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 年年年年  のののの発刊発刊発刊発刊にあたってにあたってにあたってにあたって
近畿大学消化器内科学教室主任教授近畿大学消化器内科学教室主任教授近畿大学消化器内科学教室主任教授近畿大学消化器内科学教室主任教授    工藤正俊工藤正俊工藤正俊工藤正俊


はじめにはじめにはじめにはじめに

 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  年  月であります。従って平成  年

 月でやっと丸  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

 部屋のみでスタッフ  名、研修医  名、計  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  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、新設私立医大の宿命かもしれませんが、 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 ～ 人から

～ 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  ターンなどの退職者も増え、現在は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  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。

診療活動診療活動診療活動診療活動

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  年の開設初年度は約

 億程度でありましたが、平成  年には  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  年度は病院全体も約  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  人前後、平均在院日数も  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  年

度は  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（）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  年以上、日本国内の  位（内科と外

— 1 —



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  年  月より開始し、平成  年  月末の時点で総件

数  例に達しており、 年生存率は 強であり、手術とほぼ同等の治療

成績が得られております。現在、 型肝炎治療を積極的に行っており、大阪南

部から  型肝炎・肝癌を根絶したいと願っています。
平成  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

（）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、 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  も平成  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  年  月  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  回目が平成  年  月  日に行われ、約  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  万にも達しております。その  万人の医療圏の中

で大学医学部は近畿大学のみであります。その意味でこの  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。

教育活動教育活動教育活動教育活動

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  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  週間のうち  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。 年生  年生のクリニカルクラークシップも例年 
年生を常時  人程度受け入れており、講義や総括など充実した  教育と

なるよう全力を尽くしております。
平成  年  月から病院長に任ぜられ、今期で  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
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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。

 研究活動研究活動研究活動研究活動
（（（（））））論文業績論文業績論文業績論文業績

英文論文の発表は  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、 年目からは平均  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。 年の英文論文数は  編に達しました。残

念ながら  年は  編、 年は  編にとどまりました。しかしながら何

とか毎年  編の大台を超えたいと祈念しております。また  年間の総インパ

クトファクターは  点であり英文総論文数は  編ですので、近畿大学

消化器内科のような小さな所帯の教室としてはまずまずの結果を残せているの

ではないかと思っております。来年以降も最低、英文原著論文は  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。

（（（（））））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事業研究班事業研究班事業研究班のののの活動活動活動活動
平成  年度に採択された厚労科研（がん臨床部門）「「「「進行進行進行進行・・・・再発肝細胞癌再発肝細胞癌再発肝細胞癌再発肝細胞癌にににに対対対対

するするするする動注化学療法動注化学療法動注化学療法動注化学療法とととと分子標的薬併用分子標的薬併用分子標的薬併用分子標的薬併用によるによるによるによる新規治療法新規治療法新規治療法新規治療法のののの確立確立確立確立をををを目指目指目指目指したしたしたした臨床試臨床試臨床試臨床試

験験験験（（（（    ））））ならびにならびにならびにならびに効果効果効果効果をををを予測予測予測予測するするするする  のののの探索研究探索研究探索研究探索研究」」」」（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、努力しています。また平

成  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）「「「「慢性慢性慢性慢性ウウウウ

イルスイルスイルスイルス性肝疾患性肝疾患性肝疾患性肝疾患のののの非侵襲的線化評価法非侵襲的線化評価法非侵襲的線化評価法非侵襲的線化評価法のののの開発開発開発開発とととと臨床的有用性臨床的有用性臨床的有用性臨床的有用性のののの確立確立確立確立」」」」（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開始しています。

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 「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」（西口班）（厚労科研）
② 「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）
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③ 「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）
④ 「肝がんの新規治療法に関する研究」（本多班）（厚労科研）
⑤ 「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」（大

河内班）（厚労科研）
⑥ 「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）
⑦ 「 型肝炎ウイルス（ＨＣＶ）陽性進行肝臓がん症例に対するテーラーメイ

ドがんペプチドワクチンの第Ⅱ相単盲検無作為割付群間比較臨床試験」（文

科省知的クラスター事業）


（（（（））））今後今後今後今後のののの研究研究研究研究のののの方向性方向性方向性方向性
今年の消化器内科の論文も一覧するとやはりまだまだ  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  点以

上の雑誌を目指すには  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  年  月  日

に大阪府より認証を受けた  法人「日本肝がん臨床研究機構（）」を

中心に現在  つの  が走っております。そのうち  つが厚労科

研に採択されたため現在では  つの前向き試験を行っております。なかでも

 は  年  月に終了し、ポジティブな結果が得られたため

 の  で  発表すると共に、 にも投稿予定です。来年中には

 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、 な解析研究で新

しいデータを  していくという努力も今後も続けていかなければなりま

せん。
また基礎研究の分野でも西田直生志准教授、櫻井俊治講師、萩原智講師

を中心に積極的に研究を進めて頂いており、今後の  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
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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  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  重視主義の

多くの  から採用されない傾向にはありますが、それでも 
や  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  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。
ここまで読まれた方は最初に私が述べたような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  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ではなくともでも実行可能なことであり、

その ではしばしばの方が 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  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  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
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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。
 年に私が立ち上げた日本肝がん分子標的治療研究会（第  回研究会

 年  月  日、参加者  人）は年  回開かれております。肝癌はこれか

らは分子標的治療の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、 が  以上の雑誌にもこの分野で  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がん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。



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  時間みっちりと  を行っております。

このカンファレンスでは全て英語でからまでを行って

おります。ほとんど  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  年はイタリア人の

 が  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

 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  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  の教室から  がや

ってきて  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

 は英語で行っておりますが、やはりこの 
 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  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

 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。
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English Reseach Conference English Reseach Conference English Reseach Conference English Reseach Conference 出席状況出席状況出席状況出席状況    

教室員 2008 2009 2010 2011 2012 

  

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 

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

西田 -  -  -  -  -  -  5/5 100 24/32 75 

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

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

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

櫻井 - - - - 17/19 89 20/23 87 25/32 78 

南 19/24 79 1/2 50 - - 13/14 93 31/32 97 

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

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

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

北井 15/27 56 8/20 40 15/29 52 13/23 57 20/32 63 

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

坂本 19/27 70 1/2 50 12/19 63 11/23 48 20/32 6 

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

川崎 23/27 85 6/20 30 4/29 14 6/23 26 4/32 13 

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

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

田中 - - - - - - - - 24/27 89 

千品 - - - - - - - - 29/32 91 

山田 - - - - - - - - 23/25 92 

今井 - - 9/15 60 18/29 62 10/23 43 13/32 41 

永田 - - 13/15 87 16/29 55 12/23 52 11/32 34 

有住 - - 7/15 47 15/29 52 17/23 74 26/32 81 

鎌田 - - 11/15 73 15/29 52 10/23 43 16/32 50 

高山 - - 4/7 57 - - 13/14 93 16/32 50 

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

— 7 —




学会活動学会活動学会活動学会活動およびおよびおよびおよび海外海外海外海外におけるにおけるにおけるにおける活動活動活動活動

 年における国内の学会発表については  演題、国際学会の発表に

ついては  演題、海外特別講演は 、国内特別講演は  でありました。私自

身の海外出張は  年は  回とこれも例年通りでありました。


 年
  月  日 日  に出席 




  月  日 日  にて講演３つとインベスティゲー

ターミーティング２つ



  月  日 日 世界超音波医学会（）理事会に理事長と

して出席



  月  日 日 台湾消化器病学会にて特別講演



  月  日 日 韓国  大学および、
 にて講演



  月  日 日 ヨーロッパ超音波医学会（）にて
２つの特別講演

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

足立 - - - - - - 8/14 57 22/32 69 

大本 - - - - - - 12/14 86 29/32 91 

門阪 - - - - - - 12/14 86 22/32 69 

南（知） - - - - - - - - 4/4 100 
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  月  日 日 ヨーロッパ超音波医学会（）教育講演会
にて招待講演



  月  日 日 第  回アジア超音波造影イメージング

にて  つの講演



  月  日 日 

にて特別講演



 月  日 日 
を  として

主催、 つの講演と１つの司会



 月  日 日  にて講演



 月  日 日 国際肝癌学会（
）にて３つの講演と１つの司会 



 月  日 日  で講演



 月  日 月  日 世界超音波医学会（）理事会に理事長と
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して出席



 月  日 日  にて講演



 月  日 日  にて講演
（アジア  ヶ国を中継講演）



 月  日 日 （アジア超音波医学会）にて  つ

の講演、および理事会２つ総会１つに出席



 月  日 日 米国肝臓学会へ出席


 月  日 日 米国放射線学会へ出席
 理事会、
 の打ち合わせ、 の

 同士の会合に出席
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平成24年1月～平成24年12月 招待講演・特別講演

岐阜県 岐阜市

591 5月10日

東京都

592 5月25日
593 5月26日
594 5月27日
605 12月1日

北海道 札幌市

590 3月17日
595 6月2日
604 10月27日

石川県 石川市

596 7月20-21日

大阪府 大阪市

597 7月26-28日

香川県 高松市

598 8月11日
606 12月28日

神奈川県 横浜市

599 10月25-27日

兵庫県 神戸市

600-602 10月10-13日
愛媛県 松山市

603 10月20日

三重県 鈴鹿市

589 2月2日

大阪府 大阪狭山市

587 1月16日

岡山県 岡山市

588 1月21日
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 留学生受留学生受留学生受留学生受けけけけ入入入入れれれれ
留学生の受け入れですが、 年から  年にかけて中国上海から

 先生（丁 紅）（上海医科大学）、 年には中国広州から 
先生（文 艶玲）（中山医科大学）、 年には中国広州から  先生（鄭 

栄琴）（中山医科大学）、 年には中国重慶より （周 佩）（人民解

放軍重慶病院）、 年にはカンボジアより  先生、 年にはタイ

から  先生、同じく  年に若干時期を違えてインドか

ら  先生（）、
年  先生を受け入れました。 年 （北京、中国）、 年 

（バングラディシュ）、 年 （イタリ

ア）が来ていました。またエジプトから  先生も来られました。
年にはマレーシアから  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  先生が来られました。 年  月‐ 月には中国から

 も受け入れました。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 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。


 人事人事人事人事についてについてについてについて
冒頭でも述べましたが、 年までの入局者は毎年 、 名～、 名

と大学内でも最も多くの入局者がおりましたが、 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  年の入局者は  名に留まり、 年

の入局者も  名に留まりました。 年には  名もの入局者が入って来られま

した。 年は  名の研修医が入局し、 年にも  名が入局しました。反

面、 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
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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。

 法人法人法人法人「「「「日本肝日本肝日本肝日本肝がんがんがんがん臨床研究機構臨床研究機構臨床研究機構臨床研究機構（（（（

）」）」）」）」のののの活動活動活動活動
「肝癌早期診断のための多施設共同無作為化比較試験

（    
（））」

→ 年  月終了、現在データ解析中、学会および論文発表予定
 「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（）ならびに効果

を予測する  の探索研究（



）」

→ 年年年年よりよりよりより厚労科研厚労科研厚労科研厚労科研にににに移行移行移行移行（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  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（）ならびに効果を予測する  の探索研究」（工

藤班））→ 年で終了
「早期肝癌診断における  の有用性に関する多施設

共同研究（
）」

「切除不能肝細胞癌に対する肝動脈化学塞栓療法（）

とソラフェニブの併用療法第  相臨床試験（
      
）」

「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
」
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→ 年年年年よりよりよりより厚労科研厚労科研厚労科研厚労科研にににに移行移行移行移行（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  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））
「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（ 

）」

→ 年年年年よりよりよりより厚労科研厚労科研厚労科研厚労科研にににに移行移行移行移行（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  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））
「インスリン抵抗性を合併する  型代償性肝硬変患者を対

象とした  顆粒製剤の肝細胞癌抑制効果に関する第  相臨床試験

（

）」


 おわりにおわりにおわりにおわりに

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  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。 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。 年には救急災害棟も完成いたします。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。 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  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。
 年  月 大阪狭山にて

— 15 —



2012012012012222 年度表彰式一覧年度表彰式一覧年度表彰式一覧年度表彰式一覧    

 

 Highest Impact Factor Award 201Highest Impact Factor Award 201Highest Impact Factor Award 201Highest Impact Factor Award 2012222((((最高最高最高最高インパクトファクターインパクトファクターインパクトファクターインパクトファクター賞賞賞賞））））    
 
1 位 西田直生志 11.665（Hepatology) 
2 位 櫻井俊治   7.856（Cancer Res) 
 

※ 3 位 北野雅之 7.282（Am J Gastroenterol） 
※ 工藤正俊 4.327（Curr Cancer Drug Tar） 

 
 Most Numbers of Paper Award Most Numbers of Paper Award Most Numbers of Paper Award Most Numbers of Paper Award 2012201220122012（（（（最多英文論文発表賞最多英文論文発表賞最多英文論文発表賞最多英文論文発表賞））））    

 
1 位 萩原 智 4 本（Brit J Cancer, Hepatol Res, Digest Dis×2） 
2 位 南 康範 3 本（Eur J Radiol, Digest Dis, J Med Ultrason） 
 

※ 工藤正俊 10 本 
 
 Total Highest Impact Factor Award Total Highest Impact Factor Award Total Highest Impact Factor Award Total Highest Impact Factor Award 2012201220122012（（（（累積最高累積最高累積最高累積最高インパクトファクターインパクトファクターインパクトファクターインパクトファクター賞賞賞賞））））    

 
1 位 西田直生志 14.038（2 本） 
2 位 萩原 智   11.987（4 本） 

 
※ 3 位 櫻井俊治 9.050（2 本） 
※ 工藤正俊 15.188（10 本） 

 
 最多最多最多最多入院入院入院入院受持患者賞受持患者賞受持患者賞受持患者賞        

 
1 位 矢田典久 250 人 
2 位 宮田 剛 231 人 
 

※ 3 位 今井 元 212 人 
 

 最多緊急内視鏡賞最多緊急内視鏡賞最多緊急内視鏡賞最多緊急内視鏡賞    
 
1 位 川崎正憲 20 件 
1 位 足立哲平 20 件 
 

※ 3 位 峯 宏昌 17 人 
 

 最多外来患者診療賞最多外来患者診療賞最多外来患者診療賞最多外来患者診療賞    
 

1 位 萩原 智 1,665 人 
2 位 矢田典久 1,286 人 
 

※ 3 位 松井繁長 1,115 人 
※ 工藤正俊 1,117 人 
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工藤正俊（くどうまさとし） 
（平成 25年 9月 2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・治験支援委員会

委員長・生涯教育委員会副委員長）、日本消化器内視鏡学会 (評議員・指導医・専門医)、日本超音波医学会 (理

事・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・取扱規約委員長・

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）, President（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） 
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・ 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） 

・ Editor-in-Chief: Liver Cancer (Karger, Basel) 

    

受賞受賞受賞受賞    

・ 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）    

    

著書著書著書著書（（（（単著単著単著単著））））    
・ 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） 

 

編集編集編集編集    
・ 松井 修, 工藤正俊工藤正俊工藤正俊工藤正俊,編集: 消化器疾患の造影エコーUp Date. 南江堂, 東京, 2003. 
・ 工藤正俊工藤正俊工藤正俊工藤正俊, 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, 工藤正俊工藤正俊工藤正俊工藤正俊, 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, 工藤正俊工藤正俊工藤正俊工藤正俊, 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, 工藤正俊工藤正俊工藤正俊工藤正俊, 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, 工藤正俊工藤正俊工藤正俊工藤正俊, 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, 工藤正俊工藤正俊工藤正俊工藤正俊, 編集: 今日の消化器疾患治療指針 第 3 版, 医学書院, 東京, 

2010. 
・ 工藤正俊工藤正俊工藤正俊工藤正俊, 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. 
・ 工藤正俊工藤正俊工藤正俊工藤正俊, 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, 工藤正俊工藤正俊工藤正俊工藤正俊, 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. 
・ 工藤正俊工藤正俊工藤正俊工藤正俊, 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. 
・ 工藤正俊工藤正俊工藤正俊工藤正俊, 編集:「肝細胞がん診療の進歩: Up-To-Data」,最新医学社, 大阪, 2011.    
・ 工藤正俊工藤正俊工藤正俊工藤正俊, 編集: 朝倉内科学, 矢崎義雄,「総編集」, 朝倉書店, 東京, 2013. 
・ 工藤正俊工藤正俊工藤正俊工藤正俊,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 
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EDITEREDITEREDITEREDITER----ININININ－－－－CHIEF:CHIEF:CHIEF:CHIEF:    Liver Cancer (Basel), World J Hepatology (China) 

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

    
EDITORIAL BOARD:EDITORIAL BOARD:EDITORIAL BOARD:EDITORIAL BOARD: 

国際学術雑誌国際学術雑誌国際学術雑誌国際学術雑誌: 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  

国内学術雑誌国内学術雑誌国内学術雑誌国内学術雑誌: 肝胆膵、肝胆膵の臨床、その他の学会誌（3） 
 

論文査読委員論文査読委員論文査読委員論文査読委員    

J Clin Oncol(18.832) , Lancet Oncol（22.589）, Gastroenterology(11.675), Hepatology(11.665) , J 
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:SIENTIFIC PAPER PUBLICATION:SIENTIFIC PAPER PUBLICATION:SIENTIFIC PAPER PUBLICATION:        特別講演特別講演特別講演特別講演・・・・招待講演招待講演招待講演招待講演・・・・教育講演教育講演教育講演教育講演:::: 
学術論文学術論文学術論文学術論文  英文論文: 455（IF: 1525.015） 
     和文論文:942   国際学会国際学会国際学会国際学会: 273  
教科書教科書教科書教科書（（（（単著単著単著単著）））） 英文: 3 和文: 8 国内学会国内学会国内学会国内学会: 608 
分担執筆分担執筆分担執筆分担執筆 英文: 21 和文: 224  

 

科学研究費等外部資金科学研究費等外部資金科学研究費等外部資金科学研究費等外部資金のののの獲得状況獲得状況獲得状況獲得状況    
・ 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） 
 

・ 厚生労働省省科学研究費 主任研究者主任研究者主任研究者主任研究者 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 分担研究者分担研究者分担研究者分担研究者 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）   
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2.（がん臨床研究事業） 
「初発肝細胞癌に対する肝切除とラジオ波焼灼両方の有効性に関する多施設共同研究」（班長 
國土典宏） 

3.（肝炎等克服緊急対策研究事業） 

「肝がんの新規治療法に関する研究」（班長 本多政夫） 

4.（難治性疾患克服研究事業） 

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

5.（難病・がん等の疾患分野の医療の実用化研究事業） 

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

    

ガイドラインガイドラインガイドラインガイドライン策定委員会委員策定委員会委員策定委員会委員策定委員会委員
・ 「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）
・ 


・ 


・ 


・ 「多発肝のう胞症に対する治療ガイドライン」

特許取得特許取得特許取得特許取得    
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
    

全国規模全国規模全国規模全国規模のののの学会学会学会学会・・・・研究会事務局研究会事務局研究会事務局研究会事務局
・ 日本肝癌研究会（（（（事務局事務局事務局事務局・・・・追跡調査委員長追跡調査委員長追跡調査委員長追跡調査委員長・・・・常任幹事常任幹事常任幹事常任幹事））））    
・ 日本腹部造影エコー・ドプラ診断研究会（（（（代表世話人代表世話人代表世話人代表世話人・・・・事務局事務局事務局事務局））））    
・ NPO 法人日本肝がん臨床研究機構（（（（理事長理事長理事長理事長・・・・事務局事務局事務局事務局））））    
・ 日本肝がん分子標的治療研究会（（（（代表世話人代表世話人代表世話人代表世話人・・・・事務局事務局事務局事務局））））    

 

全国規模全国規模全国規模全国規模のののの研究会世話人研究会世話人研究会世話人研究会世話人・・・・役員役員役員役員    
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

より代表世話人代表世話人代表世話人代表世話人） 
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 
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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（代表世話人代表世話人代表世話人代表世話人） 
 

関西地区研究会代表世話人関西地区研究会代表世話人関西地区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（代表世話人代表世話人代表世話人代表世話人） 
・平成 13年−現在 関西 B型肝炎研究会（代表世話人代表世話人代表世話人代表世話人） 
・平成 14年−現在 肝癌局所治療研究会（代表世話人代表世話人代表世話人代表世話人） 
・平成 14年−現在   大阪消化器化学療法懇話会（代表世話人代表世話人代表世話人代表世話人） 
・平成 15年−現在 臨床消化器病フォーラム（代表世話人代表世話人代表世話人代表世話人） 
・平成 18年−平成 22 年 Bay Area Gut Club（代表世話人代表世話人代表世話人代表世話人） 
・平成 18年−平成 22 年 South Osaka Liver Club（代表世話人代表世話人代表世話人代表世話人） 
・平成 19年−現在 関西肝血流動態イメージ研究会（代表世話人代表世話人代表世話人代表世話人） 
・平成 20年-現在 Kinki Liver Club（代表世話人代表世話人代表世話人代表世話人） 
・平成 21年-現在 南大阪肝疾患研究会（代表世話人代表世話人代表世話人代表世話人） 
・平成 21年-現在 南大阪肝胆膵疾患研究会（代表世話人代表世話人代表世話人代表世話人） 
 

関西地区研究会世話人関西地区研究会世話人関西地区研究会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 
 

全国規模全国規模全国規模全国規模のののの国内国内国内国内研究会研究会研究会研究会主催主催主催主催    
・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 8 月  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） 

 

国内学会主催国内学会主催国内学会主催国内学会主催    
・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（予定） 

・日本超音波医学会第 89 回学術集会（2016 年 5月）,京都（予定） 

 

近畿地区近畿地区近畿地区近畿地区学会主催学会主催学会主催学会主催 

・消化器地方会 

・消化器内視鏡地方会 
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国際学会主催国際学会主催国際学会主催国際学会主催    
・SH 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 

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

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

・AFSUMB 2016（アジア超音波医学会）（2016 年 5 月）,Kyoto（予定） 

— 22 —
















































計

英
文
論
文

（
著

書
・

分
担

執
筆

を
含

む
）


























（







）




































































1
4
7
0
.
2
5
7

英
文
論
文

（
著

書
・

分
担

執
筆

）























和
文
論
文

（
著

書
・

分
担

執
筆

を
含

む
）


























海
外
学
会
発
表

























国
内
学
会
発
表





























海
外
特
別
講
演

























国
内
特
別
講
演


























（

英
文

）
単
著
教
科
書



消
化
器
内
科
学
教
室
業
績
抜
粋



— 23 —



消
化

器
内

科
年

度
別

診
療

実
績

消
化

器
内

科
年

度
別

診
療

実
績

消
化

器
内

科
年

度
別

診
療

実
績

消
化

器
内

科
年

度
別

診
療

実
績













































稼
働

床
4
0

4
4

4
4

4
4

6
0

7
8

7
8

7
7

7
6

7
3

8
5

8
4

8
4

8
4

稼
働

率
1
0
7
.2

%
9
8
.5

%
1
2
6
.7

%
1
4
8
.2

%
1
2
1
.0

%
8
9
.5

%
9
5
.3

%
8
9
.2

%
9
4
.7

%
9
6
.3

%
9
1
.8

%
8
9
.9

%
8
5
.8

%
8
9
.0

%

日
平

均
入

院
日

平
均

入
院

患
者

数
4
0
.0

 
4
3
.3

 
5
5
.8

 
6
5
.2

 
7
2
.6

 
6
9
.8

 
7
4
.4

 
6
8
.7

 
7
2
.0

 
7
0
.3

 
7
0
.3

 
7
6
.1

 
7
2
.0

 
7
4
.7

 

平
均

在
院

日
数

3
1
.1

2
5
.6

2
1
.4

1
8
.6

1
5
.4

1
4
.7

1
2
.8

1
0
.7

1
0
.5

9
.6

9
8
.6

7
.9

7
.2

年
間

入
院

収
入

5
0
1
,5

7
0
,1

8
8

5
7
0
,6

1
6
,4

6
4

8
0
1
,1

9
9
,1

2
4

9
2
3
,1

7
1
,3

3
3

1
,0

6
5
,4

8
1
,4

4
9

1
,0

2
3
,2

7
1
,2

7
9

1
,1

5
2
,7

7
8
,1

1
1

1
,1

0
6
,4

8
4
,4

5
3

1
,2

2
4
,1

2
2
,9

6
8

1
,2

4
4
,8

0
6
,2

7
1

1
,3

1
2
,8

1
2
,5

0
6

1
,5

1
6
,9

2
5
,8

3
5

1
,4

1
7
,1

0
4
,4

0
2

1
,5

3
5
,0

6
9
,4

5
6

年
間

外
来

収
入

3
1
4
,6

4
1
,6

3
9

3
3
4
,5

1
7
,9

7
9

3
8
6
,0

8
4
,3

2
9

5
3
0
,0

3
5
,2

9
7

6
3
5
,5

6
2
,8

0
6

6
4
9
,8

7
6
,4

7
5

8
1
8
,0

4
9
,4

8
5

9
6
6
,2

4
7
,3

8
9

1
,0

1
3
,9

1
0
,5

5
9

1
,2

5
7
,8

0
4
,5

5
3

1
,4

3
2
,3

5
0
,6

9
8

1
,4

6
4
,6

4
5
,1

8
3

1
,5

2
9
,3

8
5
,1

8
1

1
,6

1
0
,8

2
6
,4

3
2

消
化

器
内

科
年

間
収

入
8
1
6
,2

1
1
,8

2
7

9
0
5
,1

3
4
,4

4
3

1
,1

8
7
,2

8
3
,4

5
3

1
,4

5
3
,2

0
6
,6

3
0

1
,7

0
1
,0

4
4
,2

5
5

1
,6

7
3
,1

4
7
,7

5
4

1
,9

7
0
,8

2
7
,5

9
6

2
,0

7
2
,7

3
1
,8

4
2

2
,2

3
8
,0

3
3
,5

2
7

2
,5

0
2
,6

1
0
,8

2
4

2
,7

4
5
,1

6
3
,2

0
4

2
,9

8
1
,5

7
1
,0

1
8

2
,9

4
6
,4

8
9
,5

8
3

3
,1

4
5
,8

9
5
,8

8
8

— 24 —



1,
00

0,
00

0,
00

0 

1,
20

0,
00

0,
00

0 

1,
40

0,
00

0,
00

0 

1,
60

0,
00

0,
00

0 

消
化
器
内
科
年
間
入
院
収
入

消
化
器
内
科
年
間
入
院
収
入

消
化
器
内
科
年
間
入
院
収
入

消
化
器
内
科
年
間
入
院
収
入

0 

20
0,

00
0,

00
0 

40
0,

00
0,

00
0 

60
0,

00
0,

00
0 

80
0,

00
0,

00
0 

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

 
H

22
 

H
23

H
24

年
間
入
院
収
入

— 25 —



50
.0

 

60
.0

 

70
.0

 

80
.0

 

消
化
器
内
科
入
院
診
療
実
績

消
化
器
内
科
入
院
診
療
実
績

消
化
器
内
科
入
院
診
療
実
績

消
化
器
内
科
入
院
診
療
実
績

日
平
均
入
院

患
者
数

0.
0 

10
.0

 

20
.0

 

30
.0

 

40
.0

 

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

 
H

22
 

H
23

H
24

患
者
数

平
均
在
院
日

数

— 26 —



1,
00

0,
00

0,
00

0 

1,
20

0,
00

0,
00

0 

1,
40

0,
00

0,
00

0 

1,
60

0,
00

0,
00

0 

1,
80

0,
00

0,
00

0 

消
化
器
内
科
年
間
外
来
収
入

消
化
器
内
科
年
間
外
来
収
入

消
化
器
内
科
年
間
外
来
収
入

消
化
器
内
科
年
間
外
来
収
入

0 

20
0,

00
0,

00
0 

40
0,

00
0,

00
0 

60
0,

00
0,

00
0 

80
0,

00
0,

00
0 

1,
00

0,
00

0,
00

0 

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

 H
22

 
H

23
H

24

年
間
外
来
収
入

— 27 —



2,
00

0,
00

0,
00

0 

2,
50

0,
00

0,
00

0 

3,
00

0,
00

0,
00

0 

3,
50

0,
00

0,
00

0 

消
化
器
内
科
年
間
総
収
入

消
化
器
内
科
年
間
総
収
入

消
化
器
内
科
年
間
総
収
入

消
化
器
内
科
年
間
総
収
入

0 

50
0,

00
0,

00
0 

1,
00

0,
00

0,
00

0 

1,
50

0,
00

0,
00

0 

2,
00

0,
00

0,
00

0 

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

 H
22

 H
23

H
24

消
化
器
内
科
年
間
収
入

— 28 —



25
0

30
0

35
0

40
0

経
皮
的
局
所
治
療

経
皮
的
局
所
治
療

経
皮
的
局
所
治
療

経
皮
的
局
所
治
療
・ ・・・
肝
生
検
総
件
数

肝
生
検
総
件
数

肝
生
検
総
件
数

肝
生
検
総
件
数

肝
生
検

05010
0

15
0

20
0

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

H
22

H
23

H
24

肝
生
検

RF
A

PE
IT

— 29 —



50
0

60
0

70
0

腹
部
造
影

腹
部
造
影

腹
部
造
影

腹
部
造
影
エ
コ
ー

エ
コ
ー

エ
コ
ー

エ
コ
ー
検
査

検
査
検
査

検
査

0

10
0

20
0

30
0

40
0

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

H
22

H
23

H
24

レ
ボ
ビ
ス
ト

ソ
ナ
ゾ
イ
ド

— 30 —



内
視
鏡
部
年
報

内
視
鏡
部
年
報

内
視
鏡
部
年
報

内
視
鏡
部
年
報

検
査

検
査
検
査

検
査

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

H
22

H
23

H
24

胃 胃胃胃
・ ・・・
十
二
指
腸

十
二
指
腸

十
二
指
腸

十
二
指
腸
フ
ァ
イ
バ
ー

フ
ァ
イ
バ
ー

フ
ァ
イ
バ
ー

フ
ァ
イ
バ
ー
球
部

球
部
球
部

球
部

40
32

43
18

44
34

47
80

49
26

52
08

54
53

59
34

65
34

65
88

67
42

72
15

76
40

82
05

乳
頭
部

乳
頭
部

乳
頭
部

乳
頭
部
・ ・・・
肛
側

肛
側
肛
側

肛
側

16
5

16
0

18
7

18
1

26
3

25
4

32
7

31
6

37
3

36
5

48
2

52
0

44
1

46
2

大
腸

大
腸
大
腸

大
腸
フ
ァ
イ
バ
ー
ス
コ
ピ
ー

フ
ァ
イ
バ
ー
ス
コ
ピ
ー

フ
ァ
イ
バ
ー
ス
コ
ピ
ー

フ
ァ
イ
バ
ー
ス
コ
ピ
ー

15
37

14
79

14
33

16
48

18
83

19
47

21
75

25
48

27
96

29
04

27
54

29
34

30
47

33
20

気
管
支

気
管
支

気
管
支

気
管
支
フ
ァ
イ
バ
ー
ス
コ
ピ
ー

フ
ァ
イ
バ
ー
ス
コ
ピ
ー

フ
ァ
イ
バ
ー
ス
コ
ピ
ー

フ
ァ
イ
バ
ー
ス
コ
ピ
ー

42
0

41
2

37
6

42
9

42
8

43
4

44
5

41
7

42
6

45
0

47
5

55
8

56
1

53
7

小
腸

小
腸
小
腸

小
腸
フ
ァ
イ
バ
ー
ス
コ
ピ
ー

フ
ァ
イ
バ
ー
ス
コ
ピ
ー

フ
ァ
イ
バ
ー
ス
コ
ピ
ー

フ
ァ
イ
バ
ー
ス
コ
ピ
ー

1
0

3
3

0
0

4
0

37
75

62
63

81
11

0

計 計計計
（ （（（
ス
ク
リ
ー
ニ
ン
グ

ス
ク
リ
ー
ニ
ン
グ

ス
ク
リ
ー
ニ
ン
グ

ス
ク
リ
ー
ニ
ン
グ
) )))

61
55

63
69

64
33

70
41

75
00

78
43

84
04

92
15

10
16

6
10

38
2

10
51

5
11

29
0

11
77

0
12

63
4

胃
生
検

胃
生
検

胃
生
検

胃
生
検

15
09

16
50

18
51

19
08

20
05

21
01

24
73

25
33

24
12

22
61

21
75

21
34

20
95

20
66

大
腸
生
検

大
腸
生
検

大
腸
生
検

大
腸
生
検

10
28

97
0

83
1

82
9

86
1

86
9

95
2

11
43

10
88

98
7

93
2

10
01

94
6

10
27

気
管
支
生
検

気
管
支
生
検

気
管
支
生
検

気
管
支
生
検

24
5

22
2

22
7

26
5

26
0

29
6

28
1

31
4

30
2

31
4

34
5

39
3

37
1

33
8

小
腸
生
検

小
腸
生
検

小
腸
生
検

小
腸
生
検

1
0

0
2

0
0

1
0

11
8

12
18

17
27

計 計計計
27

83
28

42
29

09
30

04
31

26
32

66
37

07
39

90
38

13
35

70
34

64
35

46
34

29
34

58

胆
道

胆
道
胆
道

胆
道
ド
レ
ナ
ー
ジ

ド
レ
ナ
ー
ジ

ド
レ
ナ
ー
ジ

ド
レ
ナ
ー
ジ

43
43

60
66

12
1

96
15

1
12

2
14

1
14

2
23

4
22

5
16

9
16

7

乳
頭
切
開

乳
頭
切
開

乳
頭
切
開

乳
頭
切
開

15
19

14
11

44
44

46
44

48
46

74
13

2
10

2
10

2

乳
頭

乳
頭
乳
頭

乳
頭
バ
ル
ー
ン

バ
ル
ー
ン

バ
ル
ー
ン

バ
ル
ー
ン
拡
張
術

拡
張
術

拡
張
術

拡
張
術

0
6

8
2

1
0

9
11

13
5

5
9

4
0

結
石
除
去

結
石
除
去

結
石
除
去

結
石
除
去

16
24

15
17

38
49

55
51

62
65

86
13

0
87

95

食
道
静
脈
瘤
結
紮
術

食
道
静
脈
瘤
結
紮
術

食
道
静
脈
瘤
結
紮
術

食
道
静
脈
瘤
結
紮
術

72
79

51
62

97
10

0
75

58
81

83
62

69
78

68
食
道
静
脈
瘤
結
紮
術

食
道
静
脈
瘤
結
紮
術

食
道
静
脈
瘤
結
紮
術

食
道
静
脈
瘤
結
紮
術

72
79

51
62

97
10

0
75

58
81

83
62

69
78

68

硬
化
療
法

硬
化
療
法

硬
化
療
法

硬
化
療
法

2
9

13
13

23
12

7
4

5
12

11
7

14
11




-
22

52
56

47
54

40
27

22
11

26
31

36
21

食
道

食
道
食
道

食
道
ブ
ジ
ー

ブ
ジ
ー

ブ
ジ
ー

ブ
ジ
ー

11
6

13
7

12
4

15
2

21
0

30
8

25
2

24
6

23
4

30
8

28
4

26
9

25
6

21
3




6
8

22
23

25
32

24
52

72
65

68
32

33
31

異
物
除
去

異
物
除
去

異
物
除
去

異
物
除
去

6
2

3
11

14
17

14
11

18
21

14
20

22
21

胃 胃胃胃
ポ
リ
ペ
ク
ト
ミ
ー

ポ
リ
ペ
ク
ト
ミ
ー

ポ
リ
ペ
ク
ト
ミ
ー

ポ
リ
ペ
ク
ト
ミ
ー

12
18

18
16

7
12

9
1

2
0

1
2

4
2

大
腸

大
腸
大
腸

大
腸
ポ
リ
ペ
ク
ト
ミ
ー

ポ
リ
ペ
ク
ト
ミ
ー

ポ
リ
ペ
ク
ト
ミ
ー

ポ
リ
ペ
ク
ト
ミ
ー

25
7

30
0

29
6

34
4

39
7

11
1

89
66

41
20

22
42

37
74

Ｅ
Ｍ
Ｒ
（

Ｅ
Ｍ
Ｒ
（

Ｅ
Ｍ
Ｒ
（

Ｅ
Ｍ
Ｒ
（
胃 胃胃胃
・ ・・・
食
道

食
道
食
道

食
道
） ）））

27
24

64
73

70
73

90
10

0
52

12
7

52
39

14
3

20
8




 胃 胃胃胃
・ ・・・
食
道

食
道
食
道

食
道
） ）））

-
-

-
-

36
32

52
51

71
82

98
10

9
11

0
16

7

Ｅ
Ｍ
Ｒ
（

Ｅ
Ｍ
Ｒ
（

Ｅ
Ｍ
Ｒ
（

Ｅ
Ｍ
Ｒ
（
大
腸

大
腸
大
腸

大
腸
） ）））

-
-

-
-

-
29

0
37

3
47

0
44

3
45

8
46

7
48

4
47

6
55

6

緊
急
内
視
鏡
検
査

緊
急
内
視
鏡
検
査

緊
急
内
視
鏡
検
査

緊
急
内
視
鏡
検
査

84
11

4
13

5
29

1
42

5
48

5
48

7
33

7
26

5
19

2
27

2
30

8
33

0
23

2

凝
固
止
血

凝
固
止
血

凝
固
止
血

凝
固
止
血
バ
イ
ポ
ー
ラ

バ
イ
ポ
ー
ラ

バ
イ
ポ
ー
ラ

バ
イ
ポ
ー
ラ

35
48

50
91

91
68

89
52

51
32

63
63

81
11

7

色
素
撒
布
法

色
素
撒
布
法

色
素
撒
布
法

色
素
撒
布
法

21
6

29
1

45
9

72
4

11
94

14
70

15
82

19
09

17
53

17
31

18
91

19
37

20
13

21
71

ト
ロ
ン
ビ
ン

ト
ロ
ン
ビ
ン

ト
ロ
ン
ビ
ン

ト
ロ
ン
ビ
ン
被
覆
療
法

被
覆
療
法

被
覆
療
法

被
覆
療
法

81
88

11
3

19
3

19
8

23
6

29
4

36
9

38
7

31
9

32
6

28
2

33
2

33
5

ア
ル
ト

ア
ル
ト

ア
ル
ト

ア
ル
ト
被
覆
療
法

被
覆
療
法

被
覆
療
法

被
覆
療
法

41
41

52
97

91
96

18
0

16
1

19
0

14
4

18
2

13
0

13
3

17
8

経
皮
内
視
鏡
的
胃
瘻
造
設
術

経
皮
内
視
鏡
的
胃
瘻
造
設
術

経
皮
内
視
鏡
的
胃
瘻
造
設
術

経
皮
内
視
鏡
的
胃
瘻
造
設
術

-
14

18
10

15
23

33
28

54
33

69
74

87
74

超
音
波
内
視
鏡

超
音
波
内
視
鏡

超
音
波
内
視
鏡

超
音
波
内
視
鏡
（ （（（
胃 胃胃胃
） ）））

48
77

18
1

17
0

20
5

24
9

29
3

37
9

50
5

52
3

62
2

89
5

98
9

13
46

超
音
波
内
視
鏡

超
音
波
内
視
鏡

超
音
波
内
視
鏡

超
音
波
内
視
鏡
（ （（（
大
腸

大
腸
大
腸

大
腸
） ）））

-
17

28
6

8
5

5
0

1
0

1
0

4
9

計 計計計
10

77
13

81
17

76
24

28
33

57
38

36
42

03
44

98
45

11
44

19
49

30
52

89
54

30
60

31

— 31 —



50
00

60
00

70
00

80
00

90
00

消
化
管
内
視
鏡
検
査
件
数
年
次
推
移

消
化
管
内
視
鏡
検
査
件
数
年
次
推
移

消
化
管
内
視
鏡
検
査
件
数
年
次
推
移

消
化
管
内
視
鏡
検
査
件
数
年
次
推
移

0

10
00

20
00

30
00

40
00

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

H
22

H
23

H
24

胃
・
十
二
指
腸
フ
ァ
イ
バ
ー
球
部

乳
頭
部
・
肛
側

大
腸
フ
ァ
イ
バ
ー
ス
コ
ピ
ー

気
管
支
フ
ァ
イ
バ
ー
ス
コ
ピ
ー

小
腸
フ
ァ
イ
バ
ー
ス
コ
ピ
ー

— 32 —



30
0

35
0

40
0

45
0

50
0

緊
急
内
視
鏡
検
査

緊
急
内
視
鏡
検
査

緊
急
内
視
鏡
検
査

緊
急
内
視
鏡
検
査

05010
0

15
0

20
0

25
0

30
0

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

H
22

H
23

H
24

— 33 —



25
00

30
00

35
00

40
00

内
視
鏡
下
生
検
総
件
数

内
視
鏡
下
生
検
総
件
数

内
視
鏡
下
生
検
総
件
数

内
視
鏡
下
生
検
総
件
数

0

50
0

10
00

15
00

20
00

25
00

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

H
22

H
23

H
24

— 34 —



12
0

14
0

16
0

18
0

早
期
癌
に
対
す
る
内
視
鏡
的
粘
膜
下
層
切
開
剥
離
術

ES
D
(胃 胃胃胃
・ ・・・
食
道

食
道
食
道

食
道
） ）））

02040608010
0

H
15

H
16

H
17

H
18

H
19

H
20

H
21

H
22

H
23

H
24

— 35 —



10
00

0

12
00

0

14
00

0

内
視
鏡
検
査

内
視
鏡
検
査

内
視
鏡
検
査

内
視
鏡
検
査
（ （（（
ス
ク
リ
ー
ニ
ン
グ

ス
ク
リ
ー
ニ
ン
グ

ス
ク
リ
ー
ニ
ン
グ

ス
ク
リ
ー
ニ
ン
グ
） ）））
数 数数数

0

20
00

40
00

60
00

80
00

H
11

H
12

H
13

H
14

H
15

H
16

H
17

H
18

H
19

H
20

H
21

H
22

H
23

H
24

— 36 —



近畿大学 消化器内科学教室医局員
 （平成 年 月現在）





主任教授主任教授主任教授主任教授 工藤正俊  肝臓・消化器・肝癌の診断と治療

教授教授教授教授（（（（内視鏡部内視鏡部内視鏡部内視鏡部）））） 樫田博史  下部消化管

准教授准教授准教授准教授 汐見幹夫  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  肝臓病学・肝癌の分子生物学

北野雅之  消化管全般・胆膵疾患

講師講師講師講師 松井繁長  食道静脈瘤止血・上部消化管
 医局長 

医学部講師医学部講師医学部講師医学部講師 上嶋一臣  慢性肝炎・肝癌の治療
 病棟医長

 櫻井俊治  上部消化管・分子生物学
 外来医長

 南 康範  肝疾患・消化器一般

  萩原 智    肝疾患・消化器一般

 井上達夫    肝疾患・消化器一般

 矢田典久  肝疾患・消化器一般

 坂本洋城  胆膵疾患・消化器一般

  朝隈 豊   上部消化管・消化器一般

北井 聡   肝疾患・消化器一般

助教助教助教助教  川崎正憲  消化器内視鏡・消化器一般

田北雅弘        肝疾患・消化器一般

  永井知行  ゲノム生物学

  永田嘉昭  消化器一般

  今井 元   胆膵疾患・消化器一般

山雄健太郎           胆膵疾患・消化器一般

山田光成             消化器一般

 有住忠晃   肝疾患・消化器一般

 鎌田 研   胆膵疾患・消化器一般

 峯 宏昌  消化器一般

 宮田 剛   胆膵疾患・消化器一般

 高山政樹   消化器一般
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 足立哲平  肝疾患・消化器一般

 大本俊介  消化器一般

  門阪薫平    胆膵疾患・消化器一般

              田中梨絵       消化器一般

              千品寛和             消化器一般

              南 知宏             消化器一般

              岡元寿樹             消化器一般



非常勤非常勤非常勤非常勤  仲谷達也    仲谷クリニック

  中岡良介    山本病院内科

  福田信宏    朝日大学附属村上病院 消化器内科

  市川 勉    内海町いちかわ診療所

  黒木恵美    肝疾患・消化器一般

 柴田千栄  肝疾患・消化器一般

  上田泰輔  肝疾患・消化器一般



大学院大学院大学院大学院  年年年年 峯 宏昌  消化器一般

大学院大学院大学院大学院  年年年年 足立哲平  肝疾患・消化器一般

 大本俊介  消化器一般

 門阪薫平  胆膵疾患・消化器一般

大学院大学院大学院大学院  年年年年    南 知宏             消化器一般

        千品寛和             消化器一般



実験助手実験助手実験助手実験助手 鏡 郁子

       垣井麻莉

データマネージャーデータマネージャーデータマネージャーデータマネージャー（（（（ 業務業務業務業務））））

 児玉美由紀

臨床臨床臨床臨床研究研究研究研究補助補助補助補助    弓削公子

教授秘書教授秘書教授秘書教授秘書 田中真紀

村橋亜季

 上田由未子

 本廣佳香

日本肝癌研究会日本肝癌研究会日本肝癌研究会日本肝癌研究会田村利恵 

 前原なつみ
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医局秘書医局秘書医局秘書医局秘書 胡桃由佳

 朝隈 智

 林 直子
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分院勤務分院勤務分院勤務分院勤務

堺病院堺病院堺病院堺病院  辻 直子     近畿大学堺病院 准教授・科長

              谷池聡子      近畿大学堺病院 診療講師

  奥村直巳    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

              河野 匡志              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



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

  岸谷 譲     近畿大学奈良病院消化器内分泌内科 講師

宮部欽生   近畿大学奈良病院消化器内分泌内科 診療講師

  清水昌子  近畿大学奈良病院消化器内分泌内科 診療助教

茂山朋広   近畿大学奈良病院消化器内分泌内科 診療助教

  奥田英之  近畿大学奈良病院消化器内分泌内科 診療助教

  木下大輔  近畿大学奈良病院消化器内分泌内科 臨床助教

  秦 康倫  近畿大学奈良病院消化器内分泌内科 臨床助教



他病院勤務他病院勤務他病院勤務他病院勤務        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  なんの医院

水野成人   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  三菱京都病院消化器内科

  由谷逸朗   高石藤井病院

  川端一史 元年 川端内科クリニック

  米田 円 元年 米田内科胃腸科

  渡邉和彦  結核予防会大阪府支部相談診療所

  森村正嗣  森村医院

              仲谷達也  仲谷クリニック

福永豊和  北野病院消化器内科 

  遠田弘一  慈温堂遠田医院 院長

  遠田由紀
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  亀山千晴  しあわせクリニック

              小牧孝充  富田林病院消化器内科

              鄭 浩柄  神戸市医療センター中央市民病院 

中岡良介    山本病院内科

末冨洋一郎      末冨放射線科医院

 福田信宏  朝日大学歯学部附属村上記念病院 消化器内科

 小川 力  高松赤十字病院 消化器内科

 坂口康浩    河崎内科病院

              梅原 泰  辻 腎太郎クリニック

加藤玲明  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  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     大阪鉄道病院 非常勤医師

    永島美樹    桃坂クリニック

              市川 勉   内海町いちかわ診療所

冨田崇文  冨田病院

  齊藤佳寿   介護老人保健施設 徳田山

高橋俊介    市立堺病院

西尾 健  南堺病院

 坂本康明   （医）坂本クリニック

 早石宗右           医療法人早石会 早石病院

山本典雄   医療法人山紀会 内科
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医局員の略歴
および近況
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2013年の抱負 

 昨年不十分であった対外的な活動を積極的に行いたい。 

 手始めに１月に経鼻内視鏡研究会と消化器内視鏡学会地方会セミナー座長を務め

ました。12 月には次回セミナーを会長として開催させていただきます。樫田・北野先生

はじめ皆様のご協力・ご支援をこの場をお借りしてお願いします。 

 また、３月の消化器病学会総会、５月の内視鏡学会総会でも座長を務めます。座長

だけでなく、６月の胃瘻の研究会ではアンケートを実施・発表の予定です。 

 

汐見 幹夫 
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樫田 博史       
 
略 歴 
1959年 1月 京都市に生まれる 
1983年 3月 京都大学医学部卒業 
同年   6月  神戸市立中央市民病院  内科研修医 
1985年 6月      同      消化器内科専攻医 
1988年 6月       同      消化器内科医員 
1990年 4月      同      消化器内科副医長 
1997年 4月           同      消化器内科医長 
2001 年 8 月 昭和大学横浜市北部病院 消化器センター助（2007 年より准）
教授 
2010年 4月 近畿大学教授 医学部内科学教室（消化器内科部門） 
2010年 10月  光学治療センター消化器内視鏡部長 
 
 
 2012年は、長年待たれていた光学治療センターの拡張工事が、漸く３月末に
始まり、５月中には完成してブースが２部屋増えたのが大きな出来事でした。

工事中も内視鏡を休むことなく継続したため、年間の内視鏡件数が２年前の約

1.5倍に増加しました。 
 2011年秋から開始した内視鏡ライブも 11月 25日に２回目を迎え、装いも新
たに「関西消化器内視鏡ライブコース」として開催されました。運悪く大阪マ

ラソンと日程が重なり、ホテルの予約が取れないために参加を断念された方も

おられたにも関わらず、前年を上回る 350名超の参加者を得て、大盛況でした。
ロシアから参加された聴衆にも感動してもらえました。 
 それに先立ち４月には新入局員を対象にコロンモデルを用いた大腸内視鏡挿

入ハンズオンを行い、６月には前年同様、周辺地域の若手の先生方を集めて、

動物摘出臓器を用いた、EMR/ESD ハンズオン・トレーニングを開催させて頂
きました。 
 消化管グループからは、欧米の学会を含め、数多くの学会・研究会に演題を

発表しましたが、学位論文を除くと原著論文の数がやや少なかったのが心残り

です。私自身は大腸内視鏡挿入法の本の出版にこぎつけました、また、マレー

シア、台湾、韓国などに招いて頂いて、講演やライブをさせて頂きました。た

またま去年はアジア出張が多かったのですが、日本以外のアジア諸国も発展め

ざましいこと、英語はむしろ日本人よりずっと流暢であることを目の当たりに

し、うかうかしていられないな、と感じました。 
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 今年は、５月末に内視鏡レンタルの更新時期を迎えるため、昨秋発売された

オリンパスの新しいシステムが当院にも入ってきます。病診連携やライブなど

を通じて紹介患者を一層増やし、最先端の診断・治療技術で以てどんどん患者

を救っていければ、と願っています。また、アジアのみならず欧米の施設とも

交流を深めていきたいと思います。
患者や検査・治療件数が増えると臨床に没頭しがちですが、その合間にもプ

ロスペクティブにスタディを組んで、学会シンポジウム発表や原著論文として

形に残して頂きたいと希望しています。また、昨年の工事にも関わらずもはや

手狭になってしまった光学治療センターですが、近い将来何とかしたいと模索

している今日このごろです。
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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２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、近畿支部評議員） 

日本消化器内視鏡学会（指導医、学術評議員、近畿支部評議員）  

日本門脈圧亢進症学会評議員 

近畿大学医学博士 

 

去年も相変わらず、忙しくあっという間に終わった 1年であった。臨床面では 

食道・胃の ESDが年 200件以上になり、紹介例も順調に増えてきている。 
また、ESD症例が増えたことにより若手のトレーニングも充実してきており、
消化管グループ全員のさらなる ESD手技の向上を目指していきたい。 
次に、学外活動としては第 2回内視鏡ライブを開催し、参加者がさらに増えて
盛会に終了した。今後も近畿大学の内視鏡をアピールできる会として特色の 
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ある企画運営が必要であろうし、さらに意義のある場にしていきたい。
また、近隣の医療機関との連携も重要視し、勉強会、研究会、アニマルモデル

のハンズオンセミナーなどを開催したり、特別講演なども数多く行い、近畿大

学との交流を深めるように活動を行った。
研究面では、上部消化管では「食道・胃 の偶発症対策」、「後潰瘍治

癒における防御因子増強薬の有用性」「ヘリコバクターピロリ除菌治療」、
「十二指腸静脈瘤の病態と治療」、「薬剤性消化管粘膜傷害」、「の実態調

査」などをテーマにして、、、などの国際学会や 

総会シンポジウムなどで発表をおこなった。 

しかし、反省しなければならないのは、研究内容を英文論文にほとんどできて

いないことである。今年は現状の活動をさらにアップさせながら、忙しさ（医

局長業務を含む）にかまけずに論文作成にがんばっていきたいです。 
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北野 雅之



平成  年 月           鳥取大学医学部医学科卒業

平成 年 月―平成 年 月   鳥取大学大学院医学研究科博士課程                             

平成 年 月―平成 年 月   鳥取大学医学部附属病院第二内科医員

平成 年 月―平成 年 月  大学客員研究員

平成 年 月―平成 年 月 鳥取大学医学部臨床薬理学講座助手

平成 年 月―平成 年 月 近畿大学医学部消化器内科助手

平成 年 月―平成 年 月       同     講師

平成 年 月―現在            同     准教授


 年度年度年度年度をををを振振振振りりりり返返返返ってってってって

 年度は、田中先生、山田先生、千品先生の三名の先生方に入局頂き、消化器内科は

一段と盛り上がってきています。忙しい科でありますが、３人とも前向きに頑張って、着

実に診療の知識・技術を向上させているのを見て、嬉しく思っております。
診療では、工藤教授のリーダーシップで、地域における中核病院としてのますますの役

割を担うこととなってきています。また、他府県からの紹介も増え、最先端医療を行う病

院としての知名度も増してきました。工藤教授は病院長というご多忙の責務があるにもか

かわらず、消化器内科の診療レベル向上にご尽力されているのを見て、私自身もついてい

かなければと思い、微力ながら頑張ってきました。 検査・治療も定着し、毎日一日中

 診療を行うようになり、総件数は  件近くまで到達しました。また、それぞれの

担当医も年間何百件も行っているため、専門医に相当する技術、あるいはそれ以上の技術

を習得しているのを確信しております。ガイド下治療は、総件数で 件を超すよう

になり、おそらく全国でも 位の数になっていると考えております。についても、

関西の主要病院で行われた多施設共同研究で、近大が最も症例登録数が多く、地域におけ

る需要度が高いことを再認識しております。また、国内外からの見学者も多数お越しにな

って頂き、そのおかげで、教室の先生方が丁寧に手技を説明できるようになってきました。
研究では、前述の関西地方の研究成果で、「膵癌による閉塞性黄疸に対するカバー付金属

ステントの有用性」を、関西胆膵内視鏡医を代表して米国 で させ

て頂きました。この発表は日本の膵癌診療ガイドラインに取り入れられることとなりまし

た。また、膵腫瘍性病変診断における造影ハーモニック の有用性を 
で発表しました。年より動物実験から開始した造影 プロジ

ェクトも現在は世界的に認識されるようになり、工藤教授をはじめ、サポート頂いた先生

— 48 —



北野 雅之



平成  年 月           鳥取大学医学部医学科卒業

平成 年 月―平成 年 月   鳥取大学大学院医学研究科博士課程                             

平成 年 月―平成 年 月   鳥取大学医学部附属病院第二内科医員

平成 年 月―平成 年 月  大学客員研究員

平成 年 月―平成 年 月 鳥取大学医学部臨床薬理学講座助手

平成 年 月―平成 年 月 近畿大学医学部消化器内科助手

平成 年 月―平成 年 月       同     講師

平成 年 月―現在            同     准教授


 年度年度年度年度をををを振振振振りりりり返返返返ってってってって

 年度は、田中先生、山田先生、千品先生の三名の先生方に入局頂き、消化器内科は

一段と盛り上がってきています。忙しい科でありますが、３人とも前向きに頑張って、着

実に診療の知識・技術を向上させているのを見て、嬉しく思っております。
診療では、工藤教授のリーダーシップで、地域における中核病院としてのますますの役

割を担うこととなってきています。また、他府県からの紹介も増え、最先端医療を行う病

院としての知名度も増してきました。工藤教授は病院長というご多忙の責務があるにもか

かわらず、消化器内科の診療レベル向上にご尽力されているのを見て、私自身もついてい

かなければと思い、微力ながら頑張ってきました。 検査・治療も定着し、毎日一日中

 診療を行うようになり、総件数は  件近くまで到達しました。また、それぞれの

担当医も年間何百件も行っているため、専門医に相当する技術、あるいはそれ以上の技術

を習得しているのを確信しております。ガイド下治療は、総件数で 件を超すよう

になり、おそらく全国でも 位の数になっていると考えております。についても、

関西の主要病院で行われた多施設共同研究で、近大が最も症例登録数が多く、地域におけ

る需要度が高いことを再認識しております。また、国内外からの見学者も多数お越しにな

って頂き、そのおかげで、教室の先生方が丁寧に手技を説明できるようになってきました。
研究では、前述の関西地方の研究成果で、「膵癌による閉塞性黄疸に対するカバー付金属

ステントの有用性」を、関西胆膵内視鏡医を代表して米国 で させ

て頂きました。この発表は日本の膵癌診療ガイドラインに取り入れられることとなりまし

た。また、膵腫瘍性病変診断における造影ハーモニック の有用性を 
で発表しました。年より動物実験から開始した造影 プロジ

ェクトも現在は世界的に認識されるようになり、工藤教授をはじめ、サポート頂いた先生

方に深謝いたします。また、 年は、共同研究者の目覚ましい活躍が印象に残る年でし

た。今井先生が、当院における  下胆道ドレナージ術の成績を、 で 
しました。私が 万回練習するようにと言ったようですが、本番では原稿な

しでスラスラと自信を持って発表したのは、誇らしかったです。門阪先生は、慢性膵炎の

 像について、研究を行っております。症例数が多く説得力のある結果であるためか、

多数の依頼原稿を執筆しています。さらに、門阪先生はこの研究により日本消化器病学会

近畿支部で を受賞しました。門阪先生の努力により、年夏

に膵臓学会と共同開催される国際膵臓研究シンポジウムで私が講演する機会を頂くことと

なりました。鎌田先生は、 の経過観察に  が有用であることを国際膵癌学会で

を行い、同時に  を受賞しました。卒後 年

目ですが、何十回と全国学会の主題演題で発表を行い、百戦錬磨であるため、私は安心し

て同時期に韓国で行われた消化器インターベンション学会の講演へ出向することができま

した。この内容は  に投稿中で、来年に公表できるよう頑張っていきたいと考え

ております。宮田先生は、年に初めて全国総会での主題演題で発表する機会がありま

したが、初めてではないかのような落ち着きで分かり易く発表しました。現在行っている

研究成果は、年の米国 に採択され、万回の練習の後、原稿なしで発表してく

れるものと思われます。論文では、坂本先生が、世界で初めて十二指腸乳頭括約筋切開を

行わない胆道内視鏡観察法について、  に報告しました。この

内容を私が中国で講演する機会があり、大反響がありました。坂本先生は、全国の研究会

で講演を多数しており、大阪弁でハキハキと分かり易く説明するため、聴衆に好評です。

大本先生は、上述の  名に追いつけるよう必死になって、研究活動を行っております。造

影 の多施設共同研究の打ち合わせ会では、重要なポイントを指摘し、プロトコール作

成に貢献しております。年にさらに活躍することが期待されます。
最後に、工藤教授をはじめとする熱心な指導者・同僚・共同研究者に恵まれたことに感

謝し、私自身も 年に向けて成長を続けていきたいと思います。
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佐藤錦・ナポレオン・紅きらり
南 康範

 以前に野田先生が地元のお土産で医局に持ってきてくれた「サクランボ」を

食べてからすっかりその味の虜です。それ以来、毎年山形の農家からサクラン

ボをお取り寄せしています。そして、その「サクランボ好き」が高じて、家の

庭でたわわに実るサクランボを夢みるようになり、とうとう昨年末にサクラン

ボの苗木を  本購入しちゃいました。購入時では棒苗のため「単なる棒」と揶

揄されましたが、この春に芽吹いて少しばかりですが白い花を咲かせてうれし

いかぎりですし、月上旬のある朝 時に起きて綿棒を使って受粉作業するほど

サクランボに真剣です！サクランボ栽培についてもかなり勉強しました（医学

論文を書くのは後回しにして）。
 サクランボと言えば「山形」なので寒い地域でしか栽培できないと思われや

すいですが、（確かに冬期における低温要求時間があるものの）大阪でもたぶん

栽培できそうです。また、なぜ  本も購入したのかと言うと、サクランボは自

家受粉しません、つまり  本の木では実を付けず収穫するには異種のサクラン

ボが複数本必要となります。受粉確立を上げる作戦で、佐藤錦  本、ナポレオ

ン、 本、紅きらり  本の計  本を購入したのです（佐藤錦はナポレオンと紅

きらりと相性が良い）。
 「狭い庭で木が大きくなったらどうするか」については大きくなってから考

えることにして、数年後にはいっぱいサクランボが収穫できて医局のみんなに

振る舞うことができることでしょう。楽しみにして下さい。



略歴：
平成 年 月 近畿大学医学部卒業
平成 年 月 近畿大学医学部旧第 外科入局
平成 年 月 八尾徳洲会病院外科
平成 年 月 近畿大学医学部大学院（外科学）入学
平成 年 月 旧第 外科から消化器内科へ出向
平成 年 月 近畿大学医学部大学院（外科学）卒業
平成 年 月 近畿大学医学部消化器内科助手
平成 年 月 近畿大学医学部消化器内科講師
平成 年 月〜平成 年 月  
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の に として短期留学
平成 年 月 近畿大学医学部堺病院
平成 年 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：
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２０１２２０１２２０１２２０１２年度年度年度年度をををを振振振振りりりり返返返返ってってってって 

 近畿大学 医学部附属病院 消化器内科  永井 知行 

  
 ２０１２年度はいろいろと環境が変わり、刺激の多い１年でした。 

まず私事ですが、大阪市内に住居を変えることになり、おかげで通勤時間が長くなって不

便な点もありましたが、家の周りに大川や桜宮公園、大阪城などの緑と水に囲まれた環境

はすばらしく、また、店やレストランも多く非常に楽しい生活を送ることができて、大阪

市内に早く住んでおけばよかったと思うほどでした。 

あいにく１３年１月からの３ヶ月間をくしもと町立病院に赴任することになりその生活は

しばらくお預けとなりましたが、串本は交通の便は不便ではあるものの、串本海中公園や

潮岬などの観光スポットも多く、くしもと町立病院の他科の先生達と飲みにいったりして

快適に過ごさせて頂きました。 

（春から夏にかけて串本は観光シーズンで、ダイビングやサーフィン、釣りなどをされる

方は非常に充実した生活を送ることができると思います。） 

 

くしもと町立病院では消化器疾患だけでなく、高血圧や糖尿病などの生活習慣病などとと

もに救急では外傷患者も診察することが必要です。大学病院の外来では高血圧や糖尿病な

どの治療・followは他科にして頂いており、特に抗血小板薬や抗凝固薬などは中止する立

場でしたが、初めて処方する立場にたつことにもなりました。おかげで高血圧や糖尿病の

診療・治療スキルを身につけることができ非常に有益な経験ができました。やはり、仕事

としてプレッシャーの中で追い詰められながら、実際の現場で経験をしていかないと本当

のスキルは身につかないとつくづく実感しました。 

 

１２年度は新しいことにチャレンジできた年度だと思いますが、１３年度も新たなチャレ

ンジをしていきたいと思います。 

 

追伸） 

串本でこのエッセイを書いています。4月から大学に復帰するとともに大阪市内の生活に戻

ることも楽しみにしています。 

 

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） 
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田北 雅弘  
略歴） 
H15 近畿大学医学部卒 
H15 近畿大学医学部 消化器内科 
H17 天理よろづ相談所病院 消化器内科 
H24  近畿大学 医学博士 
H24 近畿大学 医学部 助手 
H24 10-12月串本町立病院 内科 
H25 近畿大学 医学部 助手 
 
山行歴：2012 3月 金剛山、5月 燕岳、 ９月大和葛城山 
目標：肝臓専門医、今年こそもっと山登りを！ジャグリングも！ 
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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 
現在に至る 
 
2013年の目標 
日常診療・研究・学会発表・論文を頑張ります。 
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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 
 
子供ができると人は成長すると思っていましたが、子供も 1 歳 6 か月を迎え、そろそろ
２人目もと考えるほどですが、親になっても簡単に人間は変わることがないようで、いま

だに色々失敗し、色々な方に支えられ、日々過ごしています。 
気が付けば医師になり 7年目、消化器内科にお世話になり 5年目になりました。 

研修医時代には 7 年目の先生はだいぶ上で、頼れる存在に感じたものですが、今自分が研
修医の方々に同じように感じてもらえているかどうか・・・ 
この 1年で近大病院での IBD教室の立ち上げや近畿中部地区 CD勉強会での講演、NST

関連の研究会の世話人などと、様々なことを経験させていただきました。 
次の 1年でも、色々な人と出会い、刺激され、また次の stepに行けるよう、そして後輩や
研修医にあの時自分が感じたような頼りになる先輩になれるよう、日々精進していきたい

と思います。 
もう 7 年目、まだ 7 年目な私ですが、今後ともどうぞご指導のほどよろしくお願いしま
す。 
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門阪 薫平 

 
 
 
 
平成 21年 3月         近畿大学医学部医学科卒業 

平成 21年 4月         近畿大学医学部消化器内科助手 

 
2012年度を振り返って 
 

2012年度は、工藤教授 北野准教授、坂本先生、今井先生、鎌田先生、宮田先生のご指
導のもと、消化器病学会、内視鏡学会、超音波学会、膵臓学会、JDDW にて主演題で発表

させていただきました。また日本消化器病学会近畿支部会で Young Investigator Awardを
受賞し、ますますやる気に満ちています。今年は論文を必ず 2 本は書く意気込みで、頑張
っていきたいと考えております。 
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山田 光成

略歴） 

平成 18 年     近畿大学医学部卒業 

平成 22 年～24 年 育和会記念病院 研修医 

平成 24 年～      近畿大学医学部 消化器内科 



近畿大学病院 消化器内科にお世話になり もう一年が経ちました。ネガティブ
な性格を一気にポジティブにすると、地に足がつかない気がしてしまいますの
で難しいですが。昨年より更に前向きな部分を増やして成長しようと考えてお
りますので、皆様よろしくお願いします。
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近畿大学医学部奈良病院 消化器・内分泌内科 2012 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） 

 診療講師 宮部欽生（平成 14 年卒） 

 診療助教 茂山朋広（平成 17 年卒） 

  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  92.7 人 

 1 日平均在院患者  28.3 人 

 平均在院日数  10.9 日 

 

 上部内視鏡検査  3244 件（含 ESD 71 件） 

 下部内視鏡検査  1785 件（含 EMR 325 件+ESD9 件） 

 ERCP  196 件 

 腹部超音波 2548 件 

 腹部血管造影 124 件 

 ラジオ波治療 55 件 

 

３．学会業績（総会） 

（１）JDDW 2012「上部消化管スクリーニング内視鏡検査において消化管運動抑

制剤の投与は必須ではない」 

（２）JDDW 2012 

「腸管重複症に対して SB ナイフ Jr を用いて内視鏡的隔壁切除を施行し

た１例」 

（３）JDDW 2012「ランソプラゾールによる collagenous colitis の４症例」 

 

 

— 58 —



４．学会業績（地方会） 

（１）第 96 回日本消化器病学会近畿支部例会「虫垂粘液嚢胞腺腫の 1例」 

（２）第 96 回日本消化器病学会近畿支部例会 

「微小膵癌との鑑別を要した自己免疫性膵炎の１例」 

（３）第 88 回日本消化器内視鏡学会近畿支部例会「Lemmel 症候群の１例」 

（４）第 88 回日本消化器内視鏡学会近畿支部例会 

「貧血を契機に発見された腸間膜静脈硬化症の１例」 

（５）第 97 回日本消化器病学会近畿支部例会 

「上腹部痛で発見された低分化型肝癌の 1例」 

（６）第 97 回日本消化器病学会近畿支部例会「無症候性膵内分泌腫瘍の 1 例」 

（７）日本超音波医学会第 39 回関西地方会学術集会 

「C造影超音波動脈優位相下 RFA が有用であった肝癌の 1例」 

（８）日本超音波医学会第 39 回関西地方会学術集会「造影エコー検査にて診断

可能であった，限局性結節性過形成（FNH）の 1例」 

（９）第 89 回日本消化器内視鏡学会近畿支部例会 

「Inflammatory fibroid polyp の１例」 

（10）第 49 回日本糖尿病学会近畿地方会「インスリンアスパルト混合製剤

(70Mix)でのみ局所インスリンアレルギーを生じた１例」 

 

 

 

５．学会業績（研究会） 

（１）第 12 回 R24 肝臓カンファレンス 

「ペグインターフェロンα-2Aの投与が有効であったC型肝硬変症の1例」 

（２）第 13 回奈良肝臓ミーティング 

「当院の C型慢性肝炎に対する 3剤併用療法の治療経験」 

（３）第 58 回奈良県消化器内視鏡研究会 

「EUS-FNA で術前診断が可能であった神経性腫瘍の１例」 

 

 

６．論文業績 

（１）「特発性腸間膜静脈硬化症」 

（近畿大学医学部奈良病院消化器・内分泌内科） 

川崎俊彦、奥田英之，宮部欽生 

消化器の臨床 １５（５）：５５３−５５４，２０１２ 
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川崎俊彦 

 

略歴 

昭和 58年 京都大学医学部医学科専門課程卒業 

昭和 58年 京都大学医学部附属病院（研修医） 

昭和 59年 大阪府済生会野江病院（内科医員） 

昭和 61年 京都大学医学部附属病院（第一内科医員） 

平成２年 京都桂病院（内科医員） 

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

(Visiting Scientist) 

平成６年 神戸中央市民病院（内科副医長） 

平成６年 西神戸医療センター（内科副医長） 

平成９年 西神戸医療センター（内科医長）に昇進 

平成 12年 近畿大学医学部附属病院（講師） 

平成 16年 大阪北逓信病院第１内科（部長） 

平成 22年 近畿大学医学部奈良病院消化器・内分泌内科（准教授） 

 

2012年の反省と 2013年の抱負。 

 2012 年は 8 人の固定メンバーでほぼ満足が行く活動ができたのではないかと

思います。その反面，今まで非常勤でお手伝いして頂いた，加藤先生，宮本先

生，林先生が辞められることになったのは残念でした。 

 学会活動は、総会 3題，地方会 10題，研究会 3題の発表ができ、このクラス

の病院としては十分な業績ではないかと思います。 

 時間内の救急もかなり受け入れ可能な体制となったのですが、やはり吐血な

どの消化器内科の救急患者は伸び悩んでおり、今後も地道に実績を積み重ねて

良く必要があると思います。 

 大腸 ESD，造影超音波も本格導入され，一流の病院も仲間入りができてきたの

ではないかと思います。 

 2013 年は更に次のステップへ進みたいところだったのですが，主要メンバー

が 2 人，家庭の事情で退職することがほぼ内定しており，現状を維持するのが

精一杯ではないかと思います。 
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消化器内科学業績一覧(2012 年) 
 
Ⅰ．英文論文（著書・分担執筆） 
 

1. 2012 Kitano M, Sakamoto H, Kudo MKudo MKudo MKudo M: Endoscopic ultrasound: contrast 

enhancement. In "Interventional Endoscopic Ultrasound", 

Gastrointestinal Endoscopy Clinics of North America, Chang 

KJ, Lightdale CJ, ed, 2012, pp349-358. 

 

2. 2012 Kudo MKudo MKudo MKudo M: Better anti-proliferative and angiogenic drugs: how 

and when?  Clinical Dilemmas In Hepatocellular Carcinoma, 

Wiley-Blackwell, Hoboken, USA, 2012 (Book Chapter)  
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Ⅱ．英文論文        

過去の年報への記載漏れ分 

1. 2009 Kim SR, Imoto S, Nakajima T, Ando K, Mita K, Fukuda K, 

Nishikawa R, Koma Y, Matsuoka T, Kudo MKudo MKudo MKudo M, Hayashi Y: Utility 

of Gd-EOB-DTPA-enhanced MRI in diagnosing small 

hepatocellular carcinoma.  Case Report Case Report Case Report Case Report GastroenterolGastroenterolGastroenterolGastroenterol    3: 

187-192,    2009.
2012 年 

 
1. 2012 Minami Y, Okumura N, Yamamoto N, Tsuji N, Kono Y, Kudo MKudo MKudo MKudo M＊: 

Quantification of tumor vascularity with contrast-enhanced 

ultrasound for early response of transcatheter arterial 

chemoembolization for hepatocellular carcinoma: a report of 

three cases.  J Med UltrasonJ Med UltrasonJ Med UltrasonJ Med Ultrason 28: 15-19, 2012. (IF=(IF=(IF=(IF=0.0.0.0.635635635635)))) 

 

2. 2012 Kitano M, Kudo MKudo MKudo MKudo M, Yamao K, Takagi T, Sakamoto H, Komaki T, 

Kamata K, Imai H, Chiba Y, Okada M, Murakami T, Takeyama Y: 

Characterization of small solid tumors in the pancreas: The 

value of contrast-enhanced harmonic endoscopic 

ultrasonography.  Am J GastroenterolAm J GastroenterolAm J GastroenterolAm J Gastroenterol 107, 303-310, 2012.    

(IF=(IF=(IF=(IF=7.7.7.7.553553553553)))) 

 

3. 2012 Sakamoto H, Kimura H, Sekijima M, Matsumoto K, Arao T, Chikugo 

T, Yamada Y, Kitano M, Ito A, Takeyama Y, Kudo MKudo MKudo MKudo M, Nishio K: 

Plasma concentrations of angiogenesis-related molecules in 

patients with pancreatic cancer. Jpn J Clin OJpn J Clin OJpn J Clin OJpn J Clin Oncolncolncolncol 42: 105-112, 

2012.    (IF=(IF=(IF=(IF=1.1.1.1.898898898898)))) 

 

4. 2012 Clavien PA, Lesurtel M, Bossuyt PM, Gores GJ, Langer B, 

Perrier A, Abecassis M, Balabaud C, Barritt GJ, Belghiti J, 

Bhoori S, Bossuyt P, Breitenstein S, Broelsch C, Bruix J, 

Burra P, Burroughs A, Busuttil R,Charlton M, Cherqui D, 

Colombo ML, d’Albuquerque C, D’Alessandro A, de Santibanez 

EJ, Dufour F, Durand F, Dutkowski P, Duvoux C, El-Serag H, 

Fan ST, Finn RS, Fisher R, Forner A, Freeman R, Fung J, Geier 
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A, Germani G, Gores G, Gouw AS, Grant D, Greig P, Gurusamy 

K, Hanto D, Heaton N, Heim M, Hemming A, Hippen B, Hisham A, 

Hubscher S, Ichida T, Kahn D, Kew M, Kita Y, Kiuchi T, 

Klintmalm GB, Kneteman N, Kojiro M, Kudo MKudo MKudo MKudo M, Langer B, Lee JM, 

Lee SG, Lencioni R, Lerut J, Lesurtel M, Livraghi T, Llovet 

JM, Lo CM, Lodge P, MacCaughan G, Madoff D, Majno P, Marcellin 

P, Marrero J, Mazzaferro V, Mergental H, Merle P, Miksad R, 

Mornex F, Mullhaupt B, Olthoff K, Paradis V, Perrier A, 

Pestalozzi B, Pomfret E, Poon R, Porte R, Greig P, Prasad KR, 

Raptis D, Roskams T, Rossi M, Samuel D, Schlitt H, Schwartz 

M, Sexton Dobby AM, Shaked A, Sherman M, Siegler M, Suh KS, 

Todo S, Toso C, Trevisani F, Trotter JJ, Veldecasas GJ, 

Vauthey N, Vilgrain V, Villamil F, Vonlanthen R, Wald C, Weber 

A, Wiesner R, Wright L, Yao F, Zheng SS, Zucman-Rossi J: 

Recommendations for liver transplantation for 

hepatocellular carcinoma: an international consensus 

conference report.  Lancet Oncol Lancet Oncol Lancet Oncol Lancet Oncol 13: e11-22, 2012. (IF=(IF=(IF=(IF=
22225.1175.1175.1175.117)))) 

 

5. 2012 Minami Y, Kitai S, Kudo MKudo MKudo MKudo M＊: Treatment response assessment of 

radiofrequency ablation for hepatocellular carcinoma: 

Usefulness of virtual CT sonography with magnetic navigation.  

Eur J RadiolEur J RadiolEur J RadiolEur J Radiol 81: e277-280, 2012. (IF=(IF=(IF=(IF=2.2.2.2.512512512512)))) 

 

6. 2012 Watanabe T, Yamashita K, Fujikawa S, Sakurai T, Kudo Kudo Kudo Kudo MMMM, 

Shiokawa M, Kodama Y, Uchida K, Okazaki K, Chiba T: 

Involvement activation of toll-like receptors and 

nucleotide-binding oligomerization domain-like receptors in 

enhanced IgG4 responses in autoimmune pancreatitis.  

Arthritis Rheum Arthritis Rheum Arthritis Rheum Arthritis Rheum 64: 914-924, 2012.    (IF=(IF=(IF=(IF=7.7.7.7.477477477477)))) 

 

7. 2012 Takayasu K, Arii S, Kudo MKudo MKudo MKudo M, Ichida T, Matsui O, Izumi N, 

Matsuyama Y, Sakamoto M, Nakashima O, Ku Y, Kokudo N, Makuuchi 

M: Superselective transarterial chemoembolization for 

hepatocellular carcinoma. Validation of treatment algorithm 

proposed by Japanese guidelines.   J HepatolJ HepatolJ HepatolJ Hepatol 56: 886-892, 

2012.    (IF=(IF=(IF=(IF=9.9.9.9.858858858858)))) 
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8. 2012 Kudo MKudo MKudo MKudo M＊, Tateishi R, Yamashita T, Ikeda M, Furuse J, Ikeda 

K, Kokudo N, Izumi N, Matsui O: Current status of 

hepatocellular carcinoma treatment in Japan: Case study and 

discussion-voting system.  Clin Drug InvestClin Drug InvestClin Drug InvestClin Drug Invest 

32;suppl.2:37-51, 2012.    (IF=(IF=(IF=(IF=1.1.1.1.915915915915)))) 

 

9. 2012 Kudo MKudo MKudo MKudo M＊: Closing remarks. Clin Drug InvestClin Drug InvestClin Drug InvestClin Drug Invest 32;suppl.2:52, 

2012.    (IF=(IF=(IF=(IF=1.1.1.1.915915915915)))) 

 

10. 2012 Saito J, Kim SR, Kuod MKuod MKuod MKuod M, Imoto S, Ando K, Nakajima T, Fukuda 

K, Otono Y, Kim SK, Komaki T, Yano H, Nakashima O, Sugimoto 

K, Matsuoka T: Well-differentiated hepatocellular carcinoma 

detected as hypovascularity by only CT during hepatic 

arteriography. Intern MedIntern MedIntern MedIntern Med 51:885-890, 2012.    (IF=(IF=(IF=(IF=0.90.90.90.973737373)))) 

 

11. 2012 Lencioni R, Kudo Kudo Kudo Kudo MMMM, Ye SL, Bronowicki JP, Chen XP, Dagher L, 

Furuse J, Geschwind JF, Guevara LL, Papandreou C, Sanyal AJ, 

Takayama T, Yoon SK, Nakajima K, Cihon F, Heldner S, Marrero 

JA: First interim analysis of the GIDEON (Global 

Investigation of therapeutic DEcisions in hepatocellular 

carcinoma and Of its treatment with sorafeNib) 

non-interventional study.  Int J Clin PractInt J Clin PractInt J Clin PractInt J Clin Pract 66:675-683, 

2012.    (IF=(IF=(IF=(IF=2.42.42.42.427272727)))) 

 

12. 2012 Okada M, Ishii K, Numata K, Hyodo T, Kumano S, Kitano M, Kudo Kudo Kudo Kudo 

MMMM, Murakami T: Can the biliary enhancement of Gd-EOB-DTPA 

predict the degree of liver function ?  Hepatob PancreatHepatob PancreatHepatob PancreatHepatob Pancreaticicicic    

DisDisDisDis    IntIntIntInt 11:307-313, 2012.    (IF=(IF=(IF=(IF=1.1.1.1.259259259259)))) 

 

13. 2012 Kudo MKudo MKudo MKudo M＊: Welcome to the first issue of Liver Cancer. Liver Liver Liver Liver 

CancerCancerCancerCancer 1(1):1, 2012.    (IF=(IF=(IF=(IF=0.0000.0000.0000.000)))) 

 

14. 2012 Hagiwara S, Kudo MKudo MKudo MKudo M, Nagai T, Inoue T, Ueshima K, Nishida N, 

Watanabe T, Sakurai T: Activation of JNK and high expression 

level of CD133 predict a poor response to Sorafenib in 

hepatocellular carcinoma.  Brit J Cancer Brit J Cancer Brit J Cancer Brit J Cancer 106:1997-2003, 

2012.    (IF=(IF=(IF=(IF=5.085.085.085.082222)))) 
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15. 2012 Shiina T, Maki T, Yamakawa M, Mitake T, Kudo Kudo Kudo Kudo MMMM, Fujimoto K: 

Mechanical model analysis for quantitative evaluation of 

liver fibrosis based on ultrasound tissue elasticity imaging.  

Jpn J Appl PhysJpn J Appl PhysJpn J Appl PhysJpn J Appl Phys 51:07GF11-1-8, 2012.    (IF=(IF=(IF=(IF=1.0671.0671.0671.067)))) 

 

16. 2012 Tsuji Y, Watanabe T, Kudo MKudo MKudo MKudo M, Arai H, Strober W, Chiba T: 

Sensing of commensal organisms by the intracellular sensor 

NOD1 Mediates experimental pancreatitis. ImmunityImmunityImmunityImmunity 

37:326-338, 2012.    (IF=(IF=(IF=(IF=19.79519.79519.79519.795)))) 

 

17. 2012 Sakamoto H, Kitano M, Kamata K, Miyata T, Kadosaka K, Imai 

H, Takeyama Y, KKKKudo Mudo Mudo Mudo M: Transcatheter endoscopy for 

pancreaticobiliary duct diseases (with videos). 

Gastrointest EndoscGastrointest EndoscGastrointest EndoscGastrointest Endosc 76:892-899, 2012.    (IF=(IF=(IF=(IF=5.2105.2105.2105.210)))) 

 

18. 2012 Takahashi K, Kashida H, Kudo MKudo MKudo MKudo M: Hepatic nodules associated 

with an inferior mesentric arteriovenous malformation. 

Internal MedInternal MedInternal MedInternal Med    51:2753-2755, 2012.    (IF=(IF=(IF=(IF=0.90.90.90.973737373)))) 

 

19. 2012 Kudo MKudo MKudo MKudo M＊: Why does every hepatocellular carcinoma clinical 

trial using molecular targeted agents fail? Liver Cancer Liver Cancer Liver Cancer Liver Cancer 

1(2):59-60, 2012.    (IF=(IF=(IF=(IF=0.0000.0000.0000.000)))) 
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29. 2012 工藤正俊: 肝腫瘍の診断・治療に挑む－次世代へのメッセージ. 

特集「肝胆膵疾患に挑む－次世代へのメッセージ」, 肝胆膵画像 

14: 578-583, 2012. 

 

30. 2012 松井繁長, 樫田博史, 工藤正俊: 胃潰瘍・十二指腸潰瘍. 特集

「消化管疾患の病態と診断・治療（Ⅰ）」,医学と薬学 68: 625-630, 

2012. 

 

31. 2012 矢田典久, 工藤正俊: 超音波エラストグラフィによる肝線維化

評価. 特集「びまん性肝疾患の画像診断: Update2012」, 臨床画

像 28: 1470-1477, 2012. 

 

32. 2012 井上達夫, 工藤正俊: 腹部超音波検査. Ⅲ.消化管疾患の検査法, 

日本医師会雑誌「消化器疾患診断のすべて」 141: 90-93, 2012. 

 

33. 2012 櫻井俊治, 工藤正俊: 機能的ゲノム解析から分子診断・分子標的

治療へ ②シグナル伝達異常とバイオマーカー探索. The Liver 

Cancer Journal 4: 35-39, 2012. 

 

34. 2012 工藤正俊: 巻頭言. 特集「肝細胞癌のすべて 2012」, 肝胆膵 65: 

931-934, 2012. 

 

35. 2012 北井 聡, 工藤正俊: 肝細胞癌のステージングシステム. 特集

「肝細胞癌のすべて 2012」, 肝胆膵 65: 1158-1163, 2012. 

 

36. 2012 上嶋一臣, 工藤正俊: Everolimus（RAD001）. 特集「肝細胞癌の

すべて 2012」, 肝胆膵 65: 1302-1306, 2012. 

 

37. 2012 上嶋一臣, 工藤正俊: Axitinib. 特集「肝細胞癌のすべて 2012」, 

肝胆膵 65: 1307-1310, 2012. 

 

38. 2012 有住忠晃, 工藤正俊: 分子標的治療. 特集「肝細胞癌のすべて

2012」, 肝胆膵 65: 1370-1374, 2012. 
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39. 2012 工藤正俊: 編集後記. 特集「肝細胞癌のすべて 2012」, 肝胆膵 

65:1384, 2012. 

 

40. 2012 宮田 央, 宮田 学, 工藤正俊: PEG-IFNα2a+リバビリン療法

施行中にB型慢性肝炎の急性増悪を起こしたB型C型重複感染の

一例. 肝臓 53: 846-852, 2012. 

 

41. 2012 樫田博史, 川崎正憲, 筑後孝章, 前西 修, 所 忠男: 転移性

小腸腫瘍の診断.  臨牀消化器内科 27: 503-510, 2012. 

 

42. 2012 矢田典久: Real-time tissue elastography による肝線維化診断. 

特集「肝細胞癌のすべて 2012」, 肝胆膵 65:1043-1048, 2012. 

 

43. 2012 井上達夫: コンセンサスに基づく肝癌診療ガイドライン. 特集

「肝細胞癌のすべて 2012」, 肝胆膵 65:1194-1198, 2012. 
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Ⅴ．招待講演・特別講演（海外）
 

1. Kudo MKudo MKudo MKudo M: Special Lecture “CEUS, EOB-MRI, targeted theerapy and Japanese 

HCC guideline.”  “Cancer Genomics: a way to personalized medicine”, 

Taipei, Taiwan, February 15, 2012. 

 

2. Kudo MKudo MKudo MKudo M: Special Lecture “Evolving strategies on the treatment of HCC: 

Physician’s perspective.”  “HCC and other liver tumors”, The 22nd 

conference of the Asian Pacific Association for the Study of the Liver 

(APASL 2012), Taipei, Taiwan, February 16-19, 2012. 

 

3. Kudo MKudo MKudo MKudo M: Special Lecture “Hepatocellular carcinoma.”  “APASL-AASLD 

symposium-When east meets west: Management of the complications of 

cirrhosis”, The 22nd conference of the Asian Pacific Association for 

the Study of the Liver (APASL 2012), Taipei, Taiwan, February 16-19, 

2012. 

 

4. Kudo MKudo MKudo MKudo M: Special Lecture “Real life experience with Sorafenib: GIDEON, 

the largest prospective global study in HCC.” “Satellite symposium 

Advances in HCC management : from diagnosis to treatment”, The 22nd 

conference of the Asian Pacific Association for the Study of the Liver 

(APASL 2012), Taipei, Taiwan, February 16-19, 2012. 

 

5. Kudo MKudo MKudo MKudo M: Special Lecture “From JSH treatment guideline to combination 

therapy.”  “HCC Expert Meeting –New Advances in HCC Management”, 

Taipei, Taiwan, March 24, 2012. 

 

6. Kudo MKudo MKudo MKudo M: Special Lecture “Management of hepatocellular carcinoma: 

Recent progress.”  The 42nd Annual Meeting of the Gastroenterological 

Society of Taiwan (GEST) and The 21st Annual Meeting of the Digestive 

Endoscopy Society of Taiwan (DEST), Taipei, Taiwan, March 25, 2012. 

 

7. Kudo MKudo MKudo MKudo M: Invited Lecture “Management of hepatocellular carcinoma.” 

Yonsei University, Korea, April 6, 2012. 

 

8. Kudo MKudo MKudo MKudo M: Invited Lecture “The role of TACE & Nexavar in HCC treatment.” 

HCC Expert Symposium on Tumor Therapy, Seoul, Korea, April 7-8, 2012. 
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9. Kudo MKudo MKudo MKudo M: Opening Lectures “WFUMB Lecture Contrast enhanced EUS of 

pancreatic tumors.” EFSUMB Annual Meeting EUROSON 2012, Madrid, Spain, 

April 22, 2012. 

 

10. Kudo MKudo MKudo MKudo M: Invited Lecture “Endoscopic ultrasound in the differential 

diagnosis of cystic pancreatic lesions: do we always need it? ” EFSUMB 

Annual Meeting EUROSON 2012, Madrid, Spain, April 22, 2012. 

 

11. Kudo MKudo MKudo MKudo M: Invited Lecture “CEUS as a screening tool of HCC in cirrhotic 

liver. ”, ACUCI 2012, The 4th Asian Conference on Ultrasound Contrast 

Imaging, Korea, May 11-13, 2012. 

 

12. Kudo MKudo MKudo MKudo M: Invited Lecture “CEUS in the pancreatobiliary intervention. ”, 

ACUCI 2012, The 4th Asian Conference on Ultrasound Contrast Imaging, 

Korea, May 11-13, 2012. 

 

13. Kudo MKudo MKudo MKudo M: Educational Lecture “Intravascular treatment (TACE, HAIC) ”, 

10th International Conference ofthe Asian Clinical Oncology Society 

(ACOS), Seoul, Korea, June 13-15, 2012. 

 

14. Kudo MKudo MKudo MKudo M: Invited Lecture “Observations of hepatocellular carcinoma 

(HCC) management patterns from the global HCC BRIDGE study: an analysis 

of the Asian cohort. ” Evening Symposium "Recent observation in the 

management of HCC", The 3rd Asia-Pacific Primary Liver Cancer Expert 

Meeting (APPLE),Shanghai, China, July 6-8, 2012.   

 

15. Kudo MKudo MKudo MKudo M: Invited Lecture “Japanese treatment algorithm.“ Session 

XII ”Algorithm Consensus Discussion”, The 3rd Asia-Pacific Primary 

Liver Cancer Expert Meeting (APPLE),Shanghai, China, July 6-8, 2012. 

 

16. Kudo MKudo MKudo MKudo M: Invited Lecture “Management of TACE failure: Difinition on 

TACE failure/refractoriness”, Expert Panel Opinion on Interventions 

In Hepatocellular Carcinoma (EPOIHCC), Shanghai, China, July 8, 2012. 

 

17. Kudo MKudo MKudo MKudo M: Invited Lecture “Review of the evidence suppporting 

combination therapy in intermediate HCC: GIDEON”, Expert Panel 

Opinion on Interventions In Hepatocellular Carcinoma (EPOIHCC), 
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Shanghai, China, July 8, 2012. 

 

18. Kudo MKudo MKudo MKudo M: Invited Lecture “Diagnosis by Imaging: Eastern approach”, 

Program for the Advancement of Therapy in Hepatocellular Carcinoma 

(PATH), Shanghai, China, July 9-10, 2012. 

 

19. Kudo MKudo MKudo MKudo M: Invited Lecture “Real life experience with Nexavar: GIDEON 

2nd IA” “Advanced HCC: rich evidence for Nexavar”, Advances in HCC 

management in Asia, Ho Chi Minh , Vietnam, August 4-5, 2012. 

 

20. Kudo MKudo MKudo MKudo M: Invited Lecture “Controversies on the role of TACE” 

“Intermediate HCC”, Advances in HCC management in Asia, Ho Chi Minh , 

Vietnam, August 4-5, 2012. 

 

21. Kudo MKudo MKudo MKudo M: Invited Lecture “Liver biopsy: Is it useful for staging?”, 

Sixth Annual Conference International Liver Cancer Association(ILCA), 

Berlin, Germany, September 14-16, 2012. 

 

22. Kudo MKudo MKudo MKudo M: Invited Lecture “HCC challenges: Definition on TACE failure 

and refractoriness.”, HCC Expert Meeting and Asia Pacific Virtual 

Meeting -Expert discussion on HCC management-, Taipei, Taiwan, 

November 3, 2012. 

 

23.Kitano M: Harmonic imaging: Is the expense worth it?  Interventional 
EUS 2012, March 24-25, 2012, Mumbai, India. 

 

24.Kitano M: EUS guided pancreatic duct interventions: Curiosity or 
clinical practice?  Interventional EUS 2012, March 24-25, 2012, Mumbai, 

India. 

 

25.Kitano M: EUS-guided biliary drainage.  BONASTENT SUMMIT 2012, March 
31-April 1, 2012,Jeju-do, Korea. 

 

26.Kitano M: The treatment for pancreatic cancer by endoscopy. 9th Beijing 
International Digestive Disease Forum, June 8-10, 2012, Beijing, China. 

 

27.Kitano M: Invited Lecture Better imaging, better diagnosis? 18th 

International Symposium on Endoscopic Ultrasonography (EUS2012), 
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September 6-8, 2012, Corinthia Hotel, Saint Petersburg, Russia. 

 

28.Kitano M: Invited Lecture Contrast enhanced EUS & elastography The 
6th Meeting of the Society of Gastrointestinal Intervention (SGI2012), 

October 5-6, 2012, Sheraton Grande Walkerhill, Seoul, Korea. 

 

29.Kitano M: Invited Lecture Contrast Enhanced Harmonic EUS 5th Nottingham 

Masterclass in Advanced Imaging and EndoTherapy, October 26, 2012, 

Nottingham University Hospital, Nottingham, United Kingdom.  

 

30.Kitano M: Invited Lecture Recent advances in diagnosis and treatmenet 
for biliary obstraction 2012 Nanjing International Digestion and 
Digestive Endoscopy Forum, November 2-4, 2012, Nanjing Drum Tower 

hospital, Jiangsu, China. 

 

31.Kitano M: Invited Lecture EUS-guided biliary interventions Tokyo 
Conference of Asian Pancreato-biliary interventional Endoscopist, 2012, 

November 2-4, 2012, Garden City, Shinagawa, Tokyo. 

 

32.Kitano M: Invited Lecture EUS Anatomy of Bilio-pancreatic System 
(Linear) 4th EUS Phantom Workshop, November 17, 2012, National Taiwan 

University Hospital Endoscopic Optical Diagnosis and Treatment Center, 

Hsinchu, Taiwan. 

 

33.Yeh HZ, Sun MS, Yasuda K, Kitano M, Ch eng TY: Invited Lecture Hands-on 
EUS simulator practice 4th EUS Phantom Workshop, November 17, 2012, 

National Taiwan University Hospital Endoscopic Optical Diagnosis and 

Treatment Center, Hsinchu, Taiwan. 

 

34. Kitano M: Invited Lecture To increase the diagnostic yield of EUS 
-contrast enhancement or elastography 15th EUS and 12th Early Gl Cancer 

Conference of Taiwan, November 18, 2012, Classroom 501, National Taiwan 

University, College of Medicine, Taipei, Taiwan. 

 

35.Kashida K: Invited Lecture Large colon neoplasm-how to decide the 
treatment method and how to do it 15th EUS and 12th Early Gl Cancer 

Conference of Taiwan, November 18, 2012, Classroom 501, National Taiwan 

University, College of Medicine, Taipei, Taiwan. 
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Ⅵ．招待講演・特別講演（国内）
 

1. 工藤正俊: 講演「肝臓がんの内科的治療」, 近畿大学医学部附属病院がん

センター第 35回ともに生きる会, 平成 24年 1月 16 日, 近畿大学医学部附

属病院 PET 棟 3 階 大会議室, 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 3 回中四国

肝臓病研究会, 平成 24 年 1 月 21 日, ホテルグランヴィア岡山, 岡山. 

 

3. 工藤正俊: 特別講演「Sonazoid は肝癌診療をどう変えたか？」, 第 17 回鈴

鹿肝胆膵画像研究会, 平成 24年 2月 2日, ホテルグリーンパーク鈴鹿, 三

重. 

 

4. 工藤正俊: 特別講演「肝硬変・肝癌の治療のガイドラインと発癌抑制」, リ

ーバクト配合顆粒発売 15周年記念講演会, 平成 24年 3月 17 日, ホテルオ

ークラ札幌, 北海道. 

 

5. 工藤正俊: 特別講演「肝癌診療の最新の進歩」, 第 13 回岐阜肝臓外科研究

会, 平成 24 年 5 月 10 日, じゅうろくプラザ, 岐阜. 

 

6. 工藤正俊: ランチョンセミナー2 特別講演「ソナゾイド発売 5 年」, 日本

超音波医学会第 85回学術集会, 平成 24年 5月 25 日, グランドプリンスホ

テル新高輪, 東京. 

 

7. 工藤正俊: 特別講演「肝細胞癌診療の新しいパラダイム」, 第 9 回城北消

化器病研究会, 平成 24 年 5 月 26 日, ホテルメトロポリタン池袋, 東京. 

 

8. 工藤正俊: ランチョンセミナー12「肝疾患に対する超音波診断の新展開

-Real-time Tissue Elastography を用いて-」, 日本超音波医学会第 85 回

学術集会, 平成 24 年 5 月 27 日, グランドプリンスホテル新高輪, 東京. 

 

9. 工藤正俊: ランチョンセミナーIII 「組織弾性法の領域別臨床応用」, 第

37回日本超音波検査学会, 平成24年 6月 2日, 札幌コンベンションセンタ

ー, 北海道.  

 

10. 工藤正俊: ワークショップ 1 基調講演「肝癌のバイオマーカー（分子・血

液・画像）による悪性度診断・治療効果判定」, 第 48 回日本肝癌研究会, 平
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成 24 年 7 月 20-21 日, 石川県立音楽堂, 石川. 

 

11. 工藤正俊: ワークショップ 1 総括発言 肝細胞癌に対する新しい治療戦略,

「肝癌治療のアルゴリズムを含めて」, 第 10回日本臨床腫瘍学会学術集会, 

平成 24 年 7 月 26-28 日, 大阪国際会議場, 大阪. 

 

12. 工藤正俊: 特別講演「肝疾患診療の最近の話題」, 東四国ベアネットカン

ファレンス, 平成 24 年 8 月 11 日, JR ホテルクレメント高松, 香川. 

 

13. 工藤正俊: 肝がんディベートセッション 2 特別講演 ラジオ波の適応と優

位性「原発性肝がんに対する治療方針 外科 vs RF 治療」, 第 50 回日本癌

治療学会学術集会, パシフィコ横浜, 神奈川. 

 

14. 工藤正俊: シンポジウム 1 基調講演「分子標的治療の限界を超える新しい

肝癌治療法の開発」, 第 54回日本消化器病学会大会, 平成24年 10月 10-13

日, 神戸国際展示場, 兵庫. 

 

15. 工藤正俊: シンポジウム 1 特別発言「分子標的治療の限界を超える新しい

肝癌治療法の開発」, 第 54回日本消化器病学会大会, 平成24年 10月 10-13

日, 神戸国際展示場, 兵庫. 

 

16. 工藤正俊:サテライトシンポジウム10 特別発言, 第16回日本肝臓学会大会, 

平成 24 年 10 月 10-13 日, ポートピアホテル, 兵庫. 

 

17. 工藤正俊: 特別講演「肝胆膵疾患の造影超音波診断」, 日本超音波医学会

第 22 回四国地方会学術集会, 平成 24 年 10 月 20 日, 松山市総合コミュニ

ティーセンター, 愛媛.  

 

18. 工藤正俊: ランチョンセミナー「肝胆膵疾患における造影超音波の役割」, 

超音波分科会（日本超音波医学会第 42 回北海道地方会学術集会）, 平成 24

年 10 月 27 日, 札幌医科大学臨床教育研究棟講堂記念ホール, 札幌. 

 

19. 工藤正俊: 特別講演「肝細胞がん診療の新しいパラダイム」, 第7回JULIET, 

平成 24 年 12 月 1 日, 野村コンファレンスプラザ日本橋,東京. 

 

20. 工藤正俊: 特別講演「What we learned from the Negative studies.」TACE 

Refractory Focus Expert Meeting, 平成 24 年 12 月 28 日, JR クレメント

ホテル高松, 高松. 
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21. 櫻井俊治: Session 「当院における免疫調整剤の使用について」, 南近畿

UC フォーラム, 平成 24 年 1 月 11 日, スイスホテル南海大阪, 大阪. 

 

22. 朝隈 豊: 「早期食道・胃がんの内視鏡診断と治療」, 消化器病市民公開

講座 最新の消化器の病気のお話, 平成 24 年 1 月 22 日, 泉佐野泉の森ホ

ール, 大阪. 

 

23. 樫田博史: 「小腸・大腸の内視鏡診断と治療」, 消化器病市民公開講座 最

新の消化器の病気のお話, 平成 24 年 1 月 22 日, 泉佐野泉の森ホール, 大

阪. 

 

24. 坂本洋城: 「胆・膵がんの内視鏡診断と治療」, 消化器病市民公開講座 最

新の消化器の病気のお話, 平成 24 年 1 月 22 日, 泉佐野泉の森ホール, 大

阪. 

 

25. 萩原 智: 「肝炎の診断と治療」, 消化器病市民公開講座 最新の消化器

の病気のお話, 平成 24 年 1 月 22 日, 泉佐野泉の森ホール, 大阪. 

 

26. 井上達夫: 「肝がんの診断と治療」, 消化器病市民公開講座 最新の消化

器の病気のお話, 平成 24 年 1 月 22 日, 泉佐野泉の森ホール, 大阪. 

 

27. 朝隈 豊: 「PPI が必要な酸関連疾患」, 布施地区消化器フォーラム, 平

成 24 年 1 月 28 日, シェラトン都ホテル大阪, 大阪. 

 

28. 松井繁長: 「GERD と NSAIDs 潰瘍の現状と今後の展望」, Next Lecture 

Meeting, 平成 24 年 1 月 28 日, SAYAKA ホール, 大阪. 

 

29. 北野雅之: 特別講演「EUS による胆膵疾患の診断と治療」, 第 41 回岐阜県

消化器内視鏡フォーラム, 平成 24 年 2 月 9 日, 長良川国際会議場, 岐阜. 

 

30. 北野雅之: 基調講演「膵癌診療における最近の Topics」, 第 1 回びわこ膵

がんフォーラム, 平成 24 年 2 月 17 日, クサツエストピアホテル, 滋賀. 

 

31. 松井繁長: ショートレクチャー「NSAID 潰瘍の現状とリスクマネジメント」, 

河内長野病診連携の会, 平成24年2月25日, ノバティホール南館, 大阪. 

 

32. 坂本洋城: 特別講演「EUS up to date ～造影 EUS・Interventional EUS～」, 
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第 3回大分胆膵スキルアップセミナー, 平成 24 年 2 月 25 日. 

 

33. 北野雅之: 「超音波内視鏡の基礎から応用まで」, 超音波内視鏡勉強会, 平

成 24 年 3 月 5 日, 鳥取県厚生病院, 鳥取. 

 

34. 上嶋一臣: 特別講演「肝癌診療における分子標的薬の役割」, 東京西部肝

癌セミナー, 平成 24 年 3 月 15 日, 吉祥寺東急イン, 東京. 

 

35. 南 康範: 講演「肝細胞癌分子標的治療のUp to Date」, 第 8回 Kinki Liver 

Club, スイスホテル南海大阪, 大阪. 

 

36. 松井繁長: 特別講演「NSAIDs 潰瘍の現状と今後の展望」, 八尾消化器セミ

ナー, 平成 24 年 3 月 24 日, 八尾商工会議所, 大阪. 

 

37. 松井繁長: 特別講演「Helicobacter pylori 感染と除菌の最近の話題」, 

Next Lecture Meeting in 天理, 平成 24 年 4 月 19 日, ウェルカムハウス, 

奈良. 

 

38. 北野雅之: 超音波内視鏡による胆膵疾患の診断と治療. 大阪 NEXT シンポ

ジウム,平成 24 年 5 月 26 日, 大阪国際会議場, 大阪.  

 

39. 松井繁長: 特別講演「GERD と NSAIDs 潰瘍の現状と今後の展望」, ケーエ

スケー消化管セミナー, 平成24年6月7日, 第一三共株式会社和歌山営業

所, 和歌山. 

 

40. 上嶋一臣: ランチョンセミナー18「肝がん分子標的治療の現状と効果判定

における PIVKA-II の有用性」, 第 48 回日本肝臓学会総会, 平成 24 年 6

月 7-8 日, ホテル日航金沢, 金沢. 

 

41. 北野雅之: 特別講演「胆道ドレナージ術～基礎から応用まで～」, 第 4 回

三重胆膵内視鏡スキルアップセミナー, 平成 24 年 6 月 15 日, ホテルグリ

ーンパーク津, 三重. 

 

42. 坂本洋城: 明日から使えるEUSの標準的描出法, 第 3回関西 FNA Clubのご

案内, 平成 24 年 6 月 16 日, TKP 新大阪, 大阪. 

 

43. 萩原 智: 化学療法施行後に B 型肝炎ウイルス再活性化を認めた 2 例. 第

14回関西 B型肝炎研究会, 平成 24年 6月 23日, ガーデンシティクラブ大
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阪, 大阪.  

 

44. 北野雅之: 特別講演「造影ハーモニック超音波内視鏡」, 第 13 回東海腹部

造影エコー研究会, 平成 24 年 6 月 30 日, 愛知産業労働センターウインク

あいち, 名古屋.  

 

45. 松井繁長: 教育講演「食道静脈瘤に対する内視鏡治療（EIS/EVL）」, 第 21

回近畿食道・胃静脈瘤研究会, 平成24年6月30日, 大阪薬業年金会館, 大

阪 

 

46. 松井繁長: 特別講演「H. pylori 感染と除菌治療の最近の話題」, KSK NEXT 

Meetinng, 平成24年7月12日, 関西エアポートワシントンホテル, 大阪. 

 

47. 松井繁長: 特別講演「NSAIDs 潰瘍の現状とリスクマネジメント」, スズケ

ン NEXT Meeting, 平成 24 年 7 月 28 日, スズケン岸和田支店, 大阪. 

 

48. 北野雅之: 特別講演「最新 EMS レポート」, 第 9 回大阪胆膵内視鏡ワーク

ショップ, 平成 24 年 8 月 3 日, ホテルグランヴィア大阪, 大阪. 

 

49. 北野雅之: 特別講演「膵嚢胞性疾患に対する診断と治療の問題点: 診断」, 

日本消化器内視鏡学会臨時セミナー, 平成24年8月18-19日, 神戸ポート

ピアホテル, 兵庫. 

 

50. 松井繁長: 特別講演「GERD と NSAIDs 潰瘍の現状と今後の展望」,Nexium 

Lecture Meeting, 平成 24 年 8 月 25 日, （株）スズケン藤井寺支店, 大阪. 

 

51. 北野雅之: 特別講演「日常診療で見落としやすい膵疾患」, 日常診療にお

ける膵疾患を考える会, 平成 24 年 8 月 30 日, リーガロイヤルホテル堺, 

大阪. 

 

52. 北野雅之: 講義「消化器領域の超音波診療」, 第 2 回超音波判読教室, 平

成 24 年 9 月 19 日, 大阪府医師会館, 大阪. 

 

53. 松井繁長: 症例提供施設, 早期胃癌研究会 9月度例会, 平成 24 年 9 月 19

日, 笹川記念会館, 東京. 

 

54. 松井繁長: 特別講演「ヘリコバクターピロリ感染における最近の話題」, 

Next Lecture Meeting, 平成 24 年 9 月 29 日, 香芝市ふたかみ文化センタ
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ー, 奈良. 

 

55. 松井繁長: 特別講演「酸関連疾患における薬物治療現状～GERD から H. 

pylori 感染まで～」, Next Lecture Meeting, 平成 24 年 10 月 13 日, LIC

はびきの, 大阪. 

 

56. 北野雅之: 胆膵領域の抽出法‐基本とコツ、教えます-. ランチョンセミナ

ー22「コンベックス EUS を使いこなす！-描出法から治療の応用まで-.第

20 回日本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第 54

回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総会・第 10 回日

本消化器外科学会大会・第 50 回日本消化器がん検診学会大会・第 43 回日

本消化器吸収学会総会合同）, 平成 24 年 10 月 10 日-13 日, 神戸国際会議

場, 兵庫. 

 

57. 松井繁長: 特別講演「食道疾患の現状と診断/治療～GERD/他疾患も含めて」, 

河内長野市医師会学術講演会, 平成 24 年 10 月 20 日, 河内長野医師会館, 

大阪. 

 

58. 松井繁長: 特別講演「NSAIDs 潰瘍の現状とリスクマネジメント」, KSK NEXT 

Meetinng, 平成 24 年 10 月 25 日, 和泉図書館, 大阪. 

 

59. 北野雅之: 特別講演「EUS 診療の全て FNA から造影エコーまで」. 第 5 回

胆膵セミナー in 広島, 平成 24 年 11 月 10 日, 三井ガーデンホテル広島, 

広島. 

 

60. 北野雅之: 特別講演「切除不能膵がんに対する超音波内視鏡下腹腔神経叢

ブロック術による疼痛の緩和」. 第 23 回がん患者の QOL 推進事業講習会, 

平成 24 年 12 月 1 日, 明治安田生命ホール, 東京. 
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Ⅶ．学会発表（海外シンポジウム）
 

1. 2012 Sakamoto H, Kitano M, Kudo MKudo MKudo MKudo M: A prospective study feasibility 

combination of EUS guided broad plexus-neuro lysis and celiac 

ganglion neurolysis.  International Symposium “EUS-FNA: 

Current status and new developments”, The 83rd Congress of the 

Japan Gastroenterological Endoscopy Society, Tokyo, Japan, May 

12-14, 2012.  

 

2. 2012 Kitano M, Sakamoto H, Kudo MKudo MKudo MKudo M: EUS-guided drainage for biliary 

obstruction after unsuccessful ERCP. International Symposium 

“EUS-FNA: Current status and new developments”, The 83rd 

Congress of the Japan Gastroenterological Endoscopy Society, 

Tokyo, Japan, May 12-14, 2012. 
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Ⅷ．学会発表（海外一般演題）
 

1. 2012 Venook A, Lencioni R, Marrero J, Kudo MKudo MKudo MKudo M, Nakajima K, Ye SL, 

Cihon F: Second interim analysis of GIDEON (Global 

Investigation of therapeutic DEcisions in unresectable 

hepatocellular carcinoma and Of its treatment with 

sorafeNib): differences in adverse-event reporting across 

physician specialties. 2012 Gastrointeritinal Cancers 

Symposium (ASCO-GI 2012), San Francisco, USA, January 

19-21.  

 

2. 2012 Geschwind JF, Lencioni R, Marrero J, Venook A, Ye SL, 

Nakajima K, Cihon F, KudoKudoKudoKudo    MMMM: Worldwide trends in 

locoregional therapy for hepatocellular carcinoma (HCC): 

second interim analysis of the GIDEON (Global Investigation 

of therapeutic DEcisions in HCC and Of its treatment with 

sorafeNib) study.  2012 Gastrointeritinal Cancers 

Symposium (ASCO-GI 2012), San Francisco, USA, January 19-21, 

2012.  

 

3. 2012 Tsuji N, Okumura N, Yamamoto N, Takaba T, Matsumoto N, Kudo Kudo Kudo Kudo 

MMMM: Percutaneous endoscopic gastrostomy with gastropexy 

greatly reduces the risk of peristomal infection.  

Clinical Nutrition Week 2012, Florida, USA, January 21-24, 

2012. 

 

4. 2012 Furuse J, Ye SL, Marrero J, Lencioni R, Venook A, Nakajima 

K, Kudo MKudo MKudo MKudo M: GIDEON (Global Investigation of therapeutic 

DEcisions in hepatocellular carcinoma and Of its Treatment 

with sorafeNib) second interim analysis (IA): subgroup 

analysis by race.  Asian Pacific Association for the Study 

of the Liver (APASL) 2012, Taipei, Taiwan, February 16-19, 

2012.  

 

5. 2012 Chen PJ, Park JW, Chen M, Sherman M, Johnson P, Colombo M, 

Kudo MKudo MKudo MKudo M, Roberts L, Huang B, Wagner S: Observations of 

hepatocellular carcinoma (HCC) management ptterns from the 
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Global HCC BRIDGE Study: An interim analysis of the 

Asia-Pacific (AP) Cohort.  Asian Pacific Association for 

the Study of the Liver (APASL) 2012, Taipei, Taiwan, 

February 16-19, 2012.  

 

6. 2012 Geschwind JF, Lencioni R, Marrero J, Venook A, Ye SL, 

Nakajima K, Kudo MKudo MKudo MKudo M: Worldwide trends in locoregional 

therapy (LRT) for hepatocellular carcinoma (HCC): 2nd 

interim analysis [1500 patients] of the GIDEON (Global 

Investigation of therapeutic DEcisions in HCC and Of its 

treatment with sorafeNib) study.  SIR 2012, San Francisco, 

USA, March 24-29, 2012.  

 

7. 2012 Nagai T, Arao T, Matsumoto K, Fujita Y, Hayashi H,  Kimura 

H, Hagiwara S, Sakurai T, Ueshima K, Haji S, Kudo MKudo MKudo MKudo M, Nishio 

K: Prognostic impact of EMT-related genes on post-operative 

prognosis in hepatocellular carcinoma.  AACR 103rd Annual 

Meeting 2011, Chicago, USA, March 31- April 4, 2012.  

 

8. 2012 Bronowicki JP, Ye SL, Kudo MKudo MKudo MKudo M, Marrero J, Dagher, Furuse J, 

Geschwind JF, Guevara LLd, Papandreou C, Sanyal AJ, 

Takayama T, Yoon SK, Nakajima K, Lencioni R: GIDEON (Global 

Investigation of therapeutic decisions in hepatocellular 

carcinoma and of its treatment with Soraenib) Second 

interim analysis: Clinical findings in Child-pugh B score 

subgourps.  47th Annual Meeting of the European Association 

for the Sudy of the Liver (EASL) , Barcelona, Spain, April 

18-22, 2012.  

 

9. 2012 Colombo M, Roberts L, Schwartz M, Degos F, Sherman M, Chen 

PJ, Chen M, Park JW, Kudo MKudo MKudo MKudo M, Johnson P, Huang B, Wagner S, 

Orsini L: Observed patterns of systemic therapy use in 

hepatocellular carcinoma (HCC) patients from the 

multinational HCC BRIDGE Study: Results of a second interim 

analysis.  47th Annual Meeting of the European Association 

for the Sudy of the Liver (EASL) , Barcelona, Spain, April 

18-22, 2012.  
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10. 2012 Miyata T, Kitano M, Sakamoto H, Imai H, Kamata K, Kadosaka 

K, Kudo MKudo MKudo MKudo M: Role of contrast-enhanced harmonic EUS in 

differentiating malignant from benigh lymphadenopathy. The 

83rd Congress of the Japan Gastroenterological Endoscopy 

Society, Tokyo, Japan, May 12-14, 2012. 

 

11. 2012 Kadosaka K, Kitano M, Sakamoto H, Imai H, Kamata K, Miyata 

T, Kudo MKudo MKudo MKudo M: Estination of EUS features of chronic 

pancreatitis in comparison with clinical symptoms. The 83rd 

Congress of the Japan Gastroenterological Endoscopy 

Society, Tokyo, Japan, May 12-14, 2012. 

 

12. 2012 Nishida N, Kudo MKudo MKudo MKudo M, Arizumi T, Hayaishi S, Takita M, Kitai 

S, Yada N, Inoue T, Hagiwara S, Minami Y, Ueshima K, Sakurai 

T, Nagasaka T, Goel A: Novel association between global DNA 

hypomethylation and chromosomal instability phenotype in 

human hepatocellular carcinoma. Digestive Disease 

Week(DDW) 2012, San Diego, USA, May 19-22. 

 

13. 2012 Kamata K, Kitano M, Kudo MKudo MKudo MKudo M, Imai H, Sakamoto H: Detection 

of small concomitant carcinomas distinct from intraductal 

papillary mucinous neoplasms under surveillance of the 

whole pancreas using EUS. Digestive Disease Week(DDW) 2012, 

San Diego, USA, May 19-22. 

 

14. 2012 Okumura N, Tsuji N, Yamamoto N, Kudo MKudo MKudo MKudo M: Percutaneous 

endoscopic gastrostomy with gastropexy greatly reduces the 

risk of peristomal infection and eases pain after the 

operation. Digestive Disease Week(DDW) 2012, San Diego, USA, 

May 19-22. 

 

15. 2012 Sakurai T, Hagiwara S, Inoue T, Ueshima K, Matsui S, Nishida 

N, Kashida H, Kudo MKudo MKudo MKudo M: Activation of JNK in the Non-cancerous 

liver tissue predicts a high risk of recurrence after 

hepatic resection for hepatocellular carcinoma. Digestive 

Disease Week(DDW) 2012, San Diego, USA, May 19-22. 

 

16. 2012 Arizumi T, Ueshima K, Kudo MKudo MKudo MKudo M: The decrease of blood flow 

— 90 —



after administration of sorafenib may improve overall 

survival in patients with advanced hepatocellular 

carcinoma. Digestive Disease Week(DDW) 2012, San Diego, USA, 

May 19-22. 

 

17. 2012 Minami Y, Hatanaka K, Arizumi T, Hayaishi S, Takita M, Kitai 

S, Yada N, Inoue T, Hagiwara S, Ueshima K, Nishida N, Kudo Kudo Kudo Kudo 

MMMM: The gross classification of hepatocellular carcinoma: 

usefulness of contrast-enhanced sonography using 

perfluorocarbon microbubbles (sonazoid). Digestive 

Disease Week(DDW) 2012, San Diego, USA, May 19-22. 

 

18. 2012 Inoue T, Arizumi T, Kitai S, Yada N, Hagiwara S, Minami Y, 

Sakurai T, Ueshima K, Nishida N, Kudo MKudo MKudo MKudo M: Usefulness of 

contrast-enhanced ultrasonography to evaluate a post 

treatment effect of radiofrequentry ablation about 

hepatocellular carcinoma: comparison with 

contrast-enhanced CT. Digestive Disease Week(DDW) 2012, 

San Diego, USA, May 19-22. 

 

19. 2012 Sakamoto H, Kitano M, Kudo MKudo MKudo MKudo M: A prospective feasibility 

study on EUS guided broad plexus in combination of celiac 

ganglion neurolysis in pancreatic cancer pain. Digestive 

Disease Week(DDW) 2012, San Diego, USA, May 19-22. 

 

20. 2012 Matsui S, Kudo MKudo MKudo MKudo M, Kashida H, Asakuma Y, Sakurai T, Kawasaki 

M: Effect of rebamipide for endoscopic submucosal 

dissection (ESD)-induced ulcer in early gastric cancer: a 

randomized controlled trial. Digestive Disease Week(DDW) 

2012, San Diego, USA, May 19-22. 

 

21. 2012 Cheng AL, Kang YK, Ryoo BY, Yen CJ, Lim HY, Oh DY, Austin 

TS, Wang Q, Greenberg J, Beckman RA, Kudo MKudo MKudo MKudo M: Phase 1b 

dose-escalation study of a phase 2 randomized trial to 

assess the safety and tolerability of tigatuzumab (CS-1008) 

in combination with sorafenib in patients (pts) with 

advanced hepatocellular carcinoma (HCC).  ASCO 2012 Annual 

Meeting, Chicago, USA, June 1-5, 2012. 
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22. 2012 Park JW, Sherman M, Colombo M, Roberts L, Schwartz M, Degos 

F, Chen PJ, Chen M, Kudo MKudo MKudo MKudo M, Johnson P, Therneau T, Huang 

B, Orsini LS: Observations of hepatocellular carcinoma 

(HCC) management patterns from the Global HCC BRIDGE Study: 

First characterization of the full study population.  ASCO 

2012 Annual Meeting, Chicago, USA, June 1-5, 2012. 

 

23. 2012 Orsini LS, Park JW, Kudo MKudo MKudo MKudo M, Chen PJ, Chen M: Observations 

of hepatocellular carcinoma (HCC) management patterns from 

the global HCC BRIDGE Study: An interim analysis of HCC 

burden of illness in the Asia-Pacific (AP) cohort.  

International Society for Pharmacoeconomics and Outsomes 

Research (ISPOR) 5th Asia-Pacific Conference, Taipei, 

Taiwan, September 2-4, 2012. 

 

24. 2012 Llovet JM, Decaens T, Raoul JL, Boucher E, Kudo MKudo MKudo MKudo M, Chang 

C, Kang YK, Assenat E, Lim HY, Boige V, Mathurin P, Fartoux, 

L, Lin DY, Bruix J, Poon RT, Sherman M, Blanc JF, Finn RS, 

Tak WY, Chao Y, Ezzeddine R, Liu D, Walters I, Park JW: 

Brivanib versus placebo in patients with advanced 

hepatocellular carcinoma (HCC) who failed or were 

intolerant to sorafenib: results from the phase III 

Brisk-Ps Study. Sixth Annual Conference International 

Liver Cancer Association(ILCA), Berlin, Germany, September 

14-16, 2012. 

 

25. 2012 Arizumi T, Ueshima K, Kudo MKudo MKudo MKudo M: The decrease of blood flow 

after administration of sorafenib may improve overall 

survival in patients with advanced hepatocellular 

carcinoma. Sixth Annual Conference International Liver 

Cancer Association(ILCA), Berlin, Germany, September 14-16, 

2012. 

 

26. 2012 Raoul JL, Decaens T, Boucher E, Kudo MKudo MKudo MKudo M, Chang C, Kang YK, 

Assenat E, Lim HY, Boige V, Mathurin P, Fartoux L, Lin DY, 

Poon RT, Sherman M, Blanc JF, Finn RS, Tak WY, Chao Y, Liu 

D, Walters I, Park JW, Llovet JM: Brivanib versus placebo 
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in patients with advanced hepatocellular carcinoma who 

failed or were intolerant to sorafenib: assessment of 

baseline and on-treatment alpha-fetoprotein levels in the 

phase III Brisk-Ps study. Sixth Annual Conference 

International Liver Cancer Association(ILCA), Berlin, 

Germany, September 14-16, 2012. 

 

27. 2012 Sherman M, Colombo M, Roberts L, Schwartz M, Degos F, Chen 

PJ, Chen M, Park JW, Kudo MKudo MKudo MKudo M, Johnson P, Huang B, Wagner S, 

Orsini LS: Observations of hepatocellular carcinoma (HCC) 

management patterns from the global HCC BRIDGE study: 

global comprison of outcomes by staging system. Sixth 

Annual Conference International Liver Cancer 

Association(ILCA), Berlin, Germany, September 14-16, 2012. 

 

28. 2012 Kaneko S, Unaba Y, Kanai F, Aramaki T, Yamamoto T, Tanaka 

K ,Yamakado K, Kudo MKudo MKudo MKudo M, Imanaka K, Arai Y: Final results of 

a randomized Phase II study of TSU-68 after transarterial 

chemoembolisation in Japanese patients with unresectable 

hepatocellular carcinoma. Chemoembolization.  ESMO 2012, 

Vienna, Austria, September 28-October 2, 2012. 

 

29. 2012 Bronowicki JP, Ye SL, Kudo MKudo MKudo MKudo M, Marrero J, Venook A, Nakajima 

K, Lencioni R: GIDEON (Global Investigation of therapeutic 

DEcisions in hepatocellular carcinoma and of its treatment 

with soraeNib) second interim analysis: subgoup analysis 

by disease aetiology. ESMO 2012, Vienna, Austria, September 

28-October 2, 2012. 

 

30. 2012 Ikeda K, Kumada H, Kudo MKudo MKudo MKudo M, Kawazoe S, Osaki Y, Ikeda M, 

Okusaka T, Suzuki T, O'Brien JP, Okita K: Phase I/II trial 

of lenvatinib (E7080), a multi-targeted tyrosine kinase 

inhibitor, in patients with advanced hepatocellular 

carcinoma (HCC). ESMO 2012, Vienna, Austria, September 

28-October 2, 2012. 

 

31. 2012 Takayama M, Matsui S, Kawasaki M, Asakuma Y, Sakurai T, 

Kashida H, Kudo MKudo MKudo MKudo M: Usefulness of rebamipide for endoscopic 
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submucosal dissection (ESD) -induces ulcer in early gastric 

cancer: prospective randomized study. 20th United European 

Gastroenterology Week (UEGW), Amsterdam, The Netherlands, 

October 20-24, 2012. 

 

32. 2012 Adachi T, Takayama M, Mine H, Nagai T, Nagata Y, Kawasaki 

M, Asakuma Y, Sakurai T, Matsui S, Kashida H, Kudo MKudo MKudo MKudo M: 

Comparison of four different proton pump inhibitors in 

helicobacter pylori eradication treatment. 20th United 

European Gastroenterology Week (UEGW), Amsterdam, The 

Netherlands, October 20-24, 2012. 

 

33. 2012 Roayaie S, Jibara G, Tabrizian P, Park JW, Chen M, Kudo MKudo MKudo MKudo M, 

Yan L, Guohong H, Yang J, Blanc JF, Johnson P, Sherman M, 

Roberts L, Schwartz M: Role of hepatic resection for 

hepatocellular carcinoma: analysis of the HCC BRIDGE study. 

The 63th Annual Meeting of the American Association for the 

Study of Liver Disease (AASLD), Boston, USA, November 9-13, 

2012. 

 

34. 2012 Arai K, Kaneko S, Yamashita T, Ikeda K, Furuse J, Kudo MKudo MKudo MKudo M: 

Efficacy and safety of miriplatin for hepatocellular 

carcinoma: a multi-center retrospective study in Japan. The 

63th Annual Meeting of the American Association for the 

Study of Liver Disease (AASLD), Boston, USA, November 9-13, 

2012. 

 

35. 2012 Sunagozaka H, Kaneko S, Ikeda K, Furuse J, Kudo MKudo MKudo MKudo M: Sorafenib 

deteriorates liver function in patients with advanced 

hepatocellular carcinoma: a multi-center retrospective 

study in Japan. The 63th Annual Meeting of the American 

Association for the Study of Liver Disease (AASLD), Boston, 

USA, November 9-13, 2012. 

 

36. 2012 Yamashita T, Kaneko S, Furuse J, Kudo MKudo MKudo MKudo M, Ikeda K: Predicting 

the treatment efficacy of sorafenib in patients for 

hepatocellular carcinoma: a multi-center retrospective 

study in Japan. The 63th Annual Meeting of the American 
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Association for the Study of Liver Disease (AASLD), Boston, 

USA, November 9-13, 2012. 

 

37. 2012 Hasegawa K, Makuuchi M, Kokudo N, Izumi N, Ichida T, Kudo Kudo Kudo Kudo 

MMMM, Ku Y, Sakamoto M, Nakashima O, Matsui O, Matsuyama Y: 

Surgical resection for lymph node metastasis from 

hepatocellular carcinoma: a report of the Japanese 

nationwide survey. The 63th Annual Meeting of the American 

Association for the Study of Liver Disease (AASLD), Boston, 

USA, November 9-13, 2012. 

 

38. 2012 Schwartz M, Sherman M, Colombo M, Roberts L, Degos F, Chen 

PJ, Chen M, Park JW, Kudo MKudo MKudo MKudo M, Johnson P, Huang B, Orsini LS: 

Observations of hepatocellular carcinoma(HCC) management 

patterns from the global HCC BRIDGE study: global 

comparison of outcomes by locoregional therapy. The 63th 

Annual Meeting of the American Association for the Study 

of Liver Disease (AASLD), Boston, USA, November 9-13, 2012. 

 

39. 2012 Bronowicki JP, Ye SL, Kudo MKudo MKudo MKudo M, Marrero J, Venook A, Nakajima 

K, Lencioni R: GIDEON (Global Investigation of therapeutic 

DEcisions in hepatocellular carcinoma and Of its treatment 

with SoraeNib) second interim analysis: subgoup analysis 

by disease aetiology. The 63th Annual Meeting of the 

American Association for the Study of Liver Disease (AASLD), 

Boston, USA, November 9-13, 2012. 

 

40. 2012 Sasaki K, Kudo MKudo MKudo MKudo M, Sengupta S, Murakami T: Feasibility study 

of iron density quantification in liver with single source 

dual energy CT with first kVp switching. 98th Scientific 

Assembly and Annual Meeting (RSNA 2012), Chicago, USA, 

November 25-30, 2012. 

 

41. 2012 Kudo MKudo MKudo MKudo M, Hyodo T, Yamada K, Sengupta S, Murakami T: Can 

virtual monochromatic image with dual-energy CT correct 

beam hardening effect and reduce contrast agent? Phantom 

experiment. 98th Scientific Assembly and Annual Meeting 

(RSNA 2012), Chicago, USA, November 25-30, 2012. 
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42. 2012 Okada M, Murakami T, Numata K, Kudo MKudo MKudo MKudo M, Zech CJ, Nakano M: 

How to use liver imaging reporting and data system(LI-RADS) 

in patients with hepatocellular carcinoma(HCC). 98th 

Scientific Assembly and Annual Meeting (RSNA 2012), Chicago, 

USA, November 25-30, 2012. 

 

43. 2012 Imai H, Kitano M, Kadosaka K, Kamata K, Miyata T, Sakamoto 

H, Kudo MKudo MKudo MKudo M: Utility of EUS-guided gallbladder drainage for 

rescue treatment of malignant biliary obstruction. Asian 

Pacific Digestive Week (APDW) 2012, Bangkok, Thailand, 

December 5-8, 2012. 

 

44. 2012 Sakamoto H, Kitano M, Imai H, Kamata K, Miyata T, Kadosaka 

K, Kudo MKudo MKudo MKudo M: Diffrential diagnosis of SMT and evaluation of 

malignant potentioal gists by contrast enhanced harmonic 

EUS. Asian Pacific Digestive Week (APDW) 2012, Bangkok, 

Thailand, December 5-8, 2012. 

 

45. 2012 Sakamoto H, Kitano M, Imai H, Kamata K, Miyata T, Kadosaka 

K, Kudo MKudo MKudo MKudo M: A prospective feasibility study on EUS guided 

broad plexus neurolysis in combination with celiac ganglion 

neurolysis. Asian Pacific Digestive Week (APDW) 2012, 

Bangkok, Thailand, December 5-8, 2012. 

 

46. 2012 Sakamoto H, Kitano M, Imai H, Miyata T, Kamata K, Kadosaka 

K, Kudo MKudo MKudo MKudo M: Trans-catheter endoscopy for pancreaticobiliary 

duct diseases. Asian Pacific Digestive Week (APDW) 2012, 

Bangkok, Thailand, December 5-8, 2012. 

 

47. 2012 Kashida H, Sakurai T, Asakuma Y, Kawasaki M, Nagata Y, Nagai 

T, Takayama M, Mine H, Adachi T, Matsui S, Kudo MKudo MKudo MKudo M: Endoscopic 

submucosal dissection for the colorectum: usefulness and 

feasibility. Asian Pacific Digestive Week (APDW) 2012, 

Bangkok, Thailand, December 5-8, 2012. 

48. 2012 Nagai N, Ueshima K, Hayaishi S, Takita M, Kitai S, Yada N, 

Inoue T, Hagiwara S, Minami Y, Nishida N, Kudo MKudo MKudo MKudo M: The 

retrospective study of novel anticancer agent, miriplatin 
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in TACE and TAI for unresectable hepatocellular carcinoma 

in Japan. Asian Pacific Digestive Week (APDW) 2012, Bangkok, 

Thailand, December 5-8, 2012. 

 

49. 2012 Matsui S, Kashida H, Kawasaki M, Asakuma Y, Sakurai T, Kudo Kudo Kudo Kudo 

MMMM: The clinical characteristics and endscopic treatment of 

duodenal varices. Asian Pacific Digestive Week (APDW) 2012, 

Bangkok, Thailand, December 5-8, 2012. 

 

50. 2012 Nagai T, Adachi T, Takayama M, Mine H, Nagata Y, Kawasaki 

M, Asakuma Y, Sakurai T, Matsui S, Shiomi M, Kashida H, Kudo Kudo Kudo Kudo 

MMMM: Albumin levels can be a predictive factor for the 

short-term complications after percutaneous endoscopic 

gastrostomy in retrospective study. Asian Pacific 

Digestive Week (APDW) 2012, Bangkok, Thailand, December 5-8, 

2012. 

 

51. 2012 Takayama M, Matsui S, Kawasaki M, Asakuma Y, Kashida H, Kudo Kudo Kudo Kudo 

MMMM: A prospective randomized controlled study of a rebamipid 

monotherapy in the treatment of endoscopic submucosal 

dissection (ESD)-induced ulcers. Asian Pacific Digestive 

Week (APDW) 2012, Bangkok, Thailand, December 5-8, 2012. 

 

52. 2012 Adachi T, Matsui S, Takayama M, Kawasaki M, Asakuma Y, 

Sakurai T, Kashida H, Kudo MKudo MKudo MKudo M: Comparison of different proton 

pump inhibitors (PPI)in helicobacter pylori eradication. 

Asian Pacific Digestive Week (APDW) 2012, Bangkok, Thailand, 

December 5-8, 2012. 
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Ⅸ．学会発表

（国内シンポジウム・パネルディスカッション・ワークショップ）


1. 2012 犬塚 義, 木村 達, 大﨑往夫, 工藤正俊: ペグインターフェロ

ンα-2b・エンテカビル 48 週間併用療法の治療成績.  ワークショ

ップ「ウイルス肝炎治療の新たな展開」, 日本消化器病学会近畿支

部第 96 回例会, 平成 24 年 1 月 28 日, 大阪国際交流センター, 大

阪. 

 

2. 2012 津田泰宏, 樋口和秀, 西口修平, 工藤正俊: PEG-IFN α2a/RBV 併

用療法におけるResponse-Guided Therapyと IL28B多型との関連性

の検討: ReGIT-J study.  ワークショップ「ウイルス肝炎治療の新

たな展開」, 日本消化器病学会近畿支部第 96 回例会, 平成 24 年 1

月 28 日, 大阪国際交流センター, 大阪. 

 

3. 2012  大本俊介, 松井繁長, 足立哲平, 川崎正憲, 高山政樹, 峯 宏

昌, 永井知行, 永田嘉昭, 朝隈 豊, 櫻井俊治, 樫田博史, 工藤

正俊: プロトンポンプ阻害薬内服中 GERD 患者における GerdQ の有

用性.  Young Investigator Session「食道」, 日本消化器病学会

近畿支部第 96 回例会, 平成 24 年 1 月 28 日, 大阪国際交流センタ

ー, 大阪. 

 

4. 2012 今井 元, 北野雅之, 工藤正俊: 当院における悪性胃十二指腸狭

窄に対する消化管ステントの成績.  シンポジウム「手術不能進行

癌に対する集学的治療の現況と新たな展開（消化管）」, 日本消化

器病学会近畿支部第 96 回例会, 平成 24 年 1 月 28 日, 大阪国際交

流センター, 大阪. 

 

5. 2012  谷浦允厚, 安達 融, 河野匡志, 松本 望, 高場雄久, 奥村直

己, 山本典雄, 冨田崇文, 梅原康湖, 森村正嗣, 米田 円, 山田 

哲, 辻 直子, 亀井敬子, 北野義徳, 田中 晃, 落合 健, 前倉

俊治, 南 康範, 工藤正俊: 成人腸重積で発症した盲腸癌の 1例. 

Freshman Session「消化管」, 日本消化器病学会近畿支部第 96 回

例会, 平成 24 年 1 月 28 日, 大阪国際交流センター, 大阪. 
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6. 2012  玉田博之, 秦 康倫, 木下大輔, 奥田英之, 茂山朋広, 宮部欽

生, 豊澤昌子, 岸谷 譲, 川崎俊彦, 工藤正俊, 佐藤克明, 木谷

光太郎, 井上雅智, 太田善夫: 虫垂粘液嚢胞腺腫の 1例.  

Freshman Session「消化管」, 日本消化器病学会近畿支部第 96 回

例会, 平成 24 年 1 月 28 日, 大阪国際交流センター, 大阪. 

 

7. 2012  和田翔太, 宮部欽生, 木下大輔, 秦 康倫, 奥田英之, 茂山朋

広, 豊澤昌子, 岸谷 譲, 川崎俊彦, 工藤正俊: 微小膵癌との鑑

別を要した自己免疫性膵炎の 1例.  Freshman Session「肝胆膵」, 

日本消化器病学会近畿支部第 96 回例会, 平成 24 年 1 月 28 日, 大

阪国際交流センター, 大阪. 

 

8. 2012  安達 融, 谷浦允厚, 河野匡志, 松本 望, 高場雄久, 奥村直

己, 山本典雄, 冨田崇文, 梅原康湖, 森村正嗣, 米田 円, 山田 

哲, 辻 直子, 野口周也, 大野恭裕, 落合 健, 前倉俊治, 南 

康範, 工藤正俊: 糖尿病に対しインスリン導入後早期に発症した

腫瘤形成性膵炎の 1例. Freshman Session「肝胆膵」, 日本消化器

病学会近畿支部第 96 回例会, 平成 24 年 1 月 28 日, 大阪国際交流

センター, 大阪. 

 

9. 2012 平木洋子, 早石宗右, 川崎正憲, 朝隈 豊, 南 康範, 松井繁長, 

工藤正俊: 脾仮性動脈瘤の胃内穿破に対して IVR による止血が有

用であった一例.  Freshman Session「肝胆膵」, 日本消化器病学

会近畿支部第 96 回例会, 平成 24 年 1 月 28 日, 大阪国際交流セン

ター, 大阪. 

 

10. 2012 櫻井俊治, 松井繁長, 工藤正俊: 内視鏡治療における高齢者の特

殊性.  シンポジウム「高齢者における内視鏡治療の適応と限界（消

化管）」, 第 88 回日本消化器内視鏡学会近畿地方会, 平成 24 年 3

月 17 日, 大阪国際交流センター, 大阪. 

 

11. 2012 門阪薫平, 北野雅之, 工藤正俊: 当院における EUS 下複合神経叢

溶解術の適応と限界.  ワークショップ「EUS による消化器疾患の

診断と治療の進歩」, 第 88 回日本消化器内視鏡学会近畿地方会, 

平成 24 年 3 月 17 日, 大阪国際交流センター, 大阪. 

 

12. 2012 高場雄久, 松本 望, 奥村直己, 山本典雄, 富田崇文, 梅原康湖, 

森村正嗣, 米田 円, 山田 哲, 辻 直子, 南 康範, 工藤正俊: 
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リセドロネートによると考えられた十二指腸潰瘍の一例.  Fresh 

Endoscopist Session, 第 88 回日本消化器内視鏡学会近畿地方会, 

平成 24 年 3 月 17 日, 大阪国際交流センター, 大阪. 

 

13. 2012 一木美穂, 奥田英之, 宮部欽生, 茂山朋広, 豊澤昌子, 秦 康倫, 

木下大輔, 川崎俊彦, 太田善夫, 工藤正俊: 貧血を契機に発見さ

れた腸間膜静脈硬化症の一例.  Fresh Endoscopist Session, 第

88 回日本消化器内視鏡学会近畿地方会, 平成 24 年 3 月 17 日, 大

阪国際交流センター, 大阪. 

 

14. 2012  田中梨絵, 峯 宏昌, 大本俊介, 足立哲平, 高山政樹, 永田嘉

昭, 永井知行, 川崎正憲, 朝隈 豊, 櫻井俊治, 松井繁長, 樫田

博史, 工藤正俊: 難治性潰瘍性大腸炎に対して IFX が奏功した症

例.  Fresh Endoscopist Session, 第 88 回日本消化器内視鏡学会

近畿地方会, 平成 24 年 3 月 17 日, 大阪国際交流センター, 大阪. 

 

15. 2012  大本俊介, 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 豊, 櫻井俊治, 松井繁長, 樫田博史, 工藤

正俊: シングルバルーン小腸内視鏡検査（SBE）にて診断された小

腸血管性病変の検討.  Young Endoscopist Session, 第 88 回日本

消化器内視鏡学会近畿地方会, 平成24年3月17日, 大阪国際交流

センター, 大阪. 

 

16. 2012 木下大輔, 秦 康倫, 奥田英之, 茂山朋広, 宮部欽生, 豊澤昌子, 

岸谷 譲, 川崎俊彦, 工藤正俊: Lemmel 症候群の 1例.  Young 

Endoscopist Session, 第 88 回日本消化器内視鏡学会近畿地方会, 

平成 24 年 3 月 17 日, 大阪国際交流センター, 大阪. 

 

17. 2012 宮田 剛, 北野雅之, 工藤正俊: 当院におけるStage I膵癌の特徴. 

シンポジウム 5「膵胆道癌の早期診断」, 第 98 回日本消化器病学

会総会, 京王プラザ, 平成 24 年 4 月 19 日-21 日.  

 

18. 2012 矢田典久, 萩原 智, 工藤正俊: 超音波エラストグラフィーによ

る非アルコール性脂肪性肝炎診断. シンポジウム 8「臓器線維化

（肝・膵を中心）研究・診療の最前線」, 第 98 回日本消化器病学

会総会, 京王プラザ, 平成 24 年 4 月 19 日-21 日. 

 

19. 2012 門阪薫平, 北野雅之, 工藤正俊: EUS による早期慢性膵炎の各画像

— 100 —



所見と臨床症状の検討. ワークショップ 5「生活習慣と肝・胆・膵

疾患」, 第 98 回日本消化器病学会総会, 京王プラザ, 平成 24 年 4

月 19 日-21 日. 

 

20. 2012 鎌田 研, 北野雅之, 工藤正俊: 限局性腫瘤を形成した自己免疫

性膵炎における EUS 所見の検討. ワークショップ 10「IgG4 関連肝

胆膵疾患の診断と治療-非典型例へのアプローチ」, 第 98 回日本消

化器病学会総会, 京王プラザ, 平成 24 年 4 月 19 日-21 日. 

 

21. 2012 坂本洋城, 北野雅之, 工藤正俊: 造影ハーモニックEUSによるSMT

の鑑別診断および GIST の悪性度評価.  ワークショップ 「上部消

化管粘膜下腫瘍の内視鏡による診断と治療」第 83 回日本消化器

内視鏡学会総会, 平成 24年 5月 12日-14日, グランドプリンスホ

テル新高輪, 東京.  

 

22. 2012 坂本洋城, 北野雅之, 工藤正俊: 当院における EUS 下複合神経叢

融解術の適応と限界. シンポジウム 「ガイド下治療の適応

と限界」第 83 回日本消化器内視鏡学会総会, 平成 24 年 5 月 12

日-14 日, グランドプリンスホテル新高輪, 東京. 

 

23. 2012 鎌田 研, 北野雅之, 工藤正俊: 胆石性膵炎の診断・治療における

EUS の役割. シンポジウム 1「胆・膵疾患の救急医療の現状と治療

戦略」, 第 83 回日本消化器内視鏡学会総会, 平成 24 年 5 月 12 日

-14 日, グランドプリンスホテル新高輪, 東京. 

 

24. 2012 松井繁長, 朝隈 豊, 工藤正俊: 噴門部静脈瘤合併巨大型食道静

脈瘤の内視鏡的治療の工夫. シンポジウム 11「危ない静脈瘤出血

の病態と治療」, 第 83 回日本消化器内視鏡学会総会, 平成 24 年 5

月 12 日-14 日, グランドプリンスホテル新高輪, 東京. 

 

25. 2012 宮田 剛, 北野雅之, 工藤正俊: EUS ガイド下治療におけるトラブ

ルシューティング. VTR シンポジウム 1「内視鏡治療に伴う偶発症

の対処法-胆膵病変-」, 第 83 回日本消化器内視鏡学会総会, 平成

24 年 5 月 12 日-14 日, グランドプリンスホテル新高輪, 東京. 

 

26. 2012 今井 元, 北野雅之, 工藤正俊: 当院での EUS 下胆管ドレナージ

術の安全性の検討. VTR シンポジウム 6「安全かつ効果的な胆道

Stenting を求めて」, 第 83 回日本消化器内視鏡学会総会, 平成 24
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年 5月 12 日-14 日, グランドプリンスホテル新高輪, 東京. 

 

27. 2012 門阪薫平, 北野雅之, 工藤正俊: EUS による早期慢性膵炎の画像

所見と臨床症状との関連性の検討. パネルディスカッション 5「慢

性膵炎の内視鏡診断と治療」, 第 83 回日本消化器内視鏡学会総会, 

平成24年5月12日-14日, グランドプリンスホテル新高輪, 東京. 

 

28. 2012 松井繁長, 川崎正憲, 工藤正俊: 十二指腸静脈瘤の臨床的特徴と

治療指針. ワークショップ 3「異所性静脈瘤の病態と治療指針」, 

第83回日本消化器内視鏡学会総会, 平成24年5月12日-14日, グ

ランドプリンスホテル新高輪, 東京. 

 

29. 2012 鎌田 研, 北野雅之, 工藤正俊: IPMN の診断・フォローアップに

おける EUS の役割. ワークショップ 9「IPMN の診断・治療における

内視鏡の役割」, 第 83 回日本消化器内視鏡学会総会, 平成 24 年 5

月 12 日-14 日, グランドプリンスホテル新高輪, 東京. 

 

30. 2012 工藤正俊: シンポジウム「今後の超音波医学の発展のために」, パ

ネリスト; 工藤正俊, 椎名 毅, 竹中 克, 日本超音波医学会第

85回学術集会, 平成24年5月25日-27日, グランドプリンスホテ

ル新高輪, 東京.  

 

31. 2012 矢田典久, 工藤正俊: 肝領域における組織弾性評価法: 「硬さ」と

「粗さ」の違い. シンポジウム 6「組織弾性評価の手法と用語の標

準化に向けて」, 第 83 回日本消化器内視鏡学会総会, 日本超音波

医学会第 85 回学術集会, 平成 24 年 5 月 25 日-27 日, グランドプ

リンスホテル新高輪, 東京. 

 

32. 2012 小谷敦志, 久保田義則, 谷口京子, 河野ふみえ, 前川 清, 中江

健市, 保田知生, 工藤正俊: 下肢静脈超音波検査における仰臥位

での下腿深部静脈血栓症診断の検討. ワークショップ 14「静脈エ

コーで何処まで観るか？: 目的別にみた検査法の工夫」, 日本超音

波医学会第 85 回学術集会, 平成 24 年 5 月 25 日-27 日, グランド

プリンスホテル新高輪, 東京.  

 

33. 2012 宮田 剛, 北野雅之, 工藤正俊: 造影ハーモニック EUS (CH-EUS)

を用いた腹部リンパ節の良悪性診断の試み. ワークショップ 1「超

音波内視鏡の進歩-診断と治療への応用-」, 日本超音波医学会第
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85回学術集会, 平成24年5月25日-27日, グランドプリンスホテ

ル新高輪, 東京. 

 

34. 2012 矢田典久, 工藤正俊: 超音波エラストグラフィーによる非アルコ

ール性脂肪性肝炎診断. ワークショップ 6「消化器疾患診療におけ

る超音波 Elastography の有用性」, 日本超音波医学会第 85 回学術

集会, 平成24年5月25日-27日, グランドプリンスホテル新高輪, 

東京. 

 

35. 2012 工藤正俊: 肝細胞癌の化学療法. シンポジウム 3「肝細胞癌の治療

戦略」, 第 48 回日本肝臓学会総会, 平成 24 年 6 月 7-8 日, 石川県

立音楽堂, 金沢.  

 

36. 2012 早石宗右, 南 康範, 工藤正俊: 造影エコーによる肝癌肉眼分類

の有用性について. パネルディスカッション「肝細胞癌画像診断の

進歩」, 第 48 回日本肝臓学会総会, 平成 24 年 6 月 7-8 日, 石川県

立音楽堂, 金沢. 

 

37. 2012 矢田典久, 工藤正俊: Real-time Tissue Elastography による非ア

ルコール性脂肪性肝炎の囲い込み. ワークショップ 2「肝疾患にお

ける画像診断の課題と新たな展開」, 第 48 回日本肝臓学会総会, 

平成 24 年 6 月 7-8 日, 石川県立音楽堂, 金沢. 

 

38. 2012 上嶋一臣, 南 康範, 工藤正俊: 肝癌診療ガイドラインにおける

治療アルゴリズムの妥当性～実臨床への展開とその問題点～. ワ

ークショップ 12「肝癌診療ガイドラインの活用と改訂への提案」, 

第 48 回日本肝臓学会総会, 平成 24 年 6 月 7-8 日, ANA クラウンプ

ラザホテル金沢, 金沢. 

 

39. 2012 奥坂拓志, 工藤正俊, 池田公史, 高山忠利, 沼田和司, 泉 並木, 

國土典宏, 古瀬 純司, 角谷眞澄, 木村丹香子: 国際共同非介入

試験 GEDEON 第 2 回中間解析における日本人集団解析結果ならびに

投与開始時 AFP 値での層別解析の検討. ワークショップ 13「肝細

胞癌に対する分子標的薬開発の基礎から臨床」, 第 48 回日本肝臓

学会総会, 平成 24 年 6 月 7-8 日, ANA クラウンプラザホテル金沢, 

金沢. 

 

40. 2012 萩原 智, 工藤正俊, 大﨑往夫: Drug free を目指したエンテカビ
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ルと PEG-IFNα2b 48 週併用療法の効果について. ワークショップ

22「B 型慢性肝炎に対する抗ウイルス療法の継続と終了をめぐっ

て」, 第 48 回日本肝臓学会総会, 平成 24 年 6 月 7-8 日, ポルテ金

沢, 金沢. 

 

41. 2012   上嶋一臣, 有住忠晃, 早石宗右, 田北雅弘, 北井 聡, 矢田典久, 

井上達夫, 萩原 智, 南 康範, 櫻井俊治, 西田直生志, 工藤正

俊: 当院における肝細胞癌分子標的治療の現状. パネルディスカ

ッション「ソラフェニブ治療の実践－多数症例の使用経験を踏まえ

た治療の実践と問題点の解決を示す―」,  平成24年6月16日, 第

6 回日本肝がん分子標的治療研究会, ザ・プリンス箱根, 神奈川. 

 

42. 2012 宮田 剛, 北野雅之, 竹山宜典, 工藤正俊: 膵切除後合併症に対

する EUS ガイド下治療の有用性. シンポジウム 5「膵切除の合併症

とその対処法」, 第 43 回日本膵臓学会大会, 平成 24 年 6 月 28-29

日, ホテルメトロポリタン山形, 山形. 

     

43. 2012 坂本洋城, 北野雅之, 竹山宜典, 安田武生, 中居卓也, 工藤正俊: 

膵上皮内癌と StageⅠ膵癌の臨床的および病理学的特徴. シンポ

ジウム 6「膵癌の早期診断と病理」, 第 43 回日本膵臓学会大会, 平

成 24 年 6 月 28-29 日, ホテルメトロポリタン山形, 山形. 

 

44. 2012 今井康陽, 兵頭朋子, 岡田真広, 小来田幸世, 工藤正俊, 村上卓

道: High risk nodule の自然経過と多血化因子. シンポジウム 1

「肝癌診療における Gd-EOB-DTPA 造影 MRI の役割」, 第 48 回日本

肝癌研究会, 平成 24 年 7 月 20-21 日, 石川県立音楽堂, 石川. 

 

45. 2012   高山忠利, 池田公史, 沼田和司, 泉 並木, 國土典宏, 古瀬純司, 

奥坂拓志, 角谷眞澄, 伊藤雄一郎, 工藤正俊: Sorafenib 国際試験

GIDEON の中間析:TACE 施行歴による層別解析. パネルディスカッ

ション 4「肝細胞癌分子標的治療: 現状と問題点」, 第 48 回日本

肝癌研究会, 平成 24 年 7 月 20-21 日, 石川県立音楽堂, 石川. 

 

46. 2012   喜多竜一, 那須章洋, 木村 達, 大﨑往夫, 依田 広, 恵荘裕嗣, 

千葉 勉, 西田直生志, 工藤正俊: 多発性の限局性結節性過形成

（FNH）および FNH 様結節に関する検討. ワークショップ 2「肝癌

類似病変診断の新しい展開: 肝細胞腺腫と FNH を中心に」, 第 48

回日本肝癌研究会, 平成 24 年 7 月 20-21 日, ANA クラウンプラザ
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ホテル金沢, 石川. 

 

47. 2012 宮田 剛, 北野雅之, 工藤正俊: 当院における進行膵癌の癌性疼

痛に対する治療戦略. シンポジウム 2「進行膵癌に対する治療戦略

の現状と展望」, 日本消化器病学会近畿支部第 97 回例会, 平成 24

年 9 月 1 日, 京都テルサ, 京都. 

 

48. 2012 鎌田 研, 北野雅之, 工藤正俊: EUS 下胆道ドレナージ術の工夫. 

ビデオワークショップ「胆道疾患内視鏡治療困難例に対する手技の

工夫」, 第48回日本胆道学会学術集会, 平成24年9月20-21日, 京

王プラザホテル, 東京. 

 

49. 2012 坂本洋城, 北野雅之, 工藤正俊: 癌性疼痛に対する EUS 下腹腔内

神経叢/節ブロック術のストラテジー. シンポジウム 16「胆膵疾患

に対する therapeutic EUS の現状（EUS-FNA を除く）」, 第 20 回日

本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第 54

回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総会・第

10 回日本消化器外科学会大会・第 50 回日本消化器がん検診学会大

会・第 43 回日本消化器吸収学会総会合同）, 平成 24 年 10 月 10

日-13 日, 神戸国際会議場, 兵庫. 

 

50. 2012 鎌田 研, 北野雅之, 工藤正俊: 膵癌診断ストラテジーと各画像

検査の比較検討. パネルディスカッション 2「超音波検査発見胆膵

病変の精密検査のストラテジー」, 第 20 回日本消化器関連学会週

間 JDDW2012（第 16 回日本肝臓学会大会・第 54 回日本消化器病学

会大会・第 84 回日本消化器内視鏡学会総会・第 10 回日本消化器外

科学会大会・第 50 回日本消化器がん検診学会大会・第 43 回日本消

化器吸収学会総会合同）, 平成 24 年 10 月 10 日-13 日, 神戸国際

展示場, 兵庫. 

 

51. 2012 宮田 剛, 北野雅之, 工藤正俊: StageO/I 膵癌の臨床的特徴. パ

ネルディスカッション 4「膵癌早期発見に向けた取組み」, 第 20

回日本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・

第 54 回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総

会・第 10 回日本消化器外科学会大会・第 50 回日本消化器がん検診

学会大会・第 43 回日本消化器吸収学会総会合同）, 平成 24 年 10

月 10 日-13 日, ポートピアホテル南館, 兵庫. 
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52. 2012 西田直生志, 工藤正俊: 肝発癌における酸化ストレスとエピゲノ

ム変異. パネルディスカッション 5「消化器癌と酸化ストレス」, 

第 20 回日本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会

大会・第 54 回日本消化器病学会大会・第 84 回日本消化器内視鏡学

会総会・第 10 回日本消化器外科学会大会・第 50 回日本消化器がん

検診学会大会・第 43 回日本消化器吸収学会総会合同）, 平成 24

年 10 月 10 日-13 日, ポートピアホテル, 兵庫. 

 

53. 2012 門阪薫平, 北野雅之, 工藤正俊: ADL 不良の急性胆嚢炎および胆管

炎例に対する EUS ドレナージ術. パネルディスカッション 26「75

歳以上における腹腔鏡下胆嚢摘出術の安全性の検討」, 第 20 回日

本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第 54

回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総会・第

10 回日本消化器外科学会大会・第 50 回日本消化器がん検診学会大

会・第 43 回日本消化器吸収学会総会合同）, 平成 24 年 10 月 10

日-13 日, 神戸国際会議場, 兵庫. 

 

54. 2012 西田直生志, 工藤正俊: 肝癌の遺伝子変化および背景肝組織の男

女差に関する検討. ワークショップ 7「消化器疾患と性差」, 第 20

回日本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・

第 54 回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総

会・第 10 回日本消化器外科学会大会・第 50 回日本消化器がん検診

学会大会・第 43 回日本消化器吸収学会総会合同）, 平成 24 年 10

月 10 日-13 日, 神戸国際会議場, 兵庫. 

 

55. 2012 矢田典久, 藤本研治, 工藤正俊: Support Vector Machine を用い

た Real-time Tissue Elastograhy による F Stage 推定値. ワーク

ショップ 11「低侵襲な肝疾患診断法の進歩」, 第 20 回日本消化器

関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第 54 回日本

消化器病学会大会・第 84 回日本消化器内視鏡学会総会・第 10 回日

本消化器外科学会大会・第 50 回日本消化器がん検診学会大会・第

43 回日本消化器吸収学会総会合同）, 平成 24 年 10 月 10 日-13 日, 

ポートピアホテル, 兵庫. 

 

56. 2012 永井知行, 樫田博史, 工藤正俊: 当院での EMR の工夫. ビデオワ

ークショップ 2「下部消化管: 大腸内視鏡挿入法と EMR の基本と工

夫」, 日本消化器内視鏡学会近畿支部第 89 回支部例会, 平成 24

年 11 月 10 日, 大阪国際交流センター, 大阪. 
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Ⅹ．学会発表（国内一般演題）
 

1. 2012 早石宗右, 南 康範, 畑中絹世, 有住忠晃, 田北雅弘, 北井 

聡, 矢田典久, 井上達夫, 萩原 智, 西田直生志, 工藤正俊: 

造影エコーによる肝癌肉眼分類の有用性について.  日本消化

器病学会近畿支部第 96回例会, 平成 24年 1月 28日, 大阪国際

交流センター, 大阪. 

 

2. 2012 南 康範, 有住忠晃, 早石宗右, 田北雅弘, 北井 聡, 矢田典

久, 井上達夫, 萩原 智, 上嶋一臣, 工藤正俊, 柳生行伸, 村

上卓道: Interventional radiology における新しい支援画像

「FlightPlan」の初期臨床経験.  第 18 回肝血流動態イメージ

研究会, 平成 24 年 1 月 28 日－29 日, 神戸ポートピアホテル, 

兵庫. 

 

3. 2012 早石宗右, 南 康範, 畑中絹世, 有住忠晃,田北雅弘, 北井 

聡, 矢田典久, 井上達夫, 萩原 智, 上嶋一臣, 西田直生志, 

工藤正俊: 造影エコーによる肝癌肉眼分類の有用性について.  

第 18 回肝血流動態イメージ研究会, 平成 24 年 1 月 28 日－29

日, 神戸ポートピアホテル, 兵庫. 

 

4. 2012 矢田典久, 萩原 智, 工藤正俊: 超音波エラストグラフィーに

よる非アルコール性脂肪性肝炎診断.  第 18 回肝血流動態イメ

ージ研究会, 平成 24 年 1 月 28 日－29 日, 神戸ポートピアホテ

ル, 兵庫. 

 

5. 2012 有住忠晃, 上嶋一臣, 竹田治彦, 大﨑往夫, 早石宗右, 田北雅

弘, 北井 聡, 矢田典久, 井上達夫, 萩原 智, 南 康範, 櫻

井俊治, 西田直生志, 工藤正俊: 進行肝細胞癌患者に対する分

子標的薬（ソラフェニブ）投与における治療効果判定基準の比

較.  第 18 回肝血流動態イメージ研究会, 平成 24 年 1 月 28 日

－29 日, 神戸ポートピアホテル, 兵庫. 

 

6. 2012 小川 力, 大原芳章, 宮本由貴子, 柴峠光成, 山岡竜也, 廣瀬

哲朗, 西平友彦, 嶋田俊秀, 荻野哲朗, 河合直之, 工藤正俊: 

CE-US、CT-Angio、EOB-MRI と病理の比較～術前診断が 2cm 以下

の肝切除症例～.  第 18 回肝血流動態イメージ研究会, 平成 24
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年 1月 28 日－29 日, 神戸ポートピアホテル, 兵庫. 

 

7. 2012 高山政樹, 川崎正憲, 峯 宏昌, 永田嘉昭, 永井知行, 朝隈 

豊, 櫻井俊治, 松井繁長, 樫田博史, 工藤正俊: シングルバル

ーン小腸内視鏡検査にて診断された小腸血管性病変の検討.  

第 8 回日本消化管学会総会学術集会, 平成 24 年 2 月 10 日-11

日, 仙台国際センター, 宮城. 

 

8. 2012 大本俊介, 松井繁長, 足立哲平, 峯 宏昌, 高山政樹, 永井知

行, 永田嘉昭, 川崎正憲, 櫻井俊治, 樫田博史, 工藤正俊: プ

ロトンポンプ阻害薬（PPI）内服中 GERD 患者に対する GerdQ に

よる治療効果の評価. 第98回日本消化器病学会総会, 京王プラ

ザ, 平成 24 年 4 月 19 日-21 日. 

 

9. 2012 足立哲平, 有住忠晃, 早石宗右, 田北雅弘, 北井 聡, 矢田典

久, 井上達夫, 萩原 智, 南 康範, 櫻井俊治, 上嶋一臣, 西

田直生志, 工藤正俊: 非上皮性肝悪性腫瘍の3例. 第 98回日本

消化器病学会総会, 京王プラザ, 平成 24 年 4 月 19 日-21 日. 

 

10. 2012 早石宗右, 南 康範, 足立哲平, 有住忠晃, 田北雅弘, 北井 

聡, 矢田典久, 井上達夫, 萩原 智, 上嶋一臣, 工藤正俊, 鄭 

浩柄: 経皮的ラジオ波焼灼術後の後出血予防における穿刺経路

焼灼の有効性の検討.第 98 回日本消化器病学会総会, 京王プラ

ザ, 平成 24 年 4 月 19 日-21 日. 

 

11. 2012 朝隈 豊, 松井繁長, 足立哲平, 大本俊介, 高山政樹, 永田嘉

昭, 川崎正憲, 櫻井俊治, 樫田博史, 工藤正俊: 当院における

表在型パレット食道腺癌に対する内視鏡的診断と治療の検討. 

第 83回日本消化器内視鏡学会総会, 平成24年 5月 12日-14日, 

グランドプリンスホテル新高輪, 東京. 

 

12. 2012 門阪薫平, 北野雅之, 工藤正俊: 早期慢性膵炎における EUS 画

像の臨床的意義. 日本超音波医学会第 85 回学術集会, 平成 24

年 5 月 25 日-27 日, グランドプリンスホテル新高輪, 東京. 

 

13. 2012 今井 元, 北野雅之, 工藤正俊: 当院における EUS 下胆道ドレ

ナージ術の有用性. 日本超音波医学会第 85 回学術集会, 平成

24 年 5 月 25 日-27 日, グランドプリンスホテル新高輪, 東京. 
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14. 2012 前野知子, 横川美加, 辻 裕美子, 塩見香織, 前川 清, 井上

達夫, 南 康範, 工藤正俊: ソナゾイド造影超音波による肝血

管腫の診断についての検討. 日本超音波医学会第85回学術集会, 

平成24年5月25日-27日, グランドプリンスホテル新高輪, 東

京. 

 

15. 2012 前川 清, 横川美加, 辻 裕美子, 前野知子, 塩見香織, 井上

達夫, 南 康範, 工藤正俊: ソナゾイド造影超音波における AP 

Shunt の診断について. 日本超音波医学会第 85 回学術集会, 平

成 24 年 5 月 25 日-27 日, グランドプリンスホテル新高輪, 東

京. 

 

16. 2012 有住忠晃, 上嶋一臣, 工藤正俊: 進行肝細胞癌に対するソラフ

ェニブ投与における投与後の腫瘍濃染の低下の有無と生存期間

の検討. 第 48 回日本肝臓学会総会, 平成 24 年 6 月 7-8 日, 石

川県立音楽堂, 金沢. 

 

17. 2012 早石宗右, 南 康範, 工藤正俊: 経皮的ラジオ波焼灼術後の後

出血予防における穿刺経路焼灼の有効性の検討. 第48回日本肝

臓学会総会, 平成 24 年 6 月 7-8 日, 石川県立音楽堂, 金沢. 

 

18. 2012 小川 力, 紫峠光成, 工藤正俊: 外科切除標本からの 2cm 以下

の HCCに対するCE-US, 動注 CT, EOB-MRIの術前診断の比較, 検

討. 第 48 回日本肝臓学会総会, 平成 24 年 6 月 7-8 日, JR 金沢

駅前もてなしドーム, 金沢. 

 

19. 2012 南 康範, 工藤正俊: Interventional radiology における新し

い支援画像「FlightPlan」の有用性. 第 48 回日本肝臓学会総会, 

平成 24 年 6 月 7-8 日, JR 金沢駅前もてなしドーム, 金沢. 

 

20. 2012 田北雅弘, 萩原 智, 有住忠晃, 早石宗右, 上田泰輔, 北井 

聡, 矢田典久, 井上達夫, 南 康範, 鄭 浩柄, 上嶋一臣, 櫻

井俊治, 西田直生志, 工藤正俊: IL28Bと PEG-IFN/RBV併用療法

をうけた HCV ジェノタイプ 1 型高ウイルス量患者の効果との関

連について. 48 回日本肝臓学会総会, 平成 24 年 6 月 7-8 日, JR

金沢駅前もてなしドーム, 金沢. 

 

— 109 —



21. 2012 門阪薫平, 北野雅之, 竹山宜典, 工藤正俊: 早期慢性膵炎の

EUS 画像と臨床所見の比較検討. 第 43 回日本膵臓学会大会, 平

成 24 年 6 月 28-29 日, ホテルメトロポリタン山形, 山形. 

 

22. 2012 今井 元, 北野雅之, 工藤正俊, 門阪薫平, 宮田 剛, 鎌田 

研, 坂本洋城, 安田武生, 竹山宜典: 膵神経内分泌腫瘍診断に

おける EUS の有用性. 第 43 回日本膵臓学会大会, 平成 24 年 6

月 28-29 日, ホテルメトロポリタン山形, 山形. 

 

23. 2012 兵藤朋子, 岡田真広, 香川祐毅, 任 星雲, 柏木伸夫, 柳生行

伸, 今岡いずみ, 松木 充, 足利竜一郎, 石井一成, 村上卓道, 

矢田典久, 工藤正俊, 前西 修: Dual energy CT を用いた肝脂

肪の定量評価-ファントム実験と初期臨床経験. 第 71 回近畿大

学医学会学術講演会, 平成 24 年 7 月 14 日, 近畿大学医学部大

講堂, 大阪狭山.  

 

24. 2012 長谷川 潔, 國土典宏, 幕内雅敏, 泉 並木, 市田隆文, 工藤

正俊, 具 英成, 坂本亨宇, 中島 收, 松井 修, 松山 裕: 

肝細胞癌に対する肝切除と経皮的局所法の長期成績: 全国デー

タに基づく比較検討. 第 48 回日本肝癌研究会, 平成 24 年 7 月

20-21 日, 石川県立音楽堂, 石川. 

 

25. 2012 井上達夫, 有住忠晃, 早石宗右, 北井 聡, 矢田典久, 萩原 

智, 南 康範, 上嶋一臣, 西田直生志, 工藤正俊: 肝細胞癌に

対するラジオ波焼灼療法の治療効果判定における造影超音波検

査の有用性～造影 CT との比較～. 第 48 回日本肝癌研究会, 平

成 24 年 7 月 20-21 日, 石川県立音楽堂, 石川. 

 

26. 2012 有住忠晃, 上嶋一臣, 早石宗右, 田北雅弘, 北井 聡, 井上達

夫, 矢田典久, 萩原 智, 南 康範, 櫻井俊治, 西田直生志, 

工藤正俊: 進行肝細胞癌に対するソラフェニブ投与における投

与後の腫瘍濃染の低下の有無と生存期間の検討. 第48回日本肝

癌研究会, 平成 24 年 7 月 20-21 日, 石川県立音楽堂, 石川. 

 

27. 2012 兵頭明子, 岡田真広, 香川祐毅, 日高正二朗, 任 誠雲, 柳生

行伸, 上嶋一臣, 矢田典久, 工藤正幸, 石井一成, 工藤正俊, 

村上卓道: 肝血行動態解析によるソラフェニブ治療効果の早期

予測-CT perfusion を用いて. 第 48 回日本肝癌研究会, 平成 24

— 110 —



年 7月 20-21 日,石川県立音楽堂, 石川. 

 

28. 2012 小川 力, 森岡弓子, 野田晃世, 上田祐也, 宮本由貴子, 野

上明子, 吉岡正博, 石川哲朗, 松中寿浩, 玉置敬之, 芝峠光成, 

工藤正俊: ソナゾイド US による nodule in nodule pattern の

HCC の診断. 第 48 回日本肝癌研究会, 平成 24 年 7 月 20-21 日, 

石川県立音楽堂, 石川. 

 

29. 2012 南 康範, 有住忠晃, 早石宗右, 田北雅弘, 北井 聡, 矢田典

久, 井上達夫, 萩原 智, 上嶋一臣, 西田直生志, 工藤正俊: 

転移性肝癌に対する肝動脈塞栓術とラジオ波焼灼術の併用療法

の有用性. 第 48回日本肝癌研究会, 平成 24年 7月 20-21 日,石

川県立音楽堂, 石川. 

 

30. 2012 永井知行, 木村英晴, 荒尾徳三, 松本和子, 藤田至彦, 吉田修

平, 林 秀敏, 工藤正俊, 西尾和人: ソラフェニブの上皮間葉

移行阻害効果. 第10回日本臨床腫瘍学会学術集会, 平成24年7

月 26-28 日, 大阪国際会議場,大阪. 

 

31. 2012 高橋一肇, 奥田英之, 秦 康倫, 木下大輔, 茂山朋広, 宮部欽

生, 清水昌子, 岸谷 讓, 川崎俊彦, 太田善夫, 工藤正俊: 上

腹部痛で発見された低分化型肝癌の一例. 日本消化器病学会近

畿支部第 97 回例会, 平成 24 年 9 月 1 日, 京都テルサ, 京都. 

 

32. 2012 山田光成, 北野雅之, 宮田 剛, 坂本洋城, 門阪薫平, 鎌田 

研, 今井 元, 工藤正俊: 胆管胆汁細胞診にて診断し得た胆嚢

癌の1例. 日本消化器病学会近畿支部第97回例会, 平成24年9

月 1 日, 京都テルサ, 京都. 

 

33. 2012 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

院におけるPPI別ヘリコバクターピロリ菌除菌治療成績の検討. 

日本消化器病学会近畿支部第97回例会, 平成24年9月1日, 京

都テルサ, 京都. 

 

34. 2012 門阪薫平, 北野雅之, 山田光成, 大本俊介, 鎌田 研, 宮田 

剛, 今井 元, 坂本洋城, 工藤正俊: 早期慢性膵炎の EUS 所見

とその臨床所見について. 日本消化器病学会近畿支部第97回例

— 111 —



会, 平成 24 年 9 月 1 日, 京都テルサ, 京都. 

 

35. 2012 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: 造影ハーモニック EUS

（CH-EUS）によってのみ存在診断および境界診断が可能であっ

た膵癌の2例. 日本消化器病学会近畿支部第97回例会, 平成24

年 9 月 1 日, 京都テルサ, 京都. 

 

36. 2012 秦 康倫, 木下大輔, 奥田英之, 茂山朋広, 宮部欽生, 清水昌

子, 岸谷 譲, 川崎俊彦, 辻江正徳, 井上雅智, 太田善夫, 工

藤正俊: 無症候性膵内分泌腫瘍の 1 例. 日本消化器病学会近畿

支部第 97 回例会, 平成 24 年 9 月 1 日, 京都テルサ, 京都. 

 

37. 2012 河野匡志, 丸山康典, 松本 望, 高場雄久, 奥村直己, 冨田崇

文, 梅原康湖, 谷池聡子, 森村正嗣, 辻 直子, 米田 円, 山

田 哲, 亀井敬子, 田中 晃, 落合 健, 前倉俊治, 南 康範, 

工藤正俊: 1 年以上の下痢、下血で受診した腸重積合併 1 型 S

状結腸癌による成人型腸重積の 1 例. 日本消化器病学会近畿支

部第 97 回例会, 平成 24 年 9 月 1 日, 京都テルサ, 京都. 

 

38. 2012 南 知宏, 松井繁長, 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 豊, 櫻井俊治, 樫田博史, 工

藤正俊: 著明な蛋白漏出性胃腸症を呈し、ステロイドが奏効し

たCronkhite-Canada症候群の一例. 日本消化器病学会近畿支部

第 97 回例会, 平成 24 年 9 月 1 日, 京都テルサ, 京都. 

 

39. 2012 田中寛樹, 北野雅之, 坂本洋城, 今井 元, 鎌田 研, 宮田 

剛, 門阪薫平, 工藤正俊: 上部胆管癌との鑑別を要したIgG4関

連胆管炎. 日本消化器病学会近畿支部第97回例会, 平成24年9

月 1 日, 京都テルサ, 京都. 

 

40. 2012 宮内正晴, 北野雅之, 坂本洋城, 今井 元, 鎌田 研, 宮田 

剛, 門阪薫平, 工藤正俊: 巨大胆石が十二指腸球部に穿通し胆

石イレウスを起こした一例. 日本消化器病学会近畿支部第97回

例会, 平成 24 年 9 月 1 日, 京都テルサ, 京都. 

 

41. 2012 宮田 剛, 大本俊介, 門阪薫平, 鎌田 研, 今井 元, 坂本洋

城, 北野雅之, 工藤正俊: 当院におけるStage1膵癌の特徴. 第

— 112 —



61 回近畿膵疾患談話会, 平成 24 年 9 月 29 日, エーザイ株式会

社大阪コミュニケーションオフィス, 大阪. 

 

42. 2012 今井 元, 北野雅之, 工藤正俊: EUS 下胆管ドレナージ術の穿

刺ルートおよびステント留置法の使い分けと成績. 第20回日本

消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第

54 回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総

会・第 10 回日本消化器外科学会大会・第 50 回日本消化器がん

検診学会大会・第 43 回日本消化器吸収学会総会合同）, 平成 24

年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

43. 2012 大本俊介, 松井繁長, 足立哲平, 峯 宏昌, 高山政樹, 永井知

行, 永田嘉昭, 川崎正憲, 朝隈 豊, 櫻井俊治, 樫田博史, 工

藤正俊: プロトンポンプ阻害薬（PPI）内服中 GERD 患者に対す

るGerdQによる治療実態の検討. 第 20回日本消化器関連学会週

間 JDDW2012（第 16 回日本肝臓学会大会・第 54 回日本消化器病

学会大会・第 84 回日本消化器内視鏡学会総会・第 10 回日本消

化器外科学会大会・第 50 回日本消化器がん検診学会大会・第 43

回日本消化器吸収学会総会合同）, 平成 24 年 10 月 10 日-13 日, 

神戸国際展示場, 兵庫. 

 

44. 2012 奥村 直己, 辻 直子, 工藤正俊, 山本典雄, 高場雄久, 松本 

望, 冨田崇文, 森村正嗣, 山田 哲, 米田 円, 南 康範, 丸

山康典, 河野匡志, 梅原康湖: Helicobacter pylori 除菌前後の

内視鏡所見の比較検討. 第 20 回日本消化器関連学会週間

JDDW2012（第 16 回日本肝臓学会大会・第 54 回日本消化器病学

会大会・第 84 回日本消化器内視鏡学会総会・第 10 回日本消化

器外科学会大会・第 50 回日本消化器がん検診学会大会・第 43

回日本消化器吸収学会総会合同）, 平成 24 年 10 月 10 日-13 日, 

神戸国際展示場, 兵庫. 

 

45. 2012 河野匡志, 辻 直子, 丸山康典, 松本 望, 高場雄久, 奥村 

直己, 山本典雄, 冨田崇文, 梅原康湖, 森村正嗣, 米田 円, 

山田 哲, 落合 健, 本庶 元, 南 康範, 工藤正俊: 当院

における H.pylori CAM 耐性の年次変化（2001 年～2010 年）. 第

20 回日本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会

大会・第 54 回日本消化器病学会大会・第 84 回日本消化器内視

鏡学会総会・第 10 回日本消化器外科学会大会・第 50 回日本消

— 113 —



化器がん検診学会大会・第 43 回日本消化器吸収学会総会合同）, 

平成 24 年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

46. 2012 丸山康典, 辻 直子, 河野匡志, 松本 望, 高場雄久, 奥村直

己, 山本典雄, 冨田崇文, 梅原康湖, 森村正嗣, 米田 円, 山

田 哲, 落合 健, 本庶 元, 南 康範, 工藤正俊: 当院にお

ける H.pylori 除菌の年次変化（2001 年～2010 年）. 第 20 回日

本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第

54 回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総

会・第 10 回日本消化器外科学会大会・第 50 回日本消化器がん

検診学会大会・第 43 回日本消化器吸収学会総会合同）, 平成 24

年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

47. 2012 永田嘉昭, 松井繁長, 足立哲平, 大本俊介, 峯 宏昌, 高山

政樹, 永井知行, 川崎正憲, 朝隈 豊, 櫻井俊治, 樫田博史, 

工藤正俊: 高齢者に対する早期胃癌 ESD についての検討. 第 20

回日本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大

会・第 54 回日本消化器病学会大会・第 84 回日本消化器内視鏡

学会総会・第 10 回日本消化器外科学会大会・第 50 回日本消化

器がん検診学会大会・第43回日本消化器吸収学会総会合同）, 平

成 24 年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

48. 2012 朝隈 豊, 松井繁長, 足立哲平, 大本俊介, 高山政樹, 峯 宏

昌, 永井知行, 永田嘉昭, 川崎正憲, 櫻井俊治, 樫田博史, 工

藤正俊: 当院における胃ESD症例での多発例の検討. 第 20回日

本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第

54 回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総

会・第 10 回日本消化器外科学会大会・第 50 回日本消化器がん

検診学会大会・第 43 回日本消化器吸収学会総会合同）, 平成 24

年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

49. 2012 永井知行, 大本俊介, 高山政樹, 峯 宏昌, 永田嘉昭, 川崎正

憲, 朝隈 豊, 櫻井俊治, 松井繁長, 汐見幹夫, 樫田博史, 

工藤正俊: 経皮内視鏡的胃廔造設術（PEG）の患者背景と早期合

併症. 第 20 回日本消化器関連学会週間 JDDW2012（第 16 回日本

肝臓学会大会・第 54 回日本消化器病学会大会・第 84 回日本消

化器内視鏡学会総会・第 10 回日本消化器外科学会大会・第 50

回日本消化器がん検診学会大会・第 43 回日本消化器吸収学会総

— 114 —



会合同）, 平成 24 年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

50. 2012 足立哲平, 樫田博史, 大本俊介, 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, 

工藤正俊: 大腸ESD導入時の治療成績に関する検討. 第 20回日

本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第

54 回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総

会・第 10 回日本消化器外科学会大会・第 50 回日本消化器がん

検診学会大会・第 43 回日本消化器吸収学会総会合同）, 平成 24

年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

51. 2012 宮部欽生, 木下大輔, 秦 康倫, 奥田英之, 茂山朋広, 清水

昌子, 岸谷譲, 川崎俊彦, 米倉竹夫, 工藤正俊: 腸管重複症に

対しSBナイフJrを用いて内視鏡的隔壁切除を施行した1例. 第

20 回日本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会

大会・第 54 回日本消化器病学会大会・第 84 回日本消化器内視

鏡学会総会・第 10 回日本消化器外科学会大会・第 50 回日本消

化器がん検診学会大会・第 43 回日本消化器吸収学会総会合同）, 

平成 24 年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

52. 2012 高山政樹, 樫田博史, 足立哲平, 峯 宏昌, 永田嘉昭, 永井知

行, 川崎正憲, 朝隈 豊, 櫻井俊治, 松井繁長, 工藤正俊, 

竹山宜典, 筑後孝章: シングルバルーン小腸内視鏡検査（SBE）

にて診断し得た小腸癌について. 第20回日本消化器関連学会週

間 JDDW2012（第 16 回日本肝臓学会大会・第 54 回日本消化器病

学会大会・第 84 回日本消化器内視鏡学会総会・第 10 回日本消

化器外科学会大会・第 50 回日本消化器がん検診学会大会・第 43

回日本消化器吸収学会総会合同）, 平成 24 年 10 月 10 日-13 日, 

神戸国際展示場, 兵庫. 

 

53. 2012 秦 康倫, 木下大輔, 奥田英之, 茂山朋広, 宮部欽生, 清水昌

子, 岸谷 譲, 川崎俊彦, 太田善夫, 工藤正俊: ランソプラゾ

ールによる collagenous colitis の 4 症例. 第 20 回日本消化器

関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第 54 回日

本消化器病学会大会・第 84 回日本消化器内視鏡学会総会・第 10

回日本消化器外科学会大会・第 50 回日本消化器がん検診学会大

会・第 43 回日本消化器吸収学会総会合同）, 平成 24 年 10 月 10

日-13 日, 神戸国際展示場, 兵庫. 

— 115 —



 

54. 2012 田北雅弘, 井上達夫, 有住忠晃, 早石宗右, 北井 聡, 矢田典

久, 萩原 智, 南 康範, 上嶋一臣, 西田直生志, 工藤正俊: 

肝嚢胞に対するオレイン酸モノエタノールアミン注入療法の検

討. 第 20 回日本消化器関連学会週間 JDDW2012（第 16 回日本肝

臓学会大会・第 54 回日本消化器病学会大会・第 84 回日本消化

器内視鏡学会総会・第 10 回日本消化器外科学会大会・第 50 回

日本消化器がん検診学会大会・第 43 回日本消化器吸収学会総会

合同）, 平成 24 年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

55. 2012 井上達夫, 有住忠晃, 早石宗右, 田北雅弘, 北井 聡, 矢田典

久, 萩原 智, 南 康範, 上嶋一臣, 西田直生志, 工藤正俊: 

肝細胞癌に対するラジオ波焼灼療法の治療効果判定における造

影超音波検査の有用性の検討～造影 CT との比較～. 第 20 回日

本消化器関連学会週間 JDDW2012（第 16 回日本肝臓学会大会・第

54 回日本消化器病学会大会・第 84 回日本消化器内視鏡学会総

会・第 10 回日本消化器外科学会大会・第 50 回日本消化器がん

検診学会大会・第 43 回日本消化器吸収学会総会合同）, 平成 24

年 10 月 10 日-13 日, 神戸国際展示場, 兵庫. 

 

56. 2012 大本俊介, 北野雅之, 工藤正俊:診断確定に造影ハーモニック

EUS が有用であった膵腫瘍の検討. 日本消化器内視鏡学会近畿

支部第 89 回支部例会, 平成 24 年 11 月 10 日, 大阪国際交流セ

ンター, 大阪. 

 

57. 2012 丸山康典, 河野匡志, 松本 望, 高場雄久, 奥村直己, 山本典

雄, 富田崇文, 梅原康湖, 谷池聡子, 森村正嗣, 山田 哲, 

辻 直子, 落合 健, 前倉俊治, 南 康範, 工藤正俊: 生検で

消失したバレット腺癌の一例. 日本消化器内視鏡学会近畿支部

第 89 回支部例会, 平成 24 年 11 月 10 日, 大阪国際交流センタ

ー, 大阪. 

 

58. 2012 足立哲平, 松井繁長, 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, 樫田博史, 工藤正俊, 大

東弘治, 上田和毅, 奥野清隆: 腸重積で発見された炎症性線

維性ポリープの1例. 日本消化器内視鏡学会近畿支部第89回支

部例会, 平成 24 年 11 月 10 日, 大阪国際交流センター, 大阪. 

 

— 116 —



59. 2012 千品寛和, 松井繁長, 田北雅弘, 川崎正憲, 朝隈 豊, 櫻井俊

治, 樫田博史, 工藤正俊: 慢性腎不全合併十二指腸静脈瘤に対

して内視鏡的硬化療法治療が奏効した一例. 日本消化器内視鏡

学会近畿支部第 89 回支部例会, 平成 24 年 11 月 10 日, 大阪国

際交流センター, 大阪. 

 

60. 2012 峯 宏昌, 朝隈 豊, 足立哲平, 高山政樹, 永田嘉昭, 永井知

行, 川崎正憲, 櫻井俊治, 松井範長, 樫田博史, 工藤正俊: リ

ンパ管侵襲を伴う胃粘膜内癌の一例. 日本消化器内視鏡学会近

畿支部第 89 回支部例会, 平成 24 年 11 月 10 日, 大阪国際交流

センター, 大阪. 

 

61. 2012 木下大輔, 秦 康倫, 奥田英之, 茂山朋広, 宮部欽生, 清水昌

子,岸谷 譲, 川崎俊彦, 太田善夫, 工藤正俊: Inflammatory 

fibroid polyp の一例. 日本消化器内視鏡学会近畿支部第 89 回

支部例会, 平成24年11月10日, 大阪国際交流センター, 大阪. 

 

62. 2012 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: 吐血を契機に発見した妊婦の特発性食道粘膜下血腫の

一例. 日本消化器内視鏡学会近畿支部第 89 回支部例会, 平成

24 年 11 月 10 日, 大阪国際交流センター, 大阪. 



— 117 —



写真 綴る消化器内科写真で綴る消化器内科

2012年

— 118 —



— 119 —



第48回 日本肝癌研究会

第29回 犬山シンポジウム

— 120 —



1.17 新年会
堺東にて

— 121 —



— 122 —



— 123 —



超音波医学会理事会
2月 ドバイ

— 124 —



台湾消化器病学会
特別講演特別講演

陳
教
授
と

Pei Jer chen教授
（真ん中）と

— 125 —



Yun Fan Liaw教授と Dinn‐shin chen教授（右）と

ヨンセイ大学
Young Nyn Park副学長とYoung  Nyn Park副学長と

ヨンセイ大学で
特別講演

ソウル肝臓研究会
特別講演

— 126 —



3.11 
宇陀シティマラソン

4.29
堺シティマラソン

6.10
OTTYマラソン

医局員と

— 127 —



まゆみさん送別会

— 128 —



4.10
歓送迎会 堺東にて

— 129 —



4.16
３学年講義３学年講義

— 130 —



ヨーロッパ超音波医学会
特別講演特別講演

韓国超音波医学会講演
5月

アジア造影超音波
医学会講演（ソウル）

5月

— 131 —



アジア臨床腫瘍学会講演
（ソウル） 6月（ソウ ） 月

沖縄肝臓研究会講演沖縄肝臓研究会講演

— 132 —



新しいJournal
Liver Cancer発刊

Editor‐in‐chief
に就任Liver Cancer 発刊 に就任

— 133 —



第3回アジア太平洋肝癌専門家会議 (APPLE)第3回アジア太平洋肝癌専門家会議 (APPLE)
（上海）7月

中国東方肝胆外科大学で特別講演
Bruix Llovet ShermanらとBruix,Llovet,Shermanらと

APPLEで近大への
過去の留学生と懇談

7月月

— 134 —



世界超音波医学会
（理事長 工藤正俊）

京都 7月

日本肝癌研究会
（金沢）

— 135 —



アジア肝癌研究会講演
（ホーチミン）

（アジア7か国を衛星中継）

— 136 —



留学生受け入れ
Dr.Zhang Shuo

(China)(China)
（3か月間）

8 20 Dr Vera特別講演 (UCSD)8.20 Dr. Vera特別講演 (UCSD)

中央臨床検査部（中央臨床検査部長として）

— 137 —



クリクラクリクラクリクラクリクラ学生特別講義学生特別講義学生特別講義学生特別講義

4.17 
(新井・岩西・植木・富田・山﨑)

4.26
(新子・近都・眞鍋・慶元・外山・

松廣） 5.9
(緒方・橋本）

5.15
(加納・倉光・西原・西本・森） 5.28

(皆良田・鮫島・吉岡・加藤・
都築）

6.4
(石田・伊藤・小川・村田・

山田・吉田)
6.16

(石原・丹正・横山・大埼・葉山・
藤元)

— 138 —



6.26
(古藤・谷・津保・峠・西村）

7.3
(田中・渡部・岡田・宮田）

8.21
(赤松・瀬戸・藤元・伊賀・水野・

龍神）

9.4
(飯田・近藤・冨田・勝瀬・菊池・

増田）

9.18
（平・松尾・八木・奥村・鈴木・

幕谷）

9.25
(岡田・齋藤・松澤・鬼頭・楠本・

松田）

10.15
(板野・田島・堀江・川口・玉井・

山本）

10.29
(川崎・島・前田・有馬・河野・

山本）

— 139 —



9.13‐18 国際肝癌学会 (ILCA)で講演
（ベルリン）

— 140 —



ILCA（ベルリン）にて
井上、有住、東Drと

世界超音波医学会世界超音波医学会(WFUSUMB)
理事会（ワシントン） 7月
（理事長 工藤正俊）

— 141 —



世界超音波医学会世界超音波医学会
（理事長 工藤正俊）

理事会
7月（ワシントンD.C）

— 142 —



FALK Symposiumにて講演
（マインツ、ドイツ） 10月

— 143 —



アジア超音波医学会
（インドネシア） 11月（インドネシア） 11月

— 144 —



— 145 —



関西消化器内視鏡ライブコース
11月25日 近畿大学円形講堂および光学治療センター

— 146 —



— 147 —



— 148 —



肝癌撲滅運動 12月 大阪狭山市にて

— 149 —



10月27‐28 医局旅行
東京・品川 船清（屋形船）東京 品川 船清（屋形船）

— 150 —



— 151 —



— 152 —







別刷
新聞・雑誌・報道等

— 153 —



 

Case Rep Gastroenterol  2009;3:187–192 
DOI:  10.1159/000226608 

Published  online:  July  31,  2009 © 2009 S. Karger AG, Basel 
ISSN 1662–0631 
www.karger.com/crg 

 

 

Soo Ryang Kim, MD  Department of Gastroenterology, Kobe Asahi Hospital 
3-5-25 Bououji-cho, Nagata-ku 
Kobe 653-0801 (Japan) 
Tel. +81 78 612 5151, Fax +81 78 612 5152, E-Mail asahi-hp@arion.ocn.ne.jp 

 

187

  

Utility of Gd-EOB-DTPA-
Enhanced MRI in Diagnosing 
Small Hepatocellular Carcinoma 

Soo Ryang Kima    Susumu Imotoa    Taisuke Nakajimaa    

Kenji Andoa    Keiji Mitaa    Katsumi Fukudaa    Ryo Nishikawaa 

Yu-ichiro Komaa    Toshiyuki Matsuokab    Masatoshi Kudoc    

Yoshitake Hayashid  

aDepartment of Gastroenterology, Kobe Asahi Hospital, Kobe, bDepartment of 
Radiology, Osaka City University Medical School, Osaka, cDepartment of 
Gastroenterology and Hepatology, Kinki University School of Medicine, 
Osakasayama, and dDivision of Molecular Medicine and Medical Genetics, 
International Center for Medical Research and Treatment (ICMRT), Kobe 
University Graduate School of Medicine, Kobe, Japan 

 

Key Words 
Gd-EOB-DTPA-enhanced MRI · Hepatocyte function · Ultrasound · CT during 
arteriography · CT during arterial portography · Well-differentiated hepatocellular 
carcinoma · Small hepatocellular carcinoma 
 

Abstract 
We describe an 8-mm hepatocellular carcinoma (HCC) with hepatitis C virus-related 
cirrhosis in a 74-year-old woman. Ultrasound (US) revealed an 8-mm hyperechoic nodule 
in segment 6 of the liver. Contrast-enhanced computed tomography (CT) and US 
revealed no hypervascularity in the early phase and no washout in the late phase and the 
Kupffer phase, respectively. CT during arteriography revealed no hypervascularity and CT 
during arterial portography disclosed no perfusion defect. Gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic resonance 
imaging (MRI) revealed no hypervascularity in the early phase, but disclosed a defect in 
the hepatobiliary phase. Histologically, the nodule was diagnosed as well-differentiated 
HCC characterized by more than two-fold the cellularity of the non-tumorous area, with a 
high nuclear:cytoplasmic ratio, increased cytoplasmic eosinophilia, fatty change, and 
slight cell atypia with an irregular thin trabecular pattern. Our case demonstrates the 
utility of Gd-EOB-DTPA-enhanced MRI in the diagnosis of small HCC. 
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Introduction 

Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) is a 
new liver-specific contrast agent used in magnetic resonance imaging (MRI). A bolus 
injection of Gd-EOB-DTPA allows the evaluation of tumor vascularity in a manner 
similar to evaluation with gadolinium-triamine pentaacetic acid (Gd-DTPA) [1]. 
Moreover, it begins to accumulate in normally functioning hepatocytes in the 
hepatobiliary phase [1, 2] 20 min after injection, thereby enhancing the liver parenchyma. 
On the other hand, tumors appear like hypointense lesions because they lack normally 
functioning hepatocytes [2, 3]. 

Here, we describe an 8-mm well-differentiated hepatocellular carcinoma (HCC) 
detected in the hepatobiliary phase (20 min after injection), whereas contrast-enhanced 
ultrasound (US) and computed tomography (CT) did not reveal hypervascularity in the 
early phase and washout in the late phase; also, CT during arteriography (CTA) and CT 
during arterial portography (CTAP) did not reveal hypervascularity and perfusion defect, 
respectively. 

Case Report 

A 74-year-old woman with hepatitis C virus (HCV)-related cirrhosis was admitted to Kobe Asahi 
Hospital in April 2008 for further examination of an 8-mm hyperechoic nodule in segment 6. HCV 
antibody and HCV RNA were positive, hepatitis B surface antigen and hepatitis B virus DNA were 
negative, and laboratory data on admission disclosed the following values: platelets 7.2 × 104/μl (normal 
13.0–36.9), aspartate aminotransferase 26 IU/l (10–40), alanine aminotransferase 20 IU/l (5–40), thymol 
turbidity 18.5 U/l (0–4), zinc surface turbidity 13.7 U/l (2–12), indocyanine green retention rate at 
15 min 7% (0–10), and γ-globulin 23.3% (10.6–20.5). The levels of tumor markers revealed the 
following: α-fetoprotein 7.1 ng/ml (0–9.9), protein induced by vitamin K absence II 42 mAU/ml (0–40). 
US disclosed an 8-mm hyperechoic nodule in segment 6 (fig. 1). Contrast-enhanced CT revealed no 
hypervascularity in the early phase and no washout in the late phase. Contrast-enhanced US revealed no 
hypervascularity in the early vascular phase and no defect in the Kupffer phase. CTA revealed no 
hypervascularity and CTAP revealed no perfusion defect. Superparamagnetic iron oxide (SPIO)-MRI 
revealed isointensity in both T1 and T2 sequences. Gd-EOB-DTPA-enhanced MRI revealed no 
hypervascularity in the early phase, but disclosed a defect in the hepatobiliary phase (fig. 2). 
Histologically, the nodule was diagnosed as well-differentiated HCC characterized by more than 
two-fold the cellularity of the non-tumorous area, with a high nuclear:cytoplasmic ratio, increased 
cytoplasmic eosinophilia, fatty change, and slight cell atypia with an irregular thin trabecular pattern 
(fig. 3). The HCC was treated with radiofrequency ablation, and the ablated HCC was confirmed by 
Gd-EOB-DTPA-enhanced MRI. Complete necrosis of the tumor was revealed by US-guided biopsy. 

Discussion 

HCC is known to arise multicentrically in cases of virally induced liver cirrhosis, 
developing from dysplastic nodules into HCC [4, 5]. When considering the most 
appropriate therapeutic approach, it is important to distinguish between dysplastic 
nodules and HCC. Although the usefulness of detecting hypervascular HCCs has been 
reported [1], neither hypovascular lesions nor lesions with weakly increased arterial flow 
have been evaluated to date. These latter nodules are difficult to evaluate in dynamic 
studies with Gd-DTPA. No significant quantitative difference is observed between HCCs 
and dysplastic nodules in terms of the enhancement ratios and the contrast-to-noise ratio 
[6]. A combination of CTA and CTAP, as well as SPIO-enhanced MRI, has been 
conducted to distinguish between these two entities [7, 8]. It is known that SPIO 
accumulates in some HCCs [8]. SPIO-enhanced MRI, however, is of limited use in the 
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evaluation of HCCs, being by itself insufficient for determining the therapeutic strategy 
for the treatment of HCCs. When a combination of CTA and CTAP is used [7], the blood 
supply is very informative in evaluating the malignancy of liver lesions. CTA and CTAP 
are too invasive, however, for routine application. 

In our case, imaging studies by modalities such as contrast-enhanced US and CT 
revealed no hypervascularity in the early phase and no washout in the Kupffer phase and 
the late phase. CTA did not reveal hypervascularity, and CTAP did not reveal perfusion 
defect. We have emphasized the superiority of CT arterioportal angiography to 
contrast-enhanced CT and MRI in the diagnosis of HCC in nodules smaller than 20 mm 
[9]. We have also detected a 10-mm well-differentiated HCC showing perfusion defect at 
CTAP, when contrast-enhanced US, CT, and MRI revealed no hypervascularity in the 
early phase or washout in the late phase, and CTA showed no hypervascular stain [9]. In 
this study, however, even with CT arterioportal angiography, we were not able to detect 
the 8-mm HCC. Although the data remain preclinical, specific enhancement with 
Gd-EOB-DTPA has been reported for the differentiation of HCC [10]. Gd-EOB-DTPA-
enhanced MRI provides additional diagnostic clues – the level of hepatocyte function and 
excretion [11]. We detected an 8-mm HCC with Gd-EOB-DTPA-enhanced MRI, 
showing a defect in the hepatobiliary phase (20 min after injection). Our case 
demonstrates the utility of Gd-EOB-DTPA-enhanced MRI in the diagnosis of small HCC, 
even of an 8-mm nodule, although all nodules recognized as hypointense in the 
hepatobiliary phase and diagnosed as HCCs are associated with potential misdiagnosis. In 
our case the well-differentiated HCC was confirmed histologically. 

Further study is needed to compare the utility of Gd-EOB-DTPA-enhanced MRI with 
contrast-enhanced US, CT, and CT arterioportal angiography in the diagnosis of HCC in 
nodules smaller than 20 mm. 
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Fig. 1. US disclosed an 8-mm hyperechoic nodule in segment 6. 

 

 
 
Fig. 2. Gd-EOB-DTPA-enhanced MRI disclosed a defect in the hepatobiliary phase. 
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Fig. 3. Histologically, the nodule was diagnosed as well-differentiated HCC characterized by more than 
two-fold the cellularity of the non-tumorous area, with a high N/C ratio, increased cytoplasmic 
eosinophilia, fatty change, and slight cell atypia with an irregular thin trabecular pattern. 
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Abstract Many contrast-enhanced ultrasound (CE-US)

studies have been conducted by qualitative analysis of

blood flow, such as classification of enhancement pattern.

We evaluated early response of transcatheter arterial

chemoembolization (TACE) for hepatocellular carcinoma

(HCC) by quantitative analysis of intratumoral vascularity

with CE-US in three patients. Three patients (one man, two

women) with HCCs were treated in July 2009. CE-US with

perfluorocarbon microbubbles (Sonazoid) and CT were

performed serially before and 5 days after TACE. Post-

processing enhancement intensity on US was analyzed to

determine mean transit time (s), time to peak (s),

enhancement peak intensity (dB), and ‘‘A’’ (scaling factor)

by ultrasound quantification software after the data were

fitted to a gamma variate curve. Mean transit time was

prolonged by TACE in all three patients. Mean transit time

rates on CE-US were 64.3, 33.8, and 65.6%, respectively,

whereas the avascular rates on CT were 59.07, 31.71, and

62.25%, respectively. Mean transit time rates on CE-US

approximated avascular rates on CT. Mean transit time rate

may quantitatively indicate the early response of HCC to

TACE.

Keywords Hepatocellular carcinoma � Transcatheter
arterial chemoembolization � Contrast-enhanced
ultrasound � Perfluorocarbon microbubbles

Introduction

Doppler ultrasound has been used to estimate blood flow,

as the mean velocity multiplied by the vessel area, but

using this to evaluate intratumoral vascularity accurately

can be difficult because of its faint signals [1]. Microbub-

bles, developed as contrast agents for ultrasound, are

considered useful for increasing the intensity of echoes [2–

4]. Thus, contrast-enhanced ultrasound (CE-US) can depict

intratumoral vascularity sensitively and accurately, and is

considered useful for diagnosing hepatic tumors and

assessing the therapeutic response in hepatocellular carci-

noma (HCC) [5–10]. However, the pattern classification of

tumor enhancement generally done in these CE-US studies

is a qualitative analysis of blood flow for the evaluation of

therapeutic response.

This preliminary trial assessed the early response of

HCC to transcatheter arterial chemoembolization (TACE)

by quantitative analysis of intratumoral vascularity on CE-

US in three patients.

Materials and methods

The Ethics Committee of our institution approved the study

protocol. Written informed consent was obtained from each

patient at enrollment.
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Three patients (one man, two women; 65, 82, and

85 years old) with multiple HCCs were treated by TACE in

July 2009. The primary tumor size in each patient was 7.3,

13, and 6.5 cm in diameter, respectively.

Hepatic angiography was performed before TACE. An

emulsion of iodized oil (Lipiodol Ultra-Fluide; Labora-

toires Guerbet, Aulnay-sous-Bois, France) and a chemo-

therapeutic agent, epirubicin (Kyowa Hakko Co., Tokyo,

Japan) (20–40 mg), was then injected, followed by the

injection of a gelatin sponge via a catheter. The tip of the

catheter was placed selectively into the segmental arteries

feeding the tumors; otherwise, it was placed into the right

or left branch of the hepatic artery. The volume of injected

emulsion was determined by tumor size (maximum:

10 ml).

CE-US and contrast-enhanced computerized tomogra-

phy (CE-CT) were performed serially before and 5 days

after TACE. Areas demonstrating iodized oil accumulation

in the tumor after TACE were regarded as the avascular

area. Persistent low-density areas on both plain and arterial

phase dynamic CT scans were also regarded as necrotic.

Enhancing areas on arterial phase dynamic CT were

regarded as viable, and supplied by feeding arteries.

Use of CE-US to assess effectiveness

The contrast agent used was Sonazoid (Daiichi-Sankyo,

Tokyo, Japan), which consists of a phospholipid shell

containing perfluorocarbon microbubbles. The recom-

mended clinical dose for imaging of liver lesions is

0.010 ml of encapsulated gas per kilogram of body weight.

B-mode sonographic scans were obtained using a Phi-

lips iU22 unit (Philips Medical Systems, Seattle, WA,

USA) with a C5-1 curvilinear transducer. Vascular findings

were obtained in the vascular phase (from 10 s to the last

5–7 min after injection of the contrast agent). Acquisitions

were obtained for about 30 s at a low mechanical index

(MI = 0.1) setting at a rate of seven frames per second

with the patient holding his/her breath. CE-US image data

were saved in the ultrasound hard-disk system, and then

transferred to a PC for further quantitative analyses with

advanced ultrasound quantification software (QLAB 8.1;

Philips Medical Systems). In the region of interest (ROI)

delineating each tumor, the computer-assisted program

calculated acquisition of time (s)/signal intensity (dB)

curves [11]. Thereafter, we fitted the data to a gamma

variate curve using raw data. The mean transit time (s),

defined as the width at half the maximum height (full width

at half maximum), time to peak intensity (s), peak intensity

(dB), and ‘‘A’’ (scaling factor) were obtained by QLAB

software from the gamma variate curves using the formula

shown below.

Y tð Þ ¼ A� t � exp �alpha� tð Þ þ C

Y tð ÞðdBÞ; enhancement intensity at time t; tðsÞ;
time after injection

The gamma variate is a mathematical function that can

be used to describe tracer dilution curves, and the relations

between flow, circulation times, and volumes were

established according to kinetic principles (Fig. 1).

Results

Parameters of mean transit time and time to peak intensity

are related to the time, whereas parameters of peak inten-

sity and ‘‘A’’ are related to the brightness on US. Table 1

shows parameters of time–intensity curves on contrast-

enhanced US before and after TACE for HCC (Fig. 2).

TACE prolonged mean transit time in all three patients.

Fig. 1 The time–intensity

curve fitted by gamma variate

analysis. Intratumoral

vascularity changed because

vascular resistance could

increase due to transcatheter

arterial chemoembolization

(TACE). We hypothesized that

mean transit time and time to

peak would be prolonged and

peak intensity and parameter

A would decrease following

TACE
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Time to peak was prolonged in case 2 and slightly short-

ened in the other patients. Peak intensity declined in case 3,

but not in the other cases. Parameter A was markedly

elevated in two patients, and slightly elevated in one

patient.

To calculate the intratumoral avascular rate of TACE on

CT, unenhanced and iodized oil-retaining areas were

measured for density on the slice level with the maximum

tumor size. The avascular rate was calculated with the

following formula: avascular rate = (nonenhancing

area ? area of iodized oil retention)/(total area of

tumor) 9 100. The avascular rates in these three patients

were 59.07, 31.71, and 62.25%, respectively (Table 2).

However, mean transit time rate was calculated with the

following formula: mean transit time rate = (mean transit

time before TACE)/(mean transit time after TACE) 9 100.

Mean transit time rates in these three patients were 64.3,

33.8, and 65.6%, respectively (Table 2).

There were no serious side effects or procedure-related

complications (e.g., hemorrhage, infection, hepatic failure,

or death). Low grade fever occurred in all patients after

TACE and then resolved with administration of nonste-

roidal anti-inflammatory drugs.

Discussion

We did not directly calculate the real blood flow volume or

velocity in the tumor. Some parameters of the time–

intensity curve that could be related to the blood flow were

compared before and after TACE in this preliminary trial.

Following TACE, intratumoral vascularity declines

because of increased vascular resistance. Therefore, we

presumed that time parameters would be prolonged,

whereas intensity parameters such as peak intensity and

parameter A would decrease.

In all three patients, mean transit time was prolonged by

TACE; however, time to peak intensity was not signifi-

cantly prolonged. In case 3, the prolongation of contrast

washout time in the tumor was induced by increased

resistance to the intratumoral blood flow, but persistent

vascularity in viable HCC might not seriously affect time

to peak. Despite differences in cross-sectional images

between US and CT, Table 2 shows approximate values

between avascular rates on CT and mean transit time rates

on US. Mean transit time rate might estimate treatment

response of HCC to TACE. Of course, further prospective

studies with a larger number of patients must be performed

before definitive conclusions can be drawn. If our

hypothesis is confirmed, mean transit time rate could be

useful for providing an early quantitative assessment of

treatment response to TACE.

After TACE, peak intensity and parameter A did not

always change as predicted. One reason could be that the

intratumoral intensity was strongly influenced by thick

vessels in which blood flowed abundantly in the tumor. A

second reason could be that the intensity fluctuated with the

depth of the ROI. Fundamentally, we tried to keep the same

image on CE-US before and after TACE. However, slight

differences in cross-sectional images can be assumed to

cause major changes in intensity value on CE-US, although

we could not recognize these intensity differences on US.

CE-US is a useful tool for predicting the early efficacy

not only of TACE but also of molecularly targeted drugs

such as imatinib, sunitinib, sorafenib, and bevacizumab

[12–16]. Lassau et al. [16] reported that CE-US might be

useful for detecting and quantifying dynamic early changes

in tumor vascularity after initiation of bevacizumab therapy

in patients with HCC. These early parameter changes in

tumor perfusion may be predictive of tumor response,

progression-free survival, and overall survival, and could

become surrogate measures of the effectiveness of molec-

ularly targeted drugs in patients with HCC.

The principal premise of this method is that fitting of the

time–intensity curve is needed to demonstrate persistent

intratumoral vascularity after TACE. The data for the

gamma variate curve would not fit accurately in patients

showing complete response to TACE. There is a problem

that needs to be resolved, i.e., how much blood flow needs

to remain in order to assess the vascularity accurately. In

this trial, the observation time was approximate 30 s on

early vascular images because static US images were

obtained while the patient held his/her breath. However,

Lassau et al. [12–16] obtained the time–intensity curve for

a 3-min observation on US without breath-holding. It

remains controversial whether one static US image with a

Table 1 Parameters of time–intensity curves on contrast-enhanced

US before and after TACE for HCC

Case Parameter Before TACE After TACE

Case 1 Mean transit time (s) 4.98 7.75

Time to peak (s) 7.35 6.77

Peak intensity (dB) 11.01 12.09

A 1.21 1.46

Case 2 Mean transit time (s) 12.31 36.45

Time to peak (s) 16.61 23.19

Peak intensity (dB) 13.64 13.07

A 1.41 6.64

Case 3 Mean transit time (s) 15.44 23.53

Time to peak (s) 13.6 12.64

Peak intensity (dB) 18.78 11.68

A 3.79 13.49

HCC hepatocellular carcinoma, TACE transcatheter arterial chemo-

embolization, US ultrasound
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short observation or cross-sectional US images with a long

observation would be more useful. In our patients, the time

holding their breath varied, and we could not evaluate the

parameter AUC (area under the curve) under the same

condition in all our patients. Therefore, we did not inves-

tigate AUC in our trial.

In the present study, mean transit time was prolonged by

TACE in three patients. Mean transit time rate on CE-US

could be useful for quantitative assessment of early treat-

ment response of HCC to TACE.
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Fig. 2 An 85-year-old woman with hepatocellular carcinoma (HCC)

measuring 10 cm in diameter (case 3). a Early-phase dynamic CT

scan showed a huge HCC as an enhanced lesion in the right hepatic

lobe before transcatheter arterial chemoembolization (TACE). b After

TACE, an area of iodized oil accumulation was depicted in the tumor

on plain CT. c Contrast-enhanced US (CE-US) showed an enhanced

HCC nodule before TACE. Left top: the region of interest was set

over the whole tumor. Right top: B-mode US showed the same cross-

sectional image as CE-US. Bottom: notched curve indicates time–

intensity. Smooth solid curve was obtained by gamma variate curve

fitting. d Left top: non-vascular area was partially expanded in the

tumor by TACE. However, fully intratumoral vascularity was still

depicted. Bottom: The slope of the wash-in and washout of the gamma

variate curve became gentler. Mean transit time and time to peak were

prolonged after TACE in this case

Table 2 Comparison of treatment response rate on CT and mean

transit time rate on contrast-enhanced US after TACE

CT US

Avascular rate (%) Mean transit time rate (%)

Case 1 59.07 64.25

Case 2 31.71 33.77

Case 3 62.25 65.61

HCC hepatocellular carcinoma, TACE transcatheter arterial chemo-

embolization, US ultrasound
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                                    Characterization of Small Solid Tumors in the 
Pancreas: The Value of Contrast-Enhanced 
Harmonic Endoscopic Ultrasonography    
  Masayuki       Kitano  ,   MD, PhD   1        ,     Masatoshi       Kudo  ,   MD, PhD   1      ,     Kenji       Yamao  ,   MD, PhD   2      ,     Tadayuki       Takagi  ,   MD, PhD   2      , 
    Hiroki       Sakamoto  ,   MD, PhD   1      ,     Takamitsu       Komaki  ,   MD, PhD   1      ,     Ken       Kamata  ,   MD   1      ,     Hajime       Imai  ,   MD   1      ,     Yasutaka       Chiba  ,   PhD   3      , 
    Masahiro       Okada  ,   MD, PhD   4      ,     Takamichi       Murakami  ,   MD, PhD   4       and     Yoshifumi       Takeyama  ,   MD, PhD   5               

  OBJECTIVES:    Contrast-enhanced harmonic endoscopic ultrasonography (CH-EUS), a novel technology, visualizes 
parenchymal perfusion in the pancreas. This study prospectively evaluated how accurately CH-EUS 
characterizes pancreatic lesions and compared its diagnostic ability with that of contrast-enhanced 
multidetector-row computed tomography (MDCT) and endoscopic ultrasonography-guided fi ne needle 
aspiration (EUS-FNA). 

  METHODS:    A total of 277 consecutive patients with pancreatic solid lesions that were detected by conventional 
EUS underwent CH-EUS for evaluation of vascularity. After infusing an ultrasound contrast, CH-EUS 
was performed by using an echoendoscope and a specifi c mode for contrast harmonic imaging. 
On the basis of the intensity of enhancement, the lesions were categorized into four patterns: 
nonenhancement, hypoenhancement, isoenhancement, and hyperenhancement. For comparison, 
all patients underwent MDCT. The ability of CH-EUS to differentiate ductal carcinomas from the 
other solid tumors, particularly small lesions ( ≤ 2   cm in diameter) was assessed, and compared with 
the differentiating abilities of MDCT and EUS-FNA. 

  RESULTS:    In terms of reading the CH-EUS images, the  κ -coeffi cient of the interobserver agreement test was 
0.94 ( P     <    0.001). CH-EUS-depicted hypoenhancement diagnosed ductal carcinomas with a sensi-
tivity and specifi city of 95.1 %  (95 %  confi dence interval (CI) 92.7 – 96.7 % ) and 89.0 %  (95 %  CI 
83.0 – 93.1 % ), respectively. For diagnosing small carcinomas by CH-EUS, the sensitivity and 
specifi city were 91.2  %  (95 %  CI 82.5 – 95.1 % ) and 94.4 %  (95 %  CI 86.2 – 98.1 % ), respectively. 
CH-EUS-depicted hypervascular enhancement diagnosed neuroendocrine tumors with a sensitivity 
and specifi city of 78.9 %  (95 %  CI 61.4 – 89.7 % ) and 98.7 %  (95 %  CI 96.7 – 98.8 % ), respectively. 
Although CH-EUS and MDCT did not differ signifi cantly in diagnostic ability with regard to all 
lesions, CH-EUS was superior to MDCT in diagnosing small ( ≤ 2   cm) carcinomas ( P     <    0.05). In 12 
neoplasms that MDCT failed to detect, 7 ductal carcinomas and 2 neuroendocrine tumors had 
hypoenhancement and hyperenhancement on CH-EUS, respectively. When CH-EUS was combined 
with EUS-FNA, the sensitivity of EUS-FNA increased from 92.2 to 100 % . 

  CONCLUSIONS:    CH-EUS is useful for characterizing conventional EUS-detected solid pancreatic lesions. EUS 
equipped with contrast harmonic imaging may play an important role in the characterization of small 
tumors that other imaging methods fail to depict and may improve the diagnostic yield of EUS-FNA.   

  SUPPLEMENTARY MATERIAL  is linked to the online version of the paper at  http://www.nature.com/ajg   

   Am J Gastroenterol  advance online publication, 18 October 2011;  doi: 10.1038/ajg.2011.354         
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 INTRODUCTION 
 Endoscopic ultrasonography (EUS) is widely used to diagnose 
pancreatic diseases because its spatial resolution is superior to that 
of other modalities ( 1 – 8 ). Doppler EUS with and without contrast 
enhancement allows characterization of pancreatic tumors on the 
basis of their vascularity ( 9 – 14 ). Th e hypovascularity is a typical 
feature of ductal carcinoma on Doppler EUS. However, Doppler 
EUS is limited in dynamic perfusion imaging with contrast agents. 
Doppler mode cannot depict very slowly fl owing microscopic 
vessels and parenchymal perfusion ( 9,15,16 ). Moreover, Doppler 
used with ultrasound contrast agents is prone to artifacts such as 
blooming, which makes the visualized blood vessels wider than 
when conventional B mode imaging is performed ( 9,15,16 ). 

 Contrast-enhanced harmonic technology allows real-time per-
fusion imaging without Doppler-related artifacts ( 15,16 ), and has 
improved the depiction and characterization of digestive diseases 
by transabdominal ultrasonography (US) ( 17 – 20 ). In the fi rst 
report on contrast harmonic imaging by EUS, large vessels were 
identifi ed aft er infusion of the ultrasound contrast, and parenchy-
mal enhancement was observed in the liver of some patients ( 21 ). 
Recently, we found that contrast-enhanced harmonic imaging 
could be generated by using an echoendoscope with a wide-band 
transducer ( 22,23 ). Th is EUS system can detect harmonic signals 
emitted by the contrast agent, and can fi lter out signals that origi-
nate from the tissue. Consequently, contrast-enhanced harmonic 
EUS (CH-EUS) technology visualizes not only parenchymal per-
fusion but also the microvasculature in digestive organs ( 22 – 26 ). 
Th e aims of the present study were (i) to determine whether solid 
lesions in the pancreas that are depicted by conventional EUS can 
be characterized by CH-EUS, (ii) to compare the abilities of CH-
EUS and multidetector-row computed tomography (MDCT) in 
diagnosing pancreatic neoplasms, and (iii) to assess whether CH-
EUS can improve the diagnostic yield of EUS-guided fi ne needle 
aspiration (EUS-FNA).   

 METHODS  
 Patients 
 Between March 2007 and May 2009, 277 consecutive patients 
with solid lesions detected by conventional EUS underwent CH-
EUS at the Kinki University School of Medicine or the Aichi 
Cancer Center. For comparison, all enrolled patients also under-
went MDCT. None of these 277 patients have been included in 
previous publications ( 22 – 25 ). Patients who had previously 
undergone surgical resection of the stomach, had an allergy to 
the contrast agent, or had severe cardiopulmonary dysfunction 
were excluded from this study. Th is study was performed with the 
approval of the ethics committee of the Kinki University School 
of Medicine and the Aichi Cancer Center, and written informed 
consent was obtained from each patient before enrollment.   

 EUS and CH-EUS 
 Observation of the pancreas by conventional EUS and CH-EUS 
was performed by two endosonographers (M.K. and T.T.). Th e 
endosonographers used the same protocol and were unaware of 

the results of the US, CT (previous surveillance), MRCP, endo-
scopic retrograde cholangiopancreatography, or MDCT investiga-
tions. Both endosonographers were experienced in EUS, having 
performed     >    3,000 of this procedure. An echoendoscope deve loped 
for CH-EUS (GF-UCT260, Olympus Medical Systems, Tokyo, 
Japan) was used at each institute. Ultrasound images were analyzed 
using an ALOKA ProSound SSD  α -10 (ALOKA, Tokyo, Japan). 

 Th e patient was sedated with midazolam and propofol, aft er 
which the echoendoscope was inserted into the gastroduodenal 
lumen. Th e whole pancreas was fi rst observed by conventional 
EUS. When conventional EUS revealed a solid lesion (a hypo-
echoic nodule or heterogeneous region), images of the ideal scan-
ning plane were displayed to portray the whole area of the lesion. 
Th ereaft er, the imaging mode was changed to the extended pure 
harmonic detection (ExPHD) mode. Th is mode synthesizes the 
fi ltered second-harmonic components with signals obtained from 
the phase shift , which is used for contrast-enhanced harmonic 
imaging ( 22,23 ). Th e transmitting frequency and mechanical index 
were 4.7   MHz and 0.3, respectively. 

 Th e ultrasound contrast agent, Sonazoid (Daiichi-Sankyo, Tokyo, 
Japan; GE Healthcare Milwaukee, WI), was used for CH-EUS. Th is 
agent consists of microbubbles of perfl uorobutane surrounded by a 
lipid membrane. Immediately before CH-EUS, the contrast agent 
was reconstituted with 2   ml of sterile water for injection, and a dose 
of 15    μ l / kg body weight was prepared in a 2   ml syringe. A bolus injec-
tion of the ultrasound contrast agent was administered at a speed of 
1   ml / s through a 22-gauge cannula placed in the antecubital vein. 
Th is was followed by a 10-ml saline solution fl ush to ensure that all 
contrast was administered into the circulation. Aft er infusion, the 
pancreas was imaged in a real-time fashion at least for 90   s. 

 All CH-EUS data were stored in a recording system and 
reviewed by two readers (M.K. and K.Y.) who were absent during 
the examination and unaware of the US, CT (previous surveil-
lance), MRCP, or MDCT results. Th e CH-EUS images were 
evaluated in a blinded fashion. Th e interobserver variability of 
CH-EUS-determined vascular patterns was assessed by calcu-
lating the  κ -coeffi  cient aft er the two blinded readers had made 
their individual independent reading. Th ereaft er, the two readers 
reassessed the images of that yielded discrepant fi ndings together 
to reach an agreement.   

 EUS-guided fi ne needle aspiration 
 Aft er completing the observation of the pancreatic lesion, EUS-
FNA was carried out with a 22- or 25-gauge aspiration needle 
(Cook, Winston-Salem, NC). A cytopathologist was present in 
the endoscopy room for on-site sample evaluation. If the sample 
was inadequate, punctures were repeated until adequacy of the 
sample was ensured with a maximum of fi ve passes. Th ereaft er, 
samples were processed and evaluated in the pathology depart-
ment by using Papanicolaou staining for cytology and hematoxy-
lin – eosin and immunohistochemical staining for histology.   

 Contrast-enhanced MDCT 
 All patients were also imaged by contrast-enhanced 64-row 
MDCT (LightSpeed VCT, General Electric Medical Systems, 
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Milwaukee, WI). Th e MDCT was started 30 and 70   s aft er 2   ml / kg 
of contrast media (Iopamilon, Bayer Yakuhin, Osaka, Japan) was 
injected into the antecubital vein. Th e images were evaluated in a 
blinded fashion by two radiologists (T.M. and M.O.) with 24 and 
16 years of experience in gastrointestinal imaging, respectively, 
who were completely unaware of the results of the other imaging 
modalities. Th e interobserver variability of MDCT-determined 
vascular patterns was assessed aft er the two blinded readers had 
made their individual independent reading ( κ     =    0.92). Th ereaft er, 
the two readers reassessed the images of that yielded discrepant 
fi ndings together to reach an agreement.   

 Diagnosis of pancreatic tumors 
 Final diagnoses were based on the histology of the resected 
tumors. For patients who did not undergo surgical resection, fi nal 
diagnoses were based on the histology or cytology of samples 
obtained by EUS-FNA. In cases where pancreatic malignancy was 
excluded on the basis of EUS-FNA, the fi nal diagnosis was con-
fi rmed by following the patient for at least 12 months.   

 Study design 
 Th is study was a prospective observational cohort study that had 
three aims. Th e fi rst was to determine whether CH-EUS can aid 
the diff erential diagnosis of pancreatic solid lesions detected by 
conventional EUS. Th e second aim was to compare the abilities of 
CH-EUS and MDCT in diagnosing pancreatic carcinomas. Th e 
third aim was to assess whether CH-EUS improved the diagnostic 
yield obtained by EUS-FNA. 

 Th e solid lesions were classifi ed into four categories: non-
enhancement, hypoenhancement, isoenhancement, and hyper-
enhancement lesions according to the classifi cation of our previous 
report on contrast-enhanced harmonic imaging by transabdomi-
nal US, which was based on the intensity of enhancement relative 
to the surrounding tissue ( 17 ). Ductal carcinomas were defi ned as 
lesions with hypoenhancement, and the sensitivity and specifi city 
of CH-EUS in diagnosing ductal carcinomas in all the lesions, and 
in the small ( ≤ 2   cm in diameter) lesions only, were assessed. Th ese 
CH-EUS sensitivities and specifi cities were then compared with 
those of MDCT. Similarly, neuroendocrine tumors were defi ned 
as lesions with hyperenhancement, and the sensitivity and specifi -
city with which CH-EUS diagnosed the neuroendocrine tumors in 
all the lesions, and in the small ( ≤ 2   cm in diameter) lesions only, 
were calculated. Th ese CH-EUS sensitivities and specifi cities were 
compared with those of MDCT. In addition, when the ductal car-
cinomas were categorized as a solid lesion on the basis of a positive 
EUS-FNA and / or hypoenhancement on CH-EUS, the sensitivity 
and specifi city with which the combination of EUS-FNA and CH-
EUS diagnosed the ductal carcinomas in surgically resected lesions 
were calculated. Th e sensitivity and specifi city values in diagnosing 
ductal carcinomas were compared between EUS-FNA, CH-EUS, 
and EUS-FNA in combination with CH-EUS.   

 Statistical analysis 
 All analyses were performed using the statistical soft ware SAS 
9.1.3 (SAS Institute, Cary, NC). A  κ -coeffi  cient with     >    0.8 relat-

ing to the CH-EUS-determined vascular patterns was considered 
to indicate very good interobserver agreement. Receiver operat-
ing characteristic analyses were performed for CH-EUS, MDCT, 
EUS-FNA, and the combination of EUS-FNA and CH-EUS to 
examine the diagnostic accuracy as a series of pairs of sensitivity 
and specifi city. Th e McNemar test was applied to evaluate the dif-
ference between CH-EUS and MDCT in terms of diff erentiating 
ductal carcinomas from other solid tumors on the basis of vascu-
larity and diff erentiating neuroendocrine tumors from other solid 
tumors. Th e McNemar test was also used to evaluate the diff er-
ences between CH-EUS alone, EUS-FNA alone, and EUS-FNA 
combined with CH-EUS in terms of diagnosing ductal carcino-
mas among solid lesions. When the  P  value was     <    0.05, the diff er-
ence was regarded as signifi cant.    

 RESULTS 
 None of the 277 patients who underwent CH-EUS exhibited any 
apparent side eff ects that related to the ultrasound contrast agent. 
Th e ExPHD mode for contrast harmonic imaging could not 
depict the pancreas very clearly before infusion of the ultrasound 
contrast ( Figure 1a ). Aft er the contrast agent infusion was com-
menced, echo signals from the ultrasound contrast peaked  ~ 20   s 
later and parenchymal perfusion images throughout the pancreas 
could be observed for at least 90   s ( Figure 1b ). In contrast, the 
conventional EUS images did not change aft er infusing the con-
trast ( Figure 1a,b ). 

  Table 1  shows the fi nal diagnoses of the 277 lesions. Th e patho-
logical diagnoses of the 277 lesions revealed there were 204, 19, 
46, 6, and 2 cases of ductal carcinoma, neuroendocrine tumor, 
infl ammatory pseudotumor, metastasis, and solid pseudopapillary 
neoplasm, respectively. EUS-FNA was performed in all but one 
of the 277 patients: the one exception took anticoagulation drugs 
to prevent the recurrence of acute myocardial infarction that had 
occurred 1 month previously. For 92 patients, the fi nal diagnoses 
were made on the basis of surgical resection followed by histology. 
Diagnoses of the remaining 185 lesions were based on the histol-
ogy or cytology of samples taken by EUS-FNA and follow-up. In 
particular, malignancy was excluded in 43 of these 185 patients 
aft er pathological diagnosis of EUS-FNA samples and a follow-up 
period for     >    12 months. 

 Based on the intensity of enhancement in the lesions, as shown 
by CH-EUS, the 277 solid lesions were classifi ed into the following 
four categories ( Table 2 ): nonenhancement ( n     =    7), hypoenhance-
ment ( n     =    203), isoenhancement ( n     =    47), and hyperenhancement 
( n     =    20). Nonenhancement lesions are characterized by a lack of 
enhancement ( Figure 1 ). Hypoenhancement lesions are char-
acterized by a heterogeneous distribution and a lower intensity 
of enhancement relative to the surrounding pancreatic tissue 
( Figure 2 ). Isoenhancement lesions are characterized by a homo-
geneous distribution and a similar intensity of enhancement rela-
tive to the surrounding pancreatic tissue without any margins 
( Figure 3 ). Hyperenhancement lesions are characterized by a 
higher intensity of enhancement relative to the surrounding 
pancreatic tissue ( Figure 4 ). Interobserver agreement testing 
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revealed that the  κ -coeffi  cient for the four vascular patterns was 
0.94 ( P     <    0.001). Of the 204 ductal carcinomas, 194 had a hypo-
enhancement pattern ( Table 2  and  Figure 2;  see  Supplementary 
Video S1  online), whereas 15 of the 19 neuroendocrine tumors 
had a hyperenhancement pattern ( Table 2  and  Figure 4;  see 

  Table 1 .    Patient characteristics 

   Age (mean ± s.d.)  64.3 ± 11.0 

   Sex, male / female  173 / 104 

   Maximum tumor diameter 
(mm, mean ± s.d.) 

 32.4 ± 14.9 

    Pathological diagnosis   n , Total ( n , surgically resected)  

      Ductal carcinoma  204 (67) 

      Neuroendocrine tumor  19 (19) 

      Infl ammatory pseudotumor  46 (3) 

      Metastasis  6 (1) 

      Solid pseudopapillary neoplasm  2 (2) 

 Supplementary Video S2  online) and 42 of the 46 infl ammatory 
pseudotumors had either a nonenhancement or isoenhancement 
pattern ( Table 2  and  Figures 1 and 3 ). 

 A hypoenhancement pattern, determined by CH-EUS, was 
calculated to diagnose ductal carcinomas with a sensitivity and 
specifi city of 95.1 %  and 89.0 % , respectively ( Table 3 ). Th e area 
under the receiver operating characteristic curve (AUC) was 0.91 
(see  Supplementary Figure S1  online). Although the AUC of CH-
EUS was greater than that of MDCT (0.88), the two imaging meth-
ods did not diff er signifi cantly in terms of the accuracy with which 
they diagnosed ductal carcinomas ( P     =    0.206). For small lesions 
( ≤ 2   cm in diameter), the sensitivity, specifi city, and AUC (see 
 Supplementary Figure S2  online) were 91.2 % , 94.4 % , and 0.93, 
respectively ( Table 3 ). When only small lesions ( ≤ 2   cm in diam-
eter) were considered, CH-EUS was superior to MDCT in diag-
nosing pancreatic carcinomas ( P     =    0.034). A CH-EUS-determined 
hyperenhancement pattern could diagnose neuroendocrine tumors 
with a sensitivity and specifi city of 78.9 %  and 98.0 % , respectively. 
Th e AUC of the receiver operating characteristic analysis was 0.94. 
Even for small lesions, a hyperenhancement pattern achieved a 
sensitivity, specifi city, and AUC of 83.0 % , 100 % , and 0.92, respec-

      Figure 1 .         A typical example of a solid lesion with nonenhancement (in this case, an infl ammatory pseudotumor). ( a ) Images before infusion of the ultra-
sound contrast. Conventional endoscopic ultrasonography (EUS; left) reveals a slightly hypoechoic area (arrow) at the pancreas head whereas the specifi c 
mode for contrast harmonic imaging (right) cannot depict either the pancreatic parenchyma or the area very clearly. ( b ) Images 30   s after infusion of the 
ultrasound contrast. Although the conventional EUS images (left) do not change over time, contrast-enhanced harmonic endoscopic ultrasonography 
(CH-EUS; right) shows parenchymal perfusion imaging in the pancreas, and indicates that this area (arrow) has nonenhancement and a clear margin 
relative to the surrounding tissue. CH-EUS also shows the pancreatic duct as an avascular structure (arrowheads).  
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their rims ( Figure 2 ). MDCT did not depict 12 neoplasms (10 duc-
tal carcinomas and 2 neuroendocrine tumors). All the 12 lesions 
were     <    2   cm. CH-EUS depicted 7 of the 10 carcinomas as lesions 
with hypoenhancement ( Figure 2 ). CH-EUS also demonstrated that 
the two neuroendocrine tumors had hyperenhancement ( Figure 4 ). 

tively. Th ese values did not diff er signifi cantly from those of MDCT 
( P     =    0.16 and  P     =    0.5 for all and small lesions, respectively). 

 Conventional EUS depicted six ductal carcinomas as hetero-
geneous regions without clear margin. Subsequent CH-EUS 
showed these six lesions to be hypovascular nodules, and detected 

     Table 2 .    CH-EUS-determined vascular patterns of each solid pancreatic disease 

      Vascular pattern ( n )  

      Nonenhancement    Hypoenhancement    Isoenhancement    Hyperenhancement    Total  

   Ductal carcinoma  0  194  7  3  204 

   Neuroendocrine tumor  0  1  3  15  19 

   Infl ammatory pseudotumor  6  4  36  0  46 

   Metastasis  0  3  1  2  6 

   SPN  1  1  0  0  2 

   Total  7  203  47  20  277 

     CH-EUS, contrast-enhanced harmonic endoscopic ultrasonography; SPN, solid pseudopapillary neoplasm.   

     Figure 2 .         A typical example of a solid lesion with hypoenhancement (in this case, a ductal carcinoma of 15   mm in maximum diameter; see  Supplementary 
Video S1  online). Conventional endoscopic ultrasonography (EUS; left) shows a heterogeneous area (arrow) without a clear margin at the pancreas head. 
Contrast-enhanced harmonic endoscopic ultrasonography (CH-EUS; right) indicates that the area is hypovascular (arrowheads) compared with the 
surrounding tissue.   

  Figure 3 .         A typical example of a solid lesion with isoenhancement (in this case, an infl ammatory pseudotumor). Conventional endoscopic ultrasonography 
(EUS; left) shows a hypoechoic area (arrowheads) at the pancreas head. Contrast-enhanced harmonic endoscopic ultrasonography (CH-EUS; right) 
indicates enhancement in this area similar to the surrounding tissue; a margin is not observed.  
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0.96, respectively ( Table 4 ). Combining CH-EUS with EUS-FNA 
increased the sensitivity of EUS-FNA from 92.2 to 100 % .   

 DISCUSSION 
 Ultrasound contrast agents composed of microbubbles produce 
stronger second harmonic signals as well as a greater phase shift  
than does the tissue by resonance ( 23 ). Th e ExPHD mode employed 
for CH-EUS selectively detects signals from microbubbles and fi l-
ters those from the tissue by combining the phase-shift  signals 
with the second harmonic signals ( 23 ). Although this process-
ing cannot depict pancreatic tissue very clearly before infusion of 
an ultrasound contrast, imaging of the signals of microbubbles 
located in the pancreatic vasculature can be achieved aft er infu-
sion. In contrast, remarkable changes are not observed in conven-
tional EUS images of the pancreas aft er contrast agent infusion 
because conventional EUS depicts signals from tissue rather than 

  Table 4  shows the sensitivities, specifi cities, and AUCs for CH-
EUS, EUS-FNA, and EUS-FNA combined with CH-EUS in terms 
of diagnosing ductal carcinomas in 91 patients who underwent 
surgical resection of the tumor. Th e sensitivity, specifi city, and 
AUC (see  Supplementary Figure S3  online) with which EUS-
FNA diagnosed ductal carcinomas were 92.2 % , 100 % , and 0.96, 
respectively ( Table 4 ). EUS-FNA and CH-EUS did not diff er sig-
nifi cantly in terms of the diagnostic accuracy ( P     =    0.58). However, 
the specifi city of EUS-FNA (100 % ) was higher than CH-EUS 
(92.6 % ) ( Table 4 ). In contrast, there were fi ve cases with false-neg-
ative EUS-FNA fi ndings, whereas CH-EUS revealed that those fi ve 
tumors had hypoenhancement. When the ductal carcinomas were 
regarded as a tumor with hypoenhancement on CH-EUS and / or 
a positive EUS-FNA, the sensitivity, specifi city, and AUC with 
which ductal carcinomas were diagnosed was 100 % , 92.6 % , and 

   Table 3 .    The sensitivity and specifi city of CH-EUS and 
MDCT in depicting ductal carcinomas as a solid lesion with 
hypoenhancement 

    
  Sensitivity 
(95 %  CI)  

  Specifi city 
(95 %  CI)    AUC (s.e.)  

    Total ( n =277)  

      CH-EUS  95.1 %  
(92.7  –  96.7) 

 89.0 %  
(83.0  –  93.1) 

 0.91 (0.02) 

      MDCT  91.7 %  
(88.9  –  93.7) 

 84.2 %  
(76.9  –  89.7) 

 0.88 (0.02) 

    Lesions that are  < 2   cm ( n =67)  

      CH-EUS  91.2 %  
(82.5  –  95.1) 

 94.4 %  
(86.2  –  98.1) 

 0.93 (0.03) 

      MDCT  70.6 %  
(60.3  –  76.1) 

 91.9 %  
(86.2  –  98.4) 

 0.81 (0.05) 

     AUC, area under receiver operating characteristic curve; CH-EUS, contrast-
enhanced harmonic endoscopic ultrasonography; 95 %  CI, 95 %  confi dence 
interval; MDCT, multidetector-row computed tomography.   

     Table 4 .    The sensitivity and specifi city of CH-EUS, EUS-FNA, 
and a combination of EUS-FNA and CH-EUS in diagnosing ductal 
carcinomas in patients who underwent surgical resection of the 
tumor ( n  =91) 

    
  Sensitivity 
(95 %  CI)  

  Specifi city 
(95 %  CI)    AUC (s.e.)  

   CH-EUS  90.6 %  
(85.5  –  97.8) 

 92.6 %  
(80.5  –  97.8) 

 0.92 (0.03) 

   EUS-FNA  92.2 %  
(88.2  –  92.2) 

 100 %  
(90.5  – 100) 

 0.96 (0.02) 

   EUS-FNA    +    CH-EUS  a    100 %  
(96.4  – 100) 

 92.6 %  
(84.1 –  92.6) 

 0.96 (0.03) 

     AUC, area under receiver operating characteristic curve; CH-EUS, contrast-
enhanced harmonic endoscopic ultrasonography; 95 %  CI, 95 %  confi dence 
interval; EUS-FNA, endoscopic ultrasonography-guided fi ne needle aspiration; 
MDCT, multidetector-row computed tomography.   
   a    A solid lesion with hypoenhancement on CH-EUS and / or a positive EUS-FNA 
fi nding is categorized as a ductal carcinoma.   

    Figure 4 .         A typical example of a solid lesion with hyperenhancement (in this case, a neuroendocrine tumor of 10   mm in maximum diameter; see 
 Supplementary Video S2  online). Conventional endoscopic ultrasonography (EUS; left) shows a hypoechoic mass (arrow) at the pancreas body. Contrast-
enhanced harmonic endoscopic ultrasonography (CH-EUS; right) indicates that enhancement in the mass is higher than in the surrounding tissue.  
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endocrine tumors displayed hypoenhancement and hyper-
enhancement, respectively. Th us, when EUS detects a small 
solid lesion not detected by MDCT, CH-EUS could be helpful in 
characterizing the lesion by depicting its vasculature. 

 EUS-FNA is also a useful tool for characterizing a solid mass 
detected by conventional EUS ( 27 ). If the EUS-FNA diagnosis is 
a malignant tumor, patients should be recommended to undergo 
surgery because EUS-FNA is highly specifi c for the identifi cation 
of pancreatic carcinomas. However, deciding between surgery and 
follow-up in patients whose EUS-FNA fi ndings are negative is 
sometimes diffi  cult, because false-negative EUS-FNA results can-
not be excluded. When Napoleon  et al.  ( 29 ) compared CH-EUS 
and EUS-FNA for the identifi cation of pancreatic carcinomas, the 
sensitivity of CH-EUS for carcinoma identifi cation was higher 
than that of EUS-FNA, and four of the fi ve carcinomas with false-
negative EUS-FNA fi ndings had hypoenhancement. In the present 
study, CH-EUS was not superior to EUS-FNA for identifi cation 
of pancreatic carcinomas. However, CH-EUS found that all ductal 
carcinomas with false-negative EUS-FNA fi ndings had hypoen-
hancement. When the ductal carcinomas were regarded as a tumor 
with a positive EUS-FNA and / or a hypoenhancement on CH-
EUS, combining CH-EUS with EUS-FNA improved the sensitivity 
with which EUS-FNA identifi ed ductal carcinomas from 92.2 to 
100 % . Th erefore, CH-EUS before EUS-FNA complements EUS-
FNA in identifying ductal carcinomas and helps making decisions 
about the next treatment approach. Th us, when CH-EUS reveals a 
hypovascular pattern in a pancreatic tumor, even if the EUS-FNA 
fi ndings are negative, surgical resection or pathological re-evalua-
tion by EUS-FNA of the tumor should be recommended. 

 Interestingly, CH-EUS is better than conventional EUS in clearly 
depicting the outline of six pancreatic carcinomas. Fusaroli  et al.  
( 28 ) also reported that CH-EUS allowed the detection of small 
lesions in seven patients who had uncertain standard EUS fi nd-
ings because of biliary stents or chronic pancreatitis. Th ese results 
suggest that contrast harmonic imaging might be useful for the 
identifi cation of some lesions that were not clearly defi ned by 
conventional EUS. In addition, it is likely that CH-EUS facilitates 
EUS-FNA of lesions by helping to identify the target for EUS-FNA. 
To prove the real utility of contrast harmonic enhancement for 
increasing the diagnostic yield of EUS-FNA, a study comparing 
the diagnostic accuracy of CH-EUS-guided FNA with that of con-
ventional EUS-guided FNA should be performed. 

 We conclude that CH-EUS is useful for characterizing solid 
lesions identifi ed in the pancreas by conventional EUS, particu-
larly small ones that other imaging methods cannot identify. CH-
EUS also complements EUS-FNA by improving its sensitivity.       
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from microbubbles. Th us, images of parenchymal perfusion in the 
pancreas can only be obtained when contrast agents are combined 
with the use of the ExPHD mode, a specifi c mode for contrast 
harmonic imaging. Th is novel imaging technology in the fi eld of 
EUS allows the characterization of a pancreatic solid lesion by 
estimating its vascularity, which is diffi  cult by conventional EUS. 
EUS mostly depicts ductal carcinomas, neuroendocrine tumors, 
and infl ammatory pseudotumors as solid hypoechoic masses, and 
it is sometimes diffi  cult to diff erentiate benign from malignant 
pancreatic masses ( 27 ). In the present study, CH-EUS enabled us 
to categorize pancreatic lesions that are depicted by conventional 
EUS into four vascular patterns: nonenhancement, hypoenhance-
ment, isoenhancement, and hyperenhancement lesions. Th e 
 κ -coeffi  cient for the four vascular patterns was 0.94, indicating 
good reproducibility. 

 Th e vast majority of the diagnosed pancreatic carcinomas were 
found to have a hypoenhancement pattern, namely a heterogene-
ous distribution and a lower intensity of enhancement relative to 
the surrounding pancreatic tissue. Recently, two diff erent groups 
reported that CH-EUS with the ultrasound contrast agent SonoVue 
(Bracco Imaging, Milan, Italy) could be used to diagnose pancreatic 
carcinomas with high sensitivity (89 %  and 96 %  positive identifi ca-
tion in 35 and 90 patients, respectively) ( 28,29 ). Th e present study 
used a diff erent ultrasound contrast agent (Sonazoid) to diagnose 
pancreatic carcinomas in a large number of patients with a simi-
lar high sensitivity (95 % ), and the specifi city (89 % ) was equal to or 
even higher than those of the previous two reports (88 %  and 64 % , 
respectively). CH-EUS with Sonazoid depicted neuroendocrine 
tumors as hypervascular lesions with a sensitivity of 79 % , which is 
again higher than those in the previous two reports (67 %  and 69 % , 
respectively). Our experiences with CH-EUS using Sonazoid and 
SonoVue indicate that the two ultrasound contrast agents diff er in 
terms of intensities and durations of signaling aft er infusion. CH-
EUS images obtained with SonoVue disappear within 60   s, which 
limits the duration of observation ( 22 ). In contrast, aft er infusion of 
Sonazoid, parenchymal perfusion can be observed throughout the 
pancreas for at least 90   s (the present study). Th us, the longer-lasting 
eff ect of Sonazoid improves the observation of the pancreas by CH-
EUS. Th e diff erences in the diagnostic accuracy for the pancreatic 
tumors by the two ultrasound contrast agents would appear to be 
related to diff erences in their signaling intensities and durations. 

 Most carcinomas exhibit a hypoenhancement pattern on MDCT, 
which is frequently employed for the detection and characteriza-
tion of pancreatic ductal carcinomas ( 30,31 ). In the present study, 
the AUCs of CH-EUS for diagnosis of ductal carcinomas were 
greater than those of MDCT. When all lesions were considered, 
CH-EUS and MDCT did not diff er signifi cantly in terms of the 
diagnostic accuracy for ductal carcinomas. However, when small 
lesions ( ≤ 2   cm in diameter) were considered, CH-EUS was signi-
fi cantly more accurate than MDCT in diagnosing carcinomas 
( P     =    0.034). Th is result may be related to the superior spatial reso-
lution that is obtained with EUS ( 1 – 8 ). Indeed, EUS detected, as 
solid lesions, 10 carcinomas and 2 neuroendocrine tumors that 
MDCT did not detect. Th e 12 lesions were     <    2   cm. Subsequent 
CH-EUS revealed that 7 of the 10 carcinomas and the 2 neuro-
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 Study Highlights 
  WHAT IS CURRENT KNOWLEDGE  

  3 Pancreatic carcinoma has a particularly poor prognosis, 
because it is diffi cult to diagnose at an early stage. 

  3 Endoscopic ultrasonography (EUS) is a highly sensitive 
method for detecting pancreatic lesions, especially small 
tumors. 

  3 Contrast-enhanced harmonic EUS (CH-EUS) technology 
visualizes not only the parenchymal perfusion, but also the 
microvasculature in the pancreas. 

  WHAT IS NEW HERE  

  3 CH-EUS effectively characterizes solid lesions that are 
detected in the pancreas by conventional EUS. 

  3 CH-EUS-determined hypoenhancement pattern diagnosed 
ductal carcinoma with high sensitivity and specifi city. 

  3 CH-EUS is superior to multidetector-row computed 
tomography (MDCT) in distinguishing small ductal 
carcinomas from other tumors, and plays an important 
role in the characterization of small tumors that MDCT 
cannot detect. 

  3 Combining CH-EUS with endoscopic ultrasonography-
guided fi ne needle aspiration (EUS-FNA) improves the 
sensitivity with which EUS-FNA identifi es ductal 
carcinomas.                 
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Background: Anti-angiogenic agents are now being clinically evaluated for the treatment of
pancreatic cancer and a detailed investigation of the angiogenic profile of pancreatic cancer
is needed. The aim of this study was to evaluate the plasma concentrations of angiogenesis-
related molecules in patients with pancreatic cancer, compared with those with other dis-
eases.
Methods: Plasma samples obtained from 45 patients with pancreatic cancer were analyzed
and compared with those from 9 patients with pancreatitis, 16 patients with benign hepatobili-
ary diseases and 58 patients with colorectal cancers. The plasma levels of angiogenesis-
related molecules including angiopoietin-2, follistatin, granulocyte-colony stimulating factor,
hepatocyte growth factor, interleukin-8, leptin, platelet-derived growth factor beta polypeptide,
platelet endothelial cell adhesion molecule-1 and vascular endothelial growth factor were
determined using an antibody suspension bead arrays system.
Results: The plasma levels of all the angiogenesis-related molecules were not increased in
patients with pancreatic cancer, compared with those with pancreatitis and benign hepatobili-
ary diseases, whereas the levels of those with colorectal cancer were markedly increased.
The plasma interleukin-8 concentration was significantly elevated in patients with distant
metastases and was associated with a poor treatment outcome of chemotherapy in patients
with pancreatic cancer.
Conclusions: The plasma levels of angiogenesis-related molecules were not elevated in
patients with pancreatic cancer, compared with those with benign diseases or colorectal
cancer. The plasma interleukin-8 level may be a novel biomarker for the response to chemo-
therapy in patients with pancreatic cancer and warrants further prospective study.
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INTRODUCTION

Pancreatic cancer (PC) is a highly metastatic and biological-

ly aggressive malignancy that is the fourth leading cause of

death from cancer, with an overall 5-year survival rate of 6%

and a median survival period of ,6 months (1). The only

potential cure is surgery. However, since the diagnosis of PC

is often established at an advanced stage, ,20% of patients

diagnosed with this disease are suitable candidates for surgi-

cal resection.

Tumor angiogenesis, the process of new blood vessel for-

mation, is considered to be an important mechanism for

solid tumors to proliferate and metastasize beyond the limits

of passive diffusion (�2–3 mm3) in the setting of tumor

growth (2). The balance between pro- and anti-angiogenic

factors is shifted to enable the sustained production of

pro-angiogenic factors, leading to the production of new

blood vessels that support the tumor. Angiogenesis is crucial

for the proliferation and metastasis of solid tumors, including

PC (3). To date, anti-angiogenic agents are widely used for

standard treatment in colorectal cancer (CC), renal cell car-

cinoma and hepatocellular carcinoma and are now consid-

ered to be well-validated targets for cancer treatment (4).

Especially, vascular endothelial growth factor (VEGF)-tar-

geted therapy has become important for the systemic

treatment of several solid tumors. Therefore, anti-angiogenic

agents are currently under extensive investigation as novel

approaches to the management of PC. Although a monoclo-

nal antibody to VEGF and axitinib, a small-molecule

tyrosine-kinase inhibitor, have yielded promising response

rates in some phase II studies, they have not been shown to

prolong survival when added to chemotherapy in any rando-

mized phase III trials for patients with PC (5–8).

Angiogenesis-targeted therapy is now under clinical evalu-

ation in patients with PC; therefore, a detailed investigation

of the angiogenic profile of PC is needed.

The imaging findings of PC are commonly believed to

reveal hypo-vascular tumors; however, several studies have

shown an association between elevated VEGF expression and

the intra-tumoral microvessel density (9,10), an increased

size and the enhanced local spreading of the tumor (9), the

presence of liver metastases and a poor prognosis in patients

with PC (11–13). Meanwhile, plasma or serum angiogenesis-

related molecules, including both pro- and anti-angiogenic

factors, are expected to be biomarkers of tumor-related angio-

genesis. Some studies have shown that a high level of circu-

lating VEGF can be used as a prognostic factor in patients

with PC (14,15). To date, however, no data on angiogenesis-

related molecules in patients with PC compared with those in

patients with other cancers or benign pancreatic disease or

the simultaneous measurement of multiplex factors have been

reported. Thus, the angiogenic profile remains unclear in

patients with PC, and such data may be useful for introducing

anti-angiogenic therapy for the treatment of PC. We previous-

ly showed that the antibody suspension bead arrays system

was a powerful tool for screening biomarkers in a clinical

setting (16) In this study, we measured the plasma levels of

angiogenesis-related factors in patients with PC and then

evaluated the correlations between these levels and the clinic-

al characteristics of patients with PC.

PATIENTS AND METHODS

PATIENTS

A total of 45 patients diagnosed as having PC at the Kinki

University Hospital, Osaka, Japan, between April 2007 and

March 2009 were enrolled. The patients’ characteristics are

shown in Table 1. The diagnosis of PC was confirmed by

histopathological examination of a resected tumor, biopsy or

cytology specimen. The staging of the PC was determined

according to the TNM classification. The clinical features of

the patients, including age, sex, tumor location and size,

TNM staging, presence of distant metastasis, performance

status (PS), CRP, carcinoembryonic antigen (CEA), carbohy-

drate antigen 19-9 (CA19-9) and treatment were recorded.

Among the 23 patients who received chemotherapy (10 with

gemcitabine alone, 5 with TS-1 alone and 8 with a combin-

ation of gemcitabine and TS-1), the response to chemother-

apy, the progression-free survival time and the overall

survival time were recorded. The tumor response was evalu-

ated at a month after the start of therapy and every 2 months

thereafter using computerized tomography according to the

Table 1. Patient characteristics

PC CC
(n ¼ 58)

P
(n ¼ 9)

HD
(n ¼ 16)

All
(n ¼ 45)

Chemotherapy
(n ¼ 23)

Age (years)

Median 69 68 58 65 67

Range 39–81 39–80 31–79 43–78 50–84

Gender

Male 16 6 37 9 11

Female 29 17 21 0 5

TNM stage

I, II 7 0 9 — —

III, IV 38 23 49 — —

Lymph node metastasis

Negative 23 9 11 — —

Positive 22 14 47 — —

Distant metastasis

Negative 31 14 54 — —

Positive 41 9 4 — —

PC, pancreatic cancer; CC, colorectal cancer; P, pancreatitis; HD,
hepatobiliary disease.
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response evaluation criteria in solid tumors; the response

was then classified as a complete response, a partial re-

sponse, stable disease or progressive disease. The patients

with PC (n ¼ 45), pancreatitis (P, n ¼ 9) or benign hepato-

biliary disease (HD, n ¼ 16) were treated at the Kinki

University Hospital and the 58 patients with CC were treated

at the National Cancer Center Hospital, Tokyo, Japan (16).

All nine patients in the pancreatitis group had chronic pan-

creatitis and the patients in the benign hepatobiliary disease

group consisted of 12 patients with stones in the bile duct or

gallbladder and 4 patients with acute cholangitis. Informed

consent was obtained from all the subjects, and the study

was approved by the institutional review board at Kinki

University Hospital and National Cancer Center Hospital.

BLOOD SAMPLE COLLECTION AND PREPARATION

OF PLASMA SAMPLE

Blood samples were collected before the initial treatments.

Four milliliters of peripheral venous blood was drawn into a

tube containing ethylenediaminetetraacetic acid (EDTA) and

immediately prepared by centrifugation at �1200 g for

10 min. Plasma samples were removed and stored at 2808C
until use.

MEASUREMENT OF ANGIOGENESIS-RELATED FACTORS IN PLASMA

The plasma concentrations of angiogenesis-related factors

were measured using an antibody suspension bead array,

Bio-Plex ProTM Assays and Human Angiogenesis 9-Plex

Panel (Bio-Rad Laboratories, Hercules, CA). The molecules

used in this panel were as follows: angiopoietin-2, follistatin,

granulocyte-colony stimulating factor (G-CSF), hepatocyte

growth factor (HGF), interleukin-8 (IL-8), leptin, platelet-

derived growth factor beta polypeptide (PDGF-BB), platelet

endothelial cell adhesion molecule-1 (PECAM-1) and

VEGF. Data were obtained using a Bio-Plex suspension

array systemw (Bio-Rad Laboratories, Hercules, CA). The

assay was performed according to the manufacturer’s

instructions and a previously described method (16,17).

Plasma samples were diluted 1 in 4 with the appropriate

diluents prior to assay. The samples were tested in duplicate

and the averages were used for analysis.

STATISTICAL ANALYSIS

The plasma levels of each angiogenesis-related molecule

were summarized as the mean and standard deviation and

then compared between the group of patients with PC and

the group with CC, pancreatitis or benign hepatobiliary

disease using the Mann–Whitney test. In a group of patients

with PC, the plasma levels were compared across subgroups

of patients on the basis of age (�60 years vs. .60 years),

sex, tumor location (head vs. body or tail), tumor size

(�20 mm vs. .20 mm), TNM stage (I, II vs. III, IV),

lymph node metastasis status and distant metastasis status

using the Mann–Whitney test. The analyses for survival

time [progression-free survival (PFS) and overall survival

(OS)] were performed in the group of patients who received

chemotherapy. In terms of the analysis for survival time,

clinical factors including age (�60 years vs. .60 years),

sex, tumor size (�20 mm vs. .20 mm), TNM stage (I, II

vs. III, IV), lymph node metastasis status, distant metastasis

status, PS, CRP, CEA, CA19-9 and the plasma levels of

each angiogenesis-related factor were examined using the

Cox proportional hazards model. The survival distributions

for PFS and OS were estimated using the Kaplan–Meier

method. The differences between two groups were compared

using the log-rank test. A P value ,0.05 was considered

statistically significant. Data analyses were performed using

IBMw SPSSw Statistics 19 software (IBM Corporation,

Somers, NY).

RESULTS

PATIENT CHARACTERISTICS

A total of 45 patients with PC, 9 patients with pancreatitis,

16 patients with benign hepatobiliary diseases and 58

patients with TNM stage-matched CCs were enrolled in this

study (Table 1). The patients with PC ranged in age from 39

to 81 years, with a median of 69 years and the male:female

ratio was 16:29. The TNM stages of the patients with PC

were as follows: stage I, 5; stage II, 2; stage III, 22 and stage

IV, 16. Among the patients with PC, 10 patients received

surgery, 4 received best supportive care and 31 received

chemotherapy. The clinical data for 8 patients who received

chemotherapy was missing, so 23 patients receiving chemo-

therapy were analyzed.

PLASMA CONCENTRATIONS OF ANGIOGENESIS-RELATED MOLECULES

AMONG PATIENTS WITH PC COMPARED WITH THOSE WITH CC,

PANCREATITIS OR BENIGN HEPATOBILIARY DISEASE

The plasma concentrations of angiogenesis-related molecules

are shown in Fig. 1. The plasma concentrations of all the

molecules could be determined in all the samples except for

two samples in which the leptin concentrations were below

the detectable limit. The levels of G-CSF, HGF, IL-8, leptin,

PECAM-1 and VEGF in the patients with PC were signifi-

cantly lower than those in the patients with colon cancer.

The plasma concentration of follistatin in patients with PC

was significantly higher than that in patients with colon

cancer. Compared with the patients with benign diseases, the

concentrations of follistatin, HGF and VEGF in the patients

with PC were significantly lower than those in the patients

with either pancreatitis or benign hepatobiliary disease,

while the leptin level was lower than that in patients with

benign hepatobiliary disease. These results clearly indicated

that the concentrations of most angiogenesis-related mole-

cules were not elevated in patients with PC but were

elevated in patients with CC.
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CORRELATION BETWEEN ANGIOGENESIS-RELATED MOLECULES AND

THE CLINICAL FEATURES OF ALL THE PC PATIENTS

Next, we evaluated the correlation between the plasma con-

centrations of angiogenesis-related molecules and clinical

features including age, sex, tumor location, tumor size, TNM

stage, lymph node metastasis and distant metastasis in all the

patients with PC (Table 2). Although the reason remains

unknown, the plasma concentrations of HGF and PECAM

were significantly elevated in the older age group. Regarding

distant metastasis, the plasma IL-8 level was significantly

higher in the metastasis-positive group than in the

metastasis-negative group (P ¼ 0.024, Fig. 2, Table 2). The

HGF and angiopoietin-2 levels tended to be higher in the

metastasis-positive group, but the differences were not sig-

nificant (P ¼ 0.073 and P ¼ 0.073).

UNIVARIATE ANALYSIS OF CLINICAL BIOMARKERS

FOR PFS AND OS

To find biomarkers for the response to chemotherapy among

patients with PC, clinical molecular factors were evaluated

according to treatment outcome among chemotherapy-treated

patients with PC (Table 3). The CRP, CEA and CA19-9

levels were significantly associated with PFS (P ¼ 0.026,

0.015 and 0.017, respectively), and the CEA and CA19-9

Figure 1. Plasma concentrations of angiogenesis-related molecules in patients with pancreatic cancer, colon cancer, pancreatitis or hepatobiliary disease. The

differences in the follistatin, hepatocyte growth factor (HGF), leptin and vascular endothelial growth factor (VEGF) levels between the pancreatic cancer

group and the other groups were statistically significant (*P, 0.05). The top and bottom quartiles and the median values are depicted as box plots.

108 Angiogenic factors in pancreas cancer

 at K
inki U

niversity on February 6, 2012
http://jjco.oxfordjournals.org/

D
ow

nloaded from
 

— 176 —



T
a
b
le

2
.
C
o
rr
el
at
io
n
b
et
w
ee
n
p
la
sm

a
an
g
io
g
en
ic

m
o
le
cu
le
s
an
d
p
at
ie
n
t
ch
ar
ac
te
ri
st
ic
s
in

p
an
cr
ea
ti
c
ca
n
ce
r

n
A
n
g
io
p
o
ie
ti
n
-2

F
o
ll
is
ta
ti
n

G
-C
S
F

H
G
F

IL
-8

L
ep
ti
n

P
D
G
F
-B
B

P
E
C
A
M

V
E
G
F

A
g
e
(y
ea
rs
)

�
6
0

1
0

8
0
5
.9
+

4
4
7
.5

1
0
5
9
.5
+

3
1
7
.9

2
2
3
.7
+

1
5
6
.9

6
0
4
.7
+

3
1
6
.2

2
6
.6
+

1
1
.2
*

1
1
2
1
.9
+

9
6
4
.4

3
7
3
.2
+

3
5
0
.4

3
3
3
6
.9
+

1
7
0
9
.6

4
4
.3
+

3
5
.0
*

.
6
0

3
5

1
1
0
7
.1
+

8
5
8
.9

1
2
1
6
.0
+

5
3
0
.2

2
9
4
.4
+

3
0
1
.7

9
5
6
.9
+

5
1
8
.9

4
5
.2
+

3
4
.3

2
0
0
4
.0
+

1
5
9
9
.3

6
2
3
.8
+

6
7
0
.7

4
6
5
7
.8
+

1
7
3
3
.7

6
1
.9
+

4
8
.6

G
en
d
er

M
al
e

1
6

1
2
1
8
.7
+

1
0
4
1
.2

1
2
8
5
.2
+

5
6
9
.0

3
3
8
.2
+

4
1
1
.9

1
0
1
0
.2
+

5
7
3
.2

4
5
.3
+

3
0
.1

1
6
7
9
.6
+

2
0
2
1
.3

5
4
1
.8
+

5
2
9
.2

4
8
1
7
.5
+

2
0
9
5
.5

6
4
.9
+

5
7
.5

F
em

al
e

2
9

9
4
1
.7
+

6
1
3
.3

1
1
2
3
.8
+

4
4
4
.5

2
4
5
.8
+

1
6
3
.8

8
0
6
.1
+

4
4
9
.7

3
8
.7
+

3
2
.2

1
8
7
8
.8
+

1
1
9
0
.7

5
8
2
.7
+

6
7
2
.7

4
1
1
4
.1
+

1
5
9
3
.6

5
4
.1
+

3
9
.2

T
u
m
o
r
lo
ca
ti
o
n

H
ea
d

2
5

8
8
3
.3
+

5
4
1
.7

1
1
9
5
.6
+

4
8
7
.7

2
4
4
.9
+

1
8
2
.0

8
0
8
.0
+

3
9
2
.2

4
1
.9
+

3
4
.8

1
6
3
5
.9
+

1
1
5
9
.1

5
5
1
.6
+

7
0
7
.2

4
1
6
6
.9
+

1
7
1
8
.1

5
4
.0
+

4
3
.5

B
o
d
y
ta
il

2
0

1
2
3
6
.3
+

1
0
0
4
.2

1
1
6
3
.2
+

5
0
9
.8

3
2
1
.0
+

3
6
4
.5

9
6
6
.8
+

6
0
9
.1

4
0
.1
+

2
7
.8

2
0
2
3
.1
+

1
8
8
4
.0

5
8
8
.7
3
+

5
0
6
.2

4
6
1
0
.9
+

1
9
0
6
.2

6
2
.9
+

5
0
.0

T
u
m
o
r
si
ze

�
2
0
m
m

8
8
4
0
.2
+

4
3
4
.8

1
0
7
5
.4
+

3
8
8
.5

2
4
1
.5
+

1
5
9
.8

6
3
7
.7
+

3
8
4
.9

2
6
.2
+

1
2
.7

1
5
4
2
.5
+

1
0
3
9
.5

5
7
2
.1
+

4
8
6
.3

4
3
1
4
.0
+

2
2
3
0
.0

5
0
.1
+

3
7
.9

.
2
0
m
m

3
7

1
0
8
3
.5
+

8
4
7
.8

1
2
0
4
.1
+

5
1
3
.5

2
8
6
.8
+

2
9
7
.8

9
3
0
.7
+

5
1
1
.5

4
4
.3
+

3
3
.5

1
8
6
5
,4
+

1
6
0
8
.5

5
6
7
.3
+

6
5
0
.5

4
3
7
5
.1
+

1
7
0
0
.1

5
9
.7
+

4
8
.1

T
N
M

st
ag
e

I,
II

7
1
0
0
6
.9
+

6
1
1
.0

1
1
8
3
.4
+

3
2
0
.5

3
1
8
.1
+

2
6
0
.2

6
6
0
.2
+

2
9
7
.1

3
2
.1
+

1
8
.6

2
0
8
8
.6
+

1
6
2
5
.6

5
4
1
.1
+

4
8
3
.8

4
6
1
3
.7
+

2
4
5
2
.5

6
0
.9
+

4
4
.5

II
I,
IV

3
8

1
0
4
6
.3
+

8
2
7
.6

1
1
8
0
.8
+

5
2
0
.9

2
7
1
.5
+

2
8
3
.1

9
1
8
.9
+

5
2
2
.3

4
2
.7
+

3
3
.3

1
7
5
6
.3
+

1
5
1
4
.6

5
7
3
.1
+

6
4
6
.8

4
3
1
8
.3
+

1
6
8
8
.3

5
7
.4
+

4
7
.0

L
y
m
p
h
n
o
d
e
m
et
as
ta
si
s

A
b
se
n
ce

2
3

1
0
1
7
.6
+

7
8
7
.8

1
3
1
2
.3
+

5
7
4
.9

3
0
9
.1
+

3
5
2
.0

8
2
2
.8
+

4
6
6
.2

3
9
.9
+

3
6
.2

1
9
1
0
.1
+

1
8
6
6
.0

6
5
4
.6
+

7
7
0
.5

4
5
2
3
.6
+

2
1
1
5
.9

6
2
.7
+

5
5
.0

P
re
se
n
ce

2
2

1
0
6
3
.8
+

8
1
3
.9

1
0
4
4
.2
+

3
5
0
.4

2
4
7
.0
+

1
7
1
.0

9
3
7
.0
+

5
3
8
.6

4
2
.3
+

2
6
.6

1
7
0
1
.2
+

1
0
7
5
.7

4
7
7
.7
+

4
0
6
.8

4
1
9
7
.7
+

1
4
2
0
.6

5
2
.9
+

3
5
.2

D
is
ta
n
t
m
et
as
ta
si
s

A
b
se
n
ce

3
1

9
4
2
.1
+

7
6
1
.8

1
2
1
8
.9
+

5
3
9
.7

2
8
8
.7
+

3
2
6
.1

7
8
9
.5
+

4
2
6
.4

3
7
.7
+

3
3
.9

1
9
4
3
.6
+

1
7
1
4
.2
*

5
8
5
.0
+

7
0
8
.7

4
3
1
3
.4
+

2
0
2
2
.2

5
8
.1
+

5
2
.3

P
re
se
n
ce

1
4

1
2
5
7
.4
+

8
4
2
.1

1
0
9
7
.7
+

3
6
9
.8

2
5
6
.7
+

1
1
9
.3

1
0
7
5
.9
+

6
0
6
.0

4
8
.7
+

2
4
.8

1
5
0
7
.6
+

9
3
6
.7

5
3
0
.8
+

3
7
1
.1

4
4
7
6
.7
+

1
2
1
3
.1

5
7
.6
+

3
0
.2

*
P
,

0
.0
5
u
si
n
g
th
e
M
an
n
–
W
h
it
n
ey

T
es
t
co
m
p
ar
ed

w
it
h
th
e
o
th
er

g
ro
u
p
.
D
at
a
in
d
ic
at
es

th
e
m
ea
n
an
d
st
an
d
ar
d
d
ev
ia
ti
o
n
(p
g
/m

l)
.

Jpn J Clin Oncol 2012;42(2) 109
 at K

inki U
niversity on February 6, 2012

http://jjco.oxfordjournals.org/
D

ow
nloaded from

 

— 177 —



levels were significantly associated with OS (P ¼ 0.003 and

0.012, respectively). The TNM stages tended to be a poor

prognostic factor, but the relation was not significant (P ¼
0.065 and P ¼ 0.177), presumably because of the small

number of samples. Of note, the plasma IL-8 level was sig-

nificantly associated with the PFS and OS (P ¼ 0.039 and P

¼ 0.01).

Figure 3 shows the Kaplan–Meier estimates for PFS and

OS with regard to the concentrations of plasma IL-8.

Although the determination of an optimal cutoff value was

beyond the scope of this study, all the patients were divided

into two groups according to the median value (29.0 pg/ml).

The median PFS of the high IL-8 group was 240 days (95%

CI: not reached 2504.3) and that of the low IL-8 group was

331 days (95% CI: 176.5–485.5), showing a significantly

shorter PFS for the patients in the high IL-8 group (P ¼
0.025, log-rank test). The median OS of the high IL-8 group

was 481 days (95% CI: not reached 2971.9) and that of the

low IL-8 group was 542 days (95% CI: 482.6–601.4),

showing a tendency toward a shorter OS for the high IL-8

Figure 2. The plasma interleukin-8 (IL-8) was significantly higher among

patients with metastasis than those without metastasis in patients with pan-

creatic cancer. The median IL-8 levels in patients with metastasis and

without metastasis were 41.6 pg/ml (range, 21.2–106.5 pg/ml) and 26.8 pg/

ml (range, 7.9–171.6 pg/ml), respectively. The top and bottom quartiles and

the median values are depicted as box-plots.

Table 3. Univariate analysis of clinical features and plasma angiogenesis-related factor levels for progression-free survival and overall survival

Progression-free survival Overall survival

HR 95% CI P value HR 95%CI P value

Clinical features

Age (years) (�60 vs. .60) 1.641 (0.542–4.970) 0.381 2.032 (0.585–7.066) 0.265

Gender (male vs. female) 1.008 (0.388–2.621) 0.986 0.985 (0.357–2.723) 0.977

Tumor location (head vs. body tail) 0.637 (0.266–1.528) 0.313 0.698 (0.286–1.706) 0.431

Tumor size (mm) (�20 vs. .20) 0.770 (0.222–2.668) 0.680 0.766 (0.212–2.768) 0.684

TNM stage (III vs. IV) 2.483 (0.945–6.520) 0.065 2.141 (0.845–5.427) 0.109

LN metastases (absence vs. presence) 1.098 (0.451–2.675) 0.836 1.380 (0.559–3.407) 0.485

Distant metastases (absence vs. presence) 2.425 (0.946–6.217) 0.065 1.878 (0.752–4.691) 0.177

PS (0 vs. 1) 1.805 (0.645–5.052) 0.261 1.350 (0.448–4.075) 0.594

CRP (,0.3 vs. �0.3) 3.434 (1.160–10.171) 0.026 2.315 (0.810–6.619) 0.117

CEA 1.088 (1.016–1.165) 0.015 1.125 (1.040–1.218) 0.003

CA19-9 1.000 (1.000–1.000) 0.017 1.000 (1.000–1.000) 0.012

Angiogenesis-related factors

Angiopoietin-2 1.000 (1.000–1.000) 0.653 1.000 (1.000–1.001) 0.444

Follistatin 1.000 (1.000–1.001) 0.237 1.000 (1.000–1.001) 0.140

G-CSF 1.000 (0.999–1.001) 0.849 1.000 (0.999–1.001) 0.810

HGF 1.000 (1.000–1.001) 0.200 1.001 (1.000–1.002) 0.118

IL-8 1.012 (1.001–1.023) 0.039 1.016 (1.004–1.029) 0.010

Leptin 1.000 (0.999–1.000) 0.137 1.000 (1.000–1.000) 0.468

PDGF-BB 1.000 (0.999–1.001) 0.927 1.000 (1.000–1.001) 0.394

PECAM-1 1.000 (1.000–1.000) 0.542 1.000 (1.000–1.000) 0.443

VEGF 1.001 (0.994–1.008) 0.878 1.002 (0.994–1.010) 0.626

HR, hazard ratio; CI, confidence interval; LN, lymph node; meta, metastasis; PS, performance status.
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group, although the trend was not significant (P ¼ 0.108,

log-rank test) (Fig. 3B). These results indicate that a high

plasma IL-8 level is associated with a poor treatment

outcome among patients with PC who were treated with

chemotherapy.

DISCUSSION

We analyzed the plasma levels of multiple angiogenesis-

related molecules in patients with PC using the antibody sus-

pension bead arrays system. All the molecules were simultan-

eously measured using a 15-ml volume of sample plasma.

Since biopsies for PC are usually invasive, our approach is to

find plasma biomarkers that can be safely and repeatedly used.

Some studies have shown that the plasma concentrations of

HGF, IL-8 and VEGF are significantly higher among

PC patients than among healthy controls (18–20).

Unexpectedly, we found that the plasma levels of angiogen-

esis-related molecules were not increased in patients with PC

but were increased in patients with CC. Although we did not

have any data on healthy controls, we directly compared the

plasma levels of angiogenesis-related molecules in patients

with PC and those with benign diseases or CC; the results

suggested that the involvement of angiogenesis is smaller in

PC than it is in CC. In CCs, the VEGF monoclonal antibody

bevacizumab has been shown to provide a significant clinical

benefit when added to chemotherapy, and this agent is

already widely used for standard therapy. On the other hand,

no active anti-angiogenic agents have been established for the

treatment of PC. These clinical differences in anti-angiogenic

agents may be explained by the absence of increased

angiogenesis-related molecules in PC and the increased pres-

ence of these molecules in CC. However, the levels of VEGF

and HGF were clearly increased in a partial subpopulation of

patients with PC, but not in all patients (Fig. 1), suggesting

that patient selection using effective biomarkers for anti-

angiogenic therapy may be useful and necessary for the intro-

duction of anti-angiogenic therapy to the treatment of PC.

IL-8, a member of the CXC chemokine family, is one of

the major mediators of the inflammatory response (21). In

cancer cells, secretion of IL-8 from cancer cells can enhance

the proliferation and survival of cancer cells through autocrine

signaling pathways (22). In addition, tumor-derived IL-8 will

activate endothelial cells in the tumor vasculature to promote

angiogenesis and induce a chemotactic infiltration of neutro-

phil into the tumor site (22). We examined the protein expres-

sion levels of IL-8 against a pair of sample-available primary

and metastatic PC tumor tissues using immunohistochemistry.

Immunohistochemical studies showed that cytoplasmic IL-8

expression was observed in a part of primary and metastatic

tumor cells. IL-8 expressing cell numbers are likely to be

increased in metastatic tumor, although further analysis is ne-

cessary (Supplementary data, Fig. S1). In PC, IL-8 is linked

to tumor progression through its regulation of angiogenesis

and the expression level of IL-8 appears to be correlated with

the tumorigenic and metastatic potential (21,23). These onco-

genic properties of IL-8 are consistent with our result. Our

findings raised the possibility that IL-8 may be a useful bio-

marker for the response to chemotherapy in patients with PC,

although the sample size in the present study was relatively

small. To date, no predictive biomarker for the response to

chemotherapy in patients with PC exists; therefore, a pro-

spective study is needed. Meanwhile, plasma IL-8 levels in

CC patients without and with metastasis were 56.0+ 38.6

and 108.3+ 90.1 pg/ml, respectively, and the mean level

with metastasis was higher than that without metastasis.

However, the correlation did not achieve statistical signifi-

cance (P ¼ 0.297), because the sample size of patients with

metastasis was too small (four cases) to conclude.

In conclusion, we evaluated the plasma levels of

angiogenesis-related molecules using the antibody suspen-

sion bead arrays system and found that the levels of these

molecules basically were not increased in PC patients, com-

pared with patients with CC or benign diseases. Our results

raised the possibility that the IL-8 level may be a biomarker

for the response to chemotherapy in PC patients.

Supplementary data

Supplementary data are available at http://

www.jjco.oxfordjournals.org.

Figure 3. Kaplan–Meier curves for progression-free survival (A) and overall survival (B) according to the plasma IL-8 level in pancreatic cancer patients

who received chemotherapy. The median value was used as the cut-off value. High IL-8, pancreatic cancer patients whose plasma IL-8 level was .29.0 pg/

ml. Low IL-8, those whose plasma IL-8 level was ,29.0 pg/ml. The difference was evaluated using the log-rank test.

Jpn J Clin Oncol 2012;42(2) 111
 at K

inki U
niversity on February 6, 2012

http://jjco.oxfordjournals.org/
D

ow
nloaded from

 

— 179 —



Acknowledgements

We thank Tomoko Kitayama, Tomoyuki Nagai, Kanae Kudo

and Kazuyuki Furuta.

Funding

This work was supported by funds for the Comprehensive

3rd term of the 10-Year Strategy for Cancer Control, a

Grant-in-Aid for Scientific Research from the Ministry of

Education, Culture, Sports, Science and Technology of Japan

(19209018) and a funding from the Health and Labor

Scientific Research Grants (H20-9 and H22-9).

Conflict of interest statement

None declared.

References

1. Jemal A, Siegel R, Xu J, Ward E. Cancer Statistics, 2010. CA Cancer J
Clin 2010;60:277–300.

2. Folkman J. Addressing tumor blood vessels. Nat Biotechnol
1997;15:510–1.

3. Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other
disease. Nat Med 1995;1:27–31.

4. Ma WW, Adjei AA. Novel agents on the horizon for cancer therapy.
CA Cancer J Clin 2009;59:111–37.

5. Kindler HL, Friberg G, Singh DA, Locker G, Nattam S, Kozloff M,
et al. Phase II trial of bevacizumab plus gemcitabine in patients with
advanced pancreatic cancer. J Clin Oncol 2005;23:8033–40.

6. Kindler HL, Niedzwiecki D, Hollis D, Sutherland S, Schrag D,
Hurwitz H, et al. Gemcitabine plus bevacizumab compared with
gemcitabine plus placebo in patients with advanced pancreatic cancer:
phase III trial of the Cancer and Leukemia Group B (CALGB 80303).
J Clin Oncol 2010;28:3617–22.

7. Van Cutsem E, Vervenne WL, Bennouna J, Humblet Y, Gill S, Van
Laethem JL, et al. Phase III trial of bevacizumab in combination with
gemcitabine and erlotinib in patients with metastatic pancreatic cancer.
J Clin Oncol 2009;27:2231–7.

8. Spano J-P, Chodkiewicz C, Maurel J, Wong R, Wasan H, Barone C,
et al. Efficacy of gemcitabine plus axitinib compared with gemcitabine
alone in patients with advanced pancreatic cancer: an open-label
randomised phase II study. Lancet 2008;371:2101–8.

9. Itakura J, Ishiwata T, Friess H, Fujii H, Matsumoto Y, Büchler MW,
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Abstract
Although liver transplantation is a widely accepted treatment for hepatocellular carcinoma (HCC),
much controversy remains and there is no generally accepted set of guidelines. An international
consensus conference was held on Dec 2–4, 2010, in Zurich, Switzerland, with the aim of
reviewing current practice regarding liver transplantation in patients with HCC and to develop
internationally accepted statements and guidelines. The format of the conference was based on the
Danish model. 19 working groups of experts prepared evidence-based reviews according to the
Oxford classification, and drafted recommendations answering 19 specific questions. An
independent jury of nine members was appointed to review these submissions and make final
recommendations, after debates with the experts and audience at the conference. This report
presents the final 37 statements and recommendations, covering assessment of candidates for liver
transplantation, criteria for listing in cirrhotic and non-cirrhotic patients, role of tumour
downstaging, management of patients on the waiting list, role of living donation, and post-
transplant management.
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Introduction
Although liver transplantation was first done in human beings by Tom Starzl in 1963, the
procedure did not begin to gain wide acceptance until the mid-1980s, when effective
immunosuppression with ciclosporin became available. Currently, overall 1-year and 5-year
survival after liver transplantation exceeds 85% and 70%, respectively, in most centres.1,2

Hepatocellular carcinoma (HCC) is a major health problem worldwide, which continues to
increase because of the association of HCC with hepatitis B and C viruses. HCC was one of
the first indications for liver transplantation, because it was postulated that this approach
would eliminate the tumour and cure the underlying liver disease. However, it soon became
apparent that the success of liver transplantation depends on the tumour load; patients with
extensive disease had very poor outcomes, whereas most patients with small tumours could
be cured. This led to many controversies around the use of liver transplantation in patients
with HCC, such as the selection of patients in the context of worldwide organ shortage,
control of the tumour load while patients wait for a graft, use of living donors, and the
choice of immunosuppression or adjuvant therapies.

The goal of liver transplantation, regardless of the underlying disease, is providing liver
recipients with the maximum benefit possible from the limited resource of deceased and
living donor organs, in a fair, ethical, and cost-effective manner. Thus, indications for the
procedure and allocation of donor organs are closely scrutinised by all stakeholders in liver
transplantation. With the endorsement of most international societies concerned with liver
transplantation or HCC, we organised a conference that aimed to reach wide consensus
throughout the medical and non-medical population on various aspects of the use of liver
transplantation for patients with HCC, based on the best available evidence.

Methods
An international consensus conference on liver transplantation for HCC was held on Dec 2–
4, 2010, in Zurich, Switzerland, under the auspices of ten international societies focused on
liver diseases or transplantation, with the aim of establishing a consensus regarding
indications for liver transplantation in patients with HCC and to provide internationally
accepted statements and guidelines for the conduct of liver transplantation programmes. For
this purpose, we developed a novel format based on the Danish model (figure).3 The
organising committee identified key topics and appointed 19 working groups composed of
four to six experts from various areas of medicine, selected on the basis of their scientific
and clinical records, to prepare reviews of the evidence and draft recommendations.
Working groups were asked to follow the Oxford classification of levels of evidence.4 The
material prepared by the various panels is available as a supplement of Liver
Transplantation.5–24 Each working group did an English language literature search of
Pubmed, Embase, and Scopus databases, and the Cochrane central register of controlled
trials. Text, keywords, and medical subject heading terms were used for titles and abstracts.
Manual cross-referencing was also used to find further relevant articles. Search terms and
dates varied according to topic (webappendix). A jury of nine members, who were selected
from various clinical and academic areas and who were not actively involved in liver
transplantation, was appointed to review and comment on the submitted papers and to
finalise and grade the final recommendations.

Around 300 participants from five continents attended the meeting in Zurich. Each of the 19
working groups, assisted by members of the jury, prepared statements associated with a
level of evidence from their review of the literature. The chair of each working group gave a
15-min presentation covering specific questions, followed by questions from the jury and the
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audience. The prepared statements could be modified in real time according to the debates
during the conference. Then, a poll of the audience was obtained through an anonymous
electronic voting system to inform the jury of the strength of consensus.

The jury met independently after the conference to produce the final recommendations,
based on the expert reports, debates, and attendee voting. The jury concluded by voting to
assign a level of evidence for each recommendation, according to the Oxford classification,
with respect to diagnosis, prognosis, or therapy. They also determined the strength of each
recommendation according to the grading of recommendations assessment, development,
and evaluation system (GRADE).25 From the initial statements and recommendations
proposed by the panels of experts, 27 were dropped or merged with other statements or
recommendations, ten were left unchanged, and another 27 were reworded. Among the
definitive 37 statements and recommendations, the level of evidence proposed by the experts
was modified in three cases by the jury after discussion with the statistician (PMMB).

The present review was prepared by a writing committee, which included the president
(AP), vice president (BL), and statistician (PMMB) of the jury, along with three members of
the organising committee (ML, GJG, P-AC). The manuscript was circulated among the
working groups for confirmation of accuracy of the data with no possibility to alter the
recommendations. The final version was approved by each member of the jury. The
recommendations are presented in table 1.

Assessment of candidates with HCC for liver transplantation
The purpose of cancer staging is to accurately predict prognosis and to link tumour stage
with specific therapeutic interventions. The ideal staging system for HCC should take into
account tumour stage, liver function, and functional status of the patient. Several staging
systems have been developed over the past three decades, although none has gained
worldwide acceptance (table 2).26–34 The Barcelona Clinic Liver Cancer (BCLC) and
Cancer of the Liver Italian Program (CLIP) staging systems have been the most popular in
Europe and the USA, and the Japan Integrated Staging Score (JIS) in Japan. The BCLC is
the only system that links prognosis with treatment recommendations, and thereby was
selected in several major trials of HCC therapy. For example, the role of portal hypertension
in selecting patients for major liver resection versus liver transplantation has been validated
in Japan35 and the USA.36

Pathological features in the explanted liver that have prognostic value for staging HCC
include tumour size and number of nodules, satellite lesions, vascular invasion (macroscopic
or microscopic), and lymph-node metastases. However, staging systems to guide therapy
before liver transplantation are necessary and are mainly based on imaging information.
Preoperative and post-transplant liver staging systems can be used in assessing outcome.
This led to recommendations 1 and 2: (1) when considering treatment options for patients
with HCC, the BCLC staging system is the preferred staging system to assess the prognosis
of patients with HCC; (2) the TNM system (7th edn), including pathological examination of
the liver, should be used for determining the prognosis after transplantation with the addition
of the assessment of microvascular invasion.

Despite incremental technological advances in cross-sectional imaging techniques
(ultrasonography, CT, and MRI), standard imaging methods can underestimate or
overestimate the extent of HCC in up to 25% of cases, compared with pathological findings
of the explanted liver.18 Recent reports suggest that either dynamic CT or MRI, including
unenhanced, arterial, portal venous, and delayed phases, provide improved sensitivity and
specificity compared with standard techniques of the past. Currently, there is no data
showing the superiority of either MRI or CT. Conclusive imaging features rely on the
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presence of arterial enhancement followed by washout on portal venous or delayed
imaging.37 Such examinations should follow established protocols, which define the amount
and rate of contrast given, the precise individualised timing of image acquisition, and image
reconstruction with minimum slice thickness. Dynamic ultrasonography has improved the
accuracy of ultra sonography, but is less useful than CT or MRI because of the inability to
reliably acquire images of the entire liver during a particular contrast phase. Bone
scintigraphy has been used for evaluating bone metastases; however, the technique is poor in
terms of cost-effectiveness when used routinely. There is insufficient data to propose 18F-
fluorodeoxyglucose (FDG)-PET for staging HCC before liver transplantation. These finding
are summarised in recommendations 3 and 4: (3) either dynamic CT or dynamic MRI with
the presence of arterial enhancement followed by washout on portal venous or delayed
imaging is the best non-invasive test to make a diagnosis in cirrhotic patients suspected of
having HCC and for preoperative staging; (4) extrahepatic staging should include CT of the
chest, and CT or MRI of the abdomen and pelvis.

Because of improvements in the accuracy of non-invasive imaging, the need for liver biopsy
in the work-up of cirrhotic patients with HCC being considered for liver transplantation has
changed in recent years. The specificity of liver biopsy is close to 100%, but sensitivity
varies depending on location of the tumour, needle size (86–90% with an 18 gauge cutting
needle, 67% with 21–22 gauge needle), and tumour size (>90% for nodules >1 cm vs 83%
for nodules <1 cm). A positive tumour biopsy is clinically relevant to rule in a diagnosis of
HCC, but a negative biopsy is less useful. There is also the risk of tumour seeding after liver
biopsy, which has been reported to be 2·7% (95% CI 1·8–4·0) with a median time interval
between biopsy and seeding of 17 months (IQR 7–48).38

The American Association for the Study of Liver Disease (AASLD) has proposed an
algorithm for diagnosis of HCC based on availability of state-of-the-art CT or MRI.39 These
data are summarised as recommendations 5 and 6: (5) tumour biopsy is not required in
cirrhotic patients considered for liver transplantation who have high-quality dynamic CT or
MRI findings typical for HCC and a lesion larger than 1 cm according to current AASLD
guidelines; (6) for patients with lesions smaller or equal to 10 mm or atypical findings, non-
invasive imaging does not allow an accurate diagnosis, and should not be used to make a
decision for or against transplantation.

Criteria for listing candidates with HCC in cirrhotic livers for deceased-
donor liver transplantation

In the context of shortage of available grafts, decisions have to take into account the
collective benefit of all potential liver recipients, in addition to the benefit for the individual
patient. Liver transplantation achieves excellent results in patients with limited tumour load.
Patients with solitary HCC of less than 5 cm or with up to three nodules of less than 3 cm
(the Milan criteria40) have a 5-year survival of 70% after liver transplantation, with
recurrence in less than 10%. This survival matches post-transplant survival of most other
indications for liver transplantation.1,2

In the context of organ shortage for liver transplantation, an extension of the boundaries of
transplantation for HCC must take into account the benefit for individual HCC patients as
well as the consequences for all potential liver recipients. Whether, and to what extent, post-
transplant survival could be lowered, because of expansion of the HCC receiver pool, while
remaining acceptable, depends on the effect on mortality for non-HCC patients awaiting
transplantation. Even though a survival opportunity considerably lower than that achieved in
non-HCC patients might be considered worth the risk of surgery for some patients with
HCC, the negative effects on others on the donor list must be taken into consideration. This
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led to recommendation 7: liver transplantation should be reserved for HCC patients who
have a predicted 5-year survival comparable to non-HCC patients.

Among criteria used for listing patients with HCC, gross features of tumours are important.
Burroughs and colleagues41 did a meta-analysis of 101 studies assessing the effect of HCC
staging in terms of size and number of nodules on post-transplant recurrence and survival.
74 of the studies, comprising 22 432 patients, were used for quantitative analysis. There was
variability in the reporting of tumour characteristics, with information missing for time on
the waiting list, immunosuppression, and bridging therapy. Two-thirds of the studies were
based on explant findings, and few compared pretransplant imaging with explant data. If
multiple versus single nodules were considered, the definition of multiple was poorly
reported. Burroughs and colleagues41 concluded that assessment of the diameter of the
largest nodule or total diameter of nodules was the best predictor of outcome, and that total
tumour size (sum of diameters) of 10 cm or larger (vs <10 cm) was associated with a four-
times increased risk of death or recurrence. Measurement of volume might be a better way
to assess tumour burden, but the data to support this are not yet available.42 A study using
the Organ Procurement and Transplant Network (OPTN) database suggested that a total
tumour volume cutoff at 115 cm3 and α-fetoprotein concentration higher than 400 ng/mL
could discriminate between patients with acceptable outcome and those with poor
outcome.43 There is insufficient evidence regarding the effect of number of nodules on
outcome of liver transplantation.

This led to recommendation 8: preoperative assessment of the size of the largest tumour or
total diameter of tumours should be the main consideration in selecting HCC patients for
liver transplantation. In 1996, after a period of unrestricted indications for liver
transplantation, associated with overall 5-year survival below 50%, the Milan criteria were
introduced. These criteria set restrictive limits for size and number of tumours in candidates
for liver transplantation.40 Mazzaferro and colleagues44 did a systematic review that
included 90 studies, comprising 17 780 patients over 15 years (1612 patients in level 1b
studies, 16 043 in level 2 studies, and 125 in level 4 studies). Their review showed that the
Milan criteria are an independent prognostic factor for outcome after liver transplantation.
Application of the Milan criteria for patients with HCC with chronic hepatitis and cirrhosis
achieves similar post-transplant survival to that in non-HCC indications. In the European
Liver Transplant Registry (ELTR), Organ Procurement and Transplantation Network
(OPTN), and Australia and New Zealand Liver Transplant Registry (ANZLTR), 5-year
survival for non-HCC was 65–87%.1,2,45 The jury concluded with recommendation 9: the
Milan criteria are currently the benchmark for selection of HCC patients for liver
transplantation, and the basis for comparison with other suggested criteria.

As evidence accumulated of good outcomes in some patients outside the Milan criteria,
there was a drive to identify expanded criteria and to increase the number of eligible
candidates for liver transplantation. Among the many proposals, only the University of
California San Francisco (UCSF) criteria (one tumour ≤6·5 cm, three nodules at most with
the largest ≤4·5 cm, and total tumour diameter ≤8 cm) have been prospectively validated by
the proponent group, with outcome data comparable to those from other retrospective
studies.46,47 This is summarised in recommendation 10: a modest expansion of the number
of potential candidates may be considered on the basis of several studies showing
comparable survival for patients outside the Milan criteria.

It is essential to consider how expansion of criteria beyond the Milan criteria might affect
the survival of candidates for liver transplantation who do not have HCC. According to
studies based on Markov models48 using data from the USA, patients outside the Milan
criteria would need to achieve 5-year survival of 60% or higher to prevent a substantial
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decrement to the life-years available to the entire population of candidates for liver
transplantation. The effect on non-HCC patients could vary widely, depending on the
composition of the population on the waiting list and the scarcity of available donor livers in
a transplant region and in individual centres. Any decision by a centre to expand criteria
should take into account the current mortality on the waiting list, and should only be done if
a low mortality will not be substantially increased by additional expanded-criteria cases. For
example, a centre with very low or no mortality on the waiting list might expand their
criteria for patients with HCC with lower post-transplant survival than that expected for non-
HCC candidates, whereas such strategy would not be acceptable in another centre with a
high death rate on the waiting list. Thus, the jury proposed recommendation 11: patients
with a worse prognosis may be considered for liver transplantation outside the Milan criteria
if the dynamics on the waiting list allow it without undue prejudice to other recipients with a
better prognosis.

Since gross features of tumours are unable to define subclasses of patients with better
biology and outcome, several biomarkers have been studied—eg, G3, EpCAM, miR26, and
poor-survival gene signatures. However, these biomarkers have not been studied in the
setting of liver transplantation.49 Several studies highlighted the value of preoperative α-
fetoprotein concentrations in predicting outcome after liver transplantation,43,50,51 but there
is no agreement on the cutoff values to consider, which ranged from 200 to 1000 ng/mL. A
recent study using the Scientific Registry of Transplant Recipients (SRTR) data suggested
adding α-fetoprotein concentration to total tumour volume as a predictor of outcome after
liver transplantation.43 In several studies, α-fetoprotein concentration lower than 400 ng/mL
has been used in selecting patients for liver transplantation after downstaging protocols, in
addition to criteria based on tumour size and number.52 Another group found that dynamic
changes in α-fetoprotein concentrations higher than 15 ng/mL are the most relevant
preoperative predictor of recurrence and overall survival after orthotopic liver
transplantation.50 Recommendations 12 and 13 summarise this topic: (12) α-fetoprotein
concentrations add prognostic information in HCC patients and may be used for making
decisions regarding transplantation in combination with imaging criteria; (13) biomarkers
other than α-fetoprotein cannot yet be used for clinical decision making regarding liver
transplantation for HCC.

HCC often involves branches of portal or hepatic veins (or both), causing a tumour
thrombus. Vascular invasion of HCC affects prognosis after liver transplantation.53–55

Macrovascular invasion involves branches of portal or hepatic veins, or both. It can be
detected using high-quality imaging and in a pathological specimen, and is generally
considered an absolute contraindication for liver transplantation. Micro vascular invasion,
which is identified only by microscopic observation, is associated with poorer outcome or
increased recurrence rates after liver transplantation. Although it correlates with larger
tumour size (>3 cm), multiple nodules, histological grade (moderately vs poor
differentiated), and gross features such as confluent multinodular type,56 microvascular
invasion cannot be reliably detected before transplantation and is therefore not useful for
clinical decision making.

Conventional imaging modalities are ineffective for preoperative detection of microvascular
invasion. Only one study suggested a value for PET in predicting microvascular invasion.57

Several studies from Japan suggested that serum concentrations of des-gamma-
carboxyprothrombin (also known as protein induced by vitamin K absence [PIVKA])
correlate well with microvascular invasion.58,59 Positive and negative correlations of α-
fetoprotein with microvascular invasion have been reported. The available data led to
recommendation 14: indication for liver trans plantation in HCC should not rely on
microvascular invasion because it cannot be reliably detected prior to transplantation.
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Criteria for HCC candidates with non-cirrhotic livers
Although most HCC occurs in patients with liver cirrhosis, about 10% of cases arise in
absence of cirrhosis. In such patients, diagnosis is often made at an advanced stage.
Resection is currently the preferred therapeutic option, when feasible, since patients with
good liver reserve have high tolerance for extensive liver resection.60 However, as in
cirrhotic patients, the risk of local recurrence is high, ranging from 30 to 73%, and affects 5-
year overall survival (25–81%) and disease-free survival (24–54%).61,62 Several
pathological features are associated with poor prognosis, such as the presence of satellite or
multiple nodules, microvascular and macrovascular invasion, and R1 resection. The subtype
of fibrolamellar HCC seems to have similar outcomes.63

Data from the ELTR suggest that liver transplantation might be appropriate in some non-
cirrhotic patients with recurrent HCC after resection, with long-term survival approaching
60% at 5 years.64 In this study, the absence of cirrhosis or fibrosis, and seronegativity for
hepatitis C and hepatitis B virus was confirmed in all patients. Macrovascular and lymph-
node invasion, and early recurrence (<1 year) after resection were significant risk factors for
poor outcome. Tumour diameter and Milan criteria of the initial HCC were unrelated to
outcome.

There are few reports of cases of primary liver transplantation in non-cirrhotic patients with
HCC.64,65 The data available suggest that the risk factors for poor outcomes after liver
transplantation are the same as those identified for recurrent disease after resection. Patients
without these risk factors had a 5-year survival of 67%, even though most had tumours
outside the Milan criteria. This information led to recommendations 15 and 16: (15) the
Milan criteria and its modifications are not applicable to patients with HCC developing in a
non-cirrhotic liver. Such patients with non-resectable HCC and absence of macrovascular
invasion and extrahepatic spread may be considered as appropriate candidates for liver
transplantation; (16) patients with HCC in a non-cirrhotic liver, who were treated by
resection and have intrahepatic recurrence of HCC and no evidence of macrovascular
invasion or extrahepatic spread, may be considered for salvage transplantation.

Role of downstaging of HCC
The goal of downstaging using locoregional therapy—eg, alcohol injection, radiofrequency
ablation (RFA), transarterial chemoembolisation (TACE), transarterial radioembolisation
(TARE), or liver resection—is to decrease the tumour size and number in patients initially
presenting with tumours that do not meet locally acceptable criteria for liver transplantation.

Success in downstaging has been reported in many studies, although most of these are
uncontrolled observational studies with no method emerging as superior and each carrying
some risk. The largest experience is with TACE and RFA.66 Two prospective studies
showed that survival after liver transplantation in patients with large tumour burden
successfully treated by downstaging was similar to survival in patients who initially met the
criteria for transplantation.52,67 These issues are addressed in recommendations 17 and 18:
(17) transplantation may be considered after successful downstaging; (18) liver
transplantation after successful downstaging should achieve a 5-year survival comparable to
that of HCC patients who meet the criteria for liver transplantation without requiring
downstaging.

There is debate about how best to assess successful downstaging. European Association for
the Study of the Liver (EASL) guidelines suggest that such assessment should be
exclusively based on the amount of viable tumour, as differentiated from necrosis by
contrast CT or MRI.68 Most available reports have used the Milan criteria to define
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successful downstaging.52,67,69 There is currently no well defined upper limit for size and
number of lesions as eligibility criteria for downstaging, although the presence of vascular
invasion and extrahepatic disease are generally considered absolute con train dications.
Some groups add serum α-fetoprotein concentrations for assessment of downstaging;
however, there is no agreement on a threshold. Recommendations 19 and 20 address
downstaging: (19) criteria for successful downstaging should include tumour size and
number of viable tumours; (20) α-fetoprotein concentrations before and after downstaging
may add additional information.

Once a tumour has been successfully downstaged to within acceptable criteria, a minimum
observation period of 3 months is often recommended before considering liver
transplantation. It is crucial to define criteria for failure of downstaging, which may include,
before listing: failure to achieve listing criteria, tumour progression with development of
vascular invasion, extrahepatic spread, or tumour size and number remaining beyond
inclusion criteria; and, after listing: tumour progression requiring delisting and recurrence of
HCC after liver transplantation. This consideration led to statement 21: based on existing
evidence, no recommendation can be made for preferring a specific locoregional therapy for
downstaging over others.

Managing patients on the waiting list
With increases in waiting times for liver transplantation in many centres, it has become
common practice to monitor patients with HCC to ensure that they remain within the
acceptability criteria for liver transplantation. Strategies have also been developed to treat
patients whose HCC is at risk or shows signs of progression while waiting for a graft. There
is no agreement about specific timing or optimum imaging methods to use for these patients,
although a 3-month interval is common.

Recommendations are based on the known capabilities of the imaging methods used for
diagnosis and staging of HCC (see recommendations 3 and 12). There are also reports
showing that a rise in α-fetoprotein concentration is associated with poorer outcome after
liver transplantation, and of reduction in that risk by successful locoregional therapy. This
information is reflected in recommendation 22: periodic waiting-list monitoring should be
performed by imaging (dynamic CT, dynamic MRI, or contrast-enhanced ultrasonography)
and serum α-fetoprotein measurements.

Dropout of HCC patients on the waiting list is common because of cancer progression or
other medical reasons. Locoregional therapy as a bridging strategy for patients on the
waiting list aims to decrease tumour-related dropout rates and reduce the incidence of
recurrent diseases after liver transplantation. Several cohort studies and a preliminary
analysis of large registries suggest that bridging strategies with locoregional therapy are
likely to be beneficial for patients having to wait 6 months or longer.70 There is, however,
no evidence that bridging strategies are of any benefit in patients with United Network for
Organ Sharing (UNOS) T1 tumours (<2 cm). Bridging strategies might be appropriate for
patients with UNOS T2 lesions (one nodule 2–5 cm or three or fewer nodules each ≤3 cm)
who are likely to wait 6 months or longer. The presence of larger tumours and high α-
fetoprotein concentrations seem to predict a higher risk for dropout.

Although the most popular bridging strategy is TACE, pathological studies show a marginal
advantage for RFA in terms of tumour necrosis.71,72 Liver resection before transplantation
in patients with well preserved liver function, and newer strategies such as a combination of
TACE with RFA and use of 90yttrium radioembolisation or targeted therapies, have shown
some benefits in preliminary studies. This topic is summarised by the following three
statements from the jury: (23) based on current absence of evidence, no recommendation
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can be made on bridging therapy in patients with UNOS T1 (≤2 cm) HCC; (24) in patients
with UNOS T2 (one nodule 2–5 cm or three or fewer nodules each ≤3 cm) HCC (Milan
criteria) and a likely waiting time of longer than 6 months, locoregional therapy may be
appropriate; (25) no recommendation can be made for preferring one type of locoregional
therapy to others. The topic also generated two additional recommendations: (26) patients
found to have progressed beyond criteria acceptable for listing for liver transplantation
should be placed on hold and considered for downstaging; (27) patients with progressive
disease, in whom locoregional therapy intervention is not considered appropriate or is
ineffective, should be removed from the waiting list.

Role of living-donor liver transplantation for HCC
Living-donor liver transplantation (LDLT) using the right or left hemiliver of a healthy
donor is the only option for liver transplantation in some countries, particularly in Asia,
where there is limited or no availability of deceased-donor organs. LDLT has also been used
in other countries with well established programmes for organ donation from brain dead or
non-heart-beating donors, because of organ shortage, long waiting times associated with
deaths on the waiting list, drop-out due to medical reasons, or progression of tumours
beyond acceptable criteria.

The main issue in LDLT is donor safety, because of the risk of complications or death, even
if small. The concept of double equipoise was proposed to describe the balance between the
recipient’s survival benefit with LDLT and the risk of a complication or death of a healthy
donor.73 The risks and benefits need to be openly discussed and understood by all parties
involved in such cases, and meet the test of equipoise.

Some studies have suggested a higher risk of tumour recurrence with the use of partial grafts
from living relatives versus whole grafts from deceased donors. Six studies compared
deceased-donor liver transplantation (DDLT) and LDLT for HCC, including a report from a
multicentre US consortium of LDLT centres.74–79 No convincing difference in outcome
could be identified according to type of graft, although a higher risk of recurrence was noted
in fast-tracked patients, since a short delay between diagnosis and liver transplantation might
not allow enough time for the biological behaviour of the tumour to manifest. Therefore, it
might be important to consider a period of observation (eg, 3 months) when offering LDLT
in recipients with HCC. This topic is covered in recommendations 28 and 29: (28) LDLT is
acceptable for HCC patients who have an expected 5-year survival similar to comparably
staged patients receiving a deceased-donor liver. In LDLT, careful attention should be given
to psychosocial considerations regarding both donor and recipient; (29) LDLT must be
restricted to centres of excellence in liver surgery and liver transplantation to minimise
donor risk and maximise recipient outcome.

Should LDLT be offered to patients with tumour stages beyond the accepted criteria for
listing for deceased donation? This might seem to be ethically acceptable, since unlike
deceased-donor donation, other listed patients are not adversely affected by this process.
However, the question raises ethical concerns regarding the double equipoise principle,
since the risk to the donor might not be acceptable below a certain expected survival
threshold for the recipient. There was considerable disagreement among the experts at the
conference on what that threshold might be. Those who set a priority on donor protection
would not consider offering LDLT to patients with a tumour beyond criteria for DDLT,
whereas others supported the procedure even for patients with a very dismal prognosis, to
maximise individual patient benefit and patients’ choice.

The jury recognised that there are differences in current practice and suggested that any
institution using LDLT should take a clear position, make it known to the public, and, when
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endorsing criteria beyond those accepted for deceased donation, provide rigorous safeguards
to guarantee full disclosure to donor and recipients and to prevent donor coercion and
increased risk-taking by the surgical team.

The use of deceased-donor organs is usually justified for graft failure after LDLT.80 The
panel of experts supported use of deceased-donor graft for failed LDLT, even if extended
criteria were used. Rates of retrans plantation because of graft failure after LDLT are
typically low, and when needed, outcomes are excellent. The jury agreed with the use of
retransplantation in recipients who received a living graft within the accepted criteria for
liver transplantation. However, based on utility, justice, and equity, they did not support
retransplantation for patients who were beyond these criteria, because these patients would
not have qualified for DDLT in the first place, and their acceptance of LDLT did not benefit
patients on the DDLT waiting list. The vote of the audience at the conference was in line
with this re com mendation (46% strongly disagreed and 25% disagreed with the use of
retransplantation in patients beyond the accepted criteria). This discussion led the jury to
formulate recommendations 30 and 31: (30) in patients following LDLT for HCC within the
accepted regional criteria for DDLT, retransplantation for graft failure is justified; (31) in
patients following LDLT for HCC outside the accepted regional criteria for DDLT,
retransplantation for graft failure using a deceased-donor organ is not recommended.

Post-transplant management
The main concern after liver transplantation for HCC is the risk of tumour recurrence, which
occurs in 8–20% of recipients.81 HCC recurrence is usually seen within the first 2 years after
liver transplantation, and is associated with a median survival of less than 1 year (IQR 7–18
months) from the time of diagnosis.82 The adoption of routine imaging and α-fetoprotein
monitoring has led to the detection of early recurrence, with a possibility of cure with
ablation therapies in up to a third of cases.83 However, studies addressing the issue of
protocols for monitoring are scarce. A limitation for the use of routine imaging examination
(CT or MRI) is the high cost or poor cost-effectiveness to detect HCC recurrence, and most
centres have limited their application to every 6 months or yearly intervals for the first 3–5
years after liver transplantation or in the presence of abnormal α-fetoprotein concentrations,
leading to recommendation 32: post-transplant monitoring may include 6–12-monthly
contrast-enhanced CT or MRI imaging and α-fetoprotein measurements.

There is debate about how to adjust the immunosuppression in HCC patients after liver
transplantation. Immunosuppressive drugs are associated with oncogenic properties in
experimental models, and most programmes are careful to balance the inherent risks of
rejection and tumour recurrence.84 However, there are no randomised controlled trials
(RCTs) that have shown that lowering immunosuppression reduces the risk of HCC
recurrence after liver transplantation.

One class of immunosuppressive drugs, the mTOR inhibitors, might be of particular
relevance for patients with HCC who receive a liver transplantation, since experimental
studies have shown that this drug has strong immunosuppressive effects with concomitant
anti-neoplastic properties.85 Uncontrolled pilot trials and retrospective analyses have
suggested that sirolimus, an mTOR inhibitor, was associated with lower tumour recurrence
and improved survival after liver transplantation;86–88 however, these results have not been
confirmed in an RCT. This topic is covered in statements 33 and 34: (33) there is currently
insufficient evidence from clinical trials to base a recommendation for choosing the type or
dose of immunosuppression therapy to influence the incidence of HCC recurrence or its
prognosis; (34) based on current evidence, no recommendation can be made on the use of
mTOR inhibitors to reduce the risk of HCC recurrence outside clinical trials.
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To assess whether adjuvant therapies are effective to decrease post-transplantation tumour
recurrence and improve overall survival, the experts identified eight uncontrolled studies
(226 patients)89–96 and four RCTs (213 patients).96–100 Difficulties in interpreting these
studies include variability in the drugs tested (doxorubicin, cisplatin, fluorouracil,
gemcitabine, or mithoxanthrone) and in the inclusion criteria and endpoints selected, and
small sample sizes. Single-arm, retrospective studies suggest a benefit for using adjuvant
therapy, but their level of evidence is too low (level 4) to support recommendations.
Controlled studies have also provided inconsistent results.

Two compounds show some early promise: sorafenib and licartin. Sorafenib, a multitargeted
tyrosine-kinase inhibitor, has been shown to have an antitumour effect in patients with
advanced HCC,101 and is currently being studied as adjuvant therapy after resection or
ablation of HCC in a multicentre phase 3 trial (STORM trial). Licartin, a 131I-radiolabelled
murine monoclonal antibody that specifically binds HCC cells, was shown to have a positive
effect on prevention of tumour recurrence and on survival, in a small, placebo-controlled,
randomised, double-blind study.97 This led to recommendation 35: current evidence does
not justify the routine use of adjuvant antitumour therapy after liver transplantation for HCC
outside of a controlled clinical trial.

There is considerable debate about how to treat HCC recurrence after liver transplantation.
Most recurrences are associated with systemic tumour dissemination, thus retransplantation
is not indicated. A distinction must be made for de-novo HCC, which typically occurs at a
later stage and most often in the setting of recurrent hepatitis C and advancing fibrosis. Such
cases should probably be treated as having new tumours and retransplantation might be
justified;102 however, the data to support this approach are limited.

Locoregional therapy for HCC recurrence, including liver resection, radiofrequency
ablation, or TACE, has been successfully used in selected patients with limited disease, and
might be considered when technically feasible.103 Sorafenib has been used with limited
side-effects after liver transplantation, sometimes in conjunction with mTOR inhibitors, and
might be considered when systemic treatment is warranted.104 This topic is summarised in
the last two recommendations: (36) HCC recurrence after liver transplantation may be
treated by surgery for resectable lesions or by locoregional therapy or systemic therapy
(including sorafenib) for unresectable lesions; (37) liver retransplantation is not appropriate
treatment for recurrent HCC.

Conclusion
The 37 recommendations and statements presented here cover the most controversial topics
surrounding liver transplantation for HCC, and may guide transplantation programmes
around the world to improve management of their HCC patients. The phrasing of many
recommendations permits adjustment according to variations in programme and regional
circumstances, among which might be team experience and the availability of donor organs
or living donation. Although the conference was not designed to address future areas of
research, the existence of weak recommendations or absence of recommendation in a
controversial area might serve as the basis to identify key questions that urgently require
convincing answers.
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Figure 1. Format of the HCC consensus conference
The role of the organising committee, expert groups, and jury at each step of the conference.
HCC=hepatocellular carcinoma. GRADE=grading of recommendations assessment,
development, and evaluation.
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Table 1

Summary of recommendations and statements

Level of
evidence

Strength of
recommendation

Assessment of candidates with HCC for liver transplantation

1. When considering treatment options for patients with HCC, the BCLC staging system is the preferred
staging system to assess the prognosis of patients with HCC

2b (P) Strong

2. The TNM system (7th edn) including pathological examination of the explanted liver, should be used for
determining prognosis after transplantation with the addition of assessment of microvascular invasion

2b (P) Strong

3. Either dynamic CT or dynamic MRI with the presence of arterial enhancement followed by washout on
portal venous or delayed imaging is the best non-invasive test to make a diagnosis in cirrhotic patients
suspected of having HCC and for preoperative staging

1b (D) Strong

4. Extrahepatic staging should include CT of the chest, and CT or MRI of the abdomen and pelvis 3b (D) Strong

5. Tumour biopsy is not required in cirrhotic patients considered for liver transplantation who have high-
quality dynamic CT or MRI findings typical for HCC and a lesion larger than 1 cm according to current
AASLD guidelines

1b (D) Weak

6. For patients with lesions smaller or equal to 10 mm, non-invasive imaging does not allow an accurate
diagnosis and should not be used to make a decision for or against transplantation

1b (D) Strong

Criteria for listing candidates with HCC in cirrhotic livers for DDLT

7. Liver transplantation should be reserved for HCC patients who have a predicted 5-year survival comparable
to non-HCC patients

NA Weak

8. Preoperative assessment of the size of the largest tumour or total diameter of tumours should be the main
consideration in selecting patients with HCC for liver transplantation

2a (P) Strong`

9. The Milan criteria are currently the benchmark for the selection of HCC patients for liver transplantation,
and the basis for comparison with other suggested criteria

2a (P) Strong

10. A modest expansion of the number of potential candidates may be considered on the basis of several
studies showing comparable survival for patients outside the Milan criteria

3b (P) Weak

11. Patients with worse prognosis may be considered for liver transplantation outside the Milan criteria if the
dynamics of the waiting list allow it without undue prejudice to other recipients with a better prognosis

NA Weak

12. α-fetoprotein concentrations add prognostic information in HCC patients and may be used for making
decisions regarding transplantation in combination with imaging criteria

2b (P) Weak

13. Biomarkers other than α-fetoprotein cannot yet be used for clinical decision making regarding liver
transplantation for HCC

2b (P) Strong

14. Indication for liver transplantation in HCC should not rely on microvascular invasion because it cannot be
reliably detected prior to transplantation

2b (P) Strong

Criteria for HCC candidates with non-cirrhotic livers

15. The Milan criteria and its modifications are not applicable to patients with HCC developing in a non-
cirrhotic liver. Such patients with non-resectable HCC and absence of macrovascular invasion and
extrahepatic spread may be considered as appropriate candidates for liver transplantation

4 (P) Weak

16. Patients with HCC in non-cirrhotic liver who were treated by resection, and have intrahepatic recurrence
of HCC and no evidence of lymph node or macrovascular invasion, may be considered for salvage
transplantation

4 (P) Weak

Role of downstaging

17. Transplantation may be considered after successful downstaging 5 (P) Weak

18. Liver transplantation after successful downstaging should achieve a 5-year survival comparable to that of
HCC patients who meet the criteria for liver transplantation without requiring downstaging

5 (P) Strong

19. Criteria for successful downstaging should include tumour size and number of viable tumours 4 (P) Strong

20. α-fetoprotein concentrations before and after downstaging may add additional information 4 (P) Weak
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Level of
evidence

Strength of
recommendation

21. Based on existing evidence, no recommendation can be made for preferring a specific locoregional
therapy for downstaging over others

NA None

Managing patients on the waiting list

22. Periodic waiting-list monitoring should be performed by imaging (dynamic CT, dynamic MRI, or
contrast-enhanced ultrasonography) and α-fetoprotein measurements

5 (P) Strong

23. Based on current absence of evidence, no recommendation can be made on bridging therapy in patients
with UNOS T1 (≤2 cm) HCC

NA None

24. In patients with UNOS T2 (one nodule 2–5 cm or three or more nodules each ≤3 cm) HCC (Milan
criteria) and a likely waiting time longer than 6 months, locoregional therapy may be appropriate

4 (P) Weak

25. No recommendation can be made for preferring any type of locoregional therapy to others NA None

26. Patients found to have progressed beyond criteria acceptable for listing for liver transplantation should be
placed on hold and considered for downstaging

5 (P) Strong

27. Patients with progressive disease in whom locoregional intervention is not considered appropriate, or is
ineffective, should be removed from the waiting list

5 (P) Strong

Role of LDLT

28. LDLT is acceptable for HCC patients who have an expected 5-year survival similar to comparably staged
patients receiving a deceased donor liver. In LDLT, careful attention should be given to psychosocial
considerations regarding both donor and recipient

NA Weak

29. LDLT must be restricted to centres of excellence in liver surgery and liver transplantation to minimise
donor risk and maximise recipient outcome

NA Strong

30. In patients following LDLT for HCC within the accepted regional criteria for DDLT, retransplantation for
graft failure is justified

5 (P) Weak

31. In patients following LDLT for HCC outside the accepted regional criteria for DDLT, retransplantation
for graft failure using a deceased donor organ is not recommended

5 (P) Strong

Post-transplant management

32. Post-transplant monitoring may include 6–12 monthly contrast-enhanced CT or MRI imaging and α-
fetoprotein measurements

5 (P) Weak

33. There is currently insufficient evidence from clinical trials to base a recommendation for choosing the
type or dose of immunosuppression therapy to influence the incidence of HCC recurrence or its prognosis

NA None

34. Based on current evidence, no recommendation can be made on the use of mTOR inhibitors solely to
reduce the risk of HCC recurrence outside clinical trials

NA None

35. The current evidence does not justify the routine use of adjuvant antitumour therapy after liver
transplantation for HCC outside of a controlled clinical trial

NA Weak

36. HCC recurrence after liver transplantation may be treated by surgery for resectable lesions or by
locoregional therapy or systemic therapy (including sorafenib) for unresectable lesions

4 (P) Weak

37. Liver retransplantation is not appropriate treatment for recurrent HCC NA Strong

Level of evidence for each recommendation refers to the Oxford classification.4 HCC=hepatocellular carcinoma. BCLC=Barcelona Clinic Liver
Cancer. TNM=tumour, node, metastasis. P=prognosis. D=diagnosis. AASLD=American Association for the Study of Liver Diseases. NA=not
applicable. OLT=orthotopic liver transplantation. UNOS=United Network for Organ Sharing. LDLT=living donor liver transplantation.
DDLT=deceased donor liver transplantation.
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a b s t r a c t

Purpose: Virtual CT sonography using magnetic navigation provides cross sectional images of CT volume
data corresponding to the angle of the transducer in the magnetic field in real-time. The purpose of this
study was to clarify the value of this virtual CT sonography for treatment response of radiofrequency
ablation for hepatocellular carcinoma.
Patients and methods: Sixty-one patients with 88 HCCs measuring 0.5–1.3 cm (mean± SD, 1.0±0.3 cm)
were treated by radiofrequency ablation. For early treatment response, dynamic CT was performed 1–5
days (median, 2 days). We compared early treatment response between axial CT images andmulti-angle
CT images using virtual CT sonography.
Results: Residual tumor stains on axial CT images and multi-angle CT images were detected in 11.4%
(10/88) and 13.6% (12/88) after the first session of RFA, respectively (P=0.65). Two patients were diag-
nosed as showing hyperemia enhancement after the initial radiofrequency ablation on axial CT images
and showed local tumor progression shortly because of unnoticed residual tumors. Only virtual CT sonog-
raphy with magnetic navigation retrospectively showed the residual tumor as circular enhancement. In
safety margin analysis, 10 patients were excluded because of residual tumors. The safety margin more
than 5mmby virtual CT sonographic images and transverse CT imageswere determined in 71.8% (56/78)
and 82.1% (64/78), respectively (P=0.13). The safety margin should be overestimated on axial CT images
in 8 nodules.
Conclusion: Virtual CT sonography with magnetic navigation was useful in evaluating the treatment
response of radiofrequency ablation therapy for hepatocellular carcinoma.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Recently, a virtual CT sonographic visualization system with
magnetic navigationwas introduced to the clinical practice of Hep-
atology [1–6]. Virtual CT sonographyusingmagnetic navigation can
showany cross sectional images of CT volumedata in real-time cor-
responding to the angle of the transducer attached to the sensor
in the magnetic field. Therefore, real-time virtual CT sonography
can indicate the 3-dimensional relationship between liver vascula-
ture and tumors. It has been reported that the safety and feasibility
of virtual CT sonography with magnetic navigation guidance of
percutaneous radiofrequency ablation (RFA) in patients with hep-
atocellular carcinoma (HCC), even though the nodules are poorly
definedonB-mode sonography [2,3]. However, there are no reports
of virtual CT sonography for therapeutic evaluation.

∗ Corresponding author at: Department of Gastroenterology and Hepatology,
Kinki University School ofMedicine, 377-2 Ohno-Higashi, Osaka-Sayama 589-8511,
Japan. Tel.: +81 72 366 0221x3149; fax: +81 72 367 2880.

E-mail address:minkun@med.kindai.ac.jp (Y. Minami).

In this study, we evaluated the value of this virtual CT sonog-
raphy with magnetic navigation for treatment response of RFA for
HCC.

2. Materials and methods

The Ethics Committee of our institution approved the study pro-
tocol.Written informed consent was obtained from each patient or
a family member at enrollment.

Between January2006and June2006, all 61patients (43men, 18
women; age range, 55–84 years; mean age± SD, 69.7 years±6.9)
with 88 HCCswere treated by percutaneous RFA (Table 1).We usu-
ally evaluate the treatment response of RFAbyonly axial CT images.
In this study, treatment response using virtual CT sonography was
retrospectively assessed based onnot only the axial images but also
all cross sectional images. We compared early treatment response
between axial CT images and multi-angle CT images using virtual
CT sonography.

HCCs were diagnosed based on three-phase contrast-enhanced
CT findings such as positive enhancement in the arterial phase and
wash-out in the equilibrium phase in patients with chronic liver

0720-048X/$ – see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ejrad.2011.02.026
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Table 1
Baseline clinical characteristics of patients.

Age (years)
Mean± SD (range) 69.7±6.9 (55–84)

Sex
Male/female 43/18

Etiology of liver chronic disease
HBV/HCV/HBV+HCV/none 7/52/2/0

Child–Pugh classification A/B/C 39/22/0
Diameter of entire hepatic malignancies (cm)
Mean± SD (range) 1.6±0.5 (0.5–3.5)

Previous treatments
None/TACE 44/17

Note. Data are presented as mean± standard deviation unless otherwise indicated.
HCC: hepatocellular carcinoma, TACE: transcatheter arterial chemoembolization.

disease. All patients met the following criteria for treatment with
RFA:presenceof viableHCCswith amaximumdiameternot greater
than 4.0 cm, percutaneous accessibility of the tumors, absence of
portal tumor thrombus and extrahepatic metastasis, prothrombin
time ratio greater than 50%, total bilirubin less than 3.0mg/dl, and
platelet count greater than 50,000/�L.

2.1. Equipment and techniques

B-mode sonographic scans were obtained by EUB 8500 unit
(HITACHI Medico, Tokyo, Japan) with a 3.5MHz curved-array
transducer. The virtual CT sonography system (Real-time Virtual
Sonography; HITACHIMedico, Tokyo, Japan) was composed of EUB
8500 unit, magnetic location detector unit, a magnetic field gener-
ator and a magnetic sensor attached to the ultrasonic transducer
[2,3]. This generator produced an interacting magnetic field yield-
ing an approximately spherical 70 cm uniform magnetic field of

0.03T. A smooth image of virtual CT sonography was provided by
a display of 10 frames per a second display as 256 by 256 pixel
images.

A multidetecter CT (LightSpeed VCT, GE Medical Systems,
Milwaukee, WI) was used for diagnosis. Triple-phase contrast-
enhanced CT scans were performed with a 5.0-mm slice thickness
at 40, 70 and 180 s after initiating the injection of contrast media
to obtain late hepatic arterial, portal venous and equilibrium phase
images, respectively.

Patients were treated by RFA (Cooled-tip RF ablation system;
Radionics, Burlington, MA). A 200-W, 480-kHz monopolar RF gen-
erator regulated by impedance (CC-1, Radionics) was used as the
energy source.

2.2. Virtual CT sonography using magnetic navigation

Themagnetic generatorwas set up on a bedwithout the patient.
Themagnetic sensorwas attached to theultrasonic transducer con-
nected to the magnetic location detector unit of EUB 8500. After
starting theReal-timeVirtual Sonography software, CTvolumedata
of the late arterial phaseafter theRFAprocedurewas installed in the
EUB 8500 unit as digital imaging and communication in medicine
(DICOM) standard via the local area network in our hospital. We
selected a CT image at the caudal level of the xiphoid, and took the
transducer lengthwise in a position about 20 cm above the bed in
front of the magnetic generator, that is, we set the transducer in
the air. Thereafter, we could set a common point as the position of
the transducer at the xiphoid level CT image. Virtual CT sonography
could start to show the image on the monitor of EUB 8500 corre-
sponding to the movement of the transducer in the magnetic field
although the patient was not on the bed (Fig. 1).

Fig. 1. A 70-year-old man with 1.5 cm local tumor progression of hepatocellular carcinoma after transcatheter arterial chemoembolization about 1 year ago. (A) Early
phase dynamic CT scan shows local tumor progression of hepatocellular carcinoma as enhanced lesion (arrow) in segment 4 of liver. Iodized oil accumulated spot was
depicted in touch with viable hepatocellular carcinoma (arrowhead). (B) Axial CT scan of early phase obtained two days after radiofrequency ablation therapy shows that
thin enhancement around the ablated area could be caused by hyperemia. (C) Virtual CT sonography obtained from the same CT volume data of Fig. 1B shows a circular
enhancement portion (arrow) by oblique dimensional assessment. Left bottom: plane against the body trunk shows the transducer angle.
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Table 2
Residual hepatic malignancies after radiofrequency ablation between virtual CT
sonographic images and axial CT images.

Virtual CT sonographic images

Negative Positive Total

Axial CT images
Negative 76 2 78
Positive 0 10 10

Total 76 12 88

2.3. Assessment of treatment response and follow-up

For early treatment response, dynamic CT was performed 1–5
days (median, 2 days). A tumor was considered to have been suc-
cessfully ablated when there were no longer any enhanced regions
eitherwithin the entire tumor during the arterial phase and at least
a 0.5 cm margin of apparently normal hepatic tissue surrounding
the tumor during the portal phase [7,8]. Part of the tumorwas diag-
nosed as remaining viablewhen images of the ablated area showed
nodular peripheral enhancement. The residual portion was treated
with additional RFA the following week.

If 1-month follow-up CT images showed successful ablation
and no new tumors, three-phase contrast-enhanced CT scans were
repeated at 3-month intervals. The follow-up time ranged from 4
to 18 months (mean± SD, 8.9±2.4 months).

2.4. Statistical analysis

Data are expressed asmean± SD.We compared early treatment
response between axial CT images andmulti-angle CT images using
virtual CT sonography. Differences between the two groups were
evaluated by Chi-square test. A P value less than 0.05 was consid-
ered significant.

3. Results

Residual tumor stains on axial CT images and multi-angle CT
images were detected in 11.4% (10/88) and 13.6% (12/88) after the
first session of RFA, respectively (P=0.65, Chi square test) (Table 2).
There are no false positive cases by axial CT diagnosed complete
ablation by virtual CT sonography. After first ablation therapy, the
maximal diameter of the residual tumors ranged from 0.5 to 1.3 cm
(mean± SD, 1.0±0.3 cm) on axial CT. Tumors showing residual
enhancement underwent additional radiofrequency procedures on
nextweek. However, two patients showed local tumor progression
of HCC a fewmonths after the initial ablation because of unnoticed
residual tumors by axial CT assessment. These two patients were
diagnosed as showing hyperemia enhancement after RFA on axial
CT images. However, only virtual CT sonography with magnetic
navigation retrospectively showed the residual tumor as circular
enhancement in these two patients (Fig. 1).

In safety margin analysis, 10 patients were excluded because of
residual tumors. The safety margin more than 5mm by virtual CT
sonographic images and axial CT images were determined in 71.8%
(56/78) and 82.1% (64/78), respectively (P=0.13, Chi square test)
(Table 3). In 56 HCC nodules, the findings of both modalities could
detect the safety margin more than 5mm. Moreover, the safety
margin less than 5mm was shown in 14 HCCs on both modalities.
For 70 of the 78 nodules, findings visualized on virtual CT sonog-
raphy of safety margin agreed with findings seen on axial dynamic
CT. However, in remaining 8 nodules, the findings of safety mar-
gin showed discrepant on between virtual CT sonographic images
and axial CT images. We could mention that the safety margin was
overestimated on axial CT images. On the other hand, there are

Table 3
Safetymargin after radiofrequency ablation between virtual CT sonographic images
and axial CT images.

Virtual CT sonographic images

5mm< 5mm> Total

Axial CT images
5mm< 56 8 64
5mm> 0 14 14

Total 56 22 78

no patients with the safety margin more than 5mm by axial CT
diagnosed insufficient by virtual CT sonography.

4. Discussion

Axial CT images are mainly used in the evaluation of the thera-
peutic response of HCCs after RFA [7–9]. In this study, two patients
with two HCC nodules showed local tumor progression a few
months after first ablation because of residual tumors that were
unnoticed on axial CT images. The shape of enhanced lesion can
help to diagnose small residual HCC or hyperemia. However, it is
oftendifficult todistinguishbetweensmall residualHCCandhyper-
emia lesion because of each showing enhancement on arterial CT
images. By one-sectional CT images, small HCC could not be nec-
essarily depicted as circular enhancement. Findings indicated that
even though differences did not quite reach significance, however,
multi-angle CT images could show the residual HCC in these two
patients.Moreover,we found that virtual CT sonographywashighly
sensitive in patients with 8 HCC nodules for assessing the 5mm
safety margin around the whole tumor. Assessment of RFA with
3-dimensional information must have higher accuracy than with
2-dimension’s. Local tumor progression after RFA could be related
to poor accuracy of the treatment response evaluation.

Magnetic navigation has two features for clinical application as
treatment response of RFA therapy. The first is a bodily sensation.
Usual virtual CT sonography system runs on a PC [10–12]; thereby,
virtual imagesused toprovideonly visual information.On theother
hand, this virtual CT sonography with magnetic navigation system
can show any cross-section of MPR imaging corresponding to the
movement of the transducer. By magnetic navigation, we can also
feel any cross-section of MPR images from the angle of the trans-
ducer. Because of RFA procedure guided by sonography, we might
be able to make the use of this bodily sensation to the second RFA
sessions. The second is its swift response. With powerful operating
computer, virtual CT sonographywithmagnetic navigation candis-
play smoothly for eachmovementof the transducer in themagnetic
field in real-time.

Contrast harmonic sonography with an intravenous contrast
agent has demonstrated an intratumoral micro flow sensitively
and accurately [1,13]. Small residual HCCs after RFA could be
depicted on contrast harmonic sonography. However, even on B-
mode sonography, as well as on contrast harmonic sonography, it
is almost impossible to identify the safety margin because of the
difficulty in identifying the edge between the necrotic tumor and
the ablated peritumoral liver tissue. Therefore, contrast harmonic
sonography can only reveal whether residual tumor is present;
it cannot be used to identify whether the safety margin is large
enough [14–17]. On the other hand, virtual CT sonography could
evaluate the safety margin easily in comparison with CT images
after/before RFA without sonographic dead-zones.

The principal limitation of this study was the retrospective,
which inherently decreases the statistical strength. Another limita-
tion is the preliminary nature of this studywith the relatively small
number of patients and short follow-up time. Further prospective
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studies of this technique with a larger number of patients are war-
ranted.

In conclusion, real-time virtual CT sonography with magnetic
navigation could show multi-cross sections of MPR images, which
provided 3-dimensional information in the liver easily. In addition,
we can also feel any cross-sections ofMPR images from the angle of
the transducer by magnetic navigation. Virtual CT sonography can
be useful in evaluating the treatment response of RFA therapy for
HCC.
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Involvement of Activation of Toll-like Receptors and
Nucleotide-Binding Oligomerization Domain–like Receptors in

Enhanced IgG4 Responses in Autoimmune Pancreatitis

Tomohiro Watanabe,1 Kouhei Yamashita,1 Saori Fujikawa,1 Toshiharu Sakurai,2

Masatoshi Kudo,2 Masahiro Shiokawa,1 Yuzo Kodama,1 Kazushige Uchida,3

Kazuichi Okazaki,3 and Tsutomu Chiba1

Objective. IgG4-related disease is a recently rec-
ognized entity affecting multiple organs, including the
pancreas, biliary tracts, and salivary glands. Although
IgG4-related disease is characterized by systemic IgG4
antibody responses and by infiltration of IgG4-
expressing plasma cells, the innate immune responses
leading to adaptive IgG4 antibody responses are poorly
understood. The aim of this study was to clarify the
innate immune responses leading to IgG4 antibody
production.

Methods. IgG4 and cytokine responses to various
nucleotide-binding oligomerization domain (NOD)–like
receptor (NLR) and Toll-like receptor (TLR) ligands
were examined using peripheral blood mononuclear
cells (PBMCs) from healthy control subjects and pa-
tients with IgG4-related autoimmune pancreatitis.

Results. Activation of NOD-2 in monocytes from

healthy control subjects induced IgG4 production by B
cells in a BAFF-dependent and T cell–independent
manner. In addition, PBMCs from patients with IgG4-
related disease produced a large amount of IgG4 upon
stimulation with NLR and TLR ligands; this enhanced
IgG4 production was associated with the induction of
BAFF by NLR and TLR ligands. Monocytes from pa-
tients with IgG4-related disease induced IgG4 produc-
tion by B cells from healthy control subjects upon
stimulation with NLR and TLR ligands.

Conclusion. The results of these studies suggest
that abnormal innate immune responses against micro-
bial antigens may underlie the immunopathogenesis of
IgG4-related disease.

Autoimmune pancreatitis is a unique form of
chronic pancreatitis, and autoimmune reactions are con-
sidered to be involved in its pathogenesis (1,2). Cur-
rently, the diagnosis of autoimmune pancreatitis is based
on characteristic clinical findings such as hypergam-
maglobulinemia, irregular narrowing of the main pan-
creatic duct, and lymphoplasmacytic infiltration of the
pancreas associated with fibrosis (3). Another important
feature of autoimmune pancreatitis is the variety of
extrapancreatic manifestations (4). Sclerosing cholangi-
tis, sialoadenitis, and retroperitoneal fibrosis are some-
times seen in patients with autoimmune pancreatitis. In
addition to the clinicopathologic findings described
above, most patients with autoimmune pancreatitis have
elevated serum levels of IgG4 (5). Moreover, abundant
infiltration of IgG4-expressing plasmacytes is observed
in both pancreatic and extrapancreatic lesions (4,6).
Based on these recent findings, it is generally accepted
that an enhanced systemic IgG4 response is one of the
most important immunologic features in autoimmune
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pancreatitis, and that autoimmune pancreatitis is con-
sidered to be a pancreatic manifestation of systemic
IgG4-related disease (3,4) and IgG4-positive multiorgan
lymphoproliferative syndrome (7).

Our present understanding of the immunopatho-
genesis of autoimmune pancreatitis is limited. Although
the presence of autoantibodies against carbonic anhy-
drase and lactoferrin in the serum of patients with
autoimmune pancreatitis suggests the involvement of
excessive autoimmune responses (1,2), pathogenic anti-
gens have not been identified. In addition, it remains
unknown whether an enhanced IgG4 response is respon-
sible for the development of autoimmune pancreatitis,
or whether it is an epiphenomenon associated with
inflammatory reactions. Given the fact that a significant
population of patients with autoimmune pancreatitis
have a diagnosis of inflammatory bowel disease, the
development of which requires excessive immune reac-
tions to intestinal microflora (8–10), it is possible that
enhanced immune responses toward microbial antigens
underlie the immunopathogenesis of autoimmune pan-
creatitis. Consistent with this idea, an accumulation of
plasma cells expressing IgG4 was observed in the gas-
trointestinal tract of patients with autoimmune pancre-
atitis (11). Moreover, our group recently reported 2
cases of autoimmune pancreatitis in patients whose
peripheral blood mononuclear cells (PBMCs) exhibited
enhanced Th2 cytokine responses upon stimulation with
microbial antigens (12,13).

Antigens derived from the intestinal microflora
activate the host innate immune system via pattern
recognition receptors such as Toll-like receptors (TLRs)
and nucleotide-binding oligomerization (NOD)–like re-
ceptors (NLRs) (10,14). Antigen-presenting cells
(APCs) interact with B cells to induce IgG and IgA
production (14). Interestingly, the activation of TLRs
and NLRs in APCs, including dendritic cells, monocytes,
and macrophages, leads to immunoglobulin class switch-
ing through production of BAFF and APRIL (15,16).
However, the roles played by APCs expressing TLRs
and NLRs in IgG4 responses are poorly defined.

In this study, we sought to determine how the
activation of TLRs and NLRs in APCs enhances IgG4
responses linked to autoimmune pancreatitis. NOD-2 is
an intracellular NLR for small peptides derived from the
bacterial cell wall component peptidoglycan (PGN) (10).
Here, we provide evidence that NOD-2 activation in
monocytes enhances production of IgG4 from B cells via
secretion of BAFF in a T cell–independent manner, in
healthy control subjects. Moreover, we report that
PBMCs from patients with autoimmune pancreatitis

exhibited enhanced production of IgG4 upon stimula-
tion with NLR and TLR ligands. Thus, we propose that
excessive innate immune responses to microbial antigens
may underlie the immunopathogenesis of IgG4-related
autoimmune pancreatitis.

PATIENTS AND METHODS

Stimulation of cells with a broad range of microbial
antigens. PBMCs (2 � 106/ml) from healthy control subjects
were stimulated with FK-156 (20 �g/ml; Astellas Pharma),
muramyldipeptide (MDP) (20 �g/ml; InvivoGen), PGN (10
�g/ml; Sigma-Aldrich), palmitoyl-3-cysteine-serine-lysine-4
(Pam3CSK4) (1 �g/ml; InvivoGen), double-stranded RNA
(dsRNA) (25 �g/ml; InvivoGen), lipopolysaccharide (LPS) (1
�g/ml; Sigma-Aldrich), flagellin (1 �g/ml; InvivoGen), and
R837 (50 �g/ml; InvivoGen) for 14 days in complete RPMI
medium, as previously described (17,18). In some experiments,
CD3� T cells, CD14� monocytes, and CD19� B cells (1 �
106/ml) were isolated from PBMCs by positive selection using
anti-human CD3, CD14, and CD19 microbeads, respectively
(Miltenyi Biotech) (19). Depletion of CD14� monocytes was
performed by negative selection, using anti-CD14 microbeads.
The isolated cell populations were cultured with the indicated
doses of a neutralizing anti-BAFF monoclonal antibody (R&D
Systems) or a mouse IgG control antibody (eBioscience).
CD14� monocytes were incubated with 10 �M SB203580 (p38
and RICK inhibitor), PD98059 (ERK inhibitor), SP600125
(JNK inhibitor), or BAY 11-7082 (NF-�B inhibitor) (all from
InvivoGen) for 1 hour, followed by overnight stimulation with
MDP (20 �g/ml). Culture supernatants were collected at the
indicated time points.

Enzyme-linked immunosorbent assays (ELISAs).
Culture supernatants were assayed for the measurement of
interleukin-6 (IL-6), IL-8, IL-12p40, IL-17, tumor necrosis
factor (TNF), interferon-� (IFN�), APRIL, and BAFF, using
ELISA kits (PharMingen and eBioscience). The production of
IgG1 and IgG4 was determined by ELISAs. Anti-human IgG1
and IgG4 antibodies (PharMingen) were used as capture
antibodies, and horseradish peroxidase (HRP)–labeled anti-
human IgG antibody (PharMingen) was used for detection.
The production of IgA and IgE was determined using an
ELISA (Bethyl Laboratories).

Fluorescence-activated cell sorter analysis. PBMCs
were preincubated with Fc-blocking solution (Miltenyi Bio-
tech), stained with fluorescein isothiocyanate–conjugated anti-
human CD14 or CD19 antibody (both from eBioscience) and
phycoerythrin-labeled anti-human BAFF (R&D Systems),
APRIL (BioLegend), B cell maturation antigen (BCMA;
R&D Systems), HLA–DR, CD40, CD80, CD86 (all from
eBioscience), inducible costimulator (ICOS) ligand (eBiosci-
ence), CD163 (BioLegend), BAFF receptor (BAFF-R; Bio-
Legend), and TACI (BioLegend). An intracellular staining kit
(PharMingen) was used for intracellular staining of BAFF and
APRIL. Stained cells were analyzed on an Accuri C6 cytome-
ter (Accuri Cytometers).

Immunoblotting. CD14� monocytes from healthy con-
trol subjects were stimulated with MDP (20 �g/ml). At the
indicated time points, protein extracts were isolated and
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subjected to immunoblotting as described previously (18). The
primary antibodies used in this study were as follows: actin
(Santa Cruz Biotechnology), phospho-p38, total p38, phospho-
ERK, total ERK, phospho-JNK, total JNK, and total I�B�
(Cell Signaling Technology). To detect NOD-2 expression,
cells were first immunoprecipitated with monoclonal NOD-2
antibody (eBioscience) followed by immunoblotting with poly-
clonal NOD-2 antibody (Santa Cruz Biotechnology).

Small interfering RNA (siRNA) study. MonoMac6
cells (1 � 106/ml), a human monocytic cell line, were trans-
fected with control siRNA or NOD-2–specific siRNA (25 nM;
Santa Cruz Biotechnology), using TransIT-TKO transfection
reagent (Mirus). Cells were stimulated with MDP (20 �g/ml)
for 36 hours after transfection and then incubated for an
additional 24 hours.

NF-�B activation assay. Nuclear extracts were pre-
pared using an extraction kit (Clontech), and the binding
activity of nuclear extract to NF-�B p50, p65, c-Rel, p52, and
RelB was measured using a TransAM NF-�B kit (Active
Motif). Nuclear extracts (10 �g) isolated from monocytes
stimulated with MDP (20 �g/ml) for 30 minutes were applied
to each well coated with NF-�B consensus oligonucleotides
and then incubated with rabbit anti-p50, anti-p65, anti–c-Rel,
anti-p52, and anti-RelB antibodies followed by HRP-labeled
anti-rabbit IgG.

Studies using peripheral blood cells from patients with
autoimmune pancreatitis. Ethics permission for this study was
granted by the review board of Kyoto University. Healthy
control subjects (n � 24) and treatment-naive patients with
IgG4-related autoimmune pancreatitis (n � 8) were enrolled
in this study after informed consent was obtained. PBMCs,
CD14� monocytes, and CD19� B cells were isolated from the
patients and stimulated with a broad range of microbial
antigens, as described above.

Statistical analysis. Student’s t-test was used to evalu-
ate statistical significance. Statistical analysis was performed
with the StatView version 4.5 program (Abacus Concepts). P
values less than 0.05 were considered significant.

RESULTS

NOD-2–induced IgG4 production by PBMCs
from healthy controls. Although an enhanced IgG4
response is one of the most important immunologic
features in patients with autoimmune pancreatitis (4,5),
the molecular mechanisms accounting for increased
production of this IgG subtype in patients with auto-
immune pancreatitis are poorly understood. To address
the role of microbial antigens in the production of IgG4,
PBMCs from healthy control subjects were stimulated
with a broad range of TLR and NLR ligands (FK-156
[NOD-1 ligand], MDP [NOD-2 ligand], Pam3CSK4
[TLR-1/2 ligand], PGN [TLR-2/6 ligand], dsRNA
[TLR-3 ligand], LPS [TLR-4 ligand], flagellin [TLR-5
ligand], and R837 [TLR-7 ligand]) for 14 days.

Activation of NOD-2 by MDP induced the pro-
duction of IgG4, but not IgG1, by PBMCs from healthy
control subjects (Figure 1). In contrast, activation of

TLR-2 and TLR-4 induced the production of both
IgG1 and IgG4. Thus, these data suggest that activation
of NOD-2 enhances the IgG4 response rather than
the IgG1 response. Because the regulation of IgG4
production is dependent on Th2 cytokines (20), we
evaluated the profiles of cytokines induced by MDP.
Stimulation with MDP did not induce production of
Th1-associated cytokines such as IFN� and IL-12p40,
Th2-associated cytokines such as IL-4 and IL-13, or
Th17-associated cytokines such as IL-6 and IL-17 (data
not shown). These results suggested that IgG4 produc-
tion by MDP is not associated with typical Th1, Th2, or
Th17 cell responses. Significant production of IL-10 was
induced in PBMCs stimulated with MDP. All of the
TLR and NLR ligands enhanced IL-8 production, which
suggests that the doses of microbial antigens used in this
study were sufficient to cause innate immune responses.

Figure 1. Muramyldipeptide (MDP)–induced activation of nucleotide-
binding oligomerization domain 2 (NOD-2) enhances IgG4 production
by peripheral blood mononuclear cells (PBMCs) from healthy control
subjects. PBMCs (2 � 106/ml) from healthy control subjects (n � 14)
were stimulated with a broad range of NOD-like receptor (NLR) and
Toll-like receptor (TLR) ligands (FK-156, 20 �g/ml; MDP, 20 �g/ml;
peptidoglycan [PGN], 10 �g/ml; palmitoyl-3-cysteine-serine-lysine-4
[Pam3CSK4], 1 �g/ml; double-stranded RNA [dsRNA], 25 �g/ml;
lipopolysaccharide [LPS], 1 �g/ml; flagellin, 1 �g/ml; R837, 50 �g/ml)
for 14 days. Production of IgG4 and IgG1 in the culture supernatants
was determined by enzyme-linked immunosorbent assay. Bars show
the mean � SEM. � � P � 0.05 versus medium.
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T cell–independent IgG4 production by NOD-2.
We next determined the types of cells that are involved
in enhanced IgG4 production through NOD-2 activa-
tion. Initially, we isolated CD3� T cells, CD19� B cells,
and CD14� monocytes and then examined the types of
cells expressing NOD-2 at the protein level. Immuno-
precipitation followed by immunoblotting with anti–
NOD-2 antibody revealed that NOD-2 expression was
limited to CD14� monocytes (Figure 2A). Consistent
with this NOD-2 expression in monocytes, the depletion
of CD14� cells from PBMCs reduced IgG4 production
stimulated by MDP-induced activation of NOD-2 (data
not shown). These results suggested that activation of
monocytes expressing NOD-2 is responsible for MDP-
induced IgG4 production.

To confirm these results, we assessed IgG4 pro-
duction by CD19� B cells cocultured with CD14�
monocytes or CD3� T cells. MDP-induced IgG4 pro-
duction was observed in the coculture containing both B
cells and monocytes (Figure 2B). In contrast, the addi-
tion of CD3� T cells to the culture reduced MDP-
induced IgG4 production. These results showed that the
presence of monocytes and B cells is sufficient for
MDP-induced IgG4 production, and that NOD-2 acti-
vation induces IgG4 production in a T cell–independent
manner. The production of IgG1, IgA, and IL-10 was
comparable in the coculture containing monocytes and
B cells, regardless of whether cells were activated with
MDP. Furthermore, the optimal induction of IL-10 by
MDP required B cells, T cells, and monocytes, suggest-
ing that T cells are the main producers of this cytokine.
Taken together, these data suggested that stimulation of
MDP activates NOD-2 in monocytes and then induces
IgG4 production by B cells in a T cell–independent
manner.

We examined regulation of the expression of
surface markers in monocytes stimulated with MDP.
MDP-induced activation of NOD-2 enhanced cell sur-
face expression of HLA–DR and costimulatory mole-
cules such as CD40, CD80, and CD86, whereas no
significant change was observed in the cell surface
expression of CD163 or ICOS ligand (data not shown).

IgG4 production by NOD-2 activation of BAFF
signaling pathways. We next examined the effects of
NOD-2 activation in monocytes on the survival of B
cells. The percentage of annexin V–positive apoptotic B
cells was significantly reduced in PBMCs stimulated with
MDP (Figure 3A). These results suggested that MDP-
induced activation of NOD-2 in monocytes enhances the
survival of CD19� B cells by inhibiting apoptotic cell
death.

The TNF family members BAFF and APRIL are

crucial survival factors for peripheral B cells (21,22).
Innate immune cells such as APCs and epithelial cells
produce BAFF and APRIL to cause T cell–independent
immunoglobulin responses (15,16). Therefore, we ad-

Figure 2. MDP-induced activation of NOD-2 in monocytes induces
IgG4 production by B cells in a T cell–independent manner. A, CD3�
T cells, CD14� monocytes, and CD19� B cells were purified from the
PBMCs of healthy control subjects. Protein extracts were isolated from
CD3� T cells, CD19� B cells, and CD14� monocytes and then
subjected to immunoprecipitation with anti–NOD-2 antibody, fol-
lowed by immunoblotting with anti–NOD-2 antibody. Expression of
NOD-2 by immunoblotting using 2 healthy controls is shown. B,
CD19� B cells (1 � 106/ml) from healthy control subjects (n � 6) were
cocultured with CD14� monocytes (1 � 106/ml) and/or CD3� T cells
(1 � 106/ml) in the presence of MDP (20 �g/ml) for 14 days. Culture
supernatants were analyzed for the production of IgG4, IgG1, IgA, and
interleukin-10 (IL-10). Bars show the mean � SEM. � � P � 0.05;
�� � P � 0.01 versus the 3 other coculture conditions. See Figure 1 for
other definitions.
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dressed whether MDP-induced activation of NOD-2
stimulates production of BAFF and/or APRIL and
thereby enhances IgG4 production. Intracellular stain-
ing revealed a marked increase in BAFF, but not
APRIL, expression in monocytes stimulated with MDP
(Figure 3B). We next determined whether MDP-
mediated BAFF production depends on NOD-2 activa-
tion. For this purpose, we used MonoMac6 cells, a
human monocytic cell line, because of the very low
efficiency of gene transfection in primary monocytes.
MDP-mediated BAFF production was reduced in
MonoMac6 cells transfected with NOD-2–specific
siRNA, which suggested NOD-2–dependent BAFF
production upon stimulation with MDP (data not
shown).

The production of BAFF in the coculture con-

taining B cells and monocytes was enhanced upon
stimulation with MDP (Figure 3C). More importantly,
abrogation of BAFF signaling by its neutralizing anti-
body inhibited the production of IgG4 in a dose-
dependent manner (Figure 3D). BAFF binds to the
receptors BCMA, TACI, and BAFF-R, which are ex-
pressed on the cell surface of B cells (21,22). Stimulation
of PBMCs with MDP enhanced cell surface expression
of TACI on B cells (data not shown), suggesting that the
interaction between TACI and BAFF is involved in
enhanced IgG4 production mediated by NOD-2 activa-
tion. Consistent with these data, the addition of BAFF
alone led to a marked increase in IgG4 production by
CD19� B cells (data not shown). These results sug-
gested a novel mechanism of IgG4 production mediated
by NOD-2 activation: monocytes produce BAFF upon

Figure 3. MDP-induced activation of NOD-2 in monocytes induces IgG4 production in a BAFF-dependent manner. A, PBMCs from healthy
control subjects were stimulated with MDP for 24 hours and then stained with phycoerythrin (PE)–conjugated anti-CD19 antibody (Ab) and
fluorescein isothiocyanate (FITC)–conjugated annexin V. The percentage of apoptotic annexin V–positive CD19� B cells was decreased by
stimulation with MDP. � � P � 0.05 versus medium. B, CD14� monocytes from healthy control subjects were stimulated with MDP for 24 hours,
and intracellular expression of BAFF and APRIL was determined by flow cytometry. C, CD19� B cells from healthy control subjects (n � 6) were
cocultured with CD14� monocytes and/or CD3� T cells in the presence of MDP for 24 hours. Culture supernatants were analyzed for the
production of BAFF and APRIL. � � P � 0.05 versus other coculture conditions. D, CD19� B cells from healthy control subjects (n � 6) were
cocultured with CD14� monocytes in the presence of neutralizing anti-BAFF antibody or control antibody for 14 days. Culture supernatants were
analyzed for the production of IgG4 and IgG1. �� � P � 0.01 versus control. Bars in A, C, and D show the mean � SEM. See Figure 1 for other
definitions.

918 WATANABE ET AL

— 210 —



NOD-2 activation by MDP, and BAFF induce IgG4
production via interaction between BAFF and TACI.

NF-�B–dependent BAFF production by NOD-2.
We next examined the signaling pathway involved in
NOD-2–induced BAFF production in monocytes. Previ-
ous studies have established that NOD-2 activation
results in interactions between the CARD domain of the
NOD molecule and the CARD domain of a downstream
effector molecule, the serine/threonine kinase RICK;
activated RICK generated in this manner activates
NF-�B and MAP kinases (MAPKs) (10). Stimulation of
monocytes with MDP led to degradation of I�B� and
enhanced expression of the phosphorylated forms of
p38, JNK, and ERK (Figure 4A). In addition, the
binding of NF-�B subunits p65 and p50 to consensus
sequences was markedly enhanced in nuclear extracts
isolated from monocytes upon stimulation with MDP
(Figure 4B). In contrast, there was no significant differ-
ence in the binding of c-Rel, RelB, or p52 in the nuclear
extracts either with or without MDP stimulation. These
results suggested that MDP-induced activation of

NOD-2 results in the activation of NF-�B and MAPK in
monocytes.

In subsequent studies to determine which of the
previously established components of NOD-2 signaling
were relevant to BAFF production, monocytes were
preincubated with various inhibitors specific to these
pathways, including PD98059 (ERK inhibitor),
SB203580 (p38 and RICK inhibitor), SP600125 (JNK
inhibitor), and BAY 11-7082 (NF-�B inhibitor) and then
stimulated with MDP. The addition of BAY 11-7082 or
SB203580 to cultures led to reduced BAFF production
by monocytes (Figure 4C). In contrast, the addition of
PD98059 or SP600125 had no inhibitory effects on
BAFF production. To exclude toxic effects of these
inhibitors, we performed a gene-silencing study. Trans-
fection of p65 siRNA into MonoMac6 cells led to a
substantial reduction in BAFF production upon stimu-
lation with MDP as compared with cells transfected with
control siRNA (data not shown). Taken together, these
results suggested that BAFF production by MDP is
induced by the activation of NF-�B through RICK.

Figure 4. MDP-induced activation of NOD-2 in monocytes stimulates BAFF production via NF-�B activation. A, CD14� monocytes from 2 healthy
control subjects were stimulated with MDP, and protein extracts were isolated at the indicated time points. Whole extracts were subjected to
immunoblotting with anti-I�B�, phospho-p38, p38, phospho-JNK, JNK-1, phospho-ERK, and ERK antibodies. B, Nuclear extracts were isolated
from monocytes stimulated with MDP (20 �g/ml) for 30 minutes. The activation of NF-�B subunits in the nuclear extracts was determined. � � P �
0.05 versus medium. C, CD14� monocytes (1 � 106/ml) from healthy control subjects (n � 4) were preincubated with 10 �M BAY 11-7082 (BAY,
NF-�B inhibitor), SB203580 (SB; p38 and RICK inhibitor), PD98059 (PD; ERK inhibitor), or SP600125 (SP; JNK inhibitor) for 1 hour, followed
by overnight stimulation with MDP (20 �g/ml). Culture supernatants were analyzed for production of BAFF. � � P � 0.05 versus DMSO. Bars in
B and C show the mean � SEM. See Figure 1 for other definitions.
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IgG4 production by PBMCs from patients with
IgG4-related autoimmune pancreatitis via activation of
NLRs and TLRs. As mentioned above, we identified a
novel pathway of NOD-2–mediated IgG4 production by
using PBMCs from healthy control subjects. To establish
the significance of this finding in the immunopathogen-
esis of IgG4-related disease, we compared the immune
responses of PBMCs from patients with IgG4-related
autoimmune pancreatitis with those of PBMCs from
healthy controls. Patients enrolled in this study met the
criteria for the diagnosis of autoimmune pancreatitis
(23,24) and were diagnosed as having lymphoplasma-
cytic sclerosing pancreatitis. The mean � SD serum
levels of IgG4 and IgG1 in patients enrolled in this study
were 665 � 232 mg/dl (normal range 4.8–105) and
1,050 � 567 mg/dl (normal range 320–748), respectively.
PBMCs from healthy control subjects and patients were
stimulated with NLR and TLR ligands to measure the
production of immunoglobulins and cytokines.

Basal production of IgG4 by PBMCs was mark-
edly elevated in patients compared with controls, and
this enhanced IgG4 production by patient PBMCs was
augmented in the presence of a broad range of NLR and
TLR ligands (Figure 5, top). Although the activation of
NOD-2 preferentially induces IgG4 production in
healthy PBMCs, not only NOD-2 ligands (MDP) but
also TLR ligands (Pam3CSK4 and PGN [TLR-2 ligands],
dsRNA [TLR-3 ligand], LPS [TLR-4 ligand], and flagel-
lin [TLR-5 ligand]) efficiently induced IgG4 production
by PBMCs from patients. Similar results were observed
for IgG1, although the difference between control sub-
jects and patients was much smaller than the differences
observed for IgG4 (Figure 5, top).

PBMCs from patients and control subjects pro-
duced comparable levels of IgA and IgE upon stimula-
tion with NLR and TLR ligands (Figure 5, middle).
Interestingly, BAFF production by PBMCs from pa-
tients was much higher than that by PBMCs from

Figure 5. Nucleotide-binding oligomerization domain–like receptor (NLR) and Toll-like receptor (TLR) ligands induce production of BAFF and
IgG4 by peripheral blood mononuclear cells (PBMCs) from patients with IgG4-related autoimmune pancreatitis (AIP). PBMCs (1 � 106/ml) from
healthy control subjects (n � 10) and patients with IgG4-related autoimmune pancreatitis (n � 8) were stimulated with a broad range of NLR and
TLR ligands for 14 days, as described in Figure 1. Culture supernatants obtained at 14 days were assayed for the presence of IgG1, IgG4, IgA, and
IgE. Culture supernatants obtained at 2 days were assayed for the presence of APRIL and BAFF. Bars show the mean � SEM. � � P � 0.05 and
�� � P � 0.01 versus healthy controls; # � P � 0.05 and ## � P � 0.01 versus medium; $ � P � 0.05 and $$ � P � 0.01 versus medium. MDP �
muramyldipeptide; PAM � palmitoyl-3-cysteine-serine-lysine-4; PGN � peptidoglycan; dsRNA � double-stranded RNA; LPS � lipopolysaccha-
ride.
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control subjects upon stimulation with NOD-2 and TLR
ligands (Figure 5, bottom). In contrast, stimulation of
PBMCs with NLR and TLR ligands induced comparable
levels of APRIL in control subjects and patients (Figure
5, bottom). These results suggested that PBMCs from
patients with IgG4-related autoimmune pancreatitis
produce a large amount of IgG4 upon stimulation with
NLR and TLR ligands, and that such enhancement of
IgG4 production is associated with BAFF induced by
NLR and TLR ligands.

Defective Th1 cell responses in patients with
IgG4-related autoimmune pancreatitis. We next evalu-
ated the profiles of cytokines induced by NLR and TLR
ligands in patients with IgG4-related autoimmune pan-
creatitis. In patients compared with controls, IFN�
production by PBMCs was markedly reduced upon
stimulation with TLR-2, TLR-3, TLR-4, and TLR-5
ligands (for PAM, mean � SEM 229 � 61 pg/ml versus
1,184 � 290 pg/ml; for dsDNA, 260 � 82 pg/ml versus

3,810 � 1,400 pg/ml; for LPS, 1,690 � 974 pg/ml
versus 4,530 � 929 pg/ml; for flagellin, 872 � 530 pg/ml
versus 4,110 � 960 pg/ml). Stimulation with MDP
induced comparable levels of IFN� production by
PBMCs from controls and those from patients (data not
shown). Given the fact that IFN� is a prototypical Th1
cytokine, these results suggested that PBMCs from
patients with IgG4-related autoimmune pancreatitis
show defective Th1 cell responses to TLR ligands.
Consistent with this reduced IFN� production, the pro-
duction of IL-12p40, which is associated with Th1 cell
responses, was significantly reduced in patients com-
pared with controls upon stimulation with TLR-2 or
TLR-4 ligand (for PAM, mean � SEM 130 � 18 pg/ml
versus 456 � 91 pg/ml; for LPS, 344 � 58 pg/ml versus
670 � 128 pg/ml). In addition, IL-6 production by
TLR-2 and TLR-5 ligands was reduced in PBMCs from
patients compared with controls (for PAM, mean �
SEM 3,491 � 554 pg/ml versus 7,664 � 848 pg/ml; for

Figure 6. Monocytes isolated from patients with IgG4-related autoimmune pancreatitis induce IgG4 production by B cells from healthy controls
upon stimulation with MDP and LPS. A, CD19� B cells (1 � 106/ml) from healthy control subjects (n � 4) were cocultured with CD14� monocytes
(1 � 106/ml) from control subjects (n � 4) or patients with IgG4-related autoimmune pancreatitis (n � 4) in the presence of MDP (20 �g/ml) or
LPS (1 �g/ml) for 14 days. B, CD19� B cells (1 � 106/ml) from patients with IgG4-related autoimmune pancreatitis (n � 4) were cocultured with
CD14� monocytes (1 � 106/ml) from control subjects (n � 4) or patients (n � 4) in the presence of MDP (20 �g/ml) or LPS (1 �g/ml) for 14 days.
Culture supernatants obtained at 14 days were assayed for the presence of IgG1 and IgG4. Bars show the mean � SEM. � � P � 0.05 versus the
respective controls. See Figure 5 for definitions.
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flagellin, 4,403 � 345 pg/ml versus 7,207 � 750 pg/ml).
In contrast, no significant difference between patients
and control subjects was observed in the production of
IL-17 or IL-10 by PBMCs stimulated with NLR and
TLR ligands (data not shown). Thus, these studies
clearly showed that defective Th1 cell responses to TLR
ligands, but not NLR ligands, are associated with en-
hanced IgG4 production by PBMCs from patients with
IgG4-related autoimmune pancreatitis.

Induction of IgG4 responses by monocytes from
patients with IgG4-related autoimmune pancreatitis. In
a final series of experiments, we determined the type of
cells that play a critical role in the generation of IgG4
responses in patients with IgG4-related autoimmune
pancreatitis. Because PBMCs from patients with auto-
immune pancreatitis produced a large amount of BAFF
upon stimulation with TLR and NLR ligands, we hy-
pothesized that monocyte-induced activation of TLRs
and NLRs is responsible for enhanced IgG4 production
in patients with IgG4-related autoimmune pancreatitis.
To this end, we conducted coculture experiments in
which CD19� B cells and CD14� monocytes isolated
from the PBMCs of healthy control subjects and patients
were stimulated with MDP or LPS in various combina-
tions.

First, we set up a coculture system in which
CD19� B cells from healthy control subjects were
incubated with monocytes from healthy control subjects
or patients. Monocytes isolated from patients, but not
control subjects, induced production of IgG4 by healthy
B cells upon stimulation with MDP or LPS (Figure 6A).
In contrast, no differences were observed between pa-
tients and control subjects in IgG1 production upon
stimulation with MDP or LPS (Figure 6A). Enhanced
IgG4 production by monocytes from patients was signif-
icantly reduced by IFN� (data not shown), suggesting
that impaired Th1 cell responses are involved in en-
hanced IgG4 responses in patients with IgG4-related
disease.

Next, we set up a coculture system in which
CD19� B cells from patients were incubated with
monocytes from healthy control subjects or patients. B
cells from patients produced comparable levels of IgG1
and IgG4 regardless of whether these cells were cocul-
tured with monocytes from healthy controls or patients
(Figure 6B). These data suggested that activation of
NOD-2 or TLR-4 in the monocytes of patients triggers
IgG4 production by healthy CD19� B cells, and that
monocyte activation of TLRs and NLRs underlies the
immunopathogenesis of enhanced IgG4 production in
IgG4-related disease.

DISCUSSION

Although autoimmune pancreatitis is character-
ized by systemic IgG4 antibody responses and is consid-
ered to be a pancreatic manifestation of IgG4-related
disease and IgG4-positive multiorgan lymphoprolifera-
tive syndrome, the innate immune responses leading to
adaptive IgG4 antibody responses are poorly under-
stood. In the current study, we examined the innate
immune responses inducing IgG4 antibody production.
In our initial studies, we used healthy PBMCs to show
that B cells produce a large amount of IgG4 in a T
cell–independent manner when B cells are cocultured
with monocytes stimulated with MDP, a NOD-2 ligand.
Furthermore, we showed that BAFF produced by MDP-
activated monocytes induces IgG4 production by B cells.
Thus, we characterized T cell–independent IgG4 pro-
duction induced by NOD-2 signaling, which operates in
monocytes. With respect to the role of NOD-2 in
IgG4-related autoimmune pancreatitis, we showed that
NOD-2 activation enhances the production of BAFF
and IgG4 by PBMCs from patients with autoimmune
pancreatitis. More importantly, we showed that MDP-
stimulated monocytes isolated from patients with auto-
immune pancreatitis induce production of IgG4 by B
cells from healthy controls. Therefore, these data sug-
gest that NOD-2–dependent BAFF production in
monocytes plays an important role in the generation of
an IgG4 response in autoimmune pancreatitis.

NOD-2–mediated BAFF production by mono-
cytes is an indispensable step for T cell–independent
IgG4 production, as shown in this study. We showed
enhanced activation of NF-�B and MAPKs in mono-
cytes upon stimulation with MDP. Moreover, BAFF
production mediated by MDP was markedly decreased
by the addition of pharmacologic inhibitors for NF-�B
and RICK, which strongly suggests that MDP-induced
activation of NOD-2 elicits BAFF production by mono-
cytes via NF-�B activation. Compatible with this idea,
the BAFF gene promoter contains many NF-�B binding
sites (25). In this study, however, the molecular mecha-
nisms by which NOD-2–mediated BAFF production
enhances IgG4 production remain unknown. BAFF is a
crucial survival factor for peripheral B cells (21,22). In
fact, the percentage of apoptotic B cells was reduced in
the presence of monocytes stimulated with MDP, which
suggests an expansion of B cells due to BAFF produc-
tion induced by NOD-2 activation. Thus, one possible
mechanism for BAFF-dependent IgG4 production may
be promotion of the activation or expansion of B cells
that are already committed to IgG4 production. In this
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regard, the survival of B cells committed to IgG4 pro-
duction is enhanced in the presence of IL-21 (26).
Therefore, it is possible that BAFF, in concert with
IL-21 and/or other unidentified factors, enhances IgG4
production via promoting the expansion of IgG4-
committed B cells. Alternatively, BAFF may directly
induce IgG4 class-switch DNA recombination. Although
Litinskiy et al reported that BAFF induces IgG4 class-
switch DNA recombination in the presence of IL-4 (15),
we failed to detect IL-4 in cells stimulated with MDP.

Although the activation of NOD-2, but not TLRs,
preferentially induces IgG4 production by PBMCs from
healthy control subjects, not only MDP but also many
TLR ligands induce IgG4 production by PBMCs from
patients with IgG4-related autoimmune pancreatitis.
This enhanced IgG4 production by TLR ligands is
associated with the reduced production of proinflamma-
tory Th1 cytokines and with the enhanced production of
BAFF. Thus, in contrast to NOD-2–induced IgG4 pro-
duction, which is dependent on BAFF production by
monocytes, the reduced production of Th1 cytokines
may also be involved in enhanced TLR-induced IgG4
production in autoimmune pancreatitis. Consistent with
this idea, IgG4 production by healthy B cells upon
coculture with monocytes from patients with IgG4-
related disease is reduced in the presence of IFN�.
Therefore, it seems likely that not only NOD-2–
mediated BAFF production but also TLR-mediated
production of BAFF and reduced production of Th1
cytokines are involved in the generation of systemic
IgG4 responses in patients with autoimmune pancreati-
tis. In addition, our preliminary data show that basophils
isolated from patients with autoimmune pancreatitis, but
not those from healthy control subjects, induce produc-
tion of a large amount of IgG4 by B cells upon stimula-
tion with TLR-2 and TLR-4 ligands (Watanabe T, et al:
unpublished observation). Further phenotypic analysis
of basophils from patients with autoimmune pancreatitis
and healthy control subjects may provide the mecha-
nisms accounting for differences in TLR and NLR
ligands that drive the production of this immunoglobulin
subclass. In any case, these data suggest that activation
of both NLRs and TLRs is involved in the development
of enhanced IgG4 production in patients with auto-
immune pancreatitis.

TLR activation enhances the production of
BAFF rather than APRIL in patients with IgG4-related
autoimmune pancreatitis. Thus, BAFF plays an impor-
tant role in T cell–independent IgG4 production. Simi-
larly, Alsaleh et al observed that TLR activation in
synovial fibroblasts from patients with rheumatoid ar-

thritis cause T cell–independent IgG secretion via
BAFF-mediated but not APRIL-mediated signaling
pathways (27). Thus, the immunopathogenesis of rheu-
matoid arthritis and autoimmune pancreatitis may be
similar, in that T cell–independent and BAFF-
dependent immunoglobulin secretion is seen in both
diseases. Although BAFF binds to the receptors BCMA,
TACI, and BAFF-R expressed on the cell surface of B
cells (21,22), TACI delivers innate immunoglobulin-
inducing signals to B cells (28). In the current study,
TACI expression in B cells was up-regulated in PBMCs
stimulated with MDP. Therefore, the interaction be-
tween TACI and BAFF may be involved in T cell–
independent IgG4 production. Blockade of TACI-
specific signaling pathways may provide new insights
into the immunopathogenesis of IgG4-related disease.

The role of an IgG4 antibody response in the
immunopathogenesis of IgG4-related disease is poorly
understood. Several lines of evidence suggest an anti-
inflammatory rather than an inflammatory role of this
immunoglobulin subclass. First, the interaction between
IgG4 and the Fc� receptor or C1q is weaker than that of
other IgG subclasses (20). Second, IgG4 antibodies can
exchange Fab arms by swapping a heavy chain and an
attached light chain (half-molecule) with a heavy–light
chain pair from another molecule, which results in
bispecific antibodies (29). This bispecific property of
IgG4 antibodies protects against the autoimmune dis-
ease myasthenia gravis by competing pathogenic IgG1
antibodies against acetylcholine receptor (29). Third,
elevated IgG4 levels are considered to be a marker of
tolerance induction in IgE-related allergic disorders
(20,30). These unique properties of IgG4 prompt us to
speculate that enhanced IgG4 antibody responses may
be an epiphenomenon associated with inflammatory
reactions. In this study, we identified BAFF as a critical
player in IgG4 production. Thus, it is an interesting
question whether or not BAFF inhibition influences the
clinical course of IgG4-related disease and IgG4-positive
multiorgan lymphoproliferative syndrome.

Our findings have certain implications with re-
spect to possible mechanisms of IgG4-related auto-
immune pancreatitis. Activation of NOD-2 and TLR
ligands enhances IgG4 responses by PBMCs from pa-
tients with IgG4-related autoimmune pancreatitis, which
suggests the possible involvement of abnormal innate
immune responses against intestinal microflora in the
development of IgG4-related autoimmune pancreatitis.
Alternatively, microbial infections trigger the develop-
ment of IgG4-related autoimmune pancreatitis. In con-
clusion, abnormal innate immune responses via NLRs
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and TLRs may underlie the immunopathogenesis of
IgG4-related disease and IgG4-positive multiorgan lym-
phoproliferative syndrome.
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Background & Aims: Transcatheter arterial chemoembolization
with lipiodol (TACE) is widely performed in patients with hepato-
cellular carcinoma (HCC) unsuitable for curative treatment. It has
recently been recommended for patients with 2 or 3 tumors
>3 cm or P4 tumors in a treatment algorithm proposed by Japa-
nese guidelines. However, the best indication and appropriate-
ness of the algorithm for TACE are still unclear.
Methods: In 4966 HCC patients who underwent TACE, survival
was evaluated based on tumor number, size and liver function;
and the adequacy of the algorithm for TACE was validated. Exclu-
sion criteria were: vascular invasion, extrahepatic metastasis, and
prior treatment. The mean follow up period was 1.6 years.
Results: The overall median and 5-year survivals were 3.3 years
and 34%, respectively. Multivariate analysis revealed that Child–
Pugh class, tumor number, size, alpha-fetoprotein, and des-
gamma carboxy-prothrombin were independent predictors. The
survival rate decreased as the tumor number (p = 0.0001) and
size increased (p = 0.04 to p = 0.0001) in all but one subgroup in
both Child–Pugh-A and -B. The stratification of these patients
to four treatments in the algorithm showed potential ability to
discriminate survivals of the resection and ablation (non-TACE)
groups from those of the TACE group in Child–Pugh-B and par-
tially in A.

Conclusions: TACE showed higher survival rates in patients with
fewer tumor numbers, smaller tumor size, and better liver func-
tion. The treatment algorithm proposed by the Japanese guide-
lines might be appropriate to discriminate the survival of
patients with non-TACE from TACE therapy.
� 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common can-
cer worldwide with 626,000 new cases every year, and is the
third most common cause of death from cancer [1]. The fre-
quency of curative treatment, such as resection, local ablation,
and/or liver transplantation is low (only 30%) due to advanced
cancer stage and associated liver cirrhosis at the time of diagnosis
[2]. Among several treatments, transcatheter arterial chemoemb-
olization with lipiodol (TACE) is widely performed in patients
with unresectable HCC at an initial and recurrent time, which
accounts for 32% and 58% of all treatment modalities, respec-
tively, in Japan [3]. Superselective TACE is indispensable to max-
imize the effect in targeted tumors and to minimize liver injury
[4].

Recently, two treatment algorithms for HCC were proposed:
the Barcelona Clinic Liver Cancer (BCLC) classification, in 2001
[5] and the Japanese guidelines, in 2005 [6]. The first one recom-
mends TACE in patients with multi-nodular HCC in Child–Pugh A
or B in the intermediate stage, while the second recommends
TACE in patients with 2 or 3 tumors, >3 cm in diameter or P4
tumors in liver damage A or B. In both guidelines, vascular inva-
sion and/or extrahepatic spread are excluded. However, the sur-
vival rate of TACE-stratified to recommended treatment of the
Japanese guidelines algorithm and its appropriateness have not
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been yet determined. Thus, we conducted this research with a
large scale of samples.

Patients and methods

During 6 years, from January 2000 to December 2005, a total of 60,773 patients
with primary liver cancer were prospectively registered bi-annually by the Liver
Cancer Study Group of Japan (LCSGJ) throughout 800 medical institutions using a
registration/questionnaire sheet with more than 180 questions. Among them,
53,008 patients were clinically diagnosed with HCC with multiple imaging
modalities, tumor markers, and/or needle biopsy. Four thousand nine hundred
sixty-six patients were selected in the current cohort study. Inclusion criteria
were the following: TACE was performed in naïve patients as an initial treatment
and any other therapy such as resection and local ablation was not performed
during the first investigation period within at least 2 years. Exclusion criteria
were: vascular invasion of the portal and hepatic veins, invasion of the biliary
duct, extrahepatic spread and history of previous treatment for HCC.

HCC was diagnosed using ultrasonography (US), dynamic computed tomogra-
phy (CT), magnetic resonance imaging (MRI), and/or pathologically by biopsy
specimens (3.2%). Abnormal elevation of tumor markers was also referred:
alpha-fetoprotein (AFP) >400 ng/ml (normal, <20) and des-gamma carboxyl pro-
thrombin (DCP) >100 mAU/ml (normal, <40). Typical HCC was depicted as
hyper-attenuation in arterial phase and hypo-attenuation or wash-out in delayed
phase (around 3 min after the beginning of contrast injection) of dynamic CT and
on dynamic MRI. If the tumor showed an atypical profile and was larger than
2 cm in diameter, further examination was recommended as follows: angiogra-
phy, combination of CT and angiography, MRI with super-paramagnetic iron
oxide, CE-US with micro-bubble (Levovist, Bayer Schering Pharma, Germany),
and/or needle biopsy. If the tumor was less than 2 cm, a follow up study with
US was recommended [6]. The extrahepatic metastases were routinely examined
by CT, US, and chest X-ray.

The distribution of background factors of patients with TACE is shown in
Table 1. The study population predominantly consisted of patients older than
60 years [n = 4205 (85%)] and among them 3369 were male patients (68%). The
proportion of Child–Pugh A/B/C was 69% (n = 3229 patients), 28% (n = 1296),
and 4% (n = 167), respectively. 3479 patients (73%) were positive for hepatitis C
virus antibody and 449 were positive for hepatitis B virus surface antigen. The
maximum tumor size was 62 cm in diameter for 32% and 63 cm for 56% of
tumors. The mean diameter was 3.8 ± 3.5 (standard deviation, SD) cm. The tumor
number was one in 2252 patients (46%), two in 1003, three in 565, and more than
four in 1092. 1868 patients (40%) had a normal AFP value and 900 had more than
401 ng/ml. 2128 patients (52%) had a DCP value 6100 mAU/ml.

According to the TNM stage revised by the LCSGJ in 2000 [7], 836 patients
were in stage I, 2070 (43%) in stage II, and 1887 in stage III. The embolization area
was less than one segment in 1589 patients (33%), equal to or more than one seg-
ment to less than one lobe in 2134 (44%), and the whole liver in only 247 patients
(5%). Hypervascular HCC accounted for 98% (n = 4787 patients) and non-hyper-
vascular HCC for 2% (n = 100). Mean bilirubin value was 1.1 ± 0.9 mg/dl (SD). Per-
formance status (PS) according to Eastern Cooperative Oncology Group scale was
PS0 in 1485 (80%) patients, PS1 in 298, PS2 in 48, PS3 in 23, and PS4 in 2 out of
1856 patients, namely 99% of patients, which were available during the last two
years (January, 2004 to December, 2005) of the present study, were in PS0–2.

Inmost patients, the catheter tipwas advanced at the nearest site of the feeding
artery as possible. The emulsion of the anticancer agent and lipiodol followed by
gelatin sponge particleswas injected under X-raymonitoring. The dose of emulsion
and particles of embolic materials was determinedmainly based on the tumor size
and extension. The anticancer agent used was epirubicin hydrochloride in 1490
patients (74%), doxorubicin hydrochloride in 191 patients, mitomycin C in 190
patients, and cisplatin and zinostatin stimalamer (SMANCS) in 72 patients each,
for a total of 2015 patients with a mean dose of lipiodol of 4.8 ± 3.0 ml (SD), which
data were available during the last two years (January, 2004 to December, 2005).
The patients underwent dynamic CT or MRI with AFP and DCPmeasurement every
three to four months, and repeated TACE was determined when local recurrence,
intrahepatic metastases and/or de novo HCC was found.

To analyze the survival rate, all patients in Child–Pugh A or B were divided in
four groups depending on tumor number (single, two, three, and more than four
lesions). Each group was subsequently subdivided in four subgroups based on
tumor size; 62, 2.1 to 3.0, 3.1 to 5.0, and P5.1 cm in diameter. Patients in
Child–Pugh C were excluded from this analysis due to their small number
(n = 167). The survival rate was calculated from the date of TACE to December
31, 2005. Patient’s death was the endpoint irrespective of the cause of death.
The mean follow up period was 1.6 ± 1.3 years (SD). TACE-related death was des-
ignated as death within 30 days after the initial TACE.

Treatment algorithm proposed by Japanese guidelines

The treatment algorithm proposed by Japanese guidelines [6] has six treatments
determined by three factors: degree of liver damage [7], number of tumors, and
tumor diameter (Fig. 1). For patients with liver damage A or B, four treatments
are recommended: resection for single tumor or local ablation for single tumor
62 cm and liver damage B; resection or ablation for 2 or 3 tumors 63 cm; resec-
tion or TACE for 2 or 3 tumors >3 cm; TACE or hepatic arterial infusion chemo-
therapy for more than 4 tumors. For patients with liver damage C, liver
transplantation for 1 to 3 tumors 63 cm or single tumor 65 cm as indicated by
the Milan criteria [8], and palliative care for P4 tumors are recommended. In
the present study, Child–Pugh class was adopted instead of degree of liver dam-
age because the former is widely used to evaluate liver function, especially for
candidates to TACE.

The executing rate of TACE was calculated with the following formula: num-
ber of patients stratified to TACE in treatment algorithm divided by a total num-
ber of patients who actually received TACE � 100 (%). The adequacy of treatment
algorithm for TACE was validated when the survivals of patients stratified to TACE
group (for 2 or 3 lesions >3 cm or more than 4 lesions) and those of patients strat-
ified to non-TACE group (such as resection and ablation for single lesion or 2 or 3
lesions 63 cm) could be discriminated.

Statistical analysis

The survival rate was obtained by the Kaplan–Meier method and compared by
the log-rank test in Tables 1, 2A and B, and 3. The multivariate analysis was per-
formed with the Cox’s proportional hazard model. All variables, except for one of
the embolization area of the liver due to the factor obtained following TACE ther-
apy, with p value less than 0.05 on univariate analysis, were subjected to multi-
variate analysis. All significance tests were two-tailed, and p value less than 0.05
was considered statistically significant. All statistical analyses were carried out
with the Statistical Analysis System (SAS) version 8.02 (SAS Inc., Cary, NC).

Results

Survival rates

For overall survival of the 4966 patients who underwent TACE,
the median, and 1-, 2-, 3-, 4- and 5-year survival rates were
3.3 years (40 months) and 87%, 70%, 55%, 42%, and 34%, respec-
tively (Fig. 2). The 3- and 5-year survival in Child–Pugh A, B,
and C was 61% and 40%; 43% and 22%; 23% and 0%, respectively
(Table 1).

Patient characteristics analyzed by univariate and multivariate
analyses

The univariate analysis revealed that there was a significant dif-
ference between the following seven variables (p = 0.0001);
Child–Pugh class, maximum tumor size, number of lesions, AFP,
DCP, TNM stage, and extent of embolization area (Table 1).

The multivariate analysis showed that the following five vari-
ables were independent predictors in trial 1; Child–Pugh class,
tumor size, number of lesions, AFP, and DCP (Supplementary
Table 1). In trial 2, where tumor size and number of lesions in
trial 1 were replaced by TNM stage, four variables were indepen-
dent predictors: Child–Pugh class, TNM stage, AFP, and DCP.

Survival rates of patients stratified to four groups divided by lesion
number and to four subgroups subdivided by lesion size

In Child–Pugh A patients (n = 3194), the overall median and 3-
year survival rate in four groups divided by tumor number: sin-
gle, two, three, and more than 4 lesions, were 5.4 years and
73%, 3.8 years and 59%, 3.1 years and 52%, and 2.8 years and
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Table 1. Distribution of background factors and results of the univariate analysis in 4966 patients with hepatocellular carcinoma who underwent transcatheter
arterial chemoembolization with lipiodol.

Background factors No. of patients Proportion (%) Survivals (%) p Hazard ratio (95% CI) 

1-yr 3-yr 4-yr 5-yr 

Age, yr 0.88
<60 756 15 85 56 43 39 Ref.
≥60 4205 85 87 55 42 33 1.01 (0.88, 1.16)

Gender 0.40
M 3369 68 86 54 42 35 1.05 (0.93, 1.18)
F 1597 32 89 56 42 33 Ref.

0.0001
A 3229 69 90 61 49 40 Ref.
B 1296 28 82 43 27 22 1.81 (1.62, 2.04)
C 167 4 69 23 12 - 3.05 (2.44, 3.81)

HBV and HCV

Child-Pugh classification

0.50
HCV Ab positive 3479 73 87 55 41 34 1.01 (0.87, 1.18)
HBs Ag positive 449 9 84 53 37 35 1.11 (0.90, 1.38)
Both positive 89 2 89 58 54 43 0.83 (0.56, 1.25)
Both negative 768 16 86 56 44 32 Ref.

Maximum tumor size (cm) 0.0001
≤2 1549 32 93 65 50 42 Ref.
2.1-3 1178 24 89 53 42 35 1.38 (1.19, 1.60)
3.1-5 1291 27 85 52 37 29 1.62 (1.41, 1.87)
≥5.1 811 17 77 44 34 23 2.19 (1.88, 2.56)

No. of lesions 0.0001
1 2252 46 91 66 53 45 Ref.
2 1003 20 88 55 42 34 1.35 (1.17, 1.56)
3 565 12 86 45 27 20 1.77 (1.50, 2.08)
≥4 1092 22 79 39 30 20 2.18 (1.91, 2.48)

Alpha-fetoprotein (ng/ml) 0.0001
≤20 1868 40 92 64 50 44 Ref.
21-200 1613 34 89 55 40 30 1.38 (1.21, 1.57)
201-400 311 7 82 45 33 29 1.73 (1.40, 2.14)
401-1000 309 7 81 43 32 21 2.07 (1.68, 2.55)
≥1001 591 13 72 38 32 23 2.49 (2.13, 2.92)

Des-gamma carboxy-prothrombin (mAU/ml) 0.0001
≤100 2128 52 92 65 52 40 Ref.
101-299 599 15 88 52 41 32 1.50 (1.26, 1.78)
300-499 245 6 84 49 27 24 1.93 (1.54, 2.42)
500-999 294 7 82 50 33 20 1.89 (1.51, 2.36)
≥1000 794 20 76 38 26 18 2.52 (2.18, 2.91)

TNM stage 0.0001
I   (T1N0M0) 836 17 93 72 59 51 Ref.
II  (T2N0M0) 2070 43 90 60 46 37 1.51 (1.27, 1.80)
III (T3N0M0) 1887 39 81 42 30 22 2.60 (2.19, 3.09)

Extent of embolization 0.0001
<one segment 1589 33 90 64 51 44 Ref.
1 seg. ≤ to <1 lobe 2134 44 87 55 41 32 1.33 (1.17, 1.51)
1 lobe ≤ to <whole liver 873 18 85 47 32 23 1.67 (1.43, 1.94)
Whole liver 247 5 74 37 29 - 2.27 (1.85, 2.80)

Research Article

888 Journal of Hepatology 2012 vol. 56 j 886–892

— 219 —



46%, respectively (p = 0.0001, Table 2A). The survival rate of four
subgroups subdivided by tumor size from 62 cm to P5.1 cm
decreased as the lesion size increased in all (p = 0.04 to
p = 0.0001) but one group with 3 lesions (p = 0.07). The highest
3-year survival was 80% in patients with single lesion 62 cm,
and the lowest 3-year survival was 30% in patients with more
than 4 lesions P5.1 cm.

In Child–Pugh B (n = 1284), the overall median and 3-year
survival rate of four groups were 3.1 years and 53%, 2.8 years
and 49%, 2.0 years and 24%, and 1.9 years and 22%, respectively
(p = 0.0001, Table 2B). The survival rate of four subgroups divided
by tumor size in each group decreased as the lesion size increased
in all (p = 0.01 to p = 0.0004) but one group with single lesion
(p = 0.49). The highest 3-year survival was 65%, found in patients
with 2 lesions 62 cm, and the lowest was 0% in patients with
three lesions P5.1 cm.

Validation of the treatment algorithm proposed by the Japanese
guidelines

Of 3168 patients with TACE in Child–Pugh A, 1475 were stratified
to resection or ablation therapy for single lesion in the treatment
algorithm (Fig. 1), 506 to resection or ablation for 2 or 3 lesions
63 cm, 463 to resection or TACE for 2 or 3 lesions >3 cm, and
724 to TACE or hepatic arterial infusion chemotherapy for P4
lesions (Table 3). The median and 3-year survival rates of the cor-
responding four treatments were 5.4 years and 73%, 3.5 years and
59%, 3.4 years and 55%, and 2.8 years and 46%, respectively, with
a significant difference (p = 0.0001). The comparisons of the sur-
vival curves between two treatment groups showed a significant
difference in all (p = 0.013 to p = 0.0001) but one comparison
between treatments for 2 or 3 lesions63 cm and for 2 or 3 lesions
>3 cm (p = 0.06) (Fig. 3). Namely, survival discrimination was fea-
sible between one of two TACE treatments for >4 lesions and non-
TACE therapies such as resection or ablation.

Similarly, 1274 patients with Child–Pugh B were stratified to
four treatment categories (Table 3). The median and 3-year sur-
vivals of these treatments from single to P4 lesions were
3.1 years and 53%, 2.8 years and 49%, 1.7 years and 30%, and
1.9 years and 22%, respectively, with a significant difference
(p = 0.0001). The comparisons of survival curves between two
treatment groups showed a significant difference in all
(p = 0.0001) but two comparisons; single lesion vs. 2 or 3 lesions
63 cm (p = 0.79) and 2 or 3 lesions >3 cm vs.P4 lesions (p = 0.84)

(Fig. 4). Namely, survival discrimination was feasible between
two TACE therapy groups, i.e., 2 or 3 lesions >3 cm andP4 lesions
and two non-TACE groups.

The executing rate of TACE was 37% in both Child–Pugh A
(1187/3168 patients) and B (467/1274).

TACE-related mortality rate

After the initial TACE, treatment-related death occurred in 19
(0.38%) out of 4966 patients. The breakdown of the cause of death
was cancer in 5 patients (26%), hepatic failure in 3 (16%), rupture
of esophago-gastric varices in one patient, intra-peritoneal rup-
ture of HCC in another patient, and other causes in 9 patients.
Ten patients were in Child–Pugh A, 8 were in class B and one
was in class C.

Discussion

The present study demonstrates that the overall median and 3-,
and 5-year survival rates of TACE were 3.3 years (40 months),
55%, and 34%, respectively, and were better than those previously
reported by the LCSGJ (34 months, 47%, and 26% [9]), mainly due
to exclusion criteria of vascular invasion in the current study. The
multivariate analysis revealed that five variables were indepen-
dent predictors in trial 1: Child–Pugh class, tumor size, tumor
number, AFP, and DCP; and four variables in trial 2, where tumor
size and tumor number were replaced by TNM stage. These
results are similar to those of a previous study [9] other than
Child–Pugh class instead of degree of liver damage and DCP value
were newly adopted.

There was an inverse correlation between tumor number and
overall survival of patients with TACE therapy (p = 0.0001) in
both Child–Pugh A and B (Tables 2A and B) as well as between
tumor diameter and survival in all but one group, each in
Child–Pugh A and B. Namely, the fewer the tumor number and
the smaller the tumor size, the better the survival rates. The best
3-year survival (80%) was found in patients with a single HCC
62 cm in Child–Pugh A, and the worst 3-year survival (0%) in
patients with three lesions P5.1 cm in class B. However, in clin-
ical practice, the best survivor with TACE is not recommended to
TACE but to resection or local ablation due to relatively higher 3-
year survival rates, 90% and 85%, respectively [3]. The current
study has revealed a wide range of survival rates for patients with

HCC*

Degree of liver 
damage A,B C

No. of tumors Single 2 or 3 4 or more 1-3 4 or more 

Tumor diameter ≤3 cm >3 cm ≤3 cm++

Treatment Resection/ 
Ablation+

Resection/ 
Ablation

Resection/ 
Embolization

Embolization/Hepatic 
arterial infusion

Trans-
plantation

Palliative 
care

Fig. 1. Treatment algorithm for HCC proposed by Japanese guidelines. (+) shows local ablation for single lesion 62 cm in patients with liver damage B. (++) means liver
transplantation for no more than 3 lesions 63 cm or single lesion 65 cm. The asterisk shows that for patients with vascular invasion and liver damage A, hepatectomy, TACE
or hepatic arterial infusion chemotherapy may be recommended, while chemotherapy is an option for patients with extrahepatic metastasis.
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TACE, mainly because of the heterogeneity of the population,
therefore it would be helpful for candidates to determine chemo-
embolization as tailor-made treatment of choice; this is particu-
larly suitable for patients averse to curative therapy and with
severely associated diseases, or elderly patients.

The executing rate of patients who actually had undergone
TACE and were stratified to TACE in the treatment algorithm
was 37% in both Child–Pugh A and B. Namely, the remaining
63% of patients satisfied the criteria of resection or local ablation
(non-TACE therapy), which could suggest the possible increase of
survival in these patients, if they underwent resection or local
ablation. The reason for the lower executing rate might be the
less publicity in which the guideline was published one year after
the completion of this 6-year study.

The discrimination of patients’ survival was feasible in this
treatment algorithm between TACE and non-TACE therapies in
Child–Pugh B and in part in class A. Further studies are needed
to validate the suitability of these guidelines using patients
who underwent resection or local ablation and are stratified to
four treatments like in the TACE study.

To our knowledge, the present study is the first report to clar-
ify the median and 3- and 4-year survivals of patients treated by
TACE and stratified in the four treatments recommended by the
Japanese guidelines in Child–Pugh A and B, separately. Interest-
ingly, Llovet et al. [10] stated that chemoembolization improved
median survival up to 19–20 months in intermediate stage of
BCLC classification, which is similar to our results; 1.7 years
(20 months) in patients with TACE for 2 or 3 lesions >3 cm and

Table 2. The overall survivals of four groups divided by tumor number and survivals of four subgroups divided by tumor size in patients who underwent TACE. (A)
Child–Pugh A (n = 3194 patients). (B) Child–Pugh B (n = 1284).

No. of 
patients

Survival (%) Median p Hazard ratio 
(95% CI)

Group/
subgroup

1-yr 3-yr 4-yr 5-yr  (yr)

Single lesion

Overall* 1475 93 73 62 52 5.4 

≤2 cm 546 97 80 73 65 - 0.0001 Ref.

2.1-3.0 353 92 71 56 36 4.5 1.88
(1.36, 2.62)

3.1-5.0 328 92 66 53 46 4.6 1.97
(1.42, 2.75)

≥5.1 219 86 66 48 - 4.2 2.38
(1.64, 3.46)

Two lesions

Overall* 634 91 59 47 40 3.8 

≤2 cm 178 97 64 49 42 3.9 0.04 Ref.

2.1-3.0 144 91 50 39 - 2.8 1.57
(1.01, 2.44)

3.1-5.0 190 90 66 47 39 4.0 1.23 
(0.80, 1.90)

≥5.1 104 84 53 45 38 4.1 1.94
(1.19, 3.15)

Three lesions

Overall* 361 90 52 33 24 3.1 

≤2 cm 102 92 65 30 - 3.6 0.07 Ref.

2.1-3.0 82 95 51 32 - 3.1 1.16 
(0.68, 1.99)

3.1-5.0 111 94 48 38 - 3.0 1.30
(0.80, 2.10)

≥5.1 58 73 35 - - 2.2 2.02
(1.19, 3.45)

More than 4 
lesions

Overall* 724 82 46 37 25 2.8 

≤2 cm 168 92 59 54 44 4.4 0.0001 Ref.

2.1-3.0 137 83 54 51 32 4.0 1.47 
(0.97, 2.25)

3.1-5.0 207 82 43 25 16 2.5 2.00 
(1.38, 2.90)

≥5.1 190 74 30 18 - 1.7 2.89 
(2.01, 4.17)

No. of 
patients

Survival (%) Median p Hazard ratio
(95% CI)

1-yr 3-yr 4-yr 5-yr (yr)

568 87 53 34 30 3.1 

213 89 56 33 24 3.3 0.49 Ref.

169 88 50 44 39 2.9 1.00 
(0.69, 1.44)

132 87 54 20 - 3.1 1.24
(0.83, 1.86)

47 78 49 - - 2.5 1.40
(0.80, 2.47)

276 83 49 34 - 2.8 

86 93 65 48 - 4.0 0.0004 Ref.

70 93 43 21 - 2.3 1.86
(1.04, 3.34)

82 69 41 27 - 2.1 2.49
(1.47, 4.21)

31 58 - - - 1.5 3.66
(1.83, 7.32)

150 77 24 14 - 2.0 

40 89 28 19 - 2.0 0.005 Ref.

43 76 30 - - 2.3 1.09
(0.50, 2.35)

41 73 34 17 - 1.8 1.31
(0.65, 2.64)

23 62 - - - 1.4 3.16
(1.49, 6.72)

290 72 22 10 - 1.9 

57 90 32 24 - 2.0 0.01 Ref.

68 75 17 8 - 2.1 1.53
(0.85, 2.76)

89 73 25 - - 2.0 1.54
(0.88, 2.69)

65 54 - - - 1.2 2.55
(1.43, 4.56)

BA

⁄A significant difference was demonstrated in overall survival among four groups (p = 0.0001).
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1.9 years (23 months) in those for P4 lesions in Child–Pugh B
(Table 3). If the criteria for TACE are similar in the intermediate
stage of the BCLC staging system [5] and in the treatment algo-
rithm of the Japanese guidelines: equal to or more than 4 lesions
and/or 2 or 3 lesions >3 cm [11], the current data will be useful to
compare the survival outcomes of TACE in the East and West. The
survival rates of our study will be also used as reference data

when clinical trials of TACE with or without anti-angiogenic
drugs are newly designed [12,13].

The treatment-related mortality rate was 0.38%, which was
slightly improved compared to that of our previous study of 0.5%
[9], and much better than that of 2.4% reported by a systematic
review [14]. The improvement is mainly attributable to the exclu-
sion criteria of vascular or biliary duct invasion and the decreased
proportion of Child–Pugh C patients, from 10% [9] to 4%.

As a limitation of this study, the session numbers of TACE per
patient and dosage of anticancer agent used at initial TACE were
not available due to lack of inclusion in the questionnaire sheet.
Our patients received different TACE protocols for anticancer
agent. Given that the large majority of patients were treated with
epirubicin or doxorubicin, it could be worth limiting the analysis
to these patient cohorts.

In conclusion, the overall median and 3- and 5-year survival of
TACE were 3.3 years, 55% and 34% in 4966 HCC patients without
vascular invasion and extrahepatic spread. The tumor number,
size, liver function, AFP, and DCP were independent predictors.
These results will be helpful for physicians to select chemoemb-
olization as optimal therapy for their patients, especially when
curative treatment is contraindicated due to severely associated
disease and/or aging. The treatment algorithm of the Japanese
guidelines might be appropriate to discriminate patient survival

Table 3. Survival rates of patients treated with TACE stratified to four treatment categories recommended by Japanese guidelines in Child–Pugh A and B.

Criteria of treatment No. of patients Survival (%) Median p Hazard ratio (95% CI)

1-yr 3-yr 4-yr 5-yr  (yr)
Child-Pugh A 3168

Single lesion 1475 93 73 62 52 5.4 0.0001 Ref.
2-3 lesions, ≤3 cm 506 94 59 40 36 3.5 1.45 (1.18, 1.78)
2-3 lesions, >3 cm 463 87 55 44 31 3.4 1.82 (1.48, 2.25)
≥4 lesions 724 82 46 37 25 2.8 2.39 (2.01, 2.84)

Child-Pugh B 1274
Single lesion 568 87 53 34 30 3.1 0.0001 Ref.
2-3 lesions, ≤3 cm 239 90 49 33 - 2.8 1.04 (0.79, 1.36)
2-3 lesions, >3 cm 177 68 30 19 - 1.7 2.11 (1.62, 2.75)
≥4 lesions 290 72 22 10 - 1.9 2.17 (1.72, 2.74)

0.0
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0.8
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O
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ra
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Years of treatment
10 2 3 4 5 6
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2-3, ≤3 cm
2-3, >3 cm
≥4

Fig. 3. The survival curves of 3168 patients in Child–Pugh A stratified to four
treatment groups according to Japanese guidelines. Overall, there was a
significant difference (p = 0.0001). There was also a significant difference between
two treatment groups except for one; 2 or 3 lesions 63 cm vs. 2 or 3 lesions >3 cm
(p = 0.06).
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Fig. 4. The survival curves of 1274 patients in Child–Pugh B stratified to four
treatment groups. Overall, a significant difference was seen (p = 0.0001). A
significant difference was observed between two groups except for two; single
lesion vs. 2 or 3 lesions 63 cm, and 2 or 3 lesions >3 cm vs. P4 lesions.
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Fig. 2. Overall survival rate of 4966 HCC patients who underwent TACE.
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with non-TACE from TACE therapy in Child–Pugh B and in part in
A. The survival rates of patients stratified to TACE in these guide-
lines will be useful for comparing the outcome of TACE in the East
and West, and for designing new clinical trials for TACE with and
without a novel molecular targeted agent as reference data.
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Introduction

Liver cancer is the fifth most prevalent neoplasm

worldwide but the second most common cause of

cancer-related mortality in men (1). In women, it is

the seventh most common cancer but the sixth lead-

ing cause of cancer-related death (1). This is in part

because of the poor prognosis for many patients,

more than 70% of whom present with advanced dis-

ease (2,3). The highest incidence of liver cancer is

found in East and South-East Asia and in middle

and West Africa (1). Although the incidence rate in

more developed regions of the world is lower,

including central Europe and the USA, liver cancer

incidence rates in the developed world are increasing

(1). The global incidence of hepatocellular carcinoma

(HCC) is predicted to continue to increase until a

plateau is reached in 2015–2020 (2). Risk factors for

the development of HCC include hepatitis B viral

(HBV) and hepatitis C viral (HCV) infection, high

alcohol intake, obesity and diabetes (1,4).

HCC treatments have developed rapidly over the

last two decades in parallel with significant develop-

ments in diagnosis, surveillance, staging system and

tumour assessment criteria. However, the majority of

patients present with unresectable HCC (uHCC).

Current non-surgical treatment options include loco-

regional treatment (LRT), for example transarterial

SUMMARY

Aims: Global Investigation of therapeutic DEcisions in hepatocellular carcinoma

and Of its treatment with sorafeNib (GIDEON), a global, non-interventional, surveil-

lance study, aims to evaluate the safety of sorafenib in all patients with unresec-

table hepatocellular carcinoma (uHCC) under real-life practice conditions,

particularly Child-Pugh B patients, who were not well represented in clinical trials.

Methods: Treatment decisions are determined by each physician according to

local prescribing guidelines and clinical practice. Patients with uHCC who are can-

didates for systemic therapy, and for whom a decision has been made to treat

with sorafenib, are eligible for inclusion. Demographic data and medical and dis-

ease history are recorded at entry. Sorafenib dosing and adverse events (AEs) are

collected throughout the study. Results: From January 2009 to April 2011, >3000

patients from 39 countries were enrolled. The prespecified first interim analysis

was conducted when the initial approximately 500 treated patients had been fol-

lowed up for ‡4 months; 479 were valid for safety evaluation. Preplanned sub-

group analyses indicate differences in patient characteristics, disease aetiology and

previous treatments by region. Variation in sorafenib dosing by specialty are also

observed; Child-Pugh status did not appear to influence the starting dose of

sorafenib. The type and incidence of AEs was consistent with findings from previ-

ous clinical studies. AE profiles were comparable between Child-Pugh subgroups.

Discussion: The GIDEON study is generating a large, robust database from a

broad population of patients with uHCC. First interim analyses have shown global

and regional differences in patient characteristics, disease aetiology and practice

patterns. Subsequent planned analyses will allow further evaluation of early trends.

What’s known
• Currently, there is no global consensus on the

management of patients with uHCC. A worldwide

study of regional uHCC treatment practices is

therefore needed to advance the management of

uHCC

• The oral multikinase inhibitor sorafenib is the

only systemic therapy indicated for the treatment

of uHCC, but data from Child-Pugh B patients

are limited

What’s new
• The non-interventional GIDEON study is

evaluating sorafenib in uHCC under real-life

clinical practice conditions and therefore includes

a broader patient demographic than that

represented in controlled clinical trials

• GIDEON allows global variations in uHCC

management to be evaluated in a single robust

study, and the prespecified first interim analysis

results highlight differences in patient and

disease characteristics, aetiology, and risk factors

for uHCC, and sorafenib dosing, by region and

physician specialty

• The type and incidence of AEs is as expected and

appears to be similar in Child-Pugh A and B patients
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chemoembolisation (TACE) and ablation therapy,

although it is recognised that these have maximal

effect for smaller tumours without vascular invasion

(5–8).

Two placebo-controlled Phase III studies (SHARP

and Asia-Pacific) have demonstrated that the oral

multikinase inhibitor sorafenib (Nexavar�; Bayer

HealthCare Pharmaceuticals, Berlin, Germany; Onyx

Pharmaceuticals, San Francisco, CA) significantly

improves overall survival in patients with uHCC

(9,10). Sorafenib is the first systemic anticancer agent

to be indicated for patients with uHCC and is cur-

rently recommended for selected patients with Child-

Pugh A or B liver function and unresectable disease

who are unsuitable for liver transplantation (5,8).

Sorafenib is also indicated in patients with local dis-

ease unsuitable for surgery because of performance

status or comorbidity, and for patients with meta-

static disease (5).

The Global Investigation of therapeutic DEcisions

in HCC and Of its treatment with sorafeNib (GID-

EON) study is the largest prospective, non-interven-

tional study undertaken in patients with uHCC. The

study was initiated to fulfil the post-approval com-

mitment to licensing agencies to gather more com-

prehensive data on the use of sorafenib in patients

with Child-Pugh B liver function, who were excluded

from the randomised clinical trials, resulting in lim-

ited data for patients with more severe liver dysfunc-

tion (11). The primary objective of GIDEON is to

evaluate the safety of sorafenib in uHCC patients

under real-life clinical practice conditions (12).

Importantly, the GIDEON study is inclusive of the

diverse HCC population from 39 countries, thus

allowing both global and regional evaluation of prog-

nostic and predictive factors.

The robust database provided by GIDEON on

treatment patterns and outcomes for uHCC patients

who are candidates for systemic therapy is a unique

resource to further study multiple patient subgroups

and physicians’ practice patterns around the world.

Thus, the GIDEON study can generate data that

could better inform treatment choices and ultimately

improve outcomes for patients with uHCC. Results

from the first interim analysis are presented in this

paper.

Methods

Study design and objectives
GIDEON is a global, non-interventional, surveil-

lance study in which assignment to a particular

therapy is not mandated by a study protocol but

is decided by the participating physician, as previ-

ously described (13). The primary objective is to

evaluate the safety of sorafenib in patients with

uHCC who are candidates for systemic therapy

and in whom a decision to treat with sorafenib

has been made in real-life practice conditions. The

secondary objectives include efficacy and duration

of therapy with sorafenib. Objectives will be evalu-

ated in a variety of patient subsets, both globally

and across regions.

The first patient entered the study in 2009 and the

last patient was enrolled in April 2011, 20 months

before the anticipated date. Two preplanned interim

analyses were defined based on prespecified numbers

of patients who are treated with sorafenib and fol-

lowed for at least 4 months, the first interim at 500

patients and the second interim at 1500 patients. The

final analysis is planned 12 months after enrolment

of the 3000th treated patient (12).

The study is being conducted according to estab-

lished regulations and recommendations relating to

the conduct of a non-interventional study, according

to Good Clinical Practice where applicable to a non-

interventional study, and according to relevant local

laws, regulations and organisations, with documented

approval from appropriate ethics committee(s) ⁄ insti-
tutional review board as required (12).

Patients
Eligible patients must have histologically, cytologi-

cally or radiographically diagnosed uHCC and a life

expectancy of >8 weeks. They must also have pro-

vided signed, informed consent, and the local physi-

cian must have decided to treat them with sorafenib.

Radiographic diagnosis is based on findings from

multidimensional dynamic computed tomography

(CT), CT hepatic arteriography ⁄CT arterial portogra-

phy, or magnetic resonance imaging. Patient exclu-

sion criteria are based on the approved local product

information for sorafenib (12). Patients who received

at least one dose of sorafenib and underwent at least

one follow-up assessment after start of treatment are

evaluable for safety.

Data collection
All data are collected using case report forms, as pre-

viously described (12). Dosage details and duration

of sorafenib treatment are determined for each

patient, and data for discontinuation are summar-

ised. Adverse events (AEs) and serious AEs (SAEs)

are graded according to the Common Terminology

Criteria for Adverse Events version 3.0; other safety

variables are summarised descriptively.

Statistical methods
Based on previously conducted large, global, multi-

centre sorafenib studies for HCC, overall incidence
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rates of approximately 1–2% had been observed for

AEs of interest for further safety monitoring.

Approximately 3000 treated patients will provide an

84% chance of observing an AE, with a true inci-

dence of 1% in at least 25 patients. An overall sam-

ple size of 3000 patients was therefore considered

sufficient for evaluation of safety of both the overall

population and specific subgroups (12). All baseline

and safety data are summarised using descriptive

statistics. Preplanned subgroup analyses of safety

data were performed, stratified by region and physi-

cian specialty for multiple data points, such as

patient demographics and treatment history.

Results

Patients
Per protocol, the first planned interim analysis was

initiated when the initial approximately 500 treated

patients had been followed for at least 4 months.

Based on these criteria, the cut-off date used for the

first interim analysis was 11 April 2010. A total of

511 patients have been enrolled from 140 sites.

Patients have been enrolled from 39 countries across

five regions: Europe, Latin America, the USA, Japan

and Asia-Pacific (Figure 1). Of these, 479 were evalu-

able for safety analyses. Thirty-two patients were

excluded from the safety analyses, as they did not

receive sorafenib treatment or received sorafenib but

had no post-baseline evaluation.

Patient characteristics at baseline
Demographics and baseline characteristics for

patients evaluable for safety analyses are presented by

region and by leading physician specialty in Table 1.

Based on this first interim analysis, Asia-Pacific

countries enrolled the most patients. The distribution

of males ⁄ females was generally similar across

geographic regions, except for Latin America.

Patients in Asia-Pacific were relatively younger than

those in other regions.

Primary physician specialty
Overall, hepatologists ⁄ gastroenterologists (Hep ⁄GIs)
were the most common treating physicians (52%)

for patients with uHCC. Medical oncologists (Med

Oncs) treated 35% of patients across all regions.

Other treating specialties were less commonly

reported: surgery (7%), traditional Chinese medicine

(2%), radiology (1%) and anaesthesiology (1%).

Baseline characteristics were generally similar

between patients treated by Hep ⁄GIs and those trea-

ted by Med Oncs.

Prior locoregional treatment
Overall, 55% of patients received prior LRT

(Table 1). TACE was the most commonly received

LRT, with 44% of all patients receiving prior TACE

compared with only 15%, 5% and 3% of patients

receiving prior radiofrequency ablation, hepatic arte-

rial infusion and percutaneous ethanol injection,

respectively.

Prior locoregional treatment by region
Wide regional variation was observed in the use of

prior LRT. In Japan all patients received LRT prior

to sorafenib treatment; however, in Asia-Pacific, the

USA and Europe, 68%, 46% and 45% of patients

received prior LRT, respectively. TACE was the most

commonly received LRT in each region, although

with considerable regional variation. Prior TACE

treatment was more frequent in Japan (90%) and

Asia-Pacific (62%) and less common in Europe

(27%) and Latin America (22%).

Disease characteristics at study entry
Disease characteristics at study entry (defined as start

of sorafenib therapy, indicated by the initial visit) are

provided in Table 2. Patients were enrolled across all

Barcelona Clinic Liver Cancer (BCLC) stages. The

majority of patients (53%) had BCLC stage C; how-

ever, 19% of patients had BCLC stage B, and 10%

and 6% had stage A and D, respectively. More

143 patients

Latin America
3 countries
32 patients

USA
116 patients

Europe
11 countries

Japan
21 patients

Asia-Pacific
5 countries
167 patients

Figure 1 Distribution of patients included in the first interim analysis, by region
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patients had tumour, node, metastasis (TNM) stage

III and IV disease (37% and 35%, respectively) than

stage I (6%) or II (14%).

As might be anticipated, the majority of patients

in the overall population had Child-Pugh A status

(n = 278; 58%) and there were fewer Child-Pugh B

patients (n = 134; 28%). Subgroup analyses of dis-

ease characteristics at study entry suggest differ-

ences in many prognostic and predictive factors

across regions and by treating-physician specialty

(Table 2).

Disease characteristics by region
Some regional variation was observed: patients in

Asia-Pacific tended to have more advanced HCC

based on BCLC and TNM status at study entry than

in other regions (Table 2). In Asia-Pacific, 74% of

patients had BCLC stage C disease and 50% had

TNM stage IV disease compared with 24–51% and

13–43%, respectively, across other regions. Extrahe-

patic spread was also observed within considerably

more patients in Asia-Pacific (60%) than in other

regions (16–34%).

There was some regional variation observed in

Child-Pugh status (Table 2). A higher percentage of

patients (60–76%) in Asia-Pacific, Europe and Japan

had less advanced liver disease (i.e. Child-Pugh A)

than in either the USA (41%) or Latin America

(44%).

Differences in the aetiology of underlying liver dis-

ease were observed across regions (Table 2). The

majority of patients in Asia-Pacific had HBV infec-

tion (84%), whereas HCV infection was more com-

mon in Europe (33%) and the USA (50%). A greater

proportion of patients in Europe (42%) and the USA

(34%) had alcoholic liver disease compared with

other regions (16–19%). Thus, the major aetiologies

for uHCC were HCV and alcoholic liver disease in

Europe and the USA and HBV in Asia-Pacific.

Disease characteristics by physician specialty
Based on subgroup analyses by leading physician spe-

cialty, variations in disease characteristics were also

seen between patients principally treated by Med

Oncs and those treated by Hep ⁄GIs (Table 2). Med

Oncs tended to treat a greater number of patients

with advanced HCC (64% of patients had BCLC

stage C or D; 46% of patients had TNM stage IV)

compared with Hep ⁄GIs (59% of patients had BCLC

stage C or D; 28% of patients had TNM stage IV).

Hep ⁄GIs treated more patients with Child-Pugh B

status compared with Med Oncs (32% and 20%,

respectively).

Sorafenib administration
Sorafenib administration data from the overall popu-

lation are presented in Table 3. Overall, 76% of

patients received the approved initial daily dose of

Table 1 Demographic and baseline characteristics

Total

Geographic regions Specialty*

Asia-Pacific Europe USA Latin America Japan Hep ⁄GI� Med Onc

Patients, n (% of total) 479 (100) 167 (35) 143 (30) 116 (24) 32 (7) 21 (4) 248 (52) 168 (35)

Median age, years 62 54 68 62 65 70 60 ⁄ 67 61

Gender, n (%)

Male 392 (82) 144 (86) 125 (87) 89 (77) 15 (47) 19 (90) 210 (85) 134 (80)

Female 87 (18) 23 (14) 18 (13) 27 (23) 17 (53) 2 (10) 38 (15) 34 (20)

ECOG PS, n (%)�,§
0 181 (38) 51 (31) 69 (48) 41 (35) 5 (16) 15 (71) 114 (46) 40 (24)

1 199 (42) 78 (47) 50 (35) 43 (37) 22 (69) 6 (29) 93 (38) 75 (45)

‡2 62 (13) 14 (8) 22 (15) 22 (19) 4 (12) 0 36 (15) 23 (14)

Prior LRT, n (%)– 264 (55) 114 (68) 64 (45) 53 (46) 12 (38) 21 (100) 132 (53) 88 (52)

Prior TACE, n (%) 212 (44) 104 (62) 39 (27) 43 (37) 7 (22) 19 (90) 107 (43) 68 (40)

Prior RFA, n (%) 72 (15) 17 (10) 35 (25) 8 (7) 6 (19) 6 (29) 45 (18) 20 (12)

Prior HAI, n (%) 26 (5) 14 (8) 2 (1) 6 (5) 2 (6) 2 (10) 17 (7) 4 (2)

Prior PEI, n (%) 15 (3) 4 (2) 8 (6) 0 0 3 (14) 12 (5) 2 (1)

*Other specialties not tabulated included surgery (n = 35), radiology (n = 6), anaesthesiology (n = 4) and traditional Chinese medicine (n = 10); �Hep ⁄GI popula-
tion comprised 178 patients treated by hepatologists and 70 patients treated by gastroenterologists; �Recorded at study entry (which is defined as start of therapy

and is indicated by the initial visit); §Data missing for 37 patients; –Data missing for one patient.

ECOG PS, Eastern Cooperative Oncology Group performance status; GI, gastroenterologist; HAI, hepatic arterial infusion; Hep, hepatologist; LRT, locoregional treat-

ment; Med Onc, medical oncologist; PEI, percutaneous ethanol injection; RFA, radiofrequency ablation; TACE, transarterial chemoembolisation.
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800 mg sorafenib, while 24% of patients received an

initial daily dose of <800 mg. The majority of

patients were treated for >4 weeks (75%). However,

treatment duration data based on interim analyses

are preliminary, as data will also reflect the point at

which patients started the study relative to the tim-

ing of database cut-off.

Sorafenib administration by region
Based on these preliminary findings, regional varia-

tion in dosing was observed. In Asia-Pacific, 66% of

patients received sorafenib for >4 weeks compared

with 77–97% of patients in other regions. Therefore,

patients in Asia-Pacific tended to stop sorafenib ther-

apy earlier than patients in other regions. The lowest

median daily dose was given in Japan (521 mg) and

the USA (564 mg). Patients in Asia-Pacific, Europe

and Latin America tended to receive a much higher

median daily dose (710–800 mg).

Sorafenib administration by physician specialty
Variations in sorafenib dosing patterns were seen

across physician specialties (Table 3). A greater per-

centage of Hep ⁄GIs initiated sorafenib therapy at

800 mg ⁄day compared with Med Oncs (83% and

65%, respectively), and Hep ⁄GIs gave a higher

Table 2 Disease characteristics

Total

(n = 479)

Geographic regions Specialty

Asia-Pacific

(n = 167)

Europe

(n = 143)

USA

(n = 116)

Latin America

(n = 32)

Japan

(n = 21)

Hep ⁄GI
(n = 248)

Med Onc

(n = 168)

BCLC staging*,�, n (%)

Stage A 47 (10) 1 (1) 20 (14) 17 (15) 8 (25) 1 (5) 21 (8) 20 (12)

Stage B 92 (19) 19 (11) 32 (22) 21 (18) 11 (34) 9 (43) 55 (22) 25 (15)

Stage C 253 (53) 123 (74) 73 (51) 43 (37) 9 (28) 5 (24) 129 (52) 98 (58)

Stage D 29 (6) 7 (4) 7 (5) 11 (9) 3 (9) 1 (5) 17 (7) 10 (6)

TNM stage*,�, n (%)

Stage I 31 (6) 2 (1) 10 (7) 14 (12) 5 (16) 0 15 (6) 8 (5)

Stage II 69 (14) 13 (8) 17 (12) 18 (16) 11 (34) 10 (48) 41 (17) 16 (10)

Stage IIIa 121 (25) 44 (26) 39 (27) 30 (26) 7 (22) 1 (5) 69 (28) 37 (22)

Stage IIIb 15 (3) 3 (2) 4 (3) 7 (6) 0 1 (5) 8 (3) 7 (4)

Stage IIIc 40 (8) 14 (8) 16 (11) 8 (7) 2 (6) 0 20 (8) 15 (9)

Stage IV 167 (35) 83 (50) 40 (28) 31 (27) 4 (13) 9 (43) 69 (28) 78 (46)

Extrahepatic spread*, n (%) 193 (40) 101 (60) 49 (34) 32 (28) 5 (16) 6 (29) 88 (35) 84 (50)

Child-Pugh status§, n (%)

A 278 (58) 101 (60) 100 (70) 47 (41) 14 (44) 16 (76) 149 (60) 91 (54)

B 134 (28) 44 (26) 30 (21) 41 (35) 15 (47) 4 (19) 80 (32) 34 (20)

C 11 (2) 1 (1) 2 (1) 8 (7) 0 0 5 (2) 5 (3)

CLIP score–, n (%)

0 30 (6) 5 (3) 11 (8) 7 (6) 6 (19) 1 (5) 16 (6) 10 (6)

1 93 (19) 19 (11) 39 (27) 19 (16) 7 (22) 9 (43) 53 (21) 26 (15)

2 99 (21) 30 (18) 33 (23) 20 (17) 8 (25) 8 (38) 60 (24) 23 (14)

3 75 (16) 27 (16) 20 (14) 22 (19) 4 (13) 2 (10) 48 (19) 20 (12)

4–6 68 (14) 34 (20) 15 (10) 15 (13) 3 (9) 1 (5) 46 (19) 16 (10)

Aetiology of underlying liver disease**, n (%)

Hepatitis B 194 (41) 140 (84) 25 (17) 23 (20) 1 (3) 5 (24) 89 (36) 77 (46)

Hepatitis C 146 (30) 12 (7) 47 (33) 58 (50) 17 (53) 12 (57) 82 (33) 44 (26)

Alcohol 138 (29) 29 (17) 60 (42) 40 (34) 5 (16) 4 (19) 84 (34) 42 (25)

Liver cirrhosis��, n (%)

Yes�� 327 (68) 111 (66) 104 (73) 78 (67) 20 (63) 14 (67) 197 (79) 86 (51)

No 107 (22) 42 (25) 27 (19) 25 (22) 10 (31) 3 (14) 34 (14) 62 (37)

*Recorded at study entry (which is defined as start of therapy and is indicated by the initial visit); �Data missing for six patients and not evaluable for 52 patients;

�Data missing for six patients and not evaluable for 30 patients; §Data missing for five patients and not evaluable for 51 patients; –Data missing for seven patients

and not evaluable for 107 patients; **Patients could have >1 underlying liver disease; other aetiologies included non-alcoholic steatohepatitis, metabolic factors and

haematochromatosis; ��Data missing for one patient and unknown for 47 patients; ��Includes clinical, histologic or radiologic diagnosis.

BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian Program; TNM, tumour, node, metastasis.
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median daily dose than Med Oncs (774 mg and

570 mg, respectively).

Sorafenib administration by Child-Pugh status
Sorafenib administration based on Child-Pugh classi-

fication was also assessed (Table 3). Duration of

treatment was generally shorter in Child-Pugh A

than in Child-Pugh B patients. A greater number of

Child-Pugh A patients received treatment for

>8 weeks compared with Child-Pugh B patients

(65% vs. 42%). These preliminary data suggest that

patients with advanced Child-Pugh status tended to

stop sorafenib treatment earlier than patients with

less advanced disease. However, a number of Child-

Pugh B patients were treated for longer periods, and

7% and 10% of Child-Pugh B and Child-Pugh A

patients, respectively, received >28 weeks of sorafenib

therapy.

Child-Pugh score did not seem to influence the

starting dose of sorafenib, and at least 75% of

patients in both Child-Pugh A and Child-Pugh B

groups received the recommended initial daily dose

of 800 mg sorafenib (79% and 75%, respectively).

Overall, the dosing strategy for Child-Pugh B

patients did not appear to be different from that for

Child-Pugh A patients.

Safety assessments
Safety data from this first interim analysis are preli-

minary; however, the overall safety profile of sorafenib

in this first interim analysis was consistent with that

reported in previous clinical studies and no unforeseen

AEs were reported (Tables 4 and 5). A total of 87% of

patients reported at least one AE. Drug-related AEs

were experienced by 319 patients (67%): 41% with

grade 1 or 2 events and 25% with grade 3 or 4 events.

Overall, 42% of patients (n = 201) experienced SAEs

and 11% experienced drug-related SAEs. Study drug

was permanently discontinued as a result of AEs in

28% of patients. This was because of a variety of AEs,

each with a relatively low incidence in the overall pop-

ulation. The most commonly reported AEs in the

overall population included diarrhoea, hand-foot skin

reaction, fatigue, rash ⁄desquamation and anorexia

(Table 5). Hand-foot skin reaction and fatigue were

the most commonly reported grade 3 or 4 AEs within

the study population.

AE profiles were comparable between subgroups of

Child-Pugh status (Table 4). The overall incidence of

treatment-emergent AEs was slightly higher in Child-

Pugh B patients than in Child-Pugh A patients (91%

vs. 84%, respectively); however, the incidence of

drug-related AEs was similar in both Child-Pugh A

Table 3 Summary of sorafenib administration stratified by region, specialty and Child-Pugh status

Sorafenib

administration

Total

(n = 479)

Geographic regions Specialty Child-Pugh status*,�

Asia-Pacific

(n = 167)

Europe

(n = 143)

USA

(n = 116)

Latin

America

(n = 32)

Japan

(n = 21)

Hep ⁄GI
(n = 248)

Med Onc

(n = 168)

Child-Pugh A

(n = 278)

Child-Pugh B

(n = 134)

Duration of treatment, n (%)�,§
£4 weeks 106 (22) 50 (30) 25 (17) 26 (22) 1 (3) 4 (19) 53 (21) 40 (24) 47 (17) 44 (33)

>4–8 weeks 87 (18) 32 (19) 23 (16) 22 (19) 5 (16) 5 (24) 44 (18) 28 (17) 45 (16) 29 (22)

>8–12 weeks 72 (15) 24 (14) 20 (14) 22 (19) 3 (9) 3 (14) 32 (13) 32 (19) 38 (14) 19 (14)

>12–16 weeks 53 (11) 14 (8) 19 (13) 10 (9) 5 (16) 5 (24) 35 (14) 15 (9) 34 (12) 10 (7)

>16–20 weeks 56 (12) 11 (7) 26 (18) 10 (9) 5 (16) 4 (19) 22 (9) 22 (13) 44 (16) 7 (5)

>20–24 weeks 30 (6) 9 (5) 8 (6) 9 (8) 4 (13) 0 16 (6) 12 (7) 20 (7) 8 (6)

>24–28 weeks 25 (5) 11 (7) 7 (5) 6 (5) 1 (3) 0 13 (5) 9 (5) 18 (6) 2 (1)

>28 weeks 38 (8) 10 (6) 10 (7) 10 (9) 8 (25) 0 24 (10) 7 (4) 27 (10) 10 (7)

Median daily

dose–,**, mg
692 710 779 564 800 521 774 570 624 800

Initial dose of

800 mg ⁄ day��, n (%)

363 (76) 133 (80) 114 (80) 69 (59) 31 (97) 16 (76) 206 (83) 109 (65) 221 (79) 100 (75)

Permanent

discontinuation of

sorafenib because

of AEs, n (%)

133 (28) 49 (29) 36 (25) 37 (32) 2 (6) 9 (43) 81 (33) 34 (20) 69 (25) 53 (40)

*At start of therapy; �Data missing for five patients and not evaluable for 51 patients; �Time in weeks from initial visit to last dosing date (for ongoing patients to

last visit date) +1; §Data missing for 12 patients; –Determined per patient based on actual days on study drug (interruptions excluded); **Based on 367 patients; ��
114 patients received £ 600 mg ⁄ day and data missing for two patients.

AE, adverse event; GI, gastroenterologist; Hep, hepatologist; Med Onc, medical oncologist.
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and B patients (69% vs. 63%, respectively). The

incidence of grade 3 or 4 drug-related events was

consistent, with 23–24% of grade 3 and 3–4% of

grade 4 events experienced by patients in each of the

Child-Pugh A and B subgroups. Drug-related SAEs

occurred in 10% of Child-Pugh A and 16% of

Child-Pugh B patients. The rate of discontinuation

of sorafenib because of AEs, regardless of any causal

relationship with sorafenib, was higher in patients

with Child-Pugh B status (40%) than in patients

with Child-Pugh A status (25%). The safety profile

of Child-Pugh B patients was generally consistent

with the overall safety profile.

Discussion

The GIDEON study is, to date, the largest, prospec-

tive, non-interventional global study to investigate

the treatment of patients with uHCC in the real

world and reflects participating physicians’ current

practice. Data have been collected from a wide

uHCC population, and the study database allows

analyses of global and regional differences in patient

characteristics, disease aetiology, underlying liver dis-

orders and practice patterns.

Demographic data for patients in the first interim

analysis of this study were consistent with findings

from previously reported epidemiological HCC stud-

ies (14,15). The first interim analyses of the GIDEON

study highlight notable regional differences in patient

and disease characteristics, aetiology and risk factors

of uHCC. Global variations in the aetiology of HCC,

in particular HBV and HCV, have been previously

reported (2,16). TACE is the current standard of care

for patients with multinodular, intermediate-stage

uHCC (13,17) and this is reflected in the patterns of

TACE used in this first interim analysis. Interestingly,

Table 4 Treatment-emergent adverse events by Child-Pugh status

Treatment-emergent

adverse events, n (%) Total (n = 479)

Child-Pugh status at start of therapy

Child-Pugh A (<7)

(n = 278)

Child-Pugh B (7–9)

(n = 134)

Child-Pugh C (>9)

(n = 11)

AEs (all grades) 415 (87) 234 (84) 122 (91) 10 (91)

AEs (grade 3 or 4) 194 (41) ⁄ 43 (9) 98 (35) ⁄ 19 (7) 70 (52) ⁄ 20 (15) 4 (36) ⁄ 2 (18)

Drug-related AEs (all grades) 319 (67) 193 (69) 84 (63) 6 (55)

Drug-related AEs (grade 3 or 4) 110 (23) ⁄ 12 (3) 66 (24) ⁄ 7 (3) 31 (23) ⁄ 5 (4) 3 (27) ⁄ 0
SAEs* (all grades) 201 (42) 93 (33) 80 (60) 7 (64)

Drug-related SAEs* (all grades) 51 (11) 28 (10) 22 (16) 0

AEs resulting in permanent

discontinuation of sorafenib�
133 (28) 69 (25) 53 (40) 5 (45)

Deaths� 114 (24) 49 (18) 50 (37) 4 (36)

*An SAE is defined as any AE occurring at any dose that results in any of the following outcomes: death; life-threatening; hospitalisa-

tion or prolongation of existing hospitalisation; persistent or significant disability ⁄ incapacity; congenital anomaly ⁄ birth defect; medically

important event; �Any AE; �Deaths while on treatment and up to 30 days after last dose of study drug.

AE, adverse event; SAE, serious adverse event.

Table 5 Treatment-emergent adverse events in ‡5% of

the total study population

n (%)

Treatment-

emergent

adverse events

(n = 479)

Treatment-

emergent

drug-related

adverse events

(n = 479)

All

grades

Grade

3 or 4

All

grades

Grade

3 or 4

Any adverse

event

415 (87) 161 (34) 319 (67) 109 (23)

Diarrhoea 132 (28) 10 (2) 114 (24) 8 (2)

Hand-foot

skin reaction

126 (26) 26 (5) 124 (26) 26 (5)

Fatigue 81 (17) 27 (6) 51 (11) 16 (3)

Rash ⁄
desquamation

73 (15) 12 (3) 63 (13) 12 (3)

Anorexia 55 (11) 24 (5) 39 (8) 7 (1)

Abdominal pain 53 (11) 20 (4) - -

Liver dysfunction 42 (9) 11 (2) - -

Nausea 41 (9) 5 (1) 25 (5) 4 (1)

Ascites 39 (8) 24 (5) - -

Hyperbilirubinemia 38 (8) 22 (5) - -

Hypertension 36 (8) 12 (3) 29 (6) 9 (2)

Alopecia 29 (6) 0 28 (6) 0

Vomiting 29 (6) 3 (1) - -

Weight loss 28 (6) 4 (1) - -

Fever 25 (5) 2 (<1) - -

Encephalopathy 25 (5) 10 (2) - -
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regional variations are observed with patients in

Japan and Asia-Pacific receiving more prior TACE

than in other regions. This is the first time that vari-

ations in the management of uHCC in real-life prac-

tice have been evaluated in a single robust study

with consistent methodology.

In this interim analysis, dosing differences based on

non-clinical factors such as region and specialty are

observed; however, Child-Pugh status does not appear

to be a factor for sorafenib dosing patterns. The so-

rafenib dosing findings in this study are preliminary.

Sorafenib dosing will continue to be evaluated in the

GIDEON study, with the aim of optimising sorafenib

treatment. It will be important to further explore rea-

sons for these differences in sorafenib usage (between

Med Oncs and Hep ⁄GIs, and across regions).

The safety profile reported in this first interim

analysis is consistent with that previously published

from randomised clinical trials, with no unexpected

AEs (9,10). The most commonly reported drug-

related AEs reflect the findings of previous clinical

studies of sorafenib in patients with uHCC. In the

SHARP and Asia-Pacific studies, diarrhoea, fatigue

and hand-foot skin reactions were also the most

commonly reported drug-related AEs (9,10).

The safety profile observed in the GIDEON first

interim analysis is generally similar in both Child-

Pugh A and B patients. Overall, Child-Pugh B score

does not appear to be associated with an increased

incidence of drug-related AEs, compared with Child-

Pugh A. These interim safety results support pub-

lished data from clinical studies of patients with

HCC on the safety of sorafenib in Child-Pugh B

patients, in which there was no major difference in

the incidence ⁄ grade of AEs between Child-Pugh A

and B patients (11,18–20).

The results from this first interim analysis are preli-

minary and should be interpreted accordingly. Obser-

vational studies have their limitations, principally in

the lack of a control arm and randomised study popu-

lation; nonetheless, results from the GIDEON study

provide the opportunity to evaluate a wide range of

data in uHCC patients and sorafenib use globally. Ini-

tial findings provide an interesting insight into real-life

clinical practice. The study is ongoing with final analy-

ses planned 12 months after enrolment of the 3000th

treated patient (12). Future reports will provide further

evidence that may help inform treatment choices and

contribute to the advancement of HCC management.
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BACKGROUND: Excretion of gadolinium-ethoxybenzyl-diethyl-
enetriamine pentaacetic acid (Gd-EOB-DTPA) in the bile 
may be related to liver function, because of elimination 
from the liver after preferential uptake by hepatocytes. The 
purpose of this study was to investigate the relation between 
liver and biliary enhancement in patients with or without 
liver dysfunction, and to compare the tumor-to-liver contrast 
in these patients. 

METHODS: Forty patients [group 1: normal liver and Child-
Pugh class A in 20 patients, group 2: Child-Pugh class B in 18 
patients and Child-Pugh C in 2] were evaluated. All patients 
underwent MR imaging of the liver using a 1.5-Tesla system. T1-
weighted 3D images were obtained at 5, 10, 15 and 20 minutes 
after Gd-EOB-DTPA injection. The relation between group 3 
(total bilirubin <1.8 mg/dL) and group 4 (total bilirubin ≥1.8 
mg/dL) was investigated at 20 minutes. Liver and biliary signals 
were measured, and compared between groups 1 and 2 or 
groups 3 and 4. Tumor-to-liver ratio was also evaluated between 
groups 1 and 2. Scheffé's post-hoc test after two-way repeated-
measures ANOVA and Pearson's correlation test were used for 
statistical analysis.

RESULTS: Liver enhancement showed significant difference at 
all time points between groups 1 and 2. Biliary enhancement 
did not show a significant difference between groups 1 and 2 
at 5 minutes, but did at 10, 15 and 20 minutes. At 20 minutes, 
significant differences between groups 3 and 4 were seen 
for liver and biliary enhancement. At all time points, liver 
enhancement correlated with biliary enhancement in both 
groups. At 5 minutes and 20 minutes, statistical differences 
between groups 1 and 2 were seen for tumor-to-liver ratio.

CONCLUSIONS: The degree of biliary enhancement has a 
close correlation to that of liver enhancement. It is especially 
important that insufficient liver enhancement causes lower 
tumor-to-liver contrast in the hepatobiliary phase of Gd-EOB-
DTPA.

(Hepatobiliary Pancreat Dis Int 2012;11:307-313)

KEY WORDS: magnetic resonance imaging;
                              Gd-EOB-DTPA;
                              liver;
                              bile duct;
                              hepatobiliary phase

Introduction

Gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid (Gd-EOB-DTPA, gadoxetic 
acid; Primovist®, Bayer Schering Pharma AG, 

Berlin, Germany) is a liver-specific contrast agent which 
facilitates lesion detection and characterization.[1-3] Gd-
EOB-DTPA is now clinically available in many countries 
of the European, American and Asian continents. 

Gd-EOB-DTPA is administered via bolus injection 
and is rapidly cleared from the intravascular space to the 
extracellular space, thus acting as both an extracellular 
and hepatocyte-specific contrast agent. Interestingly, Gd-
EOB-DTPA is eliminated from the body through both the 
renal and hepatobiliary pathways.[4, 5] Hamm et al[2] stated 
that Gd-EOB-DTPA is eliminated dose-independently in 
almost equal proportions from the hepatobiliary system 
and the kidney in healthy volunteers, thus 50% of the Gd-
EOB-DTPA is excreted in the human biliary system. 

To the best of our knowledge, only limited data 
regarding the quality of biliary duct and liver visualization 
with Gd-EOB-DTPA between liver cirrhosis and normal 
liver parenchyma are currently available.[6-9] Tschirch et 
al[7] found that the biliary enhancement after Gd-EOB-
DTPA injection in patients with liver cirrhosis resulted in 
a decreased or even non-visualization of the biliary system 
using a three-point scale to grade biliary visualization. 

Can the biliary enhancement of Gd-EOB-DTPA 
predict the degree of liver function?
Masahiro Okada, Kazunari Ishii, Kazushi Numata, Tomoko Hyodo, Seishi Kumano, 

Masayuki Kitano, Masatoshi Kudo and Takamichi Murakami

Osaka, Japan
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Excretion of Gd-EOB-DTPA in the bile may be related 
to liver function, because of elimination from the liver 
after preferential uptake by hepatocytes. Regarding 
the relation between liver and biliary enhancement 
in the hepatobiliary phase, many questions remain to 
be answered, although new studies have attempted to 
determine the transporters for the enhancement in 
Gd-EOB-DTPA-enhanced MR.[10, 11] Thus, we should 
appreciate the property of Gd-EOB-DTPA to provide liver 
and biliary enhancement as liver function. And we think it 
is especially important that insufficient liver enhancement 
causes a lower detection rate of hepatocellular carcinoma 
(HCC) as a critical issue in patients with liver cirrhosis 
compared with those without liver cirrhosis in the 
hepatobiliary phase of Gd-EOB-DTPA. 

Hence, the purpose of our study was to investigate 
whether the degree of biliary enhancement can allow 
the image evaluation of liver enhancement, which is 
necessary for the detection of liver tumors. 

Methods
Patients

Between February and March 2008, forty consecutive 
patients underwent Gd-EOB-DTPA-enhanced MRI 
to evaluate focal hepatic lesions (Table 1). Thirty-five 
patients had chronic hepatitis or liver cirrhosis (19 had 
HCC), and 5 had normal liver function (3 had a hepatic 
metastatic lesion from colorectal cancer without chronic 
hepatitis or cirrhosis). None had undergone transcatheter 
arterial chemoembolization or radiofrequency ablation 
at least one month before MRI examination. None had 
biliary stones and biliary obstruction.

Patients were divided into two groups. Group 1 
consisted of 20 patients with normal liver function and 
Child-Pugh class A, and group 2 consisted of 18 patients 
with Child-Pugh class B and 2 with Child-Pugh class C. 

In each group, 20 consecutive patients were analyzed.
In addition, from receiver-operating characteristics 

(ROC) analysis, 1.8 mg/dL of total bilirubin was adopted 
as the cut-off value of insufficient biliary enhancement 
at 20 minutes post-injection according to Tschirch et 
al.[7] When all patients were separated into two groups 
by cut-off value (group 3: total bilirubin <1.8 mg/dL 
and group 4: total bilirubin ≥1.8 mg/dL), liver and 
biliary enhancement effects were compared. 

This study was conducted in accordance with the 
principles of the Declaration of Helsinki.[12] The Ethics 
Committee at our institution deemed that approval 
of this study was unnecessary due to the retrospective 
character of the evaluation.

MR imaging

All patients underwent magnetic resonance (MR) 
imaging of the liver using a 1.5-Tesla system (Gyroscan 
NOVA, Philips Healthcare, Best, The Netherlands). An 
eight-channel phased-array surface coil was used and 
covered the whole liver. Gd-EOB-DTPA was used as 
a routine clinical study for detecting liver tumors. All 
patients received 25 μmol/kg body weight Gd-EOB-
DTPA, which was administered at 2 mL/sec though an 
IV line placed in the cubital vein and flushed with 30-36 
mL of 0.9% saline at 2 mL/sec. A fat-suppressed T1-
weighted gradient echo (GRE) sequence as 3D turbo field 
echo provided as a T1 high-resolution isotropic volume 
examination (THRIVE; TR/TR=2.13/4.31, flip angle 
15°, field of view (FOV) 306×380 mm, matrix 512×512, 
thickness 5 mm, acquisition time 20 seconds) was obtained 
for each patient before and at 5, 10, 15, and 20 minutes 
after injection of Gd-EOB-DTPA. We obtained the arterial 
phase with the bolus tracking system to image optimal 
arterial enhancement of liver tumors. But this study was 
used for the investigation of liver and biliary enhancement, 
therefore the arterial phase of Gd-EOB-DTPA was not 
analyzed for this purpose, because no biliary enhancement 
was seen at this phase. 

As other MR sequences in our routine clinical 
examination, T1-weighted images of dual echoes (in-phase 
and out-of-phase) were obtained before enhancement in 
a single breath hold. After injection of Gd-EOB-DTPA, 
T2-weighted images with fat suppression and diffusion 
weighted images were obtained at 3 to 10 minutes.
 
Imaging analysis

Liver enhancement 
One observer (15 years of experience in abdominal 

radiology) measured the liver enhancement by evaluating 
the signal intensity (SI) change of hepatic enhancement 

Table 1. Baseline characteristics of the 40 patients

Variables Data

Median age (range, yr) 66 (28-86)

Sex (male/female) 24/16

Child-Pugh classification (A/B/C) 15/18/2

Normal liver function   5

Etiology of underlying liver disease

  HCV 26

  HBV   3

  Alcoholic   3

  Cryptogenic   6

  Colorectal cancer   2

Median serum total bilirubin level (range, mg/mL)   1.3 (0.2-3.8)
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for all patients on a Dicom viewer (Synapse; FujiFilm 
Medical, Tokyo, Japan). Quantitative liver enhancement 
was calculated in the form of liver-to-muscle ratio (LMR). 
To evaluate the SI change of liver parenchyma of the T1-
weighted GRE image (THRIVE), LMRs between the SI 
of liver parenchyma and the SI of erector spinae muscle 
were calculated at 5, 10, 15 and 20 minutes after injection 
of Gd-EOB-DTPA. The SI of liver parenchyma was 
calculated as the mean value of five regions of interest 
(ROIs; 50-100 pixels, 3 ROIs in the right lobe and 2 in 
the left lobe), which were taken in the liver parenchyma 
with exclusion of focal lesions, major branches of the 
portal and hepatic veins, and artifacts in the lateral 
segment affected by heart beat. A ROI was placed on a 
homogeneous area of liver parenchyma for each slice. 
The SI of erector spinae was calculated as the mean 
value of four ROIs, which were taken from 2 ROIs in the 
right erector spinae and two in the left with exclusion of 
ambient fat and artifact. Finally, liver enhancement by 
LMR was calculated as follows:

LMR=SIliver/SImuscle

All LMRs were plotted over time, and mean and 
standard deviation (SD) were recorded.

Biliary enhancement 
One observer (15 years of experience in abdominal 

radiology) measured the visualization of the common 
hepatic duct by evaluating the SI change of biliary 
enhancement for all patients on a Dicom viewer. The 
SI of biliary enhancement also used small ROIs within 
common hepatic ducts. Finally, bile duct-to-muscle ratio 
(BMR) was calculated as follows:

BMR=SIbile duct/SImuscle

All BMRs were plotted over time, and mean and SD 
were recorded.

In addition, comparison between groups 3 (total 
bilirubin <1.8 mg/dL) and 4 (total bilirubin ≥1.8 mg/dL) 
was performed to investigate the difference of liver and 
biliary enhancement at 20 minutes post-Gd-EOB-DTPA 
injection. 

Tumor-to-liver ratio (TLR) 
One observer (15 years of experience in abdominal 

radiology) measured the tumor intensity by evaluating 
the SI for all HCCs on a Dicom viewer. The SI of liver 
enhancement surrounding the HCC also used ROIs. 
Twenty-five HCCs (10 in group 1, 15 in group 2; >1 
cm) in 19 patients were measured. Finally, TLR was 
calculated as follows:

TLR=SItumor/ SIliver

All TLRs were plotted over time, and mean and SD 
were recorded.

Estimated glomerular filtration rate (eGFR)
eGFR was measured and compared between groups 

1 and 2, or groups 3 and 4. The following equations were 
used: 

For men, eGFR (mL/min/1.73 m2)=194×Cr-1.094×
age-0.287 

For women, eGFR (mL/min/1.73 m2)=194×Cr-1.094×
age-0.287×0.739 

Cr: serum creatinine.

Statistical analysis

Scheffé's method of post-hoc test after two-way 
repeated-measures ANOVA was used to compare 
differences between the two groups (group 1 versus 
group 2, and group 3 versus group 4) in liver and 
biliary enhancement. The correlation between liver and 
biliary enhancement was investigated using Pearson's 
correlation test. The Statistical Package for Social 
Science Programming (version 11.0; SPSS, Chicago, IL) 
was used for analysis. A P value <0.05 was considered 
statistically significant.

Results
Liver enhancement provided as LMR

Repeated-measures ANOVA showed a significant difference 
between groups 1 and 2 (between-groups: P=0.0005, 
F=14.23; time-line: P=0.0001, F=75.02; confounding 
factor: P=0.0001, F=14.38). The LMR showed significant 
differences at all time points after Gd-EOB-DTPA injection 
between groups 1 and 2, using Scheffé's method (Table 2). 
Compared with group 1, the increase in SI of the LMR over 
time was delayed in group 2 (Figs. 1 and 2).

Biliary enhancement provided as BMR

Patients showed almost no apparent biliary 
enhancement at 5 minutes post-injection of Gd-EOB-
DTPA. Repeated-measures ANOVA showed a significant 
difference between groups 1 and 2 (between-groups: 
P=0.0013, F=12.09; time-line: P=0.0001, F=76.24; 
confounding factor: P=0.0001, F=9.82). The BMR of 
the common hepatic duct between the two groups did 
not show a significant difference at 5 minutes, but did 

Groups 5 min 10 min 15 min 20 min

1 1.48±0.17* 1.65±0.23** 1.79±0.24# 1.86±0.27##

2 1.37±0.23 1.38±0.27 1.47±0.29 1.56±0.31

Table 2. Liver enhancement: LMR of groups 1 and 2

*: P<0.03, **: P<0.0002, #: P<0.003, ##: P<0.003, compared with 
group 2.
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show statistically significant differences at 10, 15 and 
20 minutes by Scheffé's method (Table 3). Compared 
with group 1, the increase in SI of the BMR over time was 
delayed in group 2 (Figs. 1 and 2; Table 3).

Comparison between groups 3  and 4 

At 20 minutes post-Gd-EOB-DTPA injection, 
significant differences between groups 3 and 4 were seen 
in both LMR and BMR (Table 4).

TLR

At 5 and 20 minutes post-Gd-EOB-DTPA injection, 
statistical differences between groups 1 and 2 were seen 
for TLR (Table 5). Figs. 3 and 4 show the comparison 
between groups 1 and 2.

Correlation between liver enhancement and biliary 
enhancement 

At all time points, liver enhancement correlated 
with biliary enhancement in both groups by Pearson's 
correlation (P<0.001 at all time points, r=0.94 at 5 
minutes, r=0.73 at 10 minutes, r=0.61 at 15 minutes and 
r=0.63 at 20 minutes).

 
eGFR

No significant difference was seen in the eGFRs of 
group 1 (78.9±15.1 mL/min/1.73 m2) and group 2 (79.8± 
22.2 mL/min/1.73 m2). Moreover, groups 3 (79.2±18.2 
mL/min/1.73 m2) and 4 (79.4±23.5 mL/min/1.73 m2) 
did not show significant difference.

Fig. 1. Gd-EOB-DTPA-enhanced MRI from a 59-year-old woman 
(group 1) with hepatitis C liver cirrhosis (total bilirubin, 1.4 mg/dL). 
A: 5 minutes, B: 10 minutes, C: 15 minutes, D: 20 minutes post-
Gd-EOB-DTPA injection. Fat-suppressed 3D T1-weighted GRE 
images in the transaxial plane demonstrating the liver and biliary 
enhancement over time. After 5 and 10 minutes (A, B), no biliary 
enhancement was seen. After 15 and 20 minutes (C, D), Gd-EOB-
DTPA-enhanced MRI showed enhancement of the common hepatic 
duct (arrows; BMR: 5.67 at 15 minutes and 6.73 at 20 minutes). 
Liver enhancement LMR: 1.52 at 5 minutes, 1.67 at 10 minutes, 1.82 
at 15 minutes and 1.95 at 20 minutes) gradually increased over time 
(A-D). 

Fig. 2. Gd-EOB-DTPA enhanced MRI from a 75-year-old woman 
(group 2) with hepatitis C liver cirrhosis (total bilirubin, 3.6 mg/
dL).  A: 5 minutes, B: 10 minutes, C: 15 minutes, D: 20 minutes 
post-Gd-EOB-DTPA injection. Fat-suppressed 3D T1-weighted 
GRE images in the transaxial plane demonstrating the liver and 
biliary enhancement over time. After 5, 10 and 15 minutes (A, B, 
C), no biliary enhancement was seen. After 20 minutes (D), Gd-
EOB-DTPA-enhanced MRI showed enhancement of the common 
hepatic duct (arrow; BMR: 3.38 at 20 minutes). Weak liver 
enhancement (LMR: 1.33 at 5 minutes, 1.39 at 10 minutes, 1.50 
at 15 minutes and 1.54 at 20 minutes) was seen at each time point 
(A-D). 

Groups 5 min 10 min 15 min 20 min

1 0.69±0.04* 0.76±0.09 0.64±0.05 0.55±0.06#

2 0.83±0.02 0.83±0.03 0.79±0.02 0.74±0.03

Table 5. TLR of groups 1 and 2

*: P<0.02, #: P<0.01, compared with group 2.

Table 4. Liver and biliary enhancement: LMR and BMR of groups 3 
and 4 at 20 minutes

Groups LMR BMR

3 1.92±0.29* 6.87±0.33#

4 1.44±0.26 3.25±0.31

*: P<0.002, #: P<0.007, compared with group 4.

Groups 5 min 10 min 15 min 20 min

1 1.10±0.52 3.26±2.17* 5.34±2.70# 6.38±2.18##

2 1.00±0.40 2.01±1.40 3.00±2.23 3.61±3.02

Table 3. Biliary enhancement: BMR of groups 1 and 2

*: P<0.02, #: P<0.002, ##: P<0.008, compared with group 2.
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Discussion
Our results clearly revealed that the degree of biliary 
enhancement was related to that of liver enhancement 
in the hepatobiliary phase of Gd-EOB-DTPA-enhanced 

MRI. Therefore, strong enhancement of the bile duct 
substantially shows effective liver enhancement, which 
allows a higher detection rate of HCC in the normal 
or damaged liver. Both liver and biliary enhancement 
effects provide functional information about physiologic 
and pathologic biliary flow, and thus may be affected by 
liver function.

It is important to evaluate the liver enhancement, 
which is necessary for the detection of liver tumors 
on Gd-EOB-DTPA-enhanced MRI. We investigated 
the TLR between HCCs and liver parenchyma, and 
significant differences were observed at 5 and 20 
minutes. Therefore, we believe unsatisfactory liver 
enhancement after Gd-EOB-DTPA injection leads to 
decreased detection of HCCs. However, the pathology of 
the HCCs was not obtained, because all were diagnosed 
by using the AASLD guidelines. Further analysis is 
recommended.

Liver and biliary enhancement at all time points 
post-Gd-EOB-DTPA injection had significant differences 
in SI between groups 1 and 2. This means the biliary 
enhancement may be closely correlated with liver 
enhancement in Gd-EOB-DTPA-enhanced MRI. At 5 
minutes post-injection, a very close correlation (r=0.94) 
between liver and biliary enhancement was seen, and 
a relatively close correlation was observed at 10-20 
minutes (r=0.61 to 0.73). In the hepatobiliary phase at 
5 minutes, the uptake of Gd-EOB-DTPA by hepatocytes 
may be mixed with the extracellular distribution 
of this contrast agent. Therefore, in this phase at 5 
minutes it is difficult to understand the mechanism of 
liver and biliary contrast enhancement. Whereas, the 
hepatobiliary phase between 10 and 20 minutes showed 
a relatively close correlation between liver and biliary 
enhancement. Thus biliary enhancement should be 
recognized as a biomarker of liver enhancement and 
as a useful method of clinical evaluation. The SI of the 
common hepatic duct became markedly elevated after 
the administration of Gd-EOB-DTPA in group 1 of our 
study, which was also reported by Carlos et al.[13] In 
addition, we found a difference between normal liver 
function and liver dysfunction in the elevated SI of 
the common hepatic duct at 15 and 20 minutes post-
injection. 

According to Tschirch et al,[7] only 40% of the 
cirrhosis group in the hepatobiliary phase was sufficient 
for anatomical visualization of the biliary tree after 
Gd-EOB-DTPA injection, although all subjects in the 
control group showed sufficient visualization. And they 
reported a significant difference between normal liver 
function and liver dysfunction at 10, 20 and 30 minutes 
for biliary enhancement. Their results motivated us 

Fig. 3. Gd-EOB-DTPA enhanced MRI from a 65-year-old woman 
(group 1) with cryptogenic liver disease (total bilirubin, 0.8 mg/dL). 
A: 5 minutes, B: 10 minutes, C: 15 minutes, D: 20 minutes post-Gd-
EOB-DTPA injection. Fat-suppressed 3D T1-weighted GRE images 
in the transaxial plane demonstrating the HCC (arrows) and liver 
enhancement over time. Gd-EOB-DTPA-enhanced MRI showed 
the TLR gradually increased over time (A-D); 0.71 at 5 minutes, 0.73 
at 10 minutes, 0.63 at 15 minutes and 0.52 at 20 minutes. 

Fig. 4. Gd-EOB-DTPA-enhanced MRI from a 74-year-old woman 
(group 2) with hepatitis C liver cirrhosis (total bilirubin, 2.0 mg/
dL).  A: 5 minutes, B: 10 minutes, C: 15 minutes, D: 20 minutes 
post-Gd-EOB-DTPA injection. Fat-suppressed 3D T1-weighted GRE 
images in the transaxial plane demonstrating the HCC (arrows) 
and liver enhancement over time. Gd-EOB-DTPA-enhanced MRI 
showed the following TLR over time; 0.85 at 5 minutes, 0.83 at 10 
minutes, 0.81 at 15 minutes and 0.81 at 20 minutes (A-D). 
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to undertake the quantitative investigation of not only 
biliary enhancement, but also liver enhancement. And 
our analysis demonstrated that biliary enhancement 
may be a biomarker of sufficient liver enhancement after 
Gd-EOB-DTPA injection. More importantly, impaired 
liver function can be suspected in patients with a 
reduced detection of liver tumor. Therefore, the grading 
of biliary enhancement may be a promising evaluation 
for insufficient liver enhancement, which may have 
a negative impact on detecting hepatic tumor. Visual 
evaluation of optimal liver enhancement is sometimes 
difficult in daily clinical MR practice. Thus, we suggest 
that the evaluation of biliary enhancement should be 
used as a biomarker of sufficient or insufficient liver 
enhancement.

Our result showed significant differences in biliary 
enhancement at 10, 15 and 20 minutes between groups 
1 and 2, while Tschirch et al[7] reported a significant 
difference in biliary enhancement between normal liver 
function and liver dysfunction at 10, 20 and 30 minutes. 
Thus, our results are the same. Other researchers 
reported the relation between biliary enhancement 
in Gd-EOB-DTPA-enhanced MRI and liver function, 
whereas, to our knowledge, our study has quantitatively 
shown for the first time the close correlation between SI 
of the liver and the bile duct at each time point.

Patients with total bilirubin ≥1.8 mg/dL (group 4) 
showed poor visualization of the common bile duct 
in our study. This result (Table 4) was consistent with 
the comparison between groups 1 and 2 (Table 3) 
and compatible with previous reports.[7, 8] Multifactor 
evaluation of Child-Pugh classification includes a factor 
for total bilirubin, which may reflect the Child-Pugh 
class. Because total bilirubin is often used clinically 
due to the simple sampling, the judgement of effective 
contrast enhancement of the liver and the bile duct by 
total bilirubin may be reasonable.

It is known that Gd-EOB-DTPA is excreted in the 
biliary and renal systems. Because we investigated 
the effect of biliary enhancement compared to liver 
parenchymal enhancement, the difference of the renal 
excretion factor between groups could be excluded by 
measuring eGFR. In our study, no difference in renal 
function was observed between the groups.

In previous studies,[2, 13] biliary enhancement at 
10-20 minutes post-injection of Gd-EOB-DTPA was 
enough in patients with a functionally unimpaired liver. 
In our study, group 1 showed a high enhancement effect 
on both liver and biliary enhancement, and a significant 
difference was seen between groups 1 and 2 at 10 
minutes post-Gd-EOB-DTPA injection (Tables 2 and 
3). The increase in SIs of LMR and BMR tended to be 

delayed in group 2, as compared with group 1. Therefore, 
the changing rate of the SI over time is recognized as 
an important factor in time-intensity curve analysis for 
both liver and biliary enhancement on Gd-EOB-DTPA-
enhanced MRI.

Our study has some limitations. First, the number 
of patients was relatively small. Second, we had no data 
from the indocyanine green (ICG) test, although the 
ICG retention rate at 15 minutes (ICG-R15) has been 
reported to be a significant predictor of the SI of the bile 
duct after Gd-EOB-DTPA injection.[8, 9] In our hospital, 
the ICG-R15 test is unusual to avoid the cumbersome 
procedure. Third, the hepatobiliary phase of the Gd-
EOB-DTPA-enhanced MRI was only obtained up to 
20 minutes, so the subsequent time-intensity courses 
of liver and biliary enhancement were not analyzed. 
However, we believe that 20 minutes post-Gd-EOB-
DTPA injection is clinically standard and useful, 
because the liver-to-lesion contrast, such as in HCC 
detection, is best at 20 minutes as previously reported.[14]

In conclusion, patients with severe liver cirrhosis 
have a decreased visualization of the liver and bile duct 
during the hepatobiliary phase on Gd-EOB-DTPA-
enhanced MRI. Thus, the degree of biliary enhancement 
has a close correlation to that of liver enhancement.
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Editorial

Welcome to the First Issue of Liver Cancer

Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third leading 
cause of cancer death worldwide. HCC is a peculiar malignant tumor that is completely differ-
ent from other solid tumors because of its high recurrence rate after curative treatment (80% 
at 5 year). HCC arises in chronically damaged liver, i.e., in patients with chronic hepatitis or 
liver cirrhosis caused by viral hepatitis B or C or with nonalcoholic steatohepatitis-related cir-
rhosis. For HCC, therefore, it is easy to define the high-risk patient group. In Asia, approximate-
ly 80% of HCCs are related to infection with hepatitis B virus, which is endemic. The exception 
is Japan, where hepatitis C is more prevalent than hepatitis B. Japan is the only country that has 
experienced both hepatitis B-related HCC (around 30 years ago) and hepatitis C-related HCC 
(since the 1970s). The Liver Cancer Study Group of Japan (LCSGJ) was founded in 1965; in the 
1980s, it started nationwide surveillance of HCC based on serum alpha-fetoprotein levels and 
ultrasound examinations.

There are many unresolved issues relating to HCC, including its pathogenesis, its molecu-
lar pathology, signal transduction during hepatocarcinogenesis, curative treatment (ablation, 
resection, or transplantation), palliative treatment (transarterial chemoembolization), hepatic 
arterial infusion chemotherapy, molecular targeted therapy, imaging diagnosis, early detec-
tion, and liver transplantation.

Sorafenib, which is an orally administered small-molecule tyrosine kinase inhibitor, tar-
gets vascular endothelial growth factor receptors, the platelet-derived growth factor receptor, 
and Raf kinase. Various other new molecular targeted agents and their combination with con-
ventional therapies are currently under investigation.

Ongoing developments in diagnostic techniques and treatment strategies for HCC are re-
ported in a wide range of journals, the fields of which depend on the medical backgrounds and 
areas of expertise of the authors (e.g., basic research, pathology, epidemiology, radiology, hepa-
tology, surgery, and organ transplantation); a specific journal for reviews, updates, and discus-
sion of research on HCC is lacking. Liver Cancer is the first international peer-reviewed journal 
of its kind to focus exclusively on basic and clinical research in the field of HCC, including the 
treatment and management of early, intermediate, and advanced HCC. Liver Cancer will start by 
publishing invited and submitted reviews quarterly. These will be followed by original articles 
addressing new issues in the field. Original articles describing basic and clinical research will 
be important resources for information exchange provided by this academic platform. This 
new journal will play an important role in generalizing and updating knowledge in the field of 
liver cancer.

You are invited to contribute articles to Liver Cancer describing your recent contributions 
to advances in the field.

© 2012 S. Karger AG, Basel
2235-1795/12/0011-0001$38.00/0
www.karger.com/lic
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Activation of JNK and high expression level of CD133 predict a
poor response to sorafenib in hepatocellular carcinoma

S Hagiwara1, M Kudo1, T Nagai1, T Inoue1, K Ueshima1, N Nishida1, T Watanabe2 and T Sakurai*,1

1Department of Gastroenterology and Hepatology, Kinki University, 377-2, Osaka-Sayama, Osaka 589-8511, Japan; 2Center for Innovation in
Immunoregulative Technology and Therapeutics, Kyoto University Graduate School of Medicine, Kyoto, Japan

BACKGROUND: Hepatocellular carcinoma (HCC) ranks as the third leading cause of cancer deaths worldwide. While sorafenib,
a multikinase inhibitor targeting the Raf/extracellular signal-regulated protein kinase (ERK) pathway, has been shown recently to provide a
survival advantage to patients with advanced HCC, a predictive biomarker has not been developed. We studied whether c-Jun
N-terminal kinase (JNK), which promotes liver carcinogenesis in mice, affects therapeutic response to sorafenib in HCC patients.
METHODS: We collected pathological specimens from 39 patients with advanced HCC before starting sorafenib treatment,
and measured JNK activity in HCCs.
RESULTS: In patients treated with sorafenib, the expression of phospho-c-Jun in HCC, as a read out of JNK activity, was significantly
higher (Po0.001) in the non-responder group than in the responder group. c-Jun N-terminal kinase activation in HCC was associated
with a decreased time to progression and a poor overall survival (P¼ 0.0028 and P¼ 0.0008, respectively).
CONCLUSION: In addition, JNK activity was significantly correlated with CD133 expression level. Correspondingly, high expression level
of CD133 was linked to a poor response to sorafenib. Furthermore, D-JNKi, a specific JNK inhibitor, reduced the growth of
xenografted CD133þ cells in athymic mice. In conclusion, JNK activation was positively correlated with CD133 expression level and
inversely correlated with the therapeutic response to sorafenib, suggesting that JNK activity may be considered as a new predictive
biomarker for response to sorafenib treatment.
British Journal of Cancer (2012) 106, 1997–2003. doi:10.1038/bjc.2012.145 www.bjcancer.com
Published online 17 May 2012
& 2012 Cancer Research UK

Keywords: c-Jun; extracellular signal-regulated protein kinase (ERK); cancer stem cells; CD133
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Unlike most solid tumours, the incidence and mortality of
hepatocellular carcinoma (HCC) have increased in the United
States and Europe in the past decade. Most patients are diagnosed
at advanced stages, so there is an urgent need for new systemic
therapies. Studies in patients with lung, breast or colorectal
cancers have indicated that the heterogeneity of cancer cells within
a tumour affect its response to therapeutics designed to target-
specific molecules. When tumour progression requires alterations
in specific signalling pathways, drugs that selectively block them
might slow tumour growth. Identification of molecules that
mediate tumour progression, and trials that monitor them as
biomarkers, might lead to personalised therapy; reagents that
interfere with signalling pathways required for HCC progression
might be used to treat selected populations, and thereby maximise
the efficacy and cost benefit. However, no specific alterations are
yet known to be implicated in HCC progression, so it is important
to improve our understanding of its molecular pathogenesis.
Mitogen-activated protein kinases (MAPKs), serine/threonine-

specific protein kinases, respond to extracellular stimuli and
have a pivotal role in various cellular processes, such as gene
expression, mitosis, differentiation, proliferation and cell
survival/apoptosis (Chang and Karin, 2001; Dhillon et al, 2007).
Mitogen-activated protein kinase comprises the extracellular

signal-regulated protein kinase (ERK), c-Jun N-terminal kinase
(JNK) and p38MAPK. Accumulating evidence suggests that
activation or inactivation of MAPK regulates inflammatory
responses and provides a growth advantage to hepatocytes during
malignant transformation and liver tumourigenesis (Sakurai et al,
2006, 2008; Hui et al, 2007; Whittaker et al, 2010). Abnormal
activation of ERK is often observed in human HCC. It has been
shown that systemic administration of sorafenib, a tyrosine kinase
inhibitor targeting the Raf/ERK pathway, extended the survival of
patients with advanced-stage HCC significantly in several clinical
trials (Abou-Alfa et al, 2006; Llovet et al, 2008). Mouse cancer
models have shown that the JNK pathway is implicated in
regulating liver carcinogenesis. c-Jun N-terminal kinase activation
contributes to hepatocyte proliferation and HCC development by
regulating cyclin D and vascular endothelial growth factor (VEGF),
a potent proangiogenic substance responsible for tumour neovas-
cularisation (Schwabe et al, 2003; Sakurai et al, 2006; Sakurai and
Kudo, 2011). c-Jun, a downstream target of JNK, promotes
chemically induced liver cancer development through suppression
of the p53 pathway (Eferl et al, 2003). Proliferation of HCC cells
requires JNK-dependent downregulation of p21 (Hui et al, 2008).
However, the extent of the involvement of JNK in the development
of human liver cancers is unknown. Recently, we have reported
that activation of JNK in non-cancerous liver tissue predicts a high
risk of recurrence after hepatic resection for hepatocellular
carcinoma, suggesting the importance of JNK in human HCC
(Hagiwara et al, 2011).
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A novel theory in the field of tumour biology postulates that the
capacity to maintain tumour formation and growth is found in a
small population of cells, called tumour-initiating cells or cancer
stem cells. The stem cell-like characteristics of these cells are
believed to render these cells resistant to conventional therapies
and allow them to drive tumourigenesis. CD133, a transmem-
brance glycoprotein, is a valuable marker of cancer stem cell and is
expressed in 1–5% of human HCC, while absent in normal liver
cells (Ma et al, 2007). In addition to its role as a marker, CD133 has
been reported to play a functional part in regulating tumourigen-
esis of liver cancer stem cells via regulating IL-8, CXCL1 and ERK
signalling (Tang et al, 2011).

PATIENTS AND METHODS

Patients

From May 2009 to June 2010, 39 patients with refractory HCC,
which could not be controlled by standard therapeutic modalities,
received sorafenib (Nexavar; Bayer HealthCare Pharmaceuticals-
Onyx Pharmaceuticals, Leverkusen, Germany) at Kinki University
Hospital. All pathological specimens of HCC were taken by needle
biopsy before sorafenib treatment.
The study protocols conformed to the ethical guidelines of the

1975 Declaration of Helsinki and were approved by the institu-
tional review boards. Written informed consent was obtained from
all patients for subsequent use of their collected tissues.

Eligibility criteria, treatment regimen and assessment of
response to sorafenib

The eligibility criteria for sorafenib therapy were (1) advanced
HCC, which was uncontrollable with standard treatments,
or HCC with distant metastasis; (2) age o81 years; (3) an Eastern
Cooperative Group performance status of 0 or 1; (4) Child-Pugh
grade A; (5) encephalopathy degree 0; (6) leukocyte count
43000 cellsmm� 3, haemoglobin level 410 g dl� 1, platelet count
480 000 cellsmm� 3; and (7) serum creatinine o1.5mg dl� 1,
serum aspartate aminotransferase o200 IU l� 1, serum alanine
aminotransferase o200 IU l� 1 and serum total bilirubin
o3.0mg dl� 1. These criteria were based on the susceptibility to
adverse side effects. The diagnosis of HCC was made based on
haematoxylin–eosin staining of histopathological specimens in all
patients.
Sorafenib was given orally at a daily dose of 800mg, divided into

two equal doses. Treatment interruptions and up to two dose
reductions (first to 400mg once daily and then to 400mg every 2
days) were permitted for drug-related adverse effects (National
Cancer Institute-Common Terminology Criteria (NCI-CTC,
version 3)). Treatment was continued until the occurrence of
radiologic progression, as defined by the Response Evaluation
Criteria in Solid Tumors (RECIST, Version 1.1).
Assessed by contrast enhanced computed tomography or

magnetic resonance imaging every 4 weeks, therapeutic
response to sorafenib was defined according to the criteria of
RECIST (Version 1.1). A partial response (PR) was defined
as at least 30% decrease in the sum of the longest diameter of
target lesions with the baseline sum of the longest diameter
of target lesions as the reference. Progressive disease (PD) was
defined as at least 20% increase in the sum of the longest diameter
of target lesions. Stable disease (SD) was defined as meeting
neither PR nor PD criteria. When the response achieved for
intrahepatic HCC differed from that for extrahepatic HCC, the
worse response was determined as the achieved response.
Assessment of response was introduced best overall response of
RECIST.

Immunohistochemistry

Immunohistochemical analysis was performed on paraffin sections
of human HCC and mouse tumours. Immunohistochemical
staining was carried out with antibodies raised against phospho-
c-Jun (Ser63; 1 : 100), phospho-JNK (1 : 100) and CD133 (1 : 100)
from Cell Signaling Technology (Danvers, MA, USA) and
visualised using Dako LSAB System-HRP (Dako, Carpinteria, CA,
USA). Five fields of images per sample were taken and
total and stain-positive nuclei were counted by Image J software
(NIH, Bethesda, MD, USA).

Western blot analysis

To prepare tissue lysate, HCC tissue was homogenised
with CelLytic-MT Mammalian Tissue Lysis/Extraction reagent
(Sigma-Aldrich, St Louis, MO, USA) with protease inhibitor,
Complete (Roche Diagnostics, Mannheim, Germany), and phos-
phatase inhibitor (Toyobo, Osaka, Japan) and centrifuged. Equal
protein amounts of tissue lysates were electrophoresed through a
reducing SDS polyacrylamide gel and electroblotted onto a PVDF
membrane. The membrane was blocked and incubated with
primary antibodies for CD133, phospho-c-Jun, c-Jun, phospho-
ERK1/2, ERK1/2 from Cell Signaling Technology (Beverly, MA,
USA) and b-actin (Sigma-Aldrich). The levels of each protein were
detected with horseradish peroxide-linked secondary antibodies
and the ECL plus System (GE Healthcare, Piscataway, NJ, USA). To
evaluate the signal intensity, obtained western blot image data
were quantified using Image J software (NIH).

Inoculation of sorted CD133þHCC cells into nude mice

Human liver cancer cell line HepG2 and HuH7 obtained from the
Riken Cell Bank (Tsukuba, Japan) were cultured in DMEM with
100Uml� 1 penicillin, 100 mgml� 1 streptomycin and 10% (FBS) at
37 1C under 5% CO2/95% air. For isolating CD133-positive and -
negative cells, cells were collected by trypsin treatment, washed
twice with 1% BSA/PBS and labelled with anti-CD133-allophyco-
cyanin antibody (Miltenyi Biotec, Bergisch Gladbach, Germany)
for 20min on ice, in the dark. Then, cells were washed once in ice-
cold 1% BSA/PBS, and sorted on a FACS Vantage SE (BD, San
Diego, CA, USA). CD133-positive and -negative cells were collected
separately, washed with PBS and cultured under normal condition
for 5 days. Cells were collected by trypsin treatment and suspended
in mixture of DMEM and Matrigel (BD) (1 : 1), and injected.
CD133þ cells were subcutaneously inoculated into 6-week-old
female BALB/c nude mice. From 1 week after subcutaneous
inoculation, TAT control peptide and D-JNKi were administered at
25 nmol per mouse once a week and the mice were autopsied 4
weeks later. D-JNKi is an efficient inhibitor of the action of all
three JNK isoforms and is made by linking the 20 amino-acid
terminal JNK-inhibitory sequence (i.e., the JNK-binding domain of
JIP-1/IB1) to a 10-amino acid HIV-TAT transporter sequence.
All animal procedures were performed according to approved

protocols and in accordance with the recommendations for the
proper care and use of laboratory animals. The Medical Ethics
Committee of Kinki University School of Medicine approved the
present study.

Statistical analysis

Relationships between the parameters of the patients treated with
sorafenib were investigated using Student’s t-test, the Mann–
Whitney U-test and Fisher’s exact test. Cumulative survival and
time-to-progression (TTP) curves were constructed using the
Kaplan–Meier method and compared using the log-rank test. The
relationship between numeric data (e.g., number on PCNA-
positive tumour cells) was determined using Student’s t-test.
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All analyses were performed using the SPSS software (version 11.5;
SPSS Inc., Chicago, IL, USA).

RESULTS

Association between JNK activation and poor therapeutic
response to sorafenib

Among 39 patients treated, a complete response and PR was achieved
in 0 (0%) and 5 (12.8%), respectively. The overall response rate was
12.8%. Stable disease was noted in 13 patients (33%), and the disease
control rate (complete responseþPRþ SD) was 46.2%. Progressive
disease was noted in 17 patients (43.6%). Four patients were excluded
from the assessment of response because they died of rupture of HCC
or of oesophageal varices after the start of treatment and computed
tomography could not be performed. No significant difference was
observed in any of nine parameters such as age, sex, the cause of
disease, tumour grade or previous therapy, between the responder
group and the non-responder group (Table 1). We evaluated the
change in tumour blood flow by using CT scan to confirm how
sorafenib worked. In 13 out of 18 responders (72%), arterial blood
supply was decreased while in 8 out of 17 non-responders (47%) the
arterial blood flow was decreased.
We investigated the association between the therapeutic response

to sorafenib and JNK activation using HCC specimens collected
before treatment. As shown in Figure 1, phospho-JNK/c-Jun
expression in HCC cells was significantly higher in the non-
responder group than in the responder group.

Association between JNK activation and poor prognosis
in patients treated with sorafenib

The median TTP was 2.0 months (95% confidence interval: 0–7.9
months). The cumulative progression-free survival rates at 3, 6 and
12 months were 49%, 44% and 29%, respectively. All enrolled
patients were also included in a survival assessment. Twenty-five
patients were still alive at the end of the observation period
(median: 6.0 months, range: 1.3–12.1 months), while 14 patients
had died. The causes of death were tumour progression (n¼ 10)
and rupture of HCC or oesophageal varices (n¼ 4). The median
survival time was 12.1 months (95% confidence interval: 7.9–16.4
months). The cumulative survival rate at 3, 6 and 12 months were
81%, 75% and 56%, respectively.
We examined the impact of JNK activation in HCC cells on the

prognosis of patients treated with sorafenib. Hepatocellular
carcinoma specimens collected by needle biopsy before sorafenib
treatment were stained with anti-phospho-c-Jun antibody and
the data were quantified. Patients were divided into high and
low p-c-Jun expression groups by setting the median level as the
cutoff between the two groups. As shown in Figure 2A, a log-rank
test using the Kaplan–Meier method showed significant TTP
prolongation in the low p-c-Jun expression group, compared with
the high expression group (P¼ 0.0028). We also found significant
prolongation of overall survival (OS) in the low p-c-Jun expression
group compared with the high expression group (P¼ 0.0008;
Figure 2B). The duration of sorafenib treatment was 151±116 days
in the low p-c-Jun group and 80±97 days in the high p-c-Jun
group.

Table 1 Comparison of patient characteristics according to the
anticancer effect

Variable

Responder
(PRþSD)
(n¼18)

Non-responder
(PD)

(n¼ 17) P-value

Age – years 70.5 (54–78) 74 (35–80) 0.95

Sex – no. (%) 1
Male 13 (72) 12 (71)
Female 5 (28) 5 (29)

Cause of disease – no. (%) 0.82
Hepatitis B 3 (17) 4 (24)
Hepatitis C 9 (50) 9 (53)
Non-B, non-C 6 (33) 4 (24)

ECOG performance status – no. (%) 0.49
0 18 (100) 16 (94)
1 0 (0) 1 (6)

BCLC stage – no. (%) 0.51
B (intermediate) 11 (61) 8 (47)
C (advanced) 7 (39) 9 (53)

Tumour grade – no. (%) 0.62
Well 2 (11) 0 (0)
Moderate 11 (61) 12 (71)
Poor 5 (28) 5 (29)

AFP (ngml� 1) – median (range) 276 (2–22 619) 89 (3–228 540) 0.56

DCP (mAUml� 1) – median (range) 641 (5–26 624) 481.5 (9–61 180) 0.93

Previous therapy (last) – no. (%) 0.09
OP 1 (6) 5 (29)
RFA 1 (6) 2 (12)
TACE 11 (61) 10 (59)
HAIC 3 (17) 0 (0)
None 2 (11) 0 (0)

Abbreviations: ECOG¼ Eastern Cooperative Oncology Group; BCLC¼ Barcelona
Clinic Liver Cancer; AFP¼ a-fetoprotein; DCP¼ des-g-carboxyprothrombin;
OP¼ operation; RFA¼ radiofrequency ablation; TACE¼ transcatheter arterial
chemoembolization; HAIC¼ hepatic arterial chemotherapy using implanted port
system; PR¼ partial response; SD¼ stable disease; PD¼ progressive disease.
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Figure 1 Association between JNK activation and poor therapeutic
response to sorafenib in HCC. (A) Expression of phospho-c-Jun in HCC of
patients with poor response (PD, n¼ 18) and favourable response to
sorafenib (PR, SD, n¼ 17). Paraffin-embedded liver sections were
immunostained with anti-phospho-c-Jun antibody. (B) Frequency of
phospho-c-Jun-positive cells in HCCs. Data are the mean values±s.e.
(C) Expression of phospho-JNK in HCC of patients with poor response
(PD) and favourable response to sorafenib (PR, SD). Paraffin-embedded
liver sections were immunostained with anti-phospho-JNK antibody.
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Association between JNK activation and CD133
expression in human HCCs

In patients treated with sorafenib, expressions of CD133,
phospho-c-Jun and phospho-ERK were examined. Hepatocellular
carcinomas positive for CD133 was also positive for phospho-c-Jun
and phospho-JNK (Figure 3A). There was a significant positive
correlation between CD133 and phospho-c-Jun expressions
(r¼ 0.854 and P¼ 0.007). In contrast, there was no correlation
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between CD133 and phospho-ERK expressions (r¼ 0.254 and
P¼ 0.544) (Figure 3B).
In patients treated with sorafenib, correlation between CD133

expression and efficiency of sorafenib treatment was examined.
Among 17 objective non-responders (PD), 8 cases exhibited
CD133-positive cells. In contrast, among 18 objective responders
(PR or SD), only 3 cases exhibited CD133-positive cells. There was
a significant correlation between CD133 expression and response
to sorafenib (P¼ 0.027) (Figure 4B). According to the status of
HCC at the initiation of sorafenib treatment, patients were
classified as B (intermediate) or C (advanced) using Barcelona
Clinic Liver Cancer (BCLC) staging system. There was no

significant difference in JNK activity or CD133 positivity between
BCLC stage B and stage C HCCs (data not shown).
We utilised FACS sorting to isolate CD133-positive and CD133-

negative cells from HepG2 cells. CD133þ cells and CD133� cells
were inoculated subcutaneously at 8� 104 cells per body into nude
mice. From 1 week after subcutaneous inoculation, TAT control
peptide and D-JNKi were administered at 25 nmol per mouse once
a week and the mice were autopsied 4 weeks later. After autopsy,
the volume of tumours was measured. CD133þ cells could effi-
ciently initiate tumours in mude mice compared with CD133�

cells (Figure 5A). CD133þ HepG2 cells produced large tumours in
100% of mice whereas CD133� cell fractions produced only small
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tumours in 50% of mice. On the other hand, mice treated with
D-JNKi showed a marked reduction in tumour-initiating capacity
of CD133þ cells to the same level as in CD133� cells (Figure 5B).
Similar results were obtained using another HCC cell line, a HuH7
cell (Figure 5C and D). Indeed, D-JNKi suppressed the expression
of p-c-Jun and p-JNK in HCC (Figure 5E and F) and p-c-Jun in
HepG2 cells (Supplementary Figure 1).

DISCUSSION

The therapeutic options for advanced-stage HCC are limited
because HCC responds poorly to systemic treatments such as
conventional chemotherapy and radiotherapy. Cancer stem cells
may be more resistant to chemotherapeutic agents than differ-
entiated tumour cells possibly owing to an increased expression of
adenosine triphosphate-binding cassette transporters and anti-
apoptotic proteins (Jordan et al, 2006). Thus, the development of
an effective strategy to target cancer stem cell pools together with
conventional chemotherapies is essential to eradicate a tumour
mass (Dean et al, 2005). Recently, a CD133þ subpopulation of
multipotent cells with extensive proliferative and self-renewal
abilities was identified as cancer stem cells and was proven to
contribute to the initiation and growth of HCC (Ma et al, 2007).
Here, we showed that CD133 expression level is correlated with
JNK activity and predicts response to sorafenib in human HCC. In
addition, pharmacologic inhibition of JNK has reduced tumour-
initiating capacity of CD133þ cells, suggesting that JNK activation
in CD133þ HCC cells enhances their tumourigenic capacity. Given
that increased JNK activity contributes to proliferative advantage
(Sakurai et al, 2006; Hui et al, 2008), the majority of HCC cells
differentiated from CD133þ HCC cells with increased JNK activity

would inherit the phenotype and exhibit the enhanced JNK
activation.
Surrogate biomarkers that predict the biological and clinical

efficacy of sorafenib will help tailor treatment on an individual
patient basis. The predictive value of Raf/MEK/ERK signalling
activity for the efficacy of sorafenib in HCC remains uncertain
(Abou-Alfa et al, 2006; Calvisi et al, 2006; Newell et al, 2009). To
date, a robust predictive biomarker has not been developed. In this
study, we found a strong correlation between elevated JNK activity
and poor therapeutic response to sorafenib. Evaluation of JNK
activity in HCC can be useful to differentiate between responders
and non-responders before starting sorafenib treatment and help
to select patients who are likely to benefit from the treatment. In
addition to ERK-mediated HCC cell growth, sorafenib also targets
tumour angiogenesis by inhibiting the receptor tyrosine kinases of
VEGF receptor (VEGFR)-1, VEGFR-2, VEGFR-3 and platelet-
derived growth factor receptor a and b and stem cell factor
receptor (KIT) (Wilhelm et al, 2004, 2006). Thus, the extent of
angiogenesis might be a biomarker that can predict clinical
efficacy of sorafenib. However, there was no significant relation-
ship between tumour angiogenesis as assessed by CD31 staining
and the therapeutic response to sorafenib (data not shown). c-Jun
N-terminal kinase activity should be an independent predictive
biomarker for sorafenib efficacy although this study is based on
limited data of 39 patients from a single institution and further
studies are needed to validate its value. Furthermore, we
demonstrated that elevated JNK activity in HCC was associated
with poor prognosis of patients treated with sorafenib. The ERK
and JNK signalling pathways would activate mutually exclusive
downstream molecules to contribute to HCC development.
Consistently, JNK activation partially rescued sorafenib-induced
cell toxicity, but was not sufficient to confer resistance to sorafenib
(Supplementary Figure 2). These data suggest the possibility of
using a JNK inhibitor as a second-line treatment of advanced HCC
(Figure 6). In this study, we found that in human HCC, the activation
of JNK and high expression level of CD133 are associated with
resistance to sorafenib. CD133 expression level is linked to JNK
activity whose inhibition significantly reduces tumourigenesis of
human CD133þ HCC cells after xenotransplantation. Our results
demonstrate the importance of JNK in human HCC, and the
potential application of JNK targeting for HCC therapy.
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Precise evaluation of the stage of chronic hepatitis C with respect to fibrosis has become an important issue to prevent the occurrence of cirrhosis

and to initiate appropriate therapeutic intervention such as viral eradication using interferon. Ultrasound tissue elasticity imaging, i.e., elastography

can visualize tissue hardness/softness, and its clinical usefulness has been studied to detect and evaluate tumors. We have recently reported that

the texture of elasticity image changes as fibrosis progresses. To evaluate fibrosis progression quantitatively on the basis of ultrasound tissue

elasticity imaging, we introduced a mechanical model of fibrosis progression and simulated the process by which hepatic fibrosis affects elasticity

images and compared the results with those clinical data analysis. As a result, it was confirmed that even in diffuse diseases like chronic hepatitis,

the patterns of elasticity images are related to fibrous structural changes caused by hepatic disease and can be used to derive features for

quantitative evaluation of fibrosis stage. # 2012 The Japan Society of Applied Physics

1. Introduction

Chronic liver damage attributable to hepatitis C virus (HCV)
infection results in hepatic fibrosis, which progresses
towards cirrhosis, leading to hepatocellular carcinoma, and
more than 40,000 people every year die of cirrhosis and
hepatic carcinoma in Japan.1) Thus, a precise evaluation of
the stage of chronic hepatitis C with respect to fibrosis is an
important issue to prevent the occurrence of cirrhosis and
to initiate appropriate therapeutic intervention such as viral
eradication using interferon.2)

At present, liver biopsy is still the gold standard for the
assessment of liver fibrosis. However, it is an invasive
method associated with patient discomfort and, in rare cases,
with serious complications.3,4) In addition, the accuracy of
liver biopsy is limited because of significant intra- and
interobserver variability and sampling errors.5–7) Therefore,
research has been focused on the development of non-
invasive methods for the assessment of liver fibrosis.
Diagnostic imaging using B-mode images has been

conventionally applied for the diagnosis of liver disease.
However, it is not easy to diagnose at its early stage using
conventional B-mode images because we have to read subtle
changes of speckle patterns, which are not sensitive to the
stage of fibrosis.
To overcome this problem, there has been considerable

research on quantitative assessment of liver fibrosis based on
ultrasonography, such as echo signal processing and texture
analysis methods.8,9) Yamaguchi and coworkers10–12) have
recently proposed a method of evaluating the stage of
fibrosis using the deviation of echo amplitude distribution
from the Rayleigh distribution of a normal liver.
From the viewpoint of directly measuring the stiffness of

liver tissue, we investigated the application of tissue
elasticity imaging to the evaluation of fibrosis stage.
Ultrasonic tissue elasticity imaging can provide us novel
diagnostic information based on tissue hardness.13–15)

Although the first practical system was developed by Shiina
et al.13) for tumor diagnosis, Fujimoto et al. have recently
reported that the pattern of an elasticity image becomes
patchy as fibrosis progresses in the case of diffuse diseases

such as chronic hepatitis.16) We also proposed the index of
liver fibrosis (LF index), which was derived from elasticity
images and showed that there was a good correlation
between the LF index and the degree of liver fibrosis.16–18)

To evaluate fibrosis progression quantitatively on the
basis of a strain image, it is important to clarify how fibrosis
progression affects the mechanical properties of liver tissues
and is consequently expressed in an elasticity image. In
this study, we introduced a mechanical model of fibrosis
progression and simulated the process by which hepatic
fibrosis affects elasticity images and compared the results
with clinical data analysis. As a result, it was confirmed that
even in diffuse diseases like chronic hepatitis, the pattern of
an elasticity image is related to the fibrous structure caused
by hepatic disease and can be used to derive features for
quantitative evaluation of fibrosis stage.

2. Experimental Methods

2.1 Evaluation of liver fibrosis by ultrasound tissue

elasticity imaging

It is well known that chronic liver disease causes hepatic
fibrosis, which is characterized by an unusual accumulation
of extracellular matrix materials produced by fibroblast-like
cells including stellate cells in the hepatic parenchyma.
Diagnosing chronic liver disease in the early stage is nec-
essary for the treatment of liver disease because hepatic
cirrhosis often leads to other diseases such as liver cancer. In
terms of the stage of chronic hepatitis, the new Inuyama
scoring system was used, which was proposed by the
Japanese Liver Study Group in 1994.19) The new Inuyama
scoring system classifies chronic hepatitis into five fibrosis
stages (F0–F4) on the basis of the extent of the spreading
fibrosis and four grades (A0–A3) on the basis of the degree
of inflammation and necrosis using liver biopsy samples, as
shown in Table I.
Recently, ultrasound systems for the measurement and

imaging of tissue elasticity have been developed as
noninvasive methods to evaluate the degree of liver fibrosis,
providing alternatives to liver biopsy. FibroScan� (transient
elastography) detects the propagation speed of a shear wave
transmitted from a probe through the liver and calculates the
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shear modulus of the liver to evaluate the degree of liver
fibrosis.20) Although FibroScan� is simple and easy to use
and displays the results on a monitor immediately, it also has
many limitations. It cannot be used in patients with narrow
intercostal spaces, hepatic atrophy, and ascites since shear
waves will not propagate through flues.21,22) In addition, it is
difficult to locally evaluate the degree of fibrosis since the
result is based on one-dimensional information (1 line) only.
Ultrasound tissue elasticity imaging is developed for the

visual assessment of tissue elasticity, especially for cancer
diagnosis. The first practical system was developed by us
and employs the algorithm referred to as the combined
autocorrelation method proposed by Shiina.23,24) The method
can rapidly calculate a 2-dimensional distribution of tissue
deformation, i.e., strain induced by external freehand
compression with the probe or by internal heartbeats. In
hard tissue, the amount of strain is low, whereas in soft
tissue, the amount of strain is higher because soft tissue can
be compressed more than hard tissue. However, the strain
represents the relative hardness since it changes with
compression level. For stable display of the strain distribu-
tion free of compression variation, the strain is normalized
by the mean value within the region of interest (ROI), "0,
and displayed with a translucent color superimposed on
the B-mode image (soft: red/mean: green/hard: blue), as
illustrated in Fig. 1. This method was commercialized in
2003, and referred to as the Real-Time Tissue Elastography�

(RTE).15) At present, several companies have released tissue
elasticity imaging systems and different methods for imag-
ing are adopted.
This technology has already been proved to be diagnos-

tically valuable in detecting tumors of the breast, prostate,
and other organs.25) We found that the texture of the
elasticity image (strain) of chronic hepatitis becomes a
patchy pattern as liver fibrosis progresses and the images
could be categorized into the four stages, as shown in
Fig. 2.16,17) The strain induced by heartbeats (diastole) is
used to perform RTE. Hepatic fibrosis progresses towards
cirrhosis, which causes the fine liver lobule structure to
change to a coarse nodular structure stage by stage. The size
of the nodules and the volume of the fibers changes with
the progression of the disease. Considering this process of
fibrosis, it is expected that fibrosis causes inhomogeneous
distribution of tissue hardness, which produces a nonuniform
texture pattern of strain images.
However, there are limitations to quantitative evaluation

of the texture pattern by visual judgement. To increase
objectivity, we extract nine image features, as shown in
Fig. 3. First of all, the ROI was fixed to a rectangle of about
30� 20mm2. Pixel data in the colored strain image was

transformed into a histogram. Finally, we performed multi-
ple regression analysis to derive the LF index in terms of
four major features as follows:

LF index ¼ a1 MEANþ a2 SD

þ a3 %AREAþ a4 COMP: ð1Þ
Four major features were defined as follows: MEAN is the
mean of the relative (normalized by "0) strain value and SD
is the standard deviation of the relative strain value, which
are calculated from the strain histogram. The strain image is
transformed into a binary image, then a blue (or low-strain)
area, which indicates a hard area, is detected. %AREA
indicates the percentage of the low-strain area or white
region in Fig. 3(c) in the ROI. COMP is the complexity of
the shape of an extracted low-strain area and is defined by
eq. (1),

COMP ¼ L2

S
; ð2Þ

where L and S are the boundary length and the area of the
low-strain region, respectively.
Thus far, we have performed RTE on 310 cases including

295 patients with chronic hepatitis C and 15 healthy
volunteers. As a result, the coefficients of the LF index,
a1 ¼ �0:00897, a2 ¼ �0:00502, a3 ¼ 0:0232, and a4 ¼

Table I. New Inuyama scoring system.

Staging

(fibrosis)

Grading

(necrosis and inflammation)

F0 No fibrosis A0 No

F1 Fibrous portal expansion A1 Mild

F2 Bridging fibrosis A2 Moderate

F3
Bridging fibrosis with

lobular degeneration
A3 Severe

F4 Cirrhosis

ε0

kε0

0

ε
0
: Mean strain within ROI

Elasticity image (strain)    B-mode
superimposed on B-mode

color legend 

Fig. 1. (Color) Display method of elasticity image.

Stage  F1 Stage F2 Stage F3    Stage F4 

LF Index = 1.23

Hard Softstrain

LF Index = 3.07 LF Index = 3.83LF Index = 2.15

Fig. 2. (Color) Elasticity images (strain) superimposed on B-mode (top)

and histogram of the strain distribution within ROI (bottom) for each

fibrosis stage of chronic hepatitis.
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0:0253 were obtained. It was confirmed that the LF index
highly correlated with the fibrous stage, as shown in
Fig. 2.16)

2.2 Mechanical model analysis of liver fibrosis

To clarify how fibrosis progression affects the elasticity
image of chronic hepatitis, we analyzed the relation by
simulating the process with a mechanical model of hepatic
fibrosis. At first, the structural changes of liver tissue with
fibrous progression are simulated, as shown in Fig. 4. Next,
the changes in tissue stiffness and deformation by compres-
sion are simulated. Finally, the imaging process and feature
extraction by RTE are conducted to compare the results with
clinical data.

2.2.1 Modeling of tissue structure changes

The human liver is composed of many hexagonal structures
termed liver lobules and containing a central vein. Fibrosis
progression is accompanied by changes in tissue structure.
When fibrosis progresses, the lobules are destroyed and
replaced by regenerative nodules.
In terms of the modeling of the liver tissue structure

changes caused by fibrous progression, Yamaguchi et al.
have carried out much research and proposed a model
using the potential distribution.11) We referred to the
potential distribution model as the initial part to simulate
tissue structure changes. In this model, scatterers are
distributed densely on the local minimum region of the
monomodal potential function as expressed by eq. (3) and

Nine features

1. MEAN : Mean of relative strain value

2. STD : Standard deviation of relative strain value

3. %AREA : Ratio of blue area in analysis region

4. COMP : Complexity of blue area 

5. SKEW : Asymmetry of the histogram

6. KURT : Peakedness of the histogram

7. ENT : Textual complexity

8. IDM : Textual local homogeneity (Inverse Difference Moment)

9. ASM :Textual homogeneity  (Angular Second Moment)

Multiple Regression Analysis

Liver Fibrosis Index (LF Index)

MEAN, SD

%AREA, COMP

Soft

(e)Histogram of strain(e)Histogram of strain
Hard Relative strain

(a) Images of ultrasound equipment 

(b)Strain Image 

(c) Gray Scale Image

(d)Binary Image

Fig. 3. (Color) Extraction of image features from strain image and liver fibrosis index (LF index) for quantitative evaluation of fibrosis progression.
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the position of its peak corresponds to central points of the
liver nodule:

pðrÞ ¼ pmax sin
�

2
kr

� �
; ð3Þ

where r is the distance from the central point, pmax is the
maximal value, and k is the form parameter that
determines the distribution spread. The parameter pmax of
all the potentials is randomly set to a value from 0.8 to 1.2
as an initial condition and k is set to 0:02þ 0:002 pmax as
experimentally estimated values as discussed in ref. 11.
To simulate the process by which liver tissue changes

from lobules to nodules, the randomly selected central point,
rm, conjugates with its nearest central point, rn, generating a
new central point, r0m, and a new potential, pmaxðr0mÞ, as
follows:

r0m ¼ �rn þ �rm
�þ �

; ð4Þ
pmaxðr0mÞ ¼ �þ �; ð5Þ

where � ¼ pmaxðrmÞ, � ¼ pmaxðrnÞ.
As a result, fiber tissues generated by conjugation are

represented as the minimum region of the potential
distribution.

2.2.2 Modeling of tissue elasticity

To simulate tissue deformation, the finite element method
(FEM) is applied to the tissue model. For FEM analysis, the
ROI (30� 30mm2) is divided in a reticular pattern and
500� 500 elements; consequently, the element size was
0:06� 0:06mm2, which can attain the adequate spatial
resolution for the strain image. First of all, values of
Young’s modulus are assigned to each grid point of the
structural model in x2.2.1 as follows:

Epðx; yÞ ¼ �ðpmax � �pmax,normalÞn þ Enormal

ðfor parenchymaÞ; ð6Þ
Efðx; yÞ ¼ �ðpneighbor,max � �pmax,normalÞn þ Enormal

(for fibrous region); ð7Þ
where the parenchyma represents the region of the lobule

and nodule except for the fibrous region. �pmax,normal is the
average of the maximal value of each potential for a normal
liver model, and Enormal is the average of Young’s modulus
on the parenchyma of a normal liver model. pneighbor,max is
defined as

pneighbor,max ¼ pmax;k for

k j max
pmax;i
d2i

� �
; i ¼ 1; 2; . . . ;M

� �

where pmax;i (i ¼ 1; 2; . . . ;M) are the maximal values of the
potential neighbor to the grid point located within the fibrous
region and di is the distance between the grid point and each
central point of the potential.
Here, Enormal is set to 4 [kPa] using the values experimen-

tally measured using FibroScan�, as shown in Table II.26–28)

The parameters � and � indicate the contribution ratio of the
potential to Young’s modulus. The parameter n regulates the
rate of stiffness increase, that is, in the case of n ¼ 1, E
increases in proportion to the conjugated potential, and in
the case of n ¼ 2, E increases nonlinearly.

2.2.3 Modeling of tissue deformation

The Young’s modulus distribution model is compressed
from the top with a pressure, which causes a slight strain
approximately equal to that of clinical examination (about
1%), and the Poisson ratio of the tissue model is set to 0.49.
The tissue deformation, that is, the movement of each
node of the element, is simulated by FEM assuming the
two-dimensional stress state. Displacement of nodes along
the axial direction is calculated by comparison of two frame

modeling of 
tissue structure change

modeling of
tissue elasticity 

Compression

before compression
tissue structure

modeling of
tissue deformation

Strain imge (RTE) 

Extraction of features

Comparison of clinical
data analysis. 

after compression

F0

Young’s modulus
distibution 

RF echo data 

RF echo data 

Strain imge (FEM) 

F4

Fig. 4. (Color) Analysis of liver fibrosis progression and its influence on strain imaging using mechanical model.

Table II. Elastic modulus of liver tissues measured at each fibrous stage.

Values in top, middle, and bottom rows are cited from refs. 26, 27, and 28,

respectively (unit: kPa).

F0 F1 F2 F3 F4

<5 7 13 18 22

Young’s modulusaÞ 4.2 6.9 8.9 14.8 26.5

5.5 6.4 10.0 30.0

a) Measured by FibroScan�.
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data before and after compression. Then, the strain is
calculated by differential processing of the displacement.
The obtained strain distribution is color-coded and displayed
as in RTE.

2.2.4 Feature extraction

For the purpose of evaluating how the tissue stiffness change
caused by fibrosis progression is related to the strain
distribution, the strain image is directly reconstructed from
displacement by FEM analysis in x2.2.3. It is necessary to
simulate the signal processing of ultrasound equipment
(RTE), since in practice, the strain distribution must be
estimated from echo signals.
The number of scatterers distributed within 30� 30mm2

was set to 4500, that is, the density is 5 points/mm2 and
the scattering coefficient is set on the basis of the tissue
structural model. The position of each scatterer after
compression is obtained from the position of nodes by
FEM analysis. RF echo signals are generated using the
transmitted pulse with a Gaussian envelope, a center
frequency of 5MHz, and a duration of 0.4mm. The beam
width is set to 0.8mm.
Then, the strain distribution is calculated by the combined

autocorrelation method and the normalized strain is color-
coded as RTE. Finally, four major features were extracted
from the strain image and the LF index was calculated to
compare the results with clinical cases.

3. Results and Discussion

Figure 5 illustrates the fibrous structures of a normal liver
and a liver with chronic hepatitis obtained by modeling of
tissue structure change. A two-dimensional model was
applied and 2538 central points were distributed within an
area (40� 40mm2); in other words, liver lobules were
located at a mean interval of 0.8mm. Figure 5(a) presents
a normal liver, and Figs. 5(b)–5(e) depict the liver tissue
structural changes as fibrosis progresses. The number of
iterations does not indicate the physical characteristic of the

liver directly, but is selected only to determine the size of
nodules. Here, the conjugation process was repeated until
the number of central points reduced to 1/2 (for stage F1),
1/4 (F2), 1/8 (F3), and 1/16 (F4) of the initial central points
simply assuming that the average numbers of conjugations
are 1, 2, 3, and 4, for each stage. We can observe that the
sizes of the nodules and the widths of the fibers increase with
the progression of liver fibrosis and inhomogeneous
structures are also evident in serious cases.
Figure 6 illustrates the Young’s modulus distribution

assigned to the models in Fig. 5. The range of Young’s
modulus values for each image is indicated at the Fig. 6
legend. The parameters in eqs. (6) and (7) were set to n ¼ 1

and � ¼ � ¼ 1:3, so that the mean values of Young’s
modulus assigned for each stage were close to the values
measured by FibroScan�, as shown in Table III.
As fibrosis progresses, the maximum potential pmax

becomes higher, so the assigned values of Young’s modulus
Eðx; yÞ increase accordingly owing to eqs. (5) and (6). As a
result, it can be seen that the region around a large nodule
has large values of Young’s modulus in Fig. 6, namely, it
becomes hard.
The tissue model shown in Fig. 6 was compressed from

the top by applying 50 Pa (1.25% of Enormal ¼ 4 kPa) in the
axial direction. Then, strain images were obtained, as shown
in Fig. 7. The top images are strain images reconstructed
directly from the displacement obtained by FEM analysis.
The bottom images are estimated from the echo signals

(a) (b) (c) (d) (e) 

30mm

Fig. 5. Simulated tissue structure change caused by the fibrosis progression: (a) stage F0 (Normal): the number of central points is 2538 (the ratio of the

number of the central points to that of initial central points is 1), (b) stage F1: 1269 (1/2), (c) stage F2: 635 (1/4), (d) stage F3: 317 (1/8), and (e) stage F4:

159 (1/16).

(a) (b) (c) (d) (e) 

Fig. 6. Young’s modulus distribution assigned to tissue structural model: (a) stage F0 (the range of the assigned values of Young’s modulus:

E ¼ 0{5 kPa), (b) stage F1 (E ¼ 0{18 kPa), (c) stage F2 (E ¼ 0{30 kPa), (d) stage F3 (E ¼ 0{72 kPa), and (e) stage F4 (E ¼ 0{120 kPa).

Table III. Comparison of elastic modulus between model and measured

values (unit: kPa).

F0 F1 F2 F3 F4

Mean values of

Young’s modulus set

to the model

4.0 6.2 10.0 17.1 35.7

Young’s modulusaÞ 4.9 6.5 9.4 14.3 26.2

a) Measured by FibroScan�. Averaged values from refs. 26–28.
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generated by simulating RTE. Compared with the strain
image obtained by FEM, the display area of the strain
image obtained by RTE is smaller (28:5� 21:6mm2) since
marginal parts are used for estimation. It can be seen that, as
fibrosis progresses, the blue area increases, indicating that
the area has become stiffer than the area around it. In
addition, the strain distribution becomes increasingly com-
plex.
Figure 8 represents the mean strain within the analyzed

area for each stage. We can see that the mean strain
decreases as the stage progresses. It should be noted that
strain images obtained by FEM reflect the pattern of
Young’s modulus distribution in Fig. 6. In addition, there
is naturally a good correlation between both strain images
although strain images obtained by RTE are more blurred
than those obtained by FEM since the former are estimated
from echo signals.
Finally, four features extracted from the strain image

(RTE) and LF index derived using eq. (1) as a function of

fibrosis stage are shown in Fig. 9. For the simulation in
Figs. 9(a)–9(e), the parameter n in eq. (6) was set to 1 as
well as in Figs. 6 and 7. It can be observed that MEAN
decreases, while SD and %AREA increase as fibrosis
progresses. COMP seems to become large in serious cases.
As shown in Fig. 9(e), the LF index derived from these
features also tends to increase. The relationship between the
LF index and fibrosis stage obtained by clinical data analysis
of the 310 cases is shown in Fig. 9(f). Although the result of

Fig. 7. (Color) Strain images obtained by FEM analysis and simulated RTE.
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Fig. 8. Change in mean values of strain images.
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Fig. 9. Features of strain image and LF index as a function of fibrosis

stage in the case of n ¼ 1, and � ¼ � ¼ 1:3 [parameters in eqs. (6) and (7)]:

(a) MEAN, (b) SD, (c) %AREA, (d) COMP, (e) LF index, and (f) the

relationship of LF index and fibrosis stage obtained by clinical data analysis

for 310 cases.
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simulation analysis is for a single case, the LF index
obtained using a mechanical model of fibrosis progression
coincides with the result of the clinical data analysis.
These results indicate that even in diffuse diseases like

chronic hepatitis, the pattern of strain images is related to the
fibrous structure changes caused by hepatic disease and can
be used to derive features for quantitative evaluation of
fibrosis stage.
On the other hand, there remain several problems to be

solved for the development of a clinically useful method.
For example, the parameters of models described in x2.2.1
and x2.2.2 are defined only to determine the size of the
nodules or the rate of stiffness increase. Therefore, they do
not directly indicate the physical characteristic of the liver.
In particular, the number of iterations is an important
parameter, although there is no a priori information at
present. In terms of the parameter n, representing the rate of
stiffness increase, if parameters are set to n ¼ 2 and
� ¼ � ¼ 0:1, the staging is accelerated, as shown in
Fig. 10. To tune or optimize these parameters, it is
indispensable to continue the simulation under several
conditions and compare the results with a large number of
clinical data.
As mentioned in x2.1, chronic hepatitis is scored by

fibrosis staging and grading. Our clinical research validates
that the LF index obtained by RTE stably reflects the fibrosis
stage without being influenced by variables of inflammatory
state or blood pressure. On the other hand, it is reported that
the values measured by FibroScan� are influenced by
variables such as hepatic steatosis and flares of transami-
nases.21,22) This indicates that shear wave velocity is also
changed by factors other than fibrosis stage. In terms of
shear wave velocity measurement, some methods using

acoustic radiation force for shear wave generation within
the body have been recently developed such as acoustic
radiation force impulse (ARFI) imaging29) and shear wave
elastography (SWE).30) These methods can also be used
as noninvasive methods of assessing tissue stiffness. In
addition, it is expected to utilize different diagnosis
information by using both methods, that is, strain image
and shear wave image.

4. Conclusions

In this study, we proposed a mechanical model of fibrosis
progression. From the strain distribution, we could see that
the area of low strain increases, and the strain distribution
becomes increasingly complex as fibrosis progresses. The
extracted features of strain and derived the LF liver index
showed a definite correlation with fibrosis progression and
coincided with the result of clinical data analysis. This
indicates that even in diffuse diseases like chronic hepatitis,
the pattern of strain images is related to the fibrous structure
changes caused by hepatic disease and can be used to derive
features for quantitative evaluation of fibrosis stage.
As mentioned above, to optimize the parameters used for

simulation analysis, it is indispensable to continue the
simulation under several conditions and compare the results
with a large number of clinical data. For example, although
the number of iterations for the conjugating process does not
directly indicate the physical characteristic of the liver, the
%AREA may be a useful reference to relate the number of
iterations to the fibrosis stages. Figure 11 shows the
%AREA obtained by clinical data analysis, which increases
as a function of fibrosis stage and is similar to Fig. 9(c).
In addition, for future work, there remain some problems

to be investigated. To extract reliable diagnosis information
from a strain image, a stable data acquisition system that is
robust against noise and artifacts must be developed. To
improve the precision of simulation, we must investigate
a way to obtain the precise values of Young’s modulus for
each component, such as the parenchyma and fibrous
portion, for example, by microscopic measurement of tissues
for each stage of hepatitis. Finally, in terms of the extraction
of image features, it is one of the most important themes of
this research to extract more appropriate features to be useful
for the precise diagnosis of chronic hepatitis.
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SUMMARY

The intracellular sensor NOD1 has important host-
defense functions relating to a variety of pathogens.
Here, we showed that this molecule also participates
in the induction of a noninfectious pancreatitis via
its response to commensal organisms. Pancreatitis
induced by high-dose cerulein (a cholecystokinin
receptor agonist) administration depends on NOD1
stimulation by gut microflora. To analyze this NOD1
activity, we induced pancreatitis by simultaneous
administration of a low dose of cerulein (that does
not itself induce pancreatitis) and FK156, an activator
of NOD1 that mimics the effect of gut bacteria that
have breached the mucosal barrier. The pancreatitis
was dependent on acinar cell production of the
chemokine MCP-1 and the intrapancreatic influx of
CCR2+ inflammatory cells. Moreover, MCP-1 pro-
duction involved activation of the transcription fac-
tors NF-kB and STAT3, each requiring complemen-
tary NOD1 and cerulein signaling. These studies
indicate that gut commensals enable noninfectious
pancreatic inflammation via NOD1 signaling in pan-
creatic acinar cells.

INTRODUCTION

Althoughmost episodes of acute pancreatitis aremild, a subpop-

ulation of patients with this condition develops a severe disease

with local and extrapancreatic complications (Frossard et al.,

2008). Bacterial colonization of the inflamed pancreas is involved

in the latter cases and, in fact, infection of necrotic pancreatic

tissue is one of the most important causes of mortality in acute

pancreatitis (Frossard et al., 2008). It is now generally accepted

that such colonization and associated inflammation result from

failure of intestinal-barrier function and translocation of intestinal

microflora into the splanchnic vascular bed (Frossard et al.,

2008; Rychter et al., 2009).

Microbe-associated molecular patterns (MAMPs) derived

from the intestinal microflora activate the host innate immune

system via pattern-recognition receptors such as Toll-like recep-

tors (TLRs) and nucleotide-binding domain and leucine-rich

repeat containing molecules (NLRs) (Akira and Takeda, 2004;

Chen et al., 2009; Strober et al., 2006; Werts et al., 2011).

Thus, it is probable that activation of TLRs and NLRs is involved

in the mechanisms by which bacterial translocation accounts for

the development of severe acute pancreatitis. Consistent with

this idea, the severity of acute pancreatitis is ameliorated in

mice lacking TLR4 (Sharif et al., 2009), and polymorphism in

the TLR genes is associated with susceptibility to acute pancre-

atitis (Gao et al., 2007; Takagi et al., 2009). In addition, NF-kB,

a downstream transcription factor of the TLR and NLR signaling

pathways (Akira and Takeda, 2004; Strober et al., 2006), plays

a critical role in the development of acute pancreatitis (Baumann

et al., 2007; Rakonczay et al., 2008; Tando et al., 1999).

Studies have highlighted the role of the NLR family of proteins

in the microbial-recognition system that functions in the intes-

tinal milieu (Strober et al., 2006; Chen et al., 2009; Werts et al.,

2011). NOD1,which belongs to this family, is of particular interest

because it has been shown to play a protective role in infection

of the mucosal surface (Strober et al., 2006). NOD1 contains a

leucine-rich repeat region that serves as an intracellular sensor

of small peptide components derived from bacterial peptido-

glycan (PGN). Such recognition leads to NOD1 activation and

the production of proinflammatory mediators, either through

nuclear translocation of NF-kB or through interferon regulatory

factors (IRFs) and type I interferon signaling (Chamaillard et al.,

2003; Fritz et al., 2007; Watanabe et al., 2010).

The above properties of NOD1 suggest the possibility that this

NLR family member could contribute to the development of

noninfectious inflammatory states, particularly if it can be shown

that NOD1 responds to gut commensal organisms as well as to

pathogenic organisms (Girardin et al., 2003; Kim et al., 2004).

Here, we addressed this possibility by defining the role of

NOD1 in the development of cholecystokinin receptor (CCKR)

agonist-induced acute pancreatitis (cerulein pancreatitis). In
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a key initial finding, we showed that administration of high doses

of cerulein, a well-established inducer of pancreatitis, requires

the presence of gut commensal organisms acting through

NOD1 for the development of pancreatic inflammation. This

observation led us to develop a model of pancreatitis that would

allow us to define the role of NOD1 signaling in pancreatitis. This

consisted of the administration of low doses of cerulein that do

not in themselves cause pancreatitis and of the administration

of NOD1 ligand, which in this case could be shown to mimic

the activity of gut commensal bacteria that enter circulation

during pancreatitis. Using this model, we showed that NOD1

stimulation facilitates the migration of CCR2+ myeloid cells to

the pancreas in response to the robust acinar cell production

of monocyte chemotactic protein-1 (MCP-1); the latter, in turn,

results from cooperative NOD1-cerulein activation of NF-kB

and STAT3. Overall, these findings reveal that NOD1 signaling

plays a major role in the pathogenesis of cerulein-induced acute

pancreatitis via its capacity to respond to commensal gut

bacteria.

RESULTS

Bowel Sterilization by Broad-Spectrum Antibiotics
Inhibits High-Dose Cerulein Pancreatitis
Repeated administration of high doses of cerulein (50–

100 mg/kg), a CCKR agonist, is a well-established inducer of

acute murine pancreatitis (Baumann et al., 2007; Sharif et al.,

2009). To address the role of commensal organisms in the

intestinal microflora in the development of high-dose cerulein

pancreatitis, C57BL6 mice were administered a combination of

antibiotics (ampicillin [AMP], vancomycin, neomycin, and metro-

nidazole) in the drinking water for 3 weeks, a regimen previously

used to achieve bowel sterilization (Fagarasan et al., 2002), and

then challenged with repeated systemic intraperitoneal (i.p.)

injections of high doses of cerulein (50 mg/kg). We found that

mice administered normal drinking water and given seven hourly

injections of cerulein developed severe pancreatitis associated

with a marked increase in the serum concentrations of pancre-

atic enzymes, amylase, and lipase; in contrast, mice preadminis-

tered drinking water containing antibiotics developed barely

detectable pancreatic inflammation and onlymarginal elevations

in the serum concentrations of pancreatic enzymes (Figures 1A

and 1B). In complementary studies addressing the effects of a

single commensal organism, mice were first administered ampi-

cillin and kanamycin (KM) in the drinking water for 3 weeks and

then challenged with high doses of cerulein as before. We

observed that, even with this less stringent bowel-sterilization

regimen, the mice exhibited only a mild elevation in the serum

concentrations of amylase associated with normal pancreatic

architecture (Figures S1A and S1B available online). However,

high serum amylase concentrations and severe pancreatic

inflammation were again observed in mice that were adminis-

tered AMP- and KM-containing drinking water and underwent

periodic oral administration of AMP- and KM-resistant E. coli ex-

pressing LacZ (ECLACZ) (Yoshida et al., 2001) (Figures S1A and

S1B). In contrast, periodic oral administration of ECLACZ alone

did not induce a significant elevation of serum amylase levels

(Figure S1C) and, in addition, did not enhance elevated serum

amylase levels that were caused by administration of cerulein

in the absence of AMP and KM in the drinking water (Figure S1D).

Thus, ECLACZ used in this study behaved like a commensal

organism, with no capacity to induce pancreatitis on its own.

Taken together, these data provide strong evidence that

commensal organisms in the intestinal microflora are essential

for the development of acute pancreatitis caused by high-dose

cerulein.

NOD1 Activation Is Necessary for the Development of
High-Dose Cerulein Acute Pancreatitis
The above results suggested that an intestinal microbial compo-

nent recognized by a pattern-recognition receptor is important in

the development of high-dose cerulein pancreatitis. To investi-

gate this possibility, we compared serum concentrations of

amylase after high-dose cerulein injections, as described above,

in mice deficient in TLR2, TLR4, TLR9, or NOD1. Wild-type (WT)

mice, TLR2-deficient (Tlr2�/�) mice, and Tlr9�/� mice all devel-

oped similar increases in the serum concentration of amylase,

suggesting that TLR2 and TLR9 are not required for pancreatitis

induction (Figure 1C). In contrast, Tlr4�/�mice exhibited a signif-

icant decrease in serum amylase as compared to WT mice. This

is consistent with a report that TLR4 activation is involved in

pancreatitis induction (Sharif et al., 2009). More surprisingly,

however, cerulein-induced elevations in serum amylase concen-

trations were almost completely abrogated in Nod1�/� mice

(Figure 1C). These data suggest a critical role for NOD1, which

senses a peptide derived from PGN of the intestinal bacteria in

the induction of high-dose cerulein pancreatitis.

Low-Dose Cerulein Together with NOD1 Ligand Induces
Pancreatitis
We sought an experimental model in which NOD1 ligand admin-

istration could be used as a substitute for MAMPs derived from

gut bacterial flora so that the effects of NOD1 signaling could be

easily isolated from those of cerulein. In searching for such

amodel we became aware that whereas repeated administration

of high doses of cerulein (50–100 mg/kg) induces acute pancrea-

titis as indicated above, administration of low doses of cerulein

does not have this effect, although such doses are still capable

of acinar cell signaling (Baumann et al., 2007; Sharif et al.,

2009). This suggested that low-dose cerulein does not induce

pancreatitis because it does not by itself cause an influx of gut

microorganisms sufficient to result in robust acinar cell NOD1

signaling, and thus low-dose cerulein would cause pancreatitis

if administered with NOD1 ligand. To test this possibility, we

administered FK156 (NOD1 ligand) or muramyl dipeptide

(MDP, NOD2 ligand) (each at a dose of 200 mg i.p.) to C57BL6

mice, 2 hr prior to initiation of a low-dose cerulein regimen con-

sisting of three hourly injections of a dose of cerulein (20 mg/kg

i.p.) that does not induce pancreatitis when administered alone

(Figures 2A and 2B). We found that serum concentrations of

amylase and lipase were markedly elevated in mice treated

with FK156 plus low-dose cerulein, but not in mice treated with

MDP plus low-dose cerulein or in mice treated with either ligand

or cerulein alone (Figure 2B). In addition, pancreatic edema,

necrosis, and infiltration of immune cells were observed in

mice treated with FK156 plus cerulein, but not under the other

conditions (Figures 2C and 2D). Finally, we showed that compa-

rable amounts of serum amylase were obtained when mice were
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administered FK156 before, at the same time, or after cerulein

administration (Figure S2A). Thus, activation of NOD1 causes

severe pancreatitis in mice treated with a low subinflammatory

dose of cerulein, and thus combined low-dose cerulein and

NOD1 ligand could be used as a model to test the role of

NOD1 in cerulein-induced pancreatitis.

We sought to show that NOD1-ligand administration in the

above-described low-dose cerulein model is acting in place of

commensal bacteria. In these studies, C57BL6 mice adminis-

tered drinking water containing AMP and KM were given three

hourly injections of low doses of cerulein alone, an i.p. injection

of ECLACZ alone, or an i.p. injection of ECLACZ and low doses

of cerulein (Figure 2E). Treatment with i.p. injection of ECLACZ

and low-dose cerulein resulted in acute pancreatitis as well as

increased serum amounts of amylase, whereas treatment with

ECLACZ or cerulein alone did not cause significant changes in

these parameters. In additional studies, Nod1�/� mice were

more resistant to pancreatitis induced by ECLACZ and low-

dose cerulein than were WT mice and Tlr4�/� mice (Figures 2E

and 2F). Thus, intestinal bacteria evoke a NOD1 response similar

to that obtained with NOD1 ligand, and therefore the latter is

acting as a mimic of intestinal bacteria in this setting.

NOD1 Ligand and Low-Dose Cerulein Are Synergistic
Inducers of MCP-1
Prior work has shown that MCP-1 and interleukin-6 (IL-6) are

associated with the local inflammation of the pancreas (Grady

et al., 1997). We therefore determined the involvement of these

proinflammatory mediators in the development of pancreatitis

induced by FK156 in combination with low-dose cerulein.

Consistent with previous reports (Fritz et al., 2007; Watanabe

et al., 2010), systemic injection of FK156, but not MDP, induced

increased amounts of serum MCP-1 and IP-10 chemokines.

Moreover, MCP-1 induction, but not IP-10 induction, was greatly

enhanced by coadministration of cerulein, even though low-

dose cerulein treatment alone did not induce MCP-1 (Figure 3A).

Figure 1. Bowel Sterilization by a Broad Range of Antibiotics Inhibits Development of Cerulein-Induced Pancreatitis

(A) Changes in serum levels of amylase and lipase in C57BL6 mice treated with or without antibiotics. Mice administered with AMP (1 g/l), neomycin (NEO, 1 g/l),

vancomycin (VCM, 0.5 g/l) andmetronidazole (MNZ, 1 g/l) in the drinking water for 3 weeks were challenged with a high dose of cerulein (50 mg/kg i.p.) for a total of

seven times; results are expressed as means ± SD. **p < 0.01, as compared with group not administered antibiotics.

(B) Histopathology of mice treated with a broad range of antibiotics followed by systemic injection of a high dose of cerulein (50 mg/kg i.p.) for a total of seven

times. Pancreatic tissue was obtained from mice at 8 hr after the first injection of cerulein. Lack of pancreatitis in mice treated with antibiotics, bottom panel.

Magnification 3200.

(C) Changes in serum levels of amylase in Tlr2�/�, Tlr4�/�, Tlr9�/�, or Nod1�/� mice without antibiotics. Mice were challenged with a high dose of cerulein

(50 mg/kg i.p.) for a total of seven times. Results are expressed as means ± SD. *p < 0.05, **p < 0.01, as compared with C57BL6 WT mice.
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FK156 treatment also led to increased serum IL-6 amounts

that were again enhanced by low-dose cerulein, particularly

at later time points. In contrast, induction of IL-12p40 was

observed either with FK156 or MDP administration, and neither

response was enhanced by low-dose cerulein. Comparable

increases in serum amounts of MCP-1 were observed when

FK156 was administered at the time of or after cerulein adminis-

tration (Figure S2A). These data indicate that the severe pancre-

atitis induced by treatment with NOD1 ligand and low-dose

cerulein is associated with the production of MCP-1 and IL-6.

Finally, similar effects on MCP-1 could be elicited by administra-

tion of ECLACZ, in that i.p. administration of the latter followed

by treatment with low doses of cerulein also led to a marked

increase of the serum level of MCP-1 (Figure 3B). In contrast,

Nod1�/� mice administered ECLACZ and low doses of cerulein

exhibited little, if any, increase in the serum level of MCP-1

(Figure 3B).

Previous studies have shown that the interaction between

MCP-1 and its receptor, CCR2, plays a role in macrophage

recruitment and the macrophage-dependent inflammatory re-

sponse in the development of pancreatitis (Grady et al., 1997;

Bhatia et al., 2005; Zhao et al., 2005). One might therefore

Figure 2. Induction of Acute Pancreatitis in Mice Treated with NOD1 Ligand or ECLACZ in Combination with Cerulein

(A–D) Induction of acute pancreatitis in mice treated with NOD1 ligand and cerulein.

(A) Experimental protocol: C57BL6 mice were administered FK156 (NOD1 ligand; 200 mg/mice i.p.) or MDP (NOD2 ligand; 200 mg/mice) followed by a low dose of

cerulein (20 mg/kg i.p.) for a total of three times.

(B) Changes in serum levels of amylase and lipase inmice treated with NOD ligands and/or cerulein. Each color corresponds to group shown in Figure 2A. Results

are expressed as means ± SD. *p < 0.01, as compared with other groups.

(C and D) Hematoxylin and eosin (H&E) staining (C) and histological scores (D) of pancreatic tissue harvested at 24 hr after the start of experiments; magnification

3200; each color corresponds to group shown in Figure 2A; scores are expressed as means ± SD. *p < 0.01, as compared with other groups.

(E and F) Induction of acute pancreatitis in mice treated with ECLACZ and cerulein.

(E) Experimental protocol. C57BL6mice and Tlr4�/� orNod1�/�mice exposed to AMP and KM in the drinking water were administered ECLACZ (13 106 cfu, i.p.)

followed by three hourly injections of low doses of cerulein (CER). Changes in serum levels of amylase in C57BL6 mice treated with ECLACZ and/or cerulein, (E),

left panel. Changes in serum levels of amylase in C57BL6 mice and Tlr4�/� or Nod1�/� mice treated with ECLACZ and cerulein, (E), right panel. Results are

expressed as means ± SD. *p < 0.01, as compared with other groups. Serum levels of amylase were determined 8 hr after the treatment with ECLACZ.

(F) Lack of pancreatitis in Nod1�/� mice treated with ECLACZ and cerulein. Magnification 3200.
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predict that low-dose cerulein pancreatitis is mediated by

cells susceptible to MCP-1 chemoattraction. In tissue-staining

studies (Figure 4A), combined administration of FK156 and

low-dose cerulein was associated with massive infiltration of

CD11b+ myeloid cells and cells expressing CCR2. In contrast,

these cells did not express CXCR3, the receptor of IP-10, indi-

cating the induction of IP-10 by NOD1 probably has little or no

role in this type of inflammation.

The relationship between MCP-1 induction and the infiltration

of the pancreas by CCR2+ cells was further explored through

studies of induction of pancreatitis with FK156 and low-dose

cerulein in CCR2-deficient (Ccr2�/�) mice. Systemic administra-

tion of FK156 and low-dose cerulein to Ccr2�/� mice was asso-

ciated with a marked reduction in the serum amylase level and

pathology score as compared with WT mice, even though

CCR2-deficient mice were still capable of producing MCP-1

(Figure 4B). In addition, migration of both CD11b+ cells and

CCR2+ cells into the pancreas was absent in Ccr2�/� mice (Fig-

ure 4C). These studies thus showed that induction of MCP-1 by

FK156 and low-dose cerulein was associated with the infiltration

of inflammatory CCR2+ cells into the inflamed pancreas.

Low-Dose Cerulein Pancreatitis Does Not Depend on
T Cells or B Cells
NOD1 is a component of the innate immune system that

probably involves mainly non-T cells and non-B cells. To deter-

mine if this was in fact the case, we administered FK156

and low-dose cerulein to Prkdcscid mice with severe combined

Figure 3. Concomitant Administration of NOD1 Ligand and Low-Dose Cerulein Induces Synergistic Production of MCP-1

(A) Changes in serum levels of proinflammatory cytokines and chemokines. C57BL6 mice received systemic administration of FK156 or MDP followed by i.p.

injection of cerulein for a total of three times. Results are expressed as means ± SD. *p < 0.01, as compared with other groups. The results shown are repre-

sentative of one of three experiments.

(B) Serum levels of MCP-1 in mice treated with ECLACZ and cerulein. Changes in serum levels of MCP-1 in C57BL6 mice treated with ECLACZ and/or cerulein,

(B), left panel. Changes in serum levels of MCP-1 in C57BL6 mice and Tlr4�/� or Nod1�/� mice treated with ECLACZ and cerulein, (B), right panel. Results are

expressed as means ± SD. *p < 0.01, as compared with other groups. C57BL6 mice and Tlr4�/� or Nod1�/� mice treated with AMP and KM in the drinking water

were challenged with i.p. injection of ECLACZ followed by three hourly injections of low doses of cerulein. Serum levels of MCP-1 were determined 8 hr after the

treatment with ECLACZ.
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immunodeficiency (SCID) that lacked both T cells and B cells.

This treatment induced equally increased amounts of serum

amylase and MCP-1 in WT and SCID mice (Figure S2B), sug-

gesting that the acute pancreatitis induced by systemic injection

of NOD1 ligand and low-dose cerulein does not depend on

T cells or B cells.

Acute Pancreatitis Requires Activation of NOD1 in
Nonhematopoietic Cells
We next turned our attention to the cellular location of the NOD1

involved in the acute pancreatitis model studied above. Our

initial approach to this question was to conduct bone marrow

(BM) chimera studies to determine if NOD1 was acting in hema-

topoietic cells or nonhematopoietic cells for the development of

pancreatitis, but first we had to define the responses of Nod1�/�

cells to be used in such studies. To this end, we subjected

Nod1�/� mice and Nod1+/+ mice to treatment with FK156 or

MDP and low-dose cerulein. Nod1+/+ mice, but not Nod1�/�

mice, developed pancreatitis after such FK156 and cerulein

administration, as evidenced by serum amylase and MCP-1

elevations and histology scores (Figure 5A). These studies indi-

cated that NOD1 stimulation is essential for the induction of

FK156 and low-dose cerulein pancreatitis.

We then performed the BM chimera studies mentioned above

and showed that administration of FK156 and low-dose cerulein

led to pancreatitis in Nod1+/+ green fluorescent protein (GFP)-

transgenicmice reconstitutedwithNod1�/�BMcells (Figure 5B),

but not in Nod1�/� mice reconstituted with Nod1+/+ BM cells.

Thus, the development of FK156 and cerulein acute pancreatitis

involves NOD1 signaling in nonhematopoietic cells.

In a second approach to the identification of the site of NOD1

activity in this model, we conducted in vitro studies of iso-

lated pancreatic acinar cells from untreated mice to determine

whether these cells exhibited NOD1 activity following stimulation

with FK156 and/or low-dose cerulein (Figure S3A). Although

stimulation of acinar cells with FK156 alone induced a substantial

Figure 4. Migration of CCR2+ Myeloid Cells Is Necessary for the Development of Pancreatitis

(A) At 6 hr after the injection ofMDP or FK156, pancreatic tissue fromC57BL6mice was removed and subjected to immunohistochemical analysis for visualization

of cells positive for CD11b, CCR2, and CXCR3.

(B and C) CCR2-intact (Ccr2+/+) or CCR2-deficient (Ccr2�/�) mice were administered FK156 followed by repeated administration of cerulein according to the

protocol described in Figure 2A.

(B) Changes in serum levels of amylase and MCP-1 at the indicated time points and pathology scores of the pancreatic tissue at 24 hr; results are expressed as

means ± SD. *p < 0.01, as compared with Ccr2+/+ mice; results shown are representative of one of three experiments.

(C) Pancreatic tissue was removed at 6 hr after the start of the experiments and subjected to immunohistochemical analysis for visualization of cells positive for

CD11b and CCR2; magnification 3200.
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amount of MCP-1, synergistic production of MCP-1 was seen

upon stimulation with FK156 plus low-dose cerulein in an

FK156-dose-dependent fashion. In contrast, FK156 alone was

sufficient for the induction of IP-10 production. Finally, the induc-

tion of MCP-1 under these conditions required the presence of

NOD1 (Figure S3B). These studies established, first, that pancre-

atic acinar cells are the nonhematopoietic cellular site of NOD1

activation in the FK156 and low-dose cerulein model of acute

pancreatitis. Second, they showed that MCP-1 induction re-

quires dual NOD1 and low-dose cerulein signaling via NOD1

and CCKR, respectively.

As mentioned in Figure 3A, administration of FK156 and low-

dose cerulein elicited elevations in circulating amounts of IL-6

as well as MCP-1. This finding correlates with the fact that acinar

cells from Nod1+/+ mice, but not cells from Nod1�/� mice,

produced IL-6 upon stimulation with FK156 and low-dose ceru-

lein and suggests that, as in the case of MCP-1, increased circu-

lating amounts of IL-6 originate from acinar cells (Figure S3B). It

seemed probable that the MCP-1 and IL-6 secretion might be

interrelated, given that IL-6 participates in MCP-1 production

via STAT3 activation (Deshmane et al., 2009). To address this

possibility, wemeasured acinar cell production of MCP-1 in cells

isolated from Nod1+/+ mice and then treated with FK156 and

low-dose cerulein in the presence or absence of neutralizing

IL-6 receptor (IL-6R) antibody (Ab). This blockade of IL-6 sig-

naling inhibited the production of MCP-1, but only partially (Fig-

ure S3C); thus, IL-6 is not the only inducer of MCP-1 in this

model.

NOD1 Plus Low-Dose Cerulein Signaling Induces
Transactivation of STAT3 and NF-kB In Vivo
Because acinar cell MCP-1 production is a key factor in the

development of FK156 and low-dose cerulein pancreatitis, we

next turned our attention to the signaling pathways controlling

such production. Previous studies have shown that MCP-1

production depends on STAT3 and NF-kB activation (Deshmane

et al., 2009), and, indeed, we verified that these factors were

necessary for the induction of FK156 and low-dose cerulein

pancreatitis by measuring activation of both STAT3 and NF-kB

in the pancreatic tissue of mice with pancreatitis. Nuclear

expression of phospho-STAT3 (pSTAT3) and phospho-IkBa

(pIkBa) was seen in the pancreatic acinar cells expressing

amylase of Nod1+/+ mice treated with low-dose cerulein and

FK156, whereas little or no pSTAT3 or pIkBa was seen in acinar

Figure 5. The Importance of NOD1 Signaling in Nonhematopoietic Cells for the Development of Severe Acute Pancreatitis

(A)Nod1+/+ orNod1�/�mice were treated with NOD ligands (FK156 or MDP) and/or cerulein (CER) as described in Figure 2A. Changes in serum levels of amylase

and MCP-1 at the indicated time points, and pancreatitis histology score at 24 hr. *p < 0.01, as compared with the other groups.

(B) BM cells from GFP-transgenic (GFP-Tg) mice or Nod1�/�mice were transplanted into irradiated GFP-transgenic mice orNod1�/� mice. These chimeric mice

were treated with FK156 followed by repeated administration of CER. Changes in serum levels of amylase and MCP-1 at the indicated time points, and

pancreatitis histology score at 24 hr. Results are expressed asmeans ± SD. *p < 0.01, as compared with the other groups. *p < 0.01 (pathology score). The results

shown are representative of one of three experiments.
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cells of Nod1�/� mice (Figure S3D). Similar findings were

obtained using conventional immunohistochemical analysis

(Figure S3E).

To confirm the above findings, we performed staining studies

of tissue obtained from BM-chimeric mice, consisting of irradi-

ated Nod1+/+ mice bearing a GFP-expressing transgene and

irradiatedNod1�/�mice, reconstituted withNod1�/�GFP-trans-

gene-negative BM cells and Nod1+/+ GFP-transgene-positive

BM cells, respectively. Replacement of BM cells was confirmed

by flow-cytometric analysis of GFP expression at 8 weeks after

the transplantation (Figure S4A). We found that amylase-ex-

pressing acinar cells were GFP-positive in irradiated GFP-trans-

gene-positive mice reconstituted with GFP-transgene-negative

Nod1�/�BMcells, whereas they wereGFP-negative in irradiated

GFP-transgene-negative Nod1�/� mice reconstituted with GFP-

transgene-positive Nod1+/+ BM cells (Figure S4B). Thus, the

GFP status of the acinar cells reflected the GFP status of the

recipient, not the donor. In additional studies, we showed that

expression of pIkBa and pSTAT3 was seen in acinar cell nuclei

of irradiated GFP-transgene-positive Nod1+/+ mice reconsti-

tuted with Nod1�/� BM cells (Figure S4B). In contrast, expres-

sion of these factors was barely detectable in acinar cell nuclei

of irradiated GFP-transgene-negative Nod1�/� mice reconsti-

tuted with GFP-transgene positive Nod1+/+ BM cells (Fig-

ure S4B). Similar findings were obtained using conventional

immunohistochemical analysis (Figure S4C). These data thus

provide additional evidence that activation of STAT3 and NF-

kB in response to FK156 and low-dose cerulein administration

is occurring in pancreatic acinar cells.

Administration of JSI-124, a specific STAT3 inhibitor, inhibited

nuclear translocation of STAT3, and administration of IMD-0354,

an NF-kB inhibitor, inhibited nuclear translocation of the NF-kB

subunit p65 in the pancreas of mice administered FK156 and

low-dose cerulein, as assayed in the Transfactor Binding Assay,

establishing that these agents do in fact exert the expected inhi-

bition of activation of STAT3 and NF-kB under these conditions

(Figure S5A). In addition, administration of JSI-124 or IMD-0354

alone led to a partial reduction of serum levels of amylase and

MCP-1, whereas administration of both agents led to complete

reduction of serum levels of amylase and MCP-1 (Figure S5B).

A similar result was obtained in respect to the inflammation score

of the pancreas (Figure S5C). These studies, using pharmaco-

logical inhibitors for STAT3 and NF-kB, thus provide evidence

that activation of both STAT3 and NF-kB in acinar cells acts in

an additive fashion to bring about the development of pancrea-

titis induced by FK156 and low-dose cerulein.

Molecular Mechanisms Underlying the Activation of
STAT3 and NF-kB in FK156 and Low-Dose Cerulein
Pancreatitis
Having established that STAT3 and NF-kB are critical signaling

components in the induction of FK156 and low-dose cerulein

pancreatitis, we were interested in establishing how FK156 and

low-dose cerulein act together to induce these components,

whereas neither stimulant do so alone. In initial studies we

focused on the signaling pathways leading to STAT3 activation

and showed that treatment with FK156 alone induced expres-

sion of pSTAT3 in the pancreas of Nod1+/+ mice, but not

Nod1�/� mice (Figure 6A). This is consistent with our previous

report that NOD1 ligand induces type I IFN production (Wata-

nabe et al., 2010) as well as with a study showing that type I

IFN activates various STATs, including STAT3 (Yang et al.,

1998). Similarly, treatment with cerulein alone induced pSTAT3

expression (in both Nod1+/+ and Nod1�/� mice), presumably

as a result of direct CCKR activation of JAK2 (Ferrand et al.,

2005). However, treatment of Nod1+/+ mice (but not Nod1�/�

mice) with both FK156 and low-dose cerulein induced higher

pSTAT3 expression as compared with either stimulus alone,

and this was associated with similarly increased nuclear translo-

cation (Figure 6B). Thus, FK156 and low-dose cerulein reinforce

one another in STAT3 activation.

We also noted that expression of pSTAT1 was induced in the

pancreas of Nod1+/+ mice treated with FK156, but, in this case,

such expression was not enhanced by combined treatment with

FK156 and cerulein (Figure 6A). Moreover, expression of pSTAT1

was not induced in the pancreas of Nod1�/� mice, whether mice

were treated with FK156 or cerulein. These results were corrob-

orated by measurement of nuclear translocation (Figure 6B).

Given the fact that STAT1 is a critical downstream signaling

molecule for type I IFN, these data suggest that FK156 also acti-

vates a type I IFN pathway, as reported previously (Watanabe

et al., 2010).

We next examined the signaling pathways leading to NF-kB

activation. Although previous studies utilizing human embryonic

kidney cells showed rapid activation of NF-kB upon stimulation

with NOD1 ligands (Chamaillard et al., 2003; Fritz et al., 2007),

the roles of NF-kB in NOD1-mediated signaling pathways have

been poorly defined in primary pancreatic acinar cells. In initial

studies, we found that neither NOD1 ligand nor low-dose ceru-

lein administration alone resulted in expression of pIkBa or

degradation of IkBa (Figure 6A). This is consistent with our

previous report that NOD1 stimulation alone is a poor inducer

of NF-kB in intestinal epithelial cells (Watanabe et al., 2010) as

well as previous reports by other investigators that cerulein is

also a poor inducer of NF-kB at low concentrations (Yu et al.,

2005). Nevertheless, combined stimulation did result in such

induction as shown by expression of pIkBa and nuclear translo-

cation of p65 and p50 (Figures 6A and 6B). In explanation of this

finding, we focused first on CCK signaling and noted that

previous studies had shown that CCKR signaling induces protein

kinase C (PKC) activation (Rakonczay et al., 2008; Tando et al.,

1999). To verify that this pathway is in play in the low-dose cer-

ulein model we treated mice with low-dose cerulein (in the pres-

ence or absence of FK156) and showed that suchmice exhibited

enhanced pancreatic cell expression of phospho-PKC (pPKC)

(Figure 6A). Because both activated PKC generated by cerulein

signaling and RICK (receptor-interacting protein-like interacting

caspase-like apoptosis regulatory protein kinase) generated by

NOD1 signaling are known to activate NF-kB via phosphoryla-

tion and/or ubiquitination of transforming growth factor b (TGF-

b)-activated kinase 1 (TAK1) (Hasegawa et al., 2008; Shinohara

et al., 2005), we next considered the possibility that TAK1 is a

signaling molecule that serves as a nodal point in the low-dose

cerulein and FK156 signaling pathways that facilitate NF-kB acti-

vation. In studies to explore this possibility, we performed immu-

noprecipitation studies of cell lysates isolated from the pancreas

of Nod1+/+ and Nod1�/� mice. We found that treatment with

cerulein, but not FK156, induced physical interaction between
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TAK1 and PKCd in pancreatic cells of Nod1+/+ and Nod1�/�

mice (Figure 6C), suggesting induction of TAK1 activation

through cerulein-mediated PKC activation. More importantly,

as shown by immunoprecipitation with TAK1 Ab followed by

immunoblotting with RICK Ab, interaction between RICK and

TAK1 was markedly increased in the pancreas of mice treated

with both FK156 and low-dose cerulein as compared to the

marginal interaction observed with FK156 alone (Figure 6C).

Taken together, these data are consistent with the hypothesis

that synergistic NF-kB activation by low-dose cerulein and

NOD1 is due to cerulein-induced PKC-TAK1 activation followed

by opportunistic RICK utilization of the activated TAK1 to induce

NF-kB.

NOD1-Induced Activation of STAT3 via Type I IFN
Finally, to more fully assess the role of NOD1 signaling in STAT3

activation via type I IFN, we investigated FK156 and low-dose

cerulein induction of pancreatitis in IFN-ab receptor (IFN-abR)-

deficient (Ifnar1�/�) mice. In initial studies, we showed that

Ifnar1�/� mice exhibited an attenuated pancreatitis along with

a significant reduction of serum levels of amylase and MCP-1

as compared with those in Ifnar1+/+ mice (Figures 7A and 7B).

In addition, upon challenge with FK156 and low-dose cerulein,

pancreatic expression of pSTAT3 in Ifnar1�/� mice was signifi-

cantly reduced as compared to that in Ifnar1+/+ mice, suggesting

that type I IFN signaling is necessary for maximal STAT3 activa-

tion in this model (Figure 7C).

As expected, pancreatic expression of pSTAT1 was com-

pletely absent in Ifnar1�/� mice upon challenge with FK156

and low-dose cerulein, suggesting that pancreatic STAT1 acti-

vation is dependent upon NOD1-mediated type I IFN signaling

in this model. In addition, consistent with the results of the

signaling studies presented above, no significant difference

in NF-kB activation was seen between Ifnar1�/� and Ifnar1+/+

mice, as assessed by pancreatic expression of pIkBa and

IkBa. Serum levels of IFN-b and IP-10, whose production re-

quires activation of type I IFN signaling, were markedly reduced

in Ifnar1�/� mice treated with FK156 and low-dose cerulein as

compared with those in Ifnar1+/+ mice. In contrast, no significant

difference was seen in production of IL-6, whose production

Figure 6. NOD1 Activation Followed by Cerulein Challenge Induces Transactivation of STAT3 and NF-kB In Vivo

Nod1+/+ orNod1�/�mice were treatedwith FK156 and/or cerulein (CER) as described in Figure 2A.Whole or nuclear extracts were prepared from the pancreas of

mice at 5 hr after systemic challenge with FK156 and subjected to immunoblotting.

(A) The expression of pSTAT3, STAT3, pSTAT1, STAT1, pPKC, PKCd, pIkBa, IkBa, and actin was shown with the use of whole-pancreatic extract.

(B) Activation of STAT1, STAT3, p65, and p50with the use of nuclear extracts, as assessed by Transfactor assay. Results are expressed asmeans ± SD. *p < 0.01,

as compared with the untreated group. The results shown are representative of one of three experiments.

(C) Physical interaction betweenRICK and TAK1 or between PKCd and TAK1 in whole-pancreatic extracts. Pancreatic extracts were immunoprecipitated (IP) with

TAK1 Ab, followed by immunoblotting (IB) with PKCd or RICK Ab.
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dependsmainly upon activation of NF-kB. Taken together, these

results indicate that type I IFN signaling induced by NOD1

activation is involved in the development of pancreatitis in this

model.

Bacterial Translocation in Low-Dose Cerulein-Induced
Pancreatitis
Intestinal barrier dysfunction and translocation of intestinal

microflora into the systemic circulation play a critical role in

the development of severe acute pancreatitis (Frossard et al.,

2008; Rychter et al., 2009). We therefore addressed the role of

bacterial translocation with studies of bacteremia inmice treated

with low-dose cerulein alone or in combination with FK156. We

found that 5 of 7 mice treated with low-dose cerulein alone ex-

hibited bacteremia, but that the level of bacteremia was relatively

low in each case (Figures 7D and 7E). On the other hand, 6 of 7

mice subjected to combined treatment with FK156 and low-dose

cerulein exhibited bacteremia, and in this case, the level of

bacteria was much higher than that obtained by treatment with

low-dose cerulein alone.

To more clearly identify the role of bacterial translocation from

the gut into the circulation in low-dose cerulein pancreatitis, we

treated mice with drinking water containing AMP and KM and

administered oral ECLACZ prior to FK156 and low-dose cerulein

administration. We again observed bacteremia, in this case at

a level that increased in parallel with the oral ECLACZ dose

Figure 7. Involvement of Type I IFN Signaling in the Development of Pancreatitis

(A–C) IFNab receptor-intact (Ifnar1+/+) or -deficient (Ifnar1�/�) mice were subjected to induction of FK156 and low-dose cerulein pancreatitis, as indicated in

Figure 2.

(A and B) Serum levels of amylase (A) andMCP-1, IL-6, IFN-b, and IP-10 (B) at 6 hr after systemic challenge with FK156 and pathology scores (A) of the pancreatic

tissue at 24 hr after systemic challenge with FK156. Results are expressed as means ± SD. *p < 0.01, as compared with Ifnar1+/+ mice.

(C) Whole-cell extracts were prepared from pancreatic tissue of mice at 5 hr after systemic challenge with FK156 and subjected to immunoblotting to determine

expression of pSTAT3, STAT3, pSTAT1, STAT1, pIkBa, IkBa, and actin. The results shown are representative of one of two experiments.

(D and E) C57BL6 mice were subjected to induction of FK156 and low-dose cerulein pancreatitis; blood and peritoneal lavage fluid were collected 8 hr after the

injection.

(D) Percentage and number (parentheses) of mice that were positive for bacterial culture in the blood and peritoneal lavage fluids.

(E) Bacterial loads in the blood determined by counting colonies in columbia agar, trypticase soy agar, and chocolate agar plates. Results are expressed as

means ± SD and a summary of three independent experiments.
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(Figure S6). As expected, the peak level of bacteremia was not as

high as that obtained with normal ‘‘unperturbed’’ microflora in

the initial study, probably due to the relative paucity of organisms

present in the gut under these circumstances. However, it should

be noted that serum amylase levels increased in proportion to

the oral ECLACZ dose, indicating that even these relatively low

levels of bacteremia supported the development of pancreatitis

in mice that were administered FK156 and low-dose cerulein

(Figure S6). These data are consistent with the view that low-

dose cerulein administration alone does not induce pancreatitis

in the absence of NOD1 ligand and, in addition, does not induce

sufficient bacterial translocation to facilitate de novo NOD1 acti-

vation due to exposure to low levels of translocated organisms.

In contrast, FK156 and low-dose cerulein administration not only

initiated pancreatitis, but also caused bacterial translocation that

can now sustain the pancreatitis.

DISCUSSION

We explored the mechanism by which commensal intestinal

bacteria contribute to the development of pancreatitis induced

by cerulein, a CCKR agonist. Our initial studies established

that high-dose cerulein administration, capable of causing pan-

creatitis by itself, required the presence of a normal intestinal

bacterial flora and, quite surprisingly, acted via stimulation of

NOD1, an intracellular sensor of a peptide derived from the

bacterial wall of both gram-positive and -negative bacteria. To

further study this phenomenon, we developed a model of pan-

creatitis in which mice were administered a dose of cerulein

that by itself was insufficient to cause pancreatitis but was never-

theless able to cause pancreatitis when coadministered with

NOD1 ligand. This model thus allowed us to identify the specific

roles of cerulein and NOD1 signaling in the induction of pancre-

atic inflammation.

Two key immunopathologic features of the pancreatitis in

the low-dose cerulein model are that the inflammation is associ-

ated with acinar cells that produce large amounts of MCP-1,

a chemoattractant of CCR2+ cells, and that Ccr2�/� mice

are almost completely resistant to the development of pancrea-

titis in this model. These findings strongly suggest that the pan-

creatitis is driven by MCP-1-mediated migration of CCR2+

inflammatory cells into the pancreas. This conclusion is consis-

tent with previous studies showing that abrogation of MCP-

1:CCR2 interactions via administration of a plasmid expressing

mutated MCP-1 or a blocker of MCP-1 synthesis protects ani-

mals from experimental pancreatitis (Bhatia et al., 2005; Zhao

et al., 2005). In addition, in a clinical study, Regnér et al. (2008)

showed that serum levels of MCP-1 at the time of a patient’s

admission to hospital are strongly associated with development

of severe acute pancreatitis. Thus, it appears that acinar cell

production of MCP-1 and MCP-1-dependent cell migration are

essential to the development of acute pancreatitis, not only in

this model, but also in other models, and in human pancreatitis

as well.

The importance of MCP-1 to pancreatitis accounts for the

need for NOD1 signaling in the induction and maintenance of

this inflammation. Previous studies have shown that activation

of both NF-kB and STAT3 is required for maximal production

ofMCP-1 (Deshmane et al., 2009; Ray et al., 2008). In the present

studies, we corroborated this finding in the context of pancrea-

titis by showing that both the NF-kB and STAT3 signaling

pathways are activated during MCP-1 induction and, indeed,

pharmacological inhibition of both pathways is required for the

suppression of pancreatitis. In addition, we found that although

FK156 or cerulein could induce STAT3 alone, both were neces-

sary for optimal induction and, perhaps more importantly,

although neither stimulant could induce activation of the NF-kB

signaling pathway alone, they could induce this pathway when

acting in concert. It follows that NOD1 signaling is essential to

pancreatitis induction because it is necessary for robust activa-

tion of the signaling pathways that lead to the production of

MCP-1.

The poor NF-kB activation by NOD1 signaling alone in the

present study is consistent with our previous studies of this

signaling pathway. We showed in these studies that NOD1 acti-

vation of RICK (the adaptor protein immediately downstream of

NOD1) leads to RICK binding to TRAF3, and thus to activation of

TBK1 and IRF7; this, in turn, leads to induction of IFN-b and

signaling via IFNabR for inducing IFN-stimulated gene factor

3, a complex composed of STAT1, STAT2, and IRF9 that acts

as a transcription factor for chemokines including IP-10 (Wata-

nabe et al., 2010). Thus, in effect, NOD1 signaling bypasses

NF-kB to induce chemokines via a type I IFN-dominated

pathway. How, then, does NOD1 signaling cause NF-kB activa-

tion in association with low-dose cerulein? We believe the

answer lies in the fact that even low doses of cerulein induce

activation of TAK1 via PKC (Li et al., 2009; Shinohara et al.,

2005) and that in the presence of such activation, RICK acti-

vated by NOD1 forms a complex with TAK1 to activate NF-kB.

This idea is supported by an enhanced physical interaction

between RICK and TAK1 in the mice treated with both FK156

and cerulein.

With respect to STAT3 activation in this model, previous

studies have shown that cerulein can induce STAT3, at least at

suboptimal levels (Yu et al., 2005). However, as shown in these

studies, NOD1 signaling greatly augments such induction by at

least two mechanisms. On the one hand, by facilitating NF-kB

activation, NOD1 promotes the synthesis of IL-6, a cytokine

capable of STAT3 activation. On the other hand, NOD1 signaling

leads to production of type I IFN, a cytokine also capable of

STAT3 activation (Yang et al., 1998).

Analysis of the level of bacteremia occurring after administra-

tion of a low dose of cerulein alone or in combination with NOD1

ligand provided insight into the role of bacterial entry into the

circulation in the induction of low-dose cerulein pancreatitis.

Low-level bacteremia was observed in mice treated with low

doses of cerulein alone, indicating that the level of activation

of CCKR with this dose leads to some degree of translocation

of bacteria into the systemic circulