other words, differential diagno-
sis between early HCC and dysplastic nodules is often not possible without the findings of 
stromal invasion on biopsy. Differentiating between these two types of lesions with imaging 
used to be challenging, even when using computed tomography (CT) during hepatic arteri-
ography/CT during arterial portography (CTHA/CTAP).

However, the subsequent introduction of gadolinium (Gd)-ethoxybenzyl (EOB)-diethyl-
enetriamine pentaacetic acid (DTPA)-enhanced magnetic resonance imaging (Gd-EOB MRI) 
has proven to be a major breakthrough in the diagnosis of early HCC. Gd-EOB-DTPA is endo-
cytosed into liver cells via organic anion transporter 8 [9, 10]. Because early HCC appears on 
Gd-EOB MRI images as a hypointense nodular lesion and a dysplastic nodule appears as an 
iso- or hyperintense lesion on the hepatobiliary phase, the diagnostic accuracy of early HCC 
is now generally ≥95% [11–13]. Moreover, previous studies have followed up the natural 
course of hypovascular nodules with hypointense signals on the Gd-EOB MRI hepatobiliary 
phase and reported that, even if early HCC is ruled out on biopsy, there is a high probability 
that this type of hypovascular nodule will undergo hypervascular change and transform into 
typical HCC [14–16]. In other words, even if biopsy excludes early HCC, hypovascular nod-
ules that are hypointense on the Gd-EOB MRI hepatobiliary phase may be regarded as early 
HCC. At any rate, such lesions can be considered as nodular lesions with a high potential to 
transform to HCC.

“De novo hepatocarcinogenesis”

HBV
HCV

Alcohol
NASH, etc

Hyperplastic 
foci

LGDN HGDN Nodule-in-nodule
type HCC

Well-dif. HCC

Mod. dif. HCC

Mod. dif. HCC

DN Well-dif. HCC

Hyperplastic foci or low grade dysplastic nodule (LGDN)

High grade dysplastic nodule (HGDN)

Well-differentiated HCC (Well-dif. HCC)

Moderately differentiated HCC (classical overt HCC, Mod. dif. HCC)

Well-dif. HCC

?

Fig. 1. Schematic representation of multistep progression of human hepatocarcinogenesis. HBV= 
hepatitis B virus; HCV=hepatitis C virus; NASH=nonalcoholic steatohe patitis. 
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Reflecting this clinical background, the HCC clinical practice guidelines used in Japan [17] 
already include a specific algorithm for the diagnosis and treatment of early HCC, whereas 
the HCC clinical practice guidelines used in the United States and Europe (AASLD and EASL-
EORTC guidelines [18, 19]), as well as those in other Asian countries [20], do not contain 
criteria for the diagnosis and treatment of early HCC. This is a clear indication that, compared 
with other countries, HCC screening and diagnostic skills are well advanced in Japan, owing 
in large part to the sophisticated nationwide surveillance system for HCC [21]. Developing 
measures to identify hypervascular HCCs while they are still curable is currently the biggest 
challenge facing the United States, Europe, and other Asian countries, where effective nation-
wide surveillance systems for HCC have not been established. In contrast, the current focus in 
Japan, where small hypervascular HCCs are routinely diagnosed, is to differentiate early HCC 
correctly from dysplastic nodules and to develop effective treatment for early HCC defined in 
accordance with its pathological conceptualization. It is not an overstatement to say that the 
large gap between Japan’s HCC screening/diagnostic capabilities and those of other countries 
manifests as a large difference in awareness and management of early HCC.

In conclusion, we sincerely hope that other countries will follow the Japanese approach 
and develop effective nationwide surveillance systems for HCC and join us in constructive 
dialog aimed at improving the diagnosis and treatment of early HCC.
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Granulocytic sarcoma of the jejunum
diagnosed by biopsies during
double-balloon endoscopy before
treatment (with video)

A 56-year-old man was admitted to Saku Central Hospital as
a result of repeated vomiting. He was afebrile and tender in
the upper abdomen. Computed tomography showed an
enhancing mass lesion (well contrasted by a radiopaque sub-
stance), 50 mm in diameter, arising from the small intestine
and dilatation of its oral side. Double-balloon endoscopy
(DBE) with oral approach revealed a circumferential tumor-
ous lesion with obstruction (Fig. 1, left panel). Indigocar-
mine dye spray enhanced swelling villi of different sizes
(Fig. 1, right panel). Biopsy specimens revealed diffuse
infiltration of tumor cells, including mononuclear cells with
polymorphisms and large nuclei with a few eosinophils
(Fig. 2, left panel). Immunohistochemical tests revealed a
definitive diagnosis of granulocytic sarcoma (GS) as a result
of positive staining of granulocyte markers such as CD45
and CD68 (Fig. 2b, right panel). Bone marrow examinations

revealed that the patient did not have leukemia, so he under-
went surgical resection of the jejunum. Pathological diagno-
sis of the resected specimen was GS that invaded into the
subserosa, and surgical margins were negative. The patient
received adjuvant chemotherapy that comprised cytarabine
and daunorubicin hydrochloride. He survives without recur-
rence 54 months later.

GS is defined as a localized tumor composed of myeloid
blasts and immature myeloid cells at an extramedullary site.1

The proportion of GS found in the small intestine was
reported to be approximately 10% of all sites. GS typically
occurs concomitant with or after the onset of acute myeloid
leukemia.1 There has been only one case that was diagnosed
by endoscopic biopsy before surgery.2 To the best of our
knowledge, this is the first case that could be diagnosed by
biopsy using DBE before surgery.
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SUPPORTING INFORMATION

ADDITIONAL SUPPORTING INFORMATION may
be found in the online version of this article at the

publisher’s web-site:
Video S1 Demonstrated observation of a granulocytic
sarcoma by double-balloon endoscopy with oral approach.

Senile systemic amyloidosis localized to
the stomach

A 71-year-old woman was admitted with a 3-month history
of nausea and epigastric discomfort. Gastrointestinal endo-
scopy revealed a tumorous lesion that looked like gastric
cancer at the lower gastric body (Fig. 1). Histological exami-
nation of the biopsy specimens showed deposition of amor-
phous, homogeneous and acidophilic material in the gastric

Figure 1 (Left panel) Double-balloon endoscopy with oral
approach revealed circumferential tumorous lesion with obstruc-
tion. (Right panel) Indigocarmine dye spray enhanced swelling
villi of different sizes.

Figure 2 (Left panel) Biopsy specimens revealed diffuse
infiltration of tumor cells, including mononuclear cells with
polymorphisms and large nuclei with a few eosinophils
(hematoxylin-eosin, original magnification ¥400). (Right panel)
Immunohistochemical tests of CD68 revealed a definitive diagno-
sis of granulocytic sarcoma as a result of positive staining of
granulocyte markers (CD68, original magnification ¥400).
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mucosa. This substance was proven to be amyloid as it was
positive for Congo red staining and presented green birefrin-
gence under polarized light. Immunohistochemistry was
strongly positive for transthyretin (Fig. 2) while being nega-
tive for kappa or lambda light chains, which was consistent
with the diagnosis of senile systemic amyloidosis (SSA).

Endoscopic examination and biopsy sampling of the
esophagus, duodenum, colon, and rectum excluded other
gastrointestinal disorders. The liver and kidneys looked
normal on computed tomography scan and on blood exami-
nation. A diagnosis of SSA was made, although the lesion
was localized to the stomach. Amyloidosis is a disorder
characterized by extracellular deposition of amyloid in
various tissues and organs. It consists of at least four differ-

ent types that are discriminated by the type of amyloid sub-
stance deposited: amyloid light-chain protein (AL), amyloid
A (AA), amyloid b2-microglobulin (Ab2M) in hemodialysis
amyloidosis, and amyloidogenic transthyretin (ATTR) in
some types of familial amyloidosis and senile systemic
amyloidosis.1

Endoscopic findings in gastric amyloidosis are non-
specific, including erosion, ulcers, gastric cancer-mimicking
lesions, and submucosal tumor-like lesions.2,3 In the
stomach, the deposition of AL amyloid as primary and soli-
tary amyloidosis has been reported to be the most frequent.4

As far as the authors know, there has been no case report
of senile systemic amyloidosis localized to the stomach. We
suspect that such cases might have been misdiagnosed as AL
amyloid if sufficient examination including staining for tran-
sthyretin had not been carried out.
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Unusual rectal bleeding caused by
penetration of an intra-pelvic migrated
guide pin

A 74-year-old man presented to our clinic because of inter-
mittent episodes of blood per rectum for a week shortly after
walking. The patient underwent open reduction and internal
fixation for a left hip fracture 1 year ago. He had to walk on
crutches after recovery from the surgery. There was no pre-
vious history of gastrointestinal hemorrhage or bowel habit
change. Physical examination revealed no abdominal tender-
ness and no rebounding pain. Colonoscopy disclosed a metal
wire piercing through the upper rectum resulting in a shallow

Figure 1 Endoscopy reveals a tumor at the inferior part of the
gastric corpus mimicking an advanced gastric cancer.

Figure 2 Tumor is strongly positive for transthyretin staining.
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Abstract

Background It is widely accepted that the adenoma-car-

cinoma sequence represents the process by which most

colorectal cancers (CRCs) arise. Although gankyrin is

overexpressed in CRC tissues, its roles in the initiation step

of colorectal carcinogenesis remain largely unexplored.

Aim We investigated the expression of gankyrin and

stemness factors in human colorectal adenomas, precan-

cerous lesions, as well as CRC tissues to assess its

involvement in colorectal carcinogenesis.

Methods Expression of several molecules including

gankyrin and certain stemness factors was compared in 50

pairs of adenoma and surrounding normal mucosa using

real-time quantitative polymerase chain reaction and in 30

CRC tissues using immunohistochemistry.

Results In CRC specimens, expression of CD133, a

cancer stem cell marker, was significantly correlated with

gankyrin expression. Gankyrin knockdown decreased the

expression of vascular endothelial growth factor (VEGF)

and stemness factors such as Nanog and Oct-4 in colorectal

cancer cells. Expression of gankyrin and these stemness

factors was significantly higher in adenomas than in the

surrounding normal mucosa. Importantly, a significant

correlation was observed between the expression of gank-

yrin, VEGF, and Nanog in colorectal adenomas.

Conclusion In CRC development, gankyrin would con-

trol stem cell behavior by regulating the expression of

stemness factors.

Keywords Stem cell � Nanog � PSMD10 � VEGF �
Colorectal adenoma

Abbreviations

CRC Colorectal cancer

VEGF Vascular endothelial growth factor

LST Laterally spreading tumor

Introduction

Colorectal cancer (CRC) is an important global health

problem. Worldwide, this tumor is the third most com-

monly diagnosed malignancy after lung and breast cancer

[1]. According to the concept of adenoma-carcinoma

sequence, a large colorectal adenoma is recognized as a

premalignant lesion. Recent molecular analysis has pro-

posed that there are two broad categories of colorectal

adenomas, that is, superficial and conventional polypoid

tumors. Laterally spreading tumors (LSTs), large superfi-

cial tumors, are characterized by several features such as

lateral spread, size greater than 10 mm, and malignant

potential [2–4]. Although LSTs were initially recognized

only in Japan, they have also been detected and accepted in

Western countries in recent years [5, 6].
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The concept that tumors are maintained by dedicated

stem cells, the so-called cancer stem cell hypothesis, has

attracted a lot of 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 [7, 8]. CD133, a 120 kDa transmembrane gly-

coprotein, is one of the most representative and reliable

molecular markers for the characterization of colon cancer

stem cells [9]. The stemness factor Nanog is expressed in

many kinds of tumors such as germ cell tumors [10],

hepatocellular carcinomas (HCC) [11] and CRC [12]. This

factor may play a crucial role in maintaining self-renewal

of cancer stem cells and initiating tumors [11]. It was

reported that Nanog affects the promotion and progression

of colorectal carcinogenesis events through enhanced pro-

liferation, motility, and migration [12].

Gankyrin (also known as PSMD10, p28 and Nas6p) has

been identified as an oncoprotein that is frequently over-

expressed in human cancers such as HCCs [13] and CRCs

[14]. One tumorigenic effect of gankyrin, a regulator of the

26S proteasome, is associated with its antiapoptotic prop-

erty that is attributable, at least in part, to increased pro-

teasome-mediated degradation of p53, resulting in reduced

expression of p53-dependent proapoptotic genes [15].

Overexpression of gankyrin could promote cell proliferation

of colorectal cancer cells [14]. In addition, overexpression of

gankyrin in HCC cells enhances epithelial-mesenchymal

transition (EMT), defined as switching of polarized epithe-

lial cells to a migratory fibroblastoid phenotype, and

increases angiogenesis associated with vascular endothelial

growth factor (VEGF) overexpression [16]. Thus, gankyrin

acts as a critical driving force in carcinoma cells by over-

coming a variety of barriers associated with limiting cancer

growth; however, the association between gankyrin and stem

cells in colorectal carcinogenesis has yet to be elucidated. In

the present study, the expression of gankyrin and CD133was

immunohistochemically assessed in human CRC tissues.

Furthermore, given that adenoma is a potential precursor to

colorectal cancer, we also examined the expression levels of

gankyrin and stemness factors in adenoma to evaluate the

relevance of these molecules in the initiation step of colo-

rectal carcinogenesis.

Materials and Methods

Patients

CRC tissues were obtained from 30 patients who had

undergone curative colorectal resection at the University

Hospital of Kinki University of Medicine between Jane

2011 and December 2011. Thirty patients with large

colorectal adenoma (C10 mm) and 20 patients with small

adenoma (\10 mm) underwent endoscopic curative

resection at Kinki University from May 2011 to March

2012 and from March 2012 to May 2012, respectively, and

50 sample pairs of adenoma and adjacent non-neoplastic

normal tissue were acquired by endoscopy. Informed

consent was obtained prior to use of the collected tissues.

The study protocols conformed to the ethical guidelines of

the 1975 Declaration of Helsinki and were approved by the

institutional review boards of Kinki University.

Biochemical and Immunochemical Analyses

Real-time qPCR and immunoblotting were performed as pre-

viously described [17]. The primer sequences arementioned in

the Supplementary Material. The following antibodies were

used: anti-actin, anti-PSMD10 (gankyrin; Sigma, St. Louis,

MO); anti-a-smooth muscle actin (a-SMA; Dako, Glostrup,

Denmark); anti-CD133 (PROM1; Abnova, St. Taipei, Tai-

wan); anti-b-catenin, anti-phospho-Akt, and anti-E-cadherin

(Cell Signaling, Danvers, MA). Immunohistochemistry was

performed using ImmPRESSTM reagents (Vector Laboratory,

Burlingame, CA) according to manufacturer’s recommenda-

tions. Five high power fields per section were viewed and

gankyrin andCD133 immunostainingwere evaluated on tissue

sections of colorectal adenocarcinoma.

Cell Culture

Caco-2 and T84 cells were seeded in DMEM medium and

KatoIII cells were in RPMI1640 medium (Gibco Invitro-

gen, Carlsbad, CA), cultured as previously described [17]

and transfected with gankyrin siRNA, VEGF siRNA or

non-targeting siRNA as a negative control (Santa Cruz

Biotechnology, Santa Cruz, CA), using Lipofectamine

RNAiMAX Reagent (Gibco Invitrogen). Twenty-four

hours after transfection, cell lysates were extracted.

Statistical Analysis

Data are presented as mean ± SD. Differences were ana-

lyzed using the Student’s t test, and P values\0.05 were

considered significant.

Results

Correlation Between Gankyrin and CD133 Expression

in Human CRC

Thirty patients with CRC were recruited in this study,

including 16 men and 14 women, with ages ranging from

2338 Dig Dis Sci (2013) 58:2337–2344

123

— 330 —



27 to 79 (median 69) years old. Clinicopathological profiles

of the patients and their CRCs are shown in Supplementary

Table 1. According to TNM staging, 53.3 % were stage I

to II and 46.7 % were stage III to IV. Lymph node and

hepatic metastasis were found in 43 and 17 %, respec-

tively. Next we examined the expression of gankyrin and

CD133 protein in CRC tissues by immunohistochemistry.

The gankyrin signal was observed mainly in the cytoplasm

and occasionally in the nucleus of CRC cells (Fig. 1). As

shown in Table 1, we analyzed an association between

gankyrin protein expression and clinicopathological find-

ings. Gankyrin expression was significantly associated with

differentiation of the tumor cells (P = 0.046). No signifi-

cant association between gankyrin expression and sex, age,

TNM classification or tumor metastasis was observed.

CD133 signals were observed in the cytoplasm of CRC

cells (Fig. 1). Importantly, the levels of gankyrin and

CD133 expression covaried in CRCs (Table 2).

Down-Regulation of VEGF and Stemness Factor

Expression on Gankyrin Knockdown

The role of gankyrin in the regulation of VEGF and

stemness factors was evaluated using colon cancer Caco-2,

KatoIII and T84 cells transfected with gankyrin siRNA

(Fig. 2a and data not shown). Gankyrin knockdown resul-

ted in a decrease in VEGF expression level (Fig. 2b). In

addition, gankyrin or VEGF knock-down significantly

decreased the expression of stemness factors such as

Nanog, Oct4 and Cdx2 in KatoIII and Caco-2 cells

(Fig. 2c, d).

Since gankyrin expression was significantly higher in

well or moderately differentiated adenocarcinoma than in

poorly differentiated or mucinous adenocarcinoma

(Table 1), we examined whether gankyrin is related to

dedifferentiation of colorectal cancer cells. EMT is

involved in dedifferentiation of cancer cells [18]. Gankyrin

knock-down significantly decreased the expression of Snail

Fig. 1 Association between

gankyrin and CD133 expression

in colorectal cancer.

Representative immunostaining

images of colorectal cancer

tissues with high and low

gankyrin expression using

antibodies against the indicated

proteins. Scale bar = 100 lm

Table 1 Gankyrin expression and clinicopathological characteristics

Characteristic Gankyrin expression P value

Low Moderate High

Age

\60 2 2 0 0.099

C60 4 8 14

Sex distribution

Male 3 6 7 0.89

Female 3 4 7

Differentiation

Well ? moderate 3 9 13 0.048

Poor ? mucinous 3 1 1

TNM classification

I ?II 4 5 7 0.77

III ? IV 2 5 7

Metastasis

With 1 1 3 0.76

Without 5 9 11

The immunostaining levels of gankyrin were expressed as negative or

weakly positive (low), moderately positive (medium), and strongly

positive (high)

Dig Dis Sci (2013) 58:2337–2344 2339
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and Twist, critical EMT regulators (Fig. 2e). In contrast, no

significant changes were observed in E-cadherin levels, a

marker for epithelial cells (Fig. 2f), implying that gankyrin

is not critical for EMT in colon cancer Caco-2 cells.

Similar results were obtained using T84 colorectal cancer

cells (data not shown).

Increased Expression of Gankyrin, VEGF, and

Stemness Factors in Large Colorectal Adenomas

According to the concept of adenoma-carcinoma

sequence, adenomas continue to increase in size and

finally develop into adenocarcinomas. To assess the role

of gankyrin during the initiation of colorectal carcino-

genesis, we examined the association between gankyrin

and VEGF or stemness factors in small (\10 mm) and

large adenomas ([10 mm). We analyzed four types of

colorectal adenomas: small polypoid, small flat, large

polypoid and large flat adenomas (Fig. 3a–d). Among 30

large adenomas, 25 flat adenomas are referred to as LSTs

(Fig. 3d). The clinicopathological features of the

Table 2 Correlation of expression levels of gankyrin and CD133

CD133 expression Gankyrin expression P value

Low Moderate High

- 3 2 1 0.0086

? 2 7 2

?? 0 1 7

??? 1 0 4

CD133 immunoreactivity was coded as follows: no positive cells (-),

1–15 % positive cells (?), 16–30 % positive cells (??), and[31 %

positive cells (???)

Fig. 2 Down-regulation of

VEGF and Nanog expression by

gankyrin knock-down. a Caco-2

and T84 cells were transfected

with gankyrin siRNA or non-

targeting siRNA. Cell lysates

were immunoblotted with the

indicated antibodies. b Caco-2

and T84 cells were transfected

with gankyrin siRNA or non-

targeting siRNA. mRNA levels

of VEGF were quantified using

real time-qPCR. Results are

mean ± SD. *P\ 0.05 vs

control. c, d KatoIII and Caco-2

cells were transfected with

gankyrin siRNA, VEGF siRNA

or non-targeting siRNA. mRNA

levels of indicated genes were

quantified using real time-

qPCR. The mean values of

mRNA levels in cells

transfected with non-targeting

siRNA were given an arbitrary

value of 1. Results are

mean ± SD. *P\ 0.05 vs

control. e Caco-2 cells were

transfected with gankyrin

siRNA or non-targeting siRNA.

mRNA levels of Snail and Twist

were quantified using real time-

qPCR. Results are mean ± SD.

*P\ 0.05 vs control. f Caco-2
cells were transfected with

gankyrin siRNA or non-

targeting siRNA. Cell lysates

were immunoblotted with the

indicated antibodies
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adenomas examined here are summarized in Table 3.

Expression levels of gankyrin and cyclin D were signifi-

cantly higher in both small and large adenomas compared to

normal colorectal mucosa (Fig. 3e). Expression levels of

cyclin E, insulin-like growth factor (IGF), and VEGF were

also significantly higher in large adenomas, but not in small

adenomas, than in the surrounding normal mucosa (Fig. 3e).

Similarly, expression of stemness factors such as Oct-4 and

Nanog was upregulated in large adenomas but not in small

adenomas (Fig. 3f). In contrast, the expression level of the

cyclin dependent inhibitor p21 was significantly lower in

large adenomas than in the surrounding normal mucosa

(Fig. 3e). In addition, nuclear accumulation of p53 protein

was found in 70 % of large adenomas (21/30) (Fig. 3g),

consistent with a previous report [19].

Correlation of Gankyrin Expression with VEGF

and Nanog Expression in Large Adenomas

Correlation between gankyrin and VEGF was analyzed in

large adenoma where gankyrin and VEGF were both

upregulated. VEGF and cyclin D expression was signifi-

cantly higher in adenomas with high gankyrin expression

than in those with low gankyrin expression. A significant

correlation was also observed between gankyrin and Nanog

expression (Fig. 4a). Gankyrin was present in higher levels

in adenomas with high VEGF expression (Fig. 4b). VEGF

stimulates cancer stemness and renewal as well as neovas-

cularization [20]. Suppression of VEGF expression down-

regulated expression of stemness factors in colorectal cancer

cells (Fig. 2c, d). Consistently, expression ofNanog andOct-

4 was significantly higher in colorectal adenomas with high

VEGF expression than in those with low VEGF expression

(Fig. 4b).

Fig. 3 Increased expression of gankyrin, VEGF and stemness factors

in colorectal adenoma. Representative endoscopic views of four types

of adenomas: small polypoid (a), small flat (b), large polypoid (c) and
large flat adenomas (laterally spreading tumor [LST], d). e, fUsing real
time-qPCR, mRNA levels of the indicated genes were quantified in

small (\10 mm) and large adenoma ([10 mm). The mean values of

mRNA levels in surrounding normal mucosa were given an arbitrary

value of 1. Results are mean ± SD. *P\ 0.05 vs normal mucosa. IGF

insulin-like growth factor. g Expression of p53 in large adenoma.

Representative immunostaining image is shown. Scale bar = 200 lm

Table 3 Characteristics of patients with small and large adenomas

Variables Small adenoma

(\10 mm)

Large adenoma

(C10 mm)

N = 20 N = 30

Age (year)

Mean ± SD (range) 61 ± 8 (54–78) 66 ± 10 (44–90)

Sex (n)

Male 9 16

Female 11 14

Tumor size (mm)

Mean ± SD (range) 6.4 ± 1.8 (4–9) 25 ± 14 (10–60)

Location

Proxymal 7 7

Distal 10 12

Rectum 3 11

Macroscopic appearance

Polypoid 16 5

Flat 4 25

A large flat adenoma is referred to as laterally spreading tumor (LST)
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Gankyrin Expression Does Not Correlate with

b-Catenin, Phospho-Akt, Snail, or Twist Expression
in Large Adenoma

Although several reports have suggested an association

between b-catenin, phospho-Akt, and gankyrin [21, 22], no

significant correlation between b-catenin, phospho-Akt, and
gankyrin expression was found in the present study on the

basis of adenoma cell immunostaining (Supplementary

Fig. 1). Invasive HCCs overexpressing gankyrin were fea-

tured by active EMT, whilst silencing gankyrin expression

attenuated EMT in HCC cells [16]. However, no significant

increase in expression of EMT regulators such as Twist and

Snail was observed (Supplementary Fig. 2) and no signifi-

cant relationship between gankyrin and these molecules

was found in colorectal adenoma (data not shown).

Discussion

It is widely accepted that the adenoma-carcinoma sequence

represents the process by which most, if not all, colorectal

cancers arise. This sequence begins with adenomas, which

are putative pre-neoplastic lesions. Then, adenomas con-

tinue to increase in size and finally develop into adeno-

carcinomas. The adenoma-carcinoma sequence model has

generally been accepted for polypoid tumors as it is com-

mon to find both adenomatous and carcinomatous tissues

within such tumors. In contrast, an increasing number of

flat colorectal adenomas including LSTs have been repor-

ted [5, 6]. No difference in expression of gankyrin, VEGF

and Nanog was found between flat and polypoid adenomas

(data not shown). In addition, similar incidence of K-ras

and p53 gene mutations were reported in LSTs and poly-

ploid adenomas [19]. Thus, flat adenomas as well as

polypoid adenomas have been recognized as an important

precursor of colorectal cancer [23], and LSTs would also

follow the adenoma-carcinoma sequence.

Stem cell function is central for the maintenance of

normal tissue homeostasis and is suggested to promote

tumorigenesis via processes that resemble reprogramming

[24, 25]. Several signaling pathways regulate stem cell

self-renewal and differentiation. Nanog, Oct-4, Sox2 and

Lin28 are stemness factor that have been used to produce

induced pluripotent stem cells [26, 27]. These factors form

a core regulatory network of self-renewal and differentia-

tion in embryonic stem cells [28]. For example, Nanog

positive cells exhibit enhanced self-renewal ability, clo-

nogenicity, and initiation of tumors, which are consistent

with the hallmarks of cancer stem cells. In addition,

overexpression of Nanog predicts tumor progression and

poor prognosis in colorectal cancer [12]. When tumors

invade space through cancer cell proliferation and tumor

mass expansion, tumor growth is maintained over time

using the cancer stem cell pool, which is regulated by

stemness factors. However, it remains unclear whether the

stemness factors are involved in the initiation step of car-

cinogenesis. In this study, we showed that the expression of

Nanog and Oct-4 was upregulated in large adenomas, but

not in small adenomas. Our data support the hypothesis that

stemness factors are involved in the transition from ade-

noma to cancer. Further work using knock-out mice will be

necessary to answer these questions and to determine

whether stemness factors play a critical role in colorectal

carcinogenesis in vivo.

As the distance of initiated tumor cells to blood vessels

increases during tumor growth, these cells are depleted of

oxygen and nutrients and therefore depend on the recruit-

ment of new vessels to the tumor site through angiogenesis

[29]. It is well-known that VEGF, a major mediator of

Fig. 4 Association of gankyrin and VEGF expression with stemness

factor expression in large colorectal adenoma. Using real time-qPCR,

mRNA levels of the indicated genes were quantified in large adenoma

(C10 mm) between high and low gankyrin expression groups (a) and

between high and low VEGF expression groups (b). The median level

of mRNA, as determined by real-time qPCR, was used to distinguish

low- and high-expression groups. Results are mean ± SD. *P\ 0.05.

GK Gankyrin
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tumor angiogenesis [30], is expressed by most types of

cancer cells after the activation of hypoxia-inducible

transcription factors 1a and 2a in response to hypoxia and

metabolic stress [31]. Recently, Beck et al. [20] have

identified a dual role for VEGF in promoting cancer

stemness: (1) VEGF creates a perivascular niche for cancer

stem cells by stimulating angiogenesis, and (2) VEGF

stimulates cancer stemness and renewal by directly

affecting cancer stem cells through Nrp1. Here, we have

shown that VEGF expression is correlated with the

expression of Nanog and Oct-4 in large colorectal adeno-

mas, a precancerous lesion. In colorectal adenoma, VEGF

signaling might increase the risk for colorectal cancer via

upregulation of stemness factors.

The oncoprotein gankyrin is frequently overexpressed in

human cancers such as HCCs [13] and colorectal cancers

[14] and has been implicated in tumorigenesis. Gankyrin

knockdown has been reported to reduce the proportion of

cancer stem cells in hepatoma cells. The gankyrin-medi-

ated dedifferentiation of hepatocytes is, at least partially,

via an HNF4a-dependent mechanism [32]. Gankyrin was

also reported to prevent degradation of Oct4 and promote

expansion of cancer stem cells in hepatocarcinogenesis

[33]. The findings presented here indicate a significant

relationship between the expression of gankyrin and

CD133 in human CRC tissues. In addition, a significant

correlation between the expression of gankyrin and VEGF

or Nanog was found in colorectal adenomas. Gankyrin

knockdown downregulated the expression of both VEGF

and stemness factors including Nanog. These data suggest

that gankyrin would stimulate cancer stemness by upreg-

ulating VEGF and stemness factors in the development of

CRC.

Invasive tumors overexpressing gankyrin were featured

in active EMT through the upregulation of the EMT reg-

ulator Twist in HCCs [16]. In colon cancer cells, like in

HCC cells, gankyrin regulated the expression of Snail and

Twist. However, gankyrin did not seem to affect EMT in

colorectal cancer cells. Gankyrin might regulate EMT

induction in a cell-type specific manner. Gankyrin was

found to be related with the malignant phenotypes and poor

prognosis in HCC [16]. Immunohistological analysis of

CRC specimens indicated a positive association of gank-

yrin expression with TNM grade and tumor metastasis

[14]. By contrast, Umemura et al. [34] reported that

immunostaining for gankyrin was significantly associated

with low TNM stage, no intrahepatic metastasis and high

cumulative survival rate in patients with HCC. In this

study, gankyrin expression was correlated with CD133

expression, but not with TNM grade or tumor metastasis.

The discrepancy might be explained by the difference in

antibody used for the detection of gankyrin.

In summary, gankyrin was correlated with stem cell

behavior in CRC tissues. Association of gankyrin and its

downstream target genes, VEGF and Nanog, in adenomas

as well as colorectal cancer cells shown here provide

insight into the function of these molecules in an early step

of colorectal carcinogenesis. This is consistent with a

previous report suggesting that gankyrin plays an onco-

genic role mainly at the early stages of hepatocarcino-

genesis [34]. These findings indicate that targeting

gankyrin might be a promising strategy for CRC preven-

tion and treatment.
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Abstract Background: TSU-68 is an antitumour drug that acts by inhibiting angiogenesis. We
evaluated the efficacy and safety of TSU-68 in combination with transarterial chemoembolisa-
tion (TACE) in patients with intermediate-stage hepatocellular carcinoma (HCC).
Patients and Methods: In this multicenter, open-label phase II study, we randomised patients
with HCC who had been treated with a single session of TACE to receive either 200 mg TSU-
68 twice daily or no medication. The primary end-point was progression-free survival (PFS).
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Results: A total of 103 patients were enrolled. Median PFS was 157.0 days (95% confidence
interval [CI], 124.0–230.0 days) in the TSU-68 group and 122.0 days (95% CI, 73.0–170.0 days)
in the control group. The hazard ratio was 0.699 (95%CI, 0.450–1.088). Fatigue, elevated aspar-
tate aminotransferase (AST), elevated alkaline phosphatase, oedema and anorexia were more
frequent in the TSU-68 group than in the control group. The most frequent grade 3/4 adverse
events were AST elevation (46% of patients in the TSU-68 group and 12% of controls) and ala-
nine aminotransferase elevation (26% of patients in the TSU-68 group and 8% of controls). Two
deaths, grade 5 hepatic failure and melena were noted in the TSU-68 group.
Conclusion: This exploratory study shows a trend towards prolonged PFS with TSU-68 treatment
after a single session of TACE, but this observation was not statistically significant. The two deaths
were related to the study treatment. These results suggest that further examination of the study design
is necessary to determine whether TSU-68 has any clinical benefits when combined with TACE.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth-most com-
mon cancer, and its incidence is still increasingworldwide.1

It is reported to be the third leading cause of cancer death,
with about 560,000 cases diagnosed per year, more than
80%ofwhich occur in developing countries. Infectionwith
hepatitis B virus (HBV) accounts for 55% of global HCC
and 80% of cases in the Asia Pacific and sub-SaharanAfri-
can regions.2 Infection withHepatitis C virus (HCV) is the
chief cause of HCC in industrialised countries.3,4

Current treatments for HCC include hepatic resec-
tion, liver transplantation, radio frequency ablation
(RFA), transarterial chemoembolisation (TACE) and
chemotherapy. Other than sorafenib, there are no stan-
dard chemotherapy treatments for advanced-stage
HCC;5,6 accordingly, there is an urgent need to improve
treatments and prevent recurrence or progression.

TACE is the most widely used standard treatment for
unresectable HCC.7–9 However, the curative effect of
TACE is limited, and most patients suffer intrahepatic
recurrence. Numerous reports have indicated that angi-
ogenesis is closely associated with tumour growth after
TACE; therefore treatments that combine antiangio-
genic agents with TACE are anticipated to contribute
to improved treatment of HCC.

TSU-68 is a receptor tyrosine kinase inhibitor that
targets vascular endothelial growth factor receptor-2
(VEGFR-2) and platelet-derived growth factor recep-
tor-b (PDGFR-b).10–14 In phase I/II study, TSU-68
showed favourable efficacy and a high safety profile in
HCC patients who had been heavily pretreated,15

including those with Child–Pugh B cirrhosis.
We conducted a randomised phase II trial to assess

the efficacy and safety of TSU-68 after TACE.

2. Patients and methods

2.1. Eligibility criteria

Eligible patients were (1) diagnosed with HCC by his-
tology/cytology or by radiography; (2) showed no indica-

tions for, or no response to, resection or locoregional
therapies such as RFA; (3) were P20 years of age; (4)
had Eastern Cooperative Oncology Group performance
status (ECOG PS) of 62; (5) had HCC 680 mm; (6)
had target lesions that were all of the hypervascular and
nodular type with a minimum size of 10 mm; (7) did not
have any vascular invasion; (8) had no extrahepatic
spread; (9) had Child–Pugh A or B liver function; (10)
had a life expectancy ofP3 months; and (11) had under-
gone successful TACE within the previous 2 weeks.

Patients were excluded if they showed clinical evi-
dence of extrahepatic metastases, severe cardiovascular
disorders, hepatic encephalopathy, uncontrollable pleu-
ral effusion or ascites.

All patients provided written informed consent
before enrolment in the study. The study was carried
out in accordance with Good Clinical Practice (GCP)
and the Declaration of Helsinki guidelines. Documented
approval from appropriate ethics committees and insti-
tutional review boards was obtained for all participating
centres before the start of the study.

2.2. Study design and treatment

This multicenter, randomised, open-label study was con-
ducted at 14 centres in Japan. The TACE procedure con-
sisted of the injection of epirubicin with lipiodol into the
hepatic artery followed by the administration of gelatin
sponge. After assessing the disappearance of all target
tumour stains using digital subtraction angiography, the
TACE procedure was completed. Additional TACE proce-
dures were not performed during treatment as per the proto-
col. As shown in Fig. 1A, within 2 weeks of TACE, eligible
patients were randomised in a 1:1 ratio to receive either oral
treatment with 200 mg of TSU-68 twice daily (the TSU-68
group) or no treatment (the control group). Because stan-
dardisation of the TACE procedure between sites is difficult,
patients were stratified by site. TSU-68 was provided by Tai-
ho Pharmaceutical Co., Ltd. (Tokyo, Japan)

Protocol treatment was discontinued when we
observed radiological progression or the occurrence of
unacceptable adverse events.
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2.3. Objectives and assessments

The primary objective was to assess any differences
between progression-free survival (PFS) after TACE in
the TSU-68 group and the control group. Radiological
progression was assessed according to modified
Response Evaluation Criteria in Solid Tumours (mRE-
CIST 1.0).16,17 Contrast-enhanced computed tomogra-
phy was performed at baseline, on day 28, on day 56
and every 8 weeks thereafter. Target lesions were
evaluated by measurement of the longest diameter of
viable lesions. Responses were assessed by an indepen-
dent review committee.

Secondary objectives included an assessment of over-
all survival (OS), biomarkers and a safety profile evalu-
ated according to Common Terminology Criteria for
Adverse Events (CTCAE) version 3.0.

Blood samples for measuring endothelial cell markers
were collected at baseline and every 4 weeks after enrol-
ment. The concentrations of platelet-derived growth fac-
tor (PDGF)-AA, PDGF-BB, soluble vascular cell
adhesion molecule-1 (sVCAM-1), soluble endothelial-
leucocyte adhesion molecule-1 (sELAM-1), interleukin-
8 (IL-8), tissue plasminogen activator (t-PA), plasmino-

gen activator inhibitor-1 (PAI-1) and Willebrand factor
(factor VIII) were evaluated using enzyme-linked
immunosorbent assays (ELISA).

2.4. Statistical analysis

The primary end-point was PFS, defined as the time
between the date of TACE and the date of disease pro-
gression or death from any cause. The median PFS in
patients treated with TACE was assumed to be
6 months. To demonstrate an improvement in PFS from
6 to 12 months with a one-sided alpha of 2.5%, a statis-
tical significance of 80% and 12 months of follow-up
after 12 months of recruitment, 50 patients were needed
in each group.

PFS was assessed using the Kaplan–Meier method
and a log-rank test. Hazard ratios and 95% confidence
intervals were estimated by employing Cox’s propor-
tional-hazards model.

Comparisons between groups were made on an inten-
tion-to-treat basis. All significance tests were two-sided
and p < 0.05 was regarded as statistically significant,
except for the one-sided log-rank test of PFS, for which
p < 0.025 was considered to be statistically significant.

Fig. 1. Study design (A) and CONSORT diagram (B). (A) Transarterial chemoembolisation (TACE) was performed within the 2 weeks prior to
randomisation. (B) Two patients in the TSU-68 group were excluded from the full analysis set by an independent data monitoring committee.
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We used a full analysis set (FAS), defined as all
patients who met the eligibility criteria, for primary
analysis of TSU-68 efficacy.

3. Results

3.1. Patient characteristics

A total of 103 patients were enroled from 15th Sep-
tember 2006 to 14th November 2007. As shown in
Fig. 1A and B, 52 patients were randomised into the
TSU-68 group and 51 patients were randomised into
the control group. The 52 patients in the TSU-68 group
received treatment with the investigational drug and 50
were classified as FAS. Two patients in this group were
excluded because they did not meet the eligibility crite-
ria. The 51 patients in the control group were all eligible
and were classified as FAS.

As shown in Table 1, the baseline characteristics of the
101 eligible patients were well balanced between two
groups. Included in the study were 82 male patients, 20
patients who were more than 66 years of age, 48 patients
with stage III disease under the Japanese classification
system for HCC18 and 51 patients in Barcelona Clinic
Liver Cancer (BCLC) stage B of HCC.19 BCLC A
patients had no indications for or no response to resection
or locoregional therapies because of their tumour loca-
tion, such as areas adjacent tomajor blood vessels. BCLC
C patients had an ECOG PS of one and were considered
to be suitable for TACE according to their liver function
and tumour status. HCV infection was the predominant
cause of liver disease. Eighty-five percent of patients
had Child–Pugh A liver function.

3.2. Drug delivery

A CONSORT diagram is shown in Fig. 1B. The 52
patients in the TSU-68 group were treated with
200 mg of TSU-68 twice daily, starting within 2 weeks
of TACE, and the median time between TACE and
the first TSU-68 administration was 9 days. Ten patients
(20%) discontinued the TSU-68 treatment due to
adverse events. Seven of these patients discontinued
for reasons related to TSU-68 (elevated aspartate ami-
notransferase (AST) and alanine aminotransferase
(ALT), diarrhoea, ascites, HBV reactivation, achillo-
dynia, melena or oedema in conjunction with ascites
and pleural effusion). The median duration of TSU-68
treatment was 122.0 days (range, 9–363 days) and the
median daily dose was 377.8 mg (range, 88.6–400.0 mg).

3.3. Efficacy

As shown in Fig. 2A, the median PFS of the TSU-68
and control groups was 157.0 days (95% confidence
interval [CI], 124.0–230.0 days) and 122.0 days (95%

CI, 73.0–170.0 days), respectively. There was no statisti-
cally significant difference in the median PFS between
the two groups. However, TSU-68 tended to improve
PFS (p = 0.054, one-sided log-rank test). The hazard
ratio was 0.699 (95% CI, 0.450–1.088). As shown in
Fig. 2B, the median overall survival in the TSU-68
group was 780.0 days (95% CI, 760.0 days–date not yet
reached), but the median for the control group cannot
yet be determined.

According to the 2008 National Cancer Institute con-
sensus conference, the outcomes of HCC trials should be
reported in terms of time to progression (TTP) and OS,
not PFS.20 This study was conducted before this confer-
ence, and thus, PFS was selected as the primary end-
point. In this study, no patients died before tumour pro-
gression. Therefore, all TTP values would be identical
to the PFS values.

Table 1
Patient characteristics.

Characteristic TSU-68 (N = 50) Control (N = 51) P-Value
n (%) n (%)

Age

65 > 11 (22.0) 9 (17.6) F: 0.625
65 6 39 (78.0) 42 (82.4)

Sex

Female 11 (22.0) 8 (15.7) F: 0.455
Male 39 (78.0) 43 (84.3)

Eastern Cooperative Oncology Group performance status (ECOG PS)

0 45 (90.0) 49 (96.1) F: 0.269
1 5 (10.0) 2 (3.9)

Stage (Japanese classification)

I 5 (10.0) 8 (15.7) W: 0.720
II 21 (42.0) 19 (37.3)
III 24 (48.0) 24 (47.1)

Stage (Barcelona Clinic Liver Cancer (BCLC) classification)

0 3 (6.0) 9 (17.6) W: 0.378
A 18 (36.0) 13 (25.5)
B 24 (48.0) 27 (52.9)
C 5 (10.0) 2 (3.9)

Number of target lesions

1 20 (40.0) 23 (45.1) W: 0.458
2 13 (26.0) 15 (29.4)
3 10 (20.0) 7 (13.7)
4 3 (6.0) 3 (5.9)
P5 4 (8.0) 3 (5.9)

Hepatitis B virus antigen

+ 2 (4.0) 4 (7.8) F: 0.678
� 48 (96.0) 47 (92.2)

Hepatitis C virus antibody

+ 40 (80.0) 36 (70.6) F: 0.357
� 10 (20.0) 15 (29.4)

Child–Pugh classification

A 40 (80.0) 45 (88.2) W: 0.361
B 9 (18.0) 6 (11.8)
Unknown 1 (2.0) 0 (0.0)

F, Fisher’s exact test.
W, Wilcoxon’s rank sum test.
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3.4. Safety

The major adverse events are shown in Table 2. The
following adverse events occurred more frequently in the
TSU-68 group than in the control group: fatigue (74%),
elevated AST (72%), elevated alkaline phosphatase
(ALP, 70%), oedema (58%), anorexia (52%), fever
(48%), elevated ALT (44%), diarrhoea (40%) and ascites
(24%). The most frequent grade 3/4 adverse events were
elevated AST (42%) and elevated ALT (22%); however,
most of these events were reversible and only one patient
discontinued the study treatment due to AST/ALT
elevation.

Two patients in the TSU-68 group died as a result of
adverse events (4.0%, 2/50). One of these patients died
of an oesophageal varix rupture that was followed by
liver failure. Two weeks before liver failure, tumour pro-
gression, a Child–Pugh score of nine and uncontrollable
ascites were observed. The second patient experienced a

bloody bowel discharge and died at another hospital
2 months after randomisation; a Child–Pugh score of
seven was observed at the final visit. The patient’s family
refused to grant permission for a postmortem examina-
tion. Therefore, we could not determine whether this
patient’s death was related to the TSU-68 treatment.

In the control group, 49 patients (93.9%) discontin-
ued participation due to disease progression. In the
TSU-68 group, 10 patients (20%) discontinued partici-
pation due to adverse events, and 33 patients (66%) dis-
continued due to disease progression.

3.5. Exploratory analysis

An exploratory analysis was performed using six
baseline characteristics: sex, age, disease stage, ECOG
PS, Child–Pugh status and type of hepatitis (Fig. 3).
The analysis results suggested that TSU-68 treatment
may extend PFS for patients with Child–Pugh class A

Fig. 2. Kaplan–Meier analysis. Progression-free survival (PFS) (A) and overall survival (OS) (B) among 101 patients. There were 50 patients in the
TSU-68 group and 51 in the control group.
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liver function, those of 65 years age or more and those
with hepatitis C. However, there was no clear evidence
that TSU-68 affects PFS within other subgroups.

To explore the predictive potential of biomarkers, we
analysed the relationship between PFS and the baseline
levels of several proteins in Child–Pugh A patients
(Table 3). Among patients with baseline t-PA concentra-
tion below the median value, the PFS of the TSU-68
group was longer than that of the control group.
TSU-68 treatment may also improve PFS among
patients with VCAM-1, ELAM-1, IL-8 or PDGF-BB
levels above the median.

4. Discussion

TACE is the standard treatment for unresectableHCC
and is performed repeatedly for local recurrence and new
intrahepatic lesions. However, there have been few stud-
ies that have reported the antitumour effects of TACE
based on mRECIST or the improvement of TACE treat-
ment by chemotherapeutic or molecular target agents.21

TSU-68 was initially thought to have a typical and
high tolerability profile. During treatment, grade 3 or
higher adverse events rarely occurred, with the exception
of temporarily elevated AST/ALT. Only one patient dis-
continued the study treatment due to AST/ALT eleva-
tion. Unlike with sorafenib and sunitinib,5,22 no hand-
foot skin reactions and little hypertension were observed
in the TSU-68 group. The differences between the safety
profiles of sorafenib/sunitinib and TSU-68 are thought
to result from the inhibition spectrum of the target sig-
nal transduction molecules. TSU-68 strongly inhibits
PDGFR, whereas other antiangiogenic compounds pre-
dominantly inhibit VEGFR; however, the mechanisms

of these drugs remain unclear. There were two deaths
that occurred in the TSU-68 group. Oesophageal varix
rupture, as seen in one case, is a frequent phenomenon
in cirrhotic patients, but liver failure is very rare in
Child–Pugh class A or B patients following such event.
In the second case, we could not obtain details about
the episodes of melena. Therefore, we must consider
the possibility of a relationship between these deaths
and TSU-68 treatment.

In a phase III study of sorafenib in patients with
unresectable HCC after TACE in Japan and South
Korea, there was no statistically significant difference
in time to progression between the sorafenib arm and
the placebo arm.23 Subgroup analysis in this study indi-
cated that early administration of sorafenib after TACE
may increase effectiveness. VEGF levels significantly
increase 3–30 days after TACE.24–27 Therefore, angio-
genic inhibitors should be administered soon after the
TACE procedure. The efficacy of TSU-68 would be bet-
ter if it was administered immediately after TACE.
However, for reasons of safety, TSU-68 treatment was
started after complications of TACE resolved.

In this study, we explored the association between the
baseline levels of 14 soluble proteins and the clinical effi-
cacy of TSU-68. These proteins are regarded as impor-
tant factors in signal transduction during
angiogenesis28,29 and are therefore potential predictive
factors for TSU-68 efficacy. While other antiangiogenic
compounds predominantly inhibit VEGFR,22,30 TSU-
68 strongly inhibits PDGFR.10 In phase I/II study of
TSU-68 in patients with advanced HCC, patients with
high levels of VCAM-1 and PDGF-BB received greater
clinical benefit from TSU-68 than those with low levels
of these proteins.15 In this phase II study, patients in

Table 2
Incidence of adverse events.

Adverse event TSU-68 (N = 50) Control (N = 51)
Grade (%) Grade (%)

Any 3 4 5 Any 3 4 5

Fatigue 74 6 0 0 20 0 0 0
Elevated aspartate aminotransferase (AST) 72 42 4 0 47 12 0 0
Elevated alkaline phosphatase (ALP) 70 8 0 0 33 0 0 0
Oedema 58 4 0 0 8 0 0 0
Anorexia 52 2 0 0 20 0 0 0
Fever 48 0 0 0 10 0 0 0
Elevated alanine aminotransferase (ALT) 44 22 4 0 31 8 0 0
Hypoalbuminemia 42 0 0 0 10 0 0 0
Elevated T-Bil 42 6 0 0 24 0 0 0
Thrombocytopenia 42 12 0 0 37 2 0 0
Diarrhoea 40 2 0 0 2 0 0 0
Anaemia 36 0 0 0 8 0 0 0
Ascites 24 4 0 0 2 0 0 0
Abdominal pains 18 0 0 0 4 0 0 0
Hypertension 16 2 0 0 14 2 0 0
Melena 2 0 0 2 0 0 0 0
Hepatic failure 2 0 0 2 0 0 0 0

Listed are adverse events, as defined by National Cancer Institute Common Terminology Criteria (version 3.0), that occurred in at least 15% of
patients in the TSU-68 group or that were classified as grade 5.
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the TSU-68 group with VCAM-1, ELAM-1, IL-8 or
PDGF-BB levels above the median had significantly
longer PFS than those with levels below the median.
The relatively long PFS we observed for those patients
with high PDGF and VCAM-1 was similar to that
observed in the phase I/II study.

Several reports state that PDGF-BB levels in the blood
and tissue ofHCCpatients are higher than in healthy con-
trols. PDGF-BB-PDGFR signals play an important role
inHCC tumour growth.31 VCAM-1 is an endothelial cell-
specific marker. The concentration of this marker is
reported to be associated with angiogenesis and the prog-
nosis of several types of cancers, including HCC.26,32,33

A pattern similar to that shown in the previous phase
I/II trial was observed for PDGF and VCAM-1. This
suggests that PDGF-BB and VCAM-1 have potential
for use as predictive markers. Further examination of
PDGF-BB is needed, as the PDGF/PDGFR axis is an

important target for the antiangiogenic activities of
TSU-68.34 It is not known how PDGF-BB contributes
to the efficacy of TSU-68. Therefore, further research
is required to verify the significance of these factors as
novel predictive markers for the efficacy of TSU-68.

TSU-68 was found to have a safety profile that is
compatible with good compliance, although the study
included two protocol-related deaths, and it is antici-
pated to be efficacious for intermediate-stage HCC
patients who have undergone TACE. A phase III study
was initiated in 2010 to evaluate the survival benefit of
TSU-68 in combination with repeated TACE
(NCT01465464).

Clinical trials

This study is registered with JAPIC Clinical Trial
Information, number JapicCTI-101087.

Fig. 3. Progression-free survival of selected subgroups according to background. Forest plot depicting the hazard ratio for progression-free
survival (PFS) (TSU-68 group over control group) for each subgroup. The Child–Pugh classification was unknown for one patient. ECOG, Eastern
Cooperative Oncology Group.
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Abstract
AIM: To prospectively compare the healing rates of 
endoscopic submucosal dissection (ESD)-induced ulcers 
treated with either a proton-pump inhibitor (PPI) or re-
bamipide.

METHODS: We examined 90 patients with early gas-
tric cancer who had undergone ESD. All patients were 
administered an intravenous infusion of the PPI lan-
soprazole (20 mg) every 12 h for 2 d, followed by oral 
administration of lansoprazole (30 mg/d, 5 d). After 
7-d treatment, the patients were randomly assigned 
to 2 groups and received either lansoprazole (30 mg/d 
orally, n  = 45; PPI group) or rebamipide (300 mg oral-
ly, three times a day; n  = 45; rebamipide group). At 4 
and 8 wk after ESD, the ulcer outcomes in the 2 groups 
were compared. 

RESULTS: No significant differences were noted 
in patient age, underlying disease, tumor location, 
Helicobacter pylori  infection rate, or ESD-induced ulcer 

size between the 2 groups. At both 4 and 8 wk, the 
healing rates of ESD-induced ulcers were similar in the 
PPI-treated and the rebamipide-treated patients (4 wk: 
PPI, 27.2%; rebamipide, 33.3%; P  = 0.5341; 8 wk: 
PPI, 90.9%; rebamipide, 93.3%; P  = 0.6710). At 8 wk, 
the rates of granulation lesions following ulcer heal-
ing were significantly higher in the PPI-treated group 
(13.6%) than in the rebamipide-treated group (0.0%; P  
= 0.0103). Ulcer-related symptoms were similar in the 
2 treatment groups at 8 wk. The medication cost of 8-wk 
treatment with the PPI was 10945 yen vs  4889 yen for 
rebamipide. No ulcer bleeding or complications due to 
the drugs were observed in either treatment group.

CONCLUSION: The healing rate of ESD-induced ulcers 
was similar with rebamipide or PPI treatment; however, 
rebamipide treatment is more cost-effective and pre-
vents granulation lesions following ulcer healing.

© 2013 Baishideng. All rights reserved.

Key words: Early gastric cancer; Rebamipide; Endo-
scopic submucosal dissection; Gastric ulcer; Proton-
pump inhibitor

Core tip: In this prospective randomized, parallel-con-
trolled study, we demonstrated that rebamipide mono-
therapy was as effective as proton-pump inhibitor (PPI) 
in the healing of endoscopic submucosal dissection-in-
duced ulcers, regardless of the location of the resected 
cancer, the degree of atrophic gastritis, or the presence 
of Helicobacter pylori  infection. In addition, rebamipide 
treatment is more cost-effective and results in a better 
quality of ulcer healing compared with the PPI lanso-
prazole. 
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INTRODUCTION
Endoscopic mucosal resection (EMR) is a well-estab-
lished curative treatment for gastric neoplasms, such as 
early gastric cancer confined to the mucosa. However, 
EMR, performed using conventional techniques such as 
strip biopsy or cap EMR, does not always achieve en bloc 
resection. Thus, endoscopic submucosal dissection (ESD) 
has become the preferred treatment method. Compared 
with EMR, ESD facilitates the collection of  larger speci-
mens, regardless of  lesion size or location, resulting in a 
higher rate of  en bloc and histologically complete resec-
tion. Moreover, the rate of  local recurrence of  tumors 
after ESD may be lower than that after conventional 
EMR[1]. However, the iatrogenic ulcer that develops as a 
result of  ESD is large, and requires a considerably longer 
healing time compared to that resulting from conven-
tional EMR. 

Proton-pump inhibitors (PPIs) are the most effective 
medications for the treatment of  ESD-induced ulcers. 
However, studies have shown that PPI monotherapy 
does not heal the ESD-induced ulcers sufficiently within 
4 wk[2-6]. Increased understanding of  the mucosal defense 
system has prompted the development of  mucopro-
tective agents for clinical use in Japan. The efficacy of  
combination treatment involving PPIs and the mucopro-
tective agent rebamipide in the early treatment of  ESD-
induced ulcers and in the prevention of  relapse of  such 
disorders has been clearly indicated[2-5].

Rebamipide [2-(4-chlorobenzoylamino)-3-[2-(1H)-
quinolinon-4-yl]-propionic acid), a novel mucosal-
protective and ulcer-healing drug, is widely prescribed in 
East Asia. Previous studies have indicated that rebamip-
ide is effective in the treatment of  gastric ulcers as well 
as decreasing the recurrence rate, without affecting the 
Helicobacter pylori infection status of  the patients[7-12]. In 
addition, previous randomized-controlled studies have 
also found that rebamipide can prevent the formation of  
peptic ulcers induced by the administration of  nonsteroi-
dal anti-inflammatory drugs (NSAIDs) and can suppress 
the mucosal inflammation associated with chronic erosive 
gastritis[13,14]. However, to our knowledge, no reports on 
the use of  rebamipide for the treatment of  ESD-induced 
ulcers have been published.

In the present study, we have prospectively evaluated 
the efficacy of  rebamipide monotherapy in comparison 
to PPI monotherapy for the treatment of  iatrogenic ul-
cers resulting from ESD for early gastric cancers.

MATERIALS AND METHODS
Patients
We examined 90 consecutive patients with early gastric 
cancer who had been treated with ESD at Kinki Univer-
sity Hospital between February 2011 and January 2013. 

The study protocol was approved by the Kinki University 
Ethics Committee, and all participants provided written 
informed consent before undergoing ESD. In addition, 
the study was registered at the University Hospital Medi-
cal Information Network 000005134. All patients with 
early gastric cancer, including well-differentiated or mod-
erately differentiated adenocarcinoma, were included in 
the study. The exclusion criteria were as follows: (1) cur-
rent use of  other anti-ulcer drugs, aspirin, NSAIDs, or 
prednisolone; (2) treatment with anti-coagulative agents; 
or (3) previous endoscopic treatment or surgery.

ESD procedure
ESD was performed with an insulation-tipped knife 
(KD-610L; Olympus Medical Systems, Tokyo, Japan) 
and a flush knife (BTDK2618JB; Fujifilm Medical Sys-
tem, Tokyo, Japan). The electrosurgical unit used was A 
VIO-300D (ERBE). The injection solutions contained 
glycerin with 1% indigo carmine dye and, depending on 
the tumor location, hyaluronic acid sodium (0.4%) was 
also added. The ulcers that developed after ESD were 
carefully examined endoscopically, and any visible vessels 
were heat-coagulated by using hot biopsy forceps (KD-
410LR; Olympus Medical Systems). Thereafter, the re-
sected specimens were stretched, pinned flat on a rubber 
plate, and measured. 

Study design
The design of  this single-center, open-label, prospective, 
randomized, parallel-controlled study is illustrated in Fig-
ure 1.

After ESD, all patients were administered an intrave-
nous infusion of  lansoprazole (20 mg; Takepron; Takeda 
Pharmaceutical, Osaka, Japan) every 12 h for 2 d, and 
received oral lansoprazole (30 mg/d) for 5 d. On post-
operative day 7, the patients were randomly assigned to 2 
groups and received either lansoprazole at a dose of  30 
mg/d orally (PPI group; n = 45), or rebamipide (Mucosta; 
Otsuka Pharmaceutical Co., Tokyo, Japan) at a dose of  
300 mg orally, 3 times a day (n = 45) for 8 wk. The pri-
mary endpoint was endoscopically documented ulcer 
healing; complete healing was defined as regression to 
the S-stage on the Sakita and Miwa scale[23]. Moreover, we 
evaluated the healing rates of  atrophic gastritis based on 
the Kimura and Takemoto classification[24], in the pres-
ence or absence of  Helicobacter pylori (H. pylori) infection. 
We also compared the response of  ulcers in relation to 
their locations in the stomach (lower, middle, or upper).

The secondary endpoint was the ulcer reduction ratio, 
which was compared according to the ulcer location. For 
calculation of  the ratio, we determined the maximum 
diameters of  the ulcers and the diameters perpendicular 
to the maximum diameters, which were measured using 
a bendable endoscopic measuring device (M2-3; Olym-
pus Corp., Tokyo, Japan). Moreover, we determined the 
ulcer size (maximal diameter × diameter perpendicular 
to the maximal diameter). At 4 and 8 wk after ESD, the 
healing and reduction rates for the ulcers were compared 
between the 2 groups. In addition, at 8 wk after ESD, we 
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evaluated the scar status of  the ESD-induced ulcers ac-
cording to the Quality of  Ulcer Healing (QOUH).

Statistical analysis
Patient baseline characteristics and ulcer reduction ratios 

were compared using Pearson’s χ 2 test or Student’s t-test. 
Pearson’s χ 2 test was also used to compare the healing 
rates of  the ESD-induced ulcers and for the evaluation 
of  the scar status of  the ESD-induced ulcers according to 
the QOUH. Statistical significance was defined as P < 0.05.

RESULTS
Table 1 shows the patient characteristics of  the 2 treat-
ment groups. No significant differences were noted be-
tween the groups with regard to age; gender; tumor loca-
tion; tumor size; histologic classification; ESD-induced 
ulcer size; glandular atrophy; history of  disease; and the 
rates of  H. pylori infection, smoking, drinking alcohol, or 
the presence of  complicated disease or intestinal meta-
plasia. One patient was excluded from the PPI group 
because histologic examination of  the resected specimen 
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POD                       0    1    2        7                                                                                  56/d
2
8

PPI: Lansoprazole 30 mg/d

Rebamipide 300 mg/d
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PPI
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Endscopy

Figure 1  Study design. After ESD, all patients were administered an intravenous infusion of lansoprazole (20 mg; Takepron; Takeda Pharmaceutical, Osaka, Japan) 
every 12 h for 2 d, and received oral lansoprazole (30 mg/d) for 5 d. On postoperative day 7, the patients were randomly assigned to 2 groups and received either 
lansoprazole at a dose of 30 mg/d orally (PPI group; n = 45), or rebamipide (Mucosta; Otsuka Pharmaceutical Co., Tokyo, Japan) at a dose of 300 mg orally, 3 times a 
day (n = 45) for 8 wk. ESD: Endoscopic submucosal dissection; PPIs: Proton-pump inhibitors; div.: Drip intravenous infusion; POD: Postoperative days. 

Table 1  Patient characteristics

Lansoprazole group 
(n  = 45)

Rebamipide group 
(n  = 45)

P -value

Age (yr)
(mean ± SD, median)

70 ± 7.8, 72 67 ± 8.0, 67   0.0930

Gender (M/F) 36/9 31/14   0.2269
H. pylori-infection  86.7% 84.4%   0.7643
Smoker 31.1% 33.3%   0.8215
Drinking alcohol 46.7% 42.2%   0.6714
History of disease 46.7% 31.1%   0.1301
Complicated disease 71.1% 71.1%   1.0000
Location of tumors   0.1620
   Low 23 16
   Middle 17 26
   Upper   5   3
Tumor size   0.4986
   > 20 (mm) 13 16
   ≤ 20 (mm) 32 29
Histologic classification   0.6939
   Tub1 41 42
   Tub2   4   3
Dissected size 
(mean ± SD, mm)

30.5 ± 7.8 30.6 ± 6.4   0.9413

Dissected area 
(mean ± SD, mm2)

     687.9 ± 393.1.7   712.3 ± 298.6   0.7417

Glandular atrophy   0.3167
   C-1   0   0
   C-2   3   2
   C-3 11 14
   O-1 19 13
   O-2 12 13
   O-3   0   3
CandO   0.6547
   C 14 16
   O 31 29
Intestinal metaplasia 71.1% 68.9%   0.8181

Figure 2  Flow chart of study participants. ESD: Endoscopic submucosal 
dissection. 
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H. pylori: Helicobacter pylori; M/F: Male/female. 
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respectively) and in the PPI group (97.2% and 99.9%, re-
spectively) (Figure 4). These ratios were not influenced by 
the locations of  the ulcers in the stomach (low, middle, 
and upper). 

Quality of ulcer healing and adverse events
Six patients in the PPI group developed unusual gastric 
lesions, which comprised an overgrowth of  granulation 
tissue at the ulcer site. At 8 wk, the proportion of  pa-
tients who developed a flat scar in the rebamipide group 
(100%) was found to be significantly higher than that in 
the PPI group (86.3%; P = 0.0103) (Figure 5). No ulcer 
bleeding or complications related to the drugs used after 
ESD were observed in any of  the study subjects.

DISCUSSION
Some authors have reported that the combination 
therapy involving PPI and rebamipide is superior to PPI 
monotherapy in the healing of  ESD-induced ulcers[2-5]; 
however, to our knowledge, no reports on the efficacy 
of  rebamipide for the treatment of  ESD-induced ulcers 

indicated deep submucosal invasion (depth ≥ 500 μm; 
SM2 invasion). Hence, 44 patients in the PPI group and 
45 in the rebamipide group constituted the final study 
cohort (Figure 2). 

Ulcer responses
The rates of  ulcer healing (regression to S-stage) were 
not significantly different between the PPI group (27.2%) 
and the rebamipide group (33.3%) at 4 wk (P = 0.5341) 
or at 8 wk (90.9% for the PPI group and 93.3% for the 
rebamipide group; P = 0.6710) (Figure 3A). Moreover, at 
4 and 8 wk, the healing rates were not significantly differ-
ent between the treatment groups with regard to ulcer lo-
cation (low, middle, or upper stomach; Figure 3B) or with 
regard to the presence of  absence of  H. pylori infection 
(Figure 3C). In addition, at 4 and 8 wk, the healing rates 
of  atrophic gastritis (closed or open type) were similar in 
the 2 treatment groups (Figure 3D).

Reduction ratios of ESD-induced ulcers
The reduction ratios of  ESD-induced ulcers were similar 
at 4 and 8 wk in the rebamipide group (98.0% and 99.9%, 
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PPI (n  = 44)

RM (n  = 45)

Figure 3  Rates of healing in both groups. A: The rates of healing to S stage in both groups; B: The rates of healing to S stage in both groups according to resected 
location. L: Low stomach, M: Middle stomach; U: Upper stomach. C: The rates of healing to S stage in both groups. 1Helicobacter pylori (H. pylori) positive 2H. pylori 
negative. D: The rates of healing to S stage in both groups in atrophic gastritis. 3Closed type; 4Open type. RM: Rebamipide.
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have been published. In this prospective randomized, 
parallel-controlled study, we demonstrated that rebamip-
ide monotherapy was as effective as PPI in the healing 
of  ESD-induced ulcers, regardless of  the location of  the 
resected cancer, the degree of  atrophic gastritis, or the 
presence of  H. pylori infection.

Although the response of  post-ESD ulcers to PPIs 
and rebamipide may be similar, the mechanisms of  ac-
tion of  these drugs are different. PPIs decrease gastric 
acid production, whereas rebamipide stimulates the 
production of  prostaglandins[19], epidermal growth fac-
tor[12,20], and nitric oxide[21], and decreases the level of  
oxygen-free radicals[22]. These mucosal protective actions 
of  rebamipide appear to promote ulcer healing. Fujiwara 
et al[3] showed that 8 wk of  PPI and rebamipide treat-
ment was particularly effective for patients with severe 
atrophic gastritis, classified as O-3. Severe atrophic gas-
tritis may result in the formation of  a low-acid environ-
ment in the stomach; therefore, acid-suppressive agents 
such as PPI alone may have a limited effect. However, 
rebamipide can be effective in this environment because 
of  its different mechanism of  action. We believe that 
this is a contributing factor to the similar efficacies ob-

served between PPIs and rebamipide regardless of  the 
degree of  atrophic gastritis.

Previous studies have reported that various mecha-
nisms are involved in the effects of  rebamipide on H. 
pylori-positive atrophic gastritis; these include prevention 
of  adhesion of  the bacteria to gastric epithelial cells, and 
inhibition of  H. pylori-induced secretion of  prostaglan-
din E2 from neutrophils and interleukin-8 expression in 
gastric epithelial cells[25-28]. Terano et al[15] indicated that 
the treatment of  gastric ulcers with rebamipide promotes 
ulcer healing regardless of  the success or failure of  H. 
pylori eradication therapy, and Higuchi et al showed that 
rebamipide prevents the recurrence of  gastric ulcers 
without affecting the H. pylori infection status[10]. In the 
present study, PPI and rebamipide appeared to aid in ul-
cer healing without affecting the H. pylori infection status.

Moreover, we noted that the proportion of  patients 
who developed a flat scar at the ulcer site was significant-
ly higher in the rebamipide group than in the PPI group. 
Thus, rebamipide appears to be more effective than PPIs 
in improving the QOUH. In animal studies, rebamipide 
was found to improve the QOUH by increasing the level 
of  prostaglandin E2 and decreasing the levels of  malo-
ndialdehyde and interleukin-8 in the gastric mucosa[16]. 
In the present study, the unusual elevated gastric lesions 
that were observed following ulcer healing could not be 
easily characterized as benign granulation tissue or a ma-
lignant recurrence without performing a biopsy (Figure 
6). Therefore, we believe that improvement in QOUH is 
essential for preventing the occurrence of  mucosal pro-
trusion due to the growth of  granulation tissue.

The most frequent complication that occurs after en-
doscopic therapy is bleeding, and the rate of  intraopera-
tive bleeding is significantly higher with ESD than with 
EMR. Jeong et al[17] reported that PPIs may be more effec-
tive than histamine H2 inhibitors in preventing bleeding 
after ESD by promoting a more rapid healing of  these 
large iatrogenic ulcers[17]. Moreover, Uedo et al[18] indicated 
that therapy with PPI was more effective than treatment 
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Figure 4  Reduction ratio of the endoscopic submucosal dissection-
induced ulcers in both groups. PPI: Proton-pump inhibitor; RM: Rebamipide.
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Figure 5  Proportion of patients who developed a flat scar after ulcer heal-
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Figure 6  At 8 wk, granulation lesions following ulcer healing in the pro-
ton-pump inhibitors treated group. 

Takayama M et al . Treatment with rebamipide for ESD-induced ulcers

— 350 —



5711 September 14, 2013|Volume 19|Issue 34|WJG|www.wjgnet.com

with histamine H2 inhibitors in preventing delayed bleed-
ing from ulcers induced by ESD. However, in the present 
study, no post-ESD bleeding or complications related to 
the drugs used were noted in the patients receiving re-
bamipide or PPI treatment; moreover, the ratio of  ulcer 
reduction was at least 90% in both groups at 8 wk after 
initiation of  therapy. Thus, our findings indicated that the 
rate of  intraoperative bleeding was not significantly dif-
ferent between both the groups.

In addition, in the present study, we found that treat-
ment with rebamipide was more cost-effective than treat-
ment with the PPI lansoprazole. The cost of  the 56-d 
treatment course was 4889 yen for rebamipide and 10945 
yen for lansoprazole, which is a difference of  44.7%. This 
high difference in cost may be a factor in determining 
which medication to prescribe in the treatment of  ESD-
induced ulcers. 

In conclusion, rebamipide monotherapy was equiva-
lent to treatment with a PPI (lansoprazole) in the healing 
of  ulcers induced by ESD for early gastric cancer. The 
similarity in the treatment efficacy was observed irrespec-
tive of  the presence of  H. pylori infection, the severity 
of  atrophic gastritis, or the locations of  the ulcers in the 
stomach. However, rebamipide therapy also resulted in 
a more favorable QOUH compared with that obtained 
by PPI treatment. Moreover, the treatment involving 
rebamipide was more cost-effective compared to the 
treatment with the PPI lansoprazole for the treatment of  
ESD-induced ulcers. 
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sented by the single nucleotide polymorphism (SNP) of 
the IL28B gene and viral genetic variations within the 
NS5A on the outcome of   pegylated IFN and RBV treat-
ment. They concluded that the NS5A sequence heteroge-
neity and IL28B SNP are useful factors to predict the sen-
sitivity to pegylated IFN plus RBV therapy in HCV-2a 
and HCV-2b infections.

  Sugimoto et al.  [5]  reported that double-filtration plas-
mapheresis plus IFN treatment in nonresponders to peg-
ylated IFN plus RBV combination therapy in patients 
with a high viral load of hepatitis C genotype 1b achieved 
SVR in 15% (10/40) of patients, which represents a rela-
tively good result. The significant factors associated with 
SVR were interleukin-28B major type and a rapid viro-
logical response at week 4.

  Sakurai et al.  [6]  reported that hypothermia has a di-
rect protective effect on hepatocytes in a mouse model of 
fulminant hepatitis that is realized through reducing the 
production of reactive oxygen species. This finding may 
lead to the development of novel therapeutic methods for 
fulminant hepatitis in humans.

  Nishida and Kudo  [7]  described the role of oxidative 
stress and epigenetic instability in hepatocarcinogenesis. 
They induced epigenetic instability via two types of DNA 
alterations: hypermethylation of the promoter of tumor 
suppressor genes (TSGs) and hypomethylation of non-
promoter CpG sites, such as repetitive elements and satel-
lite DNA. The former causes transcriptional inactivation 
of TSGs, while the latter induces chromosomal instability 
and abnormal activation of oncogenes as well as mobile 

 The 10th Korea-Japan Liver Symposium was held on 
July 7–8, 2013, in Busan, Korea, in conjunction with the 
4th Asia Pacific Primary Liver Cancer Expert Meeting on 
July 5–7, 2013.

  Nishida et al.  [1]  reported 4 cases of Budd-Chiari syn-
drome with complete or incomplete obstruction of the 
inferior vena cava and hepatic vein. Within 1 month of 
performing balloon angioplasty, improved liver function 
was evident. They therefore concluded that it is crucial to 
manage this rare disease before it progresses to liver cir-
rhosis.

  Yada et al.  [2]  reviewed the characteristic features of 
IgG4-related disease and discussed its association with 
autoimmune hepatitis. They concluded that some pa-
tients with autoimmune hepatitis present symptoms of 
IgG4-related disease and respond effectively to steroid 
treatment.

  Sugimoto et al.  [3]  reported that the interferon (IFN) 
and ribavirin (RBV) resistance-determining region with 
6 or more mutations correlated with IFN-λ1 and was the 
only significant predictor of a sustained virological re-
sponse (SVR) in patients with a high viral load of hepa-
titis C genotype 1b. High serum levels of IFN-λ1 may 
therefore be conducive to pegylated IFN and RBV com-
bination therapy via effects on the immunomodulatory 
system.

  Kim et al.  [4]  investigated the predictive factor of re-
sponse to pegylated IFN plus RBV combination therapy 
for chronic hepatitis C genotype 2a and 2b with high viral 
load. They investigated the impact of host genetics repre-

 Masatoshi Kudo, MD 
 Department of Gastroenterology and Hepatology, Kinki University School of Medicine 
 337-2 Ohno-Higashi 
 Osakasayama, Osaka 589-8511 (Japan) 
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genetic elements. These mechanisms act in concert and 
induce epigenetic instability, leading to hepatocellular 
carcinoma (HCC).

  Kim et al.  [8]  reported that activation-induced cyti-
dine deaminase is a nucleotide-editing enzyme and that 
its aberrant expression induced by the inflammatory re-
sponse contributes to hepatocarcinogenesis via the accu-
mulation of genetic alterations in various tumor-related 
genes.

  Nishida et al.  [9]  reported that oxidative stress alters 
chromatin status, which leads to abnormal methylation 
of TSGs and contributes to hepatocarcinogenesis in 
chronic hepatitis C patients.

  Tsuji et al.  [10]  reported that CD34 expression in the 
capillaries and sinusoids of noncancerous hepatic tissue 
is a risk factor for multicentric recurrence of HCC after 
surgical resection. They concluded that histologic assess-
ment of hepatic tissue with CD34 immunohistochemistry 
might be useful for the prognostic evaluation of HCC pa-
tients after surgery.

  Inoue et al.  [11]  reported previous treatment for HCC 
and hyperintensity on T2-weighted magnetic resonance 
(MR) images as risk factors for the hypervascular trans-
formation of hypovascular nodules that show hypointen-
sity in the hepatobiliary phase image of Gd-EOB-DTPA-
enhanced MR imaging. Accordingly, these nodules re-
quire careful and extensive follow-up, even though they 
are hypovascular.

  Minami et al.  [12]  examined whether ablation of the 
needle tract can prevent bleeding after percutaneous ra-

diofrequency ablation (RFA) for malignant tumors. They 
found that ablation of the needle tract seems to have no 
effect on preventing iatrogenic hemorrhage after RFA.

  Makino et al.  [13]  reported the development of a nov-
el variation of the extracted-overlay function in comput-
ed tomography (CT)/MR-ultrasonography (US) fusion 
imaging for RFA, in which only the tumor extracted from 
CT/MR images with a virtual ablative margin of arbitrary 
thickness is overlaid on US images. They found this func-
tion extremely useful for treatment planning and guid-
ance for RFA as it allows the extracted tumor with an ab-
lative safety margin to be visualized on US images, even 
during and after ablation.

  Kudo et al.  [14]  performed a multicenter retrospective 
study to clarify the survival benefits of nontransplant 
treatments for patients with HCC with associated Child-
Pugh C cirrhosis. They found that nontransplant treat-
ments such as transarterial chemoembolization  [15] , he-
patic arterial infusion chemotherapy  [16] , percutaneous 
ethanol injection therapy  [17]  and RFA  [18]  are inde-
pendent prognostic factors in these HCC patients. They 
recommended that medical treatment be considered for 
these patients, especially those with low Child-Pugh 
scores. They state that this fact confirms the validity of the 
recommendation by consensus-based treatment algo-
rithm proposed by the Japan Society of Hepatology  [19] .

  The symposium was highly successful and I firmly be-
lieve the findings presented will benefit the entire reader-
ship of  Digestive Diseases , especially readers who are in-
terested in chronic liver diseases and HCC.
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 Introduction 

 Budd-Chiari syndrome (BCS) is characterized by the 
incomplete or complete obstruction of hepatic venous 
outflow, leading to liver damage caused by congestion 
and portal hypertension  [1, 2] . BCS includes several con-
ditions that lead to hepatic outflow obstruction from a 
hepatic vein (HV) branch to the junction of the inferior 
vena cava (IVC) and right atrium  [3] . Thus far, several 
reports have described the clinical cause, imaging and 
pathological findings of BCS  [4] . IVC obstruction with or 
without HV involvement is predominant in Asia; on the 
contrary, pure HV obstruction is reported more often in 
Western countries  [1] . It is possible that the clinical man-
ifestation differs between patients with HV branch ob-
struction and those with IVC obstruction. The degree of 
obstruction, such as a complete or partial obstruction of 
the HV outflow tract, may also affect the symptoms and 
clinical course of BCS  [5] . We encountered 4 cases of 
BCS: 2 patients had HV obstruction and 2 patients had 

 Key Words 
 Budd-Chiari syndrome · Liver cirrhosis · Liver congestion · 
Regenerative nodule · Collateral vessels  

 Abstract 
 Budd-Chiari syndrome (BCS) is a rare condition characterized 
by hepatic venous outflow obstruction. In this report, we 
present 4 cases of BCS with complete and incomplete ob-
struction of the inferior vena cava (IVC) and hepatic vein (HV). 
Each case showed different and unique features of liver dam-
age, which were attributed to the site and degree of obstruc-
tion. Interestingly, improved liver functions such as in-
creased serum albumin levels, decreased hyaluronic acid 
levels and a normal indocyanine green clearance test were 
evident within 1 month of the balloon angioplasty. Pericel-
lular fibrosis and hypervascular regenerative nodules were 
also reversible after obstruction removal. Therefore, it is very 
important to manage this rare disease before it progresses 
to liver cirrhosis.  © 2013 S. Karger AG, Basel 
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IVC obstruction. Interestingly, their clinical presenta-
tions varied from an asymptomatic condition to acute 
liver failure. In this report, we summarize the clinical 
courses and manifestations of these 4 cases of BCS and 
compare the unique radiological and histological find-
ings, which were attributed to the degree and site of ob-
struction. 

  Our institution did not require institution approval or 
informed consent for review of patient records and im-
ages in the case report. We explained the research content 
and gave patients the right to refuse inclusion in our 
study.

  Case 1: Partial IVC Obstruction  

 A 53-year-old woman had a 1-year history of leg ede-
ma, body weight gain and dyspnea. She was diagnosed 
with liver cirrhosis by liver biopsy at the first hospital she 
visited, and was prescribed diuretics after she gained 4 kg 
of body weight. The initial laboratory findings at our hos-
pital were as follows: white blood cell count (WBC) 5,400/
μl (3,500–9,800/μl); hemoglobin (Hb) 16.1 g/dl (11.3–
15.5 g/dl for women); platelet count (PLT) 146,000/μl 

(155,000–365,000/μl); albumin 3.3 g/dl (3.9–4.9 g/dl); to-
tal bilirubin 0.8 mg/dl (0.3–1.3 mg/dl); alkaline phospha-
tase (ALP) 182 IU/l (115–359 IU/l); aspartate amino-
transferase (AST) 30 IU/l (10–40 IU/l); alanine amino-
transferase (ALT) 25 IU/l ( ≤ 35 IU/l); prothrombin time 
(PT; activity percentage) 80% ( ≥ 82%); activated partial 
thromboplastin time (aPTT) 30.8 s (25.5–36.1 s); hepati-
tis B surface antigen (HBsAg) negative; hepatitis C anti-
body (HCVAb) negative; antinuclear antibody (ANA) 
negative; antimitochondrial antibody (AMA) negative; 
anti-liver kidney microsomal antibodies negative; hyal-
uronic acid 69 ng/ml ( ≤ 50.0 ng/ml); type III procollagen-
N-peptide 0.7 U/ml ( ≤ 1.0 U/ml); type IV collagen 7S do-
main 7.7 ng/ml ( ≤ 5.0 ng/ml); indocyanine green clear-
ance test (retention at 15 min; ICG R15) 13.9% ( ≤ 10%). 
Serum protein C and protein S levels were normal, and 
lupus anticoagulant and anticardiolipin antibodies 
(ACA) were negative. Contrast-enhanced computed to-
mography (CE-CT) performed at our hospital revealed 
atrophy of the right lobe of the liver with enlargement of 
the caudate lobe ( fig. 1 a). Collaterals and dilation of the 
vertebral venous plexus and azygos vein were observed 
( fig. 1 b). Catheter venography revealed incomplete IVC 
obstruction at the diaphragm level ( fig. 1 c). Needle liver 

a

b

c

d

e

f

  Fig. 1.  Radiological and histological findings of BCS with incom-
plete IVC obstruction (case 1).  a  CE-CT (delayed phase) before the 
balloon angioplasty; caudate lobe enlargement was observed (ar-
row).  b  The white arrow indicates the dilation of the azygos vein. 
 c  The catheter venography of the IVC showed incomplete mem-
branous obstruction of the IVC at the diaphragm level (white ar-

row).  d  HE staining of the liver needle biopsy; stasis of the hepatic 
sinusoid surrounding the central vein and bridging fibrosis were 
observed.  e ,  f  CE-CT (delayed phase) 4 months after the balloon 
angioplasty; the patchy enhancement of the liver parenchyma and 
azygos vein dilation were improved (white arrow). 
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biopsy was performed and histology showed dilation and 
stasis of the hepatic sinusoid with bridging fibrosis 
( fig. 1 d). Four months after occlusion removal by balloon 
angioplasty the liver function test was improved with im-
provement of the patchy enhancement of the liver paren-
chyma ( fig. 1 e) and regression of collaterals ( fig. 1 f). Se-
rum hyaluronic acid levels had dropped to 27 ng/ml 1 
month after the balloon angioplasty. However, liver atro-
phy was still observed ( fig. 1 e) and ICG R15 was still in-
creased (20%).

  Case 2: Complete IVC Obstruction  

 A 48-year-old woman visited a private clinic because 
of lower leg myalgia. She had a 3-year history of leg ede-
ma and abdominal fullness. When she visited the hospi-
tal, liver damage was confirmed with biochemical blood 
examination. Ascites and esophageal varices were also 
detected and diuretics were prescribed. Leg edema and 
ascites improved after the administration of diuretics. 
Laboratory findings were as follows: WBC 5,600/μl; Hb 
14.2 g/dl; PLT 169,000/μl; albumin 3.6 g/dl; total biliru-
bin 2.9 mg/dl; ALP 698 IU/l; AST 40 IU/l; ALT 41 IU/l; 

PT activity percentage 77%; aPTT 32.6 s; HBsAg nega-
tive; HCVAb negative; ANA negative; AMA negative; 
hyaluronic acid 37 ng/ml; type IV collagen 7S domain 
11.4 ng/ml; ICG R15 25.0%. Protein C and protein S lev-
els were normal. Lupus anticoagulant and ACA were 
negative. The initial CE-CT revealed patchy enhance-
ment of the liver ( fig. 2 a). However, the liver surface was 
smooth compared to that of case 1, suggesting that the 
morphological change caused by liver fibrosis was not 
severe ( fig. 2 a). Catheter venography showed complete 
IVC obstruction caused by a membranous web at the 
diaphragm level accompanied by collateral vessels such 
as dilated azygos and hemiazygos veins and vertebral ve-
nous plexus ( fig. 2 b). Liver biopsy revealed dilation and 
congestion of the sinusoid around the central vein 
( fig. 2 c). Extravasation of red blood cells into the liver 
cell plate and necrosis with congestion of the liver paren-
chyma were observed ( fig. 2 d). On the other hand, he-
patic fibrosis was mild without badging fibrosis ( fig. 2 e). 
One month after balloon angioplasty, the patchy en-
hancement of the liver was improved ( fig. 2 f). Hyaluron-
ic acid and ICG R15 serum concentrations were im-
proved 1 month after the angioplasty (16 ng/ml and 14%, 
respectively). 

a

b

c

d

e

f

  Fig. 2.  Radiological and histological findings of BCS with complete 
IVC obstruction (case 2).  a  CE-CT (delayed phase) before the bal-
loon angioplasty.  b  The catheter venography of the IVC showed 
complete membranous obstruction of the IVC (white arrow) with 
dilation of collateral vessels.  c  HE staining of the liver needle bi-

opsy; dilation of the sinusoid and congestion around the central 
vein were detected.  d  Extravasation of red blood cells and necrosis. 
 e  Azan staining of the liver biopsy sample; fibrosis of the liver was 
mild.  f  CE-CT (delayed phase) 1 month after the balloon angio-
plasty.  
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  Case 3: Complete IVC and HV Obstruction  

 A 22-year-old man presented to the hospital with a 
2-week history of fever and dry cough. No abnormal finding 
was detected on chest radiographs and he was prescribed an 
antipyretic. The cough worsened and he also experienced 
nausea and abdominal discomfort. Mild proteinuria was 
detected by urine tests. Blood chemical tests at the time of 
admission showed liver damage as follows: WBC 5,300/μl; 
Hb 13.0 g/dl; PLT 163,000/μl; albumin 2.7 g/dl; total biliru-
bin 3.5 mg/dl; ALP 578 IU/l; AST 58 IU/l; ALT 83 IU/l; PT 
activity percentage 40.6%; hepaplastin test 41.1%; HBsAg 
negative; HCVAb negative; ANA negative; AMA negative; 
ICG R15 95.0%. IgM antibody against mycoplasma was 
positive. Protein C and protein S levels did not decrease. 
Lupus anticoagulant, ACA and anti-neutrophil cytoplas-
mic antibodies were negative. The patient’s fever improved 
after hospital admission. However, abdominal discomfort, 
pain and fullness worsened with persistent nausea. CE-CT 
revealed ascites and dilation of the azygos and hemiazygos 
veins ( fig. 3 a). A massive thrombus was present in the IVC 

extending from the level of the diaphragm to above the right 
renal vein, and involved the HV branches ( fig. 3 b), which 
reached the second lumbar level ( fig. 3 c, d). The IVC was 
completely occluded without any HV enhancement, sug-
gesting the complete obstruction of all HV branches 
( fig. 3 b–d). There was no radiological evidence of mass le-
sions or thromboemboli in the chest, abdomen or pelvis. 
Gastroduodenal endoscopy showed formation of esopha-
geal varices, suggesting that partial obstruction of the IVC 
might be present before the onset of the symptom. During 
the clinical course, ascites and pleural effusion increased 
and liver function deteriorated. The patient was diagnosed 
with subacute BCS caused by thrombus. He was transferred 
to the specialized institution for liver transplantation. 

  Case 4: Partial HV Obstruction  

 A 53-year-old man presented to the hospital with a 
3-year history of persistent leg edema and abdominal full-
ness with thrombocytopenia and hemorrhoids. Ascites 

a b

c d

  Fig. 3.  Radiological findings of BCS with 
complete IVC and HV obstruction (case 3). 
 a  CE-CT (portal phase) before the balloon 
angioplasty; the white arrows indicate dila-
tion of the azygos and hemiazygos veins. 
IVC obstruction caused by thrombus was 
detected on axial ( b ), coronal ( c ) and sagit-
tal views ( d ). The white arrows indicate 
thrombi in the IVC.     
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was detected and diuretics were prescribed. He was re-
ferred to our hospital. Laboratory findings were as fol-
lows: WBC 6,600/μl; Hb 16.2 g/dl; PLT 149,000/μl; albu-
min 3.1 g/dl; total bilirubin 1.1 mg/dl; ALP 436 IUL; AST 
44 IU/l; ALT 15 IU/l; PT activity percentage 116%; aPTT 
27.8 s; HBsAg negative; HCVAb negative; ANA was pos-
itive at 1:80 dilution; AMA negative; hyaluronic acid 127 
ng/ml; type IV collagen 7S domain 6.3 ng/ml; ICG R15 
38.0%. Protein C and protein S levels were normal, and 
lupus anticoagulant and ACA were negative. CE-CT 
findings indicated heterogeneous enhancement of the liv-
er parenchyma with intrahepatic venovenous collaterals 
from the middle to right HV ( fig. 4 a). CT angiography 
also revealed heterogeneous enhancement ( fig. 4 b), indi-
cating the presence of reversed portal venous blood flow 
that should result from the increased postsinusoidal pres-

sure produced by HV obstruction. Color Doppler sonog-
raphy revealed complete obstruction of the left and mid-
dle HV. Incomplete obstruction of the right HV caused by 
a web was also detected by the sonography, portography 
and right hepatic venography ( fig. 4 c). The liver biopsy 
showed sinusoid dilation and marked pericellular fibrosis 
around the central vein ( fig. 4 d). After the balloon angio-
plasty and stent placement in the right HV, heterogeneous 
enhancement with the hypoattenuating portion of the liv-
er parenchyma improved to homogeneous enhancement 
( fig.  4 e). Histological findings of sinusoid dilation and 
pericellular fibrosis were also markedly improved ( fig. 4 f). 
The size and enhancement of the hypervascular regenera-
tive nodule detected in the posterior segment by the initial 
CT gradually decreased during the 30 months after the 
angioplasty ( fig. 4 g). The detailed findings of this hyper-

a

b

c

d

e

f

g
Before 4 months after 17 months after 30 months after

  Fig. 4.  Radiological findings of BCS with incomplete HV obstruc-
tion (case 4).  a  CE-CT (portal phase) before the balloon angio-
plasty; the arrow indicates intrahepatic venovenous collaterals 
from the middle to right HV.  b  CT angiography showed heteroge-
neous enhancement of the liver.  c  The composition of the right 
hepatic venography and the catheter venography of IVC; the white 
arrow shows the membranous web of the right HV.  d  Masson’s 
trichrome staining of the liver biopsy sample before the angioplas-

ty; sinusoid dilation and marked pericellular fibrosis were ob-
served around the central vein.  e  CE-CT (delayed phase) 1 month 
after the balloon angioplasty; liver enhancement was homoge-
neous compared to the CT findings before the angioplasty ( a ).
 f  Azan staining of the liver biopsy 1 month after the angioplasty; 
sinusoid dilation and pericellular fibrosis were markedly im-
proved.  g  Decreased enhancement of the hypervascular regenera-
tive nodule was shown 4, 17 and 30 months after the angioplasty. 
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vascular nodule before treatment were previously report-
ed  [6] . Hyaluronic acid and ICG R15 serum concentra-
tions were markedly improved 1 month after the angio-
plasty (36 ng/ml and 22.0%, respectively) with increased 
serum albumin concentration (3.9 g/dl). 

  Discussion 

 The clinical symptoms and radiological and histologi-
cal findings of the 4 cases are summarized in  table 1 . Case 
1 represented an IVC obstruction. Venography showed 
incomplete obstruction along with azygos vein dilation. 
Therefore, it is possible that gradual but mild progression 
of liver congestion caused a chronic type of BCS, which 
led to altered morphology with liver cirrhosis  [3] . In this 
case, liver cirrhosis did not improve after obstruction re-
moval by balloon angioplasty, although the extrahepatic 
collateral vessel showed regression. On the other hand, 
the patient in case 2 showed complete IVC obstruction by 

web formation and elevated bilirubin concentration. The 
histology of case 2 showed milder fibrosis but more severe 
sinusoid stasis and necrosis with hemorrhage in the liver 
parenchyma. Therefore, complete IVC obstruction in-
duced an earlier onset of symptomatic BCS without the 
finding of liver cirrhosis compared to case 1. The CE-CT 
finding of liver congestion disappeared and hyaluronic 
acid and ICG R15 serum concentrations improved after 
the angioplasty. Case 3 was regarded as an acute to sub-
acute type of BCS because of the wide range of thrombo-
sis in the IVC and HV  [7] . Although progression of col-
lateral veins such as dilated azygos and hemiazygos veins 
and the subcutaneous vein of the abdominal wall was ob-
served, the large thrombus in the IVC and HV should 
have led to rapid progression of clinical symptoms with 
liver failure, which was a characteristic feature of this 
case, although we could not perform liver biopsy because 
of the deteriorated liver function. The patient in case 4 
showed HV branch obstruction. Unique findings of CE-
CT in this case were an intrahepatic venovenous shunt 

Table 1.  Comparisons of the clinical features of the 4 cases

Case 1 Case 2 Case 3 Case 4
IVC IVC IVC and HV HV
incomplete complete complete incomplete

Initial symptom Leg edema, body weight 
gain, dyspnea

Leg edema, body weight 
gain

Nausea, abdominal 
discomfort and fullness

Leg edema, abdominal 
fullness

Site of obstruction
and radiological
findings of the liver

Congestion and atrophy 
of the liver with 
enlargement of the 
caudate lobe, obstruction 
of the IVC by a web

Patchy enhancement of 
the liver, obstruction of 
the IVC by a web

Swelling of the intestinal 
wall, thrombus in the 
IVC and HV 

Heterogeneous 
enhancement, 
obstruction of the HV 
by a web, hypervascular 
nodule

Collateral vessels Dilation of the azygos 
and hemiazygos veins

Dilation of the vertebral 
venous plexus, azygos 
and hemiazygos veins

Dilation of the azygos 
and hemiazygos veins

Intrahepatic venovenous  
shunt

Histological
findings

Congestion of the 
sinusoid and bridging 
fibrosis

Congestion of the 
sinusoid and necrosis 
with extravasation of red 
blood cells, mild fibrosis

N/A Congestion and dilation 
of the sinusoid, 
pericellular fibrosis in 
the central portion 

Therapy Balloon angioplasty Balloon angioplasty Liver transplantation Balloon angioplasty 
and stent placement

Outcome Improvement of 
congestion, presence 
of morphological 
change of the liver

Improvement of 
congestion without 
major morphological 
change 

N/A Improvement of 
congestion and 
pericellular fibrosis, 
regression of the 
hypervascular nodule

 N/A = Not available.
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through the collaterals, which bypassed the obstructed 
branch, and characteristic patchy enhancement of the liv-
er parenchyma in the obstructed segment  [4] . However, 
progression of extrahepatic collaterals was minimal com-
pared to that in the IVC obstruction type. Interestingly, 
pericellular fibrosis in the central lesion of the lobules 
(zone 3) could be reversed accompanied by improved hy-
aluronic acid and ICG R15 serum concentrations at 1 
month after obstruction removal. As hyaluronic acid deg-
radation mainly takes place in the sinusoidal endothelial 
cells  [8] , it could be reasonable to speculate that the rapid 
decrease in serum hyaluronic acid levels reflected the 
functional recovery of the endothelial cells that were 
damaged by liver congestion. 

  We presented 4 cases of BCS in this report, each of 
which showed a unique clinical course with unique radio-
logical and histological findings. Although incomplete 

and partial obstruction of the IVC and HV branch might 
be asymptomatic and easily overlooked  [2] , obstruction 
removal before the establishment of liver cirrhosis is im-
portant to reverse liver function and liver fibrosis pro-
gression  [9] .
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gree of IgG4-positive plasma cell infiltration in the liver was 
different in each article. The serum IgG4 level was not elevat-
ed in one study, whereas it was severely elevated in the oth-
er. Corticosteroid therapy normalized liver enzymes in both 
studies. Further studies are needed to define the epidemio-
logical features or diagnostic criteria.  © 2013 S. Karger AG, Basel 

 Introduction 

 The serological features of autoimmune hepatitis 
(AIH) are the presence of antinuclear antibody (ANA), 
anti-smooth muscle antibody (SMA) and anti-type 1 liv-
er-kidney microsomal antibody (anti-LKM-1), and ele-
vated levels of serum immunoglobulin G (IgG) and he-
patic enzymes. Characteristic findings in the liver include 
interface hepatitis, infiltration of lymphocytes and plas-
ma cells, and rosette formation. AIH is treated with ste-
roids and immunosuppressive drugs.

  Autoimmune pancreatitis (AIP), a pancreatic disease 
caused by an autoimmune mechanism, is associated with 
elevated levels of serum IgG4 and the infiltration of IgG4-
positive cells into the pancreatic parenchyma, and it is oc-
casionally accompanied by nonpancreatic features. AIP is 
known to be accompanied by multiple organ failure, and 

 Key Words 
 Autoimmune hepatitis · Autoimmune pancreatitis · 
Immunoglobulin G4 

 Abstract 
 Autoimmune hepatitis (AIH) is a disease that is characterized 
by the presence of autoantibodies and elevated levels of se-
rum immunoglobulin G (IgG) and hepatic enzymes. Its char-
acteristic findings in the liver include interface hepatitis, in-
filtration of lymphocytes and plasma cells, and rosette for-
mation, and is treated with immunosuppressive drugs. 
Autoimmune pancreatitis, a pancreatic disease caused by an 
autoimmune mechanism, is associated with elevated levels 
of serum IgG4 and the infiltration of IgG4-positive cells into 
the pancreatic parenchyma, and it is occasionally accompa-
nied by systemic features. This systemic inflammatory dis-
ease characterized by the infiltration of IgG4-positive plasma 
cells and elevated serum IgG4 levels was recently classified 
as an IgG4-related disease. A few studies have reported AIH 
cases with infiltrated IgG4-positive plasma cells in the liver, 
suggesting the involvement of IgG4 in the pathogenesis of 
AIH. This feature was called IgG4-associated AIH and only 
two studies have been published. However, the diagnostic 
criteria of IgG4-associated AIH has not been defined and the 
epidemiology and clinical features remain uncertain. The de-
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systemic inflammatory diseases characterized by the infil-
tration of IgG4-positive plasma cells and elevated serum 
IgG4 levels were recently classified as IgG4-related diseases.

  Recent studies have reported AIH cases with infiltrat-
ed IgG4-positive plasma cells in the liver, suggesting the 
involvement of IgG4 in the pathogenesis of AIH. Here, 
we review the characteristic features of IgG4-related dis-
ease and its association with AIH. 

  Autoimmune Hepatitis 

 Clinical Features 
 The term ‘autoimmune hepatitis’ was introduced in 

1965  [1] . Upon the discovery of hepatitis C virus in 1989, 
chronic hepatitis C infection was separated from non-A, 
non-B hepatitis. Subsequently, AIH was classified as an 
independent disease category, and AIH diagnostic crite-

AIH PBC HCV PSC IgG4-associated
cholangitis

  Fig. 1.  Immunohistochemical staining of IgG4. From left to right: IgG4-associated AIH, primary biliary cirrhosis, chronic hepatitis C, 
primary sclerosing cholangitis and IgG4-related sclerosing cholangitis. From Chung et al.  [9] . 
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  Fig. 2.  Comparison of PSL-induced chang-
es in the serum ALT levels between IgG4-
associated AIH and IgG4-nonassociated 
AIH. Serum levels of ALT were monitored 
in 6 patients with IgG4-associated AIH and 
in 16 patients with IgG4-nonassociated 
AIH. These patients were treated with PSL. 
The doses of PSL at each time point are 
shown in the bottom panel. The results are 
shown as mean ± standard error ( *  p < 0.05). 
From Chung et al.  [9] . 
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ria were established at the meeting of the International 
Autoimmune Hepatitis Group (IAIHG) in 1993  [2] .

  There is often a history of other autoimmune disorders 
in the patient or first-degree relatives. The disease pre-
dominates among women, the archetypal patient being a 
young female with endocrine abnormalities, but it also 
affects males and it can present at almost any age. Distri-
bution of age at onset was thought to be bimodal, with 
peaks around puberty and between the fourth and sixth 
decades of life, but it has been suggested that this impres-
sion probably relates to patterns of patient referral to spe-
cialist centers  [3] .

  In Japan, AIH predominantly affects women, occur-
ring 6 times more frequently than in men, although the 
prevalence in men has been gradually increasing in recent 
years. AIH presentation is characterized by a monomo-
dal peak after the age of 60 years, and AIH is frequently 
accompanied by other autoimmune diseases, including 
chronic thyroiditis, Sjögren’s syndrome and rheumatoid 
arthritis. In Japan, the most frequently observed initial 
symptom is general malaise (60%), followed by jaundice 

(35%) and appetite loss (27%). Other primary symptoms 
include joint pain and fever (15% each), both of which are 
rare in chronic viral hepatitis.

  Diagnostic Criteria 
 Serological findings are the predominant elevation of 

liver enzymes over biliary enzymes, elevated serum IgG 
levels, and the presence of antibodies such as ANA, SMA 
and anti-LKM-1. Characteristic findings in the liver in-
clude interface hepatitis, infiltration of lymphocytes and 
plasma cells, and rosette formation. AIH is treated with 
steroids and immunosuppressive agents.

  In Japan, AIH diagnostic criteria were established in 
1996 by the Intractable Liver Disease Research Project 
Team of the Ministry of Health, Labor and Welfare ( ta-
ble 1 )  [4] , which recommended the use of the IAIHG di-
agnostic criteria. The IAIHG diagnostic criteria were first 
established in 1993, revised in 1999, and are currently 
used as the international criteria ( table 2 )  [3] . Character-
istic AIH findings, including sex, clinical and serological 
features, liver histology and treatment response, are as-

Table 1.  Japanese diagnostic criteria for AIH in 1996

Concept AIH is a disease that develops frequently in women past middle age and progresses to chronic hepatitis, and the 
pathogenesis of hepatocellular damage suggests the involvement of autoimmune mechanisms1. For effective diagnosis, 
viral hepatitis, alcohol- and drug-induced hepatitis, and liver damage due to other autoimmune diseases should be 
eliminated. For treatment, immunosuppressants, particularly corticosteroids, are highly effective2

Major
findings

1 Positive autoantibodies in the serum (particularly ANA and SMA)
2 Elevated serum γ-globulin or immunoglobulin G levels (≥2 g/dl)
3 Continuous or repetitive increases in serum transaminase levels
4 Negative for viral hepatitis, in principle3

5 Histological chronic hepatitis or cirrhosis accompanied by hepatocellular necrosis and piecemeal necrosis, 
often with marked plasma cell infiltration and sometimes with acute hepatitis

Diagnosis If AIH is suspected based on the major findings 1 – 4 above, histological analysis is needed to make a diagnosis in 
accordance with the diagnostic criteria for AIH recommended by the IAIHG (see table 2)

Treatment 
guidelines

1 In principle, immunosuppressive therapy (e.g. PSL) is recommended for cases with a definitive diagnosis of AIH
2 A sufficient dose of PSL (≥30 mg daily) is administered as the initial treatment, and efficacy is evaluated based on 

the improvement of serum transaminase levels. Maintenance doses are determined after the normalization of serum 
transaminase activity

3 For treating AIH with hepatitis C viremia:
a Corticosteroid therapy is recommended for cases that score high on the international diagnostic scoring system
b Interferon therapy may be used in cases with a low score calculated in accordance with the international criteria. 

However, the indication for interferon therapy should be carefully determined based on a virological search before 
administration. Upon the initiation of interferon therapy, it is necessary to examine viral titers and liver function. 
If no improvement is observed, administration should be promptly terminated and the administration of 
immunosuppressive drugs should be considered

 Modified from [4]. 1 Human leukocyte antigen-DR4-positive cases are more common in Japan. 2 Interferon therapy may be effective 
in some AIH cases with obvious hepatitis C infection. 3 Some AIH cases are accompanied by hepatitis C viremia in Japan.
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sessed using the scoring system, and definitive and prob-
able diagnoses are compared before and after treatment. 
The criteria are complex and purely meant for scientific 
purposes. In 2008, the IAIHG introduced the simplified 
version of the AIH diagnostic criteria ( table 3 )  [5]  for rou-
tine clinical practice. This has made diagnosis easier and 
early therapeutic intervention possible. However, the di-
agnosis of AIH can be difficult because of its various clin-
ical presentations, the presence of atypical and acute cas-
es, and the involvement of other autoimmune diseases.

  Treatment 
 Steroids and immunosuppressive drugs such as aza-

thioprine are effective treatments for AIH, and ursode-
oxycholic acid has shown good efficacy in many studies.

  IgG4-Related Diseases 

 AIP is known to be accompanied by multiple organ 
failure, including sclerosing cholangitis, liver failure, in-
flammation of the lacrimal and salivary glands, thyroid-
itis, interstitial pneumonia and interstitial nephritis. Sys-
temic inflammatory diseases characterized by the infiltra-
tion of IgG4-positive plasma cells and elevated serum 
IgG4 levels were recently classified as IgG4-related dis-
ease. In 2011, the Ministry of Health, Labor and Welfare 
established the 2011 comprehensive diagnostic criteria 
for IgG4-related disease ( table 4 )  [6] . 

Table 2.  IAHG scoring system for the diagnosis of AIH

Parameters/features Score

Female   2
ALP:AST (or ALT) ratio

<1.5   2
1.5 – 3.0   0
>3.0  – 2

Serum globulins or IgG above normal
>2.0   3
1.5 – 2.0   2
1.0 – 1.5   1
<1.0   0

ANA, SMA or anti-LKM-1
>1:80   3
1:80   2
1:40   1
<1:40   0

AMA positive  – 4
Hepatitis viral markers

Positive  – 3
Negative   3

Drug history
Positive  – 4
Negative   1

Average alcohol intake
<25 g/day   2
>60 g/day  – 2

Liver histology
Interface hepatitis   3
Predominantly lymphoplasmacytic infiltrate   1
Rosetting of liver cells   1
None of the above  – 5

Biliary changes  – 3
Other changes  – 3

Other autoimmune disease(s)   2
Optimal additional parameters

Seropositivity for other defined autoantibodies   2
HLA-DR3 or DR4   1
Response to therapy

Complete   2
Relapse   3

Interpretation of aggregate scores
Pretreatment

Definite AIH >15
Probable AIH 10 – 15

Post-treatment
Definite AIH >17
Probable AIH 12 – 17

 Modified from Alvarez et al. [3]. AMA = Antimitochondrial 
antibody; ALP = alkaline phosphatase; AST = aspartate amino-
transferase; HLA = human leukocyte antigen. 

Table 3.  Simplified diagnostic criteria for AIH

Variable Cutoff Points

ANA or SMA ≥1:40 1
ANA or SMA ≥1:80 2a

Or anti-LKM-1 ≥1:40 2a

Or SLA Positive 2a

IgG Above normal 1
≥1.1 times upper 
normal limit

2

Liver histology (evidence or
hepatitis is a necessary condition)

Compatible with 1

Absence of viral hepatitis Typical AIH 2
Yes 2

Total Probable AIH ≥6
Definite AIH ≥7

 Modified from Hennes et al. [5]. SLA = Anti-soluble liver anti-
gen. a Addition of points achieved for all autoantibodies (maxi-
mum 2 points).
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  Liver injury is observed in 60–70% of AIP cases; how-
ever, with the exception of obstructive jaundice, the cause 
of liver injury in AIH is not always clear. Umemura et al. 
 [7]  showed that AIP is accompanied by hepatocellular 
damage, such as the infiltration of IgG4-positive plasma 
cells near the portal vein, patterns of portal inflammation, 
large biliary duct damage, portal sclerosis, lobular hepa-
titis and cholestasis, and improvement in histological 
findings after steroid therapy. They called the disease 
IgG4 hepatopathy.

  AIH and IgG4-Associated AIH 

 Recently, some AIH cases fulfilling the criteria of 
IgG4-related disease have been designated as IgG4-asso-
ciated AIH  [8, 9] . Chung et al.  [9]  reported that a group 
of AIH patients with infiltration of IgG4-positive plasma 
cells were successfully treated with prednisolone (PSL) 
therapy. Based on the IgG4 immunoreactivity of liver bi-
opsy samples ( ≥ 5 IgG4-positive plasma cells/high-power 
field, HPF), they divided 26 patients with a definitive di-
agnosis of AIH into IgG4-positive (9 patients, 35%) and 
IgG4-negative (17 patients, 65%) groups ( table  1 ). No 

pancreaticobiliary lesions were observed in the AIH pa-
tients. No IgG4-positive plasma cells were observed in 10 
cases of primary biliary cirrhosis or 20 cases of chronic 
hepatitis C. The IgG4-positive group had a significantly 
higher level of serum IgG than the IgG4-negative group 
(p < 0.01), but no significant differences in IgG4 levels 
were observed between these two groups. In addition, 
there were no significant differences in alanine amino-
transferase (ALT), alkaline phosphatase, γ-glutamyl 
transpeptidase or ANA. On the other hand, the severity 
of plasma cell infiltration and lobular hepatitis were sig-
nificantly high in the IgG4-positive group. Although por-
tal inflammation and interface hepatitis were similar in 
both groups, the severity of portal inflammation was sig-
nificantly higher in the IgG4-positive group. The infiltra-
tion of B cells, T cells and plasma cells was also signifi-
cantly higher in the IgG4-positive group than in the IgG4-
negative group (p < 0.05). Furthermore, ALT levels at 4, 
48, 72 and 96 weeks after the initiation of PSL therapy 
were significantly lower in the IgG4-positive group than 
in the IgG4-negative group ( table 2 ). During the admin-
istration of PSL, hepatitis relapse was observed in 6 IgG4-
negative patients (35%) but not in any IgG4-positive pa-
tients. Even with the definition of IgG4 positive as the 

Table 4.  Comprehensive diagnostic criteria for IgG4-related disease, 2011

Concept IgG-related disease is a disease with an unknown cause and is characterized by synchronous or asynchronous swelling, 
nodule formation and hypertrophic lesions in multiple organs due to tissue fibrosis and the marked infiltration of 
lymphocytes and IgG4-positive plasma cells. The pancreas, biliary duct, lacrimal and salivary glands, central nervous 
system, thyroid gland, lungs, liver, gastrointestinal tract, kidneys, prostate gland, retroperitoneum, arteries, lymph nodes, 
skin and mammary gland are known to be affected. In general, the disease produces systemic manifestations, with some 
cases of single organ involvement. Clinically, individual organs present different symptoms, with occasional severe 
complications such as enlarged organs, obstruction caused by hypertrophic lesions, compression, infiltration and organ 
dysfunction due to fibrosis. Corticosteroids are generally effective.

Clinical
diagnostic
criteria

1 Clinical findings of characteristic diffuse or focal swelling, nodule formation and hypertrophic lesions in single or 
multiple organs.

2 Hematological findings of elevated IgG4 levels (≥135 mg/dl).
3 Histopathological findings of the following:

a Histologically marked infiltration of lymphocytes and plasma cells and tissue fibrosis.
b Infiltration of IgG4-positive plasma cells: ≥40% IgG4/IgG-positive cells and >10 IgG4-positive plasma 

cells/HPF.
1 + 2+3 Definite IgG4-related disease.
1 + 3 Probable IgG4-related disease.
1 + 2 Possible IgG4-related disease.

However, by adding a histopathological diagnosis as possible, differential diagnosis of IgG4-related disease from similar 
diseases (Sjögren’s syndrome, primary sclerosing cholangitis, Castleman’s disease, secondary retroperitoneal fibrosis, 
Wegener similar disease) or malignant tumors (cancer, and malignant lymphoma) is important. Even if no definite 
diagnosis is made using the present criteria, diagnosis may be possible if the diagnostic criteria for each organ are used.

 Modified from [6].
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infiltration of  ≥ 10 IgG4-positive plasma cells/HPF, the 
response to PSL therapy and the serum levels of IgG were 
significantly different between the groups.

  Umemura et al.  [8]  also reported the pathology of 
IgG4-related AIH. In a study of 60 AIH patients, they de-
fined IgG4-related AIH as the infiltration of IgG4-posi-
tive plasma cells ( ≥ 10 cells/HPF), IgG4-positive serum 
( ≥ 135 mg/dl) and the ratio of IgG4 to IgG as 0.073. How-
ever, because only 2 cases fulfilled this definition, they 
concluded that the prevalence of IgG4-positive AIH is ex-
tremely low (2/60 cases, 3.3%).

  The main difference between the studies by Chung et 
al.  [9]  and Umemura et al.  [8]  is that, in the latter study, 
the definition included the ratio of IgG4 to IgG in addi-
tion to high serum IgG4 concentration (≥135 mg/dl) and 
the infiltration of IgG4-positive plasma cells in liver tis-
sue. Furthermore, while Chung et al.  [9]  examined cases 
that matched the definite diagnosis of AIH, the 60 AIH 
cases investigated by Umemura et al.  [8]  included 12 
which were probable AIH. Moreover, the infiltration of 
IgG4-positive cells in the gallbladder and common bile 
duct was observed in 1 of the IgG4-associated AIH cases, 

indicating a case of IgG4-related sclerosing cholangitis 
rather than IgG4-associated AIH. Regardless of the dif-
ferences, the two studies revealed that IgG4-related pa-
thologies are associated with at least some AIH cases and 
that steroid treatment is effective in such IgG4-associated 
AIH, as in other IgG4-related diseases.

  Conclusion 

 Some patients with AIH present symptoms of IgG4-
related disease and respond effectively to steroid treat-
ment. Although no unified diagnostic criteria are cur-
rently available, it is important to keep this disease in 
mind for definitive diagnosis and appropriate treatment. 
Further studies are needed to define the epidemiological 
features or diagnostic criteria. 

  Disclosure Statement 

 The authors have no conflicts of interest to declare.
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showed that IRRDR  ≥ 6 and ISDR  ≥ 2 were significant pre-
treatment predictors of RVR, and multivariate analysis identi-
fied IRRDR  ≥ 6 and hemoglobin as significant predictors of 
SVR. Pretreatment IFN-λ1 was significantly higher in the SVR 
group than in the non-SVR group and also in the IRRDR  ≥ 6 
group than in the IRRDR  ≤ 5 group.  Conclusions:    IRRDR  ≥ 6 
was the only significant predictor of SVR and was correlated 
with IFN-λ1. High serum levels of IFN-λ1 may be conducive 
to effective PEG-IFN/RBV combination therapy because of 
the immunomodulatory system.  © 2013 S. Karger AG, Basel 

 Introduction 

 Although the triple therapy of combined pegylated in-
terferon (PEG-IFN), ribavirin (RBV) and protease inhib-
itors has already been initiated, PEG-IFN and RBV com-
bination therapy for chronic hepatitis C virus (HCV) in-
fection with a high viral load of genotype 1b, the standard 

 Key Words 
 Viral clearance · Interferon λ1 · Pegylated interferon · 
Ribavirin · Interleukin 28B · Interferon and ribavirin 
resistance-determining region · Interferon 
sensitivity-determining region 

 Abstract 
  Objectives:  This study explores viral factors of the interferon 
(IFN) and ribavirin (RBV) resistance-determining region 
(IRRDR), the IFN sensitivity-determining region (ISDR) and 
the core protein, and host factor interleukin 28B associated 
with response to pegylated IFN (PEG-IFN) and RBV combina-
tion therapy, and the correlation of viral and host factors 
with IFN-λ1.  Methods:    A total of 58 patients underwent PEG-
IFN/RBV combination therapy for 48 weeks. The pretreat-
ment factors associated with rapid virological response 
(RVR) and sustained virological response (SVR) were ana-
lyzed. Pretreatment IFN-λ1 serum levels were compared 
with the viral and host factors.  Results:  Univariate analysis 
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treatment in Japan since 2004, provides sustained viro-
logical response (SVR) in only approximately 50% of 
such patients  [1] . Single-nucleotide polymorphisms
in proximity to the interleukin 28B (IL-28B) gene 
(rs8099917, rs12979860) on chromosome 19 is reported 
to be a host-related factor of virological response to 
PEG-IFN and RBV combination therapy  [2–4] . In re-
cent years, viral factors such as the core protein, non-
structural protein 5A (NS5A), the IFN sensitivity-deter-
mining region (ISDR) and the IFN/RBV resistance-de-
termining region (IRRDR)  [4–8]  have been associated 
with virological response. Nonetheless, the mechanism 
of how these host and viral factors affect viral clearance 
has not been precisely elucidated to date.

  IFN-λ1 is considered to be associated with the inhibi-
tion of the replication of HCV by an immunological 
mechanism  [9, 10] . Few studies, however, have demon-
strated the correlation among IFN-λ1 serum levels, the 
clinical outcome of PEG-IFN and RBV combination 
therapy, and viral and host factors. We investigated the 
viral and host factors associated with response to PEG-
IFN and RBV combination therapy and the correlation of 
viral and host factors with IFN-λ1.

  Patients and Methods 

 Patients 
 A total of 58 patients (32 men, 26 women; age 57.3 ± 10.4 years) 

seen at Kobe Asahi Hospital and diagnosed with chronic HCV and 
high viral loads of genotype 1b were enrolled in the study. Patients 
demonstrating hemoglobin levels  ≥ 11 g/dl (women) or  ≥ 12 g/dl 
(men), platelet count  ≥ 9 × 10 4 /mm 3 , HCV RNA  ≥ 5.0 log IU/ml, 
neutrophil count  ≥ 1,500/mm 3  and thyroid-stimulating hormone 
levels within normal limits were included in the study; those dem-
onstrating human immunodeficiency virus or hepatitis B coinfec-
tion, creatinine clearance <50 ml/min, liver disease other than 
chronic hepatitis C, evidence of advanced liver disease, preexisting 
psychiatric conditions, or a history of severe psychiatric disorder 
were excluded.

  Treatment comprised PEG-IFN-α2b (1.5 μg per kilogram body 
weight, once a week) plus RBV (600–1,000 mg daily, based on body 
weight) for a total of 48 weeks, according to the standard treatment 
protocol for Japanese patients. Informed written consent was ob-
tained from each patient and the study protocol conformed to the 
ethical guidelines approved by the Ethics Committee of Kobe Asa-
hi Hospital.

  Laboratory Tests 
 HCV RNA was extracted from 140 μl of serum with the use of 

a commercially available kit (QIAmp viral RNA kit; Qiagen, To-
kyo, Japan). Amplification of full-length NS5A and the core re-
gions of the HCV genome was carried out as described  [5] . The 
sequences of the amplified fragments of NS5A and the core regions 

were determined by direct sequencing without subcloning. The 
amino acid (aa) sequences were deduced and aligned with the use 
of GENETYX Win software version 7.0 (GENETYX Corp., Tokyo, 
Japan). Genetic polymorphism rs8099917 around the IL-28B gene 
was determined by real-time PCR using the TaqMan assay. We 
defined the IL-28B major allele as homozygous (TT) for the major 
sequence and the minor allele as homozygous (GG) or heterozy-
gous (TG) for the minor sequence. IFN-λ1 was assayed before ini-
tiation of therapy and at 4, 12 and 48 weeks after therapy by ELISA 
Ready-SET-Go (unit, pg/ml; NatuTec, Frankfurt, Germany).

  Statistical Analysis 
 Rapid virological response (RVR) and SVR were defined as un-

detectable HCV RNA at weeks 4 and 24, respectively, after treat-
ment. The potential pretreatment factors associated with virologi-
cal response and comprising age, sex, BMI, HCV RNA load, ala-
nine aminotransferase (ALT), γ-glutamyl transpeptidase (γ-GTP), 
hemoglobin, platelets, IFN-λ1, single-nucleotide polymorphisms 
in the IL-28B gene region, mutations in NS5A – especially those in 
ISDR (ISDR  ≥ 2 and ISDR  ≤ 1) and IRRDR (IRRDR  ≥ 6 and IRRDR 
 ≤ 5) – and mutated core protein amino acid substitutions at aa 70 
of arginine (Arg70), or glutamine (Gln70), and at aa 91 of leucine 
(Leu91), or methionine (Met91), were examined. Factors associ-
ated with virological response were assessed by univariate analysis 
using Student’s t test, Fisher’s exact test or χ 2  test, and by   multi-
variate analysis using logistic regression analysis. The factors in 
multivariate logistic regression analysis were included in descend-
ing order according to correlativity. The most appropriate model 
was chosen by AIC (Akaike Information Crietion). We compared 
pretreatment IFN-λ1 in the IRRDR  ≥ 6 and IRRDR  ≤ 5 groups, in 
the ISDR  ≥ 2 and ISDR  ≤ 1 groups, in the IL-28B TT genotype for 
the major sequence and in the IL-28B GG genotype and TG geno-
type for the minor sequence, and in the core protein (aa 70 and aa 
91) wild and mutant. Variables with a p value <0.05 were consid-
ered statistically significant. All statistical analyses were carried out 
with the use of Excel Statistics 2011 by SSRI.

Table 1.  Patient baseline characteristics

Age (years) 57.3 ± 10.4
Sex (male/female) 34/24
BMI 22.6 ± 3.8
HCV-RNA (log IU/ml) 6.0 ± 0.6
ALT (U/l) 54.8 ± 64.0
γ-GTP (U/l) 57.0 ± 64.7
Hemoglobin (g/dl) 13.7 ± 1.98
Platelets (×104/mm3) 16.0 ± 5.0
Total cholesterol (mg/dl) 174.0 ± 34.0
IL-28B (major/minor) 43/15
IFN-λ1 (pg/ml) 31.0 ± 24.2
ISDR (≥2/≤1) 14/44
IRRDR (≥6/≤5) 22/36
Core aa 70 (arginine/glutamine) 39/19
Core aa 91 (leucine/methionine) 39/19

 Data are shown as number (n) or mean ± SD.
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  Results 

 Patient baseline characteristics are listed in  table  1 . 
RVR was observed in 8.6% (5/58) and SVR in 44.8% 
(26/58) of the patients. ISDR  ≥ 2 and IRRDR  ≥ 6 were sig-
nificantly associated with RVR as assessed by univariate 
analysis (p = 0.012, p = 0.004;  table 2 ). IRRDR  ≥ 6 was 
most significantly correlated with RVR, which was from 
biased data of distribution ( table 2 ). As a result, we were 
not able to conduct multivariate analysis for RVR. By uni-
variate analysis, the significant factors associated with 
SVR were age, sex, hemoglobin, IL-28B major, IRRDR  ≥ 6 
(p = 0.015, p = 0.016, p < 0.001, p = 0.006, p < 0.001, p = 
0.037;  table 3 ). The pretreatment IFN-λ1 serum level in 
SVR was significantly higher than in non-SVR (38.8 vs. 
24.7 pg/ml, p = 0.037;  table 3 ). By multivariate analysis, 
hemoglobin and IRRDR  ≥ 6 were significantly associated 
with SVR (p = 0.02, p = 0.005;  table  4 ). Pretreatment 
IFN-λ1 was significantly higher in the IRRDR  ≥ 6 group 
than in the IRRDR  ≤ 5 group (40.5 vs. 25.2 pg/ml, p = 
0.041;  fig. 1 ), but demonstrated no significant difference 
between the ISDR  ≥ 2 group and the ISDR  ≤ 1 group (37.2 
vs. 29.1 pg/ml, p = 0.45;  fig. 1 ), among the IL-28B TT ge-
notype group, the TG genotype group and the GG geno-
type group (TT vs. TG, 33.4 vs. 24.6 pg/ml, p = 0.26; TT 
vs. GG, 33.4 vs. 20.8 pg/ml, p = 0.48; TG vs. GG, 24.6 vs. 

20.8 pg/ml, p = 0.82;  fig. 1 ), and between core protein wild 
and mutant of aa 70 and aa 91 (aa 70 wild vs. mutant, 30.8 
vs. 30.0 pg/ml, p = 0.91; aa 91 wild vs. mutant, 34.6 vs. 23.7 
pg/ml, p = 0.05;  fig. 1 ).

  Discussion 

 Pretreatment factors significantly and independently 
predictive of the outcome of treatment of patients infected 
with high viral loads of HCV-1b are IL-28B major geno-
type (TT) as a host factor  [11] , and substitutions of aa 70 

Table 2.  Correlation of baseline characteristics with clinical out-
come of RVR and non-RVR

RVR Non-RVR p value

Age (years) 48.6 ± 6.2 58.2 ± 10.7 0.054
Sex (male/female) 4/1 27/23 0.373
BMI 21.8 ± 1.5 22.9 ± 4.0 0.536
HCV-RNA (log IU/ml) 5.8 ± 0.8 6.0 ± 0.56 0.303
ALT (U/l) 141.4 ± 178.9 47.2 ± 36.2 0.304
γ-GTP (U/l) 99.6 ± 67.9 49.7 ± 61.0 0.090
Hemoglobin (g/dl) 14.0 ± 1.7 13.7 ± 1.8 0.707
Platelets (×104/mm3) 16.0 ± 5.8 16.0 ± 4.8 0.982
Total cholesterol (mg/dl) 158 ± 30.2 174.6 ± 34.1 0.354
IL-28B (major/minor) 5/0 35/15 0.308
IFN-λ1 (pg/ml) 24.9 ± 10.4 31.3 ± 25.3 0.582
ISDR (≥2/≤1) 4/1 10/40 0.012
IRRDR (≥6/≤5) 5/0 15/35 0.004
Core aa 70

arginine/glutamine 3/2 32/16 1
Core aa 91

leucine/methionine 4/1 33/17 1

 Data are shown as number (n) or mean ± SD. Bold p values are 
significant.

Table 3.  Correlation of baseline characteristics with clinical out-
come of SVR and non-SVR

SVR Non-SVR p value

Age (years) 53.7 ± 10.1 60.3 ± 9.9 0.015
Sex (male/female) 20/6 14/18 0.016
BMI 23.0 ± 3.7 22.3 ± 3.9 0.484
HCV-RNA (log IU/ml) 5.9 ± 0.7 6.1 ± 0.5 0.300
ALT (U/l) 54.0 ± 38.8 55.6 ± 79.5 0.926
γ-GTP (U/l) 72.2 ± 87.6 44.6 ± 33.8 0.14
Hemoglobin (g/dl) 14.6 ± 1.5 13.0 ± 1.6 <0.01
Platelets (×104/mm3) 17.1 ± 4.8 15.2 ± 5.0 0.135
Total cholesterol (mg/dl) 173.5 ± 33.2 174.3 ± 35.0 0.941
IL-28B (major/minor) 24/2 19/3 0.006
IFN-λ1 (pg/ml) 38.8 ± 29.3 24.7 ± 17.2 0.037
ISDR (≥2/≤1) 8/18 6/26 0.36
IRRDR (≥6/≤5) 18/8 4/28 <0.01
Core aa 70

arginine/glutamine 20/5 17/14 0.087
Core aa 91

leucine/methionine 19/7 20/12 0.412

 Data are shown as number (n) or mean ± SD. Bold p values are 
significant.

Table 4.  Factors associated with SVR by multivariate analysis

Odds ratio 95% CI p value

Age (years) 0.9247 0.85 – 1.01 0.0678
Sex 5.4742 0.44 – 68.64 0.1876
Hemoglobin 2.4704 1.12 – 5.43 0.0244
IL-28B (major/minor) 5.1960 0.60 – 45.10 0.1350
IFN-λ1 (pg/ml) 1.0230 0.98 – 1.07 0.2758
IRRDR (≥6/≤5) 16.9320 2.39 – 119.77 0.0046

Bold p values are significant.
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and aa 91 in the HCV core region, and high sequence vari-
ations in IRRDR ( ≥ 6) and in ISDR ( ≥ 2) as viral factors  [4, 
5, 7, 8, 11] . By univariate analysis, our study showed that 
ISDR and IRRDR were significant pretreatment predic-
tors of RVR, and by multivariate analysis that IRRDR and 
hemoglobin were significant predictors of SVR. Because of 
the small number of RVR patients in our data, we were not 
able to carry out multivariate analysis for identifying RVR 
predictors. Our results support a previous study  [12] , and 
by univariate analysis we demonstrated a significant cor-
relation between high pretreatment IFN-λ1 serum levels 
and SVR, but were unable to do so by multivariate analysis. 
On the other hand, although we were unable to demon-
strate IL-28B as a predictor of SVR, some studies have 
demonstrated it as a positive predictive factor  [2, 13, 14] .

  The level of IFN-λ1 has been reported to be signifi-
cantly higher in carriers of the IL-28B major genotype 
than in those of the IL-28B homozygous minor sequence 
 [9] . In the present study, the level of serum IFN-λ1 was 
higher in carriers of the IL-28B major genotype (TT) than 
in those of the IL-28B homozygous (GG) and the hetero-
zygous (TG) minor sequence, but not significantly differ-
ent (p = 0.48, p = 0.26). Because the number of carriers of 
the IL-28B homozygous allele (GG) was small (n = 2), we 
compared the level of serum IFN-λ1 in the IL-28B major 

homozygous allele (TT) and in the IL-28B minor homo-
zygous (GG) as well as in the   heterozygous (TG) allele. 
Nonetheless, for unclear reasons, no significant associa-
tion was observed between a high level of serum IFN-λ1 
and IL-28B major (major 33.4 pg/ml, minor 24.1 pg/ml; 
p = 0.20; data not shown). Further study is needed to clar-
ify the relation between IL-28B and IFN-λ1.

  It is well known that the antiviral mechanism of IFN 
comprises two phases  [15, 16] . The first is direct inhibition 
of viral replication mediated by a number of proteins in-
duced through the activation of the JAK-STAT pathway, 
including double-stranded RNA-activated protein kinase, 
myxovirus resistance gene A and 2 ′ ,5 ′ -oligoadenylate syn-
thetase, which block translation, block replication and de-
grade viral RNA, respectively  [17–21] . The second is an in-
direct antiviral mechanism mediated by the stimulation of 
the host cell-mediated immune function including the cy-
totoxic T cell. The fact that IFN-λ1 significantly downregu-
lates the secretion of IL-13 but elevates IFN-γ suggests that 
IFN-λ1 is related to an elevation of the Th1 response accom-
panied with a decrease of the Th2 response  [10] . High levels 
of IFN-λ1 predispose to spontaneous resolution of HCV 
infection because of an elevation of the Th1 response  [9] . 
Also, IFN-λ1 upregulates the chemokines MIG (Monokine 
induced by IFN-γ), IP-10 (IFN-γ-inducible protein 10) and 
I-TAC (IFN-inducible T cell α-chemoattractants), which 
are antimicrobial chemoattractants in peripheral blood 
mono nuclear cells  [22] . Taken together, these data suggest 
that IFN-λ1 stimulates the immunomodulatory effect  [23] .

  The epitope located at position 2416, at a distance of 37 
aa from IRRDR has been identified as an HLA-A26 CD8+ 
T cell epitope  [24] , which was targeted in all patients ex-
amined with acute resolving HCV infection. Therefore, 
IRRDR is regarded as the area (NS5A) related to immune 
function  [5] . Our data demonstrated that IRRDR was sig-
nificantly associated with IFN-λ1. From the above results, 
we infer that the achievement of SVR in patients with high 
IFN-λ1 levels is associated with the immunomodulatory 
system. Because of the small number of patients in our 
study, analysis in a large-scale multicenter study is needed.
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  Fig. 1.  Comparison of IFN-λ1 in the IRRDR  ≥ 6 and IRRDR  ≤ 5, ISDR 
 ≥ 2 and ISDR  ≤ 1, IL-28B, core aa 70 and core aa 91. Pretreatment 
IFN-λ1 was significantly higher in the IRRDR  ≥ 6 group than in the 
IRRDR  ≤ 5, but demonstrated no significant difference between the 
ISDR  ≥ 2 group and the ISDR  ≤ 1 group, among the IL-28B TT ge-
notype group, the GG genotype group and the TG genotype group, 
between core protein wild and mutant of aa 70 and aa 91. 
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carboxyl-flanking region (ISDR/+C[2a]  ≥ 1) were significant-
ly associated with SVR and RVR. In HCV-2b, one or more mu-
tations in the N-terminal part of IRRDR (IRRDR/N[2b]  ≥ 1) 
were significantly associated with RVR. Multivariate analysis 
identified the major genotype of IL28B SNP and IRRDR[2a] 
 ≥ 4 as independent predictive factors of SVR in HCV-2a, with 
IRRDR[2a]  ≥ 4 being more powerful than the IL28B SNP. 
Also, IRRDR[2a]  ≥ 4 in HCV-2a and IRRDR/N[2b]  ≥ 1 in HCV-2b 
were significant determiners of RVR.  Conclusion:  The NS5A 
sequence heterogeneity and IL28B SNP are useful factors to 
predict the sensitivity to PEG-IFN/RBV therapy in HCV-2a 
and HCV-2b infections.  © 2013 S. Karger AG, Basel 

 Introduction 

 In Japan, patients infected with hepatitis C virus 
(HCV) genotype 1b constitute about 70% of total HCV 
infection; the rest are infected with HCV-2a (25%) or 
HCV-2b (5%)  [1] . The protease inhibitor,  telaprevir , ap-

 Key Words 
 Hepatitis C virus · Genotype 2a · Genotype 2b · IFN/RBV
resistance-determining region · IL28B · Sustained 
virological response · Pegylated IFN/RBV 

 Abstract 
  Objective:  We investigated the impact of host genetics rep-
resented by the single nucleotide polymorphism (SNP) of 
the IL28B gene and viral genetic variations within the non-
structural protein 5A (NS5A) [including the interferon (IFN)/
ribavirin (RBV) resistance-determining region (IRRDR) and 
the IFN sensitivity-determining region (ISDR)] on the out-
come of pegylated IFN and RBV (PEG-IFN/RBV) treatment. 
 Methods:  Sixty-six patients infected with hepatitis C virus 
(HCV)-2a or HCV-2b who received PEG-IFN/RBV for 24
weeks were examined.  Results:  In HCV-2a, the major geno-
type of IL28B SNP showed a tendency toward association 
with sustained virological response (SVR) and rapid virolog-
ical response (RVR), and four or more mutations in IRRDR 
(IRRDR[2a]  ≥ 4) and one or more mutations in ISDR plus its 
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proved in November 2011 by the Ministry of Health, La-
bor and Welfare, Japan, has shown sustained virological 
response (SVR) of more than 70% in HCV patients with 
high viral loads of genotype 1b  [2] .

  Currently, combination therapy with pegylated interfer-
on and ribavirin (PEG-IFN/RBV) is the standard treatment 
for chronic hepatitis C (CHC) patients infected with HCV-
2a and HCV-2b. Patients infected with HCV genotypes 2 
and 3 and treated with PEG-IFN/RBV show higher rates of 
SVR than those infected with HCV genotype 1  [3–5] .

  Sequence variations within a region in the nonstruc-
tural protein 5A (NS5A) of HCV-1b, defined as the IFN 
sensitivity-determining region (ISDR)  [6]  and the IFN/
RBV resistance-determining region (IRRDR)  [7] , show 
correlation with IFN responsiveness.

  In addition to the NS5A sequence variation, HCV core 
protein polymorphism has been proposed as a pretreat-
ment predictor of poor virological response in HCV-1b-
infected patients treated with PEG-IFN/RBV  [8] . Host ge-
netic factors associated with response to PEG-IFN/RBV 
therapy for HCV-1b and a high viral load are single nucleo-
tide polymorphisms (SNPs) located in interleukin (IL)28B 
(rs8105790, rs11881222, rs8103142, rs28416813, rs4803219, 
rs8099917, rs7248668 and rs12979860) on chromosome 19 
 [9–12] . Moreover, on-treatment factors are mainly related 
to viral kinetics within the first few weeks of treatment  [13] .

  At this stage, however, it is not clear whether NS5A se-
quence variation, including ISDR and IRRDR, core protein 
polymorphism, IL28B SNP and viral kinetics, are predic-
tive of treatment outcome in HCV-2a and HCV-2b infec-
tions. In this context, we have recently reported that se-
quence heterogeneity within IRRDR of HCV-2a isolates 
(IRRDR[2a]) or within its N-terminus of HCV-2b isolates 
(IRRDR/N[2b]) is closely correlated with treatment re-
sponses, and that sequence heterogeneity within the ISDR 
plus its carboxyl-flanking region (ISDR/+C[2a]) is signifi-
cantly associated with SVR in HCV-2a infection  [14] . To 
further expand these observations in the present study, we 
investigated the effect of host genetics represented by IL28B 
SNP, the viral kinetics and the viral genetic heterogeneity 
in NS5A, and the core protein on the outcome of PEG-IFN/
RBV treatment in HCV-2a and HCV-2b infections.

  Materials and Methods 

 Patients 
 A total of 66 patients chronically infected with HCV-2a (n = 

35) and HCV-2b (n = 31) seen at Kobe Asahi Hospital and Kobe 
University Hospital, Kobe, Japan, were enrolled in the study. The 
HCV subtype was determined according to the method of Oka-

moto et al.  [15] . Inclusion and exclusion criteria were as follows, 
patients demonstrating hemoglobin levels  ≥ 11 g/dl (women) or 
 ≥ 12 g/dl (men), platelet counts  ≥ 9 × 10 4 /mm 3 , HCV RNA  ≥ 5.0 log 
IU/ml, neutrophil count  ≥ 1,500/mm 3  and thyroid-stimulating 
hormone levels within normal limits were included in the study; 
those demonstrating human immunodeficiency virus or hepatitis 
B virus coinfection, creatinine clearance <50 ml/min, cause of liv-
er disease other than CHC, evidence of advanced liver disease, pre-
existing psychiatric conditions or a history of severe psychiatric 
disorder were excluded. All of the patients were treated with PEG-
IFN α-2b (Pegintron ® ; Schering-Plough, Kenilworth, N.J., USA; 
1.5 mg per kg body weight, once a week, subcutaneously) and RBV 
(Rebetol ® ; Schering-Plough; 600–800 mg daily, per os), for 24 
weeks according to the standard treatment protocol for Japanese 
patients established by the hepatitis study group of the Ministry of 
Health, Labour and Welfare, Japan. The patients received >80% of 
the scheduled dosage of PEG-IFN and RBV. Serum samples were 
collected at intervals of 4 weeks before, during and after the treat-
ment and tested for HCV RNA and core antigen titers as described 
 [16] .

  Genetic Variation near the IL28B Gene 
 Genetic polymorphism rs8099917 around the IL28B gene was 

determined by real-time polymerase chain reaction (PCR) with the 
TaqMan assay (Roche Diagnostics, Tokyo, Japan)  [9] . We defined 
the IL28B major allele as homozygous for the major sequence (TT) 
and the IL28B minor allele as homozygous (GG) or heterozygous 
(TG) for the minor sequence.

  Viral Kinetics 
 The amount of HCV RNA was examined by the COBAS Taq-

Man HCV test. The patients who cleared HCV viremia (less than 
17 IU/ml) by week 4 were defined as achieving rapid virological 
response (RVR). The amount of HCV core antigen was assessed 
by the IRM assay (Ortho Clinical Diagnostics, Tokyo, Japan) that 
provides a good correlation between the amount of HCV core an-
tigen and the amount of HCV RNA, as described  [17] . The HCV 
core antigen was measured on days 0 and 7 (week 1) according to 
the detection limit of 20 fmol/l established by the manufacturer. 
Early viral drop was defined as an HCV core antigen level of less 
than 20 fmol/l.

Table 1.  Proportion of various virological responses of HCV-2a- 
and HCV-2b-infected patients to PEG-IFN/RBV treatment

Response  Proportion

All  
(n = 66)

HCV-2a 
(n = 35)

HCV-2b 
(n = 31)

RVR 44 (67) 23 (66) 21 (68)
Non-RVR 22 (33) 12 (34) 10 (32)
EVR 62 (94) 34 (97) 28 (90)
ETR 63 (95) 34 (97) 29 (94)
SVR 48 (73) 28 (80) 20 (65)
Non-SVR 18 (27) 7 (20) 11 (35)

Figures in parentheses are percentages.
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  Sequence Analysis of the NS5A and the Core Regions 
 Sequence analysis of the NS5A and the core regions of HCV 

was carried out as described  [14, 16, 18] . In brief, RNA extracted 
from serum was reverse transcribed and amplified for NS5A and 
the core regions of the HCV genome; the resultant RT-PCR prod-
ucts were then subjected to a second round of PCR. The sequenc-
es of the amplified fragments were determined by direct sequenc-
ing without subcloning. The amino acid (aa) sequences were de-
duced and aligned. The aa residues of HCV-2a and HCV-2b 
isolates were numbered according to the polyprotein of HCV-J6 
 [19]  and HCV-J8  [20] , respectively.

  Statistical Analysis 
 Statistical differences in treatment response according to pa-

tient baseline parameters of age, body weight, platelets, hemoglo-
bin, γ-glutamyl transpeptidase (γ-GTP), alanine aminotransferase 
(ALT), HCV RNA load and HCV core antigen were determined 
by the Mann-Whitney U test for numerical variables and Fisher’s 
exact probability test for categorical variables. Similarly, statistical 
differences in treatment response according to NS5A and genetic 
variation near the IL28B gene (genotype TT) were determined by 
Fisher’s exact probability test. Multicolinearity was tested using 
Spearman’s correlation. Spearman’s rank correlation analysis was 
used to test for multicolinearity among candidate variables in the 
multivariable analysis. When correlation was >0.5, only one of the 
correlated variables was used in the logistic regression model.

  Results 

 Patient Response to PEG-IFN/RBV Combination 
Therapy for HCV-2a and HCV-2b Infections 
 Among the 35 patients infected with HCV-2a, RVR at 

week 4 was achieved by 66% (23/35), early virological re-
sponse (EVR) at week 12 by 97% (34/35) and end-of-

treatment response (ETR) by 97% (34/35). Similarly, 
among the 31 infected with HCV-2b, RVR was achieved 
by 68% (21/31), EVR by 90% (28/31) and ETR by 94% 
(29/31). SVR was achieved by 28 (80%) HCV-2a patients 
and by 20 (65%) HCV-2b patients. Only 7 (20%) HCV-2a 
and 11 (35%) HCV-2b patients were non-SVR. No null-
response (continuous viremia throughout the treatment 
and follow-up periods) was observed since all the non-
SVR patients achieved HCV-RNA negativity at a certain 
point in time followed by a rebound in viremia either be-
fore or after the treatment course (relapse;  table 1 ).

  Patient baseline demographic characteristics and clin-
ical and treatment response are shown in  table 2 . Among 
HCV-2a patients, no significant difference was observed 
between SVR and non-SVR. Among HCV-2b patients, 
on the other hand, lighter body weight, and lower γ-GTP 
and ALT levels showed a significant difference between 
SVR and non-SVR patients.

  Correlation between IL28B and SVR or RVR 
 The frequency of allele rs8099917 among HCV-2a pa-

tients was 89% for the IL28B major genotype (TT; 31/35) 
and 11% for the minor genotype (non-TT; 4/35); among 
HCV-2b patients it was 94% (29/31) for TT and 6% (2/31) 
for non-TT. Among HCV-2a patients with the IL28B ma-
jor genotype, SVR was achieved by 84% (26/31; p = 
0.1710) and RVR by 71% (22/31; p = 0.1061;  table  3 ). 
Among HCV-2b patients, on the other hand, SVR was 
achieved by 66% (19/29; p = 1.0000) and RVR by 69% 
(20/29; p = 1.0000;  table 3 ). Thus, there was a tendency 
toward SVR and RVR in HCV-2a patients with the IL28B 

Table 2.  Demographic characteristics of HCV-2a- and HCV-2b-infected patients with SVR and non-SVR

Factor All HCV-2a HCV-2b

SVR non-SVR p value
(SVR vs.
non-SVR)

SVR non-SVR p value
(SVR vs. 
non-SVR)

n 66 28 7 – 20 11 –
Age, years 52.0 ± 13.4 50.6 ± 14.6 57.3 ± 10.1 0.2006 50.6 ± 13.6 54.6 ± 10.2 0.5910
Sex (male/female) 39/27 15/13 4/3 1.0000 11/9 9/2 0.2409
Body weight, kg 60.4 ± 8.9 58.6 ± 8.7 60.0 ± 10.4 0.7100 59.6 ± 9.2 66.9 ± 2.5 0.0056
Platelets, ×104/mm3 18.0 ± 5.9 19.0 ± 5.3 15.2 ± 5.6 0.1170 18.1 ± 5.9 17.1 ± 7.2 0.7412
Hemoglobin, g/dl 13.9 ± 1.8 13.7 ± 1.8 14.5 ± 1.8 0.3641 13.8 ± 1.7 14.4 ± 1.8 0.5351
γ-GTP, U/l 47.4 ± 47.6 35.0 ± 29.9 45.3 ± 29.5 0.2829 34.2 ± 29.4 104.7 ± 74.5 0.0004
ALT, U/l 56.8 ± 64.0 47.6 ± 38.3 55.4 ± 41.3 0.5223 43.8 ± 37.4 105.0 ± 124.7 0.0369
HCV RNA, log IU/ml 6.1 ± 0.8 5.9 ± 0.6 5.7 ± 1.0 0.8147 6.3 ± 0.8 6.5 ± 0.4 0.8042
HCV core antigen, fmol/l 7,659.0 ± 6,852.9 6,638.8 ± 6,489.3 5,901.5 ± 5,963.0 0.8469 7,751.2 ± 6,394.2 10,175.5 ± 8,464.5 0.4776
Response (RVR/non-RVR) 44/22 21/7 2/5 0.0331 16/4 5/6 0.1055
IL28B genotype (major/minor) 60/6 26/2 5/2 0.1710 19/1 10/1 1.0000

Bold p values are significant.
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major genotype, although the difference was not statisti-
cally significant, probably due to the small number of the 
patients examined. Moreover, among HCV-2a patients 
with the IL28B major genotype, SVR was achieved by 95% 
(20/21; p = 0.1700) and RVR by 90% (19/21; p = 0.2490) 
when involving IRRDR with 4 or more mutations 
(IRRDR[2a]  ≥ 4) while SVR was achieved by 60.0% (6/10; 
p = 1.0000) and RVR by 30.0% (3/10; p = 1.0000) when 
involving of IRRDR with 3 or less mutations (IRRDR[2a] 
 ≤ 3;  table 4 ). Thus, there was a tendency toward SVR and 
RVR in HCV-2a patients with the IL28B major genotype 
when involving of IRRDR[2a]  ≥ 4, but not IRRDR[2a]  ≤ 3.

  Correlation between Viral Kinetics Including Early 
Viral Drop and SVR 
 SVR was achieved by 91% (21/23) of HCV-2a-infected 

patients who achieved RVR, but by only 9% (2/23) of those 
who did not achieve RVR ( table 5 ). Thus, RVR was signifi-
cantly associated with SVR in HCV-2a infection (p = 0.0331). 
On the other hand, RVR was not significantly associated 
with SVR in HCV-2b infection (p = 0.1055;  table 5 ).

  HCV core antigen titers were measured one week after 
the initiation of treatment in 91% (32/35) and 97% (30/31) 
of patients infected with HCV-2a and HCV-2b, respective-
ly. Patients with the HCV core antigen titer of <20 fmol/l 
after 1 week were considered as achieving early viral drop. 

As shown in table 6, RVR was achieved by 93% (13/14) of 
HCV-2a-infected patients who achieved early viral drop, 
and by only 44% (8/18) of those who did not. Thus, the 
early viral drop was significantly associated with RVR (p = 
0.0075) but not with SVR (p = 0.1959) in HCV-2a infection. 
On the other hand, early viral drop was not associated with 
either RVR (p = 0.1405) or SVR (p = 0.6328) in HCV-2b 
infection.

  Sequence Analysis of NS5A of HCV-2a and HCV-2b 
 Alignment of all the NS5A sequences of the HCV-2a 

genome obtained from pretreatment sera against the con-
sensus sequences previously reported  [14]  revealed that 

Table 3.  Correlation between IL28B genotype and SVR or RVR in HCV-2a and HCV-2b infections

SVR Non-SVR p value RVR Non-RVR p value

HCV-2a IL28B (major; n = 31) 26 (84) 5 (16) 0.1710 22 (71) 9 (29) 0.1061IL28B (nonmajor; n = 4) 2 (50) 2 (50) 1 (25) 3 (75)

HCV-2b IL28B (major; n = 29) 19 (66) 10 (34) 1.0000 20 (69) 9 (31) 1.0000IL28B (nonmajor; n = 2) 1 (50) 1 (50) 1 (50) 1 (50)

Figures in parentheses are percentages.

Table 4.  Correlation between IL28B genotype and SVR or RVR according to IRRDR[2a] ≥4 or IRRDR[2a] ≤3 in HCV-2a infection

SVR Non-SVR p value RVR Non-RVR p value

IRRDR ≥4 IL28B (major; n = 21) 20 (95) 1 (5) 0.1700 19 (90) 2 (9) 0.2490IL28B (nonmajor; n = 2) 1 (50) 1 (50) 1 (50) 1 (50)

IRRDR ≤3 IL28B (major; n = 10) 6 (60) 4 (40) 1.0000 3 (30) 7 (70) 1.0000IL28B (nonmajor; n = 2) 1 (50) 1 (50) 0 2 (100)

Figures in parentheses are percentages.

Table 5.  Correlation between RVR and SVR in HCV-2a and HCV-
2b infections

SVR Non-SVR p value

HCV-2a RVR (n = 23) 21 (91) 2 (9) 0.0331Non-RVR (n = 12) 7 (58) 5 (42)

HCV-2b RVR (n = 21) 16 (76) 5 (24) 0.1055Non-RVR (n = 10) 4 (40) 6 (60)

Figures in parentheses are percentages.
Bold p values are significant.
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the average number of aa mutations in IRRDR[2a] (RVR 
= 6.9 ± 3.7 vs. non-RVR = 2.7 ± 1.3; p = 0.0003) and 
ISDR/+C[2a] (2.0 ± 2.5 vs. 0.4 ± 0.6; p = 0.0107) was sig-
nificantly larger in the isolates from RVR than in those 
from non-RVR patients. More importantly, the average 
number of aa mutations in IRRDR[2a] (SVR = 6.0 ± 3.9 
vs. non-SVR = 3.0 ± 1.2; p = 0.0361) and ISDR/+C[2a] 
(1.8 ± 2.4 vs. 0 ± 0; p = 0.0015) was significantly larger in 
SVR than in non-SVR.

  Similarly, alignment of all the NS5A sequences of the 
HCV-2b genome against the consensus sequences  [14]  
revealed that the average number of aa mutations in 
IRRDR/N[2b] was significantly larger in RVR than in 

non-RVR (2.6 ± 1.4 vs. 0.4 ± 0.5; p = 0.0002); however, no 
significant difference was observed between SVR and 
non-SVR ( table 7 ).

  Correlation between NS5A Sequence Heterogeneity 
and SVR or RVR in HCV-2a and HCV-2b Infections 
 Ninety-one percent (21/23) of HCV-2a-infected pa-

tients with IRRDR[2a]  ≥ 4 achieved SVR compared to 
only 58% (7/12) of those with IRRDR[2a]  ≤ 3 ( table 8 ). 
This result suggests that IRRDR[2a]  ≥ 4 was signifi-
cantly associated with SVR (p = 0.0331). Similarly,
87% (20/23) of IRRDR[2a]  ≥ 4, but only 25% (3/12) of 
IRRDR[2a]  ≤ 3, achieved RVR, with the result suggest-

Table 6.  Correlation between early viral drop and SVR or RVR in HCV-2a and HCV-2b infections

SVR Non-SVR p value RVR Non-RVR p value

HCV-2a HCV core antigen <20 fmol/l after 1 week (n = 14) 13 (93) 1 (7) 0.1959 13 (93) 1 (7) 0.0075HCV core antigen ≥20 fmol/l after 1 week (n = 18) 13 (72) 5 (28) 8 (44) 10 (56)

HCV-2b HCV core antigen <20 fmol/l after 1 week (n = 6) 5 (83) 1 (17) 0.6328 6 (100) 0 0.1405HCV core antigen ≥20 fmol/l after 1 week (n = 24) 15 (63) 9 (37) 15 (63) 9 (37)

Figures in parentheses are percentages. Bold p values are significant.

Table 7.  Average number of aa mutations within IRRDR[2a], ISDR/+C[2a] and IRRDR/N[2b] of HCV NS5A obtained from pretreat-
ment sera of HCV-2a- and HCV-2b-infected patients with SVR, non-SVR, RVR and non-RVR

NS5A region  Mutations, n

 SVR non-SVR p value RVR non-RVR p value

IRRDR[2a] (aa 2332–2387) 6.0±3.9 3.0±1.2 0.0361 6.9±3.7 2.7±1.3 0.0003
ISDR/+C[2a] (aa 2232–2262) 1.8±2.4 0±0 0.0015 2.0±2.5 0.4±0.6 0.0107
IRRDR/N[2b] (aa 2332–2357) 2.2±1.6 1.4±1.5 0.1578 2.6±1.4 0.4±0.5 0.0002

Bold p values are significant.

Table 8.  Correlation between NS5A sequence heterogeneity and SVR or RVR in HCV-2a and HCV-2b infections

Factor SVR Non-SVR p value RVR Non-RVR p value

IRRDR[2a] ≥4 (n = 23) 21 (91) 2 (9) 0.0331 20 (87) 3 (13) 0.0005IRRDR[2a] ≤3 (n = 12) 7 (58) 5 (42) 3 (25) 9 (75)
ISDR/+C[2a] ≥1 (n = 21) 21 (100) 0 0.0005 17 (81) 4 (19) 0.0313ISDR/+C[2a] = 0 (n = 14) 7 (50) 7(50) 6 (43) 8 (57)
IRRDR/N[2b] ≥1 (n = 23) 17 (74) 6 (26) 0.0947 19 (83) 4 (17) 0.0059IRRDR/N[2b] = 0 (n = 8) 3 (37) 5 (63) 2 (25) 6 (75)

Figures in parentheses are percentages. Bold p values are significant.
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ing that IRRDR[2a]  ≥ 4 was also significantly associated 
with RVR (p = 0.0005;  table 8 ).

  Likewise, all of the 21 patients infected with HCV-2a 
having one or more mutations in ISDR/+C (ISDR/+C[2a] 
 ≥ 1), but only 50% (7/14) of those with ISDR/+C[2a] = 0, 
achieved SVR, with the result suggesting that ISDR/+C[2a] 
 ≥ 1 was significantly associated with SVR (p = 0.0005). 
The ISDR/+C[2a] heterogeneity was also significantly as-
sociated with RVR (p = 0.0313).

  In HCV-2b infection, 83% (19/23) of patients with 
IRRDR/N[2b]  ≥ 1 achieved RVR whereas 25% (2/8) of 
those with IRRDR/N[2b] = 0 achieved RVR (p = 0.0059). 
Thus, IRRDR/N[2b]  ≥ 1 was significantly associated with 
RVR, but not with SVR ( table 8 ).

  Correlation between HCV Core Protein Sequence 
Heterogeneity and RVR or SVR 
 A close correlation between HCV core protein se-

quence patterns and treatment outcome has been pro-
posed in HCV-1b infection  [17, 21] ; however, this infor-
mation is still unclear in HCV-2a and HCV-2b infections. 
Therefore, in the current study, core regions were ob-
tained from the pretreated sera and the aa sequences de-
duced and aligned with prototype sequences (HCV-J6 
 [19]  and HCV-J8  [20] ). Contrary to reports on HCV-1b 
infection  [8] , the residues at positions 70 and 91 are well 
conserved among HCV-2a and HCV-2b isolates, suggest-
ing no correlation between treatment outcome and these 
observed residues  [14] .

  Identification of Independent Factors Predictive of 
SVR in HCV-2a and HCV-2b Infections 
 To identify significant independent predictors of 

SVR in HCV-2a and HCV-2b infections, univariate and 
multivariate logistic regression analyses were carried 
out using all available data on patient baseline param-
eters and viral genetic polymorphic factors. In HCV-2a 
infection, univariate analysis identified two factors, the 
heterogeneity of IRRDR[2a] ( ≥ 4 vs.  ≤ 3) and RVR, that 
were significantly associated with SVR. Subsequently, 
multivariate regression analysis including these factors 
revealed that IRRDR[2a] heterogeneity (p = 0.0264) 
platelets (p = 0.0369) and IL28B major genotype (p = 
0.0424) were independent factors predictive of SVR ( ta-
ble 9 ).

  In HCV-2b infection, univariate analysis identified 
two factors, body weight and γ-GTP levels, that were sig-
nificantly associated with SVR. In the subsequent multi-
variate analysis, only the γ-GTP level (p = 0.0287) was 
identified as an independent factor predictive of SVR in Ta
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HCV-2b infection. The heterogeneity of IRRDR/N[2b], a 
viral factor, was identified as significantly associated with 
RVR (p = 0.0064; data not shown) but not with SVR (p = 
0.0521;  table 9 ).

  Discussion 

 Host factors (such as age, sex, ethnicity, platelets, liver 
fibrosis and obesity) have been associated with the out-
come of PEG-IFN/RBV therapy  [22]  for HCV genotype 
1. Also, the clinical outcome of this therapy for HCV in-
fection is influenced by a number of host factors such as 
IL28B  [9–12]  and viral factors including ISDR  [17, 23]  
and core mutations at position 70 in genotype 1  [8] .

  We have previously compared the impact of IRRDR, 
ISDR and core mutations as viral genetic polymorphisms, 
and the IL28B genotype as a host genetic factor, in the 
clinical outcome of PEG-IFN/RBV therapy – SVR, re-
lapse and nonvirological response (NVR) – for HCV-1b 
with a high viral load in Japanese patients. IRRDR  ≥ 6 was 
identified as a viral genetic polymorphism that indepen-
dently predicts SVR to PEG-IFN/RBV treatment  [7, 16, 
17, 24] . The IL28B minor genotype was identified as a 
host genetic factor that most effectively predicts NVR 
 [24] . On the other hand, ISDR was identified as a factor 
showing significant correlation with RVR in our previous 
study, although it has been considered a viral determiner 
of SVR  [22, 23] .

  To date, except for ours  [24] , few factors, including 
host and viral factors, and viral kinetics, have been 
shown to predict the outcome of PEG-IFN RBV therapy 
for HCV-2a and HCV-2b  [25] . In the present study, 
multivariate analysis identified platelets (OR 1.3364; p = 
0.0369), IL28B major genotype (OR 31.2194; p = 0.0424) 
and IRRDR[2a]  ≥ 4 (OR 15.3487; p = 0.0264), on the
one hand, and γ-GTP (OR 0.8962, p = 0.0287) on the 
other, as factors predictive of SVR in patients infected 
with HCV-2a and HCV-2b, respectively. Similarly, 
IRRDR[2a]  ≥ 4 (OR 23.8493; p = 0.0014) and IRRDR/
N[2b]  ≥ 1 (OR 44.7766; p = 0.064) were identified as pre-
dictive of RVR in patients infected with HCV-2a and 
HCV-2b, respectively. Moreover, univariate analysis 
showed that ISDR/+C[2a]  ≥ 1 was significantly associ-
ated with RVR.

  Consistent with previous observations of HCV-1b, we 
have here demonstrated that in Japanese patients se-
quence heterogeneity within IRRDR is closely correlated 
with the treatment response of HCV-2a and HCV-2b in-
fections, and that the IL28B major genotype is significant-

ly associated with SVR in HCV-2a infection. Nonetheless, 
the effect of IL28B SNP appeared to be weaker in HCV-2a 
and HCV-2b infections than that seen in HCV-1b infec-
tions. In HCV-2a, ISDR/+C[2a] was considered a factor 
related to at least early viral dynamics as shown in HCV-
1b. A mutation at position 70 of the core protein of HCV-
1b has been correlated with PEG-IFN/RBV treatment 
outcome  [8] . In the present study, however, we found no 
significant correlation between core protein polymor-
phism and treatment outcome in HCV-2a or HCV-2b 
infection. The sequence conservation observed at posi-
tion 70 might be the reason for the lack of significant cor-
relation between core protein polymorphism and treat-
ment outcome in HCV-2a and HCV-2b infections.

  For the correlation between viral kinetics and treat-
ment outcome, we demonstrated that RVR was related to 
SVR (p = 0.0327) in HCV-2a infection; however, we were 
not able to relate RVR to SVR by multivariate analysis. 
Furthermore, early viral drop was related to only RVR
(p = 0.0075) in HCV-2a infection.

  In conclusion, the present results suggest the clinical 
usefulness of the sequence heterogeneity of NS5A in 
HCV-2a (IRRDR[2a]  ≥ 4) and IL28B SNP for determin-
ing viral sensitivity to PEG-IFN/RBV therapy given to 
HCV-2a patients. A large-scale multicenter study is need-
ed to clarify our conclusions.
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(RVR) and SVR were assessed, and pretreatment factors as-
sociated with SVR – the interleukin (IL)28B gene, the IFN/RBV 
resistance-determining region (IRRDR) and the IFN sensitivi-
ty-determining region (ISDR) – were analyzed.  Results:  Of 
the 40 patients, 9 (23%) achieved RVR and 10 (25%) achieved 
SVR. The significant factors associated with SVR were IL28B 
major and RVR,   as assessed by multivariate analysis (p = 
0.0182, p = 0.0005).  Conclusion:  Patients whose HCV is not 
eradicated by previous PEG-IFN/RBV would be good candi-
dates for combined DFPP and IFN/RBV retreatment provided 
they demonstrate IL28B major and have achieved RVR. 

 © 2013 S. Karger AG, Basel 

 Introduction 

 The most effective treatment for patients infected with 
genotype hepatitis C virus (HCV)-1b has been based
on pegylated interferon plus ribavirin (PEG-IFN/RBV) 

 Key Words 
 Double-filtration plasmapheresis · Interferon-β · 
Peginterferon · Ribavirin · Sustained virological response · 
Relapse · Null virological response 

 Abstract 
  Objectives:  We assessed the outcome of double-filtration 
plasmapheresis (DFPP) combined with pegylated interferon 
(PEG-IFN) and ribavirin (RBV) therapy in patients infected 
with hepatitis C virus (HCV)-1b whose HCV had not disap-
peared during PEG-IFN/RBV combination therapy, or who 
had relapsed after the end of the therapy. Additionally, we 
investigated factors predictive of sustained virological re-
sponse (SVR), including host and viral genetic factors, to 
DFPP plus IFN/RBV therapy.  Methods:  A total of 40 patients 
infected with HCV-1b whose HCV virus had not been eradi-
cated by previous PEG-IFN/RBV therapy were enrolled for 
treatment by DFPP plus IFN/RBV. Rapid virological response 
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combination therapy since 2004 in Japan. Nonetheless, 
sustained virological response (SVR) rates for those in-
fected with genotype HCV-1a and HCV-1b, the most 
common and the most difficult to treat, still hover around 
50%  [1, 2] . Moreover, retreatment with PEG-IFN/RBV of 
patients who resist initial PEG-IFN/RBV is frequently 
unsuccessful, with SVR rates of only 7–9%  [3] . To en-
hance the SVR rate more effectively for these resistant 
cases, several approaches have been undertaken. One 
such therapy is double-filtration plasmapheresis (DFPP; 
approved in Japan in 2008 for the treatment of chronic 
hepatitis C (CHC) patients with genotype HCV-1b and 
high viral loads) in combination with IFN administra-
tion, which has produced a substantial reduction in the 
viral load during the early stages of treatment and has 
demonstrated a high SVR rate  [4, 5] .

  Recent reports have revealed factors associated with 
response to PEG-IFN/RBV therapy in HCV-1b patients: 
single nucleotide polymorphisms, as host genetic factors, 
located in interleukin (IL)28B (rs8105790, rs11881222, 
rs8103142, rs28416813, rs4803219, rs8099917, rs7248668 
and rs12979860) on chromosome 19  [6–9] ; amino acid 
(aa) substitutions in nonstructural protein 5A (NS5A), 
especially those in the IFN/RBV resistance-determining 
region (IRRDR)  [10] , and the IFN sensitivity-determin-
ing region (ISDR)  [11] , as viral genetic polymorphisms.

  In this study, we assessed the outcome of the use of 
DFPP combined with IFN therapy aimed at enhancing 
the efficacy of the treatment of CHC patients whose HCV 
had not disappeared by PEG-IFN/RBV combination 
therapy, or who had relapsed after the end of the therapy. 
Additionally, we investigated factors predictive of SVR, 
including host and viral genetic factors associated with 
response to DFPP plus IFN/RBV therapy.

  Patients and Methods 

 Patients 
 A total of 40 patients whose HCV virus had not been eradi-

cated by PEG-IFNα-2b plus RBV combination therapy received 
DFPP plus IFN treatment. The patients comprised 2 groups ac-
cording to response to previous PEG-IFN/RBV treatment: con-
tinuous viremia throughout the observation period, referred to as 
the null virological response (NVR) group, and transient disap-
pearance of serum HCV RNA at a certain point in time with a sub-
sequent rebound in viremia either before or after the end of the 
treatment, referred to as the relapse group. All patients were con-
firmed positive for HCV RNA, had high levels of transaminase 
persisting for 6 months or longer, demonstrated genotype HCV-
1b at levels exceeding 10 5  log IU/ml in blood (as determined before 
the start of therapy by real-time PCR), and were negative for hep-

atitis B surface antigen. Patients with platelet counts  ≤ 10 × 10 4 /μl, 
leukocyte counts  ≤ 3,000/μl or hemoglobin levels  ≤ 12 g/dl were 
excluded from the study. 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.

  DFPP and Blood Collection 
 Blood collected from the peripheral vein for DFPP by a Plas-

maflo TM  OP-18W filter (Asahi Kasei Medical, Tokyo, Japan) was 
separated into plasma and cell components. The virus was then 
removed from the plasma by a second filter (Cascadeflo TM  EC-
50W; Asahi Kasei Medical) of an average pore of 30 nm. For each 
session, the final volume of treated plasma was 50 ml/kg, the num-
ber of sessions was 5 over 2 weeks, and the intervals of administra-
tion of DFPP, based on the reduced plasma fibrinogen levels dur-
ing DFPP, was decided by the physicians and as required by the 
patients.

  Regimen of IFN with DFPP 
 During DFPP, the patients received different kinds of IFN: 

PEG-IFNα-2b plus RBV for 4 weeks; IFN-β 3 MU twice daily for 
2 weeks and PEG-IFNα-2a plus RBV for 2 weeks; IFN-β 3 MU 
twice daily for 2 weeks and IFN-β 6 MU daily for 2 weeks; IFN-β 
3 MU twice daily for 10 days, IFN-β 6 MU daily for 18 days and 
IFN-β 3 MU daily for 4 weeks; IFN-β 3 MU twice daily plus RBV 
for 4 weeks. The PEG-IFN dose was 1.5 μg of α-2b/kg and 180 μg 
of α-2a per week. After DFPP plus IFN treatment for 4 weeks, all 
the patients were scheduled to receive PEG-IFN/RBV combina-
tion therapy for 48 weeks. The RBV dose was 800 mg of α-2b/day 
and 600–800 mg of α-2a/day.

  Laboratory Tests 
 HCV RNA was extracted from 140 μl of serum with the use of 

a commercially available kit (QIAmp viral RNA kit; Qiagen, To-
kyo, Japan). The quantity of HCV RNA was converted to a log 
value at the beginning of the treatment (A) and at 4 weeks after 
the start of treatment (B). Δlog was then calculated as follows: 
Δlog = logA – logB = log (A/B). Amplification of full-length NS5A 
and the core regions of the HCV genome was carried out as de-
scribed  [10] . Before the start of treatment, HCV aa substitutions 
were measured in NS5A, in IRRDR and in ISDR. Genetic poly-
morphism rs8099917 around the IL28B gene was determined by 
real-time PCR with the TaqMan assay. We defined the IL28B ma-
jor allele as homozygous (TT) for the major sequence and the 
IL28B minor allele as homozygous (GG) or heterozygous (TG) for 
the minor sequence.

  Statistical Analysis 
 Rapid virological response (RVR) was defined as undetectable 

serum HCV RNA at week 4. SVR was defined as undetectable 
serum HCV RNA by week 24 after treatment. RVR and a reduc-
tion in the HCV RNA viral load  ≥ log 2 at week 4 after the start 
of treatment was assessed as being associated with SVR. The po-
tential pretreatment factors associated with virological response 
including age, sex, body weight, the HCV RNA load, alanine ami-
notransferase (ALT), γ-glutamyl transpeptidase (γ-GTP), hemo-
globin, platelets, total cholesterol, blood glucose level, single nu-
cleotide polymorphisms in the IL-28B gene region, the mutation 
in NS5A, especially that in ISDR and IRRDR, were examined. 
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Additionally, the significant factors associated with SVR were 
compared with those of NVR and relapse patients. Factors asso-
ciated with the virological response were assessed by univariate 
analysis using the Mann-Whitney U test, Fisher’s exact test or χ 2  
test, and by multivariate analysis using logistic regression analy-
sis. Variables with a p value <0.05 were considered statistically 
significant. All statistical analyses were carried out with EXCEL 
multivariate statistical analysis software version 6.0 (ESUMI Inc., 
Toyo, Japan).

  Results 

 Treatment Responses and Viral Dynamics 
 The baseline characteristics of the patients and the lab-

oratory data are shown in  table 1 . Of the 40 patients, 9 
(23%) achieved RVR and 10 (25%) achieved SVR.

  RVR was achieved in 44% (8/18) of previously relapsed 
patients and in 5% (1/22) of previously NVR patients, 
with a significant difference between the two groups (p = 
0.0036;  table 2 ). SVR was achieved in 39% (7/18) of re-
lapsed patients and in 14% (3/22) of NVR patients, with 
no significant difference between the two groups (p = 
0.1401;  table 2 ). A reduction of  ≥ 2 log in the viral load was 
observed in 61.5% (24/39). The number of patients who 
achieved  ≥ 2 log reduction was larger in SVR than in non-
SVR patients, with a significant difference between the 
two (p = 0.034).

  Analysis of Factors Associated with SVR 
 By univariate analysis, the significant factors associ-

ated with SVR were IL28B major and RVR (p = 0.0246,
p = 0.0002;  table 3 ). By multivariate analysis, both fac-
tors were also significantly associated with SVR (p = 
0.0182, p = 0.0005;  table 4 ).

  Analysis of the correlation between SVR and RVR in 
both groups revealed that of 18 previously relapsed pa-
tients, RVR was achieved in 100% (7/7) of the SVR pa-
tients, but in only 9% (1/11) of the non-SVR patients, with 
a significant difference between the two (p = 0.0011;  ta-
ble 5 ). Of 22 previously NVR patients, RVR was achieved 
in 0% (0/3) of the SVR patients and   in   5% (1/19) of the 
non-SVR patients, with no significant difference between 
the two (p = 0.8636;  table 6 ).

  In previously relapsed patients, IL28B major was dem-
onstrated in 86% (6/7) of the SVR patients and in 64% 
(7/11) of the non-SVR patients (p = 0.3235;  table 5 ). In 
previously NVR patients, IL28B major was demonstrated 
in 67% (2/3) of the SVR patients, but in 16% (3/19) of the 
non-SVR patients; it was not associated with SVR in ei-
ther relapsed or NVR patients (p = 0.1169;  table 6 ).

Table 1.  Patient baseline characteristics

Age (years) 60.95 ± 8.51
Sex (male/female) 13/27
Body weight (kg) 54.46 ± 13.51
HCV RNA (KIU/ml) 6.06 ± 0.90
Hemoglobin (g/dl) 12.18 ± 2.94
ALT (IU/l) 37.15 ± 30.73
γ-GTP (IU/l) 41.70 ± 44.40
Platelets (×104/mm3) 14.35 ± 5.79
Blood glucose level 92.30 ± 19.30
Total cholesterol (mg/dl) 151.03 ± 32.54
IL-28 (major/minor) 18/40
ISDR 0.60 ± 0.49
IRRDR 4.08 ± 1.77

 Data are shown as means ± SD.

Table 2.  Rates of virological responses

Virological
response

All Previous
relapse
patients

Previous
NVR
patients

p
value

RVR 9/40 (23) 8/18 (44) 1/22 (5) 0.0036
SVR 10/40 (25) 7/18 (39) 3/22 (14) 0.1401

Values in parentheses are percentages. Bold p values are sig-
nificant.

Table 3.  Association of baseline characteristics and clinical SVR 
and non-SVR

Factor SVR
(n = 10)

Non-SVR
(n = 30)

p
value

Age (years) 60.60 ± 9.47 61.07 ± 8.16 0.9626
Sex (male/female) 5/5 8/22 0.2464
Body weight (kg) 47.90 ± 16.93 56.50 ± 11.63 0.2717
Platelets (×104/mm3) 17.76 ± 6.26 13.21 ± 5.14 0.0588
Hemoglobin (g/dl) 12.92 ± 2.08 11.93 ± 2.04 0.2540
γ-GTP (IU/l) 31.10 ± 24.15 45.23 ± 48.83 0.3814
ALT (IU/l) 45.60 ± 41.18 34.33 ± 25.73 0.4251
HCV RNA (KIU/ml) 5.97 ± 1.00 6.09 ± 0.87 0.4880
Blood glucose level 103.33 ± 32.79 88.75 ± 9.75 0.2216
T-Cho 155.20 ± 29.69 149.63 ± 33.32 0.5843
IL28B (major/minor) 8/2 10/20 0.0246
IRRDR mutations 3.60 ± 0.92 4.23 ± 1.94 0.4944
ISDR mutations 0.43 ± 0.49 0.67 ± 0.47 0.2850
Previous treatment response

(Relapse/NVR) 7/3 11/19 0.1401
RVR/non-RVR 7/3 2/28 0.0002

 Data are shown as means ± SD. Bold p values are significant.
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  Discussion 

 SVR by PEG-IFN/RBV treatment of patients previ-
ously nonresponsive to PEG-IFN/RBV therapy is diffi-
cult to achieve. To enhance the SVR rate, several trials 
have been undertaken: among patients with relapse after 
previous treatment, those who attain SVR on retreatment 
require a longer period of therapy than that of the previ-
ous treatment  [12] ; retreatment of nonresponders with 
PEG-IFN-α2b plus RBV therapy for 72 weeks increases 
SVR rates significantly compared with retreatment for 48 
weeks  [13] . 

  An alternative therapeutic method is treatment with 
the use of DFPP, which was approved in Japan in 2008. 
Granulocyte apheresis, plasma exchange and hemofiltra-
tion are modalities that have shown a reduction of HCV 
RNA in blood during the treatment of HCV-infected pa-
tients for cryoglobulinemia and vasculitis  [14, 15] . The 
mechanisms of plasmapheresis have been described as re-
lated to the enhancement of the effects of IFN therapy by 
synergistically removing HCV from the blood  [16] . He-
modialysis, hemofiltration and peritoneal dialysis given 
to chronic dialysis patients infected with HCV signifi-
cantly lower HCV RNA levels in the blood  [17] . The 
change in serum HCV RNA levels after starting therapy 
is an important predictor of treatment outcome  [18–20] . 
Especially, a 2-log reduction in the HCV RNA viral load 
by week 4 is a prerequisite to achieving SVR with PEG-

IFN/RBV combination therapy  [21] . Thus, the potential 
for effective IFN therapy combined with early physical 
removal of the virus is of particular interest.

  Combined DFPP and IFN/RBV therapy contributes to 
early virological response and achieves high SVR  [4, 22] . 
In the current study, although a 2-log reduction in the 
HCV RNA viral load by week 4 was observed in 61.5% of 
patients, RVR and SVR was observed in 23 and 25%, re-
spectively. A previous study has concluded that relapsed 
patients would be better candidates for DFPP therapy 
than NVR patients in view of a significant difference in 
viral reduction at 24 and 48 h, and by weeks 1, 2, 4, 8 and 
12, between NVR and relapsed patients  [23] . In the cur-
rent study, although a significant difference was observed 
in RVR between NVR and relapsed patients, no signifi-
cant difference in SVR was apparent between them.

  Factors predictive of virological response to PEG-IFN/
RBV combination therapy have been reported in patients 
infected with high viral loads of genotype HCV-1b. IL28B 
major genotype (TT) as a host factor, a high degree ( ≥ 6) 
of sequence variation in IRRDR and a high degree ( ≥ 2) 
of sequence variation ISDR as viral factors have indepen-
dently been demonstrated as significant pretreatment 
predictors of host- or viral-related factors  [8–10, 14–16, 
24, 25] . Multivariate analysis in our study showed that 
IL28B was the only significant pretreatment predictor of 
SVR in DFPP therapy, whereas IRRDR and ISDR were 
not significantly associated with SVR; RVR was, however, 

Table 4.  Factors associated with SVR by multivariate analysis

Factor Odds
ratio

95% CI p
value

Age (years) 0.994 0.914 – 1.080 0.8806
Sex (male/female) 2.75 0.626 – 12.085 0.1805
Body weight (kg) 0.953 0.896 – 1.014 0.1305
Platelets (×104/mm3) 1.162 1.002 – 1.346 0.0464
Hemoglobin (g/dl) 1.264 0.880 – 1.814 0.2046
γ-GTP (IU/l) 0.99 0.967 – 1.014 0.4058
ALT (IU/l) 1.011 0.989 – 1.033 0.3330
HCVRNA (KIU/ml) 0.864 0.399 – 1.870 0.7110
Blood glucose level 1.041 0.987 – 1.098 0.1405
T-Cho 1.01 0.983 – 1.028 0.6404
IL28B (major/minor) 8 1.425 – 44.920 0.0182
IRRDR mutations 0.803 0.514 – 1.253 0.3328
ISDR mutations 0.375 0.063 – 2.244 0.2826
Previous treatment response

(Relapse/NVR) 2.591 0.598 – 11.234 0.2034
RVR/non-RVR 32.667 4.548 – 234.616 0.0005

Bold p values are significant.

Table 5.  Correlation between SVR and IL28B, RVR of previously 
relapsed patients

SVR
(n = 7)

Non-SVR
(n = 11)

p value

RVR/non-RVR 7/0 1/10 0.0011
IL28B (major/minor) 6/1 7/4 0.3235

Bold p values are significant.

Table 6.  Correlation between SVR and IL28B, RVR of previously 
NVR patients

SVR
(n = 3)

Non-SVR
(n = 19)

p value

RVR/non-RVR 0/3 1/18 0.8636
IL28B (major/minor) 2/1 3/16 0.1169
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significantly associated with SVR. RVR was also signifi-
cantly related to SVR in the previously relapsed group. 
Patients achieving RVR have a high likelihood of achiev-
ing SVR by PEG-IFN/RBV combination therapy  [26, 27] . 
Our study also suggested that achievement of RVR is es-
sential for achieving SVR.

  The recently accepted triple combination therapy 
comprising PEG-IFN, RBV and protease inhibitors such 
as telaprevir has shown that SVR is attained in 88% of re-
lapse and 34% of NVR patients  [28] . In the current study, 
SVR was achieved in 39% of relapse and 14% of NVR pa-
tients. Thus, combination therapy of DFPP with IFN and 
RBV is considered inferior to triple therapy for difficult-
to-treat CHC patients. Nonetheless, triple therapy entails 
frequent discontinuation attributed to adverse events 
such as anemia and skin eruption  [29] . Therefore, DFPP 
with IFN and RBV could become an alternative treatment 
for CHC patients intolerant of the triple combination 

therapy. Because of the small number of patients in our 
study, analysis in a large-scale multicenter study is need-
ed to clarify this issue. In conclusion, we believe that pa-
tients with high viral loads of genotype HCV-1b whose 
HCV had not been eradicated by PEG-IFN/RBV are good 
candidates for treatment by DFPP combined with IFN/
RBV provided they demonstrate IL28B major and have 
achieved RVR.
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for 1.5 h.  Results:  Hypothermia attenuated liver injury and 
prolonged survival. Activation of c-Jun N-terminal kinase 
and Akt, which are involved in reactive oxygen species 
(ROS) accumulation, was suppressed by low temperature. 
Hypothermia significantly decreased oxidized protein lev-
els, and treatment with N-acetyl- L -cysteine, an antioxidant, 
attenuated GalN/LPS-induced liver injury. In con A-induced 
hepatitis, CIRP expression was upregulated and Bid expres-
sion was downregulated, resulting in decreased apoptosis 
of hepatocytes in the hypothermia group.  Conclusions: 
 These data suggest that hypothermia directly protects he-
patocytes from cell death via reduction of ROS production 
in fulminant hepatitis.  © 2013 S. Karger AG, Basel 

 Introduction 

 Mild hypothermia has been reported to protect central 
neurons from ischemic damage  [1–3] . Although clinical 
application of mild hypothermia (32–35   °   C) for patients 
with brain injury and cardiac arrest has been conducted 

 Key Words 
 Reactive oxygen species · Fulminant hepatitis · 
Hypothermia · Cold-inducible RNA-binding protein · 
Cold shock 

 Abstract 
  Objective:  Mild hypothermia (32–33   °   C) shows protective 
effects in patients with brain damage and cardiac arrest. 
Although cold-inducible RNA-binding protein (CIRP) con-
tributes to the protective effects of hypothermia through 
extracellular signal-regulated kinase activation in fibro-
blasts, the effects of hypothermia in the liver remain un-
clear.  Methods:  We analysed the effects of cold tempera-
ture on fulminant hepatitis, a potentially fatal disease, us-
ing the  D -galactosamine (GalN)/lipopolysaccharide (LPS) 
and concanavalin (con) A-induced hepatitis models in 
mice. After GalN/LPS administration and anaesthesia, mice 
in the hypothermia group were kept at 25   °   C and those in 
control group were kept at 35   °   C. After concanavalin A (con 
A) administration, the mice in the hypothermia group were 
placed in a chamber with an ambient temperature of 6   °   C 
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with promising results  [4] , the molecular mechanisms 
underlying the protective effects of hypothermia are un-
known. In endothelial cells kept under hypothermic con-
ditions, significant upregulation of the anti-apoptotic 
protein Bcl-2 has been reported. Hypothermia decreased 
the levels of inflammatory chemokines such as IL-8, 
MCP-1 and COX-2, which could lead to reduced leuko-
cyte recruitment  [5] . Low temperature protects mamma-
lian cells from apoptosis initiated by various stimuli in 
vitro  [6] . Cold-inducible RNA-binding protein (CIRP), a 
protein induced by mild hypothermia, protects against 
tumour necrosis factor (TNF)-α-induced apoptosis via 
activation of extracellular signal-regulated kinase (ERK) 
 [7] . 

  Fulminant hepatitis, resulting from the acute hepatitis 
caused by viral infection, alcohol or drugs, is associated 
with high mortality, and development of a new therapy is 
necessary. This pathophysiological disturbance is caused 
by excessive hepatocyte death, in which TNF-α plays an 
important role  [8] . Reactive oxygen species (ROS) are an-
other major mediator of inflammation and reduction of 
ROS levels leads to attenuation of hepatic injury  [9] . Akt 
activation increases intracellular ROS levels  [10] . ROS
accumulation inhibits mitogen-activated protein kinase 
(MAPK) phosphatases, resulting in prolonged c-Jun N-
terminal kinase (JNK) activation, which contributes to 
ROS accumulation and hepatocyte death  [11] . Here, we 
analysed the effects of hypothermia on fulminant hepati-
tis using murine hepatitis models.

  Materials and Methods 

 Cell Culture 
 Human HeLa cells were maintained in Dulbecco’s modified 

Eagle medium supplemented with 10% foetal bovine serum at 32 
or 37   °   C in a humidified atmosphere of 5% CO 2  in air. For induc-
tion of cell death, confluent cultures of cells were incubated with 
TNF-α (50 ng/ml) in the presence of cycloheximide (CHX; 10 μg/
ml). The number of viable cells was estimated by Trypan blue as-
say. To assess intracellular ROS levels, TNF-α-treated cells were 
resuspended in PBS containing 10 μ M  5-[and-6]-chloromethyl-
2 ′ ,7 ′ -dichlorodihydrofluorescein diacetate (CM-H 2 DCFDA; Invi-
trogen, Carlsbad, Calif., USA), maintained at 37   °   C in the dark for 
30 min, and analysed by flow cytometry.

  Western Blot Analysis 
 Western blot analysis was performed as previously described 

 [12] . The antibodies used were as follows: anti-phospho Akt, anti-
Akt, anti-phospho-JNK, anti-JNK, anti-phospho-ERK, anti-ERK 
(Cell Signaling Technology, Danvers, Mass., USA), anti-Bcl-2,
anti-Bad, anti-Bid (BD Transduction Laboratory, Lexington, Ky., 
USA), anti-β-actin (Sigma, St. Louis, Mo., USA), anti-Bcl-xL and 
anti-HNF-3γ (Santa Cruz Biotechnology, Santa Cruz, Calif., USA). 
Rabbit polyclonal antibody recognizing C terminus of mouse 
CIRP was prepared as described  [13] . To quantify ROS accumula-
tion, an OxyBLOT TM  Protein Oxidation Detection Kit (Millipore, 
Billerica, Mass., USA) was used.

  Fulminant Hepatitis Model 
 C57BL/6 mice, 4–12 weeks old, were purchased from Japan 

SLC (Shizuoka, Japan) and were kept at 25   °   C and 55% relative hu-
midity in a 12-hour day/night cycle with free access to food and 
water. To induce hepatitis,  D -galactosamine (GalN; 1,000 mg/kg, 
Sigma) and lipopolysaccharide (LPS; 0.1 or 35 μg/kg, Sigma) were 
injected i.p. Thereafter, mice were anesthetized with urethane or 
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  Fig. 1.  Low temperature (32   °   C) reduced ROS production and cell 
death in TNF-α-treated cells. HeLa cells were cultured at 37 (con-
trol) or 32   °   C (hypothermia) in media containing TNF-α (50 ng/
ml) and/or CHX (10 μg/ml).  a ,  b  The cell survival rates and relative 
ROS levels were examined at the indicated times after initiation of 
TNF-α treatment. The number of viable cells was estimated by the 
Trypan blue assay. ROS accumulation was assessed using 5-[and-

6]-chloromethyl-2 ′ ,7 ′ -dichlorodihydrofluorescein diacetate (CM-
H 2 DCFDA). The values are shown relative to non-treated cells; 
results are the mean ± SEM.  *  p < 0.05 versus culture at 37   °   C (con-
trol).  c  After treatment with TNF-α or TNF-α plus CHX, cell ly-
sates were prepared and analysed by Western blotting using the 
indicated antibodies.  
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pentobarbital and divided into 2 groups: mice placed in a chamber 
with an ambient temperature of 25   °   C (hypothermia group) and 
those placed on a plate of 35   °   C (control group). To investigate the 
protective effects of N-acetyl- L -cysteine (NAC; Sigma), which is an 
antioxidant, mice were administered with NAC (150 mg/kg, i.p.) 
30 min before GalN/LPS administration (1,000 mg/0.1 μg/kg, i.p.). 
NAC dissolved in PBS was neutralized before injection. The vol-
ume of insensible perspiration was 15 ml/kg/day and increased by 
15% per 1   °   C upshift of body temperature  [14] . The volume of PBS 
as calculated was injected i.p. into mice in the control group to re-
duce the effect of dehydration. 

  Concanavalin A (con A; Sigma) was dissolved in sterile saline 
and injected into the tail vein at a final volume of 200 μl. To exam-
ine the effect of hypothermia on their survival, the mice were treat-
ed with con A at a lethal dose of 35 mg/kg body weight and divid-
ed into 2 groups. One hour after con A injection, the mice in the 
hypothermia group were placed in a chamber with an ambient 
temperature of 6   °   C for 1.5 h. Then, all mice were observed at 22   °   C. 
For histological and gene expression analyses, mice were treated 
with 25 mg/kg of con A, divided into 2 groups, and euthanised at 
24 h after con A injection. 

  This work was conducted under the Japanese Law Concerning 
the Care and Control of Animals and was approved by the Animal 
Research Committee of the Faculty of Medicine of Kinki and Kyo-
to University. 

  Histopathological Examination 
 The liver was removed and fixed in 10% formalin, embedded 

in paraffin and sliced into 5-μm sections for light microscopy. Im-
munohistochemistry was performed using ImmPRESS TM  reagents 
(Vector Laboratory, Burlingame, Calif., USA) according to the 
manufacturer’s recommendations. The number of proliferating 
cells was estimated by staining the sections with a mouse mono-
clonal anti-proliferating cell nuclear antigen (PCNA) antibody 
(Cell Signaling Technology). TUNEL   staining was performed   us-
ing tissue sections with an in situ Apoptosis Detection Kit (Takara, 
Tokyo, Japan). 

  Statistical Analysis 
 Data are presented as the mean ± SEM. Statistical differences 

between sample means were calculated by analysis of variance, fol-
lowed by unpaired Student’s t test. To compare the survival rates 
between groups of mice, the log-rank test was used. p < 0.05 was 
considered significant.

  Results 

 Low Temperature (32   °   C) Reduced ROS Production 
and Cell Death in TNF-α-Treated Cells 
 Treatment with TNF-α and CHX induced death of 

HeLa cells cultured at 37   °   C within 6 h ( fig. 1 a). The num-
ber of surviving cells was significantly higher when cells 
were cultured at 32   °   C (hypothermia) than when they 
were cultured at 37   °   C (control). Similar results were ob-
tained with the human hepatoma cell line HuH-7  [7] .
Decreased H 2 O 2  accumulation in cells cultured at 32   °   C 
was detected using the ROS indicator 5-[and-6]-
chloromethyl-2 ′ ,7 ′ -dichlorodihydrofluorescein diacetate 
(CM-H 2 DCFDA;  fig. 1 b). Akt activation promotes ROS 
production  [10] . At 60 min after treatment with TNF-α, 
the protein level of phospho-Akt was lower in HeLa cells 
cultured at 32   °   C than in cells cultured at 37   °   C ( fig. 1 c). 

  Hypothermia Ameliorates GalN/LPS-Induced Hepatitis 
 The mean rectal temperature was kept at approximate-

ly 30   °   C in the hypothermia group and at 37   °   C in the con-
trol group ( fig. 2 a). As shown in  fig. 2 b and c, hypothermic 
treatment significantly reduced hepatic injury and im-
proved the survival rate in GalN/LPS-induced hepatitis. 

30

40

Control
Hypothermia

20

10

0
0 2 4

Time (h)a
6

Re
ct

al
 te

m
pe

ra
tu

re
 (°

C)

80

100

Control
Hypothermia

60

20

40

0
0 5 10

Time (h)c
15

Su
rv

iv
al

 (%
)

Control Hypothermia

80

120

40

0

b
AL

T 
(IU

/l)

*

*

  Fig. 2.  Hypothermia ameliorates GalN/LPS-induced hepatitis.
 a  Rectal temperatures of mice in the control (n = 10) and hypo-
thermia (n = 10) groups were monitored after injection of GalN 
(1,000 mg/kg) and LPS (0.1 μg/kg); results are the mean.  b  Mice 
were injected with GalN (1,000 mg/kg) and LPS (0.1 μg/kg), and 
8 h after the injection serum ALT levels were examined; results are 

the mean ± SEM.  *  p < 0.05 versus the control.  c  After injection 
with GalN (1,000 mg/kg) and LPS (35 μg/kg), the survival rates of 
mice in the control group (n = 10) and those in the hypothermia 
group (n = 10) were examined. The difference in the survival rate 
was analysed by the Kaplan-Meier method and log-rank test.  *  p < 
0.05 versus the control. 
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  Hypothermia Reduces ROS Accumulation in
GalN/LPS-Treated Livers 
 Mice in the hypothermia group were found to have 

lower levels of oxidized protein than those in the con-
trol group ( fig 3 a). ROS accumulation inhibits MAPK 
phosphatases, resulting in prolonged JNK activation, 
which contributes to hepatocyte death  [11] . Accord-
ingly, Akt and JNK activity were decreased in hypo-

thermia-treated livers ( fig. 3 b). To evaluate the contri-
bution of oxidative stress to GalN/LPS-induced liver 
damage, we injected the antioxidant NAC. NAC-treat-
ed mice showed a significant reduction in GalN/LPS-
induced liver injury ( fig.  3 c). Thus, hypothermia re-
duces GalN/LPS-induced hepatocyte death through 
mechanisms that may depend on attenuated ROS ac-
cumulation. 
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  Fig. 3.  Hypothermia reduces ROS accumulation in GalN/LPS-
treated livers. Mice in the control (n = 8) and hypothermia (n = 8) 
groups were injected with GalN (1,000 mg/kg) and LPS (0.1 μg/
kg), and 24 h after the GalN/LPS injection, tissue lysates were ex-
tracted.  a  ROS accumulation was assessed using the OxyBLOT TM  
Protein Oxidation Detection Kit; the results are the mean ± SEM. 
   *  p < 0.05 versus the control.  b  Tissue lysates were analysed by 
Western blotting using the indicated antibodies.  c  Mice in the con-

trol group (n = 8) and hypothermia group (n = 8) were injected 
with GalN (1,000 mg/kg) and LPS (0.1 μg/kg). Mice received NAC 
(150 mg/kg, i.p.) in the control group (Cont+Nac; n = 8) and the 
hypothermia group (Hypo+Nac; n = 8) 30 min before GalN/LPS 
administration (1,000 mg/0.1 μg/kg, i.p.). Eight hours after the 
GalN/LPS injection, the mice were euthanised and serum ALT lev-
els were examined; results are the mean ± SEM.  *  p < 0.05 versus 
the control. 

32

36

Control
Hypothermia

28

24

20
0 9 24

Time (h)a
123

Re
ct

al
 te

m
pe

ra
tu

re
 (°

C) 80

100

60

20

40

0
0 12 24

Time (h)b
4836

Su
rv

iv
al

 (%
)

Control
Hypothermia

  Fig. 4.  Hypothermia improves the survival rate in con A-induced 
hepatitis.  a  Rectal temperatures of mice in the control (n = 14) and 
hypothermia (n = 11) groups were monitored after injection of con 
A (35 mg/kg); results are the mean.  b  After injection with con A 

(35 mg/kg), the survival rates of mice in the control group (n = 14) 
and those in the hypothermia group (n = 11) were examined. The 
difference in the survival rate was analysed by the Kaplan-Meier 
method and log-rank test.             
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  Hypothermia Upregulates CIRP Expression and 
Improves the Survival Rate in con A-Induced 
Hepatitis 
 TNF-α has been suggested to be a crucial factor in ful-

minant hepatitis  [8] . In con A-induced hepatitis, a mouse 
model of fulminant hepatitis, the intrahepatic levels of 
cytokines, including TNF-α, maximally increase 1 h after 
con A administration  [15] . As shown in  figure 4 , hypo-
thermic treatment improved the survival rate, but the im-
provement was not significant (p = 0.096). 

  Histological examinations revealed that con A induced 
severe morphological changes in the liver ( fig. 5 a). Dilata-
tion of veins and bile ducts was prominent. Massive de-

generative lesions consisting of dead parenchymal cells 
were observed in the midlobular area. The liver of mice 
in the hypothermia group showed smaller areas of the
lesion than the liver of the mice in the control group 
( fig. 5 b). Cells positive for TUNEL staining were localized 
in the parenchymal cells in the midlobular area and adja-
cent to the degenerative lesions, and the areas with TU-
NEL-positive cells were smaller in the hypothermia group 
( fig. 5 c, d). Cold exposure slightly reduced the number of 
PCNA-positive cells in mice without con A challenge (4.5 
± 1.2 vs. 3.4 ± 0.8 per 1,000 cells). As shown in  figure 5 e 
and f, PCNA immunoreactivity was decreased after con 
A administration in the control and hypothermia groups 
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  Fig. 5.  Hypothermia upregulates CIRP in con A-induced hepatitis. 
 a–f  Liver histology. Mice were injected with 25 mg/kg body weight 
of con A. One hour later, the ambient temperature was changed to 
25   °   C ( a ,  c ,  e ) or 6   °   C (   b ,  d ,  f ) for 1.5 h, and then returned to room 
temperature. Twenty-four hours after the injection, the mice were 
euthanised and liver sections were obtained after fixation. Haema-
toxylin and eosin staining ( a ,  b ); TUNEL staining ( c ,  d ); immuno-
histochemical staining with mouse anti-PCNA antibody and 

horseradish peroxidase-conjugated anti-mouse antibody ( e ,  f ). 
Arrows indicate PCNA-positive cells. Scale bar = 50 μm.  g–i  Gene 
expression. Groups of mice were treated as above, and the expres-
sion of CIRP and HNF-3γ ( g ), Bcl-2 family members ( h ) and ERK 
( i ) in the livers of control mice and hypothermic mice (Hypo) was 
analysed by Western blotting using the indicated antibodies. Re-
sults with representative samples are shown.         
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to equivalent levels (1.4 ± 0.5 vs. 1.8 ± 0.6 per 1,000 cells). 
These results suggest that in con A-induced hepatitis, hy-
pothermia improves the survival of mice not by enhanc-
ing hepatocyte regeneration but rather by suppressing 
apoptosis. 

  The stress response protein CIRP protects cells by ac-
tivating the ERK pathway  [7] . HNF-3γ shows a hepato-
protective effect in acute liver injury  [16] . Hypothermia 
induced the expression of CIRP, but not HNF-3γ, in the 
livers of con A-treated mice ( fig. 5 g). As shown in  figure 
5 h, Bid was downregulated in livers in the hypothermia 
group. There was no difference in the protein levels of 
XIAP/ILP and other Bcl-2 family members, including 
Bcl-2, Bcl-xL, Bad and Mcl-1 ( fig.  5 h and data not 
shown). The level of phosphorylated ERK was increased 
in 2 out of 3 examined mice in the hypothermia group 
( fig. 5 i).

  Discussion 

 Fulminant hepatitis is a devastating liver disease with 
a progressive course and a high mortality rate  [17] . Al-
though several studies have shown that mild hypother-
mia has a protective effect against the encephalopathy 
resulting from severe liver injury  [18] , the direct effect of 
hypothermia on the liver has not been determined. In the 
present study, we found that hypothermia inhibited 
apoptosis in the liver and increased the survival rate in 
mice with con A-induced hepatitis and GalN/LPS-in-
duced hepatitis, which are considered to be relevant to 
human fulminant hepatitis  [19] . Apoptosis is essential 
for the homeostasis of organs such as the liver  [20] . In 
both human fulminant hepatitis and its animal models, 
apoptosis of hepatocytes is mediated by death receptors 
such as Fas (CD95) and the TNF-α receptor  [20, 21] . In 
the death receptor pathway, the pro-apoptotic protein 
Bid is processed, and its translocation to the mitochon-
dria activates the mitochondrial apoptotic pathway  [22] . 
Bid is required, at least in some cells, for death receptor 
activation to initiate the apoptosis cascade. Here, we 
showed that in the livers of mice treated with con A, the 
Bid protein level was lower in the hypothermia group 
than in the control group ( fig. 5 ). These results suggest 
that the protective effect of hypothermia in mice is medi-
ated, at least partly, by the decrease in the Bid protein 
level in the liver. CIRP blunts TNF-α-mediated apoptosis 
via ERK activation  [7]  and inhibits H 2 O 2 -induced apop-
tosis through upregulation of thioredoxin expression 
 [23] . CIRP, which was upregulated by hypothermia in 

this study, may contribute to the anti-apoptotic effects of 
hypothermia by regulating ERK activity and ROS accu-
mulation in the liver.

  Several mechanisms have been proposed to explain the 
increased resistance of humans and animals to tissue 
damage as body temperature is reduced. Hypothermia 
suppresses the production of superoxide anions, nitric 
oxide and TNF-α in ischemic cells  [24] . The hepatic in-
flammatory response after ischemia is suppressed by hy-
pothermia through selective inhibition of JNK and acti-
vator protein-1  [25] . ROS promote TNF-α-induced death 
and sustained JNK activation by inhibiting MAP kinase 
phosphatases  [11, 26] . Akt activation increases intracel-
lular ROS levels through increased oxygen consumption 
and by inhibition of the expression of ROS scavengers 
downstream of FoxO, particularly  sestrin 3   [10] . In the 
present study, we demonstrated that hypothermia sup-
pressed liver injury and the Akt and JNK pathways in the 
livers of GalN/LPS-treated mice ( fig.  3 ). Furthermore, 
mice treated with an antioxidant showed a significant re-
duction in the severity of liver injury. These data suggest 
that the attenuation of ROS accumulation is involved in 
the cyto-protective effect of hypothermia. Further eluci-
dation of the underlying mechanisms of these protective 
effects will lead to the future development of novel thera-
peutic modalities. 
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affect the binding of methyl cytosine-binding protein to 
DNA, which could cause DNA hypomethylation. The de-
crease of the level of methyl group donors also contributes 
to the alteration in the methylation status. These mecha-
nisms should act in concert and induce epigenetic instabil-
ity, leading to HCC.  © 2013 S. Karger AG, Basel 

 Introduction 

 The accumulation of several genetic and epigenetic al-
terations is observed in hepatocellular carcinoma (HCC) 
cells, and these are considered to play a critical role in the 
alteration of cancer-related genes for the emergence of 
HCC  [1] . The development of this tumor is closely associ-
ated with chronic inflammation as well as induction of 
oxidative stress  [2] . For example, chronic infection with 
the hepatitis virus, the deposition of iron and copper, and 
steatosis of the liver are risk factors that can contribute to 
HCC emergence  [3] ; all of these factors also reportedly 
induce oxidative stress in hepatocytes. There is strong 
support to indicate that oxidative stress, possibly an im-
portant risk factor for HCC, can induce genetic as well as 
epigenetic alterations in cancer-related genes. This re-
view focuses on the role of oxidative stress in the induc-
tion of epigenetic instability during the development of 
HCC.

 Key Words 
 DNA methylation · Oxidative stress · Reactive oxygen 
species · Tumor suppressor gene · Oncogene · Histone · 
Epigenetic instability · Hepatocellular carcinoma 

 Abstract 
 Hepatocellular carcinoma (HCC) is a major cause of cancer 
death, and its development is influenced by the status of 
inflammation and oxidative stress in the liver. Although ox-
idative stress might induce genetic changes and play a role 
in HCC development, many epigenetic alterations have also 
been reported in this type of tumor, suggesting the impor-
tance of epigenetic instability in hepatocarcinogenesis. Epi-
genetic instability results in 2 types of DNA alterations: hy-
permethylation of the promoter of tumor suppressor genes 
(TSGs), and hypomethylation of nonpromoter CpG, such as 
repetitive elements and satellite DNA. The former causes 
transcriptional inactivation of TSGs, while the latter report-
edly induces chromosomal instability and an abnormal ac-
tivation of oncogenes as well as mobile genetic elements. 
Oxidative stress could induce epigenetic instability and in-
activate TSGs through the recruitment of the polycomb re-
pressive complex to the promoter sequence carrying DNA 
damage induced by oxidation. Inflammatory cytokines from 
immune cells also reportedly induce expression of several 
histone and DNA modulators. On the other hand, DNA oxi-
dation could lead to activation of DNA repair pathways and 
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  Oxidative Stress and Human 
Hepatocarcinogenesis 

 Several environmental factors, which are reportedly 
the risk of developing HCC, trigger the induction of 
oxidant-generating enzymes and increase the concen-
tration of free radicals, leading to the activation of im-
mune responses  [4, 5] . Free radicals include reactive 
oxygen species (ROS) such as alkoxy radicals and nitro-
gen species; among these, ROS could be produced en-
dogenously and exogenously. 

  8-Oxo-7,8-dihydroguanine (8-oxodG) has been re-
garded as the most reliable marker of DNA damage in-
duced by ROS  [4] . Compared to healthy individuals, a 
high level of 8-oxodG was reported in several types of 
cancer  [4] , suggesting a close link between oxidative 
stress and the emergence of cancer. Furthermore, pa-
tients with chronic hepatitis showed an increase of 
8-oxodG levels in hepatocytes, with an increased risk of 
HCC  [6] . Nonalcoholic steatohepatitis, which is usually 
accompanied by diabetes mellitus and obesity, is an-
other important example of chronic liver injury and the 
development of HCC though the increased production 
of endogenous ROS and 8-oxodG in hepatocytes  [7, 8] . 
These findings indicate that oxidative stress and induc-
tion of ROS production plays an important role in hu-
man hepatocarcinogenesis. 

  The carcinogenic potential of oxidative stress can be 
attributable to the genotoxic effects of ROS, which are 
capable of causing base modifications and genetic in-
stability. The formation of 8-oxodG is known to induce 
DNA base mutations such as G>T/C>A transversions. 
Under normal conditions, the enzymes involved in the 
base excision repair mechanism, including DNA glyco-
sylase, 8-oxoguanine glycosylase and MutY glycosylase 
homologue, excise 8-oxodG that is paired with cytosine 
and adenine  [4, 9] . However, an increase in oxidative 
stress could impair the repair mechanism, which could 
lead to the increase of mutations in oncogenes and tu-
mor suppressor genes (TSGs)  [9] . On the other hand, 
although G>T/C>A transversions are common base 
substitutions reported in HCC, a recently published 
whole genome analysis suggests that the mutational 
spectrum of this type of tumor is heterogeneous  [10] . 
This suggests that another mechanism of modification 
of cancer-related genes, such as the inactivation of
TSGs through epigenetic pathways, could be induced 
by 8-oxodG. 

  Induction of Oxidative Stress and Hepatitis Virus 
Infection 

 As mentioned above, an exposure to several environ-
mental factors, including hepatitis B virus and hepatitis C 
virus (HCV) infection, alcohol, deposition of iron (hemo-
chromatosis) and copper (Wilson’s disease), obesity and 
type 2 diabetes (nonalcoholic fatty liver disease), is associ-
ated with chronic liver damage; these factors could in-
duce oxidative stress in hepatocytes and cause the emer-
gence of HCC. Here, we mainly focus on the oxidative 
stress induced by chronic viral hepatitis. 

  There is an established connection between chronic 
infection with the hepatitis virus and oxidative stress. In-
fection with hepatitis B virus has been reported to trigger 
several cellular pathways that lead to the generation of 
oxygen/nitrogen-reactive species. It could cause an in-
crease of ROS and 8-oxodG production, and significant 
changes in intracellular levels of antioxidant enzymes and 
glutathione (GSH), with an impairment of the GSH redox 
cycle  [11–13] . In a case of chronic hepatitis C, increased 
ROS production and the reduced expression and activity 
of the repair enzyme NEIL1 glycosylase was reported 
 [14] . In patients with chronic hepatitis C and HCC, an 
increased level of 8-oxodG was positively associated with 
the degree of inflammation. Additionally, the cumula-
tive disease-free survival after curative resection of HCC 
was shorter in HCC patients with a high percentage of 
8-oxodG-positive hepatocytes  [15] . Chronic HCV infec-
tion is also associated with the induction of endoplasmic 
reticulum (ER) stress  [16–18] . The HCV-derived protein 
NS5A reportedly induces ER stress with the subsequent 
release of Ca 2+  from the ER, which leads to a mitochon-
drial Ca 2+  uptake and the generation of ROS in mitochon-
dria  [19] . An examination of HCV core transgenic mice 
revealed an accumulation of ROS that was associated with 
the emergence of HCC  [20] . Another report found that 
the interaction of the HCV core protein with mitochon-
dria, accompanied by ROS production and reduced GSH 
activity, was observed in HCV transgenic mice  [21] . A 
transient expression of NS5A resulted in an alteration of 
intracellular Ca 2+  levels, leading to oxidative stress and 
activation of the STAT3 and NF-κB signaling pathways 
 [22] . 

  Iron deposition also induces oxidative stress through 
the Fenton reaction  [23] . Excess amounts of iron deposits 
are frequently observed in the liver of individuals with a 
chronic hepatitis C infection, and an iron overload in-
duces mitochondrial injury and increases the risk of de-
veloping HCC  [24] . The removal of excess iron by phle-
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botomy attenuates hepatocyte injury in patients with 
HCV infection  [25] , and reduces the rate of HCC emer-
gence  [26] . Alcohol intake and steatosis also contribute to 
the development of oxidative stress in hepatocytes and 
increase the risk of HCC, especially in patients with 
chronic hepatitis C. Acetaldehyde, the main metabolite of 
ethanol, elicits overproduction of ROS through acetalde-
hyde metabolism in mitochondria, which induces the 
apoptosis of hepatocytes and increases ROS formation in 
hepatic stellate cells  [27] . In hepatic steatosis, the increase 
in β-oxidation in hepatocytes enhances electron delivery 
to the electron acceptors in the respiratory chain in mito-
chondria, which results in the generation of ROS due to 
the imbalance between a high input and a restricted out-
flow of electrons  [18] . 

  Induction of Epigenetic Instability by Oxidative 
Stress 

 DNA methylation usually takes place at the cytosine 
residues of the CpG dinucleotide. In normal cells, CpG 
islands in the promoters of transcriptionally active genes, 
such as TSGs, remain unmethylated, whereas CpG
islands in nonpromoter regions (such as repetitive

sequences) show dense methylation. Strikingly, global 
DNA hypomethylation and regional hypermethylation in 
TSG promoters are hallmarks of certain common cancer 
types, including HCC. It is also known that specific his-
tone modifications, acetylation of histone H3 and H4, 
and trimethylation of lysine 4 of histone H3, are charac-
teristics of active gene transcription. In contrast, dimeth-
ylation and trimethylation of H3 lysine 9 and trimethyl-
ation of H3 lysine 27 are associated with gene repression. 
Dimethylation of H3 lysine 9 is reportedly associated with 
DNA methylation in gene promoters  [28] . Oxidative 
stress could induce an alteration in the methylation status 
of DNA, mainly by affecting the function and activity of 
the enzymes responsible for maintaining the epigenetic 
status, such as DNA methyltransferases (DNMTs), his-
tone methylase and histone deacetylase (HDAC). 

  Oxidative Stress and Regional Hypermethylation in 
the Promoters of TSGs 
 Several reports suggest that oxidative stress affects the 

epigenetic machinery ( fig. 1 ). It was reported that the in-
duction of oxidative stress in the HCC cell line by hydro-
gen peroxide (H 2 O 2 ) resulted in hypermethylation of the 
promoter of the  E-Cadherin  gene by increasing Snail ex-
pression  [29] . Snail was shown to induce DNA methyla-
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Cancer

Methyl group 
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TSGs 

TSGs 

  Fig. 1.  A schematic representation of the 
mechanism of alteration of the methylation 
status under conditions of oxidative stress 
and inflammation (upper panel), and the 
alteration of the methylation status in can-
cer cells (lower panel). ROS induce the ex-
pression of the transcription factor Snail, 
which leads to the expression and recruit-
ment of DNMTs and HDACs to the TSG 
promoters. The induction of ROS produc-
tion also leads to the recruitment of the 
polycomb complex to the damaged chro-
matin. Inflammatory cytokines induce the 
transcription of DNMTs and HDACs. 
These events contribute to the emergence 
of an abnormal methylation of the TSG 
promoters. On the other hand, DNA repair 
pathways and AID activities affect 5-meth-
yl cytosine and yield thymine. The thymine 
is replaced by an unmethylated cytosine 
through the base excision repair processes. 
8-OxodG weakens the binding of MBP to 
DNA, leading to a global hypomethylation. 
The closed and open circles represent 
methylated and unmethylated CpGs, re-
spectively. 
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tion by recruiting HDAC1 and DNMT1. A correlation 
between ROS induction, E-Cadherin downregulation, 
Snail upregulation and  E-Cadherin  promoter methyla-
tion was also observed in human HCC samples  [29] . An-
other study indicated that treatment of the human 
colorectal cancer cell line with H 2 O 2  led to the upregula-
tion of DNMT1 and HDCA, and increased the binding of 
DNMT1 to HDAC and DNMT1 binding to the promoter 
of a TSG such as the  Runt domain transcription factor 3  
 (RUNX3) . This effect was abolished by treatment with the 
ROS scavenger N-acetylcysteine, suggesting that ROS si-
lenced  RUNX3  expression by an epigenetic mechanism 
and may be associated with the progression of colorectal 
cancer  [30] . Furthermore, O’Hagan et al.  [31]  reported 
that oxidative stress results in the recruitment of the poly-
comb repressive complex to damaged chromatin. They 
showed that a colon cancer cell line treated with H 2 O 2  
showed the delocalization of the polycomb complex, 
which includes DNMT1, histone deacetylase (sirtuin-1), 
and histone methyltransferase (an enhancer of zeste ho-
molog 2) from a non-CpG-rich region to CpG island-
containing promoters carrying 8-oxodG  [31] . These find-
ings suggested that the oxidative stress induced by H 2 O 2  
could recruit histone modulators to the promoter se-
quence of active genes carrying DNA oxidation, and lead 
to the inactivation of TSGs through an epigenetic mecha-
nism.

  Additionally, several reports have suggested that in-
flammatory cytokines could play a role in the alteration 
of the epigenetic status. The expression level of inflamma-
tion-related molecules correlated with increased levels
of DNA methylation in the gastric mucosa in cases of 
H. pylori-related gastric cancer  [32] . Similar changes were 
also observed in the colonic mucosa in a model of dextran 
sulfate sodium-induced colon cancer  [33] . These findings 
strongly support the idea that inflammation could induce 
aberrant DNA hypermethylation  [34] . Several studies 
have been conducted to clarify the inflammatory signal 
that leads to DNA methylation. Interleukin (IL)-1β treat-
ment of the insulinoma cell line increased the activity of 
DNMTs and resulted in the methylation of endogenous 
genes  [35] . IL-6 also enhanced the promoter activity of 
DNMTs and increased transcription of this gene. It also 
decreased the levels of the microRNA that targets DNMT1 
 [36, 37] . Treatment of cancer cell lines with prostaglandin 
E2 reportedly increased DNMT1 and DNMT3B expres-
sion and induced DNA methylation  [38] . An in vitro 
model of IL-6-mediated chronic inflammation showed 
that IL-6 induced CpG methylation in the promoters of 
several TSGs and also induced a hypomethylation in in-

terspersed nuclear element-1 (LINE-1) sequences in an 
oral squamous cell carcinoma line  [39] . IL-6 has been re-
ported to control DNA methylation through the IL-
6-mediated janus kinase (JAK)/transducers and activator 
of transcription (STAT) 3 pathway  [40, 41] . Therefore, 
inflammation could induce the epigenetic silencing and 
abnormal methylation in the promoters of TSGs through 
inflammation-mediated signaling pathways, which might 
play a role in carcinogenesis. 

  Oxidative Stress and Global DNA Hypomethylation 
 Global DNA hypomethylation has been identified as 

a common feature of various cancers, including HCC. 
Decrease of DNA methylation level in cancer cells gen-
erally takes place in repetitive DNA elements and is also 
observed in the gene body after the first exon. The de-
methylation of DNA in these regions may contribute
to carcinogenesis through the following mechanisms. 
Firstly, demethylation of repetitive elements or satellite 
DNA might cause chromosomal instability  [42, 43] . Sec-
ondly, hypomethylation at retroviral mobile repetitive 
elements could induce the transcriptional activation of 
transposition  [44] . Thirdly, demethylation could acti-
vate oncogenes, which might play a role in carcinogen-
esis  [45, 46] . 

  Recently, activation-induced cytidine deaminase 
(AID) was shown to be involved in the active DNA de-
methylation that occurs during fetal development  [47] . 
AID deaminates 5-methyl cytosine to yield thymine, and 
this thymine is subsequently removed and replaced by an 
unmethylated cytosine through the base excision repair 
processes, resulting in DNA demethylation. Moreover, 
AID reportedly targets the chromatin marked by the tri-
methylation of lysine 4 of histone 3  [48] . Another report 
also suggested that the activation of the DNA repair path-
way also induces DNA demethylation, which might lead 
to a global DNA hypomethylation  [49] .

  On the other hand, cancer is usually characterized by 
a hypoxic state because of the lack of blood supply caused 
by the rapid progression of tumor growth and the result-
ing structural changes  [50, 51] . It was found that hypoxia 
induced oxidative stress, with an increased production of 
ROS. Hypoxia-inducible factor-1α (HIF-1α) was fre-
quently induced in cancer cells and the generation of ROS 
was positively correlated with the upregulation of HIF-
1α, VEGF and DNA oxidation  [52] . Furthermore, HIF-
1α has recently been shown to regulate epigenetic modu-
lators such as lysine demethylases. HIF-1α functionally 
associates with HDACs to regulate gene expression in re-
sponse to hypoxia  [53–55] .
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  Oxidative stress has been shown to inhibit the binding 
of methyl-CpG binding protein (MBP) 2, a critical epi-
genetic regulator that recruits DNMTs and histone 
HDAC to DNA  [56, 57] . The formation of 8-oxodG was 
reportedly associated with the hypomethylation of the 
CpG site. In normal conditions, the N7 position of gua-
nine acts as a hydrogen bond acceptor during the forma-
tion of the MBP-DNA complex. The oxidation converts 
guanine to 8-oxodG, which transforms the guanine at the 
N7 position from a hydrogen bond acceptor to a hydro-
gen donor. The replacement of guanine by 8-oxodG di-
minishes MBP binding when 8-oxodG is adjacent to the 
5-methyl-cytosine  [56, 58, 59] . Furthermore, the oxida-
tion product of 5-methyl-cytosine, hydroxymethyl cyto-
sine, also decreases the binding affinity of MBPs, result-
ing in DNA hypomethylation  [60] . Mice containing mu-
tations in the superoxide dismutase 1 gene showed an 
increase in 8-oxodG levels in the liver, with the progres-
sion of global DNA hypomethylation  [61] . The presence 
of 8-oxodG in CpG strongly inhibits the methylation of 
the adjacent cytosine. Therefore, it could be possible that 
the DNA adduct-mediated inhibition of DNA methyla-
tion results in a progressive global demethylation.

  The increased demand for methyl groups, a decrease 
in the availability of methyl group donors such as S-ade-
nosylmethionine (SAM), and an increase in the levels
of the methylation inhibitor S-adenosylhomocysteine 
(SAH) could also contribute to the global hypomethyl-
ation that is implicated in HCC development. An increase 
in inflammation in the liver tissue with reduced SAH hy-
drolase (SAHH) activity, and increased liver SAH, which 
could also cause global DNA hypomethylation  [62] , was 
observed in a mouse model of Wilson’s disease. In this 
model, the methylation level was increased by copper 
chelation or by treatment with a methyl group donor. 
This suggested that Wilson’s disease is a condition associ-
ated with an increased demand for methyl groups due to 
an increase in the levels of the methylation inhibitor SAH, 

which is attributable to an inhibitory effect of copper on 
SAHH  [62] . The association between oxidative stress and 
hypomethylation of LINE-1 sequences was reported in 
bladder cancer patients  [63] . Under the oxidative stress, 
the resynthesis of GSH was increased in response to GSH 
depletion. As SAM is required in the production of ho-
mocysteine that is used in the synthesis of GSH, increased 
production of GSH leads to the decrease of SAM neces-
sary for maintaining the DNA methylation and the emer-
gence of global DNA hypomethylation  [64] . 

  Conclusions 

 In this review, we have summarized the links between 
oxidative stress and epigenetic alterations in human he-
patocarcinogenesis. Although the precise underpinnings 
of these processes are still unclear, it is very likely that 
oxidative stress is an underlying cause of the epigenetic 
instability that contributes to the initiation and progres-
sion of HCC. Understanding these molecular events is 
attractive from a therapeutic standpoint because several 
agents that could modulate the epigenetic status are going 
to be available in the coming years. Therefore, knowledge 
of these events will help in the prevention and manage-
ment of HCC.
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 Introduction 

 Hepatocellular carcinoma (HCC) is the fifth most 
common cancer in men, the seventh most common can-
cer in women and the third most common cause of can-
cer-related death worldwide  [1] . The risk factors for HCC 
vary by region and race, but hepatitis B virus (HBV) in-
fection, hepatitis C virus (HCV) infection, alcoholic liver 
disease and nonalcoholic fatty liver disease/nonalcoholic 
steatohepatitis are considered to be major causes world-
wide  [2, 3] . Most of these risk factors are closely related 
with inflammation-associated chronic liver damage and 
thus the majority of HCCs develop under the background 
of chronic hepatitis or cirrhosis. Here we review the 
mechanisms underlying the contribution of chronic in-
flammation to the development of HCC.

  Chronic Inflammation and HCC 

 HCV infection is a major risk factor for human HCC. 
The prevalence of HCV infection is 80–90% in patients 
with HCC in Japan, 30–50% in the USA and 44–66% in 
Italy  [4] . The estimated risk for HCC is 15–20 times 
higher in HCV-infected patients compared with those 
who are negative for HCV infection. Epidemiologic 

 Key Words 
 Hepatocellular carcinoma · Activation-induced cytidine 
deaminase · Chronic inflammation · Hepatocarcinogenesis 

 Abstract 
 Hepatocellular carcinoma (HCC) is one of the most common 
cancers worldwide. Various risk factors are involved in hepa-
tocarcinogenesis. Among them, chronic inflammation, in-
cluding chronic hepatitis and cirrhosis mainly caused by 
hepatitis B virus and/or hepatitis C virus infection, plays an 
important role in HCC development. On the other hand, 
comprehensive genetic analyses of HCC using whole ge-
nome and exome sequencing revealed that cancer cells pos-
sess a large number of somatic mutations, suggesting that a 
wide variety of genetic alterations and the resultant dysreg-
ulated molecular pathways contribute to the development 
of HCC. Activation-induced cytidine deaminase (AID) is a nu-
cleotide-editing enzyme, and aberrant expression of AID in-
duced by inflammatory responses contributes to hepatocar-
cinogenesis via the accumulation of genetic alterations in 
various tumor-related genes. Constitutive expression of AID 
in hepatocyte-lineage cells provides novel mouse models 
that recapitulate the tumorigenesis of human HCC through 
stepwise accumulation of genetic alterations. 

 © 2013 S. Karger AG, Basel 

 Hiroyuki Marusawa, MD, PhD 
 Department of Gastroenterology and Hepatology
Graduate School of Medicine, Kyoto University 
 54 Kawaharacho, Shogoin, Sakyo-ku, Kyoto 606-8507 (Japan)  
 E-Mail maru   @   kuhp.kyoto-u.ac.jp 

 © 2013 S. Karger AG, Basel
0257–2753/13/0316–0454$38.00/0 

 www.karger.com/ddi 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
2/

20
/2

01
4 

2:
26

:0
4 

AM

— 403 —



 Novel Mouse Models of 
Hepatocarcinogenesis 

Dig Dis 2013;31:454–458
DOI: 10.1159/000355244

455

studies have clearly revealed that most human HCCs 
arise in the setting of chronic hepatic inflammation as-
sociated with liver cirrhosis or chronic hepatitis caused 
by HCV infection  [5, 6] , and the estimated annual rate 
of HCC development in those with chronic hepatitis and 
liver cirrhosis is 0.5–1.0% and 5–8%, respectively. We 
previously revealed that HCC developed in 237 out of 
846 patients (28.0%) with chronic HCV infection with a 
mean follow-up of 4.66 years  [7] . The cumulative inci-
dence rate of HCC among those patients was 18.1% at 5 
years and 45.6% at 10 years. Based on the classification 
of chronic liver disease at study entry, 94 out of 576 pa-
tients with hepatitis (16.3%) and 143 out of 270 patients 
with cirrhosis (53.0%) developed HCC over a 10-year 
period. In addition, the incidence rate of HCC in inter-
feron-treated patients with chronic HCV infection was 
15.6% (35/224) over 10 years, much lower than that of 
HCV-infected patients without interferon therapy. 
These findings indicate that chronic inflammation in 
the liver is closely related with HCC development, and 
suppression of HCV-related chronic inflammation by 
interferon therapy successfully contributes to reduce the 
incidence of HCC.

  The number of people with HBV-chronic hepatitis is 
approximately 300 million worldwide and HBV is the 
most frequent cause of HCC worldwide, accounting for 
more than 50% of HCC cases and 70–80% of HCC cases 
in highly HBV endemic regions  [1, 4] . Although HBV 
infection sometimes causes HCC in the liver in the ab-
sence of hepatic inflammation, most HBV-related HCCs 
are found in patients with chronic hepatitis and cirrho-
sis. Previous meta-analyses revealed that HBsAg-posi-
tive individuals have an approximately 15- to 20-fold 
greater risk for HCC than HBsAg-negative individuals, 
similar to those with chronic HCV infection. Further-
more, patients with chronic HBV infection under the 
condition of cirrhosis have a greater risk of developing 
HCC. Indeed, the annual incidence rate of HCC in 
HBV-infected patients with and without cirrhosis is 
2.0–6.6% and 0–4%, respectively  [8] . In addition, an-
other study reported that the incidence rate of HCC de-
velopment in individuals with HBV-related cirrhosis 
was 820–2,247 (per 100,000 person years), whereas in 
those without cirrhosis the incidence rate was much 
lower, at 280–474  [9] . 

  Taken together, these findings indicate that chronic 
inflammation caused by HCV or HBV infection plays an 
important role in the development of HCC. How chronic 
inflammation contributes to HCC development, howev-
er, has not been fully elucidated. 

  Mechanism of Chronic Inflammation-Induced 
Genetic Aberrations in Hepatocytes 

 Cancer cells possess various genetic alterations, in-
cluding somatic mutations, chromosomal rearrange-
ments, copy number alterations and epigenetic changes 
 [10, 11] . Recent dramatic advancements in genome-wide 
analysis methods and progress in technology have al-
lowed for whole genome and exome sequencing of vari-
ous types of cancers, which has unveiled the overall ge-
netic landscape of human cancers, including HCC  [12] . 
Several comprehensive genetic analyses of HCC with var-
ious etiologies, including HBV-HCC, HCV-HCC and al-
cohol-related HCC, have been performed  [13–15] . Ap-
proximately tens of thousands of somatic mutations on 
average are detected by whole-genome sequencing in 
each HCC tissue, and generally  ∼ 100 mutations are de-
tected throughout the whole exons per tumor. These 
findings indicate that normal liver cells acquire a large 
number of genetic alterations during the process of tu-
morigenesis and a wide variety of genetic alterations and 
resultant dysregulated molecular pathways might con-
tribute to the development of HCC. When and how the 
accumulation of so many somatic mutations are gener-
ated under the background of inflamed liver tissues, how-
ever, remains unclear. 

  We recently found that a nucleotide-editing enzyme, 
activation-induced cytidine deaminase (AID), plays a 
critical role in chronic inflammation-associated hepato-
carcinogenesis by inducing genetic alterations  [6, 11] . 
AID possesses a nucleotide-editing capacity that induces 
DNA mutations in the human genome by deaminating 

Ac t
t yt

’

  Fig. 1.  Linkage between chronic inflammation and hepatocarcino-
genesis.  
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cytidine. AID is expressed only in activated B cells under 
physiologic conditions and is essential for two important 
molecular mechanisms’ immune diversity, somatic hy-
permutation and class switch recombination  [16] . Aber-
rant AID expression is induced by the stimulation of pro-
inflammatory cytokines such as tumor necrosis factor-α 
(TNF-α) or interleukin-1β in various epithelial cells 
through the nuclear factor-κB (NF-κB) pathway  [17–19] . 
TNF-α is upregulated in the liver of patients with chron-
ic viral hepatitis or cirrhosis due to HCV infection. We 
demonstrated that AID expression is induced in response 
to TNF-α stimulation. In addition, AID expression is also 
upregulated in cultured human hepatocytes expressing 
HCV core protein via activation of the NF-κB pathway 
 [17] . Enhanced AID protein expression is widely detect-
able in both human HCC and the surrounding inflamed 
hepatocytes, whereas no AID expression is detected in 
normal liver tissues lacking an inflammatory response 
 [20] . Importantly, aberrant expression of AID in hepato-
cytes leads to the accumulation of genetic alterations in 
tumor-related genes, such as TP53. These findings sug-
gest that in adult hepatocytes, both the response to HCV 
infection itself and the resultant chronic inflammation 
trigger aberrant AID upregulation, and due to the muta-
genic activity of AID, nucleotide alterations gradually ac-
cumulate in tumor-related genes in chronically inflamed 
liver tissues ( fig. 1 ).

  Novel Mouse Models with Stepwise 
Accumulation of Genetic Alterations Leading to 
Hepatocarcinogenesis  

 To gain a better understanding of human hepatocar-
cinogenesis, various animal models mimicking the pro-
cess of human HCC development have been established 
 [21] . Mouse models of HCC are divided into two types: 
chemical induced and genetically engineered. Chemical-
induced models of HCC include mice exposed to dieth-
ylnitrosamine  [22] , aflatoxin B1  [23]  and thioacetamide 
 [24] , but these models mainly reflect chemical-induced 
carcinogenesis, although chronic inflammation might be 
related to cancer development to some extent. Geneti-
cally engineered mouse models of HCC include c-myc/
TGF-α transgenic mice  [25] , Trp53 knockout mice  [26]  
and others. Certainly, HCC develops in these models via 
overexpression of the specific oncogene or disruption of 
the specific tumor-suppressor gene. These models, how-
ever, do not necessarily mimic the process of chronic in-
flammation-associated human hepatocarcinogenesis 
( fig.  2 ), because hepatocarcinogenesis might not result 
from an abnormality of only one or two specific tumor-
related genes or pathways, but rather from stepwise ac-
cumulation of genetic alterations. 

  Several novel mouse models have been established by 
taking advantage of AID-mediated stepwise genotoxicity 

a

b

c

d

HCC

‘Oncogene’

‘Tumor -suppressor gene’

AID

(genome sequence)

  Fig. 2.  Schema of genetically engineered 
HCC mice models.  a  Wild-type mouse.
 b  Transgenic mouse model with overex-
pression of a specific oncogene.  c  Knock-
out mouse model with disruption of a spe-
cific tumor-suppressor gene.  d  AID-ex-
pression mouse model: stepwise accu-
mulation of genetic alterations in onco-
genes and/or tumor-suppressor genes are 
induced by mutagenic activity of AID, 
which leads to tumorigenesis. 
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( fig. 2 ). Okazaki et al.  [27]  and Morisawa et al.  [28]  gener-
ated AID transgenic (Tg) mice with constitutive and 
ubiquitous AID expression and found that AID Tg mice 
developed malignant T cell lymphomas as well as various 
epithelial tumors, including liver, lung and gastric can-
cers, indicating that normal epithelial cells with constitu-
tive AID expression could transform into tumor cells via 
the accumulation of genetic alterations. Unfortunately, 
however, AID Tg mice tend to die young because of lethal 
malignant lymphomas, and thus detailed analyses of epi-
thelial tumors, including HCC, in AID Tg mice are dif-
ficult. Therefore, to examine the effect of constitutive 
AID expression in mainly hepatic-lineage cells, we estab-
lished two mouse models: (i) tissue nonspecific alkaline 
phosphatase (TNAP)-AID mice and (ii) a transplantation 
model of hepatic progenitor cells derived from AID Tg 
mice.

  AID conditional Tg mice were established by insertion 
of the gene encoding GFP flanked by two loxP sites into 
the CAG promoter-driven AID transgene, which allows 
for AID expression only after Cre-mediated deletion of 
the GFP cDNA from the transgene  [29] . On the other 
hand, TNAP is a member of the alkaline phosphatase 
family and is also a marker of embryonic stem cells and 
immature stem cells, especially in murine hepatocytes. 
TNAP-Cre mice were generated by inserting the coding 
sequence of Cre recombinase into the locus of the TNAP 
gene. To obtain double-transgenic mice in which AID is 
expressed only in cells that produce TNAP (TNAP-AID 
mice), we crossed AID conditional Tg mice with TNAP-
Cre mice  [30] . HCC developed spontaneously in 4 out of 
15 (27%) TNAP-AID mice at approximately 90 weeks of 
age, whereas no tumors were detected in the littermate 
control mice  [30] . Furthermore, a high accumulation of 
 Trp53  gene mutations was observed in both HCC tissues 
and noncancerous liver tissues in TNAP-AID mice. These 
findings suggest that the TNAP-AID mouse is a useful 
model of HCC that shares genetic and phenotypic fea-
tures with human HCC. 

  Next, to investigate whether liver cancer originates 
from fetal hepatic progenitor cells with constitutive AID 
expression, we constructed a transplantation model of 
hepatic progenitor cells derived from AID Tg mice. We 
enriched hepatic progenitor cells from the E13.5 fetal liv-
er of AID Tg mice and transplanted those cells, which 
have enhanced liver regeneration activity, into recipient 
mice. HCC developed in 7 out of 11 (63.6%) recipient 
mice receiving enriched hepatic progenitor cells from 
AID Tg mice, whereas no tumorigenesis was observed in 
recipient mice transplanted with hepatic progenitor cells 

from wild-type mice (control)  [31] . Furthermore, whole 
exome sequencing of tumor cells allowed us to determine 
the landscape of the accumulated genetic alterations dur-
ing tumorigenesis and clarified that several dozen genes 
acquired single nucleotide variants in tumor tissues orig-
inating from the transplanted hepatic progenitor cells of 
AID Tg mice. Pathway analysis using a KEGG database 
revealed that the acquired genetic aberrations affected 
several important signaling pathways, thereby disturbing 
normal homeostasis  [31] . These results indicate that ac-
cumulation of genetic alterations in fetal hepatic progen-
itor cells could lead to HCC development.

  Conclusion 

 Human hepatocarcinogenesis is closely related with 
chronic inflammation, and aberrant AID expression in 
the inflamed liver could play an important role in inflam-
mation-associated HCC development by inducing accu-
mulation of genetic alterations in various genes. Taking 
advantage of the mutagenic activity of AID, we estab-
lished novel mouse models of hepatocarcinogenesis.

  Many mechanisms underlying chronic inflammation-
associated hepatocarcinogenesis, such as the contribu-
tion of epigenetic modulations to HCC formation, how-
ever, remain unsolved. In addition, the detailed relevance 
of chronic inflammation for the development of NASH-
related HCC is unknown. Further genetic and molecular 
investigations are required to understand the actual state 
of chronic inflammation-related HCC.
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TSGs by qPCR. The high levels of 8-OHdG was the only vari-
able that was significantly associated with the increased 
number of methylated TSGs in CHC (p < 0.0001). The ChIP-
qPCR revealed that after H 2 O 2  treatment of the cell lines, the 
8-OHdG-bound promoters showed a modification from an 
active chromatin (trimethyl-H3K4 and acetylated-H4K16 
dominant) to a repressive chromatin (trimethyl-H3K27 
dominant) status. We conclude that oxidative stress alters 
the chromatin status, which leads to abnormal methylation 
of TSGs, and contributes to hepatocarcinogenesis in CHC 
patients.  © 2013 S. Karger AG, Basel 

 Introduction 

 It has been reported that chronic inflammation is a 
critical factor in the development of cancers such as he-
patocellular carcinoma (HCC). Additionally, oxidative 
stress due to increased production of reactive oxygen spe-
cies (ROS) plays a pivotal role in carcinogenesis by induc-
ing DNA damage  [1, 2] . These DNA alterations, which 
activate oncogenes and inactivate tumor suppressor 
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tributes to the emergence of hepatocellular carcinoma 
(HCC). We previously reported that tumor suppressor gene 
(TSG) methylation is a critical factor during the early stages 
of hepatocarcinogenesis. In this study, we clarify the asso-
ciation between oxidative stress and epigenetic alterations 
during hepatocarcinogenesis. We examined DNA oxidation 
and methylation profiles in 128 liver biopsy samples from 
CHC patients. The DNA oxidation and methylated TSG num-
bers were quantified using immunohistochemical analysis 
of 8-hydroxydeoxyguanosine (8-OHdG) and quantitative 
PCR for 11 TSGs, respectively. The quantitative chromatin 
immunoprecipitation-PCR (ChIP-qPCR) assay in HepG2 and 
fetal liver Hc cells treated with H 2 O 2  was used to quantify 
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genes (TSGs), could contribute to the development of 
cancer in the oxidative stress-affected organs  [3, 4] .

  A well-known marker of oxidative DNA damage in-
duced by ROS is 8-hydroxydeoxyguanosine (8-OHdG). 
A high level of 8-OHdG could be considered as a risk fac-
tor in several types of cancer. For example, a higher ac-
cumulation of 8-OHdG has been reported in breast, renal 
and gastric tumor tissues, when compared to adjacent or 
normal tissues  [5–7] . In addition, the cumulative inci-
dence rate of HCC in patients with high 8-OHdG levels 
in the liver was significantly greater than that in patients 
with low 8-OHdG levels  [8] . Generally, the genotoxic ef-
fect of ROS could increase the carcinogenic potential 
through the induction of base modifications. The forma-
tion of 8-OHdG is known to induce G>T/C>A transver-
sions; unrepaired 8-OHdG causes transversion muta-
tions due to its ability to pair with adenine as well as cy-
tosine bases  [9] . However, the recently published whole 
genome analysis suggests that the mutational spectrum of 
this type of tumor is heterogeneous  [10] . Therefore, it is 
conceivable that an alternative mechanism for the modu-
lation of cancer-related genes, such as the inactivation of 
TSGs through epige netic pathways, might be induced by 
an increase in 8-OHdG levels.

  Previously, we have reported that a number of TSGs, 
which were abnormally hypermethylated in chronic hep-
atitis C (CHC) liver tissues, were strongly and indepen-
dently associated with an early onset of HCC in patients 
without any history of HCCs  [11] . However, the mecha-
nism responsible for the induction of abnormal methyla-
tion of the TSG promoters is still ambiguous. In this 
study, we addressed this important issue by focusing on 
the association between the degree of oxidative stress and 
hypermethylation of TSGs, which is a critical factor in the 
early stages of human hepatocarcinogenesis. Here, we 
clearly demonstrate that the generation of ROS and 
8-OHdG could play a critical role in the abnormal meth-
ylation of TSGs, which in turn should play an important 
role in the early stages of HCV-related human hepatocar-
cinogenesis.

  Materials and Methods 

 Subjects 
 For analyzing the relationship between the accumulation of 

8-OHdG and hypermethylation of TSGs in CHC, we used the bi-
opsy specimens from 126 CHC subjects, who had no prior history 
of HCC. The detailed information describing the patient cohort 
has been described previously  [11] . The median age of the patients 
(25–75%) was 57 (46–64), and the cohort included 85 male and 43 

female subjects. The liver fibrosis stage (F-stage) of each biopsy 
specimen was determined by the METAVIR scoring system. 
Among the subjects, 6 cases were scored as F0, 40 were F1, 37 were 
F2, 23 were F3 and 22 were F4. Informed consent was obtained 
from each patient and the study was approved by the institutional 
review boards of the involved institutions.

  Immunohistochemical Analyses of 8-OHdG 
 We used an archive of liver biopsy specimens, which were 

fixed in buffered formalin and embedded in paraffin. Sections 
were stained with hematoxylin and eosin and Masson’s tri-
chrome for assessment of morphological changes and the stage 
of fibrosis. Immunohistochemistry (IHC) staining of 8-OHdG 
was performed using the avidin-biotin complex method. A 
mouse monoclonal antibody against 8-OHdG (Japan Institute 
of the Control of Aging, NIKKEN SEIL Co. Ltd., Tokyo, Japan) 
was used as described previously  [12] . A semiquantitative esti-
mation of the degree of 8-OHdG formation was done by count-
ing the number of stained hepatocyte nuclei. The 8-OHdG lev-
els were classified as strong (50% or more of total hepatocytes; 
 fig.  1 a), moderate (10–49%;  fig.  1 b) and weak (9% or less; 
 fig. 1 c). Perls’ Prussian blue staining was performed to evaluate 
the levels of iron deposits. The histologic quantification of he-
patic iron was based on the number of hepatocytes showing 
positive Perls’ Prussian blue staining: strong (25% or more of 
total hepatocytes;  fig. 1 d), moderate (5–24%;  fig. 1 e), and weak 
(4% or less;  fig. 1 f). For both IHC and Perls’ Prussian blue stain-
ing, ten visual fields from different areas of the liver were used 
for the evaluation, and 100 nuclei of hepatocytes were counted 
for each visual field.

  Analyses of Abnormal TSG Methylation in Hepatitis Tissue 
 The methylation status of the promoters of the 11 TSGs was 

analyzed in the CHC biopsy specimens. Methylation events of 11 
TSGs,  HIC-1 ,  GSTP1 ,  SOCS1 ,  RASSF1 ,  CDKN2A ,  APC ,  RUNX3 ,  
PRDM2 ,  CASP8 ,  CACNA1G  and  PTGS2  genes were determined. 
These TSGs were selected because of a unique profile of abnormal 
methylation in early HCC  [11] . For determination of abnormal 
methylation, we performed quantitative MethyLight assays using 
the StepOne TM  real-time detection system (Applied Biosystems, 
Foster City, Calif., USA). The methylation status of 8 TSGs 
 (HIC1 ,  GSTP1 ,  SOCS1 ,  RASSF1 ,  CDKN2A ,  APC ,  RUNX3  and  
PRDM2)  in CHC specimens were reported previously  [11] ; PCR 
primers and probes for these TSGs have already been described. 
We further examined 3 additional TSGs,  CASP8 ,  CACNA1G  
and  PTGS2  in this study. The sequences of PCR primers and Taq-
Man probes of these 3 TSGs are as follows: the CASP8-forward 
primer, 5 ′ -AAGTATGTTTAGCGTTCGGGTTTT-3 ′ , CASP8-
reverse primer, 5 ′ -ATACCCAATTTCCAACCATTCAA-3 ′ , and 
CASP8-probe, FAM-TTGTACGTTTATGAATTGT-MGB; the 
CACNA1G-forward primer, 5 ′ -TTTTTTCGTTTCGCGTTTA-
G GT-3 ′ , CACNA1G-reverse primer, 5 ′ -CTCGAAACGACT-
TCGCCG-3 ′ , and CACNA1G-probe, FAM-AAATAACGCC-
GAATCCGACAACCGA-MGB; the PTGS2-forward primer, 
5 ′ -CGGAAGCGTTCGGGTAAAG-3 ′ , PTGS2-reverse primer, 
5 ′ -AATTCCACCGCCCCAAAC-3 ′ , and PTGS2-probe, FAM-
TTTCCGCCAAATATCTTTTCTTCTTCGCA-MGB. The PCR 
was performed following the manufacturer’s protocol using Taq-
Man ®  Fast universal PCR Master Mix (Applied Biosystems), as 
reported previously  [11] .
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  Reagents and Cell Lines for Chromatin Immunoprecipitation 
 The human HCC cell line, HepG2, was obtained from American 

Type Culture Collection (Rockville, Md., USA) and human fetal liv-
er Hc cells was purchased from Applied Cell Biology Research Insti-
tute (Kirkland, Wash., USA). HepG2 and Hc cells were maintained 
in Dulbecco’s modified Eagle’s medium with 10% fetal bovine serum 
in a humidified atmosphere with 5% CO 2  at 37   °   C. Antibodies for 
chromatin immunoprecipitation (ChIP) were as follows: 8-OHdG 
(Japan Institute of the Control of Aging, NIKKEN SEIL Co. Ltd.), 
acetylated-H4K16 (AcK16H4; Millipore, Billerica, Mass., USA), tri-
methyl-H3K4 (3MeK4H3), trimethyl-H3K27 (3MeK27H3), pan-
histone H3 (H3; Wako Pure Chemical Industries Ltd., Osaka, Japan), 
and rabbit IgG (Genetein Co. Ltd., Tokyo, Japan).

  Treatment of HCC Cell Lines with Hydrogen Peroxide, and 
ChIP before and after Treatment with Hydrogen Peroxide 
 HepG2 and Hc cells were treated with hydrogen peroxide 

(H 2 O 2 ), and ChIP was performed before and after treatment using 
antibodies against Ack16H4 and 3MeK4H3 (an active histone 
marker), 3MeK27H3 (a repressive histone marker), 8-OHdG (a 
DNA damage marker), H3 (ChIP-positive control) and rabbit IgG 
(ChIP-negative control). In 10-cm culture dishes, 3 × 10 6  of the cells 
were seeded 24 h prior to the experiments. HepG2 cells were treat-
ed with 250 μ M  H 2 O 2  for 1 h and Hc cells were treated with 50 μ M  
of H 2 O 2  for 1 h, respectively. The cells were harvested with trypsin, 
washed twice and suspended in 0.5 ml of PBS. For the cross-linking 
of histone and DNA, 13.5 μl of 36.6% (w/v) of formaldehyde was 
added, and cells were incubated for 8 min at room temperature. In 
order to stop the crosslink reaction, 57 μl of 1.25  M  glycine was sub-
sequently added to the cells; cells were incubated for 5 min at room 

temperature and washed with cold PBS. For the ChIP reaction for 
histone, we used Auto ChIP kit and the SX-8G IP-Star Automated 
System (Diagenode Inc., Denville, N.J., USA). Chromatin was 
sheared to a length of 400–800 bp using sonication instruments 
(Bioruptor ® ). For the 8-OHdG ChIP reaction, we used the Auto 
MeDIP kit (Diagenode Inc.). The chromatin was incubated with 
antibodies for 10 h, antibody precipitated and eluted from the mag-
netic beads following the manufacturer’s protocol (Diagenode Inc.).

  Quantitative ChIP-PCR Analyses of the Promoters of TSGs 
 Quantitative ChIP-PCR (ChIP-qPCR) of 30 gene promoters of 

25 different TSGs was studied to indicate the methylation status in 
human cancer. qPCR was performed using the EpiScope ®  Promot-
er qPCR Array with SYBR Green-based detection (TaKaRa Bio Inc., 
Otsu, Japan) and the StepOne TM  real-time detection system (Ap-
plied Biosystems) according to the manufacturer’s protocol. The 
specificity of targeted PCR product was confirmed by melt-curve 
analysis, which is essential in an efficient and specific quantitative 
PCR assay. Alterations in the chromatin associated with damaged 
DNA (i.e. 8-OHdG-bound DNA elements) before and after the 
H 2 O 2  treatment were also assessed. Samples were run in triplicate 
and data were normalized to amplifications of 5% input samples. 
The fold changes in the measures of histone modification and the 
8-OHdG level in treated and untreated cells were calculated.

  Statistical Analysis 
 To determine the significant variables that contribute to an in-

crease in the number of methylated TSGs, the χ 2  test was used. 
Multiple comparisons between the fold changes of AcK16H4, 
3MeK4H3, 3MeK27H3, 8-OHdG and that of H3 were done using 

a b

d e

c

f

  Fig. 1.  Immunohistochemical staining of 8-OHdG ( a–c ) and iron 
staining using Perls’ Prussian blue ( d–f ). Among 128 biopsy spec-
imens, 34 showed positive staining of 50% or more of the total he-
patocyte nuclei and were classified as strong (2+) staining ( a ); sim-
ilarly, 30 were classified as moderate (1+) staining (10–49% of total 

nuclei;  b ) and 61 were weak (±) staining (less than 10%;  c ). The 
classification of the specimens based on the hepatic iron deposits 
were as follows: 10 were classified as strong (2+) deposits (25% or 
more of total hepatocyte;  d ), 40 were moderate (1+) deposits (5–
24%;  e ) and 75 were shown as weak (±) deposits (less than 5%;  f ). 
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Steel’s method. The correlation between each fold change (for 
AcK16H4, 3MeK4H3, 3MeK27H3 and H3) and the 8-OHdG level 
was evaluated by Spearman’s rank correlation test. All p values 
were calculated employing a two-tailed analysis and p < 0.05 was 
considered statistically significant. All statistical analyses were per-
formed by using JMP version 9.0 software (SAS Institute Inc., 
Cary, N.C., USA).

  Results 

 Association between ROS-Mediated DNA Damage 
and TSG Methylation Events in the Liver during CHC 
Infection 
 In order to evaluate the ROS-mediated DNA damage, 

we performed IHC staining of 8-OHdG in 125 out of 128 
liver biopsy specimens of CHC tissues. The CHC cases 
were categorized into 3 subgroups as described in Materi-
als and Methods. Among the 125 specimens, 34 were clas-
sified as having a strong staining (2+) of 8-OHdG, 30 as 
moderate (1+) and 61 as weak (±). Similarly, 10 specimens 
showed strong deposits (2+) of iron, 40 moderate (1+) and 
75 weak (±). We also assessed TSG promoter methylation 
in all the 128 CHC biopsy specimens. Of these, 27 CHC 
specimens showed methylation in 3 or more TSGs, and 
101 specimens showed fewer than 3 methylated TSGs.

  The association between each clinicopathological fac-
tor and the number of methylated TSGs in the liver tis-
sues is summarized in  table 1 . Although an increase in the 
number of methylated TSGs ( ≥ 3) was more prevalent in 
CHC of older-aged males ( ≥ 55 years) with advanced F-
stage fibrosis (F2–F4) and strong deposits of iron, the 
8-OHdG level in the liver tissues was the only factor that 
significantly correlated with the increased TSG methyla-
tion in CHC (p < 0.0001).

  Alteration of Histone Modification Induced by H 2 O 2  
Treatment 
 The strong relationship between the 8-OHdG level 

and TSG methylation suggested that the formation of 
8-OHdG might induce methylation-associated gene si-
lencing through the formation of repressive histone 
markers. To test this hypothesis, we used ChIP to mea-
sure the fold changes of repressive and active histone 
markers at the CpG-containing TSG promoters with 
8-OHdG before and after H 2 O 2  treatment.   For this pur-
pose, we performed ChIP-qPCR on the promoters of 30 
transcripts in the 25 genes using antibodies against 
AcK16H4 and 3MeK4H3 (the active histone markers), 
3MeK27H3 (the repressive histone marker) and 8-OHdG 
(to detect damaged DNA elements in the HepG2 cells).

  Among the promoters of the 30 transcripts, we suc-
cessfully amplified the promoter regions of 29 tran-
scripts using the post-ChIP DNA for the measurement 
of AcK16H4. Similarly, 25, 27 and 26 promoters could 
be amplified after the ChIP for 3MeK4H3, 3MeK27H3 
and 8-OHdG, respectively. All but one promoter (the 
 LOX  gene) were amplified after the ChIP for H3. More-
over, 23 promoters were amplified by all 4 ChIP-qPCRs, 
and the fold changes of the ChIP-qPCR values were de-
termined for these loci using H 2 O 2 -treated and untreat-
ed cells ( fig. 2 a). In the rabbit IgG-negative control ChIP 
assay, 10 of the 30 gene promoters were slightly am-
plified; however, the fold changes for the negative con-
trol could not be calculated because of its low levels.
The median values (25–75%) of fold changes were
0.70 (0.55–0.90) for AcK16H4, 0.80 (0.60–1.10) for 
3MeK4H3, 1.60 (1.30–1.80) for 3MeK27H3, 1.45 (1.00–
1.93) for 8-OHdG and 1.10 (0.90–1.40) for H3. For 17 
promoters, the 8-OHdG fold changes were more than 
1.0, suggesting the increase of 8-OHdG at CpG island-
containing TSG promoters after H 2 O 2  treatment. Simi-

Table 1.  Association between the number of methylated TSGs and 
clinicopathological factors in patients with CHC

Variables Cases, n  Methylated 
TSGs1, n

p value2

<3  ≥3

Age
<55 years 54 46 8
≥55 years 74 55 19 0.1311

Gender
Female 43 38 5
Male 85 63 22 0.0522

F-stage
F0 or F1 46 39 7
F2–F4 82 62 20 0.2135

Staining of 8-OHdG
± 61 58 3
1+ 30 22 8
2+ 34 20 14 <0.0001

Iron deposit
± 75 63 12
1+ 40 31 9
2+ 10 6 4 0.2191

 1 The number of methylated TSGs was determined using Me-
thyLight. Eleven TSGs (HIC-1, GSTP1, SOCS1, RASSF1, CDKN2A, 
APC, RUNX3, PRDM2, CASP8, CACNA1G and PTGS2) were ana-
lyzed. 2 p values were calculated using the χ2 test.
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larly, the fold changes of the recessive histone marker 
3MeK27H3 were greater than 1.0 for 21 TSG promoters. 
On the other hand, there was a reduction of the active 
histone markers Ack16H4 and 3MeK4H3 for 17 and 15 
promoters, respectively, after treatment with H 2 O 2  
( fig.  2 a). The correlation between the fold changes of 
AcK16H4, 3MeK4H3, 3MeK27H3, H3 and that of 
8-OHdG were also analyzed ( fig. 2 b). Although it was 
not statistically significant, the 8-OHdG fold change 
comparatively increased to that of H3 (p = 0.1064 by 
Steel’s method for nonparametric multiple comparison; 
 fig. 2 b). The AcK16H4 and 3MeK4H3 fold change val-
ues were significantly lower, and the fold change values 
for 3MeK27H3 were significantly higher than that of H3 
(p = 0.0003, 0.0056 and 0.0007 for AcK16H4, 3MeK4H3 

and 3MeK27H3, respectively, by Steel’s multiple com-
parison test).

  We further examined the relationship between the 
fold changes of 8-OHdG and active and recessive his-
tone markers using H 2 O 2 -treated and untreated fetal 
liver Hc cells. Although the correlation was not promi-
nent for AcK16H4 (r = –0.2789, p = 0.1507;  fig.  3 a), 
there was a moderate inverse correlation between the 
fold changes of 8-OHdG and those of active histone 
markers (r = –0.5273, p = 0.0039 for 3MeK4H3;  fig. 3 b). 
Interestingly, a strong correlation was detected between 
the fold changes of 8-OHdG and those of recessive his-
tone markers of 3MeK27H3 (r = 0.7605, p < 0.0001; 
 fig. 3 c). As expected, no correlation was observed be-
tween the fold changes of 8-OHdG and those of H3 
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  Fig. 2.  Alteration of histone modification 
and its association with 8-OHdG levels af-
ter H 2 O 2  treatment at the CpG island-con-
taining promoters of TSGs.  a  HepG2 cells 
were either treated with or without 250 μ M  
of H 2 O 2  for 1 h, followed by ChIP for 
AcK16H4, 3MeK4H3 as an active histone 
marker, 3MeK27H3 as a repressive histone 
marker, 8-OHdG, positive control of H3 or 
negative control of rabbit IgG. The y-axis 
indicates the fold changes of ChIP-qPCR 
values over H3 values between the treated 
and untreated samples. T/U = Ratio of PCR 
values of treated/untreated cells.  *  Indi-
cates the splice variants of the correspond-
ing gene.  b  Comparisons of the fold chang-
es indicated by ChIP-qPCR between the IP 
of each histone modification or 8-OHdG 
and that of H3. p values were calculated us-
ing Steel’s method for nonparametric mul-
tiple comparison. 
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( fig. 3 d). These findings also indicated that the decrease 
in active chromatin and the increase in repressive chro-
matin take place on the 8-OHdG-enriched CpG island-
containing TSG promoters, after H 2 O 2  treatment.

  Discussion 

 A number of reports suggested that the activation of 
oncogenes and inactivation of TSGs was a characteristic 
feature of human cancers, including HCC  [3, 4] . We pre-
viously reported that the inactivation of TSGs through 
promoter methylation was more prevalent in HCV-relat-
ed HCCs than in HCV-negative tumors  [13] . On the oth-
er hand, it was also reported that oxidative stress could 

play a central role in the pathogenesis of CHC, and could 
increase the risk of HCC development  [13, 14] . In this 
study, we examined whether persistent stimulation by 
ROS and subsequent DNA damage, indicated by the for-
mation of 8-OHdG, could increase the risk for HCC de-
velopment through the induction of epigenetic instability 
in hepatocytes. Here, we demonstrated that the 8-OHdG 
level was the only factor associated with an increased 
number of methylated TSGs in the liver of CHC, and that 
TSGs carrying higher levels of 8-OHdG facilitated the 
modification of the active chromatin to a repressive form 
after stimulation by ROS.

  So far, several reports have suggested that increased 
ROS production is observed in CHC and the amount of 
ROS is associated with the onset of HCC  [8, 14, 15] . Ac-
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  Fig. 3.  Correlations between the fold changes of ChIP-qPCR values for histone and 8-OHdG. Correlations between the fold changes of 
AcK16H4 and 8-OHdG (     a ), 3MeK4H3 and 8-OHdG ( b ), 3MeK27H3 and 8-OHdG ( c ), and H3 and 8-OHdG ( d ). Correlations between 
each fold change and that of 8-OHdG were evaluated by Spearman’s rank correlation test.           
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tivation of oxidative stress pathways in noncancerous 
human liver tissue reportedly predicted the recurrence of 
HCC in patients who underwent a hepatectomy  [16] . 
ROS could also induce genetic alterations such as point 
mutations because oxidative DNA damage, indicated
by 8-OHdG, could induce DNA base mutations such
as G>T/C>A transversions  [9] . However, although this 
type of base mutation is commonly found in HCC, whole 
genome and exome analyses revealed that the mutation-
al spectrum of HCC is heterogeneous  [10] . In addition, 
so far, the frequencies of common mutations in specific 
TSGs in HCC were not high; the frequencies of the mu-
tations were around 30 and 15% for  p53  and  β-catenin , 
respectively  [17–21] . On the other hand, a considerable 
number of cancer-related genes, such as the  CDKN2A , 
 RASSF1A ,  GSTP1  and  APC , showed an alteration in the 
methylation status in HCC  [13, 21] . Regional hyper-
methylation of the gene promoters leads to transcrip-
tional inactivation of the corresponding TSGs and hypo-
methylation could cause increased expression of onco-
gene and transposable DNA elements, both of which 
could contribute to carcinogenesis.

  Previously, we selected the TSGs that showed a high 
level of methylation in early HCC, and reported that 
methylation of these TSGs was a unique marker for early-
stage HCV-related HCC  [11] . In addition, we found that 
a number of these methylated TSGs in the liver were sig-
nificantly associated with the onset of HCC in patients 
with CHC without a prior history of HCC  [11] . In this 
study, we further clarified that the level of 8-OHdG in the 
liver was the only factor that showed significant associa-
tion with the methylated TSG number in the same CHC 
cohort. Previous reports suggested that the treatment of 
the HCC cell line by H 2 O 2  induced an increase in Snail 
expression and hypermethylation of the  E-Cadherin 
promoter. Snail was also shown to recruit HDAC1 and 
DNMT1 to the  E-Cadherin  gene  [22] . Another report 
showed that oxidative stress induced by H 2 O 2  recruits 
DNA methyltransferase 1 (DNMT1) to damaged chro-
matin in colon cancer cell lines  [23] . It resulted in relocal-
ization of the polycomb repressive protein complex from 
non-GC-rich to GC-rich areas  [23] . Thus, it was reason-
able to speculate that oxidative damage led to the forma-
tion and relocalization of a polycomb repressive complex, 
which may explain cancer-specific aberrant DNA meth-
ylation and transcriptional silencing of TSGs. To explore 
this possibility, we treated HCC-derived cell lines and
fetal liver cells with H 2 O 2 , and determined the effect of 
ROS on the modulation of histone. As expected, treat-
ment with H 2 O 2  induced the formation of 8-OHdG on 

the CpG island-containing TSGs. Interestingly, after 
treatment the measurement of the repressive histone 
marker, 3MeK27H3, increased, and that of the active his-
tone markers, AcK16H4 and 3MeK4H4, decreased. It
was well known that the polycomb complex could induce 
repressive histone markers such as 3MeK27H3. The re-
pressive histone marker was associated with the induc-
tion of DNA methylation in the corresponding region. 
On the other hand, our results also indicated that the 
8-OHdG fold change using H 2 O 2 -treated and untreated 
cells was clearly correlated to that of 3MeK27K3, and in-
versely correlated to that of AcK16H4 and 3MeK4H4. 
These facts support the idea that ROS induced an altera-
tion of histone modification to the repressive form at the 
CpG island-containing TSG promoters and induced hy-
permethylation through the formation of 8-OHdG, which 
could lead to inactivation of TSGs by epigenetic mecha-
nisms.

  In this study, we clearly demonstrated that the ROS-
induced DNA damage could cause the induction of re-
pressive histone markers on TSG promoters. Therefore, 
it is reasonable to believe that the increased TSG meth-
ylation seen in HCC could be reflective of the alteration 
of chromatin status induced by ROS. As the accumula-
tion of methylated TSGs in CHC tissues has been shown 
to be a strong risk factor for the early onset of HCC, ROS 
probably plays a critical role in human hepatocarcinogen-
esis through the induction of epigenetic instability and 
regional hypermethylation in CHC.
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(p = 0.035). A high histological activity grade (p = 0.057) and a 
high alanine aminotransferase level (p = 0.060) were also as-
sociated with recurrence. There were no significant differenc-
es between the two groups in age, sex, hepatitis B virus surface 
antigen and anti-hepatitis C virus antibody levels, or grade of 
iron deposition. On multivariate analysis, high CD34-LI was the 
only independent risk factor (p = 0.001) for metachronous 
multicentric recurrence.  Conclusion:  CD34 expression in the 
capillaries and sinusoids of noncancerous hepatic tissue is a 
risk factor for multicentric recurrence of HCC. Histologic as-
sessment of hepatic tissue with CD34 immunohistochemistry 
might be useful for the prognostic evaluation of HCC patients 
after surgery.  © 2013 S. Karger AG, Basel 

 Introduction 

 The incidence of intrahepatic recurrence after curative 
resection of hepatocellular carcinoma (HCC) is very high 
 [1] , and many HCC recurrences develop in a multicentric 
fashion. Effective predictors of multicentric recurrence 
must be clarified to manage patients after curative hepa-
tectomy. There have been many investigations of cancer-
ous tissues of HCC to predict intrahepatic recurrence, es-
pecially intrahepatic metastasis  [2, 3] . To predict multi-
centric recurrence, we have to investigate noncancerous 

 Key Words 
 Hepatocellular carcinoma · CD34 expression · Labeling 
index 

 Abstract 
  Background:  Metachronous multicentric recurrence of hepa-
tocellular carcinoma (HCC) is a common cause of morbidity 
and mortality following curative surgical resection. Clinical 
and laboratory predictors of these processes can markedly aid 
in managing these patients. Capillarization of hepatic sinu-
soids is also a well-known phenomenon in many liver diseases, 
especially in neoplastic liver diseases. Here, we investigated 
the clinical features, fibrosis scores and distribution of CD34 in 
noncancerous hepatic tissues of postresection patients with 
and without multicentric recurrence.  Methods:  Eighteen pa-
tients with multicentric recurrence of HCC diagnosed by his-
tological examination of repeated hepatectomy specimens 
and 72 HCC patients with more than 5-year disease-free sur-
vival postresection participated in the study. We compared 
the clinicopathological features of these two groups. We ex-
amined noncancerous hepatic tissues for iron deposition by 
Prussian blue staining and computed the CD34-labeling index 
(LI) through immunohistochemistry using anti-CD34 anti-
body.  Results:  CD34-LI was significantly higher in the multi-
centric recurrence group (p < 0.001) and staging scores of fi-
brosis were also significantly higher in the recurrence group
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liver tissue. Multicentric recurrence of HCC is thought to 
be associated with underlying liver diseases. Angiogene-
sis and sinusoidal remodeling are closely related to liver 
inflammation and fibrosis. Normal sinusoidal endothe-
lial cells do not express CD34; however, they show an al-
tered phenotype in chronic liver inflammation to express 
CD34. In this study, we investigated the noncancerous 
liver tissue of multicentric recurrence patients and non-
recurrence patients with CD34 immunostaining to clari-
fy the difference in background livers of those patients.

  Material and Methods 

 Between 1990 and 1999, 469 HCC patients underwent curative 
hepatic resection at Osaka Medical Center for Cancer and Cardio-
vascular Diseases. Metachronous multicentric recurrence of HCC 
was diagnosed by histological examination of repeated hepatectomy 
specimens. For the accurate evaluation of a noncancerous back-
ground liver, cases in which resected liver specimens were very small 
or showed degenerative change due to transarterial chemoemboli-
zation before surgery were excluded. The definition of metachro-
nous multicentric recurrence was according to the histological cri-
teria of the Liver Cancer Study Group of Japan on the multicentric 
occurrence of HCC, i.e. recurrent tumors are early HCCs maintain-
ing the existing liver structure, or well-differentiated HCCs found at 
the edge of moderately or poorly differentiated cancer tissues  [4] .

  Suspected multicentric recurrence patients diagnosed based on 
clinical images, i.e. CT scan, ultrasonography or needle biopsies of 
a new nodule after surgery, were also excluded. Eighteen patients 
met the strict criteria and 72 patients with a more than 5-year dis-
ease-free survival were included in our study.

  Clinicopathological comparison was made between the 18 pa-
tients in the metachronous multicentric recurrence group and the 
72 in the nonrecurrence group regarding age, sex, hepatitis B vi-
rus surface antigen, anti-hepatitis C virus (HCV) antibodies and 
background liver tissue. Paraffin-embedded, noncancerous liver 
tissue sections were stained with hematoxylin and eosin, and 
Perls’ Prussian blue. The grade of necro-inflammatory activity 
and stage of fibrosis were classified according to the New Inuyama 
scoring system for chronic hepatitis  [5] . The necro-inflammatory 
activity and the fibrosis stage were as follows: A0, no necro-in-
flammatory reaction; A1, mild; A2, moderate, and A3, severe; F0, 
no fibrosis; F1, fibrous portal expansion; F2, bridging fibrosis; F3, 
bridging fibrosis with lobular distortion, and F4, cirrhosis. The 
iron contents in the noncancerous liver tissue were graded ac-
cording to Seale et al.  [6] , i.e.: grade 0, absent – iron granules ab-
sent/barely discernible at ×400; grade 1, scarce – barely discernible 
at ×250 but easily discernible at ×400; grade 2, mild – discrete 
granules resolved at ×100; grade 3, moderate – discrete granules 
resolved at ×25, and grade 4, severe – massive iron granules visible 
at ×10 or with the naked eye . 

  For immunohistochemistry, anti-CD34 monoclonal mouse 
antibody (diluted 1:   50; QBEnd 10, Dako, Glostrup, Denmark) was 
used. The avidin-biotin-peroxidase complex immunohistochem-
istry method (Vectastatin Elite ABC Kit, Vector Laboratories Inc., 
Burlingame, Calif., USA) was used. CD34-positive capillaries and 

  Fig. 1.  CD34 immunostaining of noncancerous hepatic tissue. CD34-LI is the average number of CD34-positive capillaries and sinusoids 
in 10 portal areas. Original magnification ×200. 
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sinusoids of noncancerous liver tissue in 10 portal areas under a 
high-power field (200× magnifications) were counted, and the av-
erage number was defined as the CD34 labeling index (LI;  fig. 1 ).

  Statistical Analysis 
 Frequencies of various characteristics were compared between 

the groups with and without multicentric recurrence. Statistical 
analysis was performed using the χ 2  test for categorical data and 
Mann-Whitney U test for continuous data. A multivariate analysis 
of risk factors for multicentric recurrence was performed using a 
logistic regression method. IBM SPSS 17.0 software was used and 
significance was accepted at p < 0.05.

  Results 

 CD34 immunoreactivity was observed in peribiliary 
capillaries and periportal and perilobular sinusoids, 
but no reactivity was shown in parenchymal cells 
( fig. 1 ).

  Univariate Analysis of Risk Factors Predicting 
Multicentric Recurrence  
 Clinicopathological characteristics with and without 

metachronous multicentric recurrences are shown in 
 table 1 . There were no significant differences in age, sex, 
hepatitis B virus surface antigen and anti-HCV anti-
bodies between the two groups. The serum alanine ami-
notransferase (ALT) level (p = 0.060) and a high histo-
logical activity grade (p = 0.057) showed tendencies to 
associate with recurrence. Staging scores of fibrosis 
were significantly higher in the recurrence group (p = 
0.035) and CD34-LI was also significantly higher in the 
multicentric recurrence group (p < 0.001). A high de-
position of iron was negatively related to recurrence
(p = 0.086).

  Multivariate Analysis of Risk Factors Predicting 
Multicentric Recurrence 
 Selected factors that were significant on univariate 

analysis, including the histological stage of fibrosis and 
CD34-LI, and other relevant factors, including the serum 
ALT level, histological grade of activity and grade of iron 
deposition, were included in the model. CD34-LI and the 
serum ALT level were converted into categorical data. 
High CD34-LI (OR, 34.06; 95% CI, 6.39–181.47; p < 
0.001) was independently associated with metachronous 
multicentric recurrence based on multivariate analysis, 
and a high stage of fibrosis showed a tendency to associ-
ate with recurrence (OR, 5.62; 95% CI, 0.98–31.95; p = 
0.05;  table 2 ).

  Discussion 

 The intrahepatic recurrence rate of HCC after curative 
surgical resection remained very high. Long-term follow-
up data after surgery showed that the recurrence rate of 
HCV-positive HCC patients was 80%, and that of HBV-
positive HCC patients was 59%  [7] . There are two differ-
ent types of recurrence: intrahepatic metastasis and mul-
ticentric recurrence. In Japan, 45–60% of recurrence after 
surgical resection was reported to be multicentric. Kuma-
da et al.  [8]  reported that 50.9% of recurrence after ethanol 
infection therapy was multicentric. However in China, Li 
et al.  [9]  reported that the rate of multicentric recurrence 
after surgical resection was 30%. We adopted histopatho-
logical criteria to strictly differentiate whether the recur-
rent HCC was intrahepatic metastasis or multicentric re-
currence, and several clonal analyses of both primary 
HCC and recurrent HCC were reported for a more accu-

Table 1.  Results of univariate analysis between patients with and 
without metachronous multicentric recurrence

Recurrence 
(+)
(n = 18)

Recurrence 
(–)
(n = 72)

p value

Age, years 59.6 ± 9.0 59.0 ± 9.0 0.806
Male sex 14 (78) 58 (79) 0.913
ALT level, IU/l 97.6 ± 57.8 75.4 ± 58.0 0.060
HBsAg  positive 4 (22) 13 (17) 0.686
HCV-Ab positive 14 (78) 45 (59) 0.345
Grade of activity: A2/3 17 (94) 56 (74) 0.057
Stage of fibrosis: F3/4 15 (83) 40 (57) 0.035
Iron deposition: grade 3/4 1 (6) 17 (24) 0.086
CD34-LI 45.2 ± 23.1 14.3 ± 7.9 <0.001

 Values are either mean ± SD or number with percentage in pa-
rentheses. Statistical analysis was performed using the χ2 test for 
categorical and Mann-Whitney U test for continuous data.

Table 2.  Results of multivariate analysis of the risk factors for meta-
chronous multicentric recurrence

p value OR 95% CI

ALT >100 IU/l 0.18 2.89 0.61 – 13.71
Grade of activity: A2/3 0.39 3.25 0.21 – 50.07
Stage of fibrosis: F3/4 0.05 5.62 0.98 – 31.95
Iron deposition: grades 3/4 0.27 0.23 0.17 – 3.16
CD34-LI >25 <0.01 34.06 6.39 – 181.47
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rate diagnosis  [10–12] . However, according to a nation-
wide survey, repeat hepatectomy has been performed in 
1.6% of all patients  [13] . Therefore, in many clinical situ-
ations, the mode of recurrence was diagnosed based on 
clinical data such as vascular invasion of primary HCC, 
the period of recurrence, size and site of the recurrent tu-
mor, and hemodynamics of the recurrent tumor assessed 
by dynamic CT or contrast-enhanced ultrasonography. 
The risk factors for synchronous and metachronous mul-
ticentric occurrence of HCC were reported to be: male 
gender, HCV positive, aged, low platelet count, high grad-
ing and staging scores, high ALT activity, and high con-
centration of type 4 collagen  [14–16] . Tarao et al.  [17]  re-
ported the increased DNA synthesis activity of hepato-
cytes in the residual liver of multicentric recurrence 
patients using an in vitro BrdU assay of biopsied speci-
mens, and, recently, a few studies have investigated gene 
expression in noncancerous liver tissue to predict risk fac-
tors of multicentric recurrence  [18, 19] . In our study, the 
multicentric recurrence group also showed a significantly 
higher stage of fibrosis and tendency toward a higher ALT 
activity and grade of activity on univariate analysis; how-
ever, regarding the HCV status, there were no significant 
differences between the two groups. Many HCV positive 
patients in our study showed recurrence after curative 
hepatectomy, and many of them had suspected multicen-
tric recurrence according to the clinical findings, but did 
not undergo repeat hepatectomy because of the function-
al reserve of the liver or selection of another therapy.

  In our study, CD34 expression in noncancerous liver 
tissue was a significant risk factor of multicentric recur-
rence on uni- and multivariate analyses. CD34 antigen is 
expressed in hematopoietic stem cells and endothelial cells. 
In normal liver tissue, CD34 expression is restricted to por-
tal vascular structures. It is also detected in oval cells in rat 
liver  [20] , but we identified no immunoreactivity in hepa-
tocytes or oval cell-like cells in this study. The hepatic si-
nusoidal endothelial cells have numerous holes (fenestrae) 
and lack a basement membrane. They do not contain mol-
ecules characteristically found in the vascular endotheli-
um, such as CD34 and GMP-140. However, in chronic
liver disease, intrahepatic angiogenesis and sinusoidal
remodeling occurs, characterized by the deposition of a 
basement membrane, loss of sinusoidal endothelial fenes-
trae, and by the expression of CD34, which is commonly 
referred to as the ‘capillarization’ of sinusoids  [21, 22] . An-
giogenesis of chronic liver disease evaluated by CD34 pos-
itivity is correlated with the degree of fibrosis  [23] , and 
strong staining was reported in HCC and hepatocellular 
adenoma  [24–27] . Ohmori et al.  [28, 29]  reported that high 

expression of CD34-positive sinusoidal endothelial cells 
was a risk factor for developing HCC in HCV and HBV 
chronic hepatitis patients using liver biopsy specimens. 
Angiogenesis occurs under conditions associated with tis-
sue damage, wound healing and remodeling. Angiogenesis 
also occurs in tumors. High CD34-LI in noncancerous liv-
er tissue seems to be the result of severe tissue damage and 
inflammation. To prevent multicentric recurrence, anti-
inflammatory therapy is essential, as long-term interferon 
therapy reduced the carcinogenesis rate of HCV patients 
 [30] . Are angiogenesis and sinusoidal remodeling new tar-
gets for preventing carcinogenesis? Sorafenib is a multiki-
nase inhibitor compound approved for liver cancer and it 
inhibits tumor angiogenesis. In animal models, sorafenib 
also inhibits both matrix restructuring and vascular re-
modeling that accompanies chronic liver disease  [31] . It 
may be a candidate for a new therapy to treat liver fibrosis 
and prevent carcinogenesis, but further investigation is 
needed before clinical application to humans.

  Liver iron overload was reported as a risk factor for 
HCC. Liver iron accumulation causes oxidative stress and 
leads to liver cell DNA mutations, and the development 
of HCC. Several studies reported that liver iron overload 
contributed to the development of HCC in patients with 
viral C hepatitis  [32, 33] . In our study, iron deposition in 
noncancerous liver tissue had a negative impact on mul-
ticentric recurrence. Nahon et al.  [34]  reported that liver 
iron overload is associated with a higher risk of HCC in 
patients with alcoholic but not HCV-related cirrhosis, 
and Sorrentino et al.  [35]  reported that iron deposition 
was associated with NASH-related cirrhosis. In our study, 
the nonrecurrence group included patients whose etiolo-
gies of hepatitis were nonviral.

  This study has some limitations. We selected patients 
with multicentric recurrence diagnosed by repeat hepatec-
tomy; therefore, the number of studied patients was small, 
and the histological types of second primary HCC were lim-
ited to the early HCC type or well-differentiated type. There-
fore, our multicentric recurrence group had some biases.

  In conclusion, CD34 expression in the capillaries and 
sinusoids of noncancerous hepatic tissue is a risk factor for 
the multicentric recurrence of HCC. Histologic assessment 
of hepatic tissue with CD34 immunohistochemistry is a 
simple and straightforward method, and might be useful for 
the prognostic evaluation of HCC patients after surgery.
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taacetic acid (Gd-EOB-DTPA)-enhanced MRI by performing a 
longitudinal study retrospectively enrolled in a nationwide 
manner.  Methods:  Between February 2008 and March 2011, 
224 patients with 504 nodules that were diagnosed as non-
hypervascular by imaging were recruited from institutions 
that participated in the present study. We examined the nat-
ural outcome of nonhypervascular lesions and evaluated the 
risk factors.  Results:  Of the 504 nodules, 173 (34.3%) showed 
hypervascular transformation. The overall cumulative inci-
dence of hypervascular transformation was 14.9% at 12 
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 Gadolinium ethoxybenzyl diethylenetriamine pentaacetic 
acid · Enhanced MRI · Hepatocellular carcinoma · 
Hypervascular transformation 

 Abstract 
  Objective:  We aimed to investigate the natural outcome of 
nonhypervascular lesions detected in the hepatobiliary 
phase of gadolinium ethoxybenzyl diethylenetriamine pen-
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months and 45.8% at 24 months. Multivariate analysis using 
the Cox regression model revealed previous treatment his-
tory for hepatocellular carcinoma (HCC; relative risk = 1.498; 
p = 0.036, 95% CI 1.03–2.19) and hyperintensity on T2-
weighted images (relative risk = 1.724; p = 0.015, 95% CI 
1.11–2.67) were identified as independent factors for hyper-
vascular transformation.  Conclusions:  Patients who have a 
previous treatment history for HCC and with hypointense 
nodules showing hyperintensity on T2-weighted images 
need careful follow-up because of the high incidence of hy-
pervascular transformation.  © 2013 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common cancers worldwide and is a major cause of death 
in patients with cirrhosis; therefore, it is important to de-
tect and treat HCC at an early stage. The development of 
screening programs for high-risk HCC patients, involv-
ing periodic ultrasonography (US) and computed tomog-
raphy (CT), has enabled small HCCs less than 2 cm in 
diameter to be easily detected and safely resected. As a 
result, we have encountered more early-stage HCCs  [1] , 
low-grade dysplastic nodules and high-grade dysplastic 
nodules. Histological features of these nodules are se-
quential and they often display heterogeneous internal 
histological features, the precise differential diagnosis be-
tween borderline lesions and early-stage, highly well-dif-
ferentiated HCC (early HCC) is often difficult even by 
histological examination  [2, 3] . Consequently, the imag-
ing findings of these two are similar and overlapping, typ-
ically showing nonhypervascularity on dynamic CT, dy-
namic MRI and contrast-enhanced US; and internal por-
tal blood supply on CT during arterial portography 
(CTAP)  [4] . A previous study reported the existence of a 
significant correlation between the intranodular blood 
supply, as eval uated by CTAP and CT during hepatic ar-
teriography (CTHA), and the prognosis of hepatocellular 
nodules associated with liver cirrhosis  [5] . CTAP and 
CTHA are recognized as the most sensitive modalities for 
detecting HCC and borderline lesions  [6–12] ; however, a 
less invasive and more accurate diagnostic procedure is 
preferable. A hepatocyte-specific contrast agent, gadolin-
ium ethoxybenzyl diethylenetriamine pentaacetic acid 
(Gd-EOB-DTPA; Primovist ® ), was approved in Japan in 
January 2008. This contrast agent is hepatocyte specific 
and enhances the blood pool – it is taken up by hepato-
cytes and excreted into the biliary tract. The liver paren-

chyma is strongly stained white in the hepatocyte phase 
on T1-weighted images, 20 min after the intravenous in-
jection of Gd-EOB-DTPA. This liver-specific MRI phase 
has been reported to increase the detection of focal liver 
lesions,   including HCC  [13–17] , and is expected to   detect 
early pathological change in hepatocarcinogenesis  [18–
20] . Hypointense lesions in the hepatobiliary phase of 
Gd-EOB-DTPA-enhanced MRI that show nonhypervas-
cularity on dynamic imaging are commonly encountered, 
and it is recommended that these lesions be monitored 
closely due to their potential for malignancy and transi-
tioning to HCC through a multistep progression of hepa-
tocarcinogenesis  [21–23] . Several studies have reported 
the outcome of patients with these hypointense lesions 
 [22–29] ; however, only a small number of such cases have 
been reported and all were from a single center. The pres-
ent investigation was a longitudinal retrospective nation-
wide study that examined the natural outcome of nonhy-
pervascular lesions in the hepatobiliary phase of Gd-
EOB-DTPA-enhanced MRI.

  Materials and Methods 

 Our retrospective analysis of data was approved by the institu-
tional review board of Kinki University Faculty of Medicine. The 
requirement to obtain informed consent was waived.

  Patients 
 Between February 2008 and March 2011, 224 patients with 504 

nodules that were diagnosed as nonhypervascular by imaging mo-
dalities including Gd-EOB-DTPA-enhanced MRI were recruited 
from institutions that participated in the present study. Baseline 
characteristics of the patients are shown in  table 1 .

  Image Analysis: Evaluation of Tumor Vascularity 
 Evaluation of tumor vascularity was performed using at least 

2 imaging modalities including Gd-EOB-DTPA-enhanced MRI 
at each institution according to the local standard of care. All im-

Table 1.  Baseline characteristics of the patients

Sex (male/female) 134/90
Median age, years (range) 70 (49 – 88)
Child-Pugh classification (A/B/C) 187/37/0
Etiology and histology of underlying liver disease

HCV-related chronic hepatitis 26
HCV-related cirrhosis 118
HBV-related chronic hepatitis 14
HBV-related cirrhosis 40
Others 26

Past history of HCC (yes/no) 180/44
Coexistence of hypervascular HCCs (yes/no) 85/139
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ages were interpreted independently by an experienced board-
certified radiologist or gastroenterologist who knew that the pa-
tients were at risk for HCC but had no other clinical information. 
A nonhypervascular nodule was defined as a nodule in which all 
parts showed nonhypervascularity relative to the surrounding liv-
er parenchyma during the arterial phase of dynamic imaging 
when any of the available modalities were used (Gd-EOB-DTPA-
enhanced MRI, dynamic CT, CTHA and contrast-enhanced US). 
The exclusion criteria for hypointense lesions in the hepatobili-
ary-phase image of Gd-EOB-DTPA-enhanced MRI were as fol-
lows: (a) hypervascularity on initial dynamic MRI (i.e. exclusion 
of classical HCC and other hypervascular tumors); (b) delayed 
enhancement on initial dynamic MRI (i.e. exclusion of slow-fill-
ing hemangiomas); (c) strong high intensity on T2-weigthed im-
ages (i.e. excluding cysts), and (d) lesion size of <2 mm (since the 
slice thickness for the hepatobiliary phase of Gd-EOB-DTPA-en-
hanced MRI was 3 mm).

  Statistical Analysis 
 Continuous variables were presented as the median and 

range. Continuous variables such as tumor size and observa-
tion period were compared by Mann-Whitney U test, and oth-
er categorical variables were compared by Fisher’s exact test or 
χ2 test. Based on the analysis of lesions, the cumulative risk of 
a nonhypervascular tumor turning into classical HCC was cal-
culated according to the Kaplan-Meier method. We calculated 
relative risk using Cox proportional hazard regression analy-
sis. Based on the analysis of tumors, hypervascularization 
curves were constructed according to the Kaplan-Meier meth-
od, and the log-rank test was used for statistical comparisons. 
A p value <0.05 was considered to denote a statistically signif-
icant difference. All analyses were performed with SPSS statis-
tics software (version 11, SPSS, Chicago, Ill., USA) for Micro-
soft Windows.

  Results 

 Nodule Characteristics 
  Table 2  shows the characteristics of the nodules that 

were vascularized and those that were not. Of the 504 
nodules, 173 (34.3%) showed hypervascular transforma-
tion in the arterial phase of dynamic imaging during the 
follow-up period. The results of data analysis using Fish-

Table 2.  Characteristics of vascularized and nonvascularized nodules

Variables  Hypervascularization p value

yes  (n = 173) no (n = 331)

Tumor size, mm 9.74 ± 4.04 9.11 ± 4.04 0.059
Past history of HCC treatment (yes/no) 139/34 232/99 0.014
Precontrast MRI T1WI (hyper-iso/low) 24/149 27/304 0.061
Fat containing nodule on in- and opposed-phase images (yes/no) 36/137 64/267 0.72
Precontrast MRI T2WI (hyper/iso-low) 25/148 28/303 0.037
Dynamic image1 arterial phase (iso/low) 108/65 235/96 0.0501
Dynamic image1 portal phase (iso/low) 124/49 245/86 0.59
Observation period, days 379 566 0.00

 Continuous variables are expressed as median with range. T1WI = T1-weighted imaging; T2WI = T2-weight-
ed imaging; hyper = hyperintensity; iso = iso intensity; low = low intensity on MRI. 

1 Dynamic image means any of the available modalities were used (Gd-EOB-DTPA-enhanced MRI, dynam-
ic CT, contrast-enhanced US, CTHA and CTAP). When CTHA and CTAP were performed, we adopted those 
image findings.

Table 3.  Univariate analysis

Variables p value

Tumor diameter >11 mm 0.018
Previous treatment history for HCC 0.023
Coexistence of hypervascular HCC 0.32
MRI finding

T1-weighted imaging 0.00
T2-weighted imaging 0.004
Fat-containing nodule on in- and opposed-phase 
images 0.84

Image findings of dynamic study1

Arterial phase 0.06
Portal phase 0.30

 Bold p values are statistically significant.
1 Dynamic study means any of the available modalities were 

used (Gd-EOB-DTPA-enhanced MRI, dynamic CT, contrast-en-
hanced US, CTHA and CTAP). When CTHA and CTAP were per-
formed, we adopted those image findings.
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er’s exact test showed that, at the start of follow-up, nod-
ules with and without vascularization showed significant 
differences in the proportion of patients who had a past 
history of HCC (p = 0.014) and the incidence of tumors 
displaying hyperintensity on T2-weighted images (p = 
0.037). There were no differences between nodules with 
and without vascularization with respect to average tu-

mor diameter, T1-weighted images, being fat containing 
on in- and opposed-phase images, and arterial and por-
tal-phase images of dynamic study.

  Cumulative Incidence of Hypervascular Transformation 
 The overall cumulative incidence of hypervascular 

transformation was 14.9% at 12 months and 45.8% at 24 
months ( fig.  1 ). Univariate analysis using the log-rank 
test revealed that a past history of HCC, tumor diameter 
>11 mm, and T1- and T2-weighted images were corre-
lated with hypervascular transformation ( table 3 ). Next, 
the four significant factors identified by univariate analy-
sis were analyzed by multivariate analysis using the Cox 
regression model ( table  4 ). Previous treatment history
for HCC (relative risk = 1.498; p = 0.036, 95% CI 1.03–
2.19) and hyperintensity on T2-weighted images (relative 
risk = 1.724; p = 0.015, 95% CI 1.11–2.67) were identified 
as independent factors for hypervascular transformation. 
Subsequently, we compared the incidence of hypervascu-
lar transformation of tumors with these risk factors based 
on the Kaplan-Meier curve. The incidence of hypervascu-
larization was significantly higher in the groups with 
these prognostic factors ( fig. 2–4 ).

  Discussion 

 Since the introduction of Gd-EOB-DTPA-enhanced 
MRI in clinical practice, there have been several reports 
describing the effectiveness of the hepatobiliary phase
of Gd-EOB-DTPA-enhanced MRI for the detection of 
HCC, including early HCC, because these lesions tend to 
show hypointensity on hepatobiliary-phase images  [17, 
30] . Although these hypointense lesions have been re-
ported to exhibit a high rate of hypervascular transforma-
tion  [22–29] , the natural histories of such nodules had not 
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  Fig. 1.  Cumulative rates for hypointense lesions to hypervascular-
ization. The cumulative rates for hypointense lesions that became 
classical HCC were 14.9% at 1 year and 45.8% at 2 years. 

Table 4.  Multivariate analysis

Variables Relative 
risk

95% CI p 
value

Previous treatment history
for HCC (yes) 1.498 1.026 – 2.187 0.036

Tumor diameter >11 mm 1.344 0.971 – 1.860 0.075
T1-weighted imaging (low) 0.979 0.675 – 1.420 0.910
T2-weighted imaging (hyper) 1.724 1.111 – 2.673 0.015

 Bold p values are statistically significant.
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  Fig. 2.  Differences in the incidence of hypervascular transforma-
tion in relation to previous treatment history for HCC. The log-
rank test p value was 0.023, indicating that the incidence of hyper-
vascular transformation was significantly higher among patients 
who had a previous history of treatment for HCC. 
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been investigated in a nationwide study involving a large 
number of cases. Therefore, we aimed to identify tumor 
imaging findings associated with subsequent hypervascu-
lar transformation in nonhypervascular tumors that show 
hypointensity in the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI in patients with chronic liver dis-
eases. Among the initial imaging findings analyzed in the 
present study, previous treatment history for HCC and 
hyperintensity on T2-weighted images were significantly 
correlated with hypervascular transformation, indicating 
that these parameters may be useful predictive marker 
factors for hypervascular transformation of nonhyper-
vascular tumors. Even though we performed curative 
therapy by resection or radiofrequency ablation to pre-
vent HCC recurrence, the recurrence rate was nonethe-
less extremely high  [31–33] . A longer duration of infec-
tion with hepatitis B or C virus is usually associated with 
progression of liver fibrosis. In that condition, oxidative 
stress in the liver is considered to be higher, and genetic 
and epigenetic mechanisms activate oncogenes and inac-
tivate tumor suppressor genes. Activation of these patho-
logical processes results in hepatocarcinogenesis  [34–36] . 
Patients who have a previous history of treatment for 
HCC are likely to have suffered from the condition for a 
long time, resulting in a high prevalence of hepatocar-
cinogenesis. Considering this status, it is speculated that 
nonhypervascular tumors of patients who have past his-
tory of HCC have been suffering such an oxidative stress 
for a long time, leading to hypervascular transformation 

as the next step at an earlier period. Another variable as-
sociated with an increased risk of hypervascular transfor-
mation was hyperintensity on T2-weighted images. Hyo-
do et al.  [27]  reported that the most important variable 
associated with an increased risk of hypervascular trans-
formation was hyperintensity on T2-weighted images. 
They discussed that T2-weighted images might reflect 
peliotic changes in the intratumoral sinusoids of HCC, 
and that nodular regeneration, fibrosis and scarring that 
occur in the course of cirrhosis occasionally appear as hy-
perintense round lesions on T2-weighted images. For 
that reason, it is speculated that nonhypervascular tu-
mors, for example dysplastic nodules with fibrosis and 
scarring, can be hyperintense on T2-weighted images  [37, 
38] . The findings from our present study suggest that the 
combination of T2-weighted images and hepatobiliary-
phase images of Gd-EOB-DTPA-enhanced MRI could be 
useful in the prediction of hypervascular transformation 
of previously nonhypervascular nodules.

  Based on patient background in the present study, the 
enrolled patients are considered to represent the daily 
practice of patients who are suffering from chronic liver 
diseases. Therefore, when we detected nonhypervascular 
tumors on hepatobiliary-phase image, it was important to 
recheck the findings of the T2 image of the precontrast 
MRI and to confirm the presence or absence of treatment 
history for HCC. Although we conducted a cooperative 
study and collected many nonhypervascular tumors and 
investigated the natural outcome of hypointense lesions 
in a nationwide manner, this study did have some limita-
tions. The principal limitation was the variety of imaging 
equipment used. This limitation may have been inevita-
ble because this was a multicenter study. Second, this was 
a retrospective study and, therefore, on imaging analysis 
our study was potentially limited by consensus review, 
although well-trained radiologists and physicians re-
viewed the images. Third, the interval between follow-up 
examinations was not consistent; a fixed follow-up inter-
val would have enabled us to calculate more accurately. 
Fourth was the lack of a pathological diagnosis of the nod-
ules examined. However, we consider that our image-
based findings have clinical implications even though the 
pathological findings were unknown. Also, the purpose 
of the present study was to evaluate the incidence and 
predictive factors for hypervascular transformation in 
nonhypervascular tumors detected on the hepatobiliary 
phase of Gd-EOB-DTPA-enhanced MRI, not to distin-
guish between dysplastic nodules, early HCCs and well-
differentiated HCCs that show to be nonhypervascular 
on dynamic study.
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  Fig. 3.  Differences in the incidence of hypervascular transforma-
tion in relation to the T2-weighted images. The log-rank test p 
value was 0.004, indicating that the incidence of hypervascular 
transformation was significantly higher for hyperintense tumors. 
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a b c

d e f

g h

i j

  Fig. 4.  A 79-year-old man with hepatitis C-related cirrhosis.  a–
c  Initial dynamic CT. The hepatic nodule in segment 8 of the liv-
er showed no contrast enhancement (arrow).  d–e  Initial Gd-EOB-
DTPA-enhanced MRI. The nodule showed fat deposition on 
chemical-shift imaging (arrow,   in-phase,  d ; out-of phase,  e ). On 
T2-weighted imaging, the nodule showed slight hyperintensity 
(arrow,  f ). Images for the arterial phase (arrow,  g ) and hepatobili-
ary phase (arrow,  h ) of Gd-EOB-DTPA-enhanced MRI at the start 

of follow-up showed a hypointense nodule.  i  The arterial-phase 
image from Gd-EOB-DTPA-enhanced MRI 16 months after the 
start of follow-up showed a hypervascular spot in the nodule: tu-
mor (arrow), hypervascular spot (arrowheads).  j  A hepatobiliary-
phase image of Gd-EOB-DTPA-enhanced MRI 16 months after 
the start of follow-up showed a markedly hypointense nodule (ar-
row). 
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  In conclusion, patients who have a previous treatment 
history for HCC and with hypointense nodules showing 
hyperintensity on T2-weighted images need careful fol-
low-up because of the high incidence of hypervascular 
transformation.
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Necessary for Preventing Iatrogenic Bleeding? 
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bleeding after RFA among hemodialysis patients. Irrespec-
tive of tract ablation being after RFA, iatrogenic hemorrhage 
appeared to be equivalent in this population. 

 © 2013 S. Karger AG, Basel 

 Introduction 

 Percutaneous radiofrequency ablation (RFA) has been 
accepted as a safe and effective technique for the treat-
ment of unresectable hepatic primary and metastatic ma-
lignancies  [1–8] . Although the advantages of the use of 
RFA include low mortality and morbidity  [9] , early detec-
tion and treatment of complications is essential for a fa-
vorable RFA outcome. 

  General complications of RFA may be related to imag-
ing-guided electrode placement (e.g. bleeding, arterial-
portal shunt, tumor seeding, pneumothorax), thermal 
therapy (e.g. nontarget thermal damage, grounding pad 
burns) or others (e.g. infection, infarction)  [10–13] . In-
traperitoneal bleeding is a serious complication that can 
result in mortality if not appropriately managed. This 
bleeding can develop from direct mechanical injury to the 
vascular structure by the radiofrequency (RF) needle 
electrode rather than from RF thermal injury to the ves-
sel. Thus, the potential for bleeding depends on place-
ment of the RF needle electrode without traversing major 

 Key Words 
 Bleeding · Complications · Hepatic malignancy · Needle 
tract cauterization · Radiofrequency ablation  

 Abstract 
  Objective:  To evaluate whether iatrogenic hemorrhage can 
be prevented by intrahepatic tract ablation following radio-
frequency ablation (RFA) therapy for hepatic malignancies. 
 Methods:  A retrospective cohort study analyzing a prospec-
tive database in a single institution was conducted. The inci-
dence of postprocedural complications was compared in 
two groups: one with cauterization of the needle tracts after 
RFA and the other without.  Results:  The complication rates 
of intraperitoneal hemorrhage were 1.05% (4/380) and 
0.92% (6/652) in the nonablation group and the ablation 
group, respectively (p = 0.90). All of these 10 patients with 
iatrogenic bleeding were classified as Child-Pugh grade A. 
Among the 15 hemodialysis patients in this study, hemor-
rhage was seen in 2 (13.3%), compared with 8 (0.79%) of the 
nonhemodialysis patients (p = 0.0002). There were no statis-
tically significant differences in the incidence of other com-
plications including pleural effusion, serous ascites, pneu-
mothorax, hemothorax, hepatic infarction, bile duct injury 
and pericardial effusion between the two groups. Gastroin-
testinal perforation, peritonitis or tumor seeding were not 
observed.  Conclusion:  Our study found a high incidence of 
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vessels and minimizing the amount of needle reposition-
ing. In addition, cauterization of the needle tracts is 
thought to prevent bleeding after percutaneous RFA. 
However, to our knowledge, no previous studies have 
evaluated whether needle tract ablation actually contrib-
utes to reducing postprocedural bleeding. The purpose of 
this study was to assess whether intraperitoneal hemor-
rhage is prevented by intrahepatic tract ablation follow-
ing RFA for hepatic malignancies. 

  Materials and Methods  

 Patients 
 Written informed consent to perform percutaneous RFA 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 RFAs are routinely performed. After 
the introduction of RFA, our hospital has conducted procedures 
with or without intrahepatic tract ablation based on the prefer-
ences of two senior doctors. The records of consecutive patients 
who did or did not receive intrahepatic tract ablation following 
RFA or not between January 2007 and June 2011 at Kinki Univer-
sity Hospital were reviewed. 

  Hepatocellular carcinoma (HCC) was diagnosed based on 
three-phase contrast-enhanced CT findings such as positive en-
hancement in the arterial phase and washout in the equilibrium 
phase in patients with chronic liver disease. Liver metastases were 
diagnosed by ring enhancement on contrast-enhanced CT in pa-
tients with past cancer illness. Intrahepatic cholangiocarcinoma 
has been described as an irregular mass with markedly low attenu-
ation, and minimal peripheral enhancement noted with ancillary 
findings in dilatation of the peripheral intrahepatic ducts. All pa-
tients met the following criteria for treatment with RFA: percuta-
neous accessibility of the tumors, absence of portal tumor throm-
bus and extrahepatic metastasis, prothrombin time ratio greater 
than 50%, total bilirubin less than 4.0 mg/dl and platelet count 
greater than 30,000/μl. 

  Equipment and Technique 
 B-mode ultrasound (US) scans were obtained using a LOGIQ 

7 (GE Medical Systems, Milwaukee, Wisc., USA) or an EUB 8500 
unit (HITACHI Medico, Tokyo, Japan). A multidetector CT 
(LightSpeed VCT, GE Medical Systems, Milwaukee, Wisc., USA) 
was used for diagnosis. Triple-phase contrast-enhanced CT scans 
were performed with a 5.0-mm slice thickness at 30, 60 and 180 s 
after initiating the injection of contrast media to obtain hepatic 
arterial-, portal venous- and equilibrium-phase images, respec-
tively. A total of 100 ml of nonionic contrast material containing 
300 mg of iodine per milliliter (Iomeprol, Eisai Co., Tokyo, Japan) 
was injected intravenously at a rate of 3 ml/s using an automatic 
power injector.

  Patients were treated by RFA (Cooled-tip RF ablation system; 
Radionics, Burlington, Mass., USA). Twenty-centimeter-long, 
17-gauge, monopolar internally cooled electrodes with 3- or 2-cm-
long exposed metallic tips (Radionics) were used to deliver RF en-
ergy. A 200-Watt, 480-kHz monopolar RF generator regulated by 
impedance (CC-1; Radionics) was used as the energy source.

  RFA is mainly performed percutaneously under B-mode US 
guidance. If necessary, it can also be used under the guidance of con-
trast-enhanced US or virtual CT/MRI US. After RF energy was deliv-
ered, the hyperechoic zone appeared and gradually increased at the 
ablated site with monitoring to assess the ablation. The ablation was 
stopped when the entire target (including the safety margin) was 
completely covered by the zone of hyperechogenicity. In patients 
with tract ablation, RF energy was delivered again before removing 
the RF needle. Thereafter, the RF needle was slowly withdrawn so that 
the linear hyperechogenicity passed along the RF needle tract ( fig. 1 ).

  Complications 
 We assessed the laboratory data obtained before and after RFA, 

including serum hemoglobin level, prothrombin time and platelet 
count. Furthermore, we obtained a CT scan of the liver from 1–5 
days (median 3 days) after RFA for the assessment of treatment 
response ( fig. 2 ). The maximum thickness of perihepatic ascites 
was also recorded using CT scans obtained before RFA and after 
RFA ( fig. 3 ). We considered hemoperitoneum to be present if the 
attenuation of ascites had increased around the perihepatic spaces 
in patients with serum hemoglobin levels reduced by more than 
1.0 g/dl in 1 day after RFA. 

  Fig. 1.  Linear hyperechogenicity following RFA was 
seen along the RF needle tract on B-mode US (ar-
rows).  
  Fig. 2.  An 80-year-old woman with an HCC. Con-
trast-enhanced CT showed that the ablated tumor 
(arrow) was not enhanced in segment VI of the liver. 
The ablated needle tract is depicted as a low-density 
line (arrowheads).  
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  Endpoint and Statistical Analysis 
 The primary endpoint was the incidence of intraperitoneal 

hemorrhage after percutaneous RFA. The secondary endpoint was 
the occurrence of other postprocedural complications during an 
observation period of at least 1 month after RFA, including pleural 
effusion, ascites, pneumothorax, hemothorax, hepatic infarction, 
bile duct injury, pericardial effusion, gastrointestinal perforation 
and peritonitis, etc. 

  All values were expressed as mean ± standard deviation (SD). 
Comparisons between the two groups were analyzed using Fisher’s 
test. A χ 2  test was used to compare differences in the use of RFA 
modifications among the four groups. p < 0.05 was considered sta-
tistically significant. Statistical analyses were performed using 
SPSS software (version 12.0; SPSS, Chicago, Ill., USA). 

  Results 

 Baseline Characteristics of Patients 
 In total, 1,072 patients with 1,730 hepatic malignancies 

were enrolled. The patient population included 685 men 
and 347 women. The maximal diameter of tumors ranged 
from 0.5 to 11 cm on dynamic CT. Of all 1,072 patients 
who underwent percutaneous RFA for the treatment, 922 
(86.0%) had HCC, 10 (0.9%) had intrahepatic cholangio-
carcinoma and the other 99 (9.2%) had liver metastases, 
mostly from colorectal cancer. 

   Table 1  shows the characteristics of both groups. The 
distributions of sex and age were not different between 
the two groups. In the nonablation group, 316 (83.2%), 
62 (16.3%) and 2 (0.5%) patients were classified with 

Child-Pugh A, B and C liver function, respectively, where-
as 567 (87.0%), 80 (12.3%) and 5 (0.8%) patients in the 
ablation group were classified into Child-Pugh A, B and 
C, respectively. The proportions of patients with Child-
Pugh classification did not differ significantly. 

  Of 380 patients in the nonablation group, 596 patients 
underwent RFA for treatment of their primary liver tumor, 
including HCC (87.1%; 331/380) and intrahepatic cholan-
giocarcinoma (1.3%; 5/380). The other 45 (11.8%) had liver 
metastases including colorectal cancer (n = 30), gastric can-
cer (n = 6), ovarian cancer (n = 1), pancreatic cancer (n = 
1), renal cell carcinoma (n = 1) and others (n = 6). In con-
trast, in the ablation group, 591 (90.6%), 5 (0.8%) and 54 
(8.3%) patients had HCC, intrahepatic cholangiocarcino-
ma and metastatic liver tumors, respectively. Secondary he-
patic malignancies included colorectal cancer (n = 35), gas-
tric cancer (n = 4), ovarian cancer (n = 2), pancreatic cancer 
(n = 2), renal cell carcinoma (n = 3) and others (n = 8).

  The tumor size was not significantly different between 
the two groups. The mean tumor diameter was 1.9 ± 1.1 
cm (range 0.5–11 cm) in the nonablation group, and 1.7 
± 1.1 cm (range 0.5–8 cm) in the ablation group. 

  Fig. 3.  A 65-year-old male hemodialysis patient with an HCC 2.5 
cm in diameter. Plain CT detected the ablated area by RFA as low 
density ( * ). Ascitic fluid appeared and intraperitoneal hemorrhage 
was depicted as high attenuation in ascites (arrow). 

Table 1.  Baseline clinical characteristics of patients

Characteristics Nonablation group
(380 patients/
660 nodules)

Ablation group
(652 patients/
1,070 nodules)

p value

Sex, n 0.56
Male 248 437
Female 132 215

Age, years 67.9 ± 9.5 69.0 ± 9.8 0.57
Range 33 – 88 32 – 90

Child-Pugh class, n 0.23
A 316 567
B 62 80
C 2 5

Malignancies, n 0.18
HCC 331 591
Intrahepatic

cholangiocarcinoma 5 5
Liver metastases 45 54

Tumor size, cm 1.9 ± 1.1 1.7 ± 1.1 0.47
Range 0.5 – 11 0.5 – 8

Tumor location in liver subsegments, n 0.19
Left lateral 101 161
Left medial 92 116
Right medial 243 448
Right lateral 220 335
Segment 1 4 10

 Data are presented as mean ± SD unless otherwise indicated.
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  Intraperitoneal Hemorrhage 
  Table 2  shows the complications in both groups in this 

study. No death was considered RFA related. 
  Procedural hemorrhage occurred in 10 (0.93%) pa-

tients (HCC, n = 8; liver metastases, n = 2). In the nonab-
lation group and the ablation group, the complication 
rates of hemorrhage were, respectively, 1.05% (4/380) and 
0.92% (6/652). No significant difference was observed in 
the incidence of iatrogenic bleeding (p = 0.90). Fortunate-
ly, these patients did not need transcatheter arterial em-
bolization for the treatment of iatrogenic bleeding after 
RFA, and improved with conservative therapy including 
blood transfusion. Of these 10 patients with bleeding, the 
platelet counts before ablation ranged from 48,000 to 
325,000/μl (mean ± SD 12,600 ± 8,100). The prothrom-
bin time before ablation was 67–103% (mean ± SD 85.0 ± 
10.1), and all patients were classified as Child-Pugh grade 
A (5 points, n = 7; 6 points, n = 3). The mean tumor di-
ameter was 2.1 ± 0.9 cm (range 0.9–11 cm). 

  Among the 15 hemodialysis patients in this study, 
hemorrhage was seen in 2 (13.3%), whereas 8 (0.79%) pa-
tients with bleeding were nonhemodialysis (p = 0.0002). 

  Other Complications 
 The complications of RFA excluding hemorrhage 

were pleural effusion, serous ascites, pneumothorax, he-
mothorax, hepatic infarction, bile duct injury and peri-
cardial effusion ( table  2 ). Gastrointestinal perforation, 
peritonitis and tumor seeding by RFA was not observed 
in this study. No significant differences were observed in 
the incidences of these complications between the two 
groups. Three patients with pneumothorax (nonablation 
group, n = 1; ablation group, n = 2) were treated with 

chest tube drainage, and the fluid was drained in a patient 
with pericardial effusion. The other patients with compli-
cations subsided after conservative treatments. 

  Discussion 

 The overall rate of intraperitoneal hemorrhage for 
1,730 ablated lesions was 0.93% in our study, a value that 
coincides with other experiences. The rates of iatrogenic 
bleeding treated with percutaneous RFA have been re-
ported to be 0.32–1.6%  [14–21] . Arterial bleeding causes 
robust hemorrhage that could contribute to mortality, 
and transcatheter arterial embolization would be needed 
for interventional hemostasis. 

  When an RF electric current meets tissue resistance, 
the electrical energy is converted into thermal energy via 
molecular agitation or ohmic heating (direct heating). 
This heat could cause denaturation of vessels and blood 
coagulation. Thus, cauterization of the needle tracts is 
considered to prevent intraperitoneal bleeding through 
the injured vessels. Laeseke et al.  [22]  reported that bi-
opsy sites after ablation had significantly less blood loss 
than did control biopsy sites using porcine liver or kid-
ney. However, the volume of blood loss was very low, at 
less than 3 g, in the ablation group and control group 
from their data. Therefore, it could be expected that a 
RFA needle laparotomy technique could decrease nonar-
terial bleeding from the liver after a needle biopsy. Re-
gardless of the procedure of hemostasis, nonarterial 
bleeding will stop in time without clinical problems. 

  In this study, no significant differences were observed 
in the incidence of iatrogenic bleeding between the 
nonablation group and the ablation group. Without nee-
dle tract cauterization, hemostasis can be achieved in sev-
eral ways: (1) closure of the electrode puncture wound, 
(2) vascular spasm and (3) blood clotting or coagulation. 
Perihepatic bleeding might occur with disorders of these 
steps even in patients with tract ablation. It is considered 
from our results that needle tract cauterization does not 
contribute directly to hemostasis. Thus, intraperitoneal 
hemorrhage appeared to be equivalent regardless of non-
tract ablation following RFA. 

  The 10 patients with peritoneal hemorrhage were clas-
sified as Child-Pugh grade A, while many Child-Pugh 
B/C patients were included in this study. Intraperitoneal 
hemorrhage is usually related to mechanical injuries 
caused by the RF electrode traversing a vessel or thermal 
injuries sustained during ablation  [15, 16] . The incidence 
of bleeding was thus not necessarily related to liver dys-

Table 2.  Complications between groups

Complications Nonablation 
group
(n = 380)

Ablation
group
(n = 652)

p
value

Intraperitoneal hemorrhage 6 (0.9) 4 (1.1) 0.90
Pleural effusion 27 (7.1) 31 (4.8) 0.11
Serous ascites 8 (2.1) 8 (1.2) 0.40
Pneumothorax 3 (0.8) 6 (0.9) 0.90
Hemothorax 3 (0.8) 4 (0.6) 0.95
Hepatic infarction 2 (0.5) 4 (0.6) 0.81
Bile duct injury 0 4 (0.6) –
Pericardial effusion 0 1 (0.2) –

Values in parentheses are percentages.
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function, low levels of the platelets or the prothrombin 
time. However, our results showed a high incidence of 
bleeding among hemodialysis patients. Bleeding is com-
mon for patients with chronic renal failure, and is caused 
by the following: (1) increased capillary fragility, (2) dis-
turbance of blood coagulation and (3) administration of 
heparin during dialysis. Therefore, we have to perform 
RFA carefully in hemodialysis patients. However, further 
studies are needed to clarify whether the iatrogenic hem-
orrhage could be prevented by needle tract cauterization 
following RFA in hemodialysis patients. 

  Our study was limited by its retrospective and nonran-
domized design, leading to possible inaccurate or incom-
plete data collection, which may result in an underestima-
tion of complications. The nonrandomized retrospective 

design is also known to be associated with possible selec-
tion case bias. 

  In conclusion, iatrogenic bleeding after RFA could 
contribute to several complicated situations including el-
evated blood pressure, the condition of injured arteries 
(branching vessel level, depth from the liver surface, cap-
illary fragility), or past history of disease (chronic renal 
failure, chronic liver disease). Irrespective of needle tract 
cauterization following RFA, iatrogenic hemorrhage ap-
peared to be equivalent in this population.

  Disclosure Statement 

 The authors have no conflicts of interest to declare.
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treatment sessions, respectively.  Conclusions:  Due to the vi-
sualization of an extracted tumor with an ablative safety 
margin on a US image, even during and after ablation, this 
function is useful for treatment planning and guidance of 
RFA.  © 2013 S. Karger AG, Basel 

 Introduction 

 The CT/MR-ultrasonography (US) fusion imaging 
system has recently been reported to be useful for radio-
frequency ablation (RFA) of hepatocellular carcinoma 
(HCC)  [1–5] . In this system, any cross-sectional multi-
planar reconstruction images of CT or MR are synchro-
nously displayed as reference images, side-by-side with 
US. This system has enabled RFA of HCCs with poor con-
spicuity on US and made it easy to evaluate the treatment 
effect at the bedside  [1–4] . The CT/MR-US fusion imag-
ing system is also capable of the overlay display of refer-
ence images on US, which directly indicates the location 
of the target tumor. However, it is difficult to perform 
RFA on the overlaid images, since background US usu-
ally becomes quite obscured  [2, 3] . To solve this problem, 
we developed a novel technique which we call the extract-
ed-overlay function, in which only the target tumor is ex-

 Key Words 
 Extracted-overlay function · Hepatocellular carcinoma ·
Radiofrequency ablation · Volume Navigation · Fusion 
imaging 

 Abstract 
  Objectives:  We developed a novel technique of the extract-
ed-overlay function in CT/MR-ultrasonography (US) fusion 
imaging for radiofrequency ablation (RFA), in which only a 
tumor extracted from CT/MR images with a virtual ablative 
margin of arbitrary thickness is overlaid on US. The useful-
ness of this function is investigated in this preliminary report. 
 Methods:  The volume data of the extracted tumor with a 
virtual ablative margin were created on an image-process-
ing workstation, and transported into a US unit equipped 
with a CT/MR-US fusion imaging system. After the positional 
registration of US and transported images, the extracted tu-
mor with an ablative margin could be overlaid on US. In RFA, 
using this function, an electrode was inserted targeting the 
overlaid tumor with an ablative safety margin of 5 mm on US, 
and the treatment effect was evaluated by dynamic CT. 
Treatment results of 23 consecutive hepatocellular carcino-
mas (HCCs) that underwent RFA using this function were ret-
rospectively analyzed.  Results:  Complete tumor ablation 
was achieved in 22 (95.7%) and 1 (4.3%) HCCs in 1 and 2 
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tracted from reference images and overlaid on US, to-
gether with a virtual safety ablative margin of arbitrary 
thickness around the tumor. This preliminary study 
aimed to investigate the feasibility and efficacy of this 
function for RFA.

  Materials and Methods 

 Patients and Tumors 
 Our institutional review board approved this retrospective 

study and informed consent was waived. From November 2012 to 
January 2013, we conducted RFA with the extracted-overlay func-
tion for 18 consecutive patients with 23 HCCs diagnosed based on 
the typical imaging features or biopsy  [6] . In this period, this func-
tion was used for all cases that underwent RFA.

  CT and MRI Acquisition 
 Dynamic CT and CT angiography was conducted with the 

64-channel multidetector row helical CT, MDCT (Discovery CT 
750HD, GE Healthcare, Milwaukee, Wisc., USA) with slice thick-
nesses of 1.25 and 0.675 mm, respectively. For dynamic CT, pa-
tients were intravenously administered 2.0 ml/kg of nonionic con-
trast material with a concentration of 300 mg iodine (mgI)/ml, 
which was injected with a fixed duration of 30 s using an automat-
ic injector. The arterial-, portal- and equilibrium-phase images 
were obtained at approximately 35–45, 65–80 and 190–205 s, re-
spectively, after the initiation of the contrast material injection  [7] .

  For CT angiography, two catheters were selectively placed, one 
in the superior mesenteric artery for CT during arterioportogra-
phy (CTAP) and the other in the common hepatic artery for CT 
during hepatic arteriography (CTHA). CTAP images were ob-
tained 30–33 s after injection of 66–80 ml of 150–160 mgI/ml non-
ionic contrast medium, at a rate of 2.0 ml/s. CTHA images were 
obtained 5–8 s after administration of 20–33 ml of 150–160 mgI/
ml nonionic contrast material, at a rate of 1.0 ml/s  [8] .

  Gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid 
(Gd-EOB-DTPA)-enhanced MR images were acquired with a 
1.5-tesla MR system (Signa Excite HD 1.5T, GE Healthcare). At first, 
an unenhanced MR imaging was obtained using a T1-weighted gra-
dient-echo sequence (dual echoes; in-phase and out-of-phase). Then, 
unenhanced-, arterial-, portal-, late- and hepatobiliary-phase images 
were acquired just before, 25, 70, 180 s and 20 min, respectively, after 
bolus injection of 25 μmol/kg body weight (0.1 ml/kg) of Gd-EOB-
DTPA at a rate of 2.0 ml/s, using a T1-weighted high-resolution se-
quence in a single breath hold (18–20 s)  [6, 7] . Dynamic- and hepa-
tobiliary-phase images were acquired with three-dimensional gradi-
ent-echo sequences (Liver Acquisition with Volume Acceleration, 
LAVA, GE Healthcare). The slice thickness of dynamic- and hepato-
biliary-phase images were 5 and 3 or 5 mm, respectively.

  The Extracted-Overlay Function 
 For the extracted-overlay function, the imaging modality in 

which a tumor was most clearly depicted was used as a reference 
( fig. 1 a). CT or MR imaging data for a reference were imported into 
an image processing workstation (Advantage Workstation Vol-
umeshare 4, GE Healthcare). At first, the contour of the tumor was 
traced on each slice by an operator of RFA and the tumor was ex-

tracted from the original images. Then, by tracing around the ex-
tracted tumor circumferentially using a virtual brush, we added a 
virtual safety margin to the extracted tumor. Since the thickness of 
the virtual brush can be freely modified, we can add a virtual abla-
tive margin of arbitrary thickness. In this study, the thickness was 
set at 5 mm, which has been reported to be related with a low local 
tumor progression rate  [9–11]  ( fig. 1 b). The volume data of the 
extracted tumor and the tumor with a virtual ablative safety mar-
gin were saved in the digital imaging and communication in med-
icine, DICOM, format. Subsequently, these volume data were 
transported into a US unit (LOGIQ E9, GE Healthcare) equipped 
with a CT/MR-US fusion imaging system (Volume Navigation, 
GE Healthcare), together with the original CT or MR imaging data, 
and used as reference images. After the positional registration of 
US and the original images  [1] , these three data sets could be dis-
played together or separately as references, simultaneously with 
US. The color of each reference could be modified for clear dis-
crimination.

  Subsequently, by means of the overlay display, these three data 
sets were overlaid on US, together or individually. In this way, 
since only an extracted tumor, with or without a virtual ablative 
safety margin, could be overlaid, the background US images did 
not get obscured ( fig. 1 d).

  RFA Procedure 
 RFA was performed by 1 of 3 operators with more than 10 years 

of experience, using a cool-tip single electrode with a 2- or 3-cm 
exposed tip (Cool-tip RF Ablation System, Covidien, Boulder, 
Colo., USA). We used artificial ascites when necessary.

  Using the extracted-overlay function, an extracted tumor with 
a virtual ablative safety margin was overlaid on US. Targeting the 
overlaid tumor, an electrode was inserted and ablation was con-
ducted. To achieve complete ablation of the tumor, together with a 
virtual ablative safety margin when possible, ablation was repeated.

  After the ablation, we evaluated whether the overlaid tumor 
was completely encompassed with the spreading hyperechoic bub-
bling area  [12, 13] . If an overlaid tumor was protruding from the 
bubbling area, additional ablation was performed until it was com-
pletely within the bubbling area.

  Treatment Evaluation of RFA 
 The treatment effect was evaluated by the consensus of 2 radi-

ologists with more than 10 years of experience, who were blind to 
the clinical information. We defined complete ablation as meeting 
all of the following conditions on dynamic CT performed within 7 
days after RFA: (i) no sign of tumor stain was present around the 
coagulated area on the arterial phase and (ii) the coagulated area 
circumferentially extended beyond a tumor boundary in the portal 
and equilibrium phases. When residual tumor was suspected, addi-
tional ablation was conducted until these conditions were satisfied.

  Results 

 All 18 patients with 23 HCCs were treated without ma-
jor complications. The profiles of these patients are listed 
in  table  1 . The time required for the preparation of the 
extracted-overlay function was less than 30 min in all cases.

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
2/

20
/2

01
4 

2:
34

:1
9 

AM

— 435 —



 The Extracted-Overlay Function for RFA Dig Dis 2013;31:485–489
DOI: 10.1159/000355257

487

  All 23 HCCs were judged to be completely encom-
passed with the surrounding hyperechoic bubbling area 
just after the first treatment session, and 22 (95.7%) 
HCCs were revealed to be completely ablated on dynam-
ic CT. The 1 remaining HCC was located in segment VIII 
beneath the diaphragm, which was considered to be a 

difficult location to conduct RFA  [14] . However, com-
plete ablation was also achieved after the second treat-
ment session, using the extracted-overlay function. The 
procedure of the extracted-overlay function in RFA is 
demonstrated through the presentation of 2 cases in  fig-
ures 1  and  2 .

a b

c d

e

  Fig. 1.  A 68-year-old man with hepatitis C-related cirrhosis and 
HCC underwent RFA with the extracted-overlay function using ar-
tificial ascites.  a  The arterial phase of dynamic CT showed hyper-
vascular HCC (arrow), 15 mm in diameter, in segment VIII, which 
was used as a reference for CT/MR-US fusion imaging (Volume 
Navigation, GE Healthcare).  b  On an image-processing workstation 
(Advantage Workstation Volumeshare 4, GE Healthcare), the tu-
mor was extracted from original data of the arterial phase of dy-
namic CT (white portion), and an ablative safety margin of 5 mm 
was added to the extracted tumor by tracing around it circumferen-
tially with a virtual brush of 5 mm thickness (green portion). When 
a portion of the added margin protruded beyond the edge of the 
liver, it was trimmed. After the volume data of the extracted tumor 

and the tumor with a virtual ablative safety margin were imported 
into a US unit (LOGIQ E9, GE Healthcare), they were used as a ref-
erence for Volume Navigation, together with the original CT data. 
 c  Side-by-side display of real-time grayscale US and original CT im-
ages, in which the target tumor (arrow) was depicted as a hypoecho-
ic nodule on grayscale US.  d  The extracted-overlay function, in 
which the tumor (pink portion) and a virtual ablative safety margin 
(blue portion) were overlaid on US. Since only the tumor with a vir-
tual ablative safety margin was overlaid, the background US images 
did not become obscured. Aiming at the overlaid tumor with a vir-
tual ablative safety margin, a cool-tip electrode was inserted and 
ablation was carried out.  e  The portal-phase image of dynamic CT 
3 days after RFA showed complete ablation of the tumor. 
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  Discussion 

 Although the CT/MR-US fusion imaging system is 
considered to be useful for RFA  [1–4] , misregistration is 
inevitable in the conventional side-by-side display of US 
and reference images. Although registration accuracy 
should be originally confirmed by the overlay display, 
background US images often become too obscure for 
practical use, because of the simple overlaying of different 
imaging modalities. Although we can use the global posi-
tioning system (GPS) tool of Volume Navigation for in-
dicating the tumor location of CT/MR reference images 
on US images, the GPS marker cannot indicate the tumor 
three-dimensionally  [1, 3, 15] . On the other hand, the ex-
tracted-overlay function could overlay an entire tumor 
extracted from CT/MR images on US, and background 

US images did not become indistinct, leading to good 
treatment results of RFA in this study.

  The extracted-overlay function has two other signifi-
cant advantages. First, the visualization of an extracted tu-
mor from reference images, with a virtual ablative safety 
margin, on real-time US enables effective treatment plan-
ning since the site, angle, depth and number of times of 
electrode insertion can be efficiently planned before RFA 
puncture. This advantage is considered to be especially 
apparent in HCCs which are not conspicuous on US  [1, 2, 
4, 15] . Second, the tumor remains visible, despite spread-
ing hyperechoic bubbles, during and after ablation. Dur-
ing ablation, by comparing an overlaid tumor with the 
bubbles, the depth of an electrode can be adjusted so that 
the overlaid tumor becomes completely encompassed by 
the bubbles ( fig. 2 ). In addition, the treatment effect can 

Table 1.  Characteristics of 18 patients with 23 HCCs

Characteristics Value

Age, years 75 (60 – 83)
Gender (male/female) 9/9
Etiology (HBV/HCV/other) 1/15/2
Tumor diameter, mm 14.8 (7.0 – 31.4)
Segmental location of tumor (2/3/4/5/6/7/8) 1/2/5/3/3/1/8
Tumor vascularity (hypervascular/hypovascular) 20/3
Imaging modalities used for the extracted-overlay function (arterial phase of dynamic CT/portal phase of

dynamic CT/CTHA/CTAP/hepatobiliary phase of Gd-EOB-DTPA-enhanced MR imaging) 4/2/5/1/11
Size of exposed tip of cool-tip needle (2/3 cm) 22/1
Treatment sessions per tumor before complete ablation (1/2), n 22/1
Ablations per tumor, n 2 (1 – 4)

 Data are presented as median (range) or number. HBV = Hepatitis B virus; HCV = hepatitis C virus.

  Fig. 2.  The extracted-overlay function during RFA of HCC in a 
65-year-old man with hepatitis C-related cirrhosis. The hepato-
biliary phase of Gd-EOB-DTPA-enhanced MR imaging was used 
as a reference and the tumor (yellow portion) with a virtual abla-
tive safety margin (blue portion) was overlaid on US. Although the 
tumor usually becomes invisible due to spreading hyperechoic 
bubbles during ablation, it remains visible using the extracted-
overlay function. Therefore, the depth of the inserted electrode can 
be adjusted so that the extracted tumor, together with a virtual ab-
lative safety margin when possible, becomes completely encom-
passed by the spreading hyperechoic bubbling area. 
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be evaluated three-dimensionally, simply by comparing 
an overlaid tumor with spreading hyperechoic bubbles, or 
more accurately, by using contrast-enhanced US  [1, 3, 12, 
13] . Besides, by adding a virtual margin to the extracted 
tumor, an ablative margin can be evaluated quantitatively. 
Even if a tumor is protruding from the ablation zone, the 
target point of additional ablation is clear, since the tumor 
remains visible even after ablation.

  One of the limitations of the extracted-overlay func-
tion lies in the registration accuracy of CT/MR-US fu-
sion imaging. In addition to respiratory movement and 
nonrigid characteristics of the liver  [2, 3, 10] , the lack of 
intrahepatic landmarks makes registration difficult. This 
might be one of the causes of the only case of incomplete 
ablation after the first treatment session, since the tumor 
was located just beneath the diaphragm where there 
were few intrahepatic landmarks suitable for registra-
tion, such as branches of large blood vessels. Another 

limitation remains in terms of the accuracy of the man-
ual process of extracting the tumor and adding a virtual 
ablative safety margin. Also, the outline of cranial and 
caudal portions of the tumor may be somewhat inaccu-
rate when an imaging modality with a thick slice is used 
as a reference.

  In conclusion, the extracted-overlay function in the 
CT/MR-US fusion imaging system is useful for treatment 
planning and guidance of RFA. This is due to the visual-
ization of a tumor extracted from CT/MR reference im-
ages with an ablative safety margin on US images.
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 Introduction 

 The strong association of underlying chronic liver dis-
ease in patients with hepatocellular carcinoma (HCC) 
means that prognosis is largely determined not only by 
tumor stage, but also by liver function. Although both 
diseases are closely related, each is a major independent 
prognostic factor  [1, 2] . In patients with Child-Pugh C 
liver function, prognosis is extremely poor  [3] . There-
fore, most of the HCC practice guidelines, including the 
American Association for the Study of Liver Diseases, 
AASLD  [4] , the European Association for the Study of 
the Liver and the European Organisation for Research 
and Treatment of Cancer, EASL-EORTC  [5] , the Asian 
Pacific Association for the Study of the Liver  [6] , and the 
Japan Society of Hepatology, JSH (evidence based)  [7] , 
recommend liver transplantation for patients meeting 
the Milan criteria  [8]  and best supportive care for pa-
tients exceeding the criteria. Only the consensus-based 
treatment algorithm proposed by the JSH recommends 
transarterial chemoembolization (TACE) or ablation for 
HCC patients with Child-Pugh C liver function  [9] . This 
retrospective multicenter study was conducted to clarify 

 Key Words 
 Hepatocellular carcinoma · Child-Pugh C cirrhosis · 
Nontransplant treatment 

 Abstract 
 A retrospective multicenter study was conducted to clarify 
the survival benefit of nontransplant treatments for patients 
with hepatocellular carcinoma (HCC) associated with Child-
Pugh C cirrhosis. Data on 436 patients, including 203 treated 
patients with HCC, were collected from 20 institutions in Ja-
pan. Cox’s proportional hazards model corrected for bias by 
propensity score analysis clearly showed the following as 
significant independent prognostic factors, including all 
four nontransplant treatments examined: transarterial che-
moembolization, hepatic arterial infusion chemotherapy, 
percutaneous ethanol injection therapy, radiofrequency ab-
lation, hepatitis B virus, number of tumors, log α-fetoprotein, 
encephalopathy, ascites and prothrombin time. The cumula-
tive survival rate was significantly higher in the treated group 
than in the untreated group. The present findings suggest 
that prognosis can be improved by nontransplant treat-
ments in patients with low Child-Pugh scores. Since this 
study was retrospective, the possibility of selection bias can-
not be ruled out. Therefore, verification by a prospective 
controlled study is warranted.  © 2013 S. Karger AG, Basel 
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the prognostic factors and survival benefit of nontrans-
plant treatment for HCC patients with Child-Pugh C cir-
rhosis.

  Patients and Methods 

 Patients with underlying Child-Pugh C cirrhosis who were his-
tologically or clinically diagnosed with HCC by diagnostic imaging 
and tumor markers during the 10-year period from 1994 to 2003 
were assessed. A total of 454 patients were collected from 20 insti-
tutions in Japan. After excluding 18 patients who underwent liver 
transplantation or whose date of death or last day of follow-up was 
missing, 436 patients were left for analysis.

  To clarify the prognostic factors, multivariate analysis was per-
formed using Cox’s proportional hazards model corrected for bias 
by propensity score weighting. The cumulative survival rate was 
calculated based on the time of diagnosis to the time of death and 
compared between patients who received nontransplant treat-
ments (treated group) and those who did not (untreated group) 
according to Child-Pugh score, tumor size, number of tumors, tu-
mor stage, and meeting or exceeding the Milan criteria. Observa-
tion was started at the time of HCC diagnosis and was continued 
until March 31, 2005. Cumulative survival rates were compared by 
Kaplan-Meier analysis and the log-rank test. Statistical signifi-
cance was set at p < 0.05.

  Results 

 Prognostic Factors 
 Multivariate analysis was performed for 17 of the 23 

factors investigated, excluding those irrelevant to prog-

nosis, and the following significant independent factors 
were extracted: all medical treatments including TACE, 
hepatic arterial infusion chemotherapy (HAIC), percuta-
neous ethanol infection therapy (PEIT), percutaneous ra-
diofrequency ablation (RFA), negative hepatitis B virus, 
small number of tumors, low log α-fetoprotein values, no 
encephalopathy, no ascites and high prothrombin time 
values ( table 1 ).

Table 1.  Predictive factors of HCC associated with Child-Pugh C 
liver cirrhosis

Coef. Exp(coef.) SE(coef.) z p

TACE –0.539 0.583 0.199 –2.71 0.007
HAIC –1.049 0.350 0.235 –4.47 <0.001
PEIT –0.536 0.585 0.219 –2.45 0.014
RFA –0.626 0.535 0.293 –2.14 0.032
HBV 0.392 1.481 0.178 2.20 0.028
Tumors (n) 0.073 1.076 0.034 2.17 0.030
log AFP 0.247 1.280 0.059 4.17 <0.001
Encephalopathy –0.507 0.603 0.101 –5.02 <0.001
Ascites –0.469 0.626 0.118 –3.98 <0.001
PT 0.018 1.018 0.005 3.49 <0.001
Fit1 –2.449 0.086 0.391 –6.27 <0.001

 Results of Cox’s proportional hazards model corrected for bias 
by propensity score weighting. HBV = Hepatitis B virus; AFP = 
α-fetoprotein; PT = prothrombin time. 

1 Propensity score.
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  Fig. 1.  Cumulative survival rate by treat-
ment. 
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  Cumulative Survival Rate Classified by Treatment 
Modalities 
 The cumulative survival rate in treated patients was 

69% (1 year), 30% (3 years) and 18% (5 years) in the TACE 
group   (n = 79), 62, 29 and 4%, respectively, in the HAIC 
group   (n = 64), and 67, 36 and 19%, respectively, in the 
local ablation group. The survival rate was significantly 
higher in all three of these treated groups than in the un-

treated group [n = 233; 25% (1 year), 10% (3 years) and 
5% (5 years);  fig. 1 ].

  Prognosis Classified by Child-Pugh Score  
 Patients were divided into the following 3 groups 

based on their Child-Pugh score: 10–11 points, 12–13 
points and 14–15 points. The cumulative survival rate 
in all three of these treated groups was significantly 
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  Fig. 2.  Cumulative survival rate by Child-
Pugh score of 10 or 11 points. 
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  Fig. 3.  Cumulative survival rate by Child-
Pugh score of 12 or 13 points. 
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higher than in the untreated group (fig. 2–4). However, 
only 6 patients in the 14- to 15-point group received 
treatment.

  Prognosis Classified by Tumor Size and Number of 
Tumors 
 The cumulative survival rate was significantly higher 

in the treated group than in the untreated group for pa-

tients with tumors  ≤ 2 cm in diameter ( fig. 5 ), those with 
tumors >2 to  ≤ 5 cm in diameter ( fig. 6 ), and those with 
tumors >5 cm in diameter ( fig. 7 ).

  Similarly, the cumulative survival rate in the treated 
group was significantly higher in patients with a solitary 
tumor [76% (1 year), 40% (3 years) and 26% (5 years)] than 
in the untreated group (37, 11 and 0%, respectively), in pa-
tients with 2 or 3 tumors (68, 29 and 12%, respectively) than 
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  Fig. 4.  Cumulative survival rate by Child-
Pugh score of 14 or 15 points. 
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  Fig. 5.  Cumulative survival rate by tumor 
size  ≤ 2 cm. 
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in the untreated group (29, 11 and 7%, respectively), and in 
patients with >3 tumors (48, 22 and 4%, respectively) than 
in the untreated group (15, 8 and 6%, respectively).

  Prognosis Classified by TNM Stage by the Liver 
Cancer Study Group of Japan 
 All patients were classified into stage I–IV according 

to their TNM stage by the Liver Cancer Study Group of 

Japan  [1, 2] . The cumulative survival rate was significant-
ly higher in the treated group than in the untreated group 
for stage I patients [85% (1 year), 51% (3 years) and 38% 
(5 years);  fig. 8 ], stage II patients ( fig. 9 ), and stage III or 
  stage IV patients ( fig. 10 ,  11 ).
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  Fig. 6.  Cumulative survival rate by tumor 
size >2 and  ≤ 5 cm. 
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  Fig. 7.  Cumulative survival rate by tumor 
size >5 cm.   
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  Prognosis Classified by  ≤ 3 Tumors  ≤ 3 cm in Diameter 
and Tumors Meeting or Exceeding the Milan Criteria 
 The cumulative survival rate in the treated group was 

significantly higher in patients with  ≤ 3 tumors  ≤ 3 cm in 
diameter [79% (1 year), 40% (3 years) and 30% (5 years)] 
than in the untreated group (54, 17 and 6%, respectively). 
Similarly, the cumulative survival rate in the treated 
group was significantly higher in patients with  ≥ 3 tumors 

or with tumors  ≥ 3 cm in diameter than in the untreated 
group.

  The cumulative survival rate was significantly higher 
in the treated group than in the untreated group for pa-
tients meeting the Milan criteria  [8]  ( ≤ 3 tumors  ≤ 3 cm in 
diameter or a solitary tumor  ≤ 5 cm in diameter;  fig. 12 ) 
and was also higher for patients exceeding the criteria 
( fig. 13 ).
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  Fig. 8.  Cumulative survival rate by TNM 
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  Fig. 9.  Cumulative survival rate by TNM 
stage II.   
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  Discussion 

 The most important goal of cancer treatment is to im-
prove patient prognosis. The prognosis of HCC is often 
determined by the stage of liver cirrhosis or the deteriora-
tion of liver function associated with cancer treatment, 
irrespective of tumor presence or stage. Therefore, to de-
termine the treatment indications and select appropriate 

treatment, comprehensive judgments should be made 
considering both factors carefully.

  Patients with Child-Pugh C disease are generally not 
treated, regardless of tumor stage, because of their poor 
prognosis. As mentioned earlier, according to the treat-
ment algorithm recommended by the AASLD and EASL-
EORTC, patients with Child-Pugh C liver function should 
be regarded as having end-stage (terminal) disease and giv-
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en only symptomatic treatment. With respect to HCC as-
sociated with Child-Pugh C disease, the evidence-based 
guidelines for the treatment of liver cancer published by the 
JSH  [7]  recommend liver transplantation  [10]  for patients 
meeting the Milan criteria, and palliative therapy for all 
other patients. However, even in patients with HCC meet-
ing the Milan criteria, liver transplantation is not a standard 
in Japan because of the shortage of brain-death donors.

  This study revealed several interesting findings. One 
such finding is that only around half (53%) of the patients 
included in the analysis received some kind of medical 
treatment. The most notable findings, however, are that 
all nontransplant treatments (TACE  [11] , PEIT  [12, 13] , 
RFA and HAIC  [14] ) were independent prognostic fac-
tors and that survival was better in patients who received 
medical treatment than in those who did not. In view of 
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  Fig. 13.  Cumulative survival rate by ex-
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the current state of clinical practice, it can be presumed 
that some kind of treatment is being administered to pa-
tients with HCC associated with Child-Pugh C cirrhosis 
and that the treatment might be contributing to an im-
proved prognosis in a limited number of treated patients. 
An unexpected finding was that so many patients re-
ceived treatment, with significantly better outcome in 
treated patients than in untreated patients. However, 
since the present study is retrospective, it is possible that 
only patients with relatively good liver function were 
treated as they were expected to respond to treatment; as 
a result, those who were not considered able to tolerate 
treatment were likely placed in the untreated group. 
Therefore, a strong selection bias may have been present 
in this study. Nevertheless, it is clearly evident that a con-
siderable number of patients with HCC associated with 
Child-Pugh C cirrhosis received and responded to cancer 
treatment. Therefore, treatment may improve prognosis.

  Assessment of prognosis in the three groups with dif-
ferent Child-Pugh scores revealed that survival was better 
in the treated than in the untreated patients. However, the 
14- to 15-point group had only a small number of treated 
patients (n = 6), so this finding does not necessarily indi-
cate the superiority of the treatment in this group. Pa-
tients in the treated group who met the Milan criteria or 
the general criteria for local ablation ( ≤ 3 tumors  ≤ 3 cm 
in diameter) showed a higher survival rate throughout the 
study period. Interestingly, patients with HCCs exceed-
ing the Milan criteria in the treatment group also showed 

a better survival than untreated patients. This may be at-
tributed to the frequent use of superselective TACE even 
in multinodular HCC patients in Japan, which does not 
cause deterioration of liver function. A previous report 
also described that superselective TACE was identified as 
having survival benefit in HCC patients with Child-Pugh 
C  [15] .

  These results suggest that prognosis may be improved 
by treating eligible patients with early-stage tumors for 
radical cure. Despite the poor prognosis of Child-Pugh C 
disease, the present results show that treatment might im-
prove prognosis in patients with low Child-Pugh scores, 
which is in agreement with the results reported by Nouso 
et al.  [15] .

  In conclusion, this retrospective multicenter study of 
436 HCC patients with Child-Pugh C cirrhosis showed 
that nontransplant medical treatments (i.e. TACE, RFA, 
PEIT and HAIC) confer survival benefit. In addition, 
medical treatment should be considered for HCC pa-
tients, especially for patients with low Child-Pugh scores. 
Finally, this result confirmed the validity of recommen-
dation by the consensus-based JSH treatment algorithm 
 [9] .
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Editorial

Alpha-fetoprotein-L3: Useful or Useless 
for Hepatocellular Carcinoma?

Japan is the only country where alpha-fetoprotein (AFP)-L3 can be measured in the 
routine clinical setting. Since AFP-L3 examination has been covered by health insurance in 
Japan for over 10 years, it is now routinely measured during general medical checkups for 
patients with chronic liver disease. To increase the specificity of AFP, the AFP-L3 glycoform 
can be used as a measure of cancerous changes in the AFP composite carbohydrate moiety. 
The most frequently used cut-off value is 10% [1], which gives a positive rate of 0/71 (0.0%), 
1/90 (1.1%), 0/13 (0.0%), 0/14 (0.0%), and 18/82 (22.0%) for chronic hepatitis, hepatic 
cirrhosis, dysplastic nodules, early hepatocellular carcinoma, and advanced hepatocellular 
carcinoma, respectively. This yields a sensitivity of 18.8% and a specificity of 99.4%. There-
fore, although AFP-L3 has high specificity, due to its low sensitivity, it is considered to be of 
limited use in screening. It is possible, however, to diagnose a marginally higher number of 
patients with advanced hepatocellular carcinoma [2]. Furthermore, as AFP-L3 may be el-
evated during hepatic failure, interpretation should be made with caution.

AFP-L3 dynamics are largely related to the degree of biological malignancy of hepatocel-
lular carcinoma [2, 3]. Results of pathological investigations conducted on patients who have 
undergone hepatic resection showed that those with infiltrative growth, capsular invasion, 
septum formation, portal vein infiltration, and hepatic vein infiltration were significantly 
more likely to have AFP-L3-positive (>10%) cancer [4].

To investigate cases of hepatocellular carcinoma for which therapeutic intervention 
was given and in which tumor markers were measured chronologically, an investigation was 
conducted prior to therapeutic intervention with a group of 196 AFP-L3-positive (>10%) 
patients and a group of 645 AFP-L3-negative patients. When the overall survival rate was 
compared between the AFP-L3-positive and negative groups, the latter group showed more 
favorable survival than the former group (p < 0.001). When the AFP-L3 dynamics before 
and at six months after treatment were compared, 599 cases remained negative, 113 re-
mained positive, 83 underwent conversion from positive to negative (negative conversion), 
and 46 underwent conversion from negative to positive (positive conversion). When sur-
vival rates were investigated, the constantly negative and negative conversion groups had 
more favorable survival rates than the constantly positive and positive conversion group. 
In other words, even though there are AFP-L3-positive cancers with poor prognosis and a 
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high degree of biological malignancy, when negative conversion is induced from therapeutic 
intervention, a survival rate equivalent to that of AFP-L3-negative cancer can be obtained.

Recently, highly sensitive AFP-L3 measurements have become available, and the useful-
ness of these has increased rapidly [5, 6]. Using conventional methods, AFP-L3 measurement 
was only possible at AFP levels >10 ng/ml, whereas using the highly sensitive method en-
ables measurement at AFP levels >2 ng/ml. The highly sensitive AFP-L3 measurements are 
particularly effective in patients with low AFP values. In an investigation of 270 hepatocel-
lular carcinoma patients with an AFP value >20 ng/ml and a Child-Pugh score of A or B [5], 
when the cut-off value was set at 5%, the conventional AFP-L3 measurement method yielded 
a sensitivity of 7% and a specificity of 98.5%. Conversely, the highly sensitive method yielded 
a sensitivity of 41.5% and a specificity of 85.1%, indicating that the sensitivity of the highly 
sensitive method was significantly higher than that of the conventional method (p < 0.05).

Furthermore, the sensitivity for Stage I (n = 89) and Stage II (n = 127) was 4.5% and 
2.4%, respectively when the cut-off value using the conventional method was set at 10%, 
while the sensitivity for the same stages was more favorable at 34.8% and 42.5%, respec-
tively when the cut-off value using the highly sensitive method was set at 5%. In terms of 
prognostic assessment, when using the conventional method with the cut-off value set at 
10%, no significant difference was observed between those with values >10% or <10%. 
However, reports indicate that when using the highly sensitive method with a cut-off value of 
5%, patients with values < 5% have a significantly more favorable prognosis than those with 
values >5% (p < 0.01). In addition, even in patients with an AFP <10 ng/ml, when the cut-off 
value is set at 5% using the highly sensitive method, patients with values below 5% have a 
significantly more favorable prognosis than those with values 5% or above (p = 0.035). With 
regard to prognosis and the use of AFP-L3, multivariate analysis using the Cox proportional 
hazard model showed the following. For values of 5% and above the hazard ratio was 1.697 
and 95% confidence interval was 1.066 − 3.440, p = 0.026. For treatment consisting of non-
hepatic resection the hazard ratio was 3.627 and 95% confidence interval was 2.066 − 6.708, 
p < 0.001. These findings enabled factors contributing to prognosis to be selected [5].

In conclusion, AFP-L3, in particular its high sensitivity measurement, is extremely use-
ful as an index of prognostication and for the degree of biological malignancy of hepatocel-
lular carcinoma. Consequently, it is highly expected that AFP-L3 will become more popular 
worldwide, and not just in Japan.
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Editorial

Molecular Link between Liver Fibrosis 
and Hepatocellular Carcinoma
Toshiharu Sakurai Masatoshi Kudo

Department of Gastroenterology and Hepatology, Kinki University, Osaka, Japan

Hepatocellular carcinoma (HCC) is the most common form of liver cancer, which is usu-
ally associated with a very poor prognosis [1], and is the third leading cause of cancer deaths 
worldwide. Most HCCs develop in the context of severe liver fibrosis and cirrhosis caused 
by chronic liver inflammation. Chronic infections with hepatitis B virus (HBV) or hepatitis 
C virus (HCV) as well as hepatosteatosis, are the major risk factors for both liver cirrhosis 
and HCCs. In the case of HCV, HCC develops after one or more decades of chronic infection, 
and an elevated risk of HCC progression is restricted largely to patients with cirrhosis or 
advanced fibrosis. Thus, the risk of hepatocarcinogenesis depends on background liver fac-
tors, of which fibrosis is a major determinant. Development and progression of liver fibrosis 
are associated with hepatocyte death and a subsequent inflammatory response [2], both of 
which involve reactive oxygen species (ROS) accumulation in injured hepatocytes. Given that 
the risk of human HCC recurrence after hepatectomy is positively correlated with protein 
oxidation in the liver, augmented oxidative stress of liver parenchymal cells may explain the 
close relationship between liver fibrosis and hepatocarcinogenesis [3].

In this issue, Ramakrishna et al. review possible molecular links between liver fibrosis 
and HCC [4]. Critical regulators of liver cancer development are inflammation in the context 
of the NF-κB/STAT3/JNK axis and inflammasome, and also cellular senescence. Like IKKβ, 
the catalytic subunit of the IκB kinase complex required for NF-κB activation, p38α prevents 
ROS accumulation and excessive JNK activation, thereby maintaining hepatocyte survival 
and suppressing liver injury [3, 5]. Hepatocyte IKKβ and p38α inhibit hepatocarcinogenesis 
by suppressing accumulation of ROS and inflammation, whereas JNK activation promotes 
ROS accumulation, hepatitis, and carcinogenesis [5, 6]. p38 is essential for ras-induced se-
nescence, an important tumor-suppressing defense mechanism [7], while JNK suppresses 
p53-dependent senescence [8]. p38 and JNK antagonistically control senescence and cyto-
plasmic p16INK4A expression in doxorubicin-treated endothelial progenitor cells [9]. A bet-
ter understanding of cross-talk between inflammation and cellular senescence is of great 
importance.

Identification of the cellular origin of HCC will help in targeted therapeutics directed 
towards the most dreadful consequence of chronic inflammation, HCC development. 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 abil-
ity to maintain the malignant population [10]. Deletion of IKKβ enhances proliferation of 
tumor-initiated cells and accelerates HCC development. These effects of IKKβ are correlated 
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with increased accumulation of ROS that leads to JNK and STAT3 activation [11]. The positive 
cross-talk between JNK and stem cell expansion is evident in human HCC studies [12]. Dele-
tion of p38α, which leads to JNK activation, upregulates expression of SOX2 and Gankyrin, 
which may be involved in cancer stem cell maintenance [3]. The NF-κB/STAT3/JNK signaling 
pathway in cancer stem cells may be a promising therapeutic target.

The molecular etiology of HCC has been extensively studied using transgenic or chemi-
cally induced mouse models [13, 14]. The chemical procarcinogen diethylnitrosamine 
(DEN)-induced HCC depends on production of the NF-κB-regulated cytokine IL-6 by resi-
dent Kupffer cells [15]. In this case, Kupffer cells are activated by IL-1α released by apoptos-
ing hepatocytes [5]. Interestingly, male mice produce more IL-6 upon DEN administration 
than females, which accounts for the marked male bias in HCC induction studies. Mice ad-
ministered thioacetamide for 10 months develop HCCs subsequent to appearance of severe 
liver fibrosis, thus providing a model that closely mimics the natural history of human HCV-
related liver disease [3]. These animal models are critical for finding answers to key ques-
tions raised by the authors.

Unlike most solid tumors, the incidence and mortality of HCC have increased in the Unit-
ed States and Europe in the past decade. The findings implicating a pivotal signaling pathway 
in HCC development suggest the potential use for blocking agents and/or modulators for 
HCC treatment. Therefore, it is important to improve our understanding of the molecular 
pathogenesis of HCC.
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Abstract

Aim Ultrasound using microbubble-based contrast agents

is useful for vascular imaging. Directional eFLOW

(D-eFLOW) is a novel technology for vascular assessment

that provides high spatial and temporal resolution. The

purpose of this study was to investigate the utility of endo-

scopic ultrasound (EUS)-guided D-eFlow before and after

administration of an ultrasound contrast agent (USCA) for

assessing the vascularity of solid pancreatic lesions.

Materials and methods D-eFlow was compared to power

Doppler EUS (PD-EUS) or color Doppler EUS (CD-EUS)

before and after USCA injection. We also evaluated the

Visual Vascular Assessment (ViVA) scale for the estimation

of vascularity and investigated its reliability using the

interclass correlation coefficient (ICC). From January 2007

to March 2007, 35 patients (mean age, 64.5 years old; age

range, 28–81 years) underwent EUS followed by D-eFLOW

EUS, PD-EUS, and CD-EUS before and after administration

of USCA. The pancreatic parenchymal ViVA score, pan-

creatic vascular pattern, and ICC were evaluated for all

lesions.

Results Concerning the sensitivity for detection of the

hypovascular pattern in pancreatic adenocarcinoma,

D-eFLOW (before and after USCA) had similar sensitivity

to PD-EUS (before and after USCA) and CD-EUS (before

and after USCA). D-eFLOW after contrast showed the

highest accuracy (82.3 %) and negative predictive value

(53.8 %) among all the modalities investigated. There was

a good correlation among the ViVA scores for D-eFLOW

before contrast, those for D-eFLOW EUS, and those for

PD-EUS and CD-EUS. The reliability of the ViVA scale

was excellent with an ICC of 0.81. In conclusion,

D-eFLOW EUS is a sensitive, reliable, and highly accurate

method of assessment of pancreatic vascularity. D-eFLOW

EUS with contrast was more sensitive than PD-EUS and

CD-EUS for assessment of pancreatic vascularity.

Keywords Pancreatic cancer � SonazoidTM � Ultrasound
contrast agents � Directional eFLOW � Power Doppler

Introduction

Ultrasound imaging is inexpensive, portable, and widely

available. With the introduction of the second-generation

perfluorobutane-based microbubble ultrasound contrast

agent SonazoidTM (Daiichi Sankyo, Tokyo, Japan), ultra-

sound has become a method for assessment of vascularity,

is useful for measuring blood volume and flow [1], and has

shown good correlation with CT and MRI data [2, 3]. PD-

EUS or CD-EUS with or without a sonographic contrast

agent has been used for the diagnosis of pancreatic tumors.

PD-EUS and CD-EUS were found to be better than con-

ventional EUS for the evaluation of vascularity, and they

were also useful for the differential diagnosis of pancreatic

carcinomas from chronic pancreatitis [4]. EUS is well
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known as a highly sensitive modality for evaluation of

pancreatic carcinomas (especially for lesions\2 cm) [5].

D-eFLOW (Aloka Co., Ltd., Tokyo, Japan) is a new

modality for blood flow imaging that detects blood flow in

small vessels in detail and with high sensitivity. In the

present study, we investigated the utility of the combined

use of these two important advanced techniques, EUS-

guided D-eFLOW before and after administration of USCA

(SonazoidTM), for assessing the vascular perfusion of solid

pancreatic lesions compared to power Doppler or color

Doppler before and after administration of USCA. We also

developed and evaluated a new objective protocol for a

Visual Vascular Assessment (ViVA) scale for estimation of

vascular perfusion of solid pancreatic lesions and assessed

its reliability using the interclass correlation coefficient.

Materials and methods

This study was performed with the approval of the ethics

committee of Kinki University School of Medicine. All the

patients were informed of the purpose of the study, and

written informed consent was obtained from all patients

according to the ethics guidelines of the Declaration of

Helsinki. Between January 2007 and March 2007, 75

patients were prospectively evaluated using EUS for pan-

creatic lesions, which included cystic lesions (n = 32),

space-occupying lesions (SOL) of the pancreas (n = 35),

and chronic pancreatitis (n = 8). The maximum diameter of

the lesions was 29 ± 9 mm.

Inclusion criteria

Inclusion criteria were: (1) age[18 years; (2) a pancreatic

solid mass on radiology (transabdominal ultrasonography,

CT scan, MRI, or EUS); (3) histological diagnosis by EUS-

FNA and surgical histopathology.

Exclusion criteria

Exclusion criteria included: (1) cystic mass of the pancreas;

(2) severe co-morbid conditions; (3) incomplete study

(n = 2); (4) non-availability of histological diagnosis

(n = 3).

All patients underwent B-mode EUS followed by

D-eFLOW EUS, PD-EUS, and CD-EUS before and after

USCA administration.

Directional eFLOW imaging

D-eFLOW (Aloka Co., Ltd., Tokyo, Japan), a new high-

definition modality for blood flow imaging, can detect blood

flow in minute vessels in more detail than conventional

power or color Doppler. D-eFLOW is a type of directional

power Doppler method, but with improved spatial and

temporal resolution. In order to increase spatial resolution,

D-eFLOW uses broadband transmission and an optimized

transmitting waveform. D-eFLOW uses a transmitting

waveform that is designed not only for broadband but also

has less overlap computed by frequency domain simulation.

Also, D-eFLOW increases packet size to calculate Doppler

shift in order to increase transmitting power. Further, at the

receiving end, a moving target indicator (MTI) filter is

optimized, and the cutoff frequency of the MTI filter is

changed dynamically by the estimated clutter signal. In order

to increase the temporal resolution, a parallel processing

block is enhanced. This enhancement can increase the par-

allel processing number at one processing block of a partial

scan operation, so it can increase the real pulse repeating

frequency (PRF) without increasing the PRF for the calcu-

lation of Doppler shift. Thus, D-eFLOW imaging provides

improved spatial and temporal resolution of the finer

parenchymal blood vessels.

Endoscopic ultrasound imaging protocol

One EUS procedure (B-mode EUS, PD-EUS, and CD-EUS)

was performed by one endosonographer (M.K. or H.S.),

qualified by the Japan Gastroenterological Endoscopy

Society, using the Olympus GF-UCT260 convex array

echoendoscope (Olympus Corp., Tokyo, Japan) and the

ALOKA ProSound-a10 (Aloka Co., Ltd., Tokyo, Japan)

ultrasound console for image analysis. EUS was first per-

formed with gray-scale imaging using fundamental B-mode

EUS. When B-mode EUS detected a lesion, the mode was

changed sequentially from the D-eFLOW mode to power

Doppler and color Doppler modes. At first, signals from the

vessels in the tissue lesion and the surrounding tissues were

observed by the D-eFLOW mode followed by power

Doppler and color Doppler modes before using USCA. The

differences in flow imaging between the nodule and sur-

rounding tissue were analyzed.When the tumor lesions were

large, we compared the vascularity of the tumor lesions with

that of the surrounding pancreatic parenchyma by rotating,

advancing, or retracting the scope. The Doppler frequency

was 5 MHz for power and color Doppler and 6 MHz for

D-eFLOW, and the gain examination was set to just below

the level that produced random power noise. Secondly,

0.7 ml of the echo-enhancing agent SonazoidTM was injec-

ted. When given as a bolus, enhancement persisted for

approximately 10 min. After the signal enhancement

reached the maximum level, the differences in flow imaging

between the nodule and the surrounding tissues were ana-

lyzed. When the tumor lesions were large, we compared the

vascularity of the tumor lesions with that of the surrounding

pancreatic parenchyma by rotating, advancing, or retracting
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the scope. Maximum enhancement was obtained in around

30 s, and all measurements by the D-eFLOW, power

Doppler, and color Doppler modes were taken sequentially

within 90–150 s after USCA administration. The sequence

and the protocol after USCA were the same for all patients.

All interventional procedures such as EUS-FNA were done

after contrast vascular assessment by D-eFLOW/power

Doppler/color Doppler protocols.

To prevent interoperator variability, all procedures

(B-mode EUS, D-eFLOW EUS, PD-EUS, and CD-EUS)

were performed by the same operators using the same

examination protocols. All data were continuously recor-

ded using digital video recorders as DVDs, while still

pictures of each lesion were documented on both HDD and

compact disks. All the EUS (EUS, PD-EUS, and CE-EUS)

data were then independently peer reviewed (for assess-

ment of ICC) by two reviewers (K.D. and M.K.), and the

final scoring and ranking were decided by consensus.

EUS-guided fine-needle aspiration (EUS-FNA)

We performed EUS-guided fine-needle aspiration

(EUS-FNA) using disposable 22-gauge aspiration needles

(NA-200H-8022, Olympus, Tokyo, Japan, and Echotip,

Wilson Cook Medical Inc., Winston-Salem, NC, USA).

The EUS-FNA technique is well established [6]. Briefly,

the needle was advanced into the lesion under EUS visu-

alization. The central stylet was removed, a 10-ml syringe

with extension tubing was attached to the hub of the nee-

dle, and suction was applied as the needle was moved

backward and forward within the lesion. This back and

forward motion of the needle was repeated more than ten

times within the lesion during one puncture session. After

ceasing suction, the needle was then retracted into the

sheath, and the entire assembly was removed. We followed

all patients, and adverse events related to EUS-FNA were

assessed immediately, after 24 h, and after 30 days.

Methodology for definitive diagnosis

All lesions were ultimately diagnosed by histological and/

or cytological examination of tissues obtained surgically,

EUS-FNA, biopsy of liver metastases, or autopsy. When

EUS-FNA was the only source for histological analysis, a

negative biopsy was not sufficient to rule out the possibility

of carcinoma. Patients with negative biopsies on EUS-FNA

were followed for a minimum of 6 months. Six months

after the evaluation, patients with no signs of disease

progression or patients with disease regression were con-

sidered to have pancreatic inflammation at the time of

EUS-FNA. Some of the patients (e.g., chronic pancreatitis

with SOL) included in this study had been followed up at

different times before their inclusion in the study. Further,

the author evaluating the EUS images (K.D.) was blinded

to the clinical history/final diagnosis of the study.

Visual Vascular Assessment scale

The following criteria (Fig. 1a–g) were used to quantify the

vascularity of the solid pancreatic lesions. Independently

gained conclusions of the two reviewers were compared to

determine the intraobserver ICC.

Scoring was: (0) no vessels, (1) discrete spotty (1–2)

vessels less than 1 cm in length, (2) discrete multiple scat-

tered vessels ([2) less than 1 cm in length but no longitu-

dinal vessel formation, (3) discrete thin longitudinal vessels

(1–2) more than 1 cm in length, (4) discrete multiple longi-

tudinal vessels ([2) more than 1 cm in length, (5) non-dis-

crete diffuse signals in\50 % of the visualized area, and (6)

non-discrete diffuse signals in[50 % of the visualized area.

Vascular ranks were assigned to all lesions after

assessment of ViVA scores by D-eFLOW/power Doppler/

color Doppler. Hypovascular lesions, where the ViVA

score of the lesion was less than the ViVA score of the

surrounding pancreatic parenchyma, were assigned vascu-

lar rank 1; similarly, isovascular and hypervascular lesions,

where the ViVA score of the lesion was equal to or greater

than the ViVA score of the surrounding pancreatic paren-

chyma, were assigned vascular ranks 2 and 3, respectively.

Statistical analysis

Sensitivities for detecting pancreatic nodules were calcu-

lated for EUS. The McNemar test was performed to com-

pare the detection values between the two examinations.

The diagnostic ability (sensitivity, specificity, and accu-

racy) of differentiating pancreatic carcinomas from other

tumors by evaluating vascularity was calculated and com-

pared between PD-EUS and CD-EUS by the McNemar

test. A p value less than 0.05 was considered significant.

For interobserver effects, the ICC was calculated using the

single-measure intraclass correlation coefficient-two-way

mixed effect model (absolute agreement definition).

Spearman’s rank test (2-tailed) was used for correlation of

the vascular ranks and the rho correlation coefficient, and

the p values were calculated using SPSS. All statistical

analyses were done using the SPSS statistical software

package, version 10.0 (SPSS Inc., USA).

Results

Patients

Thirty-five patients were included in this study. The char-

acteristics of the patients, their age and sex distribution,
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Fig. 1 Visual Vascular

Assessment (ViVA) scale for

directional eFLOW (or power

Doppler or color Doppler) (red

circle represents the lesion). No

vessels: a score 0. Spotty vessel:
b score 1 (1–2 vessels), c score

2 ([2 vessels). Longitudinal

vessel: d score 3 (1 vessel),

e score 4 (C2 vessels).

Oversaturating vessel: f score 5

(\50 % of visualized area),

g score 6 ([50 % of visualized

area)
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and histology are shown in Table 1. The mean age of the

patients was 64.5 ± 10.8 years, and the male-to-female

ratio was 20:15.

Visual Vascular Assessment scale

Figure 1a–g shows the sample ViVA scores for D-eFLOW

(and the same for power Doppler and color Doppler)

standardized for all cases. Figure 2a–f shows the compar-

ative D-eFLOW, power Doppler, and color Doppler images

and rankings before and after USCA. Table 2 shows the

correlation of the ViVA vascularity assessment by

D-eFLOW, power Doppler, and color Doppler assigned to

the cases in accordance to the ViVA scores. The vascular

assessment by D-eFLOW before USCA administration

correlated significantly well with power Doppler (before

USCA) and color Doppler (p\ 0.05). Further, D-eFLOW

after USCA administration also correlated significantly

with power Doppler after USCA (p = 0.013). Expectedly,

power Doppler and color Doppler vascular ranks strongly

correlated both before and after contrast. There were no

significant adverse effects in the immediate post-procedure

follow-up period.

Sensitivity, specificity, PPV, NPV, and diagnostic

accuracy

For calculating sensitivity and specificity values, we

assumed that the hypovascular pattern of the lesion on

D-eFLOW/PD-EUS/CD-EUS was diagnostic of pancreatic

adenocarcinoma. D-eFLOW after USCA administration

had the highest sensitivity at 84.6 % (Table 3). D-eFLOW

before USCA was less sensitive for assessing the vascu-

larity of pancreatic lesions. D-eFLOW vascularity patterns

both before and after USCA administration were more

sensitive and accurate than corresponding power Doppler

and color Doppler patterns. While NPV was comparable

and low in all the groups, D-eFLOW after USCA resulted

in the highest PPV values comparable to CE-MDCT and

the highest diagnostic accuracy rates among all the groups.

However, these differences were not significant.

Interobserver interclass correlation coefficient

The interobserver ICC values were calculated for both the

ViVA scores and the derived vascular ranks (Table 4). The

overall ICC value was 0.81 (95 % CI = 0.75–0.86), while

the D-eFLOW pattern had the highest ICC value at 0.87

(95 % CI = 0.75–0.93).

Discussion

The results of vascularity assessment by the new imaging

modality D-eFLOW correlated well with those by PD-EUS

and CD-EUS. This shows that D-eFLOW is comparable to

power Doppler and color Doppler for vascularity assess-

ment of solid pancreatic lesions. Further, the new objective

ViVA scale is useful for assessing pancreatic tissue vas-

cularity. D-eFLOW before USCA administration corre-

lated with the assessment by PD-EUS and CD-EUS, thus

confirming that D-eFLOW is reliable for evaluation of

imaging vascularity in solid pancreatic lesions.

In this study, the sensitivity of D-eFLOW was compa-

rable to that of EUS-FNA for the diagnosis of pancreatic

adenocarcinomas. This was because D-eFLOW after

USCA administration detected two additional (of 26)

hypovascular patterns compared to D-eFLOW before

USCA. To the best of our knowledge, there have been no

previous studies on EUS-guided D-eFLOW with Sona-

zoidTM in pancreatic adenocarcinomas. D-eFLOW patterns

both before and after USCA administration showed a

higher sensitivity than both PD-EUS and CD-EUS. The

higher sensitivity obtained by D-eFLOW for the assess-

ment of pancreatic parenchymal vascularity may result

from the fact that D-eFLOW shows less blood flow outside

of the vessels than the color Doppler and power Doppler

methods, because the tissues, blood flow, and B-mode

Table 1 Patient characteristics for 35 solid pancreatic lesions

Pancreatic cancer (n = 26) Inflammatory mass (n = 5) Endocrine tumor

(n = 4)

Mean age ± SD (years) 66.0 ± 10.4 64.9 ± 10.7 65.8 ± 10.5

M:F ratio 15:11 3:2 2:2

Maximum diameter of the tumor lesion

(mm)

30 ± 10 28 ± 10 25 ± 5

Duration of disease (days)a 17 242 17.25

Histology Pancreatic adenocarcinoma

(n = 26)

Autoimmune pancreatitis

(n = 2)

Chronic pancreatitis (n = 3)

Insulinoma (n = 2)

Endocrine tumor

(n = 2)

a Duration of disease = time of onset of symptoms to inclusion in the study
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Fig. 2 Parenchymal vascularity

before and after contrast

administration using the ViVA

scale. Hypovascular lesion

(red circle represents the

lesion). a Directional eFLOW

before contrast administration

[ViVa score = 1/10 (S/T)],

b directional eFLOW after

contrast administration [ViVa

score = 5/3 (S/T)], c power

Doppler before contrast

administration [ViVa

score = 3/2 (S/T)], d power

Doppler after contrast

administration [ViVa

score = 6/4 (S/T)], e color

Doppler before contrast

administration [ViVa

score = 4/2 (S/T)], and f color
Doppler after contrast

administration [ViVa

score = 6/4 (S/T)]

Table 2 Correlation among histological diagnosis, MDCT, D-eFLOW, power Doppler, and color Doppler ViVA scale

Diagnosis Directional e-FLOW Power Doppler Color Doppler

BC AC BC AC BC AC

Diagnosis 9 p = 0.034 NS NS NS NS NS

Directional e-FLOW BC p = 0.034 9 NS p\ 0.026 NS p = 0.044 NS

AC NS NS 9 p = 0.018 p = 0.002 p = 0.003 p = 0.001

Power Doppler BC NS p\ 0.026 p = 0.018 9 p = 0.047 p\ 0.001 p = 0.044

AC NS NS p = 0.002 p = 0.047 9 NS p\ 0.001

Color Doppler BC NS p = 0.044 p = 0.003 p\ 0.001 NS 9 NS

AC NS NS p = 0.001 p = 0.044 p\ 0.001 NS 9

rho correlation coefficient, BC before administration of ultrasound contrast agent, AC after administration of ultrasound contrast agent, NS not

significant
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ultrasound are imaged simultaneously. Moreover, because

there are no angle-dependent problems like those encoun-

tered with the Doppler method, more accurate blood flow

delineation is possible. Furthermore, to optimize color

Doppler sonography, it is common to increase the color

gain setting as much as possible until noise develops and

then to lower the gain slightly to eliminate noise [7].

However, this method tends to exaggerate the spatial

location of the real flow signal, leading to ‘‘oversaturation’’

and resulting in flow signals that are not confined to the

patent lumen [8, 9]. Due to oversaturation, the spatial

distribution of the color signals can substantially exceed

the true dimensions of vessels, especially when evaluating

the tissue parenchyma, whereas the high spatial resolution

of D-eFLOW imaging enables excellent display. This

phenomenon of ‘‘oversaturation’’ is accentuated after the

administration of microbubble contrast agents and leads to

blooming of the visualized field. This makes the evaluation

of vascularity very difficult and is the main reason why

both power and color Doppler after contrast agent admin-

istration have poor sensitivities compared to D-eFLOW.

D-eFLOW imaging rarely ‘‘oversaturates’’ results, and the

displays are excellent even after the administration of

microbubble contrast agents. It gives more confidence in

assessing tissue vascularity. For the same reasons,

D-eFLOW had a better specificity than power Doppler. We

observed that the specificity of power Doppler and color

Doppler decreased after administration of contrast, but in

the case of D-eFLOW, there was no such decrease. This

further demonstrates that D-eFLOW is perhaps a better

technology for vascular imaging compared to power

Doppler or color Doppler. D-eFLOW after contrast had

higher PPV, NPV, and accuracy than other modalities and

hence was the most valuable.

Many other studies on CE-EUS or CE-US have used

subjective criteria for the assessment of tissue vascularity

and graded tissues as hypovascular, isovascular, and

hypervascular after comparing the enhancement patterns of

the SOL and the surrounding tissues. Subjective methods

may have intraoperator and interoperator reliability issues,

making it difficult to compare studies between different

centers and different contrast agents [2, 4, 9, 10, 11]. For

this study, we developed an easy, objective assessment

method for the tissue vascularity of solid pancreatic

lesions. We divided the vascular patterns into three broad

categories: spotty, linear, and oversaturation. Each vascular

pattern was additionally subdivided into two other patterns

based on few (1–2) or multiple ([2) signals, thus leading to

a total of seven scores from a minimum score of 0 to a

maximum score of 6. The positive correlation obtained

between the vascular values from power Doppler and color

Doppler confirmed the possible use of the scores obtained

in this work to study tissue vascularity. This objective

assessment does not preclude the classification of the

lesions into hypovascular, isovascular, and hypervascular,

and in fact makes it easier, objective, and reliable.

We also evaluated the interobserver ICC values for

D-eFLOW/power Doppler/color Doppler ViVA scores, as

well as the D-eFLOW/power Doppler/color Doppler vas-

cular ranks. We found a very good overall ICC value of

0.81 (95 % CI = 0.75–0.86). This demonstrated that our

objective ViVA scoring method was easy to understand,

Table 3 Sensitivity, specificity,

accuracy, PPV, and NPV of the

different imaging modalities

among the patients

Pancreatic cancer (n = 26),

inflammatory mass (n = 5), and

endocrine tumor (n = 4)

Sensitivity Specificity Accuracy PPV NPV

D-eFLOW before contrast (%) 69.2 77.8 71.4 90 46.7

D-eFLOW after contrast (%) 84.6 77.8 82.3 91.7 53.8

Power Doppler before contrast (%) 65.4 77.8 68.8 89.5 43.8

Power Doppler after contrast (%) 61.5 66.7 62.9 84.2 37.5

Color Doppler before contrast (%) 61.5 88.9 68.6 94.1 44.4

Color Doppler after contrast (%) 61.5 77.8 65.7 88.9 41.2

Table 4 Interobserver

interclass correlation coefficient

(ICC) scores of solid pancreatic

lesions

ICC

coefficient

95 % confidence

intervals

Standardized item

alpha

Overall 0.81 0.75–0.86 0.91

Directional-eFLOW 0.87 0.79–0.93 0.93

Power Doppler 0.77 0.62–0.86 0.89

Color Doppler 0.85 0.74–0.91 0.92

Directional-eFLOW vascularity

rank

0.72 0.55–0.83 0.83

Power Doppler vascularity rank 0.58 0.36–0.74 0.74

Color Doppler vascularity rank 0.80 0.68–0.88 0.89

J Med Ultrasonics (2013) 40:211–218 217

123

— 458 —



reliable, and highly standardizable. Furthermore, we

observed that the D-eFLOW ICC values were the best

compared to those obtained from power Doppler and color

Doppler. Thus, the D-eFLOW patterns are the easiest to

standardize and may be useful for tasks such as vascular

follow-up assessment of individual lesions after chemo-

therapy or radiotherapy.

We conclude that D-eFLOW is a simple, sensitive,

reliable, and highly accurate method for the assessment of

tissue vascularity in solid pancreatic lesions. D-eFLOW

with a contrast agent is more sensitive than power Doppler

and color Doppler for the vascular assessment of pancreatic

adenocarcinomas. However, the limitations of this study

include a limited number of patients (n = 35) and a rela-

tively skewed patient distribution (pancreatic cancer, 26

with inflammatory masses and 4 with endocrine tumors).

Another limitation is that the same examiner sequentially

used eFLOW, power Doppler, and color Doppler. There-

fore, this protocol itself may lead to a significant examiner

bias. Larger studies of D-eFLOW with SonazoidTM contrast

and a further rigorous evaluation of the vascular scores are

needed before this method can be universally accepted.
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Abstract In diffuse liver disease, it is extremely impor-

tant to make an accurate diagnosis of liver fibrosis prior to

determining indications for therapy or predicting treatment

outcome and malignant potential. Although liver biopsy

has long been the gold standard in the diagnosis of liver

fibrosis, it is still an invasive method. In addition, the

sampling error is an intrinsic problem of liver biopsy. Non-

invasive serological methods for the diagnosis of liver

fibrosis can be affected by factors unrelated to the liver.

Recently, after the introduction of FibroScan, it became

possible to measure liver fibrosis directly and non-inva-

sively by elastography, which has attracted attention as a

non-invasive imaging diagnostic tool for liver fibrosis. In

addition, real-time tissue elastography is currently being

used to conduct clinical trials at many institutions. More-

over, virtual touch quantification enables the observation of

liver stiffness at any location by simply observing B-mode

images. Furthermore, the recently developed ShearWave

elastography visualizes liver stiffness on a color map.

Elastography is thought to be useful for all types of diffuse

liver diseases. Because of its association with portal

hypertension and liver carcinogenesis, elastography is

expected to function as a novel prognostic tool for liver

disease. Although various elastographic devices have been

developed by multiple companies, each device has its own

measurement principle, method, and outcome, creating
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confusion in clinical settings. Therefore, it is extremely

important to understand the characteristics of each device

in advance. The objective of this guideline, which

describes the characteristics of each device based on the

latest knowledge, is for all users to be able to make the

correct diagnosis of hepatic fibrosis by ultrasound

elastography.

Keywords Elastography � Elasticity � Shear wave �
Stiffness � Strain � Liver fibrosis

Preamble

In diffuse liver disease, it is extremely important to make

an accurate diagnosis of liver fibrosis prior to determining

indications for antiviral therapy or predicting treatment

outcome and malignant potential. Although liver biopsy

has long been the gold standard in the diagnosis of liver

fibrosis, it is still an invasive method with potential

bleeding and severe pain. In addition, sampling error is an

intrinsic problem of liver biopsy because of the small

sampling size, and diagnostic consistency may be influ-

enced by inter-observer variability. There are many reports

of non-invasive serological methods for the diagnosis

of liver fibrosis, including the use of serum markers for

liver fibrosis (e.g., platelet, hyaluronic acid, type IV

collagen 7S domain), and algorithm-based serum models

(e.g., aminotransferase/platelet ratio index (APRI), Fibro-

Index, FIB-4, FibroTest). However, these methods can be

affected by factors unrelated to the liver.

Elastography, developed as a non-invasive tool to

measure tissue elasticity, has advanced particularly in the

field of breast cancer. Recently, it became possible to

measure liver fibrosis directly and non-invasively by elas-

tography, which has attracted attention as a non-invasive

imaging diagnostic tool for liver fibrosis. Especially after

the introduction of FibroScan, a device to measure the

stiffness of liver, the application of elastography for the

measurement of liver stiffness has been investigated. In

addition, real-time tissue elastography, that is, the world’s

first practical ultrasound (US) elastographic technology

developed in Japan, is currently being used to conduct

clinical trials at many institutions. Moreover, virtual touch

quantification (VTQ), in which constant pressure exerted

by focused US generates a shear wave, enables the obser-

vation of liver stiffness at any location by simply observing

B-mode images. With this technology, it is possible to

examine cases with ascites retention for which FibroScan is

not useful. Furthermore, a recently developed ShearWave

elastography visualizes liver stiffness on a color map.

Although elastography has been used mostly to examine

viral liver disease, non-alcoholic fatty liver disease

(NAFLD), autoimmune hepatitis, drug-induced liver

injury, and alcoholic liver disease, the technology is

thought to be useful for all types of diffuse liver diseases,

such as primary biliary cirrhosis, Budd–Chiari syndrome,

and idiopathic portal hypertension. Because of its associ-

ation with portal hypertension and liver carcinogenesis,

elastography is expected to function as a novel prognostic

tool for liver disease. Although various elastographic

devices have been developed by multiple companies, each

device has its own measurement principle, method, and

outcome, creating confusion in clinical settings. Therefore,

it is extremely important to understand the characteristics

of each device in advance.

In this guideline, we provide the latest knowledge and

understanding of elastographic devices, particularly those

widely used for the diagnosis of liver fibrosis.

Characteristics of each device

US elastography is categorized into four groups based on

the excitation method and measurement quantity, as

described in Basics and Terminology. We will discuss the

devices that are currently used to diagnose liver fibrosis.

1. Strain elastography: Hitachi, Siemens, GE, and

Toshiba

2. Acoustic radiation force impulse (ARFI) imaging:

Siemens

3. Shear wave elastography: Siemens, Philips, and

SuperSonic Imagine

4. Transient elastography: FibroScan

Strain imaging

Strain elastography

Real-time tissue elastography (Hitachi)

(A) Introduction

Commercialized by Japanese companies using tech-

nology developed in Japan, Real-time Tissue Elastogra-

phy� (RTE) is the world’s first practical imaging

modality for the diagnosis of tissue elasticity. RTE

belongs to the category of strain elastography and uses

the combined autocorrelation method to measure tissue

strain caused by manual compression or heartbeat. With

RTE, relative tissue strain is displayed on conventional

B-mode images in real time. Areas with lower strain

(relatively hard tissue) and those with higher strain (rel-

atively soft tissue) in the region of interest (ROI) are

displayed in blue and red, respectively, with a 256-color

gradation (Figs. 1, 2) [1–3].
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(B) Indication

RTE is indicated for various diffuse liver diseases,

including virus liver disease [2–9], NAFLD [10], autoim-

mune hepatitis, primary biliary liver disease, alcoholic liver

disease, and drug-induced liver injury. RTE is also

reportedly useful for the diagnosis of portal hypertension

[11]. In addition, the usefulness of RTE in the prognosis of

liver cancer is currently being investigated in a multicenter

study.

(C) Procedures (including tips and tricks)

RTE application software can be loaded by different US

imaging devices from Hitachi Aloka Medical (Tokyo,

Japan), including but not limited to HI VISION Ascendus,

HI VISION Preirus, HI VISION Avius, Noblus, HI

VISION 900, EUB-8500, and EUB-7500. Imaging is per-

formed with a 7–3 MHz linear probe (EUP-L52).

(1) Scanning method [2–4, 7–9]

Successful RTE imaging depends on the clarity of

B-mode images—the fundamental US images—and

therefore B-mode images need to be void of artifacts.

1. Visualize the right hepatic lobe from the right inter-

costal space of a patient in the supine position with the

right arm elevated to make the intercostal space wider.

2. Place a probe lightly against the skin without vibration.

Fig. 1 Principle of RTE

Fig. 2 RTE imaging. Left

superimposition of RTE and

B-mode images, right B-mode

image. The measurement tool

calculates feature values and

strain ratio

J Med Ultrasonics (2013) 40:325–357 327

123

— 462 —



3. Select an extraction point at which B-mode images are

void of artifacts.

4. Try to obtain images displaying vertical, not horizon-

tal, strain by placing the probe to generate an echo

beam in the direction of the heart.

5. While the patient is lightly holding breath, make sure

that RTE images are displayed periodically by cardiac

motion.

(2) ROI setup

The ROI can be established in two ways: place the ROI

only inside the liver [2–4, 7–9, 12] or place it over the liver

and the surrounding tissue, such as subcutaneous and/or

muscle layer [13, 14]. In the latter case, however, color

distribution on RTE images changes depending on the ratio

between the liver and the surrounding tissue in the ROI

because RTE displays relative tissue strain. Accordingly,

any inappropriate area or object should be excluded from

the ROI to avoid introducing artifacts. Placing ROI inside

the liver is the key to generating uniform images of the

entire liver [3, 7, 9, 15]. Although selecting a large ROI

area with presumably no or few artifacts can result in

successful imaging, it is difficult to avoid large blood

vessels if ROI is too large. For this reason, a 2.5 9 2.5 cm

square ROI is often used [8, 9].

1. Avoid large blood vessels (to eliminate artifacts from

the anechoic area) (Fig. 3a).

2. Avoid the area near the ribs because the acoustic

shadow will be displayed in blue on US images

(Fig. 3b).

3. Avoid the surface of the liver because it is often

displayed in blue due to multiple reflection echo

(Fig. 3c).

4. Avoid areas deep inside the liver because they often

appear blue due to poor ultrasound penetration

(Fig. 3d).

(3) When having trouble with observation

1. Try another intercostal space.

2. Select an intercostal space which is softer and has a

thinner subcutaneous layer.

3. Avoid including body organs under the subcutaneous

layer, such as ribs and lungs, in imaging.

(4) Selection of frames for analysis

1. Select frames with strain generated in the direction of

depth.

2. Select frames with no artifacts.

3. Good images may be obtained in the end of left

ventricular diastole in electrocardiographic gating or

at the largest downward wave on a strain graph (Fig. 4).

(D) Results (what do the values mean?)

In chronic hepatitis, the liver tissue hardens unevenly as

fibrosis advances. Accordingly, if the ROI is placed only

over the liver, it will enhance the color variation of RTE

images, increasing areas with relatively low strain (blue

area). This results in the generation of images with a

mottled appearance (Fig. 5) [2, 4, 9]. Using a mechanical

model of fibrosis progression in basic research, Shiina et al.

[16] showed that areas with low strain increase as fibrosis

progresses, and strain distribution becomes complex, as

shown in clinical cases.

(1) Subjective evaluation method

Because liver elasticity score, obtained by visual

assessment of low strain areas (blue area) on RTE images

Fig. 3 RTE image artifacts. Large blood vessel (a), acoustic shadow (b), multiple reflection echo (c), and poor ultrasound penetration (d) are
major artifacts of RTE. For RTE, these artifacts should be avoided [12]

328 J Med Ultrasonics (2013) 40:325–357

123

— 463 —



Fig. 4 Electrocardiogram and

strain graph in liver RTE. Good

RTE images may be obtained in

the end of left ventricular

diastole in electrocardiographic

gating (arrows; a) or at the
largest downward wave on a

strain graph (arrows; b).
Double-headed red arrow

corresponds to one heartbeat

Fig. 5 RTE images reflecting different stages of liver fibrosis in

chronic viral hepatitis C patients. With fibrosis associated to progress,

strain elastogram increases color variation between relatively low

strain regions and generates a patched image pattern. F1 stage (a), F2
stage (b), F3 stage (c), F4 stage (d) [9]
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(Fig. 6), are positively correlated with fibrosis progression

and the level of type 4 collagen 7S (Figs. 7, 8) [4], these

scores are useful for the diagnosis of liver fibrosis.

However, because examiner subjectivity influences liver

elasticity score, more objective evaluation methods are

needed.

(2) Objective evaluation methods

Examiner subjectivity and past experiences influence

the outcome of visual assessment. To overcome this

problem, various quantitative methods have been devel-

oped to objectively assess tissue elasticity. Here, we

discuss image pattern recognition and strain ratio

calculation.

Fig. 8 Correlation between liver elasticity score and type IV collagen

7S. In patients with chronic hepatitis C, type IV Collagen 7S showed

a significant correlation with liver elasticity score [4]

Fig. 6 Liver elasticity score.

Liver elasticity scores is

obtained by visual assessment

of low strain areas (blue) on

RTE images. Score 1 The entire

colored area of the ROI is

distorted (the entire colored area

is shown as relatively uniform

light green). Score 2 Partially

mottled blue regions are shown

in the light green colored area.

Score 3 Light green and blue are

mixed in the colored area

(almost a 50 : 50 mix). Score 4

Most of the colored area is

shown as blue [4]

Fig. 7 Relationship between liver elasticity score and liver fibrosis

stage. Statistical analysis for comparison of fibrosis stages of patients

with chronic hepatitis C revealed that liver elasticity score was

significantly higher with progression of fibrosis stage [4]

330 J Med Ultrasonics (2013) 40:325–357

123

— 465 —



• Image pattern recognition

Parameters obtained by adjusting grayscale, histogram,

and binarization are called feature values, and these values

are used in pattern recognition. In RTE imaging, feature

values obtained by the US device itself or by separate

imaging software can be used to calculate a correlation

with liver fibrosis. The degrees of strain are converted to

feature values using 256 color gradations, with blue being 0

and red being 255.

Tatsumi et al. [2] and Morikawa et al. [7] reported that

mean relative strain values (MEAN) inversely correlated

with liver stiffness and fibrosis in patients with chronic

hepatitis C (Figs. 9, 10). The standard deviation of relative

strain values (SD), the percentage of low strain area (per-

centage of blue color area, %AREA), and the complexity

of the low strain (blue) area (calculated as perimeter2/area,

COMP) positively correlated with liver stiffness and

fibrosis (Figs. 9, 10, 11) [2, 7].

– Calculation of function values

Some methods use feature values as an independent

variable to perform multiple regression and principal

component analysis to calculate the function values.

a. Liver fibrosis index

Fujimoto et al. [8] performed RTE imaging of 295

patients with chronic hepatitis C and cirrhosis and 15

healthy individuals (310 cases in total) and extracted nine

feature values: MEAN, SD, %AREA, COMP, skewness

(SKEW) and kurtosis (KURT) of the histogram, and the

homogeneity (entropy, or ENT), complexity (inverse dif-

ferential moment, or IDM), and uniformity (angular second

moment, or ASM) of texture. The authors used these nine

Fig. 9 Inverse correlation between MEAN values of RTE and liver

stiffness measured by FibroScan. There was a negative correlation

between liver stiffness and MEAN values of RTE (r = -0.587,

p\ 0.05) [2]

Fig. 10 Relationships between

the stages of liver fibrosis and

four RTE feature values

(MEAN, SD, %AREA, COMP).

Box plots of each feature value

corresponding to fibrosis stages

F1–4 and the healthy volunteer

group (HV). a MEAN, b SD,

c 5AREA, d COMP. HV,

n = 10. F1–4, n = 95.

*p\ 0.01, and **p\ 0.05 [7]
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feature values as independent variables and the histological

fibrosis (F) stage as dependent variables in multiple

regression analysis to calculate a liver fibrosis index (LF

index) [5, 8].

In a validation study of the LF index using 245 patients

with cirrhosis and chronic hepatitis B and C, Yada et al. [9]

observed significant differences between F0–F1 and F4, F2

and F4, and F3 and F4 (Fig. 12). The sensitivity, speci-

ficity, and accuracy of diagnosis were as high as 73.5, 79.7,

and 78.3 % for F4; 78.4, 80.2, and 79.6 % for F3 or higher;

and 70.0, 76.4, and 73.0 % for F2 or higher. The area under

the receiver operating characteristic (AUROC) was also

high, with corresponding values of 0.946, 0.865, and 0.800

(Fig. 13) [9].

b. Elasticity index

Wang et al. [44] examined 55 chronic hepatitis B

patients and 10 healthy individuals and used the feature

values as independent variables to perform principal

component analysis. Four types of principal components

extracted from the analysis were used as integrative func-

tions to calculate an elasticity index. They found a signif-

icant correlation between elasticity index and liver fibrosis

(p\ 0.001; Fig. 14), and AUROC was 0.93 for F1 or

above (p\ 0.001), 0.92 for F2 or above (p\ 0.001), 0.84

for F3 or above (p\ 0.05), and 0.66 for F4 (p[ 0.05) [17].

• Strain ratios

There are two types of evaluation methods that use the

strain ratio in analysis. The mainstream method places the

ROI only in liver parenchyma for analysis and calculates

the ratio between the parenchyma and blood vessels. In

another method, the ROI includes liver parenchyma and the

surrounding tissue, and the strain ratio between the two

tissues is used in the analysis.

Koizumi et al. [6] performed imaging of 70 chronic

hepatitis C patients with the ROI placed only in liver

parenchyma, and they used the strain ratio (elastic ratio,

Fig. 15) between the liver parenchyma and the peripheral

hepatic vein for evaluation. Elastic ratios increased with

the progression of liver fibrosis, from a ratio of 2.21 in F1

Fig. 11 Relationships between

liver stiffness and four RTE

feature values (MEAN, SD,

%AREA, COMP). a MEAN

was negatively correlated with

liver stiffness (kPa; p\ 0.01).

Correlation coefficient was

-0.585. b SD was significantly

correlated with liver stiffness

(kPa; p\ 0.01). Correlation

coefficient was 0.425.

c %AREA was significantly

correlated with liver stiffness

(kPa; p\ 0.01). Correlation

coefficient was 0.590. d COMP

was significantly correlated with

liver stiffness (kPa; p\ 0.01).

Correlation coefficient was

0.532 (n = 96). a.u. Arbitrary

units [7]

Fig. 12 Relationship between the stages of liver fibrosis and LF

index. FibroIndex for each fibrosis stage; many outliers were present.

*p\ 0.05, **p\ 0.001, comparing between each fibrosis stage. LFI

liver fibrosis index [9]
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(95 % confidence interval 1.94–2.70), 2.69 in F2

(2.29–2.97), 3.42 in F3 (3.07–3.65), to 4.66 in F4

(4.40–4.93), with a significant positive correlation between

the ratios and hepatic fibrosis (r2 = 0.82, p\ 0.001). In

addition, there was a significant difference between F2 and

F3 (r2 = 0.36, p = 0.02) as well as F3 and F4 (r2 = 0.41,

p = 0.001); but no significant difference was observed

between F1 and F2 (Fig. 16). In addition, the elastic ratio

was not correlated with inflammation (p = 0.36). The

measurement results of two examiners showed a strong

correlation (r2 = 0.869, p\ 0.0001), demonstrating that

inter observer variability was extremely low (Fig. 17) [6].

In a study using patients with NAFLD, Ochi et al. [10]

observed a significant correlation between elastic ratio and

liver fibrosis. In addition, there was a significant difference

in elastic ratios between patients with NAFLD activity

score (NAS) B4 and those with score C5 (Fig. 18) [10].

• Other methods

Using hepatitis B and C patients, Friedrich-Rust et al. [18]

calculated tissue elasticity from every pixel in the RTE image

and performmultivariate analysis to obtain a unique formula.

Elasticity scores calculated using the formula showed a sig-

nificant correlation with liver fibrosis, as with other analysis.

The authors also improved the diagnostic capability of the

system for liver fibrosis by incorporating platelet counts and

c-glutamyl transpeptidase (GGT) (Fig. 19) [18].

• Influences other than liver fibrosis

In a study of hepatitis C patients by Fujimoto et al. [8],

none of the feature values were correlated with inflammatory

grade (Fig. 20). Moreover, in a validation study using

chronic hepatitis B and C patients, Yada et al. [9] observed

no correlation between inflammatory grade and LF index. In

addition to liver fibrosis, inflammation, jaundice, and liver

congestion are known to affect shear wave imaging, such as

FibroScan and VTQ [19]. In contrast, RTE can evaluate liver

fibrosis without being affected by these factors.

(E) Limitations

While FibroScan cannot be used in patients with ascites

retention, RTE is able to perform measurements in such

cases (Fig. 21) [23].

Fig. 13 Receiver operating characteristic (ROC) curve of LFI, platelet count, AST/ALT ratio, APRI, and FibroIndex. a ROC of predicting F2

stage or higher fibrosis (F0–F1 vs F2–F4). b ROC of predicting F3 stage or higher fibrosis. c ROC of predicting stage F4 fibrosis [9]

Fig. 14 Relationship between liver fibrosis and the elasticity index in

patients with chronic hepatitis B. Small circles represent outliers.

There was a significant correlation between the elasticity index and

liver fibrosis (p\ 0.001) [17]
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Various RTE imaging and analysis methods are cur-

rently available, and they all show a clear correlation with

liver fibrosis. However, a comparative study is needed to

reveal superiority among these methods. Although the

technique that uses heartbeat is most popular today, weak

pulsation can adversely affect the quality of RTE images.

Moreover, even though RTE can be applied to most cases

owing to its ability to assess patients with ascites retention

and narrow intercostal spaces, it is difficult to generate

clear RTE images of severely obese patients due to ultra-

sound attenuation. It is also necessary to learn tips and

tricks to, for example, prevent artifacts. The experience and

skills of examiners can influence the accuracy of ultraso-

nography; however, in liver RTE, variability among

examiners with proper training is reportedly low [6]. To

spread liver RTE and further improve accuracy, it is

necessary to standardize the imaging and analysis methods

and establish an effective RTE training system.

(F) Recommendations

RTE is a tissue elasticity imaging method that has been

put into practical use for the first time in the world.

In diffuse liver diseases, the hardness of hepatic tissue

becomes irregular as liver fibrosis progresses. This can be

seen as uneven, patchy color distribution on RTE images,

with an increase in areas with relatively low strain (blue

area). Such change can be easily observed visually; how-

ever, objective assessment can be made only by the use of

LF index and elastic ratio, or strain ratio.

RTE accurately measures liver fibrosis without adverse

effects of ascites accumulation, inflammation, jaundice,

and liver congestion.

Fig. 15 Measurement of elastic

ratio. The elasticity of the

hepatic vein was used as the

reference because the elasticity

of the veins does not change

over time, since they do not

undergo transformations with

disease, such as arteriosclerosis,

and it also does not increase or

decrease even when liver

parenchyma becomes stiffer.

Thus, small vessels with a

diameter of 3 mm in the liver

were used as the standard for

computing the elasticity ratio,

and the ROI was set as large as

possible (usually

0.3 9 0.5 cm). The ROI in the

liver parenchyma was placed

1 cm from the liver surface and

was 2 9 1 cm in size [6]

Fig. 16 Relationship between elastic ratio and liver fibrosis in

patients with chronic hepatitis C [6]
Fig. 17 Correlation of elastic ratios calculated by two examiners [6]
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Multicenter studies are currently being performed to

compare RTE imaging results with histological findings in

specimens obtained by resection and biopsy and also to use

RTE as a non-invasive prognostic tool in, for example,

esophageal varix and liver cancer incidence. We looked

forward to the results of these studies.

eSie touch Elasticity Imaging (Siemens)

(A) Introduction

This is a strain elastography-based technology that uses

the spatial correlation method to measure tissue strain

caused by minute body movements such as breathing or

heartbeat. An acquired image is superimposed onto a

B-mode image and can be displayed side by side with the

original B-mode image.

(B) Indication

The efficacy of eSie Touch Elasticity Imaging for the

diagnosis of fibrosis in diffuse liver disease has not been

fully elucidated.

(C) Procedures (including tips and tricks)

This technology has been used for the diagnosis of

hepatic tumors, especially for the differential diagnosis

between benign and malignant tumors.

Switch to elasticity imaging mode and visualize the

lesion while watching the B-mode image.

When evaluating tumors, both tumor and normal

parenchyma should be displayed in the ROI.

Regardless of the size of the ROI, the system always

uses an entire B-mode image to perform arithmetic pro-

cessing for strain imaging. Therefore, the size and location

of ROI can be altered, with the former as large as the size

of the B-mode image, after obtaining a still image.

The ROI image is displayed in grayscale or color, and

colors representing soft and hard tissues can be reversed.

However, measurement of strain ratios is possible only

when a grayscale image is displayed.

(D) Results (what does the value mean?)

eSie Touch Elasticity Imaging has not been used exten-

sively in the diagnosis of fibrosis in diffuse liver diseases.

Fig. 18 Relationship between

elastic ratios and liver fibrosis or

NAS in patients with NAFLD.

a Hepatic elastic ratio for each

NAFLD fibrosis stage. F1

versus F2 was not significantly

different (p = 0.717), whereas

all other combinations were

significantly different. b Hepatic

elastic ratio for each NAS. The

median elastic ratios with NAS

[5 were significantly high

(p = 0.0016) [10]

Fig. 19 Elasticity score and

elasticity–laboratory

combination score (with the

addition of platelet counts and

GGT) [18]
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The technology captures tumor homogeneity/hetero-

geneity as well as differences in elasticity between the

tumor and the surrounding tissue as differences in relative

strains (Fig. 22). Grayscale images are used to measure

strain ratios to display the relative stiffness in the two

regions numerically (Fig. 23).

(E) Limitations

The efficacy of this technology for the diagnosis of

fibrosis in diffuse liver disease has not been fully elucidated.

Although tissue at a depth of 16 cm can be visualized,

images generated at such depth may not be reliable.

Imaging may not be successful in patients with difficulty

in holding breath or in severely obese patients.

(F) Recommendations

eSie Touch Elasticity Imaging is one of the Strain

elastography methods using the spatial correlation method

to measure tissue strain.

Neoplastic lesions can be evaluated as a relative tissue strain.

Fig. 20 Relationship between histological grading of liver fibrosis in

biopsy and RTE feature values. These graphs shows the comparison

between grades and the nine image features for evaluating the effect

of inflammation on the RTE image. None of the nine image features

has a correlation with grades; and liver activity index (LAI), which

was calculated by multiple regression analysis similar to LFI, also did

not correlate with grades (r = 0.30) [8]
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The number of studies using this technology is not

sufficient for making a definitive conclusion. We look

forward to further study results in the near future.

Elastography (direct strain elastography; GE)

(A) Introduction

Direct strain elastography belongs to the category of

strain elastography and uses the revised direct strain

method to measure tissue dislocation. The system assigns

warm colors to a group of pixels representing strains higher

than the mean value on the strain distribution graph and

cool colors to a group of pixels representing lower strains,

followed by the superimposition of this color map on a

conventional B-mode image in real time (Fig. 24). The

machine also provides a color mapping function of abso-

lute strain values (S-Map) (Fig. 25).

(B) Indication

Diffuse liver diseases, hepatic tumors

(C) Procedures (including tips and tricks)

Visualize the target area using B-mode.

Push the ‘‘Elasto’’ button to start elastography mode.

Set the ROI large enough to cover the target area.

Apply gentle and steady pressure to the probe to main-

tain the quality bar or the quality graph at a high level.

Elastography is also obtained by heartbeat. In this case,

place a probe lightly against the skin without vibration.

Save the still image and/or video clip.

To prevent calculation errors, artifacts should be avoided.

Measure the index after switching on the measuring

function.

(D) Results (what do the values mean?)

It is possible to evaluate the liver elasticity by using

Elasticity Index and Strain Index during the usage of S-Map

(Fig. 26). Both indices reflect the value of color indices

calculated from strain distribution, therefore, they do not

directly indicate the liver stiffness or strain modulus (kPa).

(E) Limitations

The efficacy of this technology for the diagnosis of

fibrosis in diffuse liver disease has not been fully

elucidated.

The system is not applicable to tumors located deep

inside the liver where compression hardly reaches.

Imaging may not be successful in patients with difficulty

in holding breath or in severely obese patients.

(F) Recommendations

The number of studies on this technology is not suffi-

cient for making a definitive conclusion. We look forward

to further study results in the near future.

Elastography (Toshiba)

(A) Introduction

This technology belongs to the category of strain elas-

tography and measure tissue displacement using tissue

Doppler, with excellent real-time performance and rela-

tively good signal to noise ratios. However, because of its

Fig. 21 RTE image before and after the injection of artificial ascites.

a Tissue elastographic image before injection for artificial ascites

shows elastic ratio of 2.79. b B-mode ultrasound image shows layer of

artificial ascites (asterisk). c Tissue elastographic image shows elastic

ratio of 2.80 in the presence of ascites (asterisk) [23]
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angle-dependent nature, the system measures tissue dis-

placement in a one-dimensional plane in the direction of

the beams. In addition, the measurement of displacement

which is larger than half the wavelength of the beam causes

errors due to aliasing.

(B) Indication

Diffuse liver diseases, hepatic tumors

(C) Procedures (including tips and tricks)

A B-mode image is used to confirm that the target area

is sufficiently compressed by manual compression.

When measuring liver stiffness using a compression

technique, press the corresponding area iteratively by hand

to make sure that tissue strain is observable on the screen.

At this point, strain can be quantitated by comparing it with

another organ with relatively uniform stiffness, such as a

kidney, or by calculating strain values while manually

applying constant pressure (Fig. 27). There is also a

method of measuring strain pattern or strain caused by

heartbeat.

To quantitatively measure liver stiffness in diffuse liver

disease, constant pressure should be applied to the probe.

The key to the compression method is to perform mea-

surement at the maximum or minimum compression point.

The velocity vector of compression is a near-sinusoidal

Fig. 22 eSie Touch Elasticity

Imaging of metastatic liver

cancer. Color-mapping (a) and
grayscale display (b). Left
B-mode imaging, right eSie

Touch Elasticity Imaging

superimposed on the B-mode

image. Tumor appears relatively

stiff compared with the

surrounding non-tumor area. SF

Soft, HD hard

Fig. 23 Strain ratio. Left B-mode imaging, right eSie Touch Elas-

ticity Imaging superimposed on the B-mode image. The strain ratio is

the ratio of elasticity indexes between ROI1 and ROI2, calculated as

ROI1/ROI2
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wave. In addition, the area of interest needs to be com-

pressed evenly for successful quantitation. The uniformity

of measurement at multiple sites having uniform stiffness

should be confirmed.

(D) Results (what does the value mean?)

The use of a strain distribution map (unevenness on the

strain image) may be able to diagnose the progression of

liver fibrosis (has not been published; Fig. 28).

When evaluating tumor stiffness, tissue stiffness of a

tumor is calculated by comparing it with normal paren-

chyma. In general, metastatic liver cancers have a high

strain ratio.

(E) Limitations

The efficacy of this technology for the diagnosis of

fibrosis in diffuse liver disease has not been fully

elucidated.

Aliasing may occur because the system uses the Doppler

method.

(F) Recommendations

This is one of the strain elastography methods using the

tissue Doppler method, and therefore, attention must be

paid to aliasing.

At present, the number of studies using this technology

is not sufficient for making a definitive conclusion. We

look forward to further study results in the near future.

Acoustic radiation force impulse imaging

Virtual touch imaging (Siemens)

(A) Introduction

Virtual TouchTM imaging (VTI) uses ARFI to compress

tissue and thus cause tissue dislocation, which is measured

to display relative tissue strains. The spatial correlation

method is used to measure dislocation. The system is

minimally operator-dependent because there is no

requirement for manual compression.

VTI images are displayed in grayscale or color mapping,

next to the original B-mode image (Fig. 29). In grayscale,

areas with lower strain appear in black and those with

higher strain in white.

(B) Indication

The efficacy of VTI for the diagnosis of fibrosis in

diffuse liver disease has not been fully elucidated.

A previous study has also reported the efficacy of VTI in

differential diagnosis between benign and malignant liver

cancers [24].

(C) Procedures (including tips and tricks)

Switch to VTI mode.

Adjust the size and location of ROI. Because of focus

dependency, the size of ROI should not be excessively

larger than the size of the tumor unless absolutely neces-

sary, and place the focus near the bottom of the tumor.

Start imaging and keep the liver in place while acquiring

the image.

(D) Results (what does the value mean?)

The efficacy of this technology for the diagnosis of

fibrosis in diffuse liver disease has not been fully

elucidated.

VTI captures tumor homogeneity/heterogeneity as well

as differences in elasticity between the tumor and normal

parenchyma as differences in relative strains.

(E) Limitations

The technology is applicable regardless of ascites

retention.

Fig. 24 Elastography (GE) of

the tumor
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Unlike strain elastography, the screen freezes every time

an image is acquired.

Imaging reliability is not displayed.

(F) Recommendations

Because ARFI is used to compress tissue, VTI is oper-

ator-independent.

Fig. 25 S-Map in normal

volunteer (a) and that in a

patient with hepatitis C related

cirrhosis (b). Almost same slice,

which showed the largest

displacement due to heartbeat,

are compared between both

cases at the same strain scale.

Absolute strain value in a

patient with hepatitis C related

cirrhosis was smaller than that

in a normal volunteer

Fig. 26 Example of S-Map in a

patient with hepatitis C related

cirrhosis. Quality monitoring

with a bar graph and a line

graph, and the measuring results

are shown
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At present, only a small number of studies have reported

the use of VTI for the diagnosis of liver fibrosis in diffuse

liver disease. We look forward to further reports in the future.

Shear wave imaging

Shear wave elastography

Virtual touch quantification (Siemens)

(A) Introduction

Virtual TouchTM quantification (VTQ) was the first

commercially available ARFI-based elastography tech-

nique and is currently one of the most widely used elas-

tography methods in Japan.

The shear wave propagation velocity in an object

(elastic body) is positively correlated with the elastic

modulus of the object. In other words, the faster the shear

wave speed traveling through the object, the harder the

object. VTQ uses pulsed focused US (acoustic push pulse)

to generate transverse elastic wave (shear wave) and uses

tracking US pulses to measure the shear wave speed and

thus tissue stiffness. Convex or linear probes for diagnostic

ultrasonography are used in VTQ. Shear waves are gen-

erated by irradiating biological tissue with push pulses with

a duration of 200–300 ls, and shear wave speed is calcu-

lated by measuring tissue dislocation through the trans-

mission and reception of US pulses for B-mode imaging.

A B-mode image for positioning and measurement results

is displayed on the same screen (Fig. 30).

In VTQ, tissue stiffness is expressed by shear wave

speed, Vs (m/s):

Vs ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

E

2ð1þ cÞq

s

where E is the Young’s modulus, c the Poisson’s ratio, and
q is the density.

FibroScan measures shear wave speed like VTQ, but

calculates the Young’s modulus E (kPa) using the equation

E = 3qVs
2 [tissue density, q = 1 g/cm3; shear wave speed,

Vs (m/s)]. However, the system assumes that the defor-

mation of an object does not cause any change in

the volume (Poisson’s ratio, c = 0.5), and the density of

liver is the same as the density of water (tissue density,

q = 1 g/cm3). This may be reasonable for a liver with

advanced fibrosis; however, the validity of this assumption

in relation to other organs has not been fully elucidated,

and Siemens has been using shear wave speed, Vs (m/s), to

characterize the properties, including stiffness.

(B) Indication

VTQ is indicated for patients with chronic liver disease,

particularly viral hepatitis [25–28], requiring the diagnosis

Fig. 27 Diagnostic imaging of diffuse liver disease with elastography (Toshiba). Strain can be quantitated by two methods: comparison with

kidney (a), and strain distribution in the liver (b)

Fig. 28 Correlation between liver fibrosis and strain. There was a

significant correlation between liver fibrosis and strain distribution map

(providedbyDr.KojiYamamoto, SaiseikaiMatsusakaGeneralHospital)
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of liver fibrosis. Aggressive treatment is needed for patients

with viral hepatitis, and VTQ is useful for patients con-

traindicated for liver biopsy.

VTQ is expected to be useful in the assessment of

non-viral hepatitis such as non-alcoholic steatohepatitis

[29–32], portal hypertension [33, 34], esophageal varices

[16], and cancer prognosis.

(C) Procedures (including tips and tricks)

Device: ACUSON S2000

Probe: Convex probe for abdominal imaging or linear

probe for superficial imaging

In general, imaging is performed from the right inter-

costal space of a patient in the supine position holding a

normal breath. Prolonged breath holding should be avoided

because it will increase central venous pressure, causing

the values of Vs to increase. The probe is held lightly

against the body, and while observing the B-mode image, a

0.6 9 1.0 cm ROI devoid of large blood vessels is placed

1–2 cm below the liver surface. Measurement is started by

pushing the button and is repeated several times to obtain

the mean or median Vs values. Imaging of the right hepatic

lobe is recommended to be undertaken as possible, because

imaging of the left hepatic lobe is often influenced by the

movement of body organs, such as the heart, lungs, dia-

phragm, and stomach (Fig. 31) [35].

Tips and tricks for generating stable focused US

1. Place the ROI 1–2 cm below the liver surface.

2. Press the probe parallel to the liver surface.

Fig. 30 VTQ display panel. Vs

is 1.3 m/s, depth of ROI is

2.8 cm

Fig. 29 Assessment of stiffness

of metastatic liver tumor with

VTI. Left B-mode image, right

VTI. Compared with the non-

tumor area, the strain of a

metastatic liver tumor is

relatively hard (black). SF Soft,

HD hard
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3. Make sure that no large vessels or other objects, such

as a space occupying lesion, are present between the

ROI and probe.

(D) Results (what does the value mean?)

*Measurement results are expressed as X.XX kPa if the

reliability is low.

Vs values reportedly increase with the progression of

liver fibrosis. The diagnostic sensitivity of VTQ is report-

edly similar to the sensitivity of FibroScan [25, 28, 36].

In a previous study investigating the diagnostic capability

of VTQ in chronic hepatitis C and B patients, Friedrich-Rust

et al. [25] used the cut-off value of 1.75 m/s and obtained a

sensitivity of 81.8 %, specificity of 91.5 %, positive predic-

tive value of 78.3 %, and negative predictive value of 93.1 %.

The AUC for fibrosis of F2 or above was 0.82 (95 % confi-

dence interval 0.73–0.91) in VTQ, 0.84 (0.75–0.93) in Fi-

broScan, 0.82 (0.75–0.93) in FibroTest, and 0.75 (0.64–0.86)

in APRI, showing similar values between them. However, the

AUC for F4 cirrhosis was 0.91 (0.84–0.98) in VTQ, 0.91

(0.84–0.97) in FibroScan, 0.82 (0.73–0.92) in FibroTest, and

0.76 (0.64–0.87) inAPRI, indicating that VTQ and FibroScan

were superior to serum markers (Fig. 32) [25].

In a multicenter study of chronic hepatitis C patients in

five countries, Sporea et al. [28] defined that measurement

was reliable if the result was not ‘‘X.XX’’ in VTQ imaging

and if the result was[60 % valid and the interquartile range

(IQR) was\1/3 of the measurement value in FibroScan [10].

They found a reliability of 98.8 % for VTQ and 93.7 % for

FibroScan (p = 0.003). Vs values were 1.09 ± 0.42 m/s in

F0 fibrosis, 1.22 ± 0.41 m/s in F1, 1.37 ± 0.48 m/s in F2,

1.70 ± 0.59 m/s in F3, and 2.23 ± 0.71 m/s in F4, with a

significant difference between adjacent stages (Fig. 33). In

addition, the positive predictive value for patients with F1 or

more advanced fibrosis and the negative predictive value for

patients with F4 cirrhosis were as high as 95.4 and 93.7 %,

respectively (Table 1). Although the diagnostic capability of

FibroScan was superior to VTQ for F1 or above (AUROC,

FibroScan 0.857 vs VTQ 0.772, p = 0.01) and F4 (0.932 vs

0.885, p = 0.01), FibroScan and VTQ had similar diagnostic

capabilities for F2 or above (0.818 vs 0.813, p = 0.77) and

F3 or above (0.866 vs 0.862, p = 0.81). Moreover, the levels

of alanine aminotransferase (ALT) affected VTQ measure-

ments as the cut-off values increased with increasing ALT

values (Table 2) [28].

Fig. 31 Diagnostic value of VTQ for liver fibrosis at the right hepatic

lobe and left hepatic lobe. a ROC with VTQ at right hepatic lobe for

diagnosing liver fibrosis grade F C1 (thin black line, ROC = 0.81), F

C2 (bold black line, 0.81), F C3 (dashed line, 0.85), and F = 4(dotted

line, 0.87) are shown. b ROC with VTQ at left hepatic lobe for

diagnosing liver fibrosis grade F C1(thin black line, 0.69), F C2(bold

black line, 0.71), F C3(dashed line, 0.76), and F = 4(dotted line,

0.86) are shown. Diagnostic values of liver fibrosis with VTQ at the

right hepatic lobe are higher than at the left hepatic lobe [35]

Table 1 Diagnostic value of VTQ for liver fibrosis [28]

Fibrosis Cut-off (m/

s)

AUROC Se (%) Sp (%) Positive predictive value-PPV

(%)

Negative predictive value-NPV

(%)

Accuracy

(%)

F C1 [1.19 0.779 69.9 80 95.4 16 70.4

F C2 [1.33 0.792 69.1 79.8 87.3 56.1 72.6

F C3 [1.43 0.829 74.8 81.5 76.3 79.8 78.2

F = 4 [1.55 0.842 84.3 76.3 53.1 93.7 77.9

A p value\0.05 was regarded as significant
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(E) Limitations

Measurement may not be successful in extremely obese

patients. It should be noted that liver stiffness and Vs values

increase in acute liver failure and obstructive jaundice, as

in FibroScan, for this phenomenon is common to all shear

wave imaging (Fig. 34) [37, 38].

It is essential to perform imaging at a sufficient depth to

generate stable shear waves. However, the depth of ROI

should be\8 cm, andwhile this would not cause any problem

in the measurement of liver stiffness because the ROI is

generally placed at 1–2 cm from the surface of the liver, this

depth may be problematic in the assessment of liver tumors.

Although FibroScan cannot be applied to cases with

ascites retention, VTQ is applicable in such cases because

focused US can propagate in ascites.

VTQ fulfills the certification criteria established by both

the Ministry of Health, Labour and Welfare in Japan and

the Food and Drug Administration (FDA) in the United

States. However, because the transmitted US wave

form and the wave length are different from those of

the conventional US wave, the influence of VTQ on the

human body is not yet clear, and further investigation is

needed for cases where safety is the highest priority.

In addition, if a contrast agent is used, VTQ should

be used with caution only after enough time has passed

for micro bubbles and the derivatives to be excreted from

the body (the Ultrasound Equipment and Safety Committee

of the Japan Society of Ultrasonics in Medicine; http://

www.jsum.or.jp/committee/m_and_s/acoustic_radiation.

html).

Fig. 32 ROC curves for F2 fibrosis or above (a) and F4 cirrhosis (b) in VTQ (ARFI imaging), FibroScan (transient elastography) [25]

Table 2 Comparison of mean liver fibrosis values assessed by ARFI (m/s) for the same stage of liver fibrosis, according to the ALT level

Fibrosis ALT B ULN* (n = 394) ALT = 1.1–3.0 9 ULN# (n = 376) ALT[ 3 9 ULN¤ (n = 94) p

F0–1 1.10 ± 0.35 (n = 156) 1.23 ± 0.26 (n = 101) 1.42 ± 0.49 (n = 16) 0.003*,#

0.01*,¤

0.18#,¤

F2–3 1.40 ± 0.49 (n = 160) 1.63 ± 0.63 (n = 175) 1.61 ± 0.47 (n = 43) 0.002*,#

0.002*,¤

0.36#,¤

F4 2.07 ± 0.76 (n = 78) 2.31 ± 0.64 (n = 100) 2.45 ± 0.63 (n = 35) 0.02*,#

0.006*,¤

0.13#,¤

Significantly high Vs values in patients with high ALT levels [28]

A p value\0.05 was regarded as significant

* Patients with ALT\ULN
# Patients with ALT = 1.1–3.0 9 ULN
¤ Patients with ALT[ 3.0 9 ULN
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The earlier version VTQ had issues such as no elasticity

mapping function or the selection of only one site per

measurement. These issues have been improved in the

S3000 version, which is currently on the market under the

name virtual touch IQ (VTIQ) and is used only for

superficial imaging with a linear probe. Therefore, further

improvement of the system is desired.

(F) Recommendations

In VTQ, it is possible to quantify shear wave propagation

velocity with the B-mode image. Unlike FibroScan devel-

oped earlier, VTQ uses B-mode to effectively capture a dis-

eased area and generates stable measurement results. VTQ

also measures liver stiffness in patients with ascites retention

because focused US propagates through ascites. Furthermore,

because the probes can be used for B-mode imaging, the

diagnosis of liver stiffness can be started immediately after

routine clinical examination.

Fig. 33 Relationship between fibrosis stages based on METAVIR

score and liver stiffness based on VTQ results [28]

Fig. 34 Decrease in VTQ

measurement values along with

recovery from acute liver failure

[37]
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ElastPQ (Philips)

(A) Introduction

Name: ElastPQ (PQ: point quantification)

Equipment: The iU22 xMATRIX ultrasound system (iU:

intelligent ultrasound)

ElastPQ is a non-invasive diagnostic tool to measure

tissue stiffness using an ARFI-based technology.

Immediately after image acquisition, the screen displays

the image and measurement results, including the mean and

median values and the deviations in kPa or m/s (Fig. 35).

*If measurement reliability is low, 0.00 kPa will be

displayed as the result.

Elastic value E (kPa) is calculated using the equation

E ¼ 3qV2
s where Vs (m/s) is defined as the shear wave

propagation velocity and q as tissue density (whose

approximated value in the human body is 1).

An ROI can be placed anywhere but at a depth of\8 cm.

(B) Indication

1. Quantitative assessment of liver fibrosis in diffuse liver

diseases

2. Neoplastic lesions of the liver

(C) Procedures (including tips and tricks)

1. Perform right intercostal scanning to visualize the liver.

2. Steadily place the probe with minimum compression.

3. Set the ROI with a depth of\8 cm.

4. Ask the patient to breath hold (if not possible, ask the

patient to breathe as shallowly as possible).

5. Push the ‘‘Update’’ button for quantification.

6. The use of a mean value from more than 10

measurements is recommended.

Approach the right hepatic lobe from the right inter-

costal space. Avoid the left hepatic lobe because the

measurement is affected by cardiac movement.

Hold breath without exerting abdominal pressure.

The most appropriate ROI is the center of the image,

namely, immediately below the probe and 3–5 cm from the

probe surface.

Avoid blood vessels, any necrotic areas, the boundary

between organs, and areas influenced by cardiac movement

(e.g., left hepatic lobe).

Three frequencies (R1/RP/P1) are available. The mea-

surement sensitivity of areas deep inside the body can be

improved by using a lower frequency.

(D) Results (what does the value mean?)

Healthy liver: 4 kPa (2.5–4.7 kPa, 1–1.5 m/s)

Mild fibrosis: 7 kPa (4.7–12.0 kPa, 1.5–2.0 m/s)

Moderate–severe fibrosis: 12 kPa (12.0–21.0 kPa,

2.0–2.5 m/s)

Severe fibrosis:[21 kPa ([2.5 m/s)

(E) Limitations

There is a limit to measurable depth.

ElastPQ is affected by respiratory and body movement.

Cardiac movement also affects the system.

Accuracy of measurement depends on the skills of the

examiner.

Measurement accuracy is generally low at the sides of

an image.

Ribs may cast lateral acoustic shadows.

(F) Recommendations

At present, the number of studies using ElastPQ is not

large enough to reach a definitive conclusion. We look

forward to having more study results in the near future.

ShearWaveTM elastography (SWE) [SuperSonic Imagine

(SSI)]

(A) Introduction

When tissue is dislocated posteriorly by focused US

beams from the probe, the restorative force of the tissue

propagates laterally, generating shear waves. A conical

shear wave front is formed when US beams are transmitted

continuously to tissue at different depths. All the trans-

ducers are used to transmit and receive US simultaneously,

and by repeating this process at high speed, which is known

as UltrafastTM imaging, the propagation velocity of the

shear wave is measured and video mapping is performed. A

two-dimensional map is created when the speed of the

passing shear wave is calculated based on the speed of the

Doppler phase shift on a scan line. In ShearWaveTM elas-

tography (SWE), UltraFastTM imaging of the liver is per-

formed at 3000 frames/s.

The relationship between tissue elasticity (E) and

propagation velocity of the shear wave (c) is expressed by

E = 3qc2 (q, tissue density). Shear waves propagate fast

Fig. 35 Quantification of liver stiffness with ElastPQ. The speed of

shear wave is 1.14 m/s, and the velocity is converted into elasticity

(3.91 kPa) using the equation described in the text
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through hard tissue and slow through soft tissue. Tissue

elasticity is calculated and based on the velocity. The

measured value is expressed in elasticity (kPa) or speed (m/

s). The elastic values or velocities are color-coded, and the

color map is superimposed onto a B-mode image in real

time (Fig. 36).

(B) Indication

SWE has been used for the diagnosis of liver fibrosis

[39–42] and the prognosis of liver transplant rejection and

recurrent hepatitis [43].

Potential application of SWE to the diagnosis and

localized treatment of neoplastic hepatic lesions is cur-

rently being investigated.

(C) Procedures (including tips and tricks)

1. Use the SC6-1 convex probe and select the abdominal

application.

2. Display the area of interest at the center of the screen.

3. Turn on the ‘‘SWE’’ switch.

4. Adjust the size and location of the ROI.

5. Push the ‘‘Freeze’’ button after the SWE color map

stabilizes.

6. Before activating the ‘‘Q-Box’’ quantification tool,

select and save the most appropriate frame on the

system’s hard drive. The saved raw data can be used to

adjust the range of a color map or to perform Q-Box

quantification.

7. Adjust the range of color mapping as needed.

8. Use the Q-Box tool to quantify shear wave speed and

elasticity at any location in the ROI.

Size and depth of ROI

The ROI size for color mapping is adjustable up to

3 9 3 cm. The depth is also adjustable and can be set at

any location on the frame.

Measurement results are often unreliable at a depth of

[8 cm or when the ROI is placed near the edge of an

image.

Imaging tips and tricks

Successful SWE images can be obtained by right

intercostal scanning of the right hepatic lobe. Compared

with the right hepatic lobe, measurement of the left hepatic

lobe is difficult because of cardiac movement. Intercostal

scanning is recommended to avoid excessive compression

of the liver by the probe.

Before starting the SWE mode, clear B-mode images

with no or few artifacts should be displayed.

In SWE mode, the movement of the probe should be

kept to a minimum, and the patient needs to hold breath for

a few seconds.

The use of lower B-mode frequencies may be necessary

if deep attenuation occurs.

(D) Results (what does the value mean?)

SWE measures the propagation velocity of the shear

wave and converts it to a Young’s modulus (E) for dis-

play. The relationship between Young’s modulus (E) and

shear wave speed (c) is expressed by the equation

E = 3qc2 (q, tissue density). Strictly speaking, the actual

density of the body organ or tissue where the elasticity is

being measured should be entered as q. However, SWE

uses the density of water (i.e., 1000 kg/m3) to calculate

the Young’s modulus, with the assumption that the den-

sity of tissue is close to that of water. In other words,

when using the SWE quantification tool, it should be

remembered that Young’s modulus is calculated based on

the assumption that tissue densities are uniform. The

United States FDA has approved only the use of m/s as a

velocity indicator; however, both kPa and m/s are dis-

played in other regions (Fig. 37). The maximum mea-

surement value is 300 kPa (10 m/s).

Fig. 36 SWE in phantom. It is

possible to measure and display

the propagation velocity of the

shear waves and tissue elasticity

within an arbitrary ROI (Q-

Box). Other information such as

the minimum, maximum, and

standard deviations of elastic

values as well as the size of the

Q-Box are displayed on the

same screen
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(1) Diagnosis of liver fibrosis

Bavu et al. [39] reported that biopsy staging of liver

fibrosis correlated with the calculated values of Young’s

modulus (Fig. 38). The AUROC for F2 or above, F3 or

above, and F4 were 0.846, 0.857, and 0.940, respectively,

using FibroScan, whereas SWE had overall higher values

of 0.948, 0.962, and 0.968, respectively (Fig. 39) [39].

Ferraioli et al. [40] also reported high AUROC values of

0.92 for F2 or above, 0.98 for F3 or above, and 0.98 for F4

in fibrosis staging (Fig. 40).

In addition, Bavu et al. [39] reported that, despite the

different measurement values between FibroScan and SWE,

the SSI values (c) became very similar to those of FibroScan

(d) when shear wave spectroscopy was used to recalculate

supersonic shear imaging (SSI) data, under the assumption

that the original measurement had been performed at 50 Hz,

the shear wave frequency used in FibroScan (Fig. 41). When

heterogeneity was defined as s ¼ r
E
, it tended to increase with

the progression of fibrosis from 14.24 % at F0–1 to 16.63 %

at F2, 17.62 % at F3, and 19.29 % at F4 (Fig. 42) [39].

(2) Space occupying lesion

It is possible to comparatively assess differences

between a tumor and non-tumor area or between homog-

enous and heterogeneous parts of the tumor, and by using

the Q-Box tool, tissue elasticity and shear wave speed at

Fig. 37 SWE in healthy liver.

The system measures the

propagation velocity of the

shear wave per pixel to display a

color map (upper panel), and

the velocity is converted into

elasticity (lower panel) using

the equation described in the

text. Shown here, the mean

shear wave speed is 1.2 m/s,

and the elasticity after

conversion is 4.3 kPa

Fig. 38 Box and whisker plots

of a SWE [supersonic shear

imaging (SSI)] and b FibroScan

values in biopsy staging of liver

fibrosis [39]
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any location in the ROI can be expressed in absolute

numbers (Figs. 43, 44).

(E) Limitations

Accurate subcostal scanning of the left hepatic lobe may

be difficult due to cardiac movement.

Because there is a limit to the measurable depth because

of its dependency on the acoustic output, measurement may

not be successful for tumors located deep inside or on the

surface of the liver.

Because the maximum ROI size is 3 9 3 cm, one scan

may not be sufficient for some lesions.

Fig. 40 Comparison between SWE and FibroScan (TE) of ROC

curves for the diagnosis of fibrosis in chronic hepatitis C patients.

a F0–F1 versus F2–F4 (CF2), b F0–F2 versus F3–F4 (CF3), and

c F0–F3 versus F4 (F = 4). In parentheses, 95 % confidence intervals

are shown. p values of differences between AUROCs are given [40]

Fig. 39 ROC curves for SWE

(solid line) and FibroScan (FS)

(dashed line) for different

fibrosis thresholds: a F0–F1

versus F2–F4 (p = 0.005),

b F0–F2 versus F3–F4

(p = 0.001), c F0–F3 versus F4

(p = 0.154) [39]

J Med Ultrasonics (2013) 40:325–357 349

123

— 484 —



Because of its relatively short time on the market, the

number of evidence-based studies using this new technol-

ogy is insufficient to establish diagnostic criteria.

SWE is reportedly influenced by blood stasis, or con-

gestion [44]. In principle, SWE is also affected by

inflammation and jaundice.

(F) Recommendations

SWE quantifies the shear wave propagation velocity and

displays it on a two-dimensional map. Owing to the mapping

Fig. 41 Correlation between

SSI and FibroScan. a Scatter

plot between liver stiffness

distributions (normalized by log

transformation) assessed by FS

and SWE (SSI) technique.

b Bland–Altman plot between

the SWE (SSI) measurement

and the FS measurement.

c Scatter plot between liver

stiffness distributions

(normalized by log

transformation) assessed by FS

and SWE (SSI) technique

extracted from fit at 50 Hz.

d Bland–Altman plot between

the SWE (SSI) measurements

fitted at 50 Hz and the FS

measurement [39]

Fig. 42 Comparison between liver heterogeneity and fibrosis [39]

Fig. 43 SWE image of liver cancer. The image shows stiffness

distribution in the tumor and surrounding tissue. The tumor has a low

elasticity of 12 kPa at the center and much lower elasticity at the

margin, compared to 30 kPa in the non-tumor area which is

equivalent to the stiffness of cirrhosis
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capability, velocity heterogeneity in diffuse liver disease is

displayed on the map. This is particularly useful for the

assessment of liver with inconsistent elasticity, as found in

patientswith focal fatty infiltration orBudd–Chiari syndrome.

In space occupying lesions, SWE visualizes the changes in

the elasticity of the tumor and surrounding tissue, and studies

are currently underway to elucidate the efficacy of SWE in

the differential diagnosis of space occupying lesions of the

liver and in the determination of ablation range in localized

treatment, such as radiofrequency ablation therapy.

Transient elastography

FibroScan� (Echosens)

(A) Introduction

There is a positive correlation between liver stiffness and

fibrosis. To quantify liver elasticity, FibroScan�measures the

propagationvelocity of a single-cycle shearwavegenerated by

a probe unique to FibroScan [45, 46]. A low-frequency elastic

wave is generated by vibration at the probe tip and is trans-

mitted from the body surface to the liver through the skin and

adipose tissue. The system uses US to track the vibration and

measures the velocity. To quantify liver stiffness, the elastic

valueE (kPa) is calculated using the followingequation,where

Vs (m/s) is the shear wave propagation velocity and q is tissue

density (the approximate density of the human body is 1):

E ¼ 3qV2
s

Measurement sites should be somewhere between 25

and 65 mm from the body surface, and numerical

conversion takes place upon the imaging of at least

20 mm (Fig. 45).

(B) Indication

FibroScan is indicated for patients who have or who are

suspected to have chronic liver disease and require an

assessment of liver fibrosis. For example, because aggressive

therapy is recommended for patients with advanced fibrosis,

the severity of liver fibrosis in chronic hepatitis C patients

needs to be diagnosed before deciding an indication for

treatment with potential side effects [46–50]. In addition, the

rate of fibrosis progression can be estimated by performing

measurement on a regular basis [51–54], and the elastic

values of liver tissue are an important indicator for the

screening of esophageal varices [55–57]. FibroScan is also

useful in the assessment of hepatitis B [58, 59], alcoholic

hepatitis, non-alcoholic steatohepatitis [60, 61], autoimmune

liver disease such as primary biliary cirrhosis and primary

sclerosing cholangitis [62, 63], and HCV–HIV co-infection

cases [64]. FibroScan has also been used to evaluate the

severity of portal hypertension after a liver transplant [65,

66]. Because it is extremely minimally invasive and can be

completed quickly, FibroScan will be useful for the screening

of chronic liver disease in outpatients with diabetes [67, 68].

(C) Procedures (including tips and tricks)

In principle, imaging should be performed while fasting

because liver stiffness reportedly increases after a meal

[69]. With appropriate force, press the FibroScan� probe

vertically against the skin, with the patient lying down with

the right arm elevated to make the intercostal spaces wider.

Fig. 44 Typical SWE image of

cavernous hemangioma. The

tumor has high elasticity of

42 kPa at the center and it

appears the hard mass is

surrounded by soft liver tissue

of 5.5 kPa. It is clear that the

hemangioma has increased

viscoelasticity
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While watching the pressure indicator on the screen, adjust

the compression to the chest and push the button to gen-

erate a low frequency wave. This light impacts on the liver,

and the system uses US pulses to measure the velocity of

the low frequency wave and calculates tissue elasticity for

display (Fig. 45).

It may be necessary to confirm the location of the liver in

advance using B-mode US beams because the location

varies greatly among individuals. In addition, select a wide

intercostal space to capture a large portion of the liver. With

practice, it will be easier to determine which intercostal

space is more appropriate for B-mode imaging. To avoid the

adverse effects of the ribs, the probe should be pressed

vertically against the thoracic wall on the axillary line and

between the ribs. Errors can be minimized if imaging is

performed while holding breath [70]. An error indication

appears after unsuccessful measurement. Measurement

should be repeated at least 10 times to obtain a median value

and IQR. When the rate of successful measurements out of

all measurements is \60 % or when the value of IQR/

median is[0.3, measurement values are of low quality and

should not be used in clinical decision making.

(D) Results (what does the value mean?)

Measurement values are expressed in elasticity (kPa).

The higher the value, the more difficult it is to deform the

liver, indicating that fibrosis is more advanced. Although

there is certain variability between studies and diseases,

elasticity of C7.0 and C12.5–15.0 kPa is considered to

indicate significant fibrosis and cirrhosis, respectively

(Fig. 46) [45]. A meta-analysis of previous studies using

transient elastography, or FibroScan, have shown that the

sensitivity and specificity for the diagnosis of cirrhosis

were 0.87 (95 % confidence interval 0.84–0.90) and 0.91

Fig. 45 The principle of FibroScan�. a An ultrasonic probe and a

shear wave generator. b The propagation velocity of a 20-ms shear

wave is measured using 4000-Hz US. c The shear wave propagation

velocity is equivalent to Vs. d Scanning is performed from the right

lateral intercostal space [45]

Fig. 46 Relationship between histologic liver fibrosis staging in

biopsy and liver elasticity [45]
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(0.89–0.92), respectively, and those for fibrosis staging of

F2–4 were 0.91 (0.81–0.96) and 0.85 (0.81–0.87), respec-

tively (Fig. 47) [71]. The upper limit of measurement is

75 kPa, and although liver cirrhosis based on biopsy is

generally categorized as F4, several studies have shown

that there is a positive correlation between liver stiffness

(elasticity) and cancer risks even if the elasticity is

[15 kPa (Figs. 48, 49) [72, 73]. It should be noted that

measurement values are also high when liver elasticity is

increased by factors other than fibrosis, such as acute

hepatitis, jaundice, and congestive liver (Figs. 50, 51, 52,

53) [19–22, 74, 75].

(E) Limitations

Approximately 5 % of all FibroScan imaging has some

problem in quantification [76–78]. Imaging is not possible

Fig. 47 Meta-analysis of nine studies on the diagnosis of liver fibrosis. The sensitivity (a) and specificity (b) for the diagnosis of cirrhosis, and
sensitivity (c) and specificity (d) for the diagnosis of F2–F4 fibrosis [71]

Fig. 48 Cumulative incidence of HCC development stratified based

on LSM (n = 866). LSM Liver stiffness measurement [72]

Fig. 49 Cumulative incidence rates of HCC based on stratified LSM

(Kaplan–Meier plot). The cumulative incidence rates increased

significantly in association with higher LSM (log-rank test,

p\ 0.001) [73]
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in cases in which ascites retention is near the surface of

the liver being examined. In addition, measurement

reproducibility decreases in fatty liver and obese cases

[79]. The relationship between liver elasticity and the

progression of liver fibrosis reportedly varies depending

on the underlying liver disease [80]. Inflammation, jaun-

dice, and congestion frequently exacerbate liver stiffness,

making accurate assessment of fibrosis difficult [21, 22,

75]. The severity of fibrosis may be underestimated in a

cirrhotic liver with large regenerative nodules [81]. In

addition, measurements are difficult in severely obese

individuals because of the relatively long distance

between body surface and liver. Overseas, a probe has

been developed for use with severely obese individuals

and is used in clinical practice [82, 83].

Fig. 50 Transition in the levels of alanine aminotransferase (ALT), bilirubin, and liver stiffness in patients with drug-induced liver injury caused

by nitrofurantoin [20]

Fig. 51 Relationship between liver stiffness and the level of trans-

aminase in patients with acute viral hepatitis [19]

Fig. 52 Transition in the levels of bilirubin and liver stiffness in

patients with obstructive jaundice [21]

Fig. 53 Comparison of liver stiffness between patients with acute

decompensated heart failure (ADHF) and controls. Liver stiffness can

be improved in ADHF patients. LS Liver stiffness [22]
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(F) Recommendations

FibroScan is the most popular and highly trusted liver

elastography technique because of the large amount of

validation data accumulated to date.

The system is recommended for the screening of chronic

liver diseases and follow-up observations.

Depending on the existing disease conditions, mea-

surement values may not accurately reflect the actual

severity of liver fibrosis, and the system should therefore be

used with the limitations described above in mind.
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Abstract
Background: A new multiphasic fast imaging technique, known as volume helical shuttle technique, is a

breakthrough for liver imaging that offers new clinical opportunities in dynamic blood flow studies. This

technique enables virtually real-time hemodynamics assessment by shuttling the patient cradle back and

forth during serial scanning.

Purpose: To determine optimal scan timing of hepatic arterial-phase imaging for detecting hypervascular

hepatocellular carcinoma (HCC) with maximum tumor-to-liver contrast by volume helical shuttle technique.

Material and Methods: One hundred and one hypervascular HCCs in 50 patients were prospectively studied

by 64-channel multidetector-row computed tomography (MDCT) with multiphasic fast imaging technique.

Contrast medium containing 600 mg iodine per kg body weight was intravenously injected for 30 s.

Six seconds after the contrast arrival in the abdominal aorta detected with bolus tracking, serial 12-phase

imaging of the whole liver was performed during 24-s breath-holding with multiphasic fast imaging

technique during arterial phase. By placing regions of interest in the abdominal aorta, portal vein, liver

parenchyma, and hypervascular HCCs on the multiphase images, time-density curves of anatomical regions

and HCCs were composed. Timing of maximum tumor-to-liver contrast after the contrast arrival in the

abdominal aorta was determined.

Results: For the detection of hypervascular HCC at arterial phase, mean time and value of maximum

tumor-to-liver contrast after the contrast arrival were 21 s and 38.0 HU, respectively.

Conclusion: Optimal delay time for the hepatic arterial-phase imaging maximizing the contrast

enhancement of hypervascular HCCs was 21 s after arrival of contrast medium in the abdominal aorta.

Keywords: Abdomen/GI, CT, liver, hemodynamics/flow dynamics

Submitted July 1, 2012; accepted for publication March 17, 2013

Multiphase dynamic computed tomography (CT) imaging
with intravenous injection of contrast medium is essential
for the diagnosis of hepatocellular carcinoma (HCC). HCC
usually shows hypervascularity (1–3). Hepatic arterial-
phase images are the most important to detect hyper-
vascular HCCs, because tumor-to-liver contrast (TLC)
becomes maximum in this phase. Recently, as multidetector-
row CT (MDCT) enabling fast imaging technique is
widely employed for liver imaging, previous researchers
tried to determine the optimal scan timing of the hepatic

arterial-phase imaging with two- or three-phase MDCT
imaging (4–7), but more time-resolved assessment is yet
to be conducted.

We have developed a new multiphasic fast imaging tech-
nique, known as volume helical shuttle technique (VHS)
(GE Healthcare, Hino, Japan) (8). The VHS is a breakthrough
technique for liver imaging that offers new clinical opportu-
nities particularly in dynamic blood flow studies. The VHS
enables virtual real-time hemodynamics assessment by
shuttling the patient cradle back and forth (reciprocating
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movement) during serial scanning, and also allows wider
coverage for the whole liver. The whole liver can be seam-
lessly scanned 12 times (six round trips) during a single
24-s breath-hold (i.e. each scan takes no more than 2 s).

The thrust of our study was to determine the optimal scan
timing of the hepatic arterial-phase imaging that maximized
the contrast enhancement of hypervascular HCCs, by using
the VHS technique that enabled serial 12-phase imaging
during the hepatic arterial phase.

Material and Methods

Patients

This study was a prospective study following the principles
of the Declaration of Helsinki (9). The ethics committee of
our institution approved all study protocols, and informed
consent was obtained from all patients who underwent
dynamic MDCT examination.

Fifty consecutive patients (33 men, 17 women; age range,
31–86 years; mean age, 71 years) with a total of 101
untreated hypervascular HCCs, who underwent
contrast-enhanced dynamic MDCT with VHS technique,
were included in this study. All HCCs were diagnosed
according to American Association for the Study of Liver
Diseases (AASLD) guideline (10). Size of HCCs ranged
from 7.6 to 86.2 mm (mean+ 1 SD, 21.4+ 11.7 mm)

Twenty patients had a history of transcatheter arterial
chemoembolization (TACE), six of radiofrequency ablation
(RFA), seven of both of TACE and RFA, one of intrahepatic
arterial infusion chemotherapy, three of partial hepatect-
omy, and 13 of none (Table 1). Patients had chronic hepatitis
or cirrhosis due to hepatitis B virus (n ¼ 7), hepatitis C virus
(n ¼ 31), non-B and non-C hepatitis virus (n ¼ 3), and
alcohol abuse (n ¼ 3). Based on Child-Pugh classification,
24 patients were classified into grade A, 21 into grade B,
and five into grade C. Body weight of the 50 patients
ranged from 38 to 85 kg (mean, 58 kg).

Definition of hypervascular HCC

CT images with VHS technique were reviewed by two
radiologists with .10 years of experience in liver
CT imaging. Any discrepancies encountered in interpret-
ation sessions were resolved by establishing a consensus
with the participation of a third radiologist (with 20 years
of experience in liver CT imaging). The reviewers knew
that the patients had chronic hepatitis or cirrhosis, and
their treatment histories were available. Each hepatic
arterial-phase image set was evaluated for the presence of
early-enhancing hypervascular HCCs. Hypervascularity
was defined as a focal area of higher density compared
with the surrounding liver parenchyma during the hepatic
arterial phase. Wash-out in the equilibrium phase 5 min
after contrast injection was defined as a focal area of lower
density compared with the surrounding liver parenchyma.
The reviewers diagnosed the area as a hypervascular HCC
when both hypervascularity and wash-out were seen in
the area.

Reference standard of lesions

One hundred and one lesions were determined as hyper-
vascular HCCs by referring to any of confirmatory studies
including CT hepatic arteriography, CT during arterial
portography, CT following arterial infusion of iodized oil,
or a combination. We also took into amount growth on
follow-up imaging and response to TACE. On multiphase
contrast-enhanced CT images, all of 53 HCCs ,2 cm in
diameter and 33 of 48 HCCs �2 cm in diameter or larger
showed homogeneous enhancement during the hepatic
arterial phase, and the remaining 15 HCCs (�2 cm)
showed heterogeneous enhancement.

Dynamic MDCT with volume helical shuttle (VHS) technique

Dynamic MDCT examination with VHS technique (8) was
performed with a 64-channel MDCT (VCT-Vision; GE
Healthcare, Milwaukee, WI, USA). The VHS is a fast
imaging technique of serial 40-mm X-ray beam cine scan
while rapidly, seamlessly moving the patient cradle back
and forth. It also provides virtually real-time hemo-
dynamics information of the whole liver thanks to its
wide coverage in the axial direction. The VHS technique
minimizes radiation exposure by enabling continuous CT
data acquisition even during the deceleration and accelera-
tion of patient cradle (8).

A bolus-tracking cursor was placed in the abdominal
aorta at the level of porta hepatis, and the contrast arrival
was defined as a moment when CT value of the aorta
reached 150 HU. A total of 600 mgI/kg of contrast
medium was injected intravenously with a constant injec-
tion duration of 30 s. Six seconds after the arrival of contrast
medium in the aorta, (liver hilar level) determined by bolus
tracking technique, the VHS scan was started. The whole
liver was serially and seamlessly scanned in 12 phases
(six round trips) during 24-s breath-hold (i.e. 2-s acquisition
per phase).

CT parameters with VHS were as follows: slice thickness
of 5 mm, helical pitch of 1.375mm, longitudinal (z axis)

Table 1 Data of patient population in our study

Parameters

Sex Male (33 patients), female (17 patients)

Age (years) Mean, 71 (range, 31–86)

Weight (kg) Mean, 58 (range, 45–85)

Treatment history TACE (n ¼ 20), RFA (n ¼ 6), TACE and RFA

(n ¼ 7), hepatic intra-arterial chemotherapy

(n ¼ 1), hepatic resection (n ¼ 3), no treatment

history (n ¼ 13)

Hepatitis B (n ¼ 7), C (n ¼ 31), neither B nor C (n ¼ 12)

Child-Pugh

classification

A (n ¼ 24), B (n ¼ 21), C (n ¼ 4)

Elevation of tumor

marker

AFP (n ¼ 39), PIVKA-II (n ¼ 41), AFP or PIVKA-II

(n ¼ 49)

Histology of HCC Poor (n ¼ 1), moderate (n ¼ 32), well (n ¼ 7)

HCC size (mm) Mean, 21.4 (range, 7.6–86.2)

HCC location S1 (n ¼ 4), S2 (n ¼ 9), S3 (n ¼ 13), S4 (n ¼ 14),

S5 (n ¼ 7), S6 (n ¼ 11), S7 (n ¼ 19), S8 (n ¼ 24)

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; moderate,

moderately-differentiated HCC; PIVKA-II, protein induced by Vitamin K

absence or antagonists-II; poor, poorly-differentiated HCC; RFA,

radiofrequency ablation; S1-S8, Couinaud’s liver segment classification;

TACE, transarterial chemo-embolization; well, well-differentiated HCC

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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coverage of 18 cm, rotation time of 0.4 s, noise index of 17,
tube current by auto mA program (100–700 mA), and
tube voltage of 120 kV. Adaptive statistical iterative re-
construction (ASiR) (GE Healthcare, Milwaukee, WI, USA)
(8, 11, 12) was employed with the VHS technique. The
ASiR enables a reduction in radiation dose compared with
the usual filtered back projection algorithm; alternatively,
when employed at the same dose as that for the filtered
back-projection algorithm, ASiR provides better image
quality. We used setting with 40% of ASIR to achieve
dose reduction.

Patient radiation dose

Dose-length product (DLP) was calculated by using the
equation: DLP ¼ CT dose index volume (CTDI vol) � scan-
ning length. Effective dose was calculated by a following
formula (13). Effective dose ¼ DLP � 0.015.

Analysis by time-density curve (TDC)

The arterial enhancement profile of HCCs was evaluated
using time-density curve (TDC) analysis. The 12-phase CT
image sets were sent to a clinical workstation (Advantage
Windows, GE-Healthcare, Milwaukee, WI, USA). Using a
multi-window frame setting on this system, a region of
interest (ROI) was placed in the abdominal aorta (ROI
size, 300 mm2) at the level of celiac artery, portal vein
(ROI size, 30–50 mm2), liver parenchyma (ROI size,
150 mm2), and each hypervascular HCC (ROI was placed
within homogeneous enhancement or within the highest
density area of heterogeneous enhancement) by two
observers. The density of liver parenchyma was measured

with three ROIs at the slice level where HCC existed, and
that of the portal vein at the porta hepatis. The TDC
was created using commercially available Excel software
(Microsoft Excel 2007; Microsoft, Tokyo, Japan). Thus,
hemodynamics change of HCCs through the 12 arterial
phases were quantitatively analyzed.

We calculated the following parameters: (i) CT values
and times of peak enhancement of the abdominal aorta,
portal vein, liver parenchyma, and HCCs after arrival of
contrast medium in the abdominal aorta; and (ii) value
and time of peak TLC after arrival of contrast medium in
the abdominal aorta.

The intra-observer variance was calculated by free statisti-
cal software ‘R’ (R, version 2.6.1; The R Project for Statistical
Computing; http://www.r-project.org/). Simple regression
analysis and Bland-Altman analysis were performed
to assess the agreement between the two observers’ CT
measurements for aorta, portal vein, liver parenchyma,
and HCC. Measurements of CT values by two observers
were finally averaged.

To evaluate the effect of previous TACE therapy to
enhancement timing of HCCs, enhancement profile of
hypervascular HCCs in patients with TACE was compared
with those without TACE by using the Mann-Whitney
U test.

Results

In the 50 patients, serial 12-phase scanning with the VHS
technique was successfully completed (Fig. 1). CT values
of the abdominal aorta increased from the first to the
seventh phase, and then decreased. Time of peak aortic
enhancement after arrival of contrast medium in the

Fig. 1 Volume helical shuttle (VHS) image in a 74-year-old man. Hepatocellular carcinoma (HCC) in the segment 4 showed hyper-enhancement relative to the

liver parenchyma from the first phase, and the degree of enhancement increases linearly up to the 12th phase. However, as the enhancement of the liver par-

enchyma also increases up to the 12th phase, tumor to liver contrast starts to decrease after the eighth phase

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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abdominal aorta was 19 s, and the peak enhancement value
of the aorta was 340.3+ 63.7 HU (Fig. 2).

The portal vein started to enhance from the first phase
mainly due to inflow of contrast medium from the splenic

Fig. 2 Time-density curves of aorta and hypervascular HCC. Aortic enhancement showed plateau from first to eighth phase of the arterial phase, and gradually

decreased from ninth to 12th phase. Whereas, the enhancement of hypervascular HCC increased linearly from the first to 12th phase

Fig. 3 Time-density curves of portal vein and liver. The density of portal vein was lower than that of liver parenchyma at pre-enhancement, and increased to

almost same level as that of liver at first phase. Moreover the contrast between portal vein and liver increased gradually from first to 12th phase

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Fig. 4 Time-density curves of hypervascular HCC and liver. The density of HCC showed lower than that of liver parenchyma at pre-enhancement, and showed

higher than that of liver from first phase in the arterial phase. The highest contrast between hypervascular HCC and liver showed at eighth phase in the arterial

phase

Fig. 5 Tumor liver contrast (TLC) between hypervascular HCC and liver. The tumor liver contrast (TLC) peak is eighth phase. TLC between fourth phase and 12th

phases shows .30 HU

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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vein, and the enhancement reached maximum in the
12th phase. Only in 11 of the 50 patients was inflow
of contrast medium from the mesenteric vein also seen.
According to the TDC of the portal vein, enhancement of
the portal vein increased linearly at a rate of 5.9 HU/s
(Fig. 3). The liver parenchyma also started to enhance
from the first phase, and the enhancement gradually and
linearly increased at a rate of 1.4 HU/s (Fig. 3).

Eighty-nine of the 101 HCCs were markedly enhanced
relative to the liver parenchyma from the first phase. The
remaining 12 HCCs started to enhance at the second
phase (n ¼ 8), third phase (n ¼ 2), fourth phase (n ¼ 2).
From the second phase, enhancement of HCCs increased
almost linearly at a rate of 2.1 HU/s (Fig. 4). Five of the
101 HCC showed peak enhancement at the seventh phase,
six at eighth, 18 at ninth, 18 at 10th, 24 at 11th, and 30 at
12th.

Twenty-three HCCs showed peak TLC at the eighth
phase, namely, 21 s after arrival of contrast medium in the

abdominal aorta (Fig. 5), although peak of TLC was found
in wide range (third to 12th phase) for the remaining
HCCs (Fig. 6), whereas, six HCCs showed peak TLC
value at the 12th phase. Maximum peak value of TLC was
38.0 HU. The TLC reached 30 HU or greater from the
fourth to12th phase.

There was no significant difference in time of peak
enhancement of hypervascular HCCs (P ¼ 0.14), time of
peak aortic enhancement of aorta (P ¼ 0.25), and time of
peak TLC (P ¼ 0.70) between patients with TACE and
those without TACE (Table 2). Effective dose in this study
was 17.9+ 6.2 mSv.

Agreement between the two observers’ CT measurements

Simple regression analysis and Bland-Altman analysis
of agreement between the two measurements for pre-
enhancement and enhanced 12 phases of the aorta, portal
vein, liver parenchyma, and HCC were displayed in Fig 7.
Simple regression analysis showed a high correlation
between two observers’ CT measurements on volume
helical shuttle (VHS) images. And Bland-Altman analysis
showed narrow limits of agreement between two observers’
CT measurements of aorta, portal vein, liver, and HCC.

Discussion

Dynamic MDCT is an essential examination for the detec-
tion of hypervascular HCCs. Hypervascular HCCs may be
imaged best during a phase of maximal tumor enhancement
and minimal hepatic parenchymal enhancement, contrast

Fig. 6 Relation between peak tumor liver contrast (TLC) and the phase of volume helical shuttle (VHS). Twenty-three HCCs showed peak tumor liver contrast

(TLC) at eighth phase. Seventy-eight HCCs showed peaks of a wide range between third to 12th phase. There was no peak of TLC at first and second phase

Table 2 Patients with or without TACE analyzed by time-intensity
curves after injection

Parameters

Patient with

TACE

Patient without

TACE

P

value

Time of peak aortic

enhancement (s)

18.5+4.4 17.5+4.2 NS

Time of peak HCC

enhancement (s)

25.6+3.4 26.7+2.6 NS

Time of peak TLC 21.2+4.7 21.8+4.2 NS

HCC, hepatocellular carcinoma; NS, not significant; TACE, transarterial

chemo-embolization; TLC, tumor liver contrast

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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enhancement phase referred to as the hepatic arterial-
dominant phase. The exact definition and optimal timing
of the arterial phase remains somewhat uncertain and con-
troversial. Recently, a test bolus imaging (14) or automatic
bolus tracking technique (15) is employed to determine
the optimal scan delay for the hepatic arterial phase.
However, although these techniques can determine the
time of contrast arrival in the abdominal aorta, scan delay
from bolus detection to scan start has been still uncertain.
Our data revealed that optimal scan delay to start scan
for best detecting hypervascular HCC was 21 s after the
contrast arrival in the abdominal aorta.

Our results also showed that greater enhancement of
HCCs was seen in the late phases of the 12 phases
(Fig. 4). In this study, most HCCs showed peak enhance-
ment in the 12th phase, however, the peak of TLC was
seen at the eighth phase, and TLC as great as 31.0–38.0
HU was observed between the fourth and 12th phases
(Fig. 5). This wide duration of high TLC was partially due
to the variation in magnitude and timing of the hepatic par-
enchymal enhancement. We found that optimal imaging
window for detecting hypervascular HCCs was as long as
18 s (nine phases in our study).

We did not evaluate portal venous-phase images, because
our main aim of this study was to determine the optimal
default delay time of the hepatic arterial phase imaging. It
is well known that portal venous-phase images should be
obtained routinely in any CT evaluation for known or sus-
pected primary or metastatic tumor (6, 7, 14, 15) and are
necessary for additional characterization of liver tumors or
demonstration of vascular anatomy and pathology.

One criticism of our study could be the lack of histological
proof for all HCCs. However, the examinations we used
for determining the reference standard had high accuracy

for the diagnosis of hypervascular HCCs. Moreover, we
carefully confirmed the growth over time or response to
TACE. We believe that we could prepare efficient
standard-of-reference lesions to assess enhancement profile
of hypervascular HCCs. Repeated whole-liver imaging
with the VHS technique increased the radiation dose. So,
we employed ASiR which reduced radiation dose while
keeping imaging quality (8, 11, 12). In this study, we
could reduce effective radiation dose to 17.9+ 6.2 mSv as
low as usual contrast-enhanced CT of the liver.

In conclusion, hepatic arterial-phase imaging aimed at
detection of hypervascular HCCs should be performed
at 21 s after the arrival of contrast medium in the abdominal
aorta, although there was a wide window of time for effi-
ciently detecting hypervascular HCCs during the hepatic
arterial phase.

Conflict of interest: None.
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Background: The efficacy of hepatic arterial infusion chemotherapy for the treatment of advanced hepatocellular carcinoma
(HCC) remains unclear.

Methods: The outcome of 476 patients with HCC who underwent hepatic arterial infusion chemotherapy with 5-fluorouracil and
cisplatin (HAIC) were compared with 1466 patients who did not receive active therapy.

Results: A survival benefit of the therapy after adjusting for known risk factors was observed (hazard ratio, 0.48; 95% CI, 0.41–0.56;
Po0.0001). In propensity score-matched analysis (n¼ 682), median survival time was longer for patients who underwent
chemotherapy (14.0 months) than for patients who did not receive active treatment (5.2 months, Po0.0001).

Conclusion: For advanced HCC, HAIC is considered to be an effective treatment.
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Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide (Jemal et al, 2011). Screening patients with
chronic liver diseases increases the chance that HCC can be
diagnosed in the early stage (Kudo et al, 2011; European
Association for Study of Liver; European Organisation for
Research and Treatment of Cancer, 2012; Sherman et al, 2012).
However, many HCCs are detected at an advanced stage.

According to the treatment algorithm of HCC, patients with
advanced disease are candidates for chemotherapy (Kudo et al,
2011; European Organisation for Research and Treatment of
Cancer, 2012; Sherman et al, 2012). Currently, sorafenib is the only
chemotherapy proven to be effective for advanced HCC (Llovet
et al, 2008; Cheng et al, 2009). Several other therapies have been
evaluated, including hepatic arterial infusion of 5-fluorouracil
(5-FU) and cisplatin, which was the most common regimen in
Japan (Ueshima et al, 2010; Kim do et al, 2011; Yamashita et al,
2011). However, most of these studies were retrospective and
nonrandomised; therefore, its efficacy remains unclear.

The Liver Cancer Study Group of Japan uses questionnaires to
collect data from patients with HCC every 2 years, with several
minor modifications of the contents since 1965 (Ikai et al, 2005,
2007). We used the three most recent sets of data to determine the
efficacy of arterial infusion therapy with 5-FU and cisplatin for
advanced HCC.

MATERIALS AND METHODS

Data sources. From January 2000 to December 2005, a total of
62 315 patients with primary liver cancer were newly registered by
the Liver Cancer Study Group of Japan (Ikai et al, 2005, 2007). The
cohort was followed up biannually and their clinical outcome was
examined. Of these 62 315 patients, 57 445 (92.2%) received a
diagnosis of HCC, and 31 743 patients with complete data were
selected for this study. Among the patients, 1150 patients initially
underwent chemotherapy and 1466 patients received no active
therapy (no therapy group). In patients who underwent chemother-
apy, 476 (41.4%) underwent arterial infusion chemotherapy with
5-FU and cisplatin using a subcutaneous infusion port (HAIC
group). All patients in the HAIC group and in the no therapy group
were enrolled in this study (Supplementary Figure 1).

Hepatocellular carcinoma was diagnosed primarily by imaging
modalities such as computed tomography (1579, 81.3%), magnetic
resonance imaging (257, 13.2%), ultrasonography (1167, 60.1%),
and/or angiography (360, 18.5%) with the findings of hyperatte-
nuation at the arterial phase and hypoattenuation at the portal
phase and/or tumour staining. A histological diagnosis was made
in 4.5% (n¼ 87) of the patients. Treatment effect was evaluated by
a criteria, ‘Treatment effect of the target nodule’, outlined by the
Liver Cancer Study Group of Japan (Liver Cancer Study Group of
Japan, 2003).

All data were provided anonymously. This study was approved
by the review board of the Liver Cancer Study Group of Japan.

Statistical analysis. Continuous variables were compared by t-test,
and categorical variables were compared by w2 test. Survival was
estimated by the Kaplan–Meier method and compared by the log-
rank test.

Univariate and multivariate analyses of the primary cohort
(n¼ 1942) were carried out using the Cox proportional hazard
model. Adjusted hazard ratios for HAIC according to subgroups
(prognostic tumour factors in multivariate analysis) were also
analysed and presented as a forest plot.

To determine the efficacy of HAIC, propensity score-matching
analysis was performed (HAIC, n¼ 476; no therapy, n¼ 1466).
A propensity score for use of HAIC was estimated using a logistic
regression model fit with 15 variables: sex, age, hepatitis B surface

antigen (HBsAg) positivity, hepatitis C virus (HCV) antibody
positivity, alcohol intake, presence of encephalopathy, presence of
ascites, total bilirubin, albumin, prothrombin time, maximum
tumour size, tumour number, portal vein invasion, extrahepatic
metastasis, and a-fetoprotein level. To create a propensity-matched
cohort of patients who underwent HAIC or no therapy
(1 : 1 match), a nearest-neighbour-matching algorithm with a
‘greedy’ heuristic was used (Austin and Mamdani, 2006).

The same matching procedure was carried out in patients with
Child–Pugh A/B disease and portal vein invasion or more than
three tumours, and survival rates for each matched cohort were
compared.

RESULTS

Patient characteristics. The HAIC group was significantly younger
and had more males than the no therapy group (Supplementary
Table 1). Patients in the HAIC group had better liver function but
more cases of hepatitis B infection and more advanced tumours than
the no therapy group. These differences except follow-up period
disappeared after propensity score matching.

Treatment effect of HAIC. In the HAIC group, the response rates
were as follows: complete response (CR, n¼ 19, 4.0%), partial
response (PR, n¼ 173, 36.5%), stable disease (SD, n¼ 112, 23.6%),
progressive disease (PD, n¼ 129, 27.2%), and undefined (n¼ 41,
8.7%). The 1- and 3-year survival rates according to response were
CR/PR (77.7% and 34.6%), SD (44.2% and 13.3%), and PD (23.7%
and 10.3%), respectively (Po0.0001, Figure 1). All factors
including HAIC treatment correlated with prognosis in the
univariate analysis (Table 1). Multivariate analysis revealed that
HBsAg, more than three tumours, large tumours (43 cm), distant
metastasis, portal vein invasion (VP3 and VP4), and high
a-fetoprotein levels (4400 ngml� 1) were associated with poor
survival. The VP3 and VP4 indicated tumour invasion to the first-
order branches of the portal vein and the invasion to the main
trunk of the portal vein, respectively (Liver Cancer Study Group of
Japan, 2003). Conversely, Child–Pugh A/B disease (hazard ratio,
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Figure 1. Survival of patients who underwent hepatic arterial infusion
of 5-fluorouracil and cisplatin using a subcutaneous infusion port. The
1- and 3-year survival rates and median survival times according to
response were as follows: CR/PR (77.7%, 34.6%, 25.8 months), SD
(44.2%, 13.3%, 9.5 months), and PD (23.7%, 10.3%, 6.0 months)
(Po0.0001). Abbreviations: CR¼ complete response; PD¼progressive
disease; PR¼partial response; SD¼ stable disease.
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0.51; 95% confidence interval (CI), 0.45–0.59; Po0.0001) and
HAIC (hazard ratio, 0.48; 95% CI, 0.41–0.56; Po0.0001) were
associated with better survival.

An exploratory subgroup analysis of patients who underwent
HAIC therapy evaluated six prognostic variables: presence of
HBsAg, tumour number, tumour size, presence of extrahepatic
metastasis and vascular invasion, and a-fetoprotein levels. Com-
pared with no therapy, HAIC improved survival, regardless of the
values of these six prognostic factors (Supplementary Figure 2).

Survival rates of propensity score-matched cohorts. In the
propensity score-matched cohort (n¼ 682), 198 patients in the
HAIC group and 199 patients in the no therapy group died during
the observation period. The cause of death was liver related that
included death by liver cancer as well as by liver failure in 184
patients (92.9%) in the HAIC group and 180 patients (90.4%) in
the no therapy group (P¼ 0.47). Median survival times were 14.0
months (HAIC group) and 5.2 months (no therapy group), and
survival was significantly higher in the HAIC group (Po0.0001)
(Figure 2). Hazard ratio of HAIC in this propensity score-matched
cohort was 0.60 (95% CI, 0.49–0.73; Po0.0001). The same
relationship was observed even when the event was limited to
liver-related death (Po0.0001). Median survival times were 15.4
months (HAIC group) and 7.3 months (no therapy group).

Because most treatment guidelines for HCC recommend
chemotherapy for patients with Child–Pugh A/B disease who have
portal vein invasion and/or more than three tumours, we analysed
the effect of HAIC in patients who met these criteria in the
propensity score-matched cohort. In cases of Child–Pugh A/B
disease with more than three tumours (370 propensity score-
matched patients), median survival times were 13.9 months
(HAIC) and 3.7 months (no therapy), and a survival benefit of
HAIC treatment was observed (Po0.0001; Supplementary
Figure 3). The same relationship was also observed in cases of

Child–Pugh A/B disease with portal vein tumour thrombus (378
propensity score-matched patients, Po0.0001; Supplementary
Figure 4). Median survival times were 7.9 months (HAIC) and
3.1 months (no therapy).

DISCUSSION

Hepatic arterial infusion of cisplatin and 5-FU using a subcuta-
neous infusion port has been widely used in Japan to treat advanced

Table 1. Risk factors for survival

Univariate Multivariate

Characteristics HR 95% CI P-value HR 95% CI P-value
Age 470 years 0.87 0.77–0.98 0.025 1.02 0.89–1.16 0.708

Male sex 1.19 1.04–1.37 0.007 1.04 0.90–1.21 0.541

HBsAg positive 1.47 1.27–1.69 o0.001 1.20 1.01–1.44 0.037

HCV Ab positive 0.78 0.69–0.88 o0.001 0.93 0.81–1.08 0.379

Alcohol intake 490gday�1 1.18 1.05–1.34 0.006 1.08 0.94–1.23 0.259

Child–Pugh grade A/B 0.51 0.45–0.58 o0.001 0.51 0.45–0.59 o0.001

Total bilirubin 42mgdl� 1 1.99 1.76–2.24 o0.001

Albumin 43gdl�1 0.65 0.57–0.73 o0.001

Prothrombin time 480% 0.71 0.63–0.80 o0.001

Ascites 2.54 2.26–2.86 o0.001

Encephalopathy 1.28 1.09–1.50 0.002

More than three tumours 1.84 1.64–2.07 o0.001 1.47 1.29–1.67 o0.001

Tumour 43 cm 2.26 1.98–2.58 o0.001 1.76 1.51–2.04 o0.001

Distant metastasis 2.11 1.81–2.45 o0.001 1.43 1.22–1.67 o0.001

Portal vein invasion, VP3 and VP4 3.08 2.72–3.47 o0.001 2.28 1.99–2.62 o0.001

AFP 4400 ngml�1 2.35 2.09–2.65 o0.001 1.46 1.28–1.67 o0.001

HAIC/no therapy 0.71 0.62–0.81 o0.001 0.48 0.41–0.56 o0.001

Abbreviations: AFP¼ a-fetoprotein; CI¼ confidence interval; HAIC¼ hepatic arterial infusion chemotherapy with 5-fluorouracil and cisplatin; HBsAg¼ hepatitis B virus surface antigen;
HCV Ab¼ hepatitis C virus antibody; HR¼ hazard ratio; VP3¼ tumour invasion to the first-order branches of the portal vein; VP4¼ tumour invasion to the main trunk of the portal vein.
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Figure 2. Survival of propensity score-matched patients who
underwent hepatic arterial infusion of 5-fluorouracil and cisplatin
(HAIC) or no active therapy (no therapy). Median survival times were
14.0 months (HAIC) and 5.2 months (no therapy) (Po0.0001).
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HCC because of its relatively high response rate (27.8–57.1%) (Ando
et al, 2002; Eun et al, 2009; Ueshima et al, 2010; Kim do et al, 2011;
Kim et al, 2011); however, no randomized control trial has been
conducted to demonstrate its effectiveness and survival benefit. Most
reports of HAIC were retrospective studies with small numbers of
patients. In this study we used data from a large-scale nationwide
survey and found that the response rate to HAIC was high (40.5%),
survival was prolonged, and response to therapy could be used as a
surrogate marker for overall survival. The survival benefit was also
observed when only liver-related deaths were treated as ‘events’.

Cisplatin interacts with DNA, preferentially binding nucleo-
philic N7 sites on purine bases (Galluzzi et al, 2012). As a
consequence, protein–DNA complexes and DNA–DNA inter- and
intra-strand adducts are generated, inducing cytotoxicity. Cisplatin
also increases the folate concentration in cancer cells, reinforcing
the effect of 5-FU through the formation of an inactive ternary
complex (Scanlon et al, 1986; Kim et al, 2002). This synergistic
effect of cisplatin and 5-FU is the basis of HAIC therapy.

Our study has some limitations. The information of dose
reduction or termination due to drug toxicity is missing.
Propensity scores were used to adjust for patient characteristics;
however, it is not possible to adjust for all possible confounding
factors related to survival, and the exact reasons of no therapy in
control group were not known. Another weak point in this study is
that performance status was not included as a covariate because
two-thirds of the patients enrolled in this study lacked these data.
However, the survival benefit of HAIC was observed even when the
event was limited to liver-related death and when analysing the
most recent database, which included performance status (median
observation period 3 months, data not shown). Finally, we did not
know the precise regimen used in this study population; however,
many studies of HAIC report the administration of low-dose
cisplatin (5–20mg) several times a week, and continuous infusion
of 5-FU for a few weeks.

As sorafenib has become the standard treatment for advanced
HCC, several randomized controlled trials have been planned to
evaluate new drugs using sorafenib as a control (Kudo, 2012).
Some of these trials will evaluate HAIC, which will clarify some of
the uncertainties of the present study.

In this large-scale retrospective study, we demonstrated the
effectiveness of HAIC, although it was difficult to achieve long-
term survival because HCCs re-grew even after response to the
drugs. Our findings indicate that HAIC could be an alternative
therapy for advanced HCC. Further examination of the factors that
can predict the therapeutic effect is important for achieving long
survival in future.
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A B S T R A C T

Purpose
Open-label, phase III trial evaluating whether sunitinib was superior or equivalent to sorafenib in
hepatocellular cancer.

Patients and Methods
Patients were stratified and randomly assigned to receive sunitinib 37.5 mg once per day or
sorafenib 400 mg twice per day. Primary end point was overall survival (OS).

Results
Early trial termination occurred for futility and safety reasons. A total of 1,074 patients were
randomly assigned to the study (sunitinib arm, n � 530; sorafenib arm, n � 544). For sunitinib and
sorafenib, respectively, median OS was 7.9 versus 10.2 months (hazard ratio [HR], 1.30; one-sided
P � .9990; two-sided P � .0014); median progression-free survival (PFS; 3.6 v 3.0 months; HR,
1.13; one-sided P � .8785; two-sided P � .2286) and time to progression (TTP; 4.1 v 3.8 months;
HR, 1.13; one-sided P � .8312; two-sided P � .3082) were comparable. Median OS was similar
among Asian (7.7 v 8.8 months; HR, 1.21; one-sided P � .9829) and hepatitis B–infected patients
(7.6 v 8.0 months; HR, 1.10; one-sided P � .8286), but was shorter with sunitinib in hepatitis
C–infected patients (9.2 v 17.6 months; HR, 1.52; one-sided P � .9835). Sunitinib was associated
with more frequent and severe adverse events (AEs) than sorafenib. Common grade 3/4 AEs were
thrombocytopenia (29.7%) and neutropenia (25.7%) for sunitinib; hand-foot syndrome (21.2%) for
sorafenib. Discontinuations owing to AEs were similar (sunitinib, 13.3%; sorafenib, 12.7%).

Conclusion
OS with sunitinib was not superior or equivalent but was significantly inferior to sorafenib. OS
was comparable in Asian and hepatitis B–infected patients. OS was superior in hepatitis
C–infected patients who received sorafenib. Sunitinib-treated patients reported more frequent
and severe toxicity.

J Clin Oncol 31:4067-4075. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Hepatocellular carcinoma (HCC) is a leading
cause of death in Eastern countries, where hepa-
titis B (HBV) and C (HCV) viruses are prevalent,
and emerges in Western countries primarily as a
result of alcoholic and nonalcoholic steatohepati-
tis and HCV infection.1-4 Proangiogenic signaling
pathways are rational therapeutic targets for this
disease. HCC is characterized by vascular recruit-
ment as well as invasion, and high microvessel
density predicts early recurrence after potentially
curative surgery.5 The vascular endothelial
growth factor signaling pathway in particular is
involved in HCC angiogenesis and lymphangio-
genesis and seems to play a crucial role in dis-
ease pathogenesis.6-8

The current standard of care for unresectable
HCC is sorafenib (Bayer, Wayne, NJ). As no other
systemic therapies with proven efficacy are avail-
able for advanced HCC, additional treatments
are needed.

Sunitinib (Pfizer, New York, NY) is an oral,
multitargeted tyrosine kinase inhibitor of vascular
endothelial growth factor receptors and other recep-
tor tyrosine kinases.9-15 Sunitinib has shown antitu-
mor activity in three phase II studies of patients with
advanced HCC.16-18 Each study evaluated a different
dosing regimen: 37.5 mg/d on a 4-week-on-2-week-
off schedule (Schedule 4/2), 50 mg/d on Schedule
4/2, and 37.5 mg via continuous daily dosing
(CDD). The 50 mg/d Schedule 4/2 regimen was
associated with pronounced toxicities,16,17 and the
37.5 mg CDD schedule was selected for further
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study. In this article, we report findings from an open-label, phase III
study comparing sunitinib versus sorafenib in advanced HCC.

PATIENTS AND METHODS

Patients
Patients at least 18 years old had histologically confirmed, locally ad-

vanced or metastatic HCC and were candidates for systemic anticancer treat-
ment. Additional inclusion criteria are listed in the Appendix (online only).
The presence of esophageal varices was documented by endoscopy before
enrollment. Barcelona Clinic Liver Cancer (BCLC) staging19 was assigned
retrospectively. Cirrhosis was defined using pathology information provided
by investigators.

The study was conducted in accordance with Good Clinical Practice
guidelines, the declaration of Helsinki, and applicable local regulatory require-
ments and laws. Approval from the relevant institutional review board or
independent ethics committee was required for each participating investiga-
tor/center, and written informed consent was obtained from all patients. An
independent data monitoring committee consisting of a medical oncologist, a
hepatologist, and a statistician reviewed safety and efficacy data periodically
from April 2009.

Study Design and Treatment
Patients were enrolled by clinical-site staff and were randomly assigned

1:1 to sunitinib or sorafenib using a centralized interactive voice-response
system. Randomization was stratified by geographic region (Asia v other
regions), prior transarterial chemoembolization (� three or � three courses),
and tumor invasion (presence v absence of vascular invasion and/or extrahe-
patic spread).

Treatment was given in 4-week cycles. Patients self-administered
sunitinib orally at a starting dosage of 37.5 mg once daily in the morning; 12.5
mg incremental dose reductions were permitted to manage toxicities.
Sorafenib 400 mg twice per day was self-administered orally, with dose reduc-
tions permitted as per the package insert. Treatment breaks were allowed to
manage dose-limiting toxicities. Treatment continued for as long as patients
derived clinical benefit or until disease progression, unacceptable toxicity, or
patient withdrawal occurred. Concomitant antiviral treatment was recom-

mended for HBV-positive patients. Patients received follow-up until death or
study termination.

Study Assessments
Screenings included medical history, physical examination, assessment

of Eastern Cooperative Oncology Group performance status, biochemistry
and hematology, 12-lead ECGs, left ventricular function testing, brain and
bone scans (if indicated), and assessment of ongoing symptoms and adverse
events (AEs); they were performed within 21 days preceding study treatment.
Laboratory testing was repeated every 2 weeks during cycle 1 and at 4-week
intervals thereafter; ECGs were repeated on day 28 of cycle 1 and at the end of
treatment or on withdrawal. AEs were graded according to National Cancer
Institute Common Terminology Criteria for Adverse Events version 3.0 and
were evaluated for causality. Tumor assessments were done by computed
tomography or magnetic resonance imaging and were performed at screening,
every 6 weeks for the first 24 weeks, and every 8 weeks thereafter. Disease
response was evaluated by investigators using RECIST.20

Statistical Analysis
The primary end point of the study was overall survival (OS). Secondary

end points included progression-free survival (PFS), time to progression
(TTP), and safety.

The study was designed to detect a hazard ratio (HR) of 0.8045 for OS in
favor of sunitinib and assumed 30 months of enrollment plus a median
survival of 10.7 months for sorafenib21 and 13.3 months for sunitinib, requir-
ing 929 patient deaths for a one-sided stratified log-rank superiority test with a
significance level of 0.025 and 90% power, and a noninferiority test with a
one-sided significance level of 0.025 and approximately 80% power. The
noninferiority test decision was based on the one-sided confidence limit of
the HR, after adjusting the type 1 error rate for the prior interim analyses. The
superiority/noninferiority hybrid design was considered in the sample size
calculation. A total of 1,200 patients were required. The sample size calculation
was based on a nonstratified log-rank test. However, the stratified log-rank test
was performed for OS as planned.

A group-sequential design was used with two interim analyses (after
approximately 232 and 557 patient deaths) and one final analysis. The
O’Brien-Fleming and Lan-DeMets methods were used to determine efficacy
and futility boundaries.22,23 The futility stopping boundaries (sunitinib/
sorafenib) were HRs of 1.207 or worse and 0.940 or worse for the first and

Randomly assigned 1:1 to sunitinib (SU) or sorafenib (SO)
(N = 1,704)

Randomly assigned to SU
Treated with SU
Did not receive SU
   Reasons
      Consent withdrawn
      Discontinued before
         receiving study drug

(n = 530)
(n = 526; 99.2%)

(n = 4; 0.8%)
 

(n = 1)
(n = 3)

Discontinued
   Progression/relapse
   Death
   Adverse event
   Withdrew consent
   Other
   Study terminated by sponsor
   Deterioration of global 
      health status
   Lost to follow-up
   Protocol violation

(n = 506; 99.5%)*
(n = 277; 52.7%)
(n = 92; 17.5%)
(n = 70; 13.3%)
(n = 30; 5.7%)
(n = 16; 3.0%)
(n = 10; 1.9%)
(n = 6; 1.1%)

(n = 3; 0.6%)
(n = 2; 0.4%)

Discontinued
   Progression/relapse
   Death
   Adverse event
   Withdrew consent
   Other
   Study terminated by sponsor
   Deterioration of global 
      health status
   Lost to follow-up
   Protocol violation

(n = 493; 90.6%)*
(n = 270; 49.8%%)

(n = 83; 15.3%)
(n = 69; 12.7%)
(n = 40; 7.4%)
(n = 13; 2.4%)

(n = 0; 0%)
(n = 6; 1.1%)

(n = 6; 1.1%)
(n = 6; 1.1%)

Randomly assigned to SO
Treated with SO
Did not receive SO
   Reasons
      Discontinued due to lab results
      Discontinued before
         receiving study drug

(n = 544)
(n = 542; 99.6%)

(n = 2; 0.4%)
 

(n = 1)
(n = 1)

Ongoing at cut-off date (n = 20; 3.8%) Ongoing at cut-off date (n = 49; 9.0%)

Fig 1. CONSORT diagram. (*) The per-
centage of patients who discontinued
treatment for any reason is based on the
total number of randomly assigned pa-
tients; however, the percentages for each
primary reason are based on the number of
patients who actually received treatment.
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Table 1. Baseline Patient Characteristics

Sunitinib Sorafenib

Total (n � 530) Asiaa (n � 402)
Non-Asiab

(n � 128) Total (n � 544) Asiaa (n � 410)
Non-Asiab

(n � 134)

Characteristic
No. of

Patients %
No. of

Patients %
No. of

Patients %
No. of

Patients %
No. of

Patients %
No. of

Patients %

Age, years
Median 59.0 57.0 66.0 59.0 56.0 66.0
Range 18-85 18-85 18-85 18-84 18-84 23-83

Male sex 436 82.3 334 83.1 102 79.7 459 84.4 346 84.4 21 15.7
Race

White 111 20.9 0 111 86.7 112 20.6 0 112 83.6
Black 6 1.1 0 6 4.7 10 1.8 0 10 7.5
Asian 411 77.5 402 100 9 7.0 418 76.8 410 100 8 6.0
Other 2 0.4 0 2 1.6 4 0.7 0 4 3.0

Time since diagnosis, weeks
Median 7.1 5.1 11.2 6.3 5.1 9.0
Range 0.1-520.0 0.1-520.0 0.4-289.7 0.1-761.3 0.1-501.1 0.1-761.3

ECOG PS
0 278 52.5 207 51.5 71 55.5 288 52.9 203 49.5 85 63.4
1 248 46.8c 194 48.3 54 42.2c 254 46.7 206 50.2 48 35.8
Missing 4 0.8 1 0.2 3 2.3 2 0.4 1 0.2 1 0.7

Vascular invasion and/or
extrahepatic spread 418 78.9 335 83.3 83 64.8 415 76.3 335 81.7 80 59.7

CLIP score
0 50 9.4 41 10.2 9 7.0 70 12.9 51 12.4 19 14.2
1/2 308 58.1 228 56.7 80 62.5 309 56.8 224 54.6 85 63.4
� 3 155 29.2 127 31.6 28 21.9 153 28.1 131 32.0 22 16.4
Missing 17 3.2 6 1.5 11 8.6 12 2.2 4 1.0 8 6.0

Child-Pugh score
5-6 529 99.8d 401 99.8d 128 100 541 99.4e 410 100 131 97.8e

� 6 0 0 0 1 0.1 0 1 0.7
BCLC stagef

B 67 12.6d 40 10.0 27 21.1d 89 16.4d 48 11.7 41 30.6d

C 462 87.2d 362 90.0 100 78.1d 454 83.5d 362 88.3 92 68.7d

Sum of longest diameter target
lesions, mm

Median 115.0 119.0 111.5 107.0 107.5 106.0
Range 10-961e 10-961d 11-494g 10-860 10-828 11-860

Involved disease sites per patient
1 209 39.4 143 35.6 66 51.6 226 41.5 150 36.6 76 56.7
2 185 34.9 145 36.1 40 31.3 205 37.7 170 41.5 35 26.1
� 3 133 25.1 113 28.1 20 15.6 113 20.8 90 22.0 23 17.2

Involved disease sites
Liver 470 88.7 351 87.3 119 93.0 497 91.4 371 90.5 126 94.0
Lung 192 36.2 165 41.0 27 21.1 209 38.4 183 44.6 26 19.4
Lymph nodes 142 26.8 121 30.1 21 16.4 128 23.5 101 24.6 27 20.1
Otherh 185 34.9 151 37.6 34 26.6 147 27.0 112 27.3 69 51.5

Medical history relevant to
primary diagnosis

Esophageal varices 147 27.7 103 25.6 44 34.4 156 28.7 107 26.1 49 36.6
Hepatitis B infection 290 54.7 269 66.9 21 16.4 288 52.9 263 64.1 25 18.7
Hepatitis C infection 113 21.3 65 16.2 48 37.5 119 21.9 80 19.5 39 29.1
History of alcohol abuse 91 17.2 47 11.7 44 34.4 82 15.1 45 11.0 37 27.6
Underlying cirrhosis 265 50.0 195 48.5 70 54.7 247 45.4 177 43.2 70 52.2
Nonalcoholic steatohepatitis 18 3.4 10 2.5 8 6.3 16 2.9 6 1.5 10 7.5
Partial or complete portal vein

thrombosis 179 33.8 136 33.8 43 33.6 166 30.5 169 41.2 24 17.9
Prior treatment

� 3 courses TACE 447 84.3 332 82.6 115 89.8 453 83.3 331 80.7 122 91.0
� 3 courses TACE 82 15.5 70 17.4 12 9.4 91 16.7 79 19.3 12 9.0

(continued on following page)
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second interim analyses, respectively. Efficacy analyses were based on the
intent-to-treat population that included all randomized patients. Safety was
analyzed in the per-protocol population, comprising all patients who received
at least one dose of the study drug. OS, PFS, and TTP were summarized using
Kaplan-Meier estimates and were compared by stratified log-rank testing
(� � .025). As defined in the protocol, one-sided P values were calculated for
OS, PFS, and TTP comparisons. Additional two-sided P values were derived as
required by JCO guidelines.

Cox regression was used to analyze the influence of stratification factors.
If OS with sunitinib was not superior to that of sorafenib based on a one-sided
stratified log-rank test, then a noninferiority test was performed using a supe-
riority/noninferiority hybrid design.24

RESULTS

Patient Characteristics
From July 2008 to May 2010, 1,074 patients were randomly

assigned to receive sunitinib (n � 530) or sorafenib (n � 544) at 136
sites. Overall, 1,068 patients received treatment (Fig 1), including 812
patients (75.6%) from nine Asian countries and 262 non-Asian pa-
tients (24.4%; 14 countries). Baseline demographics of the treatment
arms were generally similar (Table 1). In the sunitinib and sorafenib
arms, respectively, 78.9% and 76.3% of patients had vascular invasion
and/or extrahepatic spread. BCLC staging was assigned retrospec-
tively. Of 916 patients with stage C disease at baseline, 833 (90.9%) had
extrahepatic disease and/or vascular invasion. The remaining 83 pa-
tients (9.1%) were classified as stage C based on an Eastern Coopera-
tive Oncology Group performance status of 1.

In each study arm, Asian-region patients had more advanced
disease than non-Asian patients, based on Cancer of the Liver Italian
Program score25 and BCLC stage (Table 1). Cancer of the Liver Italian
Program scores of � 3 were reported for 31.6% and 32.0% of Asian-
region patients, as well as 21.9% and 16.4% of non-Asian patients in
the sunitinib and sorafenib arms, respectively. BCLC staging revealed
a slight imbalance between treatment arms (Table 1). This was partic-
ularly marked in non-Asian patients, with stage C (advanced) disease
in 68.7% of sorafenib-treated patients (n � 134) compared with
78.1% of sunitinib-treated patients (n � 128).

At baseline, approximately 50% of patients in either group had
cirrhosis and/or HBV infection, and approximately 20% were infected
with HCV (Table 1). As expected, approximately two thirds of Asian-
region patients had HBV infection, compared with less than 20% in
non-Asian countries. In contrast, HCV infection was present in about
one-third of non-Asian patients versus less than 20% in Asia; except in
Japan where HCV infection was more prevalent than in other Asian
countries (total, 54.1%; sunitinib, 51.6%; sorafenib, 56.3%). Within
the overall HBV and HCV subpopulations, 48.8% and 66.5% of pa-
tients had cirrhosis, respectively.

Study Treatment
The median number of treatment cycles was four in each group,

and median relative dose intensity (mRDI) was comparable
(sunitinib, 66.6% v sorafenib, 71.3%). For Asian and non-Asian pa-
tients, respectively, mRDIs were 65.5% and 69.9% for sunitinib and
71.4% and 69.3% for sorafenib. Among HBV-infected patients,
mRDIs were 69.5% for sunitinib and 67.4% for sorafenib, whereas in
HCV-infected patients, mRDIs were 46.0% and 59.3%, respectively.

Treatment management was different between arms: more pa-
tients had at least one dose reduction with sorafenib (69.0%) versus
sunitinib (47.7%), and more patients had at least one dosing interrup-
tion with sunitinib (69.0%) than sorafenib (55.7%). Twenty-six pa-
tients in the sunitinib arm received at least 1 year of treatment,
compared with 55 sorafenib-treated patients.

In total, 506 sunitinib-arm patients (95.5%) and 493
sorafenib-arm patients (90.6%) discontinued treatment, primarily
owing to relapse/progression, death, or AEs (Fig 1). At data cutoff,
treatment was ongoing in 69 patients (sunitinib, n � 20; sorafenib,
n � 49). After progressive disease, 5.7% of sorafenib- and 0.6% of
sunitinib-treated patients remained on assigned therapy; 1.9%
crossed over from sorafenib to sunitinib, and 14.5% crossed over
from sunitinib to sorafenib.

Efficacy
As a result of a planned safety review by the independent data

monitoring committee carried out after the first interim analysis, the

Table 1. Baseline Patient Characteristics (continued)

Sunitinib Sorafenib

Total (n � 530) Asiaa (n � 402)
Non-Asiab

(n � 128) Total (n � 544) Asiaa (n � 410)
Non-Asiab

(n � 134)

Characteristic
No. of

Patients %
No. of

Patients %
No. of

Patients %
No. of

Patients %
No. of

Patients %
No. of

Patients %

� 1 course of radiotherapy 40 7.6 35 8.7 5 3.9 35 6.4 31 7.6 4 3.0
� 1 surgical procedure for

primary diagnosis 516 97.4 390 97.0 126 98.4 519 95.4 393 95.9 126 94.0

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian Program; ECOG PS, Eastern Cooperative Oncology Group performance status;
TACE, transarterial chemoembolization.

aThe Asian countries are the Republic of Korea, the Philippines, Taiwan, Malaysia, China, Japan, Hong Kong, Thailand, and Singapore.
bThe non-Asian countries are Australia, Italy, Canada, France, United Kingdom, Spain, Germany, Belgium, the Russian Federation, Poland, Turkey, Sweden, South

Africa, and United States.
cIncludes one patient with ECOG PS of 2.
dData missing for one patient.
eData missing for three patients.
fBCLC staging was assigned retrospectively.
gData missing for two patients.
hIncludes adrenal, peritoneum, and additional sites.
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trial was terminated and enrollment was stopped for futility and safety
reasons, after the HR for OS crossed the futility boundary. Median
follow-up was 7.4 months for sunitinib and 7.8 months for sorafenib,
and 372 and 314 patients, respectively, had died. Median OS was 7.9
months for sunitinib and 10.2 months for sorafenib (HR, 1.30; one-
sided P � .9990; two-sided P � .0014; Fig 2; Table 2). The OS differ-

ence was in the opposite direction to what was expected. PFS was 3.6
versus 3.0 months (HR, 1.13; one-sided P � .8785; two-sided
P � .2286) and TTP was 4.1 versus 3.8 months (HR, 1.13; one-sided
P � .8312; two-sided P � .3082; Fig 2; Table 2). The 6-month PFS rate
was 21.5% and 26.0%, for sunitinib and sorafenib, respectively.

Median OS for sorafenib versus sunitinib was similar among
Asian patients but markedly different in non-Asian patients (Table 2).
PFS and TTP were longer in both treatment arms for non-Asian
patients, compared with Asian-region patients (Table 2). Cox propor-
tional hazards analysis found that the OS treatment effect favoring
sorafenib occurred regardless of selected prognostic factors, including
Asian versus non-Asian region and � 3 versus more than 3 prior
transarterial chemoembolization courses (data not shown). No signif-
icant differences between treatments were observed in clinical-benefit
rates (Table 2).

An exploratory analysis in HBV-positive patients showed no
significant difference in OS between treatments, regardless of geo-
graphic region (Table 2). Among HCV-positive patients, median OS
was longer with sorafenib (17.6 v 9.2 months; HR, 1.52; one-sided
P � .9835; Table 2), although the differences were not statistically
significant. Similar findings were observed in Asian and non-Asian
subpopulations with HCV infection (Table 2).

In patients with portal vein thrombosis at baseline, an explor-
atory analysis found that median OS was longer with sorafenib than
sunitinib (6.4 v 5.9 months; HR, 1.31; one-sided P � .9791; Table 2).
Median PFS was 2.8 months in both treatment arms (HR, 1.11; one-
sided P � .5774).

Safety
The most frequent treatment-emergent AEs reported were

thrombocytopenia and diarrhea with sunitinib and hand-foot syn-
drome and diarrhea with sorafenib (Table 3). Most AEs were grade
1/2 in severity. Grade 3/4 events occurred in 432 sunitinib patients
(82.1%) and 402 sorafenib patients (74.2%); the most common
were thrombocytopenia (29.7%) and neutropenia (25.7%) for
sunitinib and hand-foot syndrome (21.2%) for sorafenib (Table
3). Grade 5 events of any cause occurred in 18.8% of sunitinib and
16.8% of sorafenib patients and consisted primarily of disease
progression (12.0% and 11.6%, respectively; Appendix Table A1).
Discontinuations as a result of AEs were observed in 13.3% and
12.7% of sunitinib- and sorafenib-treated patients, respectively.

Bleeding events were generally of mild-to-moderate severity and
were reported in 195 patients receiving sunitinib (37.1%) and 109
patients receiving sorafenib (20.1%). Grade 3 to 5 events of this type
occurred in 11.4% and 4.8% of patients, respectively. Bleeding events
(all grades) affected the gastrointestinal system in 18.3% and 12.0% of
sunitinib- and sorafenib-treated patients, respectively, and accounted
for the majority of such events reported. Grade � 3 gastrointestinal
bleeding was reported in 42 patients receiving sunitinib (8.0%) and 21
receiving sorafenib (3.9%).

AEs led to more dose reductions with sorafenib than sunitinib
(35.1% v 30.0%), whereas temporary treatment discontinuation be-
cause of AEs was more frequent with sunitinib (76.6% v 58.7%).
Sunitinib dose reductions were predominantly as a result of thrombo-
cytopenia (6.7%), hand-foot syndrome (6.5%), and neutropenia
(4.0%); sorafenib dose reductions primarily resulted from hand-foot
syndrome (16.2%), diarrhea (4.2%), and rash (2.2%). Most sunitinib

No. at risk
Sunitinib
Sorafenib

530 354 208 112 41 8 0 0
544 388 245 139 61 12 1 0

No. at risk
Sunitinib
Sorafenib

530 117 21 4   1 0 0
544 142 47 21 13 1 0

No. at risk
Sunitinib
Sorafenib

530 21 1 0
544 47 12 0
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Median = 7.9 months (95% CI, 7.4 to 9.2 months)
Sorafenib
Median = 10.2 months (95% CI, 8.9 to 11.4 months)
HR, 1.30 (95% CI, 1.13 to 1.50)
One-sided P = .9990; two-sided P = .0014

A

0

Time (months)

1.0

0.8

0.6

0.4

0.2

5 10 15 20 25 30

0

1.0

0.8

0.6

0.4

0.2

5 10 15 20 25 30

Sunitinib
Median = 3.6 months (95% CI, 2.8 to 4.1 months)
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One-sided P = .8785; two-sided P = .2286
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C

Fig 2. Kaplan-Meier curves of (A) overall survival, (B) progression-free
survival, and (C) time to tumor progression for the intent-to-treat population.
HR, hazard ratio.
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dosing delays were as a result of thrombocytopenia (18.1%), hand-
foot syndrome (13.9%), and neutropenia (12.4%). Sorafenib dosing
delays were mainly caused by hand-foot syndrome (21.0%), diarrhea
(9.6%), and increased AST (4.6%).

During the study period, 92 and 83 fatal AEs occurred in the
sunitinib and sorafenib groups, respectively; 70 and 71 patient deaths
were disease-related, 17 and two were attributed to toxicity, and six
and 11 were as a result of unknown or other reasons (Table 4).

Table 2. Efficacy Results

Variable Sunitinib Sorafenib Hazard Ratio 95% CI of Hazard Ratio Pa

Median overall survival, months
Intent-to-treat populationb 7.9 10.2 1.30 1.13 to 1.50 .9990c

Asian regionsd 7.7 8.8 1.21 1.03 to 1.42 .9829
Non-Asian regionse 9.3 15.1 1.64 1.20 to 2.26 .9964

Patients with hepatitis Bf 7.6 8.0 1.10 0.92 to 1.33 .8286
Asian regionsg 7.6 7.9 1.10 0.91 to 1.33 .8156
Non-Asian regionsh 7.9 15.3 1.08 0.49 to 2.36 .6251

Patients with hepatitis Ci 9.2 17.6 1.52 1.09 to 2.13 .9835
Asian regionsj 9.7 12.6 1.40 0.92 to 2.14 .9279
Non-Asian regionsk 8.6 18.3 1.76 0.99 to 3.10 .9456

Patients with portal vein thrombosisl 5.9 6.4 1.31 1.03 to 1.67 .9791
Median progression-free survival, months

Intent-to-treat populationb 3.6 3.0 1.13 0.99 to 1.30 .8785m

Asian regionsd 2.9 2.8 1.03 0.88 to 1.20 .6070
Non-Asian regionse 4.2 5.6 1.46 1.07 to 2.00 .9818
Patients with hepatitis Bf 2.9 2.8 1.01 0.84 to 1.20 .4496
Patients with hepatitis Ci 4.2 2.9 0.89 0.65 to 1.22 .1043
Patients with portal vein thrombosisl 2.8 2.8 1.11 0.87 to 1.42 .5774

Time to progression, months
Intent-to-treat populationb 4.1 3.8 1.13 0.98 to 1.31 .8312n

Asian regionsd 4.0 2.8 1.03 0.88 to 1.21 .6150
Non-Asian regionse 5.0 6.0 1.41 1.00 to 1.99 .9505
Patients with portal vein thrombosisl 2.9 2.8 1.14 0.87 to 1.48 .6301

Tumor responseb

Complete
No. 2 1
% � 1.0 � 1.0

Partial
No. 33 32
% 6.2 5.9

Stable disease � 12 months
No. 232 247
% 43.8 45.4

Clinical benefit rateo 1.03p 0.81 to 1.31 .816
No. 267 280
% 50.8 51.5

NOTE. Patient numbers for each outcome are listed in the table footnotes.
aOne-sided, stratified log-rank test. P values calculated for the data presented by Cheng et al26 were based on a one-sided stratified log-rank test with the alternative

hypothesis in favor of sorafenib. The P values in this article are based on the same statistical test but with the alternative hypothesis in favor of sunitinib. Because
the different P values are from exactly the same stratified log-rank test (but with different directions of the alternative hypothesis), the testing results and the
conclusions are exactly the same.

bIntent-to-treat population: sunitinib, n � 530; sorafenib, n � 544.
cTwo-sided, stratified log-rank test P � .0014.
dPatients in Asian countries (the Republic of Korea, the Philippines, Taiwan, Malaysia, China, Japan, Hong Kong, Thailand, and Singapore): sunitinib, n � 402;

sorafenib, n � 410.
ePatients in other countries (Australia, Italy, Canada, France, United Kingdom, Spain, Germany, Belgium, the Russian Federation, Poland, Turkey, Sweden, South

Africa, and the United States): sunitinib, n � 128; sorafenib, n � 134.
fPatients with hepatitis B, exploratory analysis: sunitinib, n � 290; sorafenib, n � 288.
gPatients with hepatitis B in Asian countries, exploratory analysis: sunitinib, n � 269; sorafenib, n � 263.
hPatients with hepatitis B in non-Asian regions, exploratory analysis: sunitinib � 21; sorafenib � 25.
iPatients with hepatitis C, exploratory analysis: sunitinib � 113; sorafenib � 119.
jPatients with hepatitis C in Asian countries, exploratory analysis: sunitinib, n � 65; sorafenib, n � 80.
kPatients with hepatitis C in non-Asian regions, exploratory analysis: sunitinib, n � 48; sorafenib, n � 39.
lPatients with partial or complete portal vein thrombosis, exploratory analysis: sunitinib, n � 174; sorafenib, n � 162.
mTwo-sided, stratified log-rank test: P � .2286.
nTwo-sided, stratified log-rank test: P � .3082.
oClinical benefit rate � percentage of complete responses � partial responses � stable disease � 12 weeks.
pOdds ratio for clinical benefit rate.
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DISCUSSION

Sunitinib did not achieve its primary end point of equivalent or supe-
rior OS versus sorafenib in advanced HCC. Despite apparent similar-
ities in PFS and TTP, the lack of OS benefit emphasizes the limitations

of surrogate end points in HCC. The OS difference in favor of
sorafenib was consistent across all stratification groups and was main-
tained after adjustment for baseline factors.

Median OS with sorafenib (10.2 months) in this mixed Asian and
non-Asian trial was similar to that reported in the non-Asian trial
Sorafenib HCC Assessment Randomized Protocol (SHARP; 10.7
months),21 and higher than in the Asia-Pacific study (6.5 months).27

However, Asian and non-Asian subpopulations in our study showed
longer OS than expected with sorafenib, based on the Asia-Pacific and
SHARP trials, respectively.21,27 The median survival of 7.9 months ob-
served with sunitinib was less than 9.3 months seen in a phase II trial of
CDD of sunitinib 37.5 mg in advanced HCC,18 but was similar to the
lower range of 8.0 to 9.8 months reported in other phase II studies in
advanced HCC with different doses and/or treatment schedules.16,17

BCLC staging showed an imbalance between study arms in non-
Asian patients (BCLC stage C [advanced] disease: sunitinib, 78.7%; v
sorafenib, 68.7%). In addition, a trend toward less advanced disease at
baseline was pronounced in the sorafenib arm of our study in patients
from non-Asian regions (BCLC stage C, 68.7%), compared with
sorafenib-treated patients in the SHARP study (BCLC stage C,
81.6%). Non-Asian patients receiving sorafenib achieved a median OS
of 15.1 months in our study, considerably higher than the 10.7 months
in the SHARP trial.21 Our trial and others comparing sorafenib with
novel agents28 were designed using OS reported in previous sorafenib
studies. The study design for future superiority and noninferiority
trials should take into account the most recent results of large phase
III studies.

Table 3. Most Common All-Causality Treatment-Emergent Adverse Events (� 15% of patients in either group)

Adverse Event

Sunitinib (n � 526) Sorafenib (n � 542)

Any Grade Grade 3 Grade 4 Any Grade Grade 3 Grade 4

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

Thrombocytopenia 267 50.8 124 23.6 32 6.1 94 17.3 22 4.1 3 0.6
Diarrhea 247 47.0 37 7.0 1 0.2 256 47.2 49 9.0 0 0
Decreased appetite 233 44.3 30 5.7 0 0 184 33.9 20 3.7 0 0
Hand-foot syndrome 233 44.3 70 13.3 0 0 330 60.9 114 21.1 1 0.2
Neutropenia 192 36.5 123 23.4 12 2.3 25 4.6 10 1.8 2 0.4
Anemia 189 35.9 33 6.3 16 3.0 61 11.3 18 3.3 4 0.7
Fatigue 172 32.7 32 6.1 1 0.2 114 21.0 20 3.7 1 0.2
Leukopenia 167 31.7 65 12.4 4 0.8 43 7.9 5 0.2 0 0
Nausea 130 24.7 6 1.1 0 0 94 17.3 5 0.9 0 0
Abdominal pain 122 23.2 18 3.4 2� 0.4 108 19.9 14 2.6 0 0
Pyrexia 117 22.2 3 0.6 0 0 107 19.7 3 0.6 0 0
Hypertension 110 20.9 20 3.8 0 0 95 17.5 15 2.8 0 0
Rash 108 20.5 4 0.8 0 0 146 26.9 16 3.0 2 0.4
Vomiting 106 20.2 14 2.7 0 0 62 11.4 7 1.3 0 0
Abdominal distention 90 17.1 11 2.1 1 0.2 56 10.3 7 1.3 0 0
Constipation 87 16.5 2 0.4 0 0 80 14.8 1 0.2 0 0
Stomatitis 87 16.5 8 1.5 0 0 53 9.8 2 0.4 0 0
Ascites 81 15.4 24 4.6 3 0.6 66 12.2 18 3.3 0 0
Increased aspartate aminotransferase 80 15.2 44 8.4 2 0.4 92 17.0 47 8.7 2 0.4
Asthenia 80 15.2 33 6.3 1 0.2 62 11.4 24 4.4 0 0
Weight decreased 43 8.2 5 1.0 0 0 112 20.7 8 1.5 0 0
Alopecia 19 3.6 0 0 0 0 154 28.4 1 0.2 0 0

NOTE. In both study arms, the most common serious adverse events for sunitinib and sorafenib were disease progression (9.7%; 10.9%), GI, esophageal varices,
or tumor hemorrhage (8.0%; 3.0%), and pyrexia (3.0%; 1.7%), respectively.

�Includes one grade 5 event.

Table 4. Deaths During the Study or Within 28 Days After the Last Dose of
Study Medication

Event

Sunitinib
(n � 526)

Sorafenib
(n � 542)

No. of
Patients %

No. of
Patients %

Deaths, all causes� 92 17.5 83 15.3
Cause†

Disease progression 70 76.1 71 85.5
Toxicity 17 18.5 2 2.4

Dehydration with or without organ failure 3 3.3 0
CNS hemorrhage 3 3.3 0
Esophageal varices/GI hemorrhage‡ 3 3.3 1 1.2

Other/unknown cause 6 6.5 11 13.3
Pneumonia 2 2.2 1 1.2
Septic shock/sepsis 1 1.1 2 2.4
Unknown reason 0 2 2.4

�Patients may have more than one cause of death.
†Cause shown as number and percentage of total deaths: sunitinib, n � 92;

sorafenib, n � 83.
‡Includes deaths attributed to tumor hemorrhage.
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The OS difference between sunitinib and sorafenib was particu-
larly marked in patients from non-Asian regions (Table 2). The non-
Asian population included one-quarter of patients, many of whom
were HCV-positive. Median OS was similar between treatment
groups in HBV-infected patients at baseline (Table 2). This finding
suggests that HBV-related and HCV-related HCC may respond dif-
ferently to targeted therapies, although geographic disparities in HBV-
related and HCV-related HCC disease management cannot be
excluded as contributing, in part, to the differential survival observed.
Recently, an exploratory subgroup analysis from the SHARP study
reported that median OS with sorafenib was numerically longer in
patients with HCV-related disease than in those with alcohol- or
HBV-related HCC (17.6, 10.0, and 8.0 months, respectively).29

Among patients with HCV infection in our study, median OS
was markedly longer with sorafenib versus sunitinib (Table 2). This
may be related to sorafenib-mediated inhibition of Raf-1, as HCC
development and progression is associated with Raf-1/MAP kinase
pathway activation.30,31 In response to mitogenic stimuli, HCV
proteins activate the Raf-1/MEK/ERK pathway.32-34 Raf-1 kinase
activity is crucial for HCV (but not HBV) replication,34 and direct
comparison of HBV- and HCV-infected tissues suggests higher
expression of ERK in HCV-related disease.35 Sorafenib inhibits
Raf-1and blocks HCV replication at clinically relevant concentra-
tions.36 This does not occur with sunitinib treatment. However,
sorafenib-mediated inhibition of Raf-1 is not consistently associ-
ated with downstream MAP kinase (Ras/Raf/ERK) inhibition.37

Therefore, the activity of sorafenib in HCC may be partly as a result
of Raf/MAP kinase-independent mechanisms.38-40

Results from our trial emphasize the limitations of PFS and TTP
as end points for evaluating HCC anticancer agents.41,42 Also, these
findings stress that PFS in nonrandomized, single-arm, phase II trials
of HCC21,27 may not be a reliable end point for the design of phase III
studies evaluating OS. Another pitfall may be the overoptimistic ex-
pectation that sunitinib could extend median OS to at least 13 months,
based on phase II data in which median OS did not exceed 10
months.16,17 However, when the study was designed, it was expected
that OS with sunitinib may be superior or equivalent to that
of sorafenib.21,27

Sunitinib was associated with more frequent toxicity than
sorafenib, and this may in part be related to differences in clinical
experience and management of study treatments. Rates of dose reduc-
tions and interruptions differed in this unblinded study, with more
dosing interruptions occurring with sunitinib than sorafenib (69.0% v
55.7% of patients) and more dose reductions occurring with sorafenib
(69.0% v 47.7%).

Overall, the frequency and severity of AEs were comparable to
those seen in a phase II study of sunitinib administered on a CDD
schedule.18 Bleeding events of any grade were generally more frequent
with sunitinib. This may be due to sunitinib-mediated effects on
endothelial cells.43 Although thrombocytopenia was one of the most

common grade 3/4 AEs in the sunitinib arm, it was not associated with
bleeding events. Though the sunitinib schedule used in this study (37.5
mg/d) was well tolerated in other tumor types,44-46 we observed poor
tolerability in advanced HCC.

In conclusion, OS with sunitinib was neither superior nor equiv-
alent but significantly inferior to that with sorafenib. OS was compa-
rable in Asian and HBV-infected patients. In HCV-infected patients,
superior OS was seen with sorafenib. Sunitinib was associated with
more frequent and severe toxicities than sorafenib.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Although all authors completed the disclosure declaration, the following
author(s) and/or an author’s immediate family member(s) indicated a
financial or other interest that is relevant to the subject matter under
consideration in this article. Certain relationships marked with a “U” are
those for which no compensation was received; those relationships marked
with a “C” were compensated. For a detailed description of the disclosure
categories, or for more information about ASCO’s conflict of interest policy,
please refer to the Author Disclosure Declaration and the Disclosures of
Potential Conflicts of Interest section in Information for Contributors.
Employment or Leadership Position: Susan Pitman Lowenthal, Pfizer
(C); Silvana Lanzalone, Pfizer (C); Liqiang Yang, Pfizer (C); Maria Jose
Lechuga, Pfizer (C) Consultant or Advisory Role: Ann-Lii Cheng, Bayer
Schering Pharma (C), Pfizer (C), Merck Serono (C); Yoon-Koo Kang,
Bayer (C), Pfizer (C); Joong-Won Park, Bristol-Myers Squibb (U), Taiho
Pharmaceutical (U); Masatoshi Kudo, Bayer (C), Taiho Pharmaceutical
(C); Masao Omata, Boehringer Ingelheim (C), Bristol-Myers Squibb (C),
Otsuka (C); Eric Raymond, Pfizer (C), Bayer (C) Stock Ownership:
Susan Pitman Lowenthal, Pfizer; Silvana Lanzalone, Pfizer; Liqiang Yang,
Pfizer; Maria Jose Lechuga, Pfizer. Honoraria: Ann-Lii Cheng, Bayer
Schering Pharma, Pfizer, Merck Serono; Yoon-Koo Kang, Bayer, Pfizer;
Joong-Won Park, Bayer, Bristol-Myers Squibb; Masatoshi Kudo, Bayer;
Masao Omata, Bayer, Bristol-Myers Squibb, Roche; Eric Raymond,
Pfizer, Bayer Research Funding: Yoon-Koo Kang, Bayer; Eric Raymond,
Pfizer, Bayer Expert Testimony: None Patents: None Other
Remuneration: None

AUTHOR CONTRIBUTIONS

Conception and design: Ann-Lii Cheng, Yoon-Koo Kang, Susan Pitman
Lowenthal, Silvana Lanzalone, Liqiang Yang, Maria Jose Lechuga,
Eric Raymond
Provision of study materials or patients: Yoon-Koo Kang,
Eric Raymond
Collection and assembly of data: Deng-Yn Lin, Joong-Won Park,
Masatoshi Kudo, Shukui Qin, Hyun-Cheol Chung, Xiangqun Song,
Jianming Xu, Guido Poggi, Silvana Lanzalone, Liqiang Yang,
Eric Raymond
Data analysis and interpretation: Yoon-Koo Kang, Joong-Won Park,
Masao Omata, Susan Pitman Lowenthal, Silvana Lanzalone, Liqiang
Yang, Eric Raymond
Manuscript writing: All authors
Final approval of manuscript: All authors

REFERENCES

1. Ferlay J, Shin HR, Bray F, et al: Estimates of
worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer 127:2893-2917, 2010

2. Jemal A, Bray F, Center MM, et al:
Global cancer statistics. CA Cancer J Clin 61:

69-90, 2011
3. Perz JF, Armstrong GL, Farrington LA, et al:

The contributions of hepatitis B virus and hepatitis C
virus infections to cirrhosis and primary liver cancer
worldwide. J Hepatol 45:529-538, 2006

4. Smedile A, Bugianesi E: Steatosis and hepa-
tocellular carcinoma risk. Eur Rev Med Pharmacol
Sci 9:291-293, 2005

5. Poon RT, Ng IO, Lau C, et al: Tumor microves-
sel density as a predictor of recurrence after resec-
tion of hepatocellular carcinoma: A prospective
study. J Clin Oncol 20:1775-1785, 2002

6. Yao DF, Wu XH, Zhu Y, et al: Quantitative
analysis of vascular endothelial growth factor, micro-
vascular density and their clinicopathologic features
in human hepatocellular carcinoma. Hepatobiliary

Cheng et al

4074 © 2013 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

2014 from 61.113.102.202
Information downloaded from jco.ascopubs.org and provided by at KINKI DAIGAKU IGAKUBU TOSHOKAN on February 19,

Copyright © 2013 American Society of Clinical Oncology. All rights reserved.

— 513 —



Pancreat Dis Int 4:220-226, 2005
7. Zhang ZL, Liu ZS, Sun Q: Expression of angio-

poietins, Tie2 and vascular endothelial growth factor
in angiogenesis and progression of hepatocellular
carcinoma. World J Gastroenterol 12:4241-4245,
2006
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Appendix
Supplementary patients and methods. Other inclusion criteria comprised: cirrhotic status Child-Pugh A; Eastern Cooperative Oncology

Group performance status 0 or 1; measurable disease according to Response Evaluation Criteria in Solid Tumors20; and adequate hepatic, renal,
and hematologic function (neutrophils � 1,500/�L; platelets � 75,000/�L; serum AST and ALT � 5� the upper limit of normal; and total
bilirubin � 2 mg/dL or � 3 mg/dL with albumin � 3.5 g/dL). Key exclusion criteria were: prior local therapy within 4 weeks of study entry or any
prior systemic therapy or previous liver transplantation; clinically relevant ascites; National Cancer Institute Common Terminology Criteria for
Adverse Events version 3.0 grade � 3 hemorrhage within 4 weeks of starting study treatment or documented variceal hemorrhage (any grade)
within 12 months of study entry; esophageal varices at risk of bleeding or serious or nonhealing wound or ulcer, or history of abdominal fistula,
gastrointestinal perforation, or intra-abdominal abscess within 28 days of study entry; or uncontrolled hypertension (� 150/100 mmHg) despite
optimal treatment.

Table A1. Grade 5 Adverse Events of All Causes Reported in at Least Two Patients per Arm

Grade 5 Event

Sunitinib (n � 526) Sorafenib (n � 542)

No. of Patients % No. of Patients %

Disease progression 63 12.0 63 11.6
Esophageal varices/GI hemorrhage� 6 1.2 2 0.4
Cerebral hemorrhage 2 0.4 0
Hepatic encephalopathy 2 0.4 1 0.1
Liver carcinoma rupture 2 0.4 0
Renal failure 2 0.4 1 0.1
Hepatic failure 1 0.2 3 0.6
Sepsis 0 3 0.6

�Includes tumor hemorrhage.
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A B S T R A C T

Purpose
Brivanib is a dual inhibitor of vascular-endothelial growth factor and fibroblast growth factor
receptors that are implicated in the pathogenesis of hepatocellular carcinoma (HCC). Our
multinational, randomized, double-blind, phase III trial compared brivanib with sorafenib as first-line
treatment for HCC.

Patients and Methods
Advanced HCC patients who had no prior systemic therapy were randomly assigned (ratio, 1:1) to
receive sorafenib 400 mg twice daily orally (n � 578) or brivanib 800 mg once daily orally (n � 577).
Primary end point was overall survival (OS). Secondary end points included time to progression
(TTP), objective response rate (ORR), disease control rate (DCR) based on modified Response
Evaluation Criteria in Solid Tumors (mRECIST), and safety.

Results
The primary end point of OS noninferiority for brivanib versus sorafenib in the per-protocol
population (n � 1,150) was not met (hazard ratio [HR], 1.06; 95.8% CI, 0.93 to 1.22), based on
the prespecified margin (upper CI limit for HR � 1.08). Median OS was 9.9 months for
sorafenib and 9.5 months for brivanib. TTP, ORR, and DCR were similar between the study
arms. Most frequent grade 3/4 adverse events for sorafenib and brivanib were hyponatremia
(9% and 23%, respectively), AST elevation (17% and 14%), fatigue (7% and 15%), hand-foot-
skin reaction (15% and 2%), and hypertension (5% and 13%). Discontinuation as a result of
adverse events was 33% for sorafenib and 43% for brivanib; rates for dose reduction were
50% and 49%, respectively.

Conclusion
Our study did not meet its primary end point of OS noninferiority for brivanib versus sorafenib.
However, both agents had similar antitumor activity, based on secondary efficacy end points.
Brivanib had an acceptable safety profile, but was less well-tolerated than sorafenib.

J Clin Oncol 31:3517-3524. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Hepatocellular carcinoma (HCC) is the third lead-
ing cause of cancer-related death worldwide.1 Pa-
tients often present with unresectable, recurrent, or
metastatic HCC, for which chemotherapy has been
shown to be ineffective.2,3 As HCC is a vascularized
tumor, one approach to treatment is to target angio-
genic factors, such as vascular endothelial growth
factor (VEGF). Sorafenib, a multikinase inhibitor
that targets multiple signaling pathways including

VEGF signaling, is the only systemic agent to dem-
onstrate overall survival (OS) benefit as first-line
therapy in advanced HCC.4,5 However, disease con-
trol with sorafenib is short-lived, some patients are
intolerant of sorafenib, and the median survival rate
is still less than 1 year. Thus, more effective first-line
treatments for advanced HCC are needed.3

Like VEGF, fibroblast growth factor (FGF) is a
key driver of angiogenesis in HCC.6 FGF may have
direct and indirect effects on tumors.7-12 Upregula-
tion of alternate angiogenic signals, such as FGF,
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may play a role in evasive resistance to VEGF-targeted therapy.13-16

Notably, the combined administration of anti-FGF and anti-VEGF
antibodies in a mouse HCC model has shown additive antitumor
activity.17 Thus, targeting both VEGF and FGF may offer therapeutic
advantages over a blockade of VEGF alone.

Brivanib, a tyrosine kinase inhibitor, is an orally active, selective,
dual inhibitor of FGF and VEGF signaling.18 Brivanib had antiangio-
genic and antiproliferative effects on tumor cells from multiple tumor
types, including liver.18-20 Brivanib demonstrated antitumor activity
in xenograft HCC models expressing FGF receptors and in those resistant
to sorafenib.20-22 In a phase II study, brivanib showed evidence of antitu-
mor activity in patients with previously untreated advanced HCC as well
as in those who had experienced prior antiangiogenic therapy failure.23,24

In the phase III BRISK-PS study of HCC patients who experienced
sorafenib treatment failure, brivanib did not significantly improve OS as
compared with placebo but did demonstrate improved time to progres-
sion (TTP), objective response rate (ORR), and disease control rate
(DCR) according to modified Response Evaluation Criteria in Solid Tu-
mors (mRECIST).25 Herein, we present the results from a phase III study
comparing brivanib with sorafenib as first-line therapy in patients with
unresectable, advanced HCC.

PATIENTS AND METHODS

Ethics and Study Management
The study (No. NCT00858871) was approved by the institutional review

board or ethics committee at each participating center and was conducted
according to Good Clinical Practice guidelines, the Declaration of Helsinki,
and local laws. The study was monitored for safety and disease status by an
independent Data Monitoring Committee, and an interim analysis for futility
was performed.

Patients
Adults with advanced HCC who had no prior systemic therapy were

eligible. Advanced disease was defined as disease not eligible for surgical and/or
locoregional therapies, or progressive disease after surgical and/or locoregional
therapies. Other key inclusion criteria included a Child-Pugh A liver function
score, an Eastern Cooperative Oncology Group performance status (ECOG-
PS) score of 0 or 1, and at least one untreated measurable lesion by computed
tomography or magnetic resonance imaging. See Appendix Table A1 (online-
only) for eligibility criteria.

Trial Design and Treatment
This was a multinational, randomized, double-blind, phase III trial.

Eligible patients were randomly assigned centrally (assignment ratio, 1:1) by
Interactive Voice Response System to receive brivanib 800 mg once daily orally
plus sorafenib-matched placebo or sorafenib 400 mg twice daily orally plus
brivanib-matched placebo. Randomization was stratified by ECOG-PS score
(0 v 1), extrahepatic spread and/or vascular invasion (yes v no), and study site.
Dose reductions for toxicity were permitted (Appendix Table A2). Treatment
continued until unacceptable toxicity or disease progression. Treatment could
continue beyond radiographic progression if the investigator determined that
the patient was benefiting from the blinded treatment.

Assessments
The primary end point of the study was OS, defined as the time from

randomization until the date of death from any cause. Secondary end points
were TTP, ORR, DCR based on mRECIST, and safety. TTP was defined as the
time from randomization to radiographic disease progression, ORR as the
percentage of randomly assigned patients with complete response or partial
response, DCR as the percentage of randomly assigned patients with complete
response, partial response, or stable disease. Tumor measurements were per-
formed at screening and every 6 weeks during treatment by contrast-

enhanced, dual-phase spiral computed tomography or magnetic resonance
imaging. A complete or partial response was confirmed by a second tumor
measurement at least 4 weeks after the first assessment. Scans were assessed by
the investigators using mRECIST for HCC.3,26,27 The mRECIST for HCC
takes into account the induction of intratumoral necrotic areas (using
contrast-enhanced radiologic imaging) in estimating the decrease in viable
tumor load rather than just a reduction in overall tumor size (modified WHO
criteria or standard RECIST).

Safety was assessed in patients who received at least one dose of study
therapy. Adverse events (AEs) were graded using National Cancer Institute
Common Terminology Criteria for Adverse Events (version 3.0). Quality of
life was assessed by several instruments including the European Organisation
for Research and Treatment of Cancer Quality of Life Questionnaire C30
(EORTC QLQ-C30). Physical and role function scores of the EORTC QLQ-
C30 questionnaire are presented, as these scores are representative of the
patients’ overall health status. The QLQ-C30 was self-administered by patients
at baseline, at every 6-week clinic visit, and at the end-of-treatment visit.

Statistical Methods
The primary end point of OS was first tested for noninferiority for

brivanib compared with sorafenib in the per-protocol population. Superiority
was to be tested if noninferiority was concluded. A prespecified noninferiority
margin of 1.08 (the upper limit of the 95% CI for hazard ratio [HR]) corre-
sponding to a 2.8-week decrease in median OS on brivanib versus sorafenib
was considered clinically acceptable. Assuming an exponential survival distri-
bution and a median OS of 37.3 weeks (the average of the median OS in the
SHARP [46.3 weeks]4 and the Asia-Pacific [28.3 weeks]5 trials), and taking
into account one formal interim analysis for futility, it was estimated that 777
deaths were required in the per-protocol population (817 deaths in the
intention-to-treat population, assuming a 5% protocol deviation) to have a
90% power to claim noninferiority, given a true HR of 0.85. A minimum
observed HR of 0.94 was needed to claim noninferiority. Based on these
assumptions, a maximum of 1,182 patients were to be randomly assigned.

The HR of brivanib to sorafenib for OS and its associated two-sided
95.8% CI (based on the interim analysis for futility) were computed using a
Cox proportional hazards model stratified by ECOG PS (0 v 1), extrahepatic
spread and/or vascular invasion (yes v no), and region (Asia v rest of the
world). Median OS and associated 95% CI were estimated using the Kaplan-
Meier method. OS was compared between arms using a stratified log-rank test
at a two-sided alpha of .042. A Cox proportional-hazards model stratified by the
abovefactors(�� .05)wasusedtoevaluatetheassociationofprespecifiedbaseline
factors (age, risk factors [hepatitis B or C virus, alcohol], �-fetoprotein, tumor
morphologic features, size of the largest tumor nodule, previous locoregional
treatment and/or surgery, Child-Pugh score, and major portal vein invasion) with
OS and to adjust the treatment effect for these factors. Analyses conducted to
determinethePvalue,median,HR,and95%CIsforTTPwereasdescribedforOS.
Exact 95% CIs for ORR and DCR were calculated using the Clopper-Pearson
method.28 ORR and DCR in the two arms were compared using a Cochran-
Mantel-Haenszel test with associated odds ratio estimates and 95% CIs stratified
by the factors used for OS. Changes from baseline of symptom assessment score in
physical and role functions at weeks 6 and 12 were compared between the two
treatment groups using a Wilcoxon rank-sum test.

RESULTS

Patients
A total of 1,155 patients (intention-to-treat population) with

advanced HCC were randomly assigned from May 2009 until August
2011 across Asia (62%), Europe (23%), the Americas (13%), Australia
(0.8%), and Africa (0.6%); 1,150 patients were treated (Fig 1). At the
time of the final analysis, 62 patients (11%) in the sorafenib arm and
35 patients (6%) in the brivanib arm remained on study. The most
common reasons for study discontinuation were disease progression
(sorafenib, 53%; brivanib, 46%) and study-drug toxicity (sorafenib,
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15%; brivanib, 24%). Baseline characteristics of the study population
were balanced between the arms (Table 1). Patients had advanced
HCC (Barcelona Clinical Liver Cancer stage C, 77%) with good liver
function (Child-Pugh A, 92%) and good performance status (ECOG
PS 0, 62%). The predominant risk factor was hepatitis B virus infec-
tion (44%), followed by hepatitis C virus infection (20%) and alcohol
use (16%).

Treatment Exposure
The Kaplan-Meier estimate of the median treatment duration

was 4.1 months (95% CI, 3.4 to 4.2) for sorafenib and 3.2 months
(95% CI, 2.8 to 3.8) for brivanib. The median of the mean daily dose
was 661 mg/d (range, 146 to 1,156 mg/d) for sorafenib and 716 mg/d
(range, 204 to 1,070 mg/d) for brivanib. The median cumulative doses
were 66,000 mg and 62,400 mg, respectively.

Efficacy
The study did not meet its primary objective of OS noninferiority

for brivanib compared with sorafenib. In the per-protocol population
(n � 1,150), the HR for brivanib to sorafenib was 1.06 with a 95.8% CI
of 0.93 to 1.22 (Table 2). The upper limit of this CI exceeded the
prespecified noninferiority boundary of 1.08. The median OS was 9.9
months in the sorafenib arm and 9.5 months in the brivanib arm. OS
results were similar in the intention-to-treat population (HR, 1.07;
95.8% CI, 0.94 to 1.23; Fig 2A). A prespecified analysis showed that
subset results were consistent with those for the overall study popula-

tion (Fig 3). A multivariate Cox proportional-hazards model identi-
fied the following baseline factors as prognostic of OS: �-fetoprotein,
tumor morphologic feature, size of the largest nodule, Child-Pugh
score, and major portal vein invasion. After adjusting for the baseline
factors, the effect of brivanib or sorafenib on OS remained unchanged
(HR, 1.09; 95% CI, 0.95 to 1.25). Proportions of patients who received
poststudy systemic treatments were similar between the sorafenib and
brivanib arms (21% v 22%), as were proportions of poststudy nonsys-
temic treatments (17% v 19%).

TTP was similar between the sorafenib and brivanib arms (Table
2, Fig 2B) as were DCR and ORR (Table 2). In patients with baseline
�-fetoprotein � 200 ng/mL and at least one on-study �-fetoprotein
assessment, �-fetoprotein reduction of � 50% relative to baseline was
observed in 31% of the sorafenib and 58% of the brivanib patients
(Appendix Figure A1). Similar �-fetoprotein reductions were noted
when baseline �-fetoprotein cutoff used was the upper limit of the
normal or 400 ng/mL.

Safety
AEs (regardless of relationship) that occurred in at least 15% of

the treated patients are listed in Table 3. Diarrhea, abdominal pain,
constipation, hyperbilirubinemia, elevated AST, elevated ALT, and
weight loss occurred at a similar rate in the two study arms. Hand-
foot-skin reaction, alopecia, rash, and pyrexia were more frequent
among sorafenib patients than with brivanib, whereas decreased
appetite, fatigue, hypertension, nausea, vomiting, hyponatremia,

Assessed for eligibility
(N = 1,665)

Randomly assigned
(n = 1,155)

Allocated to sorafenib (n = 578)
  Received sorafenib (n = 575)
  Did not receive sorafenib (n = 3)

Allocated to brivanib (n = 577)
  Received brivanib (n = 575)
  Did not receive brivanib (n = 2)

)26 = n( tnemtaert no llitS
Discontinued treatment (n = 516)

Disease progression (n = 305)
Related adverse events (n = 85)
Unrelated adverse events (n = 54)

)4 = n( htaeD
Patient request to discontinue (n = 50)

)6 = n( tnesnoc werdhtiW
Poor/noncompliance (n = 2)
No longer meet criteria (n = 3)

)1 = n( pu-wollof ot tsoL
Maximal clinical benefit (n = 2)

)4 = n( rehtO
)0 = n( detroper toN

)53 = n( tnemtaert no llitS
Discontinued treatment (n = 542)

Disease progression (n = 268)
Related adverse events (n = 139)
Unrelated adverse events (n = 63)

)1 = n( htaeD
Patient request to discontinue (n = 52)

)7 = n( tnesnoc werdhtiW
Poor/noncompliance (n = 0)
No longer meet criteria (n = 2)

)2 = n( pu-wollof ot tsoL
Maximal clinical benefit (n = 4)

)2 = n( rehtO
)2 = n( detroper toN

Analyzed for efficacy (n = 578)
Analyzed for safety (n = 575)

Analyzed for efficacy (n = 577)
Analyzed for safety (n = 575)

)015 = n( dedulcxE
  Did not meet inclusion criteria (n = 458)
  Declined to participate (n = 29)
  Other reasons (n = 23)

Fig 1. CONSORT diagram of patients with
advanced hepatocellular carcinoma who had
no prior systemic therapy in the BRISK-FL
study, a multicenter, randomized, double-
blind, placebo-controlled, phase III trial.
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headache, dysphonia, and dizziness were more frequent among
brivanib patients. The most frequent grade 3 AEs were hand-foot-skin
reactions in the sorafenib arm and hyponatremia, fatigue, and hyper-
tension in the brivanib arm. Grade 4 events were infrequent.

The rate of treatment discontinuation as a result of AEs was
33% with sorafenib patients and 43% with brivanib. The most
frequent AEs leading to treatment discontinuation were hyperbili-
rubinaemia (3%) and AST elevations (2%) in the sorafenib arm;
fatigue (5%), hyponatremia (2%), decreased appetite (2%), hyper-
bilirubinemia (2%), and AST elevations (2%) in the brivanib arm.

Table 1. Baseline Demographics and Disease Characteristics

Variable

Sorafenib
(n � 578)

Brivanib
(n � 577)

No. of
Patients %

No. of
Patients %

Age, years
Median 60 61
Range 25-89 19-87

Sex
Male 484 84 483 84
Female 94 16 94 16

Region
Asia 372 64 346 60
Europe 135 23 134 23
Americas 65 11 87 15
Others 6 1 10 2

ECOG PS
0 352 61 361 64
1 226 39 216 36

Time from initial diagnosis of HCC to
start of study therapy, days

Median 149 138
Range 4-9,368 2-6,134

BCLC stage
A 30 5 37 6
B 97 17 95 17
C 449 78 444 77

Child-Pugh class
A 531 92 531 92
B 47 8 46 8

Macrovascular invasion
Yes 158 27 155 27
No 420 73 422 73

Portal vein invasion and/or thrombosis
Yes 111 19 112 19
No 47 8 43 7

Distant metastasis 291 50 283 49
Lymph node metastasis 161 28 156 27
Direct invasion of adjacent organs 45 8 60 10
Extrahepatic spread and/or macrovascular

invasion
Absent 217 38 216 37
Present 361 62 361 63

Risk factors
Any 434 75 449 78
Alcohol 83 14 106 18
Hepatitis B 258 45 254 44
Hepatitis C 119 21 116 20
Other 37 6 39 7

Serum alpha-fetoprotein
No. of patients 563 555
Median, ng/mL 180 142
Range, ng/mL 0.6-9.3 � 105 0.4-1.5 � 106

� 200 ng/mL 278 49 261 47
Previous nonsystemic treatment 326 56 318 55

Liver resection 171 30 162 28
Transcatheter arterial embolization 37 6 32 6
Transcatheter arterial

chemoembolization 208 36 204 35
Percutaneous ethanol injection 31 5 29 5
Radiofrequency ablation 98 17 74 13

Abbreviations: BCLC, Barcelona Clinic Liver Cancer Staging System; ECOG
PS, Eastern Cooperative Oncology Group performance status; HCC, hepato-
cellular carcinoma.

Table 2. Summary of Efficacy

Variable

Sorafenib
(n � 578)

Brivanib
(n � 577)

No. of
Patients %

No. of
Patients %

Overall survival, per
protocol
population�

Median, months 9.9 9.5
95.8% CI 8.5 to 11.5 8.4 to 10.7

Hazard ratio 1.06
95% CI 0.93 to 1.22
P† .3730

Overall survival,
intention-to-treat
population

Median, months 9.9 9.5
95% CI 8.5 to 11.5 8.3 to 10.6

Hazard ratio 1.07
95.8% CI 0.94 to 1.23
P† .3116

Time to progression,
intention-to-treat
population

Median, months 4.1 4.2
95% CI 3.1 to 4.2 4.1 to 4.3

Hazard ratio 1.01
95% CI 0.88 to 1.16
P† .8532

Best response,
intention-to-treat
population‡

Complete response 5 1 2 � 1
Partial response 46 8 67 12
Stable disease 323 56 309 54
Progressive disease 138 24 94 16
Unable to assess 66 11 105 18

Objective response rate
% 9 12

95% CI 7 to 11 9 to 15
Odds ratio 1.45
95% CI 0.99 to 2.13
P§ .0569

Disease control rate 65 66
95% CI 61 to 69 61 to 69

Odds ratio 1.02
95% CI 0.80 to 1.30
P§ .8739

Abbreviation: HCC, hepatocellular carcinoma.
�575 patients in each study arm.
†Stratified log-rank test.
‡Based on investigator assessments using modified RECIST for HCC.
§Cochran-Mantel-Haenszel test.
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The rate of dose reduction was similar between sorafenib and
brivanib patients (50% v 49%). The rate of dose interruption was
58% in both treatment arms. In the sorafenib arm, dermatologic
events were the dominant reason for both dose reduction (20% v
2% for brivanib) and dose interruption (21% v 3% for brivanib).

No single AE caused dose reduction or interruption in more than
7% of brivanib-treated patients.

The overall incidence of serious AEs was 48% for sorafenib
patients and 56% for brivanib patients. The most frequent serious
AEs (grades 1 to 5) in the sorafenib arm were malignant neoplasm

 Sorafenib Brivanib
Events/patients 412/578 425/577
Median OS, mos 9.9 9.5
HR (95.8% CI) 1.07 (0.94 to 1.23)
P (stratified log-rank) .3116

 Sorafenib Brivanib
Events/patients 406/578 380/577
Median TTP, mos 4.1 4.2
HR (95% CI) 1.01 (0.88 to 1.16)
P (stratified log-rank) .8532
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Fig 2. Kaplan-Meier estimates of overall survival (OS) and time to progression (TTP). (A) OS was computed based on the intention-to-treat (ITT) population. Patients
who had not died or who were lost to follow-up were censored on the last date on which they were known to have been alive. (B) TTP was computed based on the
ITT population. Patients whose disease had not progressed were censored on the date of last tumor assessment. Patients who had no on-study tumor assessments
or who had no independent radiologic review were also censored on the date of random assignment. HR, hazard ratio.

 Sorafenib Brivanib HR 95% CI
 Median OS Events/ Median OS Events/

)IC %59( RH stneitaP )shtnom( stneitaP )shtnom( 

ITT population 9.9 412/578 9.5 425/577 1.07 0.94 to 1.23*
 

Region
  Asia 8.9 281/372 8.7 268/346 1.08 0.91 to 1.28
  Others 11.8 131/206 10.9 157/231 1.11 0.88 to 1.40
 

ECOG PS
  0 12.8 240/359 11.6 250/361 1.11 0.93 to 1.32
  1 6.5 172/219 6.6 175/216 1.05 0.85 to 1.30
 

EHS/VI
  Yes 7.7 278/361 8.3 282/361 1.03 0.87 to 1.22
  No 13.0 134/217 11.6 143/216 1.18 0.93 to 1.49
 

HBV
  Yes 8.1 204/258 8.4 197/254 0.98 0.80 to 1.19
  No 12.2 208/320 10.5 228/323 1.18 0.98 to 1.42
 

HCV
  Yes 12.9 71/119 10.9 83/116 1.33 0.97 to 1.83
  No 9.3 341/459 9.2 342/461 1.03 0.88 to 1.19
 

AFP, ng/mL
  < 200 12.8 175/285 12.2 195/294 1.16 0.94 to 1.42
  ≥ 200 6.8 237/293 7.3 230/283 1.03 0.86 to 1.24
 

Tumor nodule, cm
  ≤ 5 12.8 190/288 13.2 177/270 1.00 0.81 to 1.23
  > 5 8.0 222/290 7.8 248/307 1.14 0.95 to 1.37
 

MPVI
  Yes 5.4 97/111 5.9 93/112 0.94 0.71 to 1.26
  No 11.8 315/467 10.9 332/465 1.11 0.95 to 1.30

Favors brivanib Favors sorafenib

1.5 2.01.00.5

Fig 3. Overall survival (OS) in selected
subsets. AFP, �-fetoprotein; ECOG PS,
Eastern Cooperative Oncology Group per-
formance status; EHS/VI, extrahepatic
spread and/or vascular invasion; HBV,
hepatitis B virus; HCV, hepatitis C virus;
HR, hazard ratio; ITT, intention-to-treat;
MPVI, major portal vein invasion. (*)
95.8% CI.
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progression (14%), fatigue (2%), and hyponatremia (1%); the
corresponding rates for brivanib patients were 13%, 5%, and 5%,
respectively. Hepatic encephalopathy was reported as serious in
2% of sorafenib and 3% of brivanib patients. Serious AEs are listed
in Appendix Table A3.

Overall patient deaths (sorafenib, 71%; brivanib, 74%), and
deaths within 30 days of the last dose (sorafenib, 17%; brivanib,
16%) were similar between the two arms. The primary reason for
death within 30 days of the last dose was disease progression
(sorafenib, 13%; brivanib, 11%). Six patient deaths (sorafenib, one
patient; brivanib, five patients) attributed by the investigators to
study drug toxicity occurred within 30 days of the last dose. There
were five additional treatment-related deaths (sorafenib, one pa-
tient; brivanib, four patients) that occurred after the 30 days after
the last dose. Two treatment-related deaths in the sorafenib arm
were as a result of esophageal variceal hemorrhage and myocardial
ischemia. Nine treatment-related deaths in the brivanib arm were
ascribed to hepatic failure, upper gastrointestinal hemorrhage,
cardiorespiratory arrest/abdominal pain, depressed level of con-
sciousness/cerebral infarction/cerebral hemorrhage, diarrhea/vomi-
ting, cerebrovascular accident, asthenia/nausea, gastrointestinal
hemorrhage, and hematemesis.

Quality of Life
At baseline, mean and median scores in physical function and

role function, as assessed by the EORTC QLQ-C30 questionnaire,
were similar in the two treatment arms (Table 4). After 12 weeks of
treatment, mean and median scores in physical function and role

function declined in both arms. The decline was more pronounced
among brivanib patients than sorafenib patients.

DISCUSSION

Despite the success of sorafenib in the first-line treatment of ad-
vanced HCC, a need for safer and more effective treatments re-
mains. This phase III study compared brivanib with sorafenib as
first-line therapy in this patient population. The study did not meet
its primary objective of OS noninferiority for brivanib versus
sorafenib, because the upper limit of the CI for the HR exceeded
the prespecified margin of 1.08. The difference in median OS for
sorafenib and brivanib was 2.0 weeks in favor of sorafenib. The
median OS for sorafenib (9.9 months) in this well-controlled study
involving a large patient population is closer to that in the SHARP
trial (10.7 months) than to that in the Asia-Pacific study (6.5
months), even though the majority of the patients in our study
(64%) were from the Asia-Pacific region.4,5 Although the underly-
ing reason for the discrepancy in median OS is unclear, differences
in baseline factors prognostic for OS between these studies, such as
ECOG-PS, may have contributed to this.

The median OS of 9.5 months for brivanib is consistent with
results from previously reported phase II and III trials of brivanib

Table 3. Incidence of Adverse Events by Percentage of Patients

Adverse Event

Sorafenib (n � 575) Brivanib (n � 575)

Any
Grade

Grade
3

Grade
4

Any
Grade

Grade
3

Grade
4

Overall incidence 99 55 10 98 52 15
Decreased appetite 35 3 0 52 8 0.3
Fatigue 35 7 0 52 14 0.5
Hand-foot-skin reaction 52 15 0 18 2 0
Diarrhea 50 7 0 49 6 0.3
Hypertension 27 5 0.3 41 13 0.3
Nausea 19 0.3 0 38 2 0
Abdominal pain 32 5 0.3 32 6 1
Vomiting 16 0.5 0 27 3 0
AST increased 26 15 2 25 13 2
Hyponatremia 11 9 0.2 26 20 3
Alopecia 22 NA NA 2 NA NA
Pyrexia 21 0.3 0 15 0.5 0
Rash 21 2 0 10 1 0
Weight decreased 21 2 0 21 4 0
ALT increased 18 7 1 19 7 0.3
Headache 11 0.3 0 19 1 0
Hyperbilirubinemia 18 7 2 19 10 2
Constipation 16 0.2 0 18 0.3 0
Dysphonia 10 0 0 18 0 0
Dizziness 7 0.3 0 17 1 0

NOTE. Listed are adverse events (any grade, any cause) that occurred in at
least 15% of the patients in either group.

Abbreviation: NA, not applicable.

Table 4. Quality of Life by EORTC QLQ-C30 Questionnaire

Variable Sorafenib Brivanib P �

Physical function
Baseline point score .3181

No. of patients 557 551
Mean 83 83
SD 17 17
Median 87 87
Range 0-100 0-100

Change in point score at week
12 from baseline .0002
No. of patients 423 396
Mean �18 �24
SD 28 29
Median �7 �13
Range �100-87 �100-53

Role function
Baseline point score .6061

No. of patients 557 551
Mean 84 85
SD 25 23
Median 100 100
Range 0-100 0-100

Change in point score at week
12 from baseline .0002
No. of patients 421 396
Mean �20 �28
SD 33 34
Median �17 �33
Range �100-83 �100-67

Abbreviations: EORTC QLC-C30, European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire C30; SD, stan-
dard deviation.

�Based on comparison of brivanib to sorafenib using the Wilcoxon
rank-sum test.
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in advanced HCC.23-25 The phase II study showed a median OS of
10 months in previously untreated patients and 9.8 months in
patients who had prior antiangiogenic therapies, whereas a median
OS of 9.4 months was reported in the phase III trial of patients who
were intolerant to or experienced sorafenib failure.23-25 Data for
secondary efficacy end points showed that both brivanib and
sorafenib had similar antitumor activity in our study. TTP, DCR,
and ORR were all comparable between the drugs. The rate of
�-fetoprotein reduction was higher with brivanib. These data are
consistent with those in the phase III BRISK-PS study of post-
sorafenib HCC patients, in which brivanib improved TTP, ORR,
and DCR and reduced �-fetoprotein compared with placebo.25 It
should be noted that ORR in our study was higher than historical
data for sorafenib.4,5 This higher rate is likely a reflection of the use
of mRECIST for HCC that is believed to better capture tumor
response to targeted therapies in HCC patients by differentiating
viable tumors from necrotic tissues.3,26,27

Overall, brivanib had an acceptable safety profile. There were
no new or unexpected safety findings with either agent. Certain
AEs typical of VEGF inhibition were more frequent with brivanib
than with sorafenib, consistent with brivanib being a more potent
VEGF inhibitor. Skin toxicities including hand-foot-skin reaction
were more common with sorafenib than with brivanib, whereas
hyponatremia was reported more frequently with brivanib, sug-
gesting that these AEs are compound-specific. Similar results for
skin toxicities and hyponatremia were reported in previous studies
evaluating brivanib in various cancer types including HCC, sar-
coma, ovarian, and colorectal cancers.23-25,29-32 Causes for 11 pa-
tient deaths (sorafenib, two patients; brivanib, nine patients)
considered by investigators to be treatment-related were not un-
usual for this patient population.

Brivanib appeared to be less well-tolerated than sorafenib,
based on overall safety profile and treatment discontinuation.
Although treatment discontinuation owing to AEs was more fre-
quent with brivanib than with sorafenib, the rate of dose reduc-
tion/interruption was similar for both agents. Given the clinical
relevance of skin toxicities for sorafenib therapy, it is noteworthy
that skin toxicities caused dose reduction/interruption in 20% to
21% of the sorafenib-treated patients versus 2% to 3% of the
brivanib-treated ones. In our study, declines in physical and role
functions were more pronounced in the brivanib arm than in the
sorafenib arm. The differences between arms were represented by
six points for physical function and eight points for role function.
However, though the decrease in both domains was statistically
greater for brivanib compared with sorafenib, the clinical impact of
these differences remains unclear.33

The present data underscore the difficulty in developing drugs
for HCC, a disease with complex molecular abnormalities. A large
phase III study evaluating sunitinib against sorafenib in the first-
line treatment of advanced HCC was halted at the interim analysis,
because of an unfavorable risk-benefit profile for sunitinib versus
sorafenib.34 Interestingly, in the sunitinib study, patients with
prior Hepatitis C infection had a longer OS rate with sorafenib than
with sunitinib. In our study, sorafenib seemed to have longer OS
than brivanib in patients with prior Hepatitis C, but no conclusion
can be drawn because of the exploratory nature associated with
subset analyses. Though both sorafenib and sunitinib inhibit

VEGF and platelet-derived growth factor signaling, sorafenib is
also a potent inhibitor of raf kinase, raising the intriguing possibil-
ity that raf kinase inhibition may contribute to the therapeutic
effects of sorafenib.35 Further understanding of the disease at the
molecular level should help select patient subtypes most likely to
benefit from a specific treatment.

In conclusion, this study did not meet its primary OS objective in
the first-line treatment of advanced HCC, based on a noninferiority
statistical design, but it did show similar antitumor activity for
brivanib and sorafenib, based on TTP, ORR, and DCR data. Brivanib
had an acceptable safety profile; however, it was less well-tolerated
than sorafenib.
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Appendix

Table A1. Patient Eligibility Criteria

Inclusion criteria
● Men and women ages 18 years or older
● Histologically or cytologically confirmed, advanced HCC

● Advanced disease was defined as disease not eligible for or progressive after surgical or locoregional therapy
● No prior systemic therapy for HCC
● Locoregional therapy must have been completed at least 3 weeks before the baseline scan
● At least one untreated measurable lesion by MRI or spiral CT
● Cirrhotic status of Child-Pugh Class A
● ECOG performance status 0 or 1
● Life expectancy of at least 12 weeks
● Adequate hematologic function with absolute neutrophil counts � 1,500/�L, platelet count � 60 � 109/L, and hemoglobin � 8.5 g/dL
● Adequate hepatic function with serum total bilirubin � 3 mg/dL, serum albumin � 2.8 g/dL, and ALT and AST � 5 � the institutional ULN
● Amylase and lipase � 1.5 � ULN
● Adequate renal function with serum creatinine � 2.0 mg/dL
● INR � 2.3 or PT � 6 seconds above control
Exclusion criteria
● Brain metastasis or evidence of leptomeningeal disease
● Known fibrolamellar HCC or mixed cholangiocarcinoma and HCC
● Any encephalopathy
● Any ascites
● Bleeding esophageal or gastric varices within 2 months before inclusion
● Previous or concurrent cancer except cervical carcinoma-in-situ, treated basal cell carcinoma, superficial bladder tumors (Ta, Ti, and T1). Any cancer

curatively treated � 5 years before entry is permitted
● History of active cardiac disease including uncontrolled hypertension congestive heart failure, active coronary artery disease, unstable or newly diagnosed

angina or myocardial infarction less than 12 months before study, cardiac arrhythmias requiring antiarrhythmic therapy other than beta blockers or digoxin,
and valvular heart disease � CTCAE grade 2

● QTc (Fridericia) � 450 msec on two consecutive ECGs
● Thrombotic or embolic events within the past 6 months and pulmonary embolism
● Any other hemorrhage/bleeding event � CTCAE grade 3 within 8 weeks except for esophageal or gastric varices
● Infection

● History of HIV infection
● Active, untreated hepatitis B virus infection
● Active bacterial infection, fewer than 7 days after completing systemic antibiotic therapy

● History of nonhealing wounds or ulcers, or bone fractures within 3 months of fracture
● Pre-existing thyroid abnormality with thyroid function that cannot be maintained in the normal range with medication
● Hyponatremia with sodium � 130 mmol/L
● Baseline serum potassium � 3.5 mmol/L
● Prior use of any systemic anticancer chemotherapy, immunotherapy, or targeted agents for HCC except for sorafenib
● Radiotherapy within 4 weeks before start of study drug (palliative radiotherapy for symptomatic control was acceptable)

Abbreviations: CT, computed tomography; CTCAE, Common Terminology Criteria for Adverse Events; ECOG, Eastern Cooperative Oncology Group; HCC,
hepatocellular carcinoma; INR, international normalized ratio; MRI, magnetic resonance imaging; PT, prothrombin time; ULN, upper limits of normal.
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Table A2. Dose Modification Schedule for Toxicity

AE Occurrence Dose Modification

Baseline ALT/AST � 2.5 � ULN increase to
� 5 � ULN or baseline ALT/AST
2.5-5 � ULN increase to � 10 � ULN

First ● Hold study drugs until ALT/AST � 5 � ULN.
● When resuming study drugs, decrease by one dose level

from the previous dose level.
Second ● Hold study drugs until ALT/AST � 5 � ULN.

● When resuming study drugs, decrease by one dose level
from the previous dose level.

Third ● Stop study drugs or discuss with medical monitor.
Total bilirubin � 3 � ULN First ● Hold study drugs until bilirubin � 3 � ULN.

● When resuming study drugs, decrease by one dose level
from the previous dose level.

Second ● Hold study drugs until bilirubin � 3 � ULN.
● When resuming study drugs, decrease by one dose level

from the previous dose level.
Third ● Stop study drugs or discuss with medical monitor.

Grade 3 hyponatremia �130-120 mmol/L First ● Continue study drugs and start medical intervention until
sodium � 130 mmol/L.

Persistent for � 7 days
or second

● Hold study drugs and start medical intervention.
● Resume study drugs when sodium � 130 mmol/L; decrease

by one dose level from the previous dose level.
Third ● Hold study drugs and start medical intervention.

● Resume study drugs when sodium � 130 mmol/L; decrease
by one dose level from the previous dose level.

Fourth ● Stop study drugs or discuss with medical monitor.
Grade 4 hyponatremia � 120 mmol/L First ● Hold study drugs and start medical intervention.

● Resume study drugs when sodium � 130 mmol/L; decrease
by one dose level from the previous dose level.

Second ● Stop study drugs or discuss with medical monitor.
Grade 1 skin AEs Any ● Continue study drugs and consider topical therapy for

symptomatic relief.
Grade 2 skin AEs First ● Continue study drugs and consider topical therapy for

symptomatic relief.
● If no improvement within 7 days, see next section.

No improvement within
7 days or second or
third occurrence

● Interrupt study drugs until toxicity resolves to grade 0-1.

● When resuming treatment, decrease dose by one dose level.

Fourth ● Stop study drugs.
Grade 3 skin AEs First or second ● Interrupt study drugs until toxicity resolves to grade 0-1.

● When resuming treatment, decrease dose by one dose level.
Third ● Stop study drugs.

Any other drug-related grade 3
nonhematologic or hematologic toxicity

First ● Hold study drugs.
● Resume study drugs when toxicity decreases to � grade 1;

decrease by one dose level from the previous dose level.
Second ● Hold study drugs.

● Resume study drugs when toxicity decreases to � grade 1;
decrease by one dose level from the previous dose level.

Third ● Stop study drugs or discuss with medical monitor.
Any other drug-related grade 4

nonhematologic or hematologic toxicity
First ● Stop study drugs or discuss with medical monitor.

NOTE. Two dose reductions were allowed for brivanib with the first at 600 mg once daily and second at 400 mg every other day. Two dose reductions were allowed
for sorafenib with the first at 400 mg once daily and second at 400 mg every other day.

Abbreviations: AE, adverse event; ULN, upper limit of normal.
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Table A3. Percentage of Patients Experiencing Serious Adverse Events Resulting From Any Cause (� 1% of patients)

Event

Sorafenib (n � 575) Brivanib (n � 575)

Grade 1-5 Grade 3 Grade 4 Grade 5 Grade 1-5 Grade 3 Grade 4 Grade 5

Any 47.8 20.2 5.4 15.3 56.3 25.7 8.9 15.0
Neoplasm malignant� 14.3 2.8 0.5 8.7 12.5 2.8 0.7 7.7
Hyponatremia 1.0 1.0 0 0 5.2 4.3 0.9 0
Fatigue 2.3 1.9 0 0 4.9 3.5 0.2 0
Decreased appetite 1.0 0.9 0 0 3.5 2.8 0.2 0
Hepatic encephalopathy 1.7 0.9 0.7 0.2 3.5 2.4 0.5 0.3
Abdominal pain 2.8 1.4 0.3 0 3.3 2.3 0.3 0.2
Diarrhea 2.3 1.9 0 0 3.1 1.7 0.3 0
Ascites 2.8 1.9 0.2 0 2.4 1.9 0 0
Dehydration 0.5 0 0 0 2.4 1.9 0 0
Hypertension 0.7 0.2 0.3 0 2.4 1.2 0.2 0
Hepatic failure 2.1 0.3 0.2 1.2 2.3 0.5 0.9 0.7
Hyperbilirubinemia 2.1 1.2 0.9 0 2.3 1.9 0.3 0
Vomiting 0.3 0.2 0 0 2.1 1.4 0 0
Esophageal varices hemorrhage 1.6 0.9 0.5 0 1.7 1.0 0.2 0.2
Nausea 0.3 0 0 0 1.6 0.9 0 0.2
Hyperkalemia 0.2 0.2 0 0 1.6 0.9 0.2 0
Abdominal pain upper 1.0 0.7 0 0 1.4 0.9 0 0
Encephalopathy 0.5 0.3 0 0 1.4 0.9 0.3 0
Pyrexia 2.8 0 0 0 1.4 0.2 0 0
Upper GI hemorrhage 1.4 0.7 0.2 0.5 0.7 0.2 0 0.3
AST increased 0.7 0.5 0.2 0 1.2 0.9 0.3 0
Asthenia 1.0 0.7 0 0 1.2 1.0 0 0
Gastrointestinal hemorrhage 1.2 0.3 0.2 0 1.0 0.3 0.2 0.2
General physical health deterioration 0.5 0 0.2 0.2 1.2 1.0 0 0
Hepatic neoplasm malignant 1.2 0.2 0 1.0 1.2 0 0 1.0
Pneumonia 0.7 0.3 0 0 1.2 0.7 0 0.5
Urinary tract infection 0.2 0.2 0 0 1.2 0.9 0 0

�Grade was unknown for 32 patients (5.6%) in the sorafenib group and 20 patients (3.5%) in the brivanib group.
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Fig A1. Waterfall plots for changes in serum �-fetoprotein (AFP) relative to baseline in patients with advanced hepatocellular carcinoma treated with (A) sorafenib or
(B) brivanib. Plotted were the patients who had baseline assessments and at least one on study assessment.
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A B S T R A C T

Purpose
Brivanib is a selective dual inhibitor of vascular endothelial growth factor and fibroblast growth
factor receptors implicated in tumorigenesis and angiogenesis in hepatocellular carcinoma (HCC).
An unmet medical need persists for patients with HCC whose tumors do not respond to sorafenib
or who cannot tolerate it. This multicenter, double-blind, randomized, placebo-controlled trial
assessed brivanib in patients with HCC who had been treated with sorafenib.

Patients and Methods
In all, 395 patients with advanced HCC who progressed on/after or were intolerant to sorafenib
were randomly assigned (2:1) to receive brivanib 800 mg orally once per day plus best supportive
care (BSC) or placebo plus BSC. The primary end point was overall survival (OS). Secondary end
points included time to progression (TTP), objective response rate (ORR), and disease control rate
based on modified Response Evaluation Criteria in Solid Tumors (mRECIST) and safety.

Results
Median OS was 9.4 months for brivanib and 8.2 months for placebo (hazard ratio [HR], 0.89; 95.8%
CI, 0.69 to 1.15; P � .3307). Adjusting treatment effect for baseline prognostic factors yielded an
OS HR of 0.81 (95% CI, 0.63 to 1.04; P � .1044). Exploratory analyses showed a median time to
progression of 4.2 months for brivanib and 2.7 months for placebo (HR, 0.56; 95% CI, 0.42 to 0.76;
P � .001), and an mRECIST ORR of 10% for brivanib and 2% for placebo (odds ratio, 5.72). Study
discontinuation due to treatment-related adverse events (AEs) occurred in 61 brivanib patients
(23%) and nine placebo patients (7%). The most frequent treatment-related grade 3 to 4 AEs for
brivanib included hypertension (17%), fatigue (13%), hyponatremia (11%), and decreased appe-
tite (10%).

Conclusion
In patients with HCC who had been treated with sorafenib, brivanib did not significantly
improve OS. The observed benefit in the secondary outcomes of TTP and ORR warrants
further investigation.

J Clin Oncol 31:3509-3516. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Hepatocellular carcinoma (HCC) is often diagnosed
at an unresectable, advanced stage that requires sys-
temic treatment.1-4 The only systemic treatment re-
sulting in significant improvement in survival in
patients with advanced HCC is sorafenib, a multiki-
nase inhibitor that targets multiple signaling path-
ways, including vascular endothelial growth factor
(VEGF) signaling.5,6 Effective treatments for pa-

tients with advanced HCC who progress on/after or
are intolerant to sorafenib remain an unmet medi-
cal need.2-4

Fibroblast growth factor (FGF) proteins are in-
volved in tumor growth and angiogenesis in various
cancers, including HCC.7-12 Increased serum FGF
levels are predictive of invasive HCC and recurrence
after surgical resection.13 Upregulation of alternate
angiogenic signaling pathways such as FGF signaling
may contribute to the evasion of blockade of VEGF
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signaling by sorafenib, leading to relapse.14-16 Thus, targeting both
VEGF and FGF signaling pathways may benefit patients with HCC
who progress on anti-VEGF therapies such as sorafenib.

Brivanib is a selective dual inhibitor of VEGF and FGF receptor
tyrosine kinases.17 It has potent antiangiogenic and antiproliferative
effects on tumor cells from various tumor types, including liver.18,19 In
addition, brivanib has demonstrated antitumor activity in xenograft
HCC models resistant to sorafenib.20,21 In a phase II study in patients
with advanced HCC who had progressed after prior antiangiogenic
therapy (primarily sorafenib), brivanib had an objective response rate
(ORR) of 11%, disease control rate (DCR) of 72% based on post hoc
analysis using modified Response Evaluation Criteria in Solid Tumors
(mRECIST) for HCC, and a median overall survival (OS) of 9.8
months; similar results have been reported in patients with advanced
HCC who had no prior systemic treatment.22-25 This phase III
BRISK-PS (Comparison of Brivanib and Best Supportive Care to
Placebo � Best Supportive Care in Subjects With Advanced Hepato-
cellular Cancer Who Have Failed or Are Intolerant to Sorafenib Treat-
ment) trial evaluated the efficacy and safety of brivanib in patients with
advanced HCC whose tumor had progressed on/after or who were
intolerant to sorafenib.

PATIENTS AND METHODS

Patients
Patients with histologically or cytologically confirmed advanced HCC

who had documented radiographic or symptomatic progression on/after or
were intolerant to sorafenib were eligible. Patients were required to have one or
more measurable lesions. Other inclusion criteria included liver function of
Child-Pugh Class A or B (a total score � 7) without ascites or encephalopathy,
an Eastern Cooperative Oncology Group performance status (ECOG PS) � 2,
and adequate hematologic, hepatic, and renal functions. Details of eligibility
criteria can be found in Appendix Table A1 (online only).

All patients provided written informed consent before enrollment. The
study was approved by the institutional review board or ethics committee at
each center and complied with provisions of the Good Clinical Practice guide-
lines and the Declaration of Helsinki and local laws.

Trial Design and Treatment
In this multinational, double-blind, randomized, placebo-controlled

phase III trial, eligible patients were randomly assigned (2:1) to receive
brivanib 800 mg once per day plus best supportive care or matching placebo
plus best supportive care. Randomization was done centrally by the Sponsor
(Bristol-Myers Squibb) -managed Interactive Voice Response System and was
conducted with stratification by reason for sorafenib discontinuation (pro-
gression v intolerance), ECOG-PS score (0 v 1 or 2), extrahepatic spread
and/or vascular invasion (yes v no), and study site.26

The dose modification schedule is described in Appendix Table A2
(online only). Treatment continued until unacceptable toxicity or progres-
sion. Since there were no approved treatments available for these patients,
study therapies were allowed beyond radiographic progression if investigators
determined that patients were still benefiting from blinded treatments.

Assessments
The primary end point of OS was defined as the time from random

assignment until the date of death as a result of any cause. Secondary end
points were time to progression (TTP), ORR, DCR as assessed by mRECIST,
and safety. TTP was defined as the time from random assignment to radiologic
disease progression, ORR as the percentage of patients with complete response
or partial response, and DCR as the percentage of patients with complete
response, partial response, or stable disease.

Tumor measurements were performed every 6 weeks during treatment by
contrast-enhanced, dual-phase computed tomography or magnetic resonance

imaging. Confirmatory assessments were performed � 28 days after the initial
demonstration of the response. Assessment was initially performed locally by
investigators using modified WHO (mWHO) criteria and subsequently using
mRECISTforHCCperprotocolamendment.Treatmentdecisionswerebasedon
this local radiologic review. Scans were collected, archived, and reviewed centrally
byablindedindependentradiologicreviewcommitteeaccordingtomRECISTfor
HCC.22,23 Results for TTP, ORR, and DCR were based on this central review. The
mRECIST for HCC is a set of criteria that has been proposed to more accurately
reflect antitumor activity and changes in viable tumor burden than does standard
RECIST. Because RECIST cannot account for the component of intratumoral
necrotic areas, which may be seen on contrast-enhanced imaging, mRECIST was
used in the central review reported here. Safety assessments in patients who re-
ceived at least one dose of study therapy included adverse events (AEs) and clinical
laboratory tests (National Cancer Institute Common Terminology Criteria for
AdverseEvents,version3.0).AEsandseriousAEsweremonitoredforupto14and
30 days, respectively, after the last dose.

Statistical Analysis
Sample size was calculated assuming an exponential survival distribution

in each treatment group and taking into account one interim analysis for
superiority. The study required at least 282 deaths to ensure that the two-sided
� � .05 level log-rank test had 90% power to show a statistically significant
difference in OS between the treatment arms when the hazard ratio (HR) is
0.67. A minimum observed HR of 0.78 was needed for the trial to be positive.
A maximum of 414 patients were to be randomly assigned.

The final analysis of OS compared brivanib with placebo by using a
log-rank test at a two-sided � of .042 (adjusting for the preplanned interim
analysis), stratified by reason for sorafenib discontinuation, ECOG-PS score,
extrahepatic spread, and/or vascular invasion. Median OS and associated 95%
CI were estimated by using Kaplan-Meier methods. The HRs and their asso-
ciated CIs for OS were computed by using unadjusted and adjusted Cox
proportional hazards models. Subsets prespecified for OS analysis were the
aforementioned stratification factors (reason for sorafenib discontinuation,
ECOG PS score, extrahepatic spread, and/or vascular invasion), region, age,
race, sex, risk factors (hepatitis B or C virus, alcohol-induced liver disease),
tumor morphology, tumor size, and �-fetoprotein at baseline. A prespecified
multivariate Cox proportional hazards model stratified by the aforementioned
stratification factors was used to evaluate whether prespecified baseline fac-
tors (age, hepatitis B or C virus infection, alcohol-induced liver disease,
�-fetoprotein, and major portal vein invasion) were prognostic of OS and to
adjust the treatment effect for all these prespecified factors. The variables were
assessed by using a Wald test at a two-sided � of .05. A stepwise Cox regression
approach was used for model building on a post hoc basis. A prespecified
stratified log-rank test compared TTP between the two arms. The same meth-
odology as described above for OS in this section was used to compute median
TTP, HR, and CI and to adjust for the aforementioned prespecified baseline
factors in this section. Exact 95% CIs for ORR and DCR were calculated by
using the Clopper-Pearson method. ORR and DCR in the two groups were
compared by using a Cochran-Mantel-Haenszel test stratified by the afore-
mentioned factors (reason for sorafenib discontinuation, ECOG PS, extrahe-
patic spread and/or vascular invasion); associated odds ratios (ORs) and 95%
CIs were estimated. Secondary efficacy end points were to be tested hierarchi-
cally in the following order: TTP, ORR, and DCR. The P values presented were
nominal and were not adjusted for multiplicity.

RESULTS

Patients
Of 565 patients screened, 395 were randomly assigned between

February 2009 and June 2011 to receive brivanib (n � 263) or placebo
(n � 132) in 107 centers across 18 countries (Fig 1). The data cutoff date
for this analysis was November 16, 2011. Forty-two percent of the ran-
domly assigned patients were from Europe, 41% from Asia, and 17%
from the Americas. Among the randomly assigned patients, 261 received
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one or more doses of brivanib and 131 received one or more doses
of placebo.

Demographics and disease characteristics were generally bal-
anced between the arms, except for macrovascular invasion (brivanib,
31%; placebo, 25%; Table 1), portal vein invasion and/or thrombosis
(brivanib, 18%; placebo, 12%), and �-fetoprotein level (median:
brivanib, 204 ng/mL; placebo, 100 ng/mL). Most patients had pro-
gression on prior sorafenib (87%) and one or more known risk factors
for HCC (84%), with hepatitis B (37%), hepatitis C (27%), and alco-
holic liver disease (25%) being the most common. Patients had
advanced-stage HCC (Barcelona Clınic Liver Cancer [BCLC] stage C,
86%) with preserved liver function (Child-Pugh Class A, 92%) and
good performance status (ECOG PS of 0, 59%).

Patient Disposition and Treatment Exposure
Ninety percent of the patients receiving brivanib and 92% receiv-

ing placebo discontinued treatment (Fig 1). The most common rea-
sons for discontinuation were disease progression (brivanib, 50%;
placebo, 70%) and study drug toxicity (brivanib, 23%; placebo, 7%).
As estimated by Kaplan-Meier analysis, median treatment duration
was 3.1 months (95% CI, 2.6 to 4.0 months) for brivanib and 2.5
months (95% CI, 1.6 to 2.8 months) for placebo. Median mean daily
dose was 661 mg per day (range, 201 to 802 mg per day) for brivanib
and 800 mg per day (range, 324 to 819 mg per day) for placebo.

Efficacy
Based on the intention-to-treat analysis with 284 deaths, the

primary end point of a statistically significant improvement in OS

with brivanib versus placebo (HR, 0.89; 95.8% CI, 0.69 to 1.15; P �
.3307) was not met (Fig 2A); median OS was 9.4 and 8.2 months for
brivanib and placebo groups, respectively. A prespecified analysis
showed that OS results across subgroups were generally consistent
with the primary OS analysis. Figure 3 shows the results for se-
lected subgroups.

A multivariate Cox analysis of the prespecified baseline factors
(see Patients and Methods) identified �-fetoprotein (� 200 ng/mL
v � 200 ng/mL: P � .001) and portal vein invasion (no v yes; P � .001)
to be significant prognostic factors for OS. Adjusting the treatment
effect for all the prespecified factors yielded an HR for OS of 0.81 (95%
CI, 0.63 to 1.04; P � .1044).

Some patients received cancer therapy subsequent to discontin-
uation of study treatments, including systemic (brivanib, 27%; pla-
cebo, 35%) and nonsystemic (brivanib, 18%; placebo, 20%) regimens.
Post hoc analyses using poststudy treatments as a time-dependent
covariate did not show a differential impact of poststudy treatment on
OS (data not shown).

In total, 108 placebo patients (82%) and 226 brivanib patients
(86%) were evaluable for response (ie, baseline and at least one on-
study scans) by an independent radiologic review committee. Fifty-
two patients (placebo, n � 24 [26%]; brivanib, n � 28 [21%]) had an
assessment of radiographic progression based on local review but did
not have documented radiographic progression by central review and
were censored for the analyses of TTP, ORR, and DCR. TTP was
longer for brivanib than for placebo (median, 4.2 v 2.7 months), with
an HR of 0.56 (95% CI, 0.42 to 0.76) and P � .001 (Fig 2B). Adjusting
for prespecified baseline prognostic factors (see Patients and

Assessed for eligibility 
(N = 565)

Randomly assigned 
(n = 395)

Excluded
   Did not meet inclusion criteria
   Declined to participate
   Other reasons

(n = 170)
  (n = 144)

(n = 17)
(n = 9)

Allocated to placebo
   Received placebo
   Did not receive placebo
      No longer meeting criteria

(n = 132)
   (n = 131)

  (n = 1)
    (n = 1)

Allocated to brivanib
   Received brivanib
   Did not receive brivanib
      No longer meeting criteria

(n = 263)
   (n = 261)

  (n = 2)
    (n = 2)

Still receiving treatment
Lost to follow-up
Discontinued treatment
   Disease progression
   Related adverse events
   Unrelated adverse events
   Patient request to discontinue
   Consent withdrawn
   No longer meeting criteria

Still receiving treatment
Lost to follow-up
Discontinued treatment
   Disease progression
   Related adverse events
   Unrelated adverse events
   Patient request to discontinue
   Consent withdrawn
   No longer meeting criteria
   Poor compliance/noncompliance

(n = 11)
(n = 0)

(n = 121)
(n = 93)
(n = 9)

(n = 10)
 (n = 5)
(n = 1)
(n = 1)
(n = 2)

(n = 26)
(n = 0)

(n = 237)
(n = 132)
   (n = 61)
   (n = 21)
   (n = 19)

  (n = 2)
  (n = 2)

Analyzed for efficacy
   Response evaluable
Analyzed for safety

Analyzed for efficacy
   Response evaluable
Analyzed for safety 

(n = 132)
(n = 101)
(n = 131)

(n = 263)
(n = 210)
(n = 261)

Fig 1. CONSORT diagram of sorafenib-
pretreated patients with advanced hepa-
tocellular carcinoma in the BRISK-PS
study. Of the enrolled patients, 144 did not
meet inclusion criteria and thus were ex-
cluded from random assignment. There were
no dominant reasons for these exclusions.
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Methods) in a preplanned Cox model yielded similar results (HR,
0.56; 95% CI, 0.42 to 0.76).

There were no complete responses. Based on the intention-to-
treat analysis, ORR was higher with brivanib than with placebo (10%
v 2%; OR, 5.75; P � .0030; Table 2) as was DCR (61% v 40%; OR, 2.38;
P � .001). Similar results were noted in those patients assessed by an

independent radiologic review committee (brivanib: n � 226; ORR,
12%; DCR, 71% v placebo: n � 108; ORR, 2%; DCR, 49%). Figure 4A
depicts the percent maximum changes from baseline in target tumor
lesions in patients with both baseline and on-treatment tumor assess-
ments by mRECIST for HCC. In patients with baseline �-fetoprotein
concentration greater than the upper limit of normal (74% of ran-
domly assigned patients) and one or more on-study �-fetoprotein
assessments (brivanib, n � 179; placebo, n � 89), 54% of brivanib and
7% of placebo recipients had an �-fetoprotein reduction of � 50%
relative to baseline (Fig 4B).

Safety
The overall frequency of treatment-related AEs was 92% with

brivanib and 62% with placebo (Table 3). Treatment-related grade 3

Table 1. Baseline Demographics and Disease Characteristics

Demographic or Characteristic

Brivanib
(n � 263)

Placebo
(n � 132)

No. % No. %

Age, years
Median 64 62
Range 19-89 19-87

Sex
Male 216 82 113 86
Female 47 18 19 14

Race
White 122 46 66 50
Asian 125 48 59 45
Black/African American 10 4 6 5
Other 6 2 1 1

Reason for sorafenib discontinuation
Progression 227 86 116 88
Intolerance 35 13 16 12

Prior nonsystemic treatment 211 80 97 73
TACE 149 57 65 49
Liver resection 103 39 47 36
Radio-frequency ablation 49 19 28 21

ECOG PS
0 151 57 81 61
1 102 39 46 35
2 10 4 5 4

BCLC stage
A 9 3 1 1
B 23 9 19 14
C 229 87 112 85
D 2 1 0

Child-Pugh Class
A 242 92 120 91
B 19 7 12 9
C 2 1 0

Distant metastasis 171 65 84 64
Regional lymph node metastasis 92 35 47 36
Vascular invasion 81 31 24 18

Portal vein invasion and/or
thrombosis 65 25 16 12

Risk factors
Any 218 83 112 85
Alcoholic liver disease 61 23 36 27
Hepatitis B 102 39 45 34
Hepatitis C 73 28 35 27
Other 18 7 12 9

�-fetoprotein
Patients with baseline �-fetoprotein

assessment 256 129
Median, ng/mL 204 100
Range 1.2-13.6 � 105 1.0-5.1 � 105

� 200 ng/mL 129 50 57 44

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern
Cooperative Oncology Group performance status; TACE, trans-catheter arte-
rial chemo-embolization.
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Fig 2. Kaplan-Meier estimates of overall survival (OS) and time to progression.
(A) OS was computed on all randomly assigned patients. Patients who had not
died or who were lost to follow-up were censored on the last date on which they
were known to have been alive. CI for the hazard ratio (HR) was adjusted for the
results of the preplanned interim analysis and was based on an adjusted
two-sided � of .042. (B) Time to progression was computed on all randomly
assigned patients. Patients who had not progressed were censored on the date
of last tumor assessment. Patients who had no on-study tumor assessments or
who had no independent radiologic review were also censored on the date of
random assignment.
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AEs that occurred at a frequency of � 5% with brivanib included hyper-
tension, fatigue, hyponatremia, decreased appetite, asthenia, diarrhea,
increased AST, and increased ALT; these AEs occurred at a frequency of
� 4% with placebo (Table 3). Grade 4 AEs were infrequent. The most

frequent (� 5%) grade 3 to 4 laboratory abnormalities listed in Table 3
were more common with brivanib than with placebo.

Other AEs (not listed in Table 3) of potential relevance to
antiangiogenic therapies (predefined: any grade, any relationship)

32   10

All randomly assigned
Region
    America and Europe
    Asia
ECOG PS
    0
    1-2
Previous sorafenib
    Progressed
    Intolerant
Extrahepatic spread/
vascular invasion
   Yes
   No
HBV
   Yes
   No
HCV
   Yes
   No
AFP
   < 200 ng/mL
    ≥ 200 ng/mL
Tumor nodule
   ≤ 3 cm
   > 3 cm - ≤ 10 cm
   >10 cm

183/263

109/153
74/110

108/163
75/100

163/230
20/33

139/189
44/74

78/102
105/161

49/73
134/190

74/127
109/136

49/90
104/140

30/33

101/132

67/82
34/50

60/82
41/50

90/115
11/17

72/94
29/38

36/45
65/87

28/35
73/97

52/72
49/60

31/44
52/64
18/24

0.89

0.8
1.0

0.9
0.8

0.9
0.9

1.0
0.7

1.0
 0.8

0.8
0.9

0.7
1.0

0.9
0.8
1.5

 0.69 to 1.15

 0.6 to 1.1
 0.7 to 1.5

 0.7 to 1.3
 0.5 to 1.1

 0.7 to 1.2
 0.4 to 1.9

 0.7 to 1.3
 0.4 to 1.1

 0.7 to 1.5
 0.6 to 1.1

 0.5 to 1.3
 0.7 to 1.2

 0.5 to 1.0
 0.7 to 1.3

 0.5 to 1.3
 0.6 to 1.1
 0.8 to 2.7

Hazard Ratio  (95% CI)

Favors brivanib Favors placebo

HR 95% CI
Events/Patients

Brivanib
Events/Patients

Placebo

Fig 3. Overall survival in selected subsets.
AFP, �-fetoprotein; ECOG PS, Eastern Coop-
erative Oncology Group performance status;
HBV, hepatitis B virus; HCV, hepatitis C virus;
HR, hazard ratio.

Table 2. Tumor Response

Response

Brivanib (n � 263) Placebo (n � 132) Brivanib Versus Placebo

No. % No. % OR 95% CI P†

Best response
Complete response 0 0
Partial response 26 10 2 2
Stable disease 135 51 51 39
Progressive disease 49 19 48 36
Not evaluable� 53 20 31 23

Objective response rate 5.72 1.41 to 23.25 .0030†
% 10 2
95% CI 6.6 to 14.2 0.2 to 5.4

Disease control rate 2.38 1.54 to 3.68 � .001
% 61 40
95% CI 55.0 to 67.1 31.7 to 49.0

NOTE. Data are based on blinded independent radiologic review using modified Response Evaluation Criteria in Solid Tumors (RECIST) for hepatocellular
carcinoma,22,23 and analysis based on the intention-to-treat population.

Abbreviation: OR, odds ratio.
�Included patients without independent radiologic review.
†Cochran-Mantel-Haenszel test.
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reported for brivanib and placebo were hemorrhage of any origin
(17% and 16%, respectively), ascites (14% and 14%), encephalop-
athy (4% and 2%), hepatic encephalopathy (5% and 2%), hepatic
failure (3% and 2%), acute hepatic failure (� 1% and 2%), venous
thromboembolism (3% and 4%), arterial thromboembolism (2%
and 1%), esophageal variceal bleeding (2% and 2%), and gastric
variceal bleeding (0% and 1%). Two patients (1%) receiving
brivanib (none who received placebo) had reversible posterior
leukoencephalopathy syndrome.

Discontinuation due to treatment-related AEs was reported in 61
patients (23%) receiving brivanib and nine patients (7%) receiving
placebo. The most frequent treatment-related AEs leading to discon-
tinuation of brivanib were fatigue, asthenia, decreased appetite, hyper-
tension, and vomiting (8, 6, 6, 5, and 4 patients, respectively). Both
dose interruptions (brivanib, 61%; placebo, 26%) and dose reductions
(brivanib, 54%; placebo, 11%) were more frequent with brivanib.

The incidence of serious AEs was 63% for brivanib and 57% for
placebo. No individual serious AEs were reported in more than 5% of
brivanib recipients except for malignant neoplasm progression
(brivanib, 17%; placebo, 21%). All AEs are listed in Appendix Table
A3 (online only), and serious AEs from any cause are listed in Appen-
dix Table A4 (online only).

Forty patients (15%) receiving brivanib and 24 (18%) receiving
placebo died within 30 days of the last dose; the most common reason
for death was disease progression (brivanib, 12%; placebo, 17%). Six
deaths on the study were considered by investigators possibly related
to treatment, all of which were in the brivanib arm and occurred

within 30 days of the final dose. Two of these deaths were a result of
encephalopathy, and one each due to liver failure, acidosis, sudden
death, and coma/cerebral edema.

DISCUSSION

The lack of effective treatments for patients with advanced HCC who
are intolerant to sorafenib or for whom sorafenib has failed represents
an unmet medical need.2-4 In this phase III study evaluating brivanib
as second-line treatment in this patient population, no difference was
detected between groups for the primary end point of OS. Survival in
patients with HCC is influenced by many factors related not only to
tumor burden but also to underlying liver condition and minor im-
balances in prognostic factors can have a meaningful impact on OS.
Despite multiple stratification factors, numerical imbalances in some
baseline factors were observed in this study, most notably in
�-fetoprotein level and the presence of vascular invasion, favoring
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89
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179
96 (54%)

Fig 4. Waterfall plots for changes in tumor (A) and serum �-fetoprotein (AFP) (B)
relative to baseline. Patients who had baseline assessments as well as one or
more on-study assessments were plotted. ULN, upper limit of normal.

Table 3. Percent of Treatment-Related AEs and Laboratory Abnormalities

Variable

Brivanib (n � 261) Placebo (n � 131)

Grades
1 to 4

Grade
3

Grade
4

Grades
1 to 4

Grade
3

Grade
4

AE�

Overall
incidence 94 61 7 62 22 2

Decreased
appetite 50 10 0 15 2 0

Fatigue 41 13 0 14 1 0
Hypertension 41 16 � 1 5 2 0
Diarrhea 39 7 0 12 2 0
Nausea 28 2 0 15 1 0
Vomiting 24 2 0 5 1 0
Asthenia 21 8 1 12 4 0
Dysphonia 17 � 1 0 0 0 0
Headache 17 1 0 2 0 0
Hand-foot-skin

reaction 15 2 0 6 0 0
Hyponatremia 15 11 � 1 2 2 0
Decreased

weight 15 � 1 0 2 1 0
Increased AST 14 7 1 6 4 0
Hypothyroidism 14 � 1 0 2 0 0
Dizziness 13 � 1 0 3 0 0
Abdominal pain 11 2 0 5 1 0
Increased ALT 11 7 � 1 3 2 0
Dyspepsia 10 � 1 0 2 0 0
Proteinuria 10 4 0 1 1 0

Laboratory
abnormalities†

Increased AST 95 24 3 91 22 2
Increased ALT 83 16 1 78 6 1
Increased AP 82 12 � 1 80 6 1
Hyponatremia 75 25 2 45 12 2
Hyperbilirubinemia 69 17 4 54 13 5
Thrombocytopenia 67 7 � 1 58 3 0

Abbreviations: AE, adverse event; AP, alkaline phosphatase.
�Treatment-related AEs that occurred in at least 10% of the patients in either

group between day 1 and at least 14 days after the last dose.
†Laboratory abnormalities (grade 3 or 4) that occurred in at least 5% of the

patients in either group between day 1 and at least 14 days after the last dose.
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placebo. Although extrahepatic spread and/or vascular invasion was a
stratification factor, the high prevalence of extrahepatic spread (74%)
relative to vascular invasion (brivanib, 31%; placebo, 18%) masked
the imbalance in vascular invasion. Adjusting for all the prespecified
baseline factors resulted in an HR for OS of 0.81. Although the ad-
justed HR did not reach statistical significance, this prespecified anal-
ysis and consistent results from exploratory analyses, including
baseline stratification factors and other prognostic factors (HR, 0.79 to
0.82), suggested that there may have been an underestimate of the HR
due to potential imbalances in some prognostic factors such as
�-fetoprotein and vascular invasion. Another possible explanation for
the failure to detect a difference in OS is because of insufficient power
as patients with a better prognosis than in previous trials were en-
rolled. For example, the observed median OS of 8.2 months for pla-
cebo recipients is similar to or even longer than those reported for
placebo patients in the first-line study of sorafenib in HCC5,6 and the
recent phase II data in patients with HCC who failed sorafenib who
had a median survival of less than 7 months for patients receiving
placebo.27 Finally, the antitumor activity of brivanib may not be strong
enough to extend survival. This explanation is consistent with the
results of a recently completed phase III study, which compared
brivanib with sorafenib head-to-head as first-line therapy, suggesting
antitumor activity of brivanib without meeting the primary end point
of OS noninferiority.28

In our trial, we observed improvements in secondary outcomes
such as TTP, ORR, and DCR based on mRECIST. This suggests a
potential antitumor activity of brivanib. However, it should be em-
phasized that the data for TTP, ORR, and DCR in our trial and other
trials were based on the so far unvalidated mRECIST for HCC.22,23

The mRECIST for HCC incorporates the extent of tumor necrosis
into its scoring system for response assessment and has a more con-
servative assignment for progression compared with RECIST. Further
research is needed to determine whether mRECIST for HCC is a valid
marker of antitumor activity in patients with HCC.22,23 In addition,
because the primary end point was not met, the data for TTP, ORR,
and DCR should be considered exploratory based on the planned
hierarchical testing paradigm.

Consistent with previously published data for tyrosine kinase
inhibitors such as sorafenib and sunitinib,5,6,29-32 hypertension, hypo-
thyroidism, proteinuria, and hand-foot skin reaction were observed
with brivanib. Of note, hand-foot skin reaction, a hallmark of the
sorafenib safety profile, appeared to be less frequent and severe in this
study than reported previously in first-line studies of sorafenib in
HCC. Hyponatremia, a frequently reported AE in this study as well as
in previous early trials of brivanib in various tumor types, including
colorectal cancer and sarcoma,25,33-35 has not been reported for other
targeted agents,5,6 suggesting that this AE may be relatively specific to
brivanib. Notably, the safety profile was similar between sorafenib-
intolerant patients and those who progressed on/after sorafenib (Ap-
pendix Table A5, online only), suggesting a lack of cross tolerance
between brivanib and sorafenib for toxicity. It is unclear whether the
reduced dose intensity resulting from dose reductions, dose interrup-
tions, and treatment discontinuations due to AEs had an impact on
efficacy. Causes of six deaths (brivanib arm) considered by investiga-
tors to be treatment-related were not unusual for this patient popula-
tion. Of note, however, is that almost one quarter of brivanib patients
withdrew from the trial prematurely because of drug toxicity.

In conclusion, this first phase III study of brivanib in patients
with HCC who have already been treated with sorafenib did not meet
its primary end point of OS improvement. The results of our trial may
inform the design of future studies in this patient population.
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d’investigacions Biomèdiques August Pi i Sunyer (IDIBAPS) –Hospital Clinic, University of Barcelona, Barcelona, Spain; Thomas Decaens,
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Appendix

Table A1. Patient Eligibility Criteria

Inclusion criteria
Men and women age 18 years or older
Histologically or cytologically confirmed advanced HCC

Advanced disease was defined as disease not eligible for or progressive after surgical or locoregional therapy
Prior sorafenib therapy for at least 14 days (not necessarily consecutive) before discontinuing the therapy due to radiographic or symptomatic progression or

intolerance
Sorafenib discontinuation at or prior to study entry and off sorafenib therapy for at least 8 days prior to the first dose of study treatment
Progression on sorafenib was defined as radiographic progression according to mWHO criteria or RECIST, or symptomatic progression defined as a
decrease of ECOG performance status from 0 to 2 and/or development of symptomatic disease from asymptomatic disease
Intolerance was defined as persistence of sorafenib-related AEs of at least grade 2, despite supportive therapy, and/or persistence/recurrence of AEs after
dose interruption and reduction of sorafenib

Locoregional therapy must have been completed at least 3 weeks prior to the baseline scan
At least one untreated measurable lesion by MRI or spiral CT
Cirrhotic status of Child-Pugh Class A or B with a score of � 7
ECOG performance status 0, 1, or 2
Life expectancy of at least 8 weeks
Adequate hematologic function with absolute neutrophil counts � 1,500/�L, platelet count � 60 � 109/L, and hemoglobin � 8.5 g/dL
Adequate hepatic function with serum total bilirubin � 3 mg/dL, serum albumin � 2.8 g/dL, and ALT and AST � 5� institutional ULN
Amylase and lipase � 1.5� ULN
Adequate renal function with serum creatinine � 2.0 mg/dL
INR � 2.3 or PT � 6 seconds above control

Exclusion criteria
Brain metastasis or evidence of leptomeningeal disease
Known fibrolamellar HCC or mixed cholangiocarcinoma and HCC
Any encephalopathy
Any ascites
Bleeding esophageal or gastric varices within 2 months prior to inclusion
Previous or concurrent cancer except cervical carcinoma in situ, treated basal cell carcinoma, superficial bladder tumors (Ta, Tis, and T1). Any cancer

curatively treated � 5 years prior to entry is permitted
History of active cardiac disease including uncontrolled hypertension, congestive heart failure, active coronary artery disease, unstable or newly diagnosed

angina, or myocardial infarction less than 12 months prior to study, cardiac arrhythmias requiring anti-arrhythmic therapy other than beta blockers or
digoxin, and valvular heart disease � CTCAE grade 2

QTc (Fridericia) � 450 msec on two consecutive ECGs
Thrombotic or embolic events within the past 6 months and pulmonary embolism
Any other hemorrhage/bleeding event

Grade 2 within the past 2 months
Grade 3 within the past 6 months
Grade 4 except for esophageal and gastric varices (see above)

Infection
History of HIV infection
Active, untreated hepatitis B virus infection
Active bacterial infection less than 7 days after completing systemic antibiotic therapy

History of nonhealing wounds or ulcers, or bone fractures within 3 months of fracture
Pre-existing thyroid abnormality with thyroid function that cannot be maintained in the normal range with medication
Hyponatremia with sodium � 130 mmol/L
Baseline serum potassium � 3.5 mmol/L
Prior use of any systemic anticancer chemotherapy, immunotherapy, or targeted agents for HCC except for sorafenib

NOTE. Radiotherapy within 4 weeks prior to start of study drug (palliative radiotherapy for symptomatic control) was acceptable.
Abbreviations: AE, adverse event; CT, computed tomography; CTCAE, Common Terminology Criteria for Adverse Events; ECOG, Eastern Cooperative Oncology

Group; HCC, hepatocellular carcinoma; INR, international normalized ratio; MRI, magnetic resonance imaging; mWHO, modified WHO; PT, prothrombin time;
RECIST, Response Evaluation Criteria in Solid Tumors; ULN, upper limit of normal.
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Table A2. Dose Modification Schedule for Toxicity

AE Occurrence Occurrence Dose Modification

Baseline ALT/AST � 2.5� ULN
increase to � 5� ULN or
baseline ALT/AST 2.5 to
5� ULN increase to
� 10� ULN

First Hold study drugs until ALT/AST � 5� ULN. When study drugs are resumed,
decrease by one dose level from the previous dose level.

Second Hold study drugs until ALT/AST � 5� ULN. When study drugs are resumed,
decrease by one dose level from the previous dose level.

Third Stop study drugs or discuss with medical monitor.
Total bilirubin � 3� ULN First Hold study drugs until bilirubin � 3� ULN. When study drugs are resumed,

decrease by one dose level from the previous dose level.
Second Hold study drugs until bilirubin � 3� ULN. When study drugs are resumed,

decrease by one dose level from the previous dose level.
Third Stop study drugs or discuss with medical monitor.

Grade 3 hyponatremia � 130
to 120 mmol/L

First Continue study drugs and start medical intervention until sodium � 130 mmol/
L.

Second or persistent
for � 7 days

Hold study drugs and start medical intervention. Resume study drugs when
sodium � 130 mmol/L; decrease by one dose level from the previous dose
level.

Third Hold study drugs and start medical intervention. Resume study drugs when
sodium � 130 mmol/L; decrease by one dose level from the previous dose
level.

Fourth Stop study drugs or discuss with medical monitor.
Grade 4 hyponatremia � 120

mmol/L
First Hold study drugs and start medical intervention.

Resume study drugs when sodium � 130 mmol/L; decrease by one dose
level from the previous dose level.

Second Stop study drugs or discuss with medical monitor.
Any other drug-related grade 3

nonhematologic or
hematologic toxicity

First Hold study drugs. Resume study drugs when toxicity decreases to grade � 1;
decrease by one dose level from the previous dose level.

Second Hold study drugs. Resume study drugs when toxicity decreases to grade � 1;
decrease by one dose level from the previous dose level.

Third Stop study drugs or discuss with medical monitor.
Any other drug-related grade 4

nonhematologic or
hematologic toxicity

First Stop study drugs or discuss with medical monitor.

NOTE. Two dose reductions were allowed with the first at 600 mg and the second at 400 mg.
Abbreviations: AE, adverse event; ULN, upper limit of normal.
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Table A3. Percent of AEs Resulting From Any Cause

AE

Brivanib (n � 261) Placebo (n � 131)

Grades 1 to 4 Grade 3 Grade 4 Grades 1 to 4 Grade 3 Grade 4

Overall incidence 86 56 16 76 33 11
Decreased appetite 61 12 0 24 2 0
Fatigue 48 15 � 1 24 2 1
Hypertension 48 18 � 1 14 2 1
Diarrhea 47 9 0 15 2 0
Nausea 36 2 0 21 1 0
Vomiting 32 2 0 9 1 0
Abdominal pain 28 5 � 1 21 5 0
Decreased weight 23 � 1 0 8 1 0
Asthenia 22 8 1 19 5 0
Increased AST 21 10 2 15 8 2
Dysphonia 21 � 1 0 2 0 0
Headache 21 1 0 8 1 0
Constipation 19 0 0 15 2 0
Upper abdominal pain 17 2 0 11 2 1
Hypothyroidism 16 � 1 0 2 0 0
Peripheral edema 16 1 0 18 1 0
Increased ALT 15 8 � 1 7 3 1
Cough 15 1 0 12 0 0
Dizziness 15 1 0 6 0 0
Dyspnea 15 3 0 11 0 0
Hand-foot syndrome 15 2 0 7 0 0
Ascites 14 3 0 14 5 0
Pyrexia 14 � 1 0 9 0 0
Dyspepsia 13 � 1 0 3 0 0
Back pain 11 1 0 8 1 1
Abdominal distension 10 2 0 10 2 0
Mucosal inflammation 10 � 1 0 3 0 0
Insomnia 10 0 0 8 1 0
Proteinuria 10 4 0 2 1 0
Pruritus 10 0 0 10 0 0

NOTE. Adverse events (AEs; grades 1 to 4) that occurred in at least 10% of the patients in either group between day 1 and at least 14 days after the last dose.
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Table A4. Percent of Serious AEs Resulting From Any Cause in at Least 1% of Patients

Serious AE

Brivanib (n � 261) Placebo (n � 131)

Grades 1 to 5 Grade 3 Grade 4 Grade 5 Grades 1 to 5 Grade 3 Grade 4 Grade 5

Overall incidence 63.2 29.9 11.5 13.4 56.5 22.9 6.1 16.0
Malignant neoplasm 17.2 2.7 1.1 6.9 20.6 2.3 0.8 11.5
Hepatic encephalopathy 4.6 2.3 0.8 1.1 1.5 0.8 0 0.8
Decreased appetite 3.8 3.4 0 0 0 0 0 0
Abdominal pain 3.4 2.3 0.4 0 6.9 3.8 0 0
Hepatic failure 3.1 0 1.1 1.9 1.5 0 0.8 0.8
Ascites 2.7 1.1 0 0 3.8 3.1 0 0
Fatigue 2.7 2.7 0 0 1.5 0.8 0 0
Health deterioration 2.7 0.8 0.4 0.4 0.8 0.8 0 0
Dehydration 2.3 1.9 0 0 0.8 0 0 0
Pyrexia 2.3 0 0 0 0.8 0 0 0
Diarrhea 1.9 1.1 0 0 0 0 0 0
Abnormal hepatic function 1.9 0.8 0.4 0.4 0.8 0 0 0
Acute renal failure 1.5 1.5 0 0 1.5 0.8 0.8 0
Hyperbilirubinemia 1.5 1.1 0.4 0 0.8 0 0.8 0
Hyponatremia 1.5 0.8 0.4 0 0.8 0.8 0 0
Muscular weakness 1.5 1.1 0 0 0 0 0 0
Esophageal varices hemorrhage 1.5 1.1 0 0.4 1.5 0.8 0 0.8
Vomiting 1.5 0.8 0 0 1.5 0.8 0 0

NOTE. Grade was not reported for 10 patients (3.8%) in the brivanib group and seven patients (5.3%) in the placebo group.
Abbreviation: AE, adverse event.
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Table A5. Percent of AEs Resulting From Any Cause in Patients Who Progressed or Were Intolerant to Sorafenib

AE

Brivanib Placebo

Progressed Intolerant Progressed Intolerant

Overall incidence 99 100 94 94
Decreased appetite 59 69 23 29
Hypertension 47 50 14 12
Diarrhea 46 53 13 24
Fatigue 45 66 24 29
Nausea 35 47 20 29
Abdominal pain 29 22 19 29
Vomiting 29 50 8 18
Decreased weight 23 22 7 12
Asthenia 21 31 17 35
Dysphonia 21 28 2 0
Hyponatremia 21 19 9 0
Headache 20 28 10 0
Constipation 19 19 16 6
Upper abdominal pain 17 19 11 12
Peripheral edema 17 9 18 12
Hypothyroidism 16 13 2 6
Increased ALT 15 16 7 6
Dyspnea 15 9 11 18
Hand-foot syndrome 15 13 7 6
Cough 14 16 13 6
Dizziness 14 22 7 0
Pyrexia 14 13 9 12
Ascites 13 22 14 12
Dyspepsia 13 16 3 6
Back pain 11 16 9 6
Abdominal distension 10 6 11 6
Mucosal inflammation 10 9 3 6
Insomnia 10 9 9 6
Proteinuria 10 9 2 6
Rash 10 6 8 0
Stomatitis 10 3 1 0

NOTE. Adverse events (AEs; all grades) that occurred in at least 10% of the progressed patients in the brivanib arm between day 1 and at least 14 days after the
last dose.
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Abstract

Global DNA hypomethylation is a characteristic feature of cancer cells that closely associates with chromosomal instability
(CIN). However, the association between these characteristics during hepatocarcinogenesis remains unclear. Herein, we
determined the relationship between hypomethylation and CIN in human hepatocellular carcinoma (HCC) by analyzing
179 HCCs, 178 matched non-tumor livers and 23 normal liver tissues. Hypomethylation at three different repetitive DNA
(rDNA) sequences and hypermethylation of 12 CpG loci, including 11 tumor suppressor gene (TSG) promoters, were
quantified using MethyLight or combined bisulfite restriction analysis. Fractional allelic loss (FAL) was used as a marker for
CIN, calculated by analyzing 400 microsatellite markers. Gains and losses at each chromosome were also determined using
semi-quantitative microsatellite analysis. The associations between rDNA hypomethylation and FAL, as well as between TSG
hypermethylation and FAL were investigated. Significantly more hypomethylation was observed in HCC tissues than in
normal liver samples. Progression of hypomethylation during carcinogenesis was more prominent in hepatitis C virus (HCV)-
negative cases, which was in contrast to our previous reports of significantly increased TSG methylation levels in HCV-
positive tumors. Absence of liver cirrhosis and higher FAL scores were identified as independent contributors to significant
hypomethylation of rDNA in HCC. Among the chromosomal alterations frequently observed in HCC, loss of 8p, which was
unique in the earliest stages of hepatocarcinogenesis, was significantly associated with hypomethylation of rDNA by
multivariable analysis (p= 0.0153). rDNA hypomethylation was also associated with a high FAL score regardless of tumor
differentiation (p= 0.0011, well-differentiated; p= 0.0089, moderately/poorly-differentiated HCCs). We conclude that DNA
hypomethylation is an important cause of CIN in the earliest step of HCC, especially in a background of non-cirrhotic liver.
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Introduction

Several reports suggest that promoter hypermethylation ac-

counts for inactivation of the corresponding tumor suppressor

genes (TSGs) [1]. In contrast, global DNA hypomethylation

commonly found in cancer is thought to induce activation of

potential oncogenes as well as chromosomal alterations, thereby

contributing to carcinogenesis [2,3]. A significant link between

global DNA hypomethylation and chromosomal aberrations has

been reported in several cancers, implying that global hypomethy-

lation may play an important role in inducing chromosomal

instability (CIN) [4–6]. Furthermore, high levels of CpG island

methylation are inversely correlated with CIN in CRC, again

indicating an important role for these processes in carcinogenesis

[7].

In human hepatocellular carcinoma (HCC), multiple genomic

alterations are thought to be involved in carcinogenesis, suggesting

the heterogeneity in the molecular pathogenesis of HCC [8].

Previously, we reported that inactivation of TSGs by regional

hypermethylation in their promoters is a major mechanism driving

human hepatocarcinogenesis, especially in hepatitis C virus

(HCV)-related cases [9]. Nonetheless, the role of increased DNA

hypomethylation within different types of repetitive elements in

HCC is unclear. Our goal was to determine whether DNA

hypomethylation is linked to CIN and influenced by background
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disease and hepatitis virus infections, and if so, whether this

association changes at various steps of human HCC.

In this study, we quantified DNA methylation levels at three

repetitive DNA (rDNA) sequences, in the promoters of several

TSGs and also determined the degree of CIN in a large number of

HCC and liver tissues at various stages of tumorigenesis. Potential

relationships between the degree of CIN and methylation status at

rDNA and TSGs were extensively examined. We also analyzed

characteristics of HCC with significant levels of DNA hypomethy-

lation particularly in the context of degree of CIN. Our results

demonstrated that global DNA hypomethylation took place at

early stage of hepatocarcinogenesis especially in cases without

HCV. Hypomethylation was also associated with degree of CIN

and non-cirrhotic background liver. This study allowed us to

provide a novel insight into the importance of epigenetic events,

which may potentially drive CIN, leading to a more aggressive

HCC phenotype.

Materials and Methods

Ethics
This study was approved by the institutional review boards of

the involved institutions (reference number G365 by Kyoto

University Graduate School and Faculty of Medicine, Ethnic

Committee on July 13, 2010, reference number 24-001 at Kinki

University Faculty of Medicine, Ethnic Committee on Apr. 20,

2012). Written informed consent was obtained from all patients.

Samples
DNA from 179 HCCs was used for quantification of methyl-

ation levels on rDNA sequences. Among them, 66 were well-

differentiated and 113 were moderately- or poorly-differentiated

HCCs. Adjacent non-cancerous liver and 23 normal liver tissue

samples were included [10]. Patient characteristics and distribu-

tions of tumor stages are summarized in Table 1. The 149 tumors

and their surrounding non-cancerous liver were fresh frozen

tissues. The tumors and their surrounding non-cancerous liver

were frozen immediately after surgical removal and stored at

280uC until DNA isolation [11]. The remaining 30 pairs of HCC

and non-cancerous liver tissues and 23 normal liver tissues were

obtained as formalin-fixed paraffin-embedded samples [11].

Differentiation of HCC was determined by histological examina-

tion. Similarly, presence of liver cirrhosis (LC) was examined

histologically using Ishak fibrosis score [12]. All the samples were

obtained during the surgery and samples with the availability of

adequate DNA quantity were selected for further analyses. Among

23 normal liver tissues, 19 specimens came from patients who had

colon cancer with hepatic metastasis. The remaining normal liver

tissues were from focal nodular hyperplasia, hepatic hemangioma,

and hepatic adenoma [9]. Histology of normal livers showed no

evidence of fibrosis or inflammation. In addition, all cases of

normal liver were confirmed to be free of serum Hepatitis B virus

(HBV) surface antigen and HCV antibody and to have normal

serum alanine aminotransferase levels and normal blood platelet

counts.

Quantification of Methylation Levels in Repetitive DNA
Sequences and TSG Promoters
DNA extraction and bisulfite modification treatment were

described previously [13]. For extraction of tumorous DNA, we

carefully selected tumorous tissue without containing non-tumor-

Table 1. Profile of patients with well-differentiated and moderately or poorly differentiated HCC.

Clinical background HCC cases p value

Well differentiated Moderately/poorly differentiated

(n=66) (n=113)

Age (y.o.)

Median (25th–75th percentiles) 61 (56–68) 60 (54–66) 0.3817*

Gender

male/female/missing data 44/22/0 75/35/3 0.8353{

Hepatitis virus

B/BC/C/NBNC` 12/0/51/3 27/3/64/19 0.0166{

Adjacent non-cancerous liver

non-LC/LC/missing data1 23/42/1 32/74/7 0.4801{

Child-Pugh classification

Grade A/Grade B/missing 57/5/4 54/5/54 0.9347

Tumor size (cm)

Median (25th–75th percentiles) 2.5 (1.4–4.0) 3.2 (2.5–6.0) 0.0021*

Serum AFP levels (ng/ml)

Median (25th–75th percentiles) 16.9 (5.6–55.4) 119 (14.7–1615.8) 0.0009*

CI, confidence interval; HCC, hepatocellular carcinoma;
*p value by Wilcoxon rank-sum test;
{p value by the chi-square test. Missing cases of gender, missing adjacent non-cancerous liver samples, or hepatitis virus-positive cases carrying both HBs Ag and HCV
Ab were excluded from statistical analysis using the chi-square test.
`‘‘B’’ denotes the cases with HBsAg-positive, ‘‘BC’’ denotes both HBsAg and HCV Ab-positive, ‘‘C’’ denotes HCV Ab-positive, and ‘‘NBNC’’ denotes the cases with both
negative, respectively. All non-cancerous liver of HBV or HCV-positive cases was revealed as chronic hepatitis or liver cirrhosis according to the histological examination.
1‘‘non-LC’’ denotes background liver without cirrhosis and ‘‘LC’’ denotes liver cirrhosis.?The presence of LC was determined by histological examination [12]. Child-Pugh
classification represented the background liver function.
doi:10.1371/journal.pone.0072312.t001
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ous surrounding liver. rDNA methylation levels were quantified at

two types of interspersed nucleotide repeats, long interspersed

nuclear element-1 (LINE-1) and Alu, and one juxtacentromeric

heterochromatin region, juxtacentromeric satellite 2 (SAT2), using

the MethyLight methodology. The analysis of Alu sequences was

performed using the consensus Alu sequence, and details of all

PCR primers and probes used in this assay have been described

previously [14]. Real-time quantitative PCR was performed using

a StepOne real-time detection system (Applied Biosystems, Foster

City, CA). PCR was performed according to the manufacturer’s

protocol using TaqMan Fast universal PCR Master Mix (Applied

Biosystems). A standard curve for each assay was generated from

serial dilutions of the reference sample, bisulfite-treated CpGe-

nome Universal Methylated DNA (CHEMICON International

Inc., Temecula, CA). The methylation-independent consensus Alu

sequence was used as an endogenous control, as described

previously [14]. Methylation levels at each rDNA sequence were

normalized to those of CpG methylase-treated DNA.

Quantification of methylation levels in 11 TSG promoters and

1 MINT locus (APC, CACNA1G, CASP8, CDKN2A, GSTP1, HIC1,

PRDM2, PTGS2, RASSF1, RUNX3, SOCS1, and MINT31) was

performed using combined bisulfite restriction analysis, as

previously described [9]. Based on our previous study, we selected

12 CpG loci for evaluation of status of regional hyermethylation

because methylation levels of these CpG loci were markedly

higher in well-differentiated HCC compared to non-cancerous

liver, suggesting their potential role in early steps of human

hepatocarcinogenesis [10].

Classification of HCC According to the Methylation Levels
in Repetitive DNA Sequences and TSG Promoters
We applied hierarchical clustering analysis using methylation

levels of 3 rDNA sequences as well as those of 11 TSG promoters

and 1 MINT locus to discriminate tumors according to degree of

hypomethylation and hypermethylation, respectively, because

hierarchical clustering analysis is the most appropriate method

to statistically discriminate HCC according to methylation levels of

multiple loci. We compared the methylation levels of each cluster

and classified HCCs as having either significant hypomethylation

or slight hypomethylation in rDNA sequences and with either

extensive hypermethylation or limited hypermethylation at the

12 CpG loci of the TSG promoters/MINT locus [9].

Quantification of Chromosomal Alterations by Fractional
Allelic Loss
In order to determine the amount of chromosomal alterations in

HCC samples, we analyzed allelic imbalance (AI) in 110 out of

179 liver tumor samples using 400 microsatellite markers equally

distributed throughout all 23 chromosomes (ABI PRISM Linkage

Mapping Set MD-10, Applied Biosystems). We could not obtain

enough DNA from the remaining 69 samples for this analysis.

Details of PCR conditions and assessment of AI were published

previously [15]. Fractional allelic loss (FAL) scores, which broadly

represent an index of CIN, were calculated as the number of

microsatellite loci with AI divided by number of total informative

loci and expressed as a percentage. We also evaluated allelic dose

with multiples PCR using a retained allele and determined

whether AI was the results of chromosomal gain or loss as

described previously [15].

Statistical Analysis
We use Pearson’s chi-square test or Fisher’s exact test for

comparison of categorical variables and Wilcoxon rank-sum test

Figure 1. Distribution of the percentage methylation levels of
repetitive DNA sequences in liver tissues. (A) Distribution of the
percentage methylation levels (shown as Z scores) in all tumors. Box
and whisker plots denote 75% and 95% distributions; lines within boxes
show median values; mean methylation levels and 95% CI are shown as
diamonds and lines within the diamonds, respectively. ‘Normal’ denotes
normal liver (n= 69); ‘NC’ denotes matched, non-cancerous liver
samples (n=520); ‘Well’ denotes well-differentiated HCCs (n= 87 for
#2.0 cm; n= 111 for .2.0 cm); Mod./poor denotes moderately or
poorly differentiated HCCs (n=339). P values were calculated by post-
hoc Tukey-Kramer HSD multiple comparison. Significant differences
(p,0.0001) are shown in bolt lines. The F and p values for the ANOVA
test are as follows: F (4, 1125) = 69.64; p,0.0001. (B) Significant
hypomethylation of repetitive DNA sequences in tumors from HBV-
positive (gray solid line), HCV-positive (black dashed line), and virus-
negative (black solid line) patients. Methylation levels of three
sequences (Alu, LINE-1, and SAT2) in each type of liver tissue were
normalized to CpG methylase-treated DNA levels and expressed as a Z
score. The box and whisker plots denote 75% and 95% distributions;
lines within boxes show median values; mean methylation levels and
95% CI are shown as diamonds and lines within the diamonds,
respectively. The three samples carrying both HBV and HCV were
excluded from this analysis. The greatest difference in HCC hypo-
methylation was between virus-negative and HCV-infected tumors. P
values were calculated using Tukey-Kramer HSD multiple comparison.
The p values for each ANOVA test are as follows: F (2, 485) = 3.50,
p= 0.0311 for NC; F (2, 78) = 22.21, p,0.0001 for well-differentiated
HCCs#2.0 cm; F (2, 105) = 8.32, p= 0.0004 for well-differentiated HCCs
.2.0 cm.
doi:10.1371/journal.pone.0072312.g001
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and Student’s t-test for continuous variables. In order to compare

the amount of methylation in all rDNA sequences (used to indicate

global DNA hypomethylation) among different stages of liver

tissues, analysis of variance (ANOVA) with post-hoc Tukey-

Kramer honestly significant difference (HSD) multiple comparison

was applied. For normalization of methylation levels on multiple

loci, the Z score was applied which was defined as difference

between individual and mean methylation level divided by

standard deviation [9]. The mean and median value of FAL was

20%. Therefore, to discriminate HCCs according to the degree of

CIN, we also classified tumors into two groups: those with an FAL

score .20% and those with an FAL score #20%. To identify

independent predictors of significant hypomethylation, we used

multiple logistic regression analysis. All p values were two-sided,

and p,0.05 was considered to indicate statistical significance. All

statistical analyses were conducted using the JMP version 9.0

software (SAS Institute Inc., Cary, NC).

Results

Hypomethylation Status of rDNA Elements at Different
Steps of Hepatocarcinogenesis
We compared the methylation levels of three different rDNA

sequences in normal liver, non-tumor liver from HCC patients,

and well-differentiated or moderately/poorly-differentiated HCC

tissues [16]. Profiles of patients with tumors of each differentiation

are shown in Table 1. HCV-positive status was more frequent in

HCC samples classified as well-differentiated (p = 0.0116; chi-

square test). Similarly, patients with well-differentiated HCC had

smaller tumors and lower serum alpha-fetoprotein (AFP) levels

(p = 0.0021 and p = 0.0009, respectively; Wilcoxon rank-sum test).

For analysis of progression of hypomethylation during early step of

hepatocarcinogenesis, we also compared rDNA methylation levels

in well-differentiated HCCs of two different size categories:

#2.0 cm and .2.0 cm.

Of the CpG loci analyzed, methylation at the Alu and SAT2

sequences in non-cancerous liver tissues was slightly lower than

that in normal liver (p=0.0494 for Alu and p=0.0334 for SAT2:

Fig. S1). HCC tumors at all stages of development had less rDNA

methylation compared to normal liver and non-cancerous liver

tissue at all three sequences, suggesting that hypomethylation is

specific to carcinogenesis (Table 2 and Fig. S1). Fig. 1A shows

the decrease in global methylation levels at different HCC stages

expressed as a Z score of methylation levels at all three rDNA

elements. Overall, rDNA methylation decreased with progression

of the liver disease (p,0.0001, ANOVA: Fig. 1A). Less

methylation was observed in non-cancerous liver tissues compared

to normal liver tissues (p=0.0076, post-hoc Turkey-Kramer HSD

multiple comparison), and methylation levels in HCC tissues were

significantly decreased compared to normal liver samples even at

the earliest stages of tumor development (p,0.0001: Fig. 1A).

Hypomethylation Reduces during HCC Development
with Differing Viral Status
Next, we wanted to determine whether viral status affected

alterations in rDNA methylation during tumor progression. We

compared methylation levels in rDNA sequences from HBV,

HCV, and virus-negative human HCC tumor samples. Hypo-

Table 2. Mean methylation levels in different liver tissues.

Locus Mean methylation level (%; 95% CI)

Normal liver Non-cancerous liver Well-differentiated HCC
Moderately or poorly-
differentiated HCC

p value according
to ANOVA*

#2.0 cm .2.0 cm

(n=23) (n=178) (n=29) (n=37) (n=113)

Alu 0.70 (0.62–0.78) 0.58 (0.55–0.61) 0.46 (0.41–0.50) 0.39 (0.35–0.42) 0.41 (0.37–0.45) ,0.0001

LINE-1 0.72 (0.63–0.82) 0.69 (0.65–0.74) 0.49 (0.42–0.56) 0.35 (0.29–0.41) 0.35 (0.31–0.38) ,0.0001

SAT2 1.33 (1.14–1.53) 1.02 (0.93–1.12) 0.54 (0.48–0.60) 0.50 (0.40–0.60) 0.45 (0.38–0.52) ,0.0001

CI, confidence interval; HCC, hepatocellular carcinoma. Mean percent methylation (95% CI) at individual CpG loci in each type of liver sample is shown. Values in bold
denote significant differences in methylation levels compared to normal liver tissue.
*F values are as follows: F (4, 374) = 21.87 for Alu; F (4, 375) = 50.78 for LINE1; F (4, 374) = 37.00 for SAT2.
doi:10.1371/journal.pone.0072312.t002

Figure 2. Categorization of tumors with significant hypo-
methylation of repetitive DNA sequences. All tumors were
classified as either having ‘‘significant’’ or ‘‘slight’’ hypomethylation
based on the methylation signatures at three different repetitive DNA
elements (Alu, LINE-1 and SAT2). (A) The color map represents: green,
low methylation level; red, high methylation level. (B) Distribution of
methylation levels for each tumor subgroup classified in (A). Box and
whisker plots (red line) denote 75% and 95% distribution; lines in the
boxes denote median values; diamonds and lines within diamonds
(green line) indicate the mean and 95% CI values, respectively.
Methylation levels are expressed as Z scores. Mean and median Z
values were 20.45949 and 20.66030 for HCCs with significant
hypomethylation; and 0.34908 and 0.32342 for tumors with slight
hypomethylation. P values were determined using the Student’s t-test
and the Wilcoxon rank-sum test. Both tests yielded the same p value.
doi:10.1371/journal.pone.0072312.g002
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methylation of rDNA sequences was more prominent in HCV-

negative tumors than in HCV-infected tumors in well-differenti-

ated HCCs, especially in tumors ,2.0 cm (well-differentiated

HCCs#2.0 cm in size: p,0.0001 for HBV-infected vs. HCV-

infected tumors, p=0.0003 for virus-negative vs. HCV-infected

tumors; well-differentiated HCC$2.0 cm: p=0.0004 for HBV-

infected vs. HCV-infected tumors; post-hoc Tukey-Kramer HSD

multiple comparison; Fig. 1B). However, there were no significant

Figure 3. Multivariate analysis for contribution of each variable to significant hypomethylation in HCC. The p values were calculated
using multiple logistic regression analysis. The total number of patients and the number of cases with significant hypomethylation in each group and
the associated p values of univariate analyses calculated using the chi-square test are shown in Table S2. P values ,0.05 are shown in bold.
doi:10.1371/journal.pone.0072312.g003

Table 3. Association between significant hypomethylation on repetitive DNA and alteration of specific chromosomal arms.

chromosome

Number of cases with
significant hypomethylation/
total cases (%) P value chromosome

Number of cases with
significant hypomethylation/
total cases (%) P value

Loss of 1p Loss of 9p

with 20/54 (37%) with 15/30 (50%)

without 30/59 (51%) 0.1398 without 35/83 (42%) 0.4592

Gain of 1q Loss of 13q

with 34/82 (41%) with 21/35 (60%)

without 16/31 (52%) 0.3324 without 29/78 (37%) 0.0239

Loss of 4q Loss of 16p

with 23/46 (50%) with 16/33 (48%)

without 27/67 (40%) 0.3077 without 34/80 (43%) 0.5603

Loss of 6q Loss of 16q

with 18/28 (64%) with 21/46 (46%)

without 32/85 (38%) 0.0138 without 29/67 (43%) 0.8033

Loss of 8p Loss of 17p

with 33/55 (60%) with 28/51 (55%)

Without 17/58 (29%) 0.0010 without 22/62 (35%) 0.0386

Gain of 8q

with 23/46 (50%)

without 27/67 (40%) 0.3077

Among 11 chromosomal arms frequently altered in HCC, significant association between alteration of chromosomal arms and global hypomethylation (determined by
methylation status of repetitive DNA) were observed for loss of 6q, 8p, 13q, and 17p (shown in bold). Each p value was determined by chi-square test.
doi:10.1371/journal.pone.0072312.t003
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differences associated with viral status among moderately or

poorly differentiated HCCs. Thus, these data indicate that an

increase in rDNA demethylation occurs more profoundly during

early-stage tumor development in HCV-negative than in HCV-

positive hepatocarcinogenesis.

Characterization of HCCs with Significant DNA
Hypomethylation
We classified HCCs with significant global DNA hypomethyla-

tion according to methylation levels at Alu, LINE-1, and SAT2

sequences by using hierarchical clustering analysis, which objec-

tively identifies statistical differences in DNA demethylation

profiles (Fig. 2A). Following this analysis, all 179 HCCs were

classified into two subclasses: in 83 liver tumors with significant

levels of hypomethylation, rDNA methylation was much lower

than that in HCCs with slight hypomethylation (mean and median

Z scores were 20.45949 and 20.66030 for samples with

significant hypomethylation versus 0.34908 and 0.32342 for those

with slight hypomethylation, p,0.0001; Student’s t-test and

Wilcoxon rank-sum test; Fig. 2B). These results indicate that

significant differences in global DNA hypomethylation levels in

HCC tumors classified as having significant hypomethylation

compared with those with slight hypomethylation. We also

compared each methylation levels of Alu, LINE-1 and SAT2

between tumors classified as significant hypomethylation and slight

hypomethylation. Methylation levels of tumors with significant

hypomethylation were markedly lower than those of slight

hypomethylation for all 3 CpG loci. These results also conformed

that the classification by hierarchal clustering analysis is appro-

priate to discriminate the tumors based on global hypomethylation

(p,0.0001 for Alu, p,0.0001 for LINE-1, and p=0.0094 for

SAT2 by Wilcoxon rank-sum test; Table S1).

Variables such as age (.60 y.o., p=0.0292), gender (male,

p = 0.0440), viral status (non-HCV, p = 0.0337), status of normal

adjacent liver (non-LC, p = 0.0001), tumor size (.2.0 cm,

p,0.0001), tumor differentiation (moderately or poorly differen-

tiated, p=0.0075), and FAL score (.20%, p=0.0079) were all

associated with significant hypomethylation (Table S2). When we

compared FAL scores as continuous variables in tumors with

significant versus slight hypomethylation, tumors with significant

hypomethylation had higher FAL scores (mean and median FAL

scores of 27.1% vs. 18.5% and 23.1% vs. 17.0%, respectively, for

HCCs with significant hypomethylation vs. slight hypomethyla-

tion; p=0.0012, Student’s t-test, and p = 0.0023, Wilcoxon rank-

sum test: Table S2).

To further analyze the contribution of each variable to

hypomethylation levels in HCC, we applied multiple logistic

regression analysis. Among the variables which showed significant

relation to hypomethylation, non-LC and higher FAL score were

identified as independent contributors to significant global

hypomethylation (p=0.0024, odds ratio = 4.44, 95% CI= 1.67–

13.0 for non-LC; p=0.0311, odds ratio = 2.55, 95% CI= 1.09–

6.17 for FAL score .20%; Fig. 3).

Association between Alterations on Specific
Chromosomal Arms and rDNA Hypomethylation
According to semi-quantitative microsatellite analyses, the

following chromosomal arms showed frequent alterations at more

than 25% of tumors, which is a unique observation in human

HCC: loss of 1p (45%), 4q (42%), 6q (28%), 8p (54%), 9p (28%),

13q (34%), 16p (30%), 16q (41%), and 17p (48%); gain of 1q

(71%) and 8q (42%) (Fig. 4). Among these, we tried to clarify

chromosomal alterations specifically affected by global hypo-

methylation. For this purpose, we compared frequencies of losses

and gains of these chromosomal arms between tumors with

significant and slight hypomethylation (Table 3). Of these, loss of

6q, 8p, 13q, and 17p were significantly associated with significant

global hypomethylation. Notably, non-LC and loss of 8p was also

identified as independent factors for accompanying significant

global hypomethylation by multivariable analysis using age,

gender, virus status, tumor size, tumor differentiation and loss of

6q, 8p, 13q, and 17p as co-variables (p=0.0018, odds ratio = 5.19,

95% CI= 1.81–16.2 for non-LC; p=0.0153, odds ratio = 3.14,

95% CI= 1.24–8.28 for loss of 8p: Table 4).

rDNA Hypomethylation is Associated with Chromosomal
Instability in HCC
Multivariate analysis revealed that a high FAL score is an

independent factor related to significant hypomethylation. To

confirm that the association between significant hypomethylation

and FAL score is tumor stage-independent, FAL scores were

analyzed by hypomethylation status using hierarchical clustering

Figure 4. Frequencies of allelic imbalance in HCC on each chromosomal arm. The vertical bars show frequencies of allelic loss (shown in
blue) and allelic gain (red); the allelic doses were determined by multiples PCR using a retained allele as a internal control [14]. The red horizontal
dotted bar indicates the frequencies of 25%.
doi:10.1371/journal.pone.0072312.g004
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analyses (significant vs. slight) within each tumor grade (well-

differentiated and moderately/poorly differentiated). We per-

formed a similar analysis on tumor grade categorized according to

extensive or limited TSG hypermethylation by using hierarchical

clustering analysis of methylation levels at the 12 selected TSGs/

MINT loci. The classification of significant or slight global

hypomethylation, and extensive or limited TSG hypermethylation

within each tumor grade based upon hierarchical clustering

analyses is shown in Figure S2.

As shown in Fig. 5, higher FAL scores were exclusively

associated with significant hypomethylation in well-differentiated

tumors (p = 0.0011, Student’s t-test; p = 0.0015, Wilcoxon rank-

sum test; Fig. 5A), but showed no association with extensive TSG

methylation (p = 0.2670, Student’s t-test; p = 0.1601, Wilcoxon

rank-sum test; Fig. 5B). An association between global hypo-

methylation and CIN phenotype was also observed in moderately

or poorly differentiated HCCs; HCCs with significant hypomethy-

lation carried higher FAL scores than those with slight

hypomethylation (p=0.0089, Student’s t-test; p = 0.0270, Wil-

coxon rank-sum test; Fig. 5C). Again, no association was

observed between TSG methylation levels and FAL scores

(p = 0.4527, Student’s t-test; p=0.6663, Wilcoxon rank-sum test;

Fig. 5D). Since we used matched pairs of tissue samples of HCC

and non-cancerous liver, we also calculated the differences in the

methylation levels between non-cancerous liver and HCC, and

examined the relationship between the difference of methylation

levels and FAL scores. The median difference of Z scores was 0.3;

therefore we arbitrarily classified cases as with progressive

hypomethylation if a difference in Z score was 0.3 or more. The

cases with progressive hypomethylation carried HCC with higher

FAL scores compared to those without progressive hypomethyla-

tion (p=0.0040 by student-t test and p=0.0056 by Wilcoxon rank-

sum test: Table S3).

Discussion

In this study, we quantitatively and comprehensively analyzed

DNA hypomethylation and CIN in HCCs using a structured

approach that involved analysis of liver tissues during several

stages of HCC development. Our findings indicated that rDNA

hypomethylation increases with progression of liver disease.

However, according to the analyses of rDNA hypomethylation

and chromosomal alterations, hypomethylation is clearly associ-

ated with the amount of chromosomal alterations, regardless of

tumor differentiation status. In addition, significant global

hypomethylation is more often observed in non-cirrhotic livers;

well-differentiated HCCs that are HCV-negative show greater

hypomethylation than HCV-positive HCCs.

Repetitive DNA elements comprise approximately 45% of the

human genome and consist of interspersed repeats and tandem

repeats of simple (satellite DNA) or complex sequences. The Alu

repeat and the LINEs are abundant nucleotide elements; their

methylation status is reported to be associated with global

methylation levels [14]. In contrast, satellite DNA is largely

confined to centromeres or juxtacentromeric chromatin, and

SAT2 is predominantly found in the juxtacentromeric hetero-

chromatin of specific human chromosomes, such as chromosomes

1 and 16, where chromosomal alterations are frequently reported

in HCC [17]. Therefore, we consider that methylation levels at

these three types of rDNA sequences are representative of the

global DNA methylation status [14,18]. Secondly, we investigated

changes in hypomethylation at defined stages of HCC develop-

ment. Several reports suggested that increases in global DNA

hypomethylation are related to advanced tumor stages with poor

tumor differentiation and argued that this phenomenon might be a

consequence of carcinogenesis [6,19]. However, our analysis

showed that significant demethylation could be detected in HCC

regardless of tumor differentiation, compared to normal liver and

adjacent non-cancerous tissue from HCC patients, suggesting an

important role of global hypomethylation on emergence of HCC.

However, despite the histological and serological determination of

normal liver in this analysis, samples as normal controls were

obtained from patients with metastatic colon cancer, which might

affect the global methylation status of the liver. As we could not

rule out the use of chemotherapy before liver resection, this might

affect the methylation status in normal liver samples. In addition,

Table 4. Multivariate analysis for the contribution of specific
chromosomal alterations to significant hypomethylation in
HCC.

Univariate
analysis Multivariate analysis

Variables p value* p value{
Odds ratio (95%
CI)

Age (y.o)

#60 – – 1

.60 0.0292 0.3329 1.61 (0.61–4.26)

Gender

Female – – 1

Male 0.0440 0.4441 1.48 (0.55–4.12)

Virus status

HCV – – 1

Non-HCV 0.0337 0.2106 1.93 (0.69–5.70)

Normal adjacent liver

LC – – 1

Non-LC 0.0001 0.0018 5.16 (1.81–16.2)

Tumor size

#2.0 cm – – 1

.2.0 cm ,0.0001 0.9303 1.06 (0.27–4.61)

Differentiation

Well – – 1

Moderately/Poorly 0.0075 0.9000 1.08 (0.34–3.53)

Loss of 6q

Absent – – 1

Present 0.0428 0.1592 5.27 (0.55–128)

Loss of 8p

Absent – – 1

Present 0.0010 0.0153 3.14 (1.24–8.28)

Loss of 13q

Absent – – 1

Present 0.0239 0.4176 1.54 (0.54–4.47)

Loss of 17p

Absent – – 1

Present 0.0386 0.0850 2.42 (0.89–6.95)

HCC, hepatocellular carcinoma;
*p value from the chi-square test or Fisher’s exact test for comparison of two
categorical variables;
{p value from multiple logistic regression analysis; p values ,0.05 are shown in
bold. Numbers of each case were shown in Table S2 and Table 3.
doi:10.1371/journal.pone.0072312.t004
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selection of the patients may be affected by the liver function, as

only patients with good liver function would get surgical resection,

which may possibly be a potential limitation of this study.

Our previous study suggested that TSG inactivation via

abnormal promoter methylation is a common occurrence,

especially in HCV-related HCCs [9]. In contrast, in the present

study, rDNA methylation levels at the early steps of tumor

development were significantly lower in HCV-negative HCCs

than in HCV-positive tumors. This suggests that increased DNA

hypomethylation could be a unique characteristic at early step of

hepatocarcinogenesis in HCV-negative livers. To confirm these

traits in HCCs carrying significant hypomethylation, we applied

hierarchical clustering analysis and categorized HCCs by increas-

ing hypomethylation based on Alu, LINE-1, and SAT2 methyl-

ation. In addition to the absence of HCV, older age (.60 y.o.),

male gender, absence of cirrhosis, large tumor size, tumor

dedifferentiation, and high FAL scores were also associated with

significant tumor hypomethylation. Some report suggested the

association between DNA hypomethylation and gender as well as

aging [20,21]. Global DNA methylation level in the mouse liver is

reportedly affected by methyl-deficient diet more profoundly in

male mice [20]. Aging might also affect a global DNA methylation

level although it should be confirmed by a large-scale study [21].

So far, it might be attractive to speculate that DNA hypomethyla-

tion in the background liver might accelerate an emergence of

HCC with significant hypomethylation, although no significant

differences in the degree of hypomethylation was detected between

non-LC and LC in background liver in this study (p = 0.8397 and

0.1081 by Student’s t-test and Wilcoxon rank-sum test, respec-

tively; data not shown). On the other hand, multivariate analysis

revealed that the absence of cirrhosis and high FAL scores were

independent risk factors for significant hypomethylation, support-

ing the idea that HCC with significant global hypomethylation

tend to carry high FAL and emerge from background liver without

cirrhosis.

In this study, we also found a significant correlation between

global DNA hypomethylation and specific chromosomal alter-

ations: losses of 6q, 8p, 13q, and 17p. Loss of 8p was identified as

an independent factor for accompanying significant hypomethyla-

tion. Interestingly, recurrent losses of 8p and 17p were reportedly

observed even in well-differentiated HCC and loss of 8p was

unique in the earliest stages of hepatocarcinogenesis [15].

Therefore, to confirm an association between global hypomethy-

lation and CIN at early steps of hepatocarcinogenesis, we classified

both well-differentiated and moderately/poorly differentiated

tumors as having ‘‘significant’’ or ‘‘slight’’ hypomethylation using

Figure 5. Association of FAL score and methylation status of repetitive DNA and TSG promoter in HCCs. Comparisons of FAL score (%)
between HCCs with significant or slight hypomethylation at repetitive DNA (A, C), and between tumors with extensive or limited hypermethylation at
TSG promoter (B, D) in well-differentiated and moderately/poorly differentiated HCCs. ‘Well-diff.’ denotes well-differentiated tumors and ‘Mod/Poor
diff.’ denotes moderately/poorly differentiated tumors. Tumors were classified as having significant or slight hypomethylation following hierarchical
clustering analysis of methylation levels at three repetitive DNA sequences (Alu, LINE-1 and SAT2: Figure S2A, S2C). Similarly, tumors were classified
as having extensive or limited TSG hypermethylation following hierarchical clustering analysis of methylation levels at 12 TSGs/MINT loci that are
frequently involved in HCC (Figure S2B, S2D). n = number of FAL scores in each group. Box and whisker plots denote 75% and 95% distribution;
lines in the boxes denote median values; diamonds and lines within the diamonds indicate the mean and 95% CIs, respectively. *, p=0.0011 by
Student’s t-test and p=0.0015 by Wilcoxon rank-sum test; **, p= 0.0089 by Student’s t-test and p=0.0270 by Wilcoxon rank-sum test.
doi:10.1371/journal.pone.0072312.g005
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hierarchical clustering analysis and compared FAL scores between

them. Interestingly, even in well-differentiated HCCs, tumors with

significant levels of hypomethylation were clearly associated with

high FAL scores, while no association was detected between

extensive TSG hypermethylation and high FAL scores. Similar

results were observed in moderately or poorly differentiated

tumors. In addition, progression of hypomethylation from

surrounding background liver to HCC tissues was also associated

with higher FAL of HCC tissues. These results indicate that the

relationship between DNA hypomethylation and high FAL scores

is stage-independent and support the idea that global DNA

hypomethylation is not simply a consequence of tumor progression

but induces chromosome fragility, which could in turn lead to CIN

in HCC, even at early steps of tumorigenesis.

Although mouse models revealed a clear association between

DNA hypomethylation and the induction of CIN, the mechanism

is still not clear. Activation of retrotransposition can lead to

chromosomal arrangements [2,22]. Recently, Stefanska et al.
reported that promoter DNA hypomethylation induces the

expression of several genes involved in cell growth, signal

transduction, and invasion, and thus contributes to hepatocarcin-

ogenesis [23]. Therefore, genes that are activated through

promoter DNA hypomethylation may also cause CIN if such

hypomethylation is associated with rDNA hypomethylation within

these genes [24]. Further study is required to clarify how DNA

hypomethylation could be responsible for induction of CIN during

hepatocarcinogenesis.

Our analysis revealed that HCC with significant hypomethyla-

tion is characterized by both a lack of cirrhosis and high FAL

scores. Liver cirrhosis is a well-recognized premalignant condition,

especially in HCV-positive patients. However, HCC can develop

in the absence of cirrhosis, especially in HCV-negative cases [25].

Interestingly, TSG hypermethylation is reported to be more

prevalent in HCC arising in a background of liver cirrhosis [26].

Another report suggested that environmental factors such as

alcohol intake and HBV infection could contribute to HCC

through global hypomethylation [18,27]. Recent analysis of whole

genome sequence of HCC also revealed that a high degree of copy

number alteration was more frequently observed in HBV-related

tumor and tumors developed in non-cirrhotic liver [28]. There-

fore, patients without HCV or cirrhosis may be more likely to

develop HCC via DNA hypomethylation and CIN-related

pathways, in contrast to HCV-related carcinogenesis, where

HCV infection may reportedly introduce methylation-related

TSG inactivation [9].

In this study, we characterized HCC cases carrying significant

global DNA hypomethylation. rDNA hypomethylation occurred

at an earlier step of hepatocarcinogenesis in the absence of HCV,

and significant hypomethylation was associated with CIN and the

absence of liver cirrhosis. This suggests that more than one

pathway is involved in hepatocarcinogenesis; in the absence of

HCV, increased global DNA hypomethylation is accompanied by

CIN, which differs from the ‘‘CpG island methylator (CIMP)

pathway’’ involved in HCV-related hepatocarcinogenesis [9].

Recently, DNA methyltransferase inhibitor and histone deacethy-

lase inhibitor are applied for epithelial malignancy including HCC

[29,30]. However, as both ‘‘CIMP’’ and ‘‘global hypomethylation

and CIN’’ type pathways were suspected to exist, analysis of

methylation profile should be critical for management of HCC.
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                                    Covered Self-Expandable Metal Stents With an 
Anti-Migration System Improve Patency Duration 
Without Increased Complications Compared With 
Uncovered Stents for Distal Biliary Obstruction 
Caused by Pancreatic Carcinoma: A Randomized 
Multicenter Trial       
  Masayuki       Kitano  ,   MD, PhD   1      ,     Yukitaka       Yamashita  ,   MD, PhD   2      ,     Kiyohito       Tanaka  ,   MD, PhD   3        ,     Hideyuki       Konishi  ,   MD, PhD   4      , 
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    Kazunori       Hasegawa  ,   MD, PhD   19      ,     Hideaki       Kawabata  ,   MD   20      ,     Yoshihiro       Okabe  ,   MD   21       and     Hidekazu       Mukai  ,   MD, PhD   22                                

  OBJECTIVES:    The requirements of biliary stents used in the palliation of malignant biliary obstruction are a long 
duration of patency and minimal adverse effects. Covered self-expandable metal stents (SEMSs) 
have been shown to prevent tumor ingrowth, which is the most frequent complication of uncovered 
SEMSs. However, because they are prone to migration, the superiority of covered SEMS has yet to 
be convincingly demonstrated. The aim of this study was to evaluate the superiority of covered over 
uncovered SEMSs in the palliation of distal biliary obstruction due to unresectable pancreatic carci-
noma, using both stent types with relatively low axial force and uncovered fl ared ends to prevent their 
migration. 

  METHODS:    From April 2009 to December 2010, 120 patients who were admitted to 22 tertiary-care centers 
because of distal biliary obstruction from unresectable pancreatic carcinomas were enrolled in this 
prospective randomized multicenter study. Patients were randomly assigned to receive a covered or 
uncovered SEMS deployed at the site of the biliary stricture during endoscopic retrograde cholangio-
pancreatography. Stent patency time, patient survival time, patient survival time without stent 
dysfunction (time to stent dysfunction or patient death), cause of stent dysfunction (ingrowth, 
overgrowth, migration, or sludge formation), and serious adverse events were compared between 
covered and uncovered SEMS groups. 

  RESULTS:    Patient survival time in the two groups did not signifi cantly differ (median: 285 and 223 days, 
respectively;  P     =    0.68). Patient survival time without stent dysfunction was signifi cantly longer 
in the covered than in the uncovered SEMS group (median: 187 vs. 132 days;  P     =    0.043). 

      1   Department of Gastroenterology and Hepatology, Kinki University ,  Osaka-sayama ,  Japan   ;         2   Department of Gastroenterology, Japanese Red Cross Wakayama 
Medical Center ,  Wakayama ,  Japan   ;         3   Department of Gastroenterology, Kyoto Second Red Cross Hospital ,  Kyoto ,  Japan   ;         4   Molecular Gastroenterology and Hepatology, 
Kyoto Prefectural University of Medicine Postgraduate School of Medical Science ,  Kyoto ,  Japan   ;         5   Digestive Disease Center, The Tazuke Kofukai Medical Research 
Institute Kitano Hospital ,  Osaka ,  Japan   ;         6   Center for Hepatogastroenterology, Kyoto-Katsura Hospital ,  Kyoto ,  Japan   ;         7   Department of Gastroenterology, Osaka Medical 
Center ,  Osaka ,  Japan   ;         8   Department of Hepatobiliary and Pancreatic Oncology, Osaka Medical Center for Cancer and Cardiovascular Diseases ,  Osaka ,  Japan   ; 
        9   Third Department of Internal Medicine, Nara Medical University ,  Nara ,  Japan   ;         10   Department of Gastroenterology, Kobe University Graduate School of Medicine , 
 Kobe ,  Japan   ;         11   Division of Gastroenterology and Hepatology, Department of Internal Medicine, Kansai Medical University ,  Hirakata ,  Japan   ;         12   Department of 
Gastroenterology, Kyoto City Hospital ,  Kyoto ,  Japan   ;         13   The Second Department of Internal Medicine, Osaka Medical College ,  Takatsuki ,  Japan   ;         14   Department of 
Gastroenterology, Osaka City University Graduate School of Medicine ,  Osaka ,  Japan   ;         15   Department of Gastroenterology, Bell Land General Hospital ,  Sakai ,  Japan   ; 
        16   Division of Gastroenterology, Japanese Red Cross Kyoto Daiichi Hospital ,  Kyoto ,  Japan   ;         17   Department of Gastroenterology, Hokusetsu General Hospital ,  Takatsuki , 
 Japan   ;         18   Department of Gastroenterology, Osaka Rosai Hospital ,  Sakai ,  Japan   ;         19   Department of Gastroenterology and Hepatology, Otsu Red Cross Hospital ,  Otsu , 
 Japan   ;         20   Gastroenterology, Otsu Municipal Hospital ,  Otsu ,  Japan   ;         21   Department of Gastroenterology and Hepatology, Osaka Red Cross Hospital ,  Osaka ,  Japan   ; 
        22   Department of Gastroenterology, Yodogawa Christian Hospital ,  Osaka ,  Japan   .         Correspondence:      Kiyohito Tanaka, MD, PhD ,   Department of Gastroenterology, 
Kyoto Second Red Cross Hospital ,  355-5 Haruobi-cho Kamigyo-ku , Kyoto city,  Kyoto ,  Japan . E-mail:  seijin7705@gmail.com   
 Received 18 February 2013; accepted 6 August 2013 

— 551 —



The American Journal of GASTROENTEROLOGY VOLUME 108 | NOVEMBER 2013   www.amjgastro.com

1714

 LI
V

E
R

 

 Kitano  et al.  

Stent patency was also signifi cantly longer in the covered than in the uncovered SEMS group 
(mean ± s.d.: 219.3 ± 159.1 vs. 166.9 ± 124.9 days;  P     =    0.047). Reintervention for stent dysfunction 
was performed in 14 of 60 patients with covered SEMSs (23 % ) and in 22 of 60 patients with uncov-
ered SEMSs (37 % ;  P    =     0.08). Stent dysfunction was caused by tumor ingrowth, tumor overgrowth, 
and sludge formation in 0 (0 % ), 3 (5 % ), and 11 (18 % ) patients in the covered SEMSs group, and in 
15 (25 % ), 2 (3 % ), and 6 (10 % ) patients in the uncovered SEMSs group, respectively. Stent migra-
tion was not observed in either group. Rates of tumor overgrowth and sludge formation did not sig-
nifi cantly differ between the two groups, whereas the rate of tumor ingrowth was signifi cantly lower 
in the covered than in the uncovered SEMS group ( P     <    0.01). Acute pancreatitis occurred in only one 
patient in the covered SEMS group. Acute cholecystitis occurred in one patient in the covered SEMS 
group and in two patients in the uncovered SEMS group. There was no signifi cant difference between 
the two groups in the incidence of serious adverse events. 

  CONCLUSIONS:    By preventing tumor ingrowth and migration, covered SEMSs with an anti-migration system had a 
longer duration of patency than uncovered SEMSs, which recommends their use in the palliative 
treatment of patients with biliary obstruction due to pancreatic carcinomas.  

   Am J Gastroenterol  2013; 108:1713–1722;  doi: 10.1038/ajg.2013.305; published online 17 September 2013         

 INTRODUCTION 
 Distal malignant biliary obstruction is a common problem in 
patients with pancreatic carcinoma. In unresectable pancreatic 
carcinomas, endoscopic stent placement has been pivotal in 
providing relief from obstructive jaundice, improving the qual-
ity of life, and allowing the maintenance of chemotherapy regi-
mens ( 1 – 22 ). Compared with plastic stents, which are prone 
to occlusion by microbiofi lm formation, several studies have 
reported high patency rates for self-expandable metal stents 
(SEMSs) ( 9 – 14 ). However, SEMSs are plagued by several as 
yet unresolved obstacles; in uncovered SEMS, stent occlusion 
due to epithelial hyperplasia and tumor ingrowth through the 
metal mesh is a frequent problem ( 9 ), whereas covered SEMSs 
are prone to migration ( 17,21,22,24 ). Moreover, the higher risk 
of cholecystitis associated with stent use has limited the adop-
tion of either covered or uncovered SEMSs ( 17,24 ). In the light 
of these considerations, the advantages to be gained by using 
these stents for palliation in patients with distal malignant bil-
iary obstruction have been controversially discussed. However, 
recent technological innovations have improved stent fl exibil-
ity, in part by altering their axial force, which is the recovery 
force that straightens the SEMS aft er being bent ( 25 ). Previous 
reports showed covered SEMSs with low axial force to be less 
prone to migration ( 26,27 ). Th e aim of this randomized multi-
center study was to assess the advantages of covered vs. uncov-
ered SEMSs in terms of stent patency and safety. Th e tested 
SEMSs were composed of platinum-cored nitinol and were 
designed with relatively low axial force and fl ared ends, both of 
which contribute to preventing stent migration ( 27 ).   

 METHODS  
 Patients 
 This study was a prospective multicenter, open-labeled, 
randomized trial conducted at 22 tertiary-care centers. The 
study was approved by the Institutional Review Boards of 

each of the participating centers and performed accord-
ing to the guidelines described in the Helsinki Declaration 
for biomedical research involving human subjects (Clinical 
trial registration number: UMIN000009778). Between April 
2009 and December 2010, 427 patients who were admitted 
to 22 centers because of obstructive jaundice with lower bili-
ary stricture were assessed for eligibility as described below. 
Of the 427 patients, 120 fulfilled the eligibility criteria and 
were enrolled in the study after providing written informed 
consent ( Figure 1 ).   

 Eligibility criteria 
 Patients with an initial diagnosis of pancreatic carcinoma and 
malignant biliary obstruction were assessed using the follow-
ing eligibility criteria. Th e inclusion criteria of the study were: 
(i) malignant distal biliary obstruction, (ii) pathologically 
diagnosed unresectable pancreatic carcinoma, and (iii) clini-
cal stage     >    IIb (TNM classifi cation of the UICC). Th e exclusion 
criteria were: (i) inability to obtain informed consent, (ii) East-
ern Cooperative Oncology Group performance status of 4, 
(iii) severe dysfunction in other organs (American Society of 
Anesthesiologist physical status classifi cation grade III or IV) 
( 28 ), (iv) life expectancy of 3 months or less, (v) hilar biliary 
obstruction due to lymph node metastases, (vi) prior biliary 
surgery, (viii) intraductal papillary mucinous carcinomas, 
and (viii) failure of a previous drainage by nasobiliary tube or 
plastic stent. Th e diagnoses were based on the pathology results 
obtained by endoscopic retro grade cholangiopancreatography 
(ERCP) and / or endoscopic ultrasound-guided fi ne needle aspi-
ration. Resectability was determined by the radiologic fi ndings.   

 Randomization and blinding 
 Written consent was obtained from patients with known 
unresectable pancreatic carcinomas who were suffering from 
obstructive jaundice and fulfilled the eligibility criteria. They 
were then registered online. Otherwise, patients who were 
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urgently admitted to the hospitals because of obstructive jaun-
dice first underwent biliary drainage with a nasobiliary tube or 
plastic stent ( 19 ). The diagnosis of pancreatic carcinoma was 
made by cytology or biopsy during ERCP or endoscopic ultra-
sound-guided fine needle aspiration. Thereafter, imaging stud-
ies were performed to diagnose the tumor stage. If the eligibility 
criteria were met following these pathological and radiological 
examinations, patients were registered on the Web. Immedi-
ately after Web registration, they were randomly assigned in 
a 1:1 ratio to either the covered or the uncovered SEMS group 
without stratification using a random number generator. The 
results of randomization were open labeled.   

 Procedures 
 A covered or uncovered SEMS (Wallflex biliary RX stent, 
Boston Scientific, Natick, MA  ) was deployed at the biliary 
stricture after sphincterotomy during ERCP. Both SEMSs are 
braided by a wire composed of platinum-cored nitinol with 
5-mm uncovered flared portions at both ends ( 27 ). Their axial 
force at a 20-mm distance from the bending point (0.65   N) is 
relatively low compared with the other SEMSs such as Wallst-
ent (Boston Scientific) ( 27 ). Covered SEMSs are covered by a 
silicone membrane. The diameter of the stent was 10   mm in all 
patients whereas its length (40, 60, or 80   mm) was determined 
according to the location and length of the biliary stricture; 
the stent extended at least 1   cm above the top of the stricture 
and approximately 5   mm into the duodenum.   

 Study design 
 Patients underwent periodic follow-up at the hospital where the 
stent was deployed and at the branch hospital until the patients ’  
death. Improvement of jaundice was confi rmed with serum total 

bilirubin at 2 and 4 weeks aft er the deployment of the SEMS. 
Stent dysfunction and adverse events were also monitored at 4-
week intervals aft er the stent deployment. Stent dysfunction was 
diagnosed when patients presented with jaundice or cholangitis 
according to the protocol in a previously published study ( 19 ). 
Whenever apparent jaundice with high-grade fever occurred, 
patients urgently visited the hospitals and underwent reinter-
vention as inpatients. Otherwise, physical examinations, com-
plete blood cell counts, and biochemistry tests including liver 
function were performed at 4-week intervals on an outpatient 
basis in both groups. If any changes of liver function tests or 
fi ndings related to infl ammation were observed, imaging exam-
inations such as ultrasonography, computed tomography, and 
magnetic resonance imaging were studied. If bile duct dilation 
was observed by any of these examinations, reintervention was 
immediately performed. If bile duct dilation was not observed, 
reintervention was not performed until bile duct dilation was 
confi rmed, until there was an increase of serum total bilirubin, 
or until there was acute cholangitis refractory to antibiotics. 
Data on chemotherapy or radiotherapy aft er stent insertion 
were collected for later analyses. Clinical data were recorded 
until the patient ’ s death or until 31 March 2012 (the date of last 
follow-up). Th e primary end point was the duration of stent 
patency, defi ned as the time of stent deployment until biliary 
reintervention due to stent dysfunction. Th e rates and causes of 
stent dysfunction were determined throughout the follow-up 
period. Secondary end points were overall patient survival and 
adverse events. Serious adverse events were defi ned as adverse 
events requiring an invasive procedure or hospitalization, or 
resulting in death. Th e rates of total adverse events, cholecysti-
tis, pancreatitis, and migration were calculated for each group 
and the results were compared.   

Assessed for eligibility (n=427)

Randomized (n=120)

Covered SEMS group (n=60) Uncovered SEMS group (n=60)

Not randomized (n=307)

• ECOG PS 4/ ASA Grade III or IV / short life expectancy (n=49)
• Indication for surgical treatment (n=126)
• Oher tumor including bile duct carcinoma (n=72)
• Accompaniment of hilar stricture (n=23)
• Failure of prior drainage (n=13)
• Refusal to participate in the study (n=24)

• Stent dysfunction (n=14)
• Died without stent dysfunction (n=45)
• Alive without stent dysfunction (n=1)

• Stent dysfunction (n=22)
• Died without stent dysfunction (n=38)

     Figure 1 .         Flowchart showing results of inclusion, randomization, and follow-up of patients. ASA, American Society of Anesthesiologist; ECOG, Eastern 
Cooperative Oncology Group; SEMS, self-expandable metal stent.   
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 Statistical analysis 
 Th e primary analysis was a superiority comparison between cov-
ered and uncovered SEMSs for the primary end point of stent 
patency time using an intention-to-treat analysis. Th e required 
sample size to achieve statistical relevance was determined based 
on a previous study of covered and uncovered SEMSs, in which 
the stent patency rates for covered and uncovered SEMSs were 
86 %  and 62 % , respectively ( 16 ). To demonstrate a 24 %  diff erence 
(86 %  vs. 62 % ) in the stent patency rate, using a statistical power of 
80 %  and with the assumption of a two-sided error rate of 0.05, the 
protocol required at least 112 randomly assigned patients. Th ere-
fore, by taking loss to follow-up into consideration, we determined 
that a sample size of 120 patients was adequate. 

 In each assigned group, the duration of stent patency was esti-
mated using the Kaplan – Meier method. Patients who had not 
experienced recurrent biliary obstruction were censored at the date 
of last follow-up (31 March 2012) or date of death. Th e Kaplan – 
Meier method was used to evaluate overall patient survival, with 
living patients censored at the date of last follow-up (31 March 
2012). Th e Kaplan – Meier method was also used to evaluate over-
all patient survival without stent dysfunction (the time to stent 
dysfunction or patient death), with living patients without stent 
dysfunction censored at the date of last follow-up (31 March 
2012) ( 22 ). Th e time to stent dysfunction, time to patient ’ s death, 
and time to stent dysfunction or patient ’ s death between the two 
groups were compared using the log-rank test. In patients without 
stent dysfunction, the time to stent dysfunction was substituted for 
the time to patient death or the date of last follow-up to measure 
stent patency and mean values of stent patency were calculated for 
both groups ( 19 ). Fisher ’ s exact test for categorical data and the 
unpaired  t -test for continuous data were used to compare the two 
groups, with respect to their baseline characteristics, serum total 
bilirubin level before stent deployment and at 2 and 4 weeks aft er 
stent deployment, mean values of stent patency, stent dysfunction 
rates, the rates of the various causes of stent dysfunction, and the 
number of adverse events. Th e hazard ratios of prognostic factors 
for stent dysfunction were estimated using a Cox proportional 
hazards model, which included age, sex, clinical stage, serum total 
bilirubin level, chemotherapy, prior drainage, and stent length. All 
statistical analyses were conducted using SPSS statistical soft ware 
version 11.0 (SPSS Institute, Tokyo, Japan  ).    

 RESULTS  
 Patient characteristics 
 Of the 427 patients assessed for eligibility, 307 were excluded 
for the following reasons: poor performance status, poor condi-
tion of other organs, and short life expectancy ( n     =    49); indica-
tion for surgical intervention ( n     =    126); other tumors including 
bile duct carcinomas and peripancreatic lymph node metas-
tases ( n     =    72); an accompanying hilar stricture ( n     =    23); failure of 
prior drainage ( n     =    13); and patient ’ s refusal to participate in the 
study ( n     =    24). Th e remaining 120 patients fulfi lled the eligibil-
ity criteria and were enrolled in the study aft er providing written 
informed consent ( Figure 1 ). Th e mean age of the 54 male and 

66 female patients was 69.6 years (range, 46 – 90 years). Pancreatic 
carcinoma of clinical stage IIb, III, and IV was diagnosed in 21, 
6, and 93 patients, respectively. No patients were excluded aft er 
enrollment. Th e characteristics of the patients who participated 
in the study are shown in  Table 1 . Th e two groups showed no 
signifi cant diff erence in patient age, gender distribution, tumor 
stage, the number of patients receiving prior drainage, serum 
total bilirubin level before stent deployment and 2 and 4 weeks 
aft er stent deployment, and the number of patients treated with 
chemotherapy. Stents of 8   cm in length were used more oft en in 
the uncovered SEMS group. All patients, except one patient with a 
covered SEMS, experienced stent dysfunction or died during the 
follow-up period ( Figure 1 ). No patients were lost to follow-up in 
either group ( Figure 1 ).   

 Patient survival 
 Th e median follow-up period was 233 days (range, 17 – 996 days). 
At the time of fi nal evaluation (30 March 2012), 112 patients 
(93.3 % ) had died, 56 (93.3 % ) in each group. Th e Kaplan – Meier 
curves for overall patient survival time are shown in  Figure 2 . Th e 
median survival time was 285 days in the covered SEMS group 
and 222 days in the uncovered SEMS group, a diff erence that was 
not statistically signifi cant ( P     =    0.68, log-rank test).   

  Table 1 .    Patient characteristics in covered and uncovered SEMS 
groups   

    
  Covered 

SEMS ( n =60)  
  Uncovered 

SEMS ( n =60)     P  value  

   Mean age (years)  70.6 ± 10.7  68.7 ± 8.9  0.56 

   Gender (male:female)  25:35  29:31  0.30 

    Clinical stage ( % )  

      II  7 (11.7)  14 (23.3)  0.08 

      III  5 (8.3)  1 (1.7)   

      IV  48 (80.0)  45 (75.0)   

   Prior drainage  51 (85.0)  50 (83.3)  1.00 

    Total bilirubin (mg / dl)  

      Before stent deployment  5.07 ± 4.84  5.29 ± 6.02  0.23 

       2 Weeks after stent 
deployment 

 1.62 ± 1.37  1.84 ± 3.02  0.61 

       4 Weeks after stent 
deployment 

 1.22 ± 0.98  1.37 ± 2.67  0.69 

    Stent length (cm)  

      4  3 (5.0)  3 (5.0)  0.02 

      6  55 (91.7)  45 (75.0)   

      8  2 (3.3)  12 (20.0)   

   Chemotherapy ( % )  47 (78.3)  47 (78.3)  0.53 

     SEMS, self-expandable metal stent.   
     Values expressed as mean ± s.d. The variables were compared using the Fisher’s 
exact test or the unpaired  t -test.   
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function. Th e time to stent dysfunction or death was signifi cantly 
longer in the covered (median: 187 days) than in the uncovered 
(median: 132 days) SEMS group ( P     =    0.043, log-rank test). When 
time to death, or the date of last follow-up, was substituted for 
stent patency in patients without stent dysfunction in order to 
measure stent patency, the stent patency (mean ± s.d.) was also 
signifi cantly higher in the covered SEMS group (219.3 ± 159.1 
days) than in the uncovered SEMS group (166.9 ± 124.9 days; 
 P     =    0.047, unpaired  t -test;  Table 2 ).   

 Causes of stent dysfunction 
 Stent dysfunction was observed in 14 (23.3 % ) and 22 (36.7 % ) 
patients for covered and uncovered SEMS groups, respec-
tively ( P     =    0.08;  Table 2 ). The rates of tumor ingrowth, 
tumor overgrowth, sludge formation, and stent migration, 
as causes of stent dysfunction for the covered and uncov-
ered SEMSs, are summarized in  Table 2 . Tumor ingrowth did 
not occur in any of the covered SEMSs, in contrast to 25 %  
of the uncovered type ( P     <    0.01). Both tumor ingrowth and 
overgrowth were observed in one patient with an uncovered 
SEMS. There were no significant differences between the two 
groups in the incidence of tumor overgrowth and sludge for-
mation, although the latter was approximately twice as high 
in the covered SEMS group (18.3 %  vs. 10.0 %  in the uncov-
ered SEMS group).   

 Risk factors for stent dysfunction 
 Th e univariate and multivariate analyses of the risk factors 
for stent dysfunction are shown in  Table 3 . Univariate analysis 
revealed that covered SEMSs were at less risk of stent dysfunction 
(hazard ratio    =    0.45,  P     =    0.02). Stent length and stent type were 
included in the multivariate analyses, because their associated  
P  values were     <    0.25 in univariate analysis. Only stent type was 
an independent predictor of stent dysfunction, with a relative 

 Stent patency 
 Th e Kaplan – Meier curves for the overall duration of stent pat-
ency time are shown in  Figure 3 . Referring to  Figure 3 , 84 of 
the 120 patients were censored because of death without stent 
dysfunction ( n     =    83) or for being alive without stent dysfunction 
at the study conclusion ( n     =    1); however, none of these patients 
were lost to follow-up. Th e cumulative duration of stent patency 
was signifi cantly higher ( P     =    0.019, log-rank test) in the covered 
than in the uncovered group (median: 583 vs. 314 days, respec-
tively). Th e Kaplan – Meier curves for overall patient survival 
without stent dysfunction (duration of time to stent dysfunction 
or death) are shown in  Figure 4 , in which patients who died 
without stent dysfunction were considered as having stent dys-
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  Figure 2 .         Kaplan – Meier curve showing cumulative patient survival 
(intention-to-treat analysis). There was no signifi cant difference in patient 
survival between the covered and uncovered self-expandable metal stent 
(SEMS) groups ( P     =    0.68, log-rank test).  
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   Figure 3 .         Kaplan – Meier curve showing cumulative stent patency (inten-
tion-to-treat analysis). Cumulative stent patency was signifi cantly higher 
in covered than in uncovered self-expandable metal stents (SEMSs; 
 P     =    0.019, log-rank test).  

0

20

40

60

P
at

ie
nt

 s
ur

vi
va

l
w

ith
ou

t s
te

nt
 d

ys
fu

nc
tio

n 
(%

)

80

100

0 100 200 300 400 500

Time to stent dysfunction or patient death (days)

600 700 800

Covered SEMS
Uncovered SEMS

Median

187 days

132 days

P = 0.043
(log-rank test)

No. at risk

Covered SEMS

Uncovered SEMS

52

48

39

35

32

22

25

12

18

8

8

5

5

2

4

1

3

1

1

1

1

1

1

0

  Figure 4 .         Kaplan – Meier curve showing cumulative patient survival with-
out stent dysfunction (intention-to-treat analysis). The cumulative time 
to stent dysfunction or patient death was signifi cantly higher in covered 
than in uncovered self-expandable metal stents (SEMSs;  P     =    0.043, 
log-rank test).  
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risk of 0.44 for covered SEMS in comparison with uncovered 
SEMSs ( P     =    0.02).   

 Adverse events 
 Acute pancreatitis occurred in only one patient, who had 
received a covered SEMS. The patient recovered after 7 days 
of conservative therapy. Acute cholecystitis occurred in one 
patient in the covered SEMS group, who was managed con-
servatively, and in two patients in the uncovered SEMS group, 
both of whom underwent percutaneous transhepatic gallblad-
der aspiration. There was no significant difference in the inci-
dence of serious adverse events between the two groups.    

 DISCUSSION 
 A long duration of patency and minimal adverse eff ects are 
desired properties of biliary stents used in the palliation of malig-
nant biliary obstruction. Recently published meta-analyses of 
multicenter randomized trials based on fi ve full articles alone 
( 17,21,22,29,30 ) (781 patients) and plus four studies published 
only in abstract form ( 31 – 34 ) (1061 patients) failed to prove the 
superiority of covered over uncovered SEMSs in terms of stent 
dysfunction rates at 3, 6, or 12 months or at study conclusion 
( 35,36 ). Th is may be because patients with covered SEMSs tend 
to show a lower rate of tumor ingrowth and a higher rate of stent 
migration and tumor overgrowth ( 35,36 ). In addition, it is unclear 
whether covered SEMSs have a longer duration of stent patency 
than uncovered SEMSs ( 35,36 ), as this was the case in only three 
randomized multicenter studies of patients with distal malignant 
biliary obstruction ( 16,29,30 ). Th e discrepancies in the conclu-
sions of these previous studies may have been due to heterogene-
ity in patient selection as well as diff erences in stent materials and 
stent confi guration ( 35,36 ). 

 We implanted covered and uncovered SEMSs specifi cally 
designed to prevent migration. Both SEMSs were equipped with 

5-mm uncovered fl ared portions at both ends. Th e stent covering 
was the only diff erence in design between the two types. Th e total 
serum bilirubin levels of two groups did not diff er before stent 
deployment or at 2 and 4 weeks aft er stent deployment, suggest-
ing that both groups were equivalent in terms of the improve-
ment of biliary obstruction within 1 month of stent deployment. 
Th e stent dysfunction rate with covered SEMSs (23 % ) was lower 
than with uncovered SEMSs (37 % ), although they did not diff er 
signifi cantly ( P     =    0.08). Th e cumulative patency duration of the 
covered SEMS group was signifi cantly longer than that of the 
uncovered SEMS group ( P     =    0.019). Th ese results suggest that 
the anti-migration system of the covered SEMSs prevents stent 
dysfunction and prolongs stent patency, a distinct advantage 
over the use of uncovered SEMS. 

 At the date of last follow-up, 119 of 120 patients had died or 
undergone reintervention due to stent dysfunction, suggesting 
that the follow-up period was adequate to assess stent patency 
duration. However, considering the Kaplan – Meier analysis of 
stent patency, 84 of the 120 patients were censored because of 
death without stent dysfunction ( n     =    83) or for being alive with-
out stent dysfunction at the study conclusion ( n     =    1), although 
no patients were lost to follow-up in either group. Also, the 
Kaplan – Meier curves showed that the median stent patency 
time was longer than the median patient survival time in both 
groups. Th us, we analyzed patient survival without stent dys-
function (times to stent dysfunction or patient death) in both 
groups, as per the method of Telford  et al.  ( 22 ). Patient survival 
without stent dysfunction was signifi cantly longer in the cov-
ered SEMS group than in the uncovered SEMS group. More-
over, as per Isayama  et al.  ( 16 ), we measured mean values of 
stent patency in both groups. When time to death or the date 
of last follow-up was substituted for stent patency in patients 
without stent dysfunction ( 16 ), the mean stent patency was 
also signifi cantly higher in the covered SEMS group than in the 
uncovered SEMS group. Th erefore, because the patient survival 
times of covered and uncovered SEMS groups did not diff er 
signifi cantly, these facts indirectly suggest that covered SEMSs 
have an advantage over uncovered SEMSs in preventing stent 
dysfunction. 

 Percutaneous transhepatic biliary drainage was used in two 
of the three studies that showed superiority of covered SEMSs 
over uncovered SEMSs in terms of patency duration ( 29,30 ). 
Together with the first randomized controlled study ( 16 ), 
this only demonstrated the longer patency of covered SEMSs 
deployed during ERCP. However, compared with the first ran-
domized controlled study comparing covered and uncovered 
SEMSs, which showed a 24 %  difference in stent dysfunction 
rates (14 %  vs. 38 % ) between both types ( 16 ), this study dem-
onstrated a smaller difference (14 % ) in the stent dysfunction 
rates. In particular, the stent dysfunction rate for the covered 
SEMSs was higher in our study (23 % ) than in the previous 
study (14 % ), which may be caused by difference in the stent 
material, patient selection and follow-up duration. Regard-
ing the follow-up duration, we followed up 119 of 120 patients 
until stent dysfunction or patient death. The longer follow-up 

    Table 2 .    Stent patency duration, dysfunction and causes in 
covered and uncovered SEMSs   

    
  Covered 
SEMS  

  Uncovered 
SEMS     P  value  

   Stent patency: days 
(mean ± s.d.) 

 219.3 ± 159.1  166.9 ± 124.9  0.047 

   Stent dysfunction:  n  ( % )  14 (23.3)  22 (36.7)  0.081 

    Causes  

      Tumor ingrowth:  n  ( % )  0 (0)  15 (25.0)      <    0.01 

      Tumor overgrowth:  n  ( % )  3 (5.0)  2 (3.3)  0.65 

      Sludge formation:  n  ( % )  11 (18.3)  6 (10.0)  0.19 

      Stent migration:  n  ( % )  0 (0)  0 (0)  NA 

     NA, not applicable; SEMS, self-expandable metal stent.   
     Both tumor ingrowth and over growth were observed in one patient with an 
uncovered SEMS.  P     <    0.05 was considered signifi cant. Stent patency was 
defi ned as time to stent dysfunction, patient death, or the date of last follow-up.   
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of stent-related complications including migration and bile 
duct kinking ( 16,17,18,22 ). By contrast, covered SEMSs with 
low axial force have been shown to have a lower stent migra-
tion rate than those with high axial force ( 26 ). The lower axial 
force and reduced incidence of stent migration of the covered 
Wallflex stent used in this study were recently demonstrated 
( 27 ). It is therefore reasonable to assume that the migration 
of the covered stent used in our patients was prevented by its 
relatively low axial force. 

 Other factors accounting for the low incidence of migration 
of covered SEMS in our study may be the stent confi guration 
and the deployment method. Th e covered Wallfl ex stent has 
5-mm uncovered fl ared portions at both ends. We deployed the 
stent such that it extended at least 1   cm above the top of the 
stricture. Th us, the uncovered fl ared portion at this end may 
have anchored the stent to this segment of the bile duct; alter-
natively, it may have integrated into the duct wall at this site. 
In a recent study, fully covered SEMSs (Wallfl ex) with fl ared 

duration in our study may possibly be related to the higher 
dysfunction rate of the covered SEMSs. 

 Among the findings of this study, of particular interest is 
the absence of stent migration even with the covered SEMSs, 
as several studies have reported a higher rate of migration, 
and thus reduced duration of patency, with covered rather 
than uncovered SEMSs ( 17,18,21,22,35,36 ). Indeed, in three 
of the five randomized controlled studies where covered 
SEMSs exhibited longer patency than uncovered SEMSs, stent 
migration was not observed in all cases ( 16,30,31 ), whereas, 
in the other two studies where stent patency of both types 
did not differ, stent migration was observed in 6 %  and 12 %  
of the covered SEMS group ( 21,22 ). These results suggest that 
stent migration mostly affects the patency of covered SEMSs. 
The risk of stent migration is related to the conformability of 
the stent in the bile duct, which is influenced by the axial 
force exerted by the stent. SEMSs with high axial force do 
not fit well in the curved bile duct, thus increasing the risk 

  Table 3 .    Univariate and multivariate analyses of risk factors for stent dysfunction   

      Patients ( n )    Stent dysfunction ( n )     %     Crude — HR (95 %  CI)     P  value  
  Multiple-adjusted 

HR (95 %  CI)     P  value  

   Age (years)  120  36  30.0  0.99 (0.96 – 1.02)  0.49     

    Gender  

      Female  66  23  34.8  1.00  0.30     

      Male  54  13  24.1  0.70 (0.35 – 1.38)       

    Clinical stage  

      II  21  5  23.8  1.00       

      III  6  2  33.3  0.63 (0.24 – 1.63)  0.34     

      IV  93  29  31.2  0.95 (0.22 – 4.00)  0.94     

   Total bilirubin (mg / dl)  120  36  30.0  0.99 (0.93 – 1.05)  0.73     

    Prior drainage  

      Absent  19  7  36.8  1.00  0.37     

      Present  101  29  28.7  0.68 (0.29 – 1.57)       

    Chemotherapy  

      No  30  5  16.7  1.00  0.71     

      Yes  90  31  34.4  1.20 (0.46 – 3.14)       

     14  6  42.9  3.67 (0.44 – 30.62)       

    Stent length  

      4   cm  6  1  16.7  1.00    1.00   

      6   cm  100  29  24.2  3.08 (0.4 – 23.33)  0.23  2.87 (0.38 – 21.57)  0.31 

      8   cm  14  6  42.9  3.67 (0.4 – 30.62)  0.29  2.28 (0.27 – 19.65)  0.45 

    Stent type  

      Uncovered  60  22  36.7  1.00  0.02  1.00  0.02 

      Covered  60  14  23.3  0.45 (0.23 – 0.88)    0.44 (0.21 – 0.9)   

     CI, confi dence interval; HR, hazards ratio.   
     Cox’s proportional hazards model was used.   
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ends were implanted in patients with biliary obstruction from 
pancreatic carcinomas ( 37 ). Despite the high stent patency rate 
(97 %  at 12 months), stent migration was still observed in 5 %  of 
cases ( 37 ). Th is fi nding supports the argument that anchoring 
or integration of the uncovered portion of SEMSs may prevent 
stent migration. 

 Tumor ingrowth occurs more frequently in uncovered SEMSs 
( 35,36 ). In two earlier studies reporting no signifi cant diff er-
ence in stent patency between covered and uncovered SEMSs, 
tumor ingrowth occurred in 9 – 19 %  of covered SEMSs ( 21,22 ). 
By contrast, in four studies, including this study, that reported 
a statistically signifi cant diff erence in duration of stent pat-
ency between covered and uncovered SEMSs, tumor ingrowth 
occurred in none of the covered SEMSs and in 25 – 29 %  of the 
uncovered SEMSs ( 16,29,30 ). Th ese results suggest that the 
effi  cacy of covered SEMSs partly depends on the durability of 
the membrane covering and that SEMSs with a high durability 
membrane are warranted. 

 However, this covering also promotes sludge formation sub-
sequent to bacterial biofilm, which is unavoidable in some 
cases. Indeed, in this study, the rate of sludge formation was 
approximately twice as high in the covered (18 % ) than in the 
uncovered SEMS group (10 % ). In all five aforementioned ran-
domized controlled studies, the rates of sludge formation were 
higher in covered SEMS groups (4 – 7 % ) than in the uncovered 
SEMS groups (0 – 3 % ) ( 16,21,22,29,30,35,36 ). These results 
highlight the difficulty of avoiding sludge formation when 
using covered SEMSs. The rates of sludge formation for both 
groups in our study were higher than those in the five afore-
mentioned studies, which may be caused by the long duration 
of our follow-up. Our results suggest that, following develop-
ment of this anti-migration system, the development of a new 
cover material that minimizes sludge formation is required for 
longer patency. 

 Pancreatic carcinoma accounts for 59 – 82 %  of malignant biliary 
strictures ( 15 – 22,27 ) and diff ers from bile duct carcinoma by its 
rapid progression and the very poor prognosis of aff ected patients. 
We enrolled only patients with pancreatic carcinoma so that the 
properties of covered and uncovered SEMSs could be compared 
strictly in the same clinical setting. In a randomized controlled 
study comparing covered and uncovered SEMSs implanted via a 
percutaneous transhepatic approach in patients with pancreatic 
carcinoma, signifi cant diff erences in the stent dysfunction rates 
of covered (10 % ) vs. uncovered (30 % ) SEMSs were reported ( 29 ). 
Isayama  et al.  ( 16 ) also noted a signifi cantly higher cumulative 
patency of covered SEMSs in patients with pancreatic carcinoma, 
based on a subgroup analysis. Conversely, the two articles where 
both SEMS types did not diff er in stent patency included tumors 
with other etiologies (18 %  and 23 % ) than pancreatic carcinoma 
( 21,22 ). Th us, the detection of signifi cant diff erences in duration of 
stent patency between the two types may depend on strict patient 
selection. To the best of our knowledge, this is the fi rst report to 
show distinct advantages of covered over uncovered SEMSs for 
persistent biliary drainage in patients with pancreatic carcinoma. A 
further study comparing the two types of SEMSs in other tumors, 

such as ampullary, bile duct, and gallbladder carcinomas, may fur-
ther support our hypothesis. 

 Chemotherapy prolongs the overall patient survival of patients 
with pancreatic carcinoma and, by inhibiting tumor ingrowth 
and overgrowth, it is reasonable to assume that it also prolongs 
stent patency. However, the univariate analyses performed in 
this study found no eff ect of chemotherapy on stent patency; 
rather, stent type was the only risk factor for stent dysfunction, 
suggesting that the eff ectiveness of SEMSs is independent of 
tumor progression. 

 Th e deployment of covered SEMSs in some patients is accompa-
nied by the development of adverse events such as cholecystitis and 
pancreatitis. Covered SEMSs may be prone to causing occlusion of 
the pancreatic and the cystic duct orifi ces ( 17,37 – 39 ). However, 
all fi ve aforementioned randomized controlled studies and meta-
analyses did not fi nd diff erences in the rates of cholecystitis and 
pancreatitis between patients with covered and uncovered SEMSs 
( 16,21,22,29,30,35,36 ). Isayama  et al.  ( 40 ) similarly did not fi nd a 
signifi cant diff erence in the incidence of cholecystitis in patients 
with covered (5.8 % ) and uncovered (4.0 % ) SEMSs. Th ey proposed 
that occlusion of the cystic duct was not associated with the stent 
membrane but with tumor involvement to the orifi ce of the cystic 
duct. In this study, pancreatitis occurred in only one patient with 
a covered SEMS, whereas cholecystitis developed in two patients 
with uncovered SEMSs and in one with a covered SEMS. Th ere was 
no signifi cant diff erence in the incidence of serious adverse events 
between the two groups, which is consistent with previous reports 
( 16,21,22,29,30,35,36 ). 

 Th is study has several limitations. First, although the two 
groups did not signifi cantly diff er in terms of patient age, gen-
der distribution, tumor stage, serum total bilirubin level before 
and aft er stent deployment, and the number of patients treated 
with chemotherapy, there was a diff erence in the length of the 
stents implanted in the two groups of patients. In the uncovered 
SEMS group, 8-cm stents were more frequently used. Regardless 
of stent length, however, care was taken during all deployments 
to procure adequate safety margins at both the proximal and dis-
tal ends of the narrowed bile duct to prevent tumor overgrowth 
because, when fully expanded, the Wallfl ex stents shorten by 
one-third. In this study, the rates of tumor overgrowth did not 
diff er signifi cantly between the two groups and stent length was 
not identifi ed as a risk factor for stent dysfunction in the uni-
variate and multivariate analyses, suggesting that the deployed 
stents were long enough to prevent tumor overgrowth. However, 
meta-analyses have shown a higher rate of tumor overgrowth 
with covered SEMSs ( 35,36 ). Th e reasons underlying the lower 
incidence rates of tumor overgrowth and stent migration in the 
covered SEMS group of this study, compared with similar groups 
in previous studies or in the meta-analyses have not been clearly 
elucidated ( 16,21,22,29 – 36 ). 

 A second limitation relates to the potential bias for patient 
selection, and the time and criteria for deciding when reinter-
vention should be performed. We excluded patients with poor 
performance status, poor condition of other organs, and short 
life expectancy. If patient survival times were shorter because 
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 Study Highlights 

  WHAT IS CURRENT KNOWLEDGE  
  3 In unresectable pancreatic carcinomas, endoscopic 

stent placement has been pivotal in providing relief from 
obstructive jaundice. 

  3 The advantages of using covered vs. uncovered self-
expandable metal stents (SEMSs) in the palliation of 
distal malignant biliary obstruction are controversial. 

  3 Uncovered SEMSs are prone to tumor ingrowth through the 
metal mesh, whereas covered SEMSs are prone to stent 
migration. 

  WHAT IS NEW HERE  
  3 Covered SEMSs with an anti-migration system (relatively 

low axial force and uncovered fl ared ends) had a longer 
duration of patency than uncovered SEMSs for the 
palliative treatment of patients with distal biliary 
obstruction due to pancreatic carcinoma. 

  3 The membrane covering lowered the rate of tumor ingrowth, 
whereas the anti-migration system prevented migration of 
the covered SEMSs.            
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of poorer medical conditions among patients, it would be 
likely that more patients would been censored before stent dys-
function occurred. Nevertheless, exclusion of patients in poor 
medical condition might affect the duration of stent patency in 
both groups. Although periodic liver function tests were per-
formed, the intervals between follow-up imaging studies were 
not uniform. Also, it was difficult to define the absolute values 
of liver function tests for deciding reintervention because the 
conditions in each patient and each hospital differed. These 
facts might also lead to the long stent patency time in both 
groups. 

 A third limitation is that prior drainage confounded an assess-
ment of the effi  cacy of SEMSs alone in improving clinical symp-
toms, although both groups did not diff er signifi cantly in serum 
total bilirubin level within a month of stent deployment and the 
number of patients receiving post-treatment chemotherapy. In 
this study, prior drainage was performed in 101 of 120 patients. 
Indeed, in the previous three randomized controlled studies 
comparing both types of SEMS with endoscopic treatment, 15 % , 
64 % , and 100 %  of the enrolled patients received prior biliary 
drainage, which made it diffi  cult to assess directly the effi  cacy 
of SEMSs alone in improving clinical symptoms ( 19,20,21 ). Th e 
use of removable fully covered SEMSs may allow a more accu-
rate assessment of their ability to improve obstructive jaundice 
because they can be used for malignant distal biliary stricture, 
irrespective of the patient ’ s surgical resectability status ( 37 ). 
A fourth potential limitation is that patient survival greatly 
aff ected the outcomes of the stent patency, because 83 patients 
(69 % ) died (censored) without stent dysfunction, which resulted 
in the small sample sizes for the subgroup comparisons. Th ere-
fore, increased variation occurred in the later portions of the 
Kaplan – Meier curves. 

 In conclusion, stent migration did not occur in patients 
with either covered or uncovered SEMSs, an advantage most 
likely due to the use of stents with relatively low axial force and 
uncovered fl ared ends. Conversely, the rate of tumor ingrowth 
was signifi cantly lower in the group of patients with covered 
SEMSs. Importantly, covered SEMSs with an anti-migration 
system had a longer duration of stent patency than uncovered 
SEMSs. We therefore strongly recommend the use of these cov-
ered SEMSs for the palliative treatment of patients with distal 
biliary obstruction due to unresectable pancreatic carcinoma.      
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Introduction
!

Acute post-necrotic pancreatic/peripancreatic
fluid collection occurs because of liquefaction of
necrotic tissue. Over 4 weeks, a thick wall without
an epithelial lining can form over the fluid collec-
tion, developing into walled-off pancreatic necro-
sis (WOPN) with variable fluid and solid compo-
nents [1]. Infected pancreatic necrosis, which is a
major risk factor for sepsis-related multiple organ
failure, is the main life-threatening complication
in the late phase of acute pancreatitis. The asso-
ciated mortality is at least 20%, and up to 80% of
deaths result from septic complications [2].
Therefore, patients with infected WOPN require
timely and effective interventions. Open necros-
ectomy with drainage has been the standard of
treatment for infected WOPN, but carries signifi-
cant morbidity (13%–53%) and high mortality
(6%–34%) [3,4]. In addition, patients experience

a prolonged recovery. These limitations have led
to investigations of alternative techniques.
In 1996, Baron et al. [5] were the first to report
successful endoscopic drainage of WOPN, where-
in several transgastric or transduodenal drainage
catheters and a nasopancreatic irrigation tube
were placed into the retroperitoneum and lavage
was continued until the collection successfully re-
solved. In 2000, Seifert et al. [6] performed amore
aggressive technique of inserting the endoscope
directly into the necrotic cavity and removing
the necrotic tissue. Several subsequent reports
have described initial experiences with direct
endoscopic necrosectomy for WOPN [3,7–12].
More recently, two large multicenter studies
demonstrated the efficacy and safety of endo-
scopic necrosectomy forWOPN [13,14]. However,
indications and techniques vary between studies.
Therefore, a multicenter, large cohort study was
conducted to evaluate the efficacy and safety of
endoscopic necrosectomy in a carefully selected
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Background and study aims: Only a few large co-
hort studies have evaluated the efficacy and safe-
ty of endoscopic necrosectomy for infected wal-
led-off pancreatic necrosis (WOPN). Therefore, a
multicenter, large cohort study was conducted to
evaluate the efficacy and safety of endoscopic ne-
crosectomy and to examine the procedural details
and follow-up after successful endoscopic necros-
ectomy.
Patients and methods: A retrospective review
was conducted in 16 leading Japanese institutions
for patients who underwent endoscopic necros-
ectomy for infected WOPN between August 2005
and July 2011.The follow-up data were also re-
viewed to determine the long-term outcomes of
the procedures.
Results: Of 57 patients, 43 (75%) experienced suc-
cessful resolution after a median of 5 sessions of
endoscopic necrosectomy and 21 days of treat-
ment. Complications occurred in 19 patients

(33%) during the treatment period. Six patients
died (11%): two due to multiple organ failure
and one patient each from air embolism, splenic
aneurysm, hemorrhage from a Mallory–Weiss
tear, and an unknown cause. Of 43 patients
with successful endoscopic necrosectomy, recur-
rent cavity formation was observed in three pa-
tients during a median follow-up period of 27
months.
Conclusions: Endoscopic necrosectomy can be an
effective technique for infected WOPN and re-
quires a relatively short treatment period. How-
ever, serious complications can arise, including
death. Therefore, patients should be carefully se-
lected, and knowledgeable, skilled, and experi-
enced operators should perform the procedure.
Further research into safer technologies is re-
quired in order to reduce the associated morbid-
ity and mortality.
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population of patients with infected WOPN and to examine the
procedural details and follow-up after successful endoscopic ne-
crosectomy.

Patients and methods
!

Patients
A total of 16 leading Japanese institutions participated in this
study. The participating institutions were: Gifu University Hospi-
tal (Gifu); Kitasato University East Hospital (Sagamihara); The
University of Tokyo (Tokyo); Tokyo Medical University (Tokyo);
Date Red Cross General Hospital (Date); Mie University Hospital
(Tsu); Okayama University Graduate School of Medicine, Dentis-
try, and Pharmaceutical Sciences (Okayama); Tohoku University
Graduate School of Medicine (Sendai); Yokohama City University
School of Medicine (Yokohama); Fukushima Medical University
(Fukushima); Kyushu University (Fukuoka); Kurume University
School of Medicine (Fukuoka-Kurume); Kinki University School
of Medicine (Sayama); Hokkaido University Graduate School of
Medicine (Sapporo); Sapporo Medical University School of Med-
icine (Sapporo); and Gifu Municipal Hospital (Gifu). Institutional
review board approval was obtained at each institution for parti-
cipation in the study.
A standardized data collection form was sent to each institution.
Each institution retrospectively reviewed their database and data
for patients who underwent endoscopic necrosectomy for infec-
ted WOPN between August 2005 and July 2011 were included in
the study. Follow-up data for patients who underwent successful
endoscopic necrosectomy treatment were obtained by inter-
views at the outpatient clinic. However, if patients had not been
followed periodically, each institutional attending physician con-
tacted the patients or their family by telephone. The data were
completely updated in January 2013.

Procedures
The standard technique for endoscopic necrosectomy involves
the following steps. First, a curvilinear array endoscopic ultra-
sound (EUS) is used to visualize the extent of the necrosis and
determine the optimal puncture site. Before puncture, color
Doppler is used to confirm that there are no interposed vessels
on the puncture line. The cavity is then punctured with a 19-
gauge EUS needle. After withdrawing the inner stylet, a guide
wire is inserted through the needle into the necrotic cavity under
fluoroscopic guidance. The puncture site is then dilated using a
dilator and/or a balloon catheter. Then, one or more double pig-
tail stent(s) and/or a nasocystic drainage catheter are inserted. In
a few select cases, endoscopic necrosectomy is performed on the
same day.
In most cases, the tract is dilated using a large balloon (12–
20mm) several days after stent placement or insertion of the
drainage catheter (●" Fig.1). A conventional forward-viewing
endoscope is subsequently advanced into the cavity and endo-
scopic accessories are used to remove necrotic tissuewith forceful
irrigation of normal saline (●" Fig.2). Endoscopic necrosectomy is
performed 1–4 times per week, until all necrotic tissue has been
removed. In anticipation of a subsequent endoscopic necros-
ectomy, the route to the necrotic cavity is maintained by placing
stents and/or a nasocystic drainage catheter. Daily irrigation using
500–1000mL of normal saline through a nasocystic drainage
catheter isperformedbetweenendoscopicnecrosectomysessions
at some institutions. Endoscopic necrosectomy is continued until

the majority of necrotic tissue is removed and pink granulation
tissue lining the wall is observed. At the final endoscopic nec-
rosectomy session, stentsmay be placed depending on each insti-
tution’s protocol.

Outcomes
The primary outcomes were successful resolution of pancreatic
necrosis by endoscopic necrosectomy and the mortality and
complication rates associated with endoscopic necrosectomy.
Successful resolution was defined as remission of clinical symp-
toms and the disappearance of the necrotic cavity on endoscopic
necrosectomy imaging. Incomplete resolution was defined as the
need for surgery or additional non-surgical treatments to cure
the infected WOPN. The secondary outcome was prognosis after
endoscopic necrosectomy.

Statistical analysis
Statistical comparisons were performed to determine the factors
associated with successful resolution of the necrotic cavity. Con-
tinuous variables with Gaussian distribution were tested using
the Student’s t-test and those with non-Gaussian distributions
were analyzed using the non-parametric Wilcoxon rank-sum
test. Categorical and binary variables were tested using the chi-
squared test with Yates’ correction or Fisher’s exact test for
small-expected frequencies. All statistical tests were two tailed
at the probability level of 0.05.Statistical analyses were per-
formed using JMP software, version 8.0 (SAS Institute, Inc., Cary,
North Carolina, USA).

Fig.1 Dilation of the
transgastric entry tract
into the necrotic cavity
using a large balloon.

Fig.2 Endoscopic
removal of necrotic
material using penta-
pod forceps.
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Results
!

Patients
From August 2005 to July 2011, 57 patients underwent endo-
scopic necrosectomy for infected WOPN at the 16 institutions.
Patient demographics are shown in●" Table1.
Of the 57 patients, 10 were in very poor health (grade 4 or 5 in
the American Society of Anesthesiologists (ASA) physical status
classification) [15]. In six patients, the necrotic cavity extended
to the pelvis.

Initial outcomes of endoscopic necrosectomy
Initial drainage was performed after a median duration of 50
days (range 13–436 days) from the onset of pancreatitis. The in-
itial puncture was performed using a conventional 19-gauge EUS
needle, and in most cases the tract was then dilated using a dila-
tor and balloon catheter. Subsequently, a single nasocystic cathe-
ter and one or two indwelling stents were placed in the necrotic
cavity (●" Table2).
Endoscopic necrosectomy was performed on the same day as the
initial drainage in 11 patients (19%), and the remaining 46 pa-
tients (81%) underwent initial endoscopic necrosectomy some
days after the initial drainage. A gastroscope with water-jet func-
tion was used in 37 patients (65%), and carbon dioxide (CO2) gas
was used instead of room air for insufflation in 39 patients (68%)
during endoscopic necrosectomy. Various endoscopic devices
were used to remove the necrotic tissue, with the majority being
pentapod forceps, rat-tooth forceps, and polypectomy snares.

Daily irrigation with normal saline solution from a nasocystic
drainage catheter was performed between endoscopic necrosect-
omy sessions in 25 patients (44%) (●" Table3).
Successful resolutionwas achieved in 43 patients (75%) following
a median of 5 (range 1–20) endoscopic necrosectomy sessions.
Endoscopic necrosectomy was typically performed twice a
week. The median duration of one endoscopic necrosectomy ses-

Table 1 Patient demographics.

Female/male 11/46

Age, median (range), years 58 (19–81)

BMI, median (range), kg/m2 21.3 (16.2–38.9)

Etiological factors, n (%)

Idiopathic 20 (35)

Alcohol 18 (32)

Gallstone 8 (14)

Post-ERCP 7 (12)

Others* 4 (7)

ASA classification, n

Grade 2 18

Grade 3 29

Grade 4 8

Grade 5 2

CT findings

Main location, n

Head and body 2

Body and tail 30

Entire pancreas 25

Lower extremity of the necrotic cavity, n

Peripancreatic region 29

Beyond the lower extremity of the left kidney 22

Pelvic cavity 6

Form, n

Simple 38

Multiple 19

Size, median (range), cm

Long axis 14.0 (4.0–30.5)

Short axis 7.0 (2.0–22.0)

ASA, American Society of Anesthesiologists physical status classification; BMI, body
mass index; ERCP, endoscopic retrograde cholangiopancreatography.
* Other etiological factors included pancreas divisum, anomalous connection of
pancreatobiliary ducts, hypertriglyceridemia, and ampullary tumors.

Table 2 Initial drainage.

Time from onset of pancreatitis to initial drainage,
median (range), days

50 (13–436)

Puncture needle, n

Electrocautery needle 2

Non-electrocautery 19-G needle 55

Dilator, n

NA 7

6 or 7 Fr 39

10 Fr 11

Diameter of dilation balloon, n

NA 7

≤10mm 41

≥15mm 9

Placed drain, n

Single nasocystic catheter 4

Single nasocystic catheter with a single stent 25

Single nasocystic catheter with 2 stents 18

Single nasocystic catheter with 3 or 4 stents 4

Two stents 4

Three stents 2

NA, not applicable.

Table 3 Endoscopic necrosectomy.

Timing of the first endoscopic necrosectomy, n

At the initial drainage 11

After the initial drainage 46

1–7 days 20

8–14 days 20

≥15 days 6

Diameter of dilation balloon, n

12–15mm 16

18mm 16

20mm 25

Type of endoscope, n

Conventional gastroscope 20

With water-jet function 37

Devices for necrosectomy, n*

Pentapod forceps 30

Tripod forceps 3

Rat-tooth forceps 28

Biopsy forceps 7

Polypectomy snare 15

Basket catheter 5

Net catheter 3

Insufflation during the procedure, n

Room air 18

CO2 gas 39

Daily saline irrigation between sessions, n

Done 25

Not done 25

NA 7

NA, not applicable.
* Multiple devices used per patient.
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sion was 63 minutes (range 27–173 minutes). The median dura-
tion of the treatment period was 21 days (range 10–101 days).
The patients initially received parenteral nutrition. However, 12
patients recommenced normal food intake within 7 days. An-
other 12 patients received enteral feeding of an elemental diet.
Only six patients underwent endoscopic retrograde cholangio-
pancreatography (ERCP) after the completion of endoscopic ne-
crosectomy, and four patients received pancreatic stenting for
pancreatic duct leakage.
Of the 14 patients for whom treatment was unsuccessful, six
(11%) died during the treatment period before resolution and
eight (14%) were converted to other treatments because of per-
sistent sepsis after a median endoscopic necrosectomy treat-
ment period of 29 days (range 2–56 days) and required surgery
(n=5) or additional percutaneous drainage (n=3). Of these eight
patients, six eventually experienced successful resolution, but
two died after further treatment (●" Fig.3).
Baseline characteristics were compared between the successful
and failed endoscopic necrosectomy groups (●" Table4). Patients
in poor medical health (ASA classification ≥3) were significantly
more likely to experience an unsuccessful endoscopic necrosect-
omy (P=0.0437). The success rate was not significantly different
between the group of institutions with more than two treatment
cases and the group of institutions with only one or two treat-
ment cases; the mean success rates (range) were 70.0% (0%–
100%) and 78.6% (0%–100%), respectively (P=0.1726).

Complications arose in 19 patients (33%) during the treatment
period. They occurred during endoscopic necrosectomy in 12 pa-
tients and between sessions in 7 (●" Table5). Bleeding from the
fistula occurred during endoscopic necrosectomy in five patients
following large balloon dilation. Hemostasis was achieved using
endoscopic procedures in four patients (clipping in two patients
and balloon compression by re-inflation of the balloon in the
other two patients), while the remaining patient required coil
embolization of a branch of the inferior pancreaticoduodenal ar-
tery under interventional radiologic guidance. Another three pa-
tients bled from the cavity wall during removal of the necrotic
tissue. Conservative management and blood transfusion were
sufficient for one patient. Compression by the tip of the endo-
scope was successful in another patient, and the remaining pa-
tient required coil embolization under interventional radiologic
guidance. Perforation occurred in another three patients. In two
patients, abdominal free air was found following dilation of the
large balloon and in the remaining one patient, the cavity wall
was perforated during removal of the necrotic tissue. In all three
patients, the procedure was immediately terminated and a naso-
cystic tube and stents were placed. All patients recovered with
conservative management and without any sequelae. One pa-
tient developed an air embolism. Following insertion of the en-
doscope into the necrotic cavity, the patient manifested the clin-
ical picture of shock and was diagnosed with air embolism on
computed tomography (CT). Brain death occurred and the pa-
tient died after 32 days.

Endoscopic necrosectomy (EN) (N = 57)

Complete resolution
N = 43 (75 %)

No surgical treatments
N = 3

No surgical treatments
N = 3

Death
N = 1

No surgical treatments
N = 3

Death
N = 1

Surgical operation
N = 5

Incomplete resolution
N = 8 (14 %)

Death
N = 6 (11 %)

Initial clinical 
results of EN

Additional 
treatments

Fig.3 Initial clinical results of endoscopic
necrosectomy.

Table 4 Factors associated with failed cavity resolution by endoscopic necrosectomy.

Factor Successful endoscopic

necrosectomy (n=43)

Failed endoscopic

necrosectomy (n=14)

P value

Female, n (%) 6 (14) 5 (36) 0.1155

Age, median (range), years 59 (19–81) 53 (22–74) 0.1445

BMI, median (range), kg/m2 21.0 (16.2–38.9) 22.9 (17.4–26.3) 0.5920

Etiology (gallstone), n (%) 5 (12) 3 (21) 0.3912

ASA classification ≥3, n (%) 26 (60) 13 (93) 0.0437

Lower extremity of the cavity extended beyond the
lower extremity of the left kidney, n (%)

20 (47) 8 (57) 0.5497

Size of necrosis, long axis, median (range), cm 14.0 (4.0–30.5) 14.5 (7.0–24.0) 0.6626

Multilocular form, n (%) 12 (28) 7 (50) 0.1916

Time from onset of pancreatitis to initial drainage
< 6 weeks, n (%)

17 (40) 8 (57) 0.5441

Number of sessions, median (range) 5 (1–17) 4.5 (1–20) 0.9330

Maximum number of stents placed, median (range) 2 (1–7) 1.5 (1–4) 0.1223

Enteral feeding, n (%) 8 (19) 4 (29) 0.4631

ASA, American Society of Anesthesiologists physical status classification; BMI, body mass index.
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Of the seven patients who experienced complications between
endoscopic necrosectomy sessions, four experienced massive he-
matemesis. Rupture of a splenic pseudoaneurysm occurred in
two patients, and coil embolization under interventional radiolo-
gic guidance was attempted for both. Although one patient was
successfully treated, the other died. In the third case of bleeding,
the patient was successfully treated with a local epinephrine in-
jection. In the remaining case, the patient vomited frequently fol-
lowing the 4th endoscopic necrosectomy and massive hematem-
esis occurred several hours later. The patient’s hemodynamic sta-
tus rapidly deteriorated and she died before any interventions
could be attempted. An autopsy showed the presence of a Mal-
lory–Weiss tear, but the cause of vomiting remained unclear.
Other complications arising between endoscopic necrosectomy
sessions included aspiration pneumonia and ileus. Both patients
were successfully treated by conservative treatments such as an-
tibiotic therapy and bowel rest. Another patient experienced
sudden cardiorespiratory arrest in the ward at 32 hours after
completion of the 8th endoscopic necrosectomy. Despite resusci-
tation, the patient developed brain death and died after 40
weeks. The cause of the sudden cardiorespiratory arrest was not
known.
Six patients (11%) died during the treatment period of endo-
scopic necrosectomy. Multiple organ failure secondary to sepsis
resulted in two deaths, and one patient each died because of air
embolism, rupture of a splenic aneurysm, a Mallory–Weiss tear,
and an unknown cause.

Follow-up results
Complete follow-up data were obtained for all 43 patients who
were successfully treated with endoscopic necrosectomy. A total
of 32 patients were regularly followed every 3–6 months, with
blood tests performed as appropriate at each institution. Follow-
up abdominal CT (every 3–6 months) was obtained until 1 year
after the endoscopic necrosectomy in 37 patients, 2 years in 20
patients, and more than 3 years in 10 patients. The median fol-
low-up period for these 43 patients was 27 months (range 5–59
months). Stents were removed at the final endoscopic necrosect-
omy session in 7 patients, whereas 23 patients had their stents
removed after a median duration of 13 weeks (range 3 weeks–
17months). Another nine patients experienced spontaneous dis-
lodgement of the stents after a median duration of 15 weeks
(range 8 weeks–9 months). In the remaining four patients, the
stents were still in situ at the time of the last follow-up (median
22 months; range 11–30 months) (●" Table6).
Two patients died due to causes unrelated to the endoscopic nec-
rosectomy procedure or pancreatitis. One died from bile duct
cancer after 6 months and another from pneumonia after 14
months. Cavity recurrence was observed in three patients after
2–8 months: in one patient, the cavity was sterile but the cavity
was infected in the other two patients (●" Table6). These patients
were successfully treated by endoscopic or percutaneous drain-
age.

Discussion
!

In a multicenter randomized controlled trial, the Dutch Pancrea-
titis Study Group compared standard open necrosectomy with a
step-up approach that involved percutaneous drainage followed
by minimally invasive retroperitoneal necrosectomy if necessary
[16]. Major complications occurred less frequently in the step-up

approach compared with open necrosectomy (40% vs. 69%; P=
0.006), and 35% of patients in the step-up groupwere successful-
ly treated with percutaneous drainage alone. In a subsequent
study, the same group prospectively examined 639 consecutive
patients with necrotizing pancreatitis and found that patients
whose first intervention was catheter drainage had fewer com-
plications than those undergoing primary necrosectomy (42%
vs. 64%; P=0.003) [17]. Furthermore, in a retrospective study,
Gardner et al. [18] compared direct endoscopic necrosectomy
with conventional transmural endoscopic drainage for WOPN
and found that the former procedure achieved higher rates of
successful resolution (88% vs. 45%; P<0.01), with complications
limited to mild periprocedural bleeding, which occurred at
equivalent rates between the two groups (32% vs. 20%; P=
0.502). More recently, Bakker et al. [19] compared the proinflam-
matory response, as measured by serum interleukin-6 (IL-6) lev-
els, and clinical outcomes of endoscopic transgastric and surgical
necrosectomy in a randomized controlled trial. There was a de-
creased proinflammatory response following endoscopic necros-
ectomy, as evidenced by post-procedural IL-6 levels, compared
with the response to surgical necrosectomy. In addition, major
complications or death occurred less frequently after endoscopic
necrosectomy than surgical necrosectomy (20% vs. 80%; P=0.03).
Thus, in light of the improved outcomes, minimally invasive in-
terventions to treat WOPN are becoming increasingly popular.
After the initial introduction of endoscopic necrosectomy by Sei-
fert et al. [6], subsequent reports have described successful endo-
scopic necrosectomy for treating infected pancreatic necrosis, as

Table 5 Complications during the treatment period of endoscopic necros-
ectomy.

During the procedure, n 12 (21%)

Bleeding from the fistula 5

Bleeding from the cavity wall 3

Perforation 3

Air embolism 11

Between sessions, n 7 (12%)

Rupture of splenic aneurysm 22

Mallory–Weiss tear 11

Bleeding from the fistula 1

Aspiration pneumonia 1

Ileus 1

Sudden cardiorespiratory arrest (unknown cause) 11

Total 19 (33%)

1 Fatal cases.
2 One patient died.

Table 6 Follow-up of 43 patients following successful endoscopic necros-
ectomy.

Follow-up period after completion of endoscopic
necrosectomy, median (range), months

27 (5–59)

Removal of stents, n

Removed at final session 7

Removed later 23

Spontaneously dislodged 9

Still in situ 4

Recurrent cavity 3 (7%)

Without infection 1

With infection 2

Died 2 (4%)*

* Two patients died due to unrelated causes: 1 from the bile duct cancer after
6 months and another from pneumonia after 14 months.
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shown in●" Table7 [3,7–14,18–21]. The rate of complete reso-
lution of pancreatic necrosis after endoscopic necrosectomy
ranged from 53% to 100%. Procedure-related morbidity andmor-
tality was 0%–46% and 0%–13%, respectively. However, most re-
ports were small case series. Recently, multicenter studies enrol-
ling a relatively large number of patients have been reported
from Germany [13] and the United States [14]. In the German
study, Seifert et al. [13] showed that initial clinical success was
obtained in 80% of 93 patients, with a mean hospital stay of 46
days (range 8–170 days), complication rate of 26%, and associat-
ed mortality rate of 7.5%. The American study performed by
Gardner et al. [14] reported successful resolution in 91% of 104
patients with a mean hospital stay of 12 days (range 9–15 days)
after the initial drainage, a morbidity rate of 14%, and a mortality
rate of 5.8%. In comparison, in the present study, the successful
resolution rate was 75%, with a median hospital stay of 21 days
(range 10–101 days) for endoscopic necrosectomy; the morbid-
ity and mortality rates were 33% and 11%, respectively.
The rate of successful resolution in the present study was slightly
lower, and the morbidity and mortality may be higher. It was in-
itially hypothesized that these differences might be attributed to
the relatively small sample size at each institution, given that the
median number of patients enrolled at each institution was 3
(range 1–8) and experience with endoscopic techniques might
be insufficient at many institutions. However, the analysis
showed that the success rates were not significantly different be-
tween the group of institutions with more than two treatment
cases and the group of institutions with only one or two treat-
ment cases. Another possible reason is that the study population
included several patients with extremely poor medical health. In
the 10 patients with extremely poor medical health (ASA grades
4 and 5), the successful resolution rate was 50% and the compli-
cation rate was 50%. A subanalysis of factors associated with
failed endoscopic necrosectomy also showed that the ratio of pa-
tients with poor medical health (ASA grades 3 andmore) was sig-
nificantly higher in the failed endoscopic necrosectomy group
than in the successful group (●" Table4). These results suggest

that endoscopic necrosectomy is less favorable for patients in
poor medical health. However, it is also true that such patients
are also likely to respond poorly to surgical intervention. Indeed,
in the present study, 34 of 39 patients with ASA≥3 were initially
refused surgical interventions by surgeons. A previous random-
ized controlled trial also showed that major complications or
death occurred more frequently after surgical necrosectomy
than after endoscopic necrosectomy (80% vs. 20%; P=0.03) [19].
Therefore, we believe that endoscopic necrosectomy, as a less in-
vasive option, is preferable to surgery, especially for patients in
poor medical health.
The most common complication associated with endoscopic ne-
crosectomy is bleeding, which may occur during balloon dilation
of the transluminal tract or during the removal of necrotic mate-
rial [22]. In the present study, bleeding arose during balloon dila-
tion in five patients and during the necrosectomy in three. An-
other four patients developed massive hematemesis between
endoscopic necrosectomy sessions. To reduce the risk of bleeding
during the necrosectomy, the procedure should be performed
under a clear endoscopic view. In this respect, forceful saline
lavage was useful and an endoscope with water jet function
(GIF-Q260J, Olympus, Tokyo, Japan) was used for many patients
(●" Table3). Although various devices were used to remove the
necrotic material, no differences were observed among the devi-
ces with respect to bleeding rates. Interestingly, all fatal bleeding
episodes occurred between endoscopic necrosectomy sessions.
The most common cause was rupture of a pseudoaneurysm,
which often forms in response to inflammation, and the subse-
quent, massive bleeding was difficult to contain using conserva-
tive and/or endoscopic treatments. Embolization under interven-
tional radiologic guidance or surgery should be performed in the
early stage of this potentially life-threatening complication.
Although air embolism is uncommon, it is one of the most con-
cerning complications. Fatal cases have been reported in both
aforementioned multicenter studies [13,14]; the authors recom-
mended using CO2 gas rather than room air for insufflation. A
fatal case of air embolism was also experienced in the current

Table 7 Previous reports on endoscopic necrosectomy for infected pancreatic necrosis.

First author (year) [Ref] Study design n Successful treatment,

%

Morbidity,

%

Mortality,

%

Seifert (2000) [6] Retrospective 3 100 0 0

Seewald (2005) [3] Retrospective 13 69 31 0

Charnley (2006) [8] Retrospective 13 921 (69) 0 152

Papachristou (2007) [10] Retrospective 533 53 21 0

Voermans (2007) [7] Retrospective 25 93 7 0

Kang (2008) [11] Retrospective 14 100 0 0

Mathew (2008) [20] Retrospective 6 100 0 0

Escourrou (2008) [9] Retrospective 13 1005 (85) 46 0

Schrover (2008) [12] Retrospective 8 75 25 13

Gardner (2009) [18] Retrospective 25 88 32 0

Seifert (2009) [13] Retrospective 93 80 26 7.5

Gardner (2011) [14] Retrospective 104 91 14 5.8

Seewald (2012) [21] Retrospective 806 83.8 26 0

Bakker (2012) [19] Prospective7 10 80 20 10

Present study Retrospective 57 75 33 11

1 After excluding 2 patients with additional percutaneous drainage and a patient with laparoscopic drainage, the success rate decreased to 69%.
2 Non-related death.
3 Drainage alone was studied, with endoscopic necrosectomy performed in 22 cases.
4 Transduodenal approach.
5 After excluding 2 patients with additional percutaneous drainage, the success rate decreased to 85%.
6 Drainage alone was studied, with endoscopic necrosectomy performed in 49 cases.
7 Prospective randomized controlled trial comparing endoscopic necrosectomy with surgical necrosectomy.
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study; although CO2 gas was not used in this case, it was used for
68% of the patients. The use of CO2 gas is mandatory for prevent-
ing air emboli. Moreover, insufflation during the procedure
should be reduced to the minimum possible extent, and the pro-
cedure should also not be unnecessarily prolonged.
As a comparison, the contemporary number of surgical necrosec-
tomies at the participating institutions was 21, and treatment
was successful in 71.4%, with associated morbidity and mortality
rates of 52.3% and 28.6%, respectively. The median hospital stay
was 140 days (range 30–304 days). While endoscopic necrosect-
omy is clearly much less invasive than surgical necrosectomy,
serious complications can nevertheless occur during endoscopic
necrosectomy and the procedure can be ineffective. To optimize
outcomes and minimize complications, a multidisciplinary ap-
proach involving skilled interventional endoscopists, radiolo-
gists, and surgeons is necessary to manage the WOPN successful-
ly. Therefore, patients with WOPN should be referred to tertiary
care centers where this multidisciplinary approach is available.
In the present study, the timing of stent removal varied according
to each case and institution. Stents were removed at the final
endoscopic necrosectomy session in 7 patients and electively re-
moved after a median duration of 13 weeks (range 3 weeks–17
months) in 23 patients. Before stent removal, resolution of the
cavity was confirmed on CT imaging in all patients. In nine pa-
tients, stents spontaneously dislodged after a median duration
of 15 weeks (8 weeks–9 months), and in 4 patients, the stents
were still in situ at the time of the last follow-up (median 22
months; range 11–30 months). The timing of stent removal re-
mains controversial, although the stents were typically removed
1–3 months after documented resolution of the cavity in pre-
vious studies [7,12–14,18]. Further research is required to ex-
amine the optimal time for stent removal.
There are several limitations to the current study. First, due to the
retrospective nature, case selection bias cannot be avoided. There
are various indications for endoscopic necrosectomy, depending
on the institution. In addition, data collection may be imperfect.
Inclusion criteria might have been inappropriately applied, and
some minor complications might have been missed. Second,
each institution only enrolled a small number of patients, which
likely affected the treatment outcomes and contributed to in-
creased complication rates.
In conclusion, endoscopic necrosectomy can be an effective treat-
ment for infectedWOPN and requires a relatively short treatment
period. However, serious complications, including death, can oc-
cur. Therefore, patients should be carefully selected, and knowl-
edgeable, skilled, and experienced operators should perform
this procedure. Further research into safer technologies is requir-
ed to reduce the associated morbidity and mortality.
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名前 施設 卒業年度 出身大学

工藤　正俊 近畿大学医学部 昭和53年 京都大学

樫田　博史 近畿大学医学部 昭和58年 京都大学

汐見　幹夫 近畿大学医学部 昭和55年 近畿大学

北野　雅之 近畿大学医学部 平成　2年 鳥取大学

西田　直生志 近畿大学医学部 昭和60年 大阪医科大学

松井　繁長 近畿大学医学部 平成　3年 近畿大学

上嶋　一臣 近畿大学医学部 平成　7年 神戸大学

櫻井　俊治 近畿大学医学部 平成  7年 京都大学

南　康範 近畿大学医学部 平成  9年 近畿大学

萩原　智 近畿大学医学部 平成 10年 近畿大学

井上　達夫 近畿大学医学部 平成 11年 近畿大学

矢田　典久 近畿大学医学部 平成 11年 滋賀医科大学

坂本　洋城 近畿大学医学部 平成 12年 近畿大学

朝隈　豊 近畿大学医学部 平成 14年 近畿大学

北井　聡 近畿大学医学部 平成 14年 近畿大学

川崎　正憲 近畿大学医学部 平成 15年 近畿大学

田北　雅弘 近畿大学医学部 平成 15年 近畿大学

永井　知行 近畿大学医学部 平成 16年 近畿大学

永田　嘉昭 近畿大学医学部 平成 16年 近畿大学

今井　元 近畿大学医学部 平成 17年 近畿大学

山雄　健太郎 近畿大学医学部 平成18年 東京医科大学

山田　光成 近畿大学医学部 平成18年 近畿大学

有住　忠晃 近畿大学医学部 平成 19年 近畿大学

鎌田　研 近畿大学医学部 平成 19年 近畿大学

峯　宏昌 近畿大学医学部 平成 19年 近畿大学

宮田　剛 近畿大学医学部 平成 19年 近畿大学

高山　政樹 近畿大学医学部 平成 19年 近畿大学

足立　哲平 近畿大学医学部 平成 21年 近畿大学

大本　俊介 近畿大学医学部 平成 21年 近畿大学

門阪　薫平 近畿大学医学部 平成 21年 近畿大学

田中　梨絵 近畿大学医学部 平成 22年 近畿大学

千品　寛和 近畿大学医学部 平成 22年 近畿大学

南　知宏 近畿大学医学部 平成 23年 近畿大学

岡元　寿樹 近畿大学医学部 平成 23年 近畿大学

黒木　恵美（旧姓 石川） 平成 11年 近畿大学

岡田　無文 山本病院 平成 13年 近畿大学

柴田  千栄（旧姓 辰巳）　 平成 15年 近畿大学

上田　泰輔 平成 15年 近畿大学

上硲　俊法 近畿大学医学部臨床検査学 昭和60年 近畿大学

前川　清 近畿大学医学部超音波室

辻　直子 近畿大学医学部堺病院 昭和60年 京都府立医科大学

谷池　聡子 近畿大学医学部堺病院 平成 7年 奈良県立医科大学

奥村　直己 近畿大学医学部堺病院 近畿大学

高場　雄久 近畿大学医学部堺病院 近畿大学
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川崎　俊彦 近畿大学医学部奈良病院 昭和58年 京都大学

岸谷　譲 近畿大学医学部奈良病院 昭和 62年 近畿大学

宮部　欽生 近畿大学医学部奈良病院 平成 14年 近畿大学

清水　昌子 近畿大学医学部奈良病院 平成 12年 近畿大学

茂山　朋広 近畿大学医学部奈良病院 平成 17年 近畿大学

奥田　英之 近畿大学医学部奈良病院 平成19年

木下　大輔 近畿大学医学部奈良病院 平成20年

秦　康倫 近畿大学医学部奈良病院 平成21年

水野　成人 近畿大学医学部奈良病院 昭和61年 京都府立医科大学

加藤　玲明 近畿大学医学部奈良病院 平成11年 近畿大学

宮本　容子（旧姓 北口） 近畿大学医学部奈良病院 平成12年 近畿大学

林　道友 林内科クリニック

梅原　康湖 JR大阪鉄道病院 平成 12年 近畿大学

山本　俊夫（ご逝去） 昭和26年 京都大学

山本　健二 岡本クリニック 神戸大学

亀山　千晴 しあわせクリニック 平成  7年 近畿大学

南野　達夫 なんの医院 昭和55年 近畿大学

中里　勝 上ヶ原病院

鍋島　紀滋 三菱京都病院 昭和61年 京都大学

由谷　逸朗 高石藤井病院 昭和62年 近畿大学

遠田　弘一 慈温堂遠田医院 平成 7年 近畿大学

遠田　由紀

川端　一史 川端内科クリニック 平成元年 近畿大学

米田　円 米田内科胃腸科 平成 元年 近畿大学

小川　力 高松赤十字病院 平成11年 近畿大学

渡邉　和彦 結核予防会大阪府支部相談診療所 平成  3年 近畿大学

森村　正嗣 森村医院 平成　3年 帝京大学

中岡　良介 山本病院 平成 8年 近畿大学

冨田　崇文 冨田病院 平成 14年 近畿大学

西尾　健 南堺病院 平成 14年 近畿大学

仲谷　達也 仲谷クリニック 平成　3年 近畿大学

福永　豊和 北野病院 平成　4年 京都大学

福田　信宏 朝日大学村上記念病院 平成 10年 近畿大学

坂口　康浩 河崎内科病院 平成 11年 近畿大学

永島　美樹 桃坂クリニック 平成 12年 近畿大学

坂本　康明 坂本クリニック 平成 15年 近畿大学

市川　勉 内海町いちかわ診療所 平成 12年 近畿大学

齊藤　佳寿（旧姓 野田） 介護老人保健施設　徳田山 平成 14年 近畿大学

高橋　俊介 市立堺病院 平成 14年 近畿大学

末冨　洋一郎 末冨放射線科医院 平成  8年 近畿大学

梅原　泰 辻腎太郎クリニック 平成 11年 近畿大学

鄭　浩柄 神戸市立医療センター中央市民病院 平成  8年 東京慈恵医科大学

小牧　孝充 富田林病院 平成　7年 近畿大学

畑中　絹世 平成 13年 川崎医科大学

早石　宗右 早石病院 平成 18年 近畿大学

工藤　可苗 近畿大学医学部 平成 12年 近畿大学

山本　典雄 医療法人山紀会 平成 19年 近畿大学
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鄭　扶美 近畿大学医学部　元秘書

木村　由佳 近畿大学医学部　元秘書

川辺　仁美 近畿大学医学部　元秘書

西川　由佳 近畿大学医学部　元秘書

二見　佳央里 近畿大学医学部　元秘書
井上　真由美 近畿大学医学部　元秘書
坂上　浩美 近畿大学医学部　元秘書

小田　智裕子 近畿大学医学部　元秘書

土井　由香利 近畿大学医学部　元秘書

田中　真紀 近畿大学医学部　教授秘書

村橋　亜季 近畿大学医学部　教授秘書

上田　由未子 近畿大学医学部　教授秘書

本廣　佳香 近畿大学医学部　教授秘書

和田　千尋 近畿大学医学部　教授秘書

胡桃　由佳 近畿大学医学部　医局秘書

朝隈　智 近畿大学医学部　医局秘書

林　直子 近畿大学医学部　医局秘書

田村　利恵 近畿大学医学部　肝癌研究会事務局

前原　なつみ 近畿大学医学部　肝癌研究会事務局

弓削　公子 近畿大学医学部　臨床研究補助員

児玉　美由紀 近畿大学医学部　データマネージャー（CRC業務）

鏡　郁子 近畿大学医学部　基礎研究補佐員（実験助手）

垣井　麻莉 近畿大学医学部　基礎研究補佐員（実験助手）

川崎　俊彦 近畿大学医学部奈良病院 昭和58年 京都大学

岸谷　譲 近畿大学医学部奈良病院 昭和 62年 近畿大学

宮部　欽生 近畿大学医学部奈良病院 平成 14年 近畿大学

清水　昌子 近畿大学医学部奈良病院 平成 12年 近畿大学

茂山　朋広 近畿大学医学部奈良病院 平成 17年 近畿大学

奥田　英之 近畿大学医学部奈良病院 平成19年

木下　大輔 近畿大学医学部奈良病院 平成20年

秦　康倫 近畿大学医学部奈良病院 平成21年

水野　成人 近畿大学医学部奈良病院 昭和61年 京都府立医科大学

加藤　玲明 近畿大学医学部奈良病院 平成11年 近畿大学

宮本　容子（旧姓 北口） 近畿大学医学部奈良病院 平成12年 近畿大学

林　道友 林内科クリニック

梅原　康湖 JR大阪鉄道病院 平成 12年 近畿大学

山本　俊夫（ご逝去） 昭和26年 京都大学

山本　健二 岡本クリニック 神戸大学

亀山　千晴 しあわせクリニック 平成  7年 近畿大学

南野　達夫 なんの医院 昭和55年 近畿大学

中里　勝 上ヶ原病院

鍋島　紀滋 三菱京都病院 昭和61年 京都大学

由谷　逸朗 高石藤井病院 昭和62年 近畿大学

遠田　弘一 慈温堂遠田医院 平成 7年 近畿大学

遠田　由紀

川端　一史 川端内科クリニック 平成元年 近畿大学

米田　円 米田内科胃腸科 平成 元年 近畿大学

小川　力 高松赤十字病院 平成11年 近畿大学

渡邉　和彦 結核予防会大阪府支部相談診療所 平成  3年 近畿大学

森村　正嗣 森村医院 平成　3年 帝京大学

中岡　良介 山本病院 平成 8年 近畿大学

冨田　崇文 冨田病院 平成 14年 近畿大学

西尾　健 南堺病院 平成 14年 近畿大学

仲谷　達也 仲谷クリニック 平成　3年 近畿大学

福永　豊和 北野病院 平成　4年 京都大学

福田　信宏 朝日大学村上記念病院 平成 10年 近畿大学

坂口　康浩 河崎内科病院 平成 11年 近畿大学

永島　美樹 桃坂クリニック 平成 12年 近畿大学

坂本　康明 坂本クリニック 平成 15年 近畿大学

市川　勉 内海町いちかわ診療所 平成 12年 近畿大学

齊藤　佳寿（旧姓 野田） 介護老人保健施設　徳田山 平成 14年 近畿大学

高橋　俊介 市立堺病院 平成 14年 近畿大学

末冨　洋一郎 末冨放射線科医院 平成  8年 近畿大学

梅原　泰 辻腎太郎クリニック 平成 11年 近畿大学

鄭　浩柄 神戸市立医療センター中央市民病院 平成  8年 東京慈恵医科大学

小牧　孝充 富田林病院 平成　7年 近畿大学

畑中　絹世 平成 13年 川崎医科大学

早石　宗右 早石病院 平成 18年 近畿大学

工藤　可苗 近畿大学医学部 平成 12年 近畿大学

山本　典雄 医療法人山紀会 平成 19年 近畿大学
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近畿大学消化器内科 同門会役員 

 

会長   工藤正俊 

副会長  北野雅之 

幹事   松井繁長 

会計   上嶋一臣 

庶務   西田直生志 

同門会誌作製 秘書一同 
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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。 
 
 
 
 

近畿大学消化器内科 同門会役員 

 

会長   工藤正俊 

副会長  北野雅之 

幹事   松井繁長 

会計   上嶋一臣 

庶務   西田直生志 

同門会誌作製 秘書一同 
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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 
 

2013年版の annual reportが完成しました。 
消化器内科の秘書は、現在、胡桃さん、田中さん、朝隈さん、田村さん、

前原さん、村橋さん、弓削さん、鏡さん、垣井さん、本廣さん、児玉さん、和

田さん、上妻さん、東野さん、山本さん（現在教授室 4 名、医局秘書 3 名、肝
癌研究会事務局 4名、データマネージャー（CRC業務） 1名、臨床研究補助 1
名、実験助手 2名）での 15人体制となっております。 

 
2013年版年報も遅い発刊となってしまいましたが、2014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 26年 9月 26日 

秘書一同 

 

 
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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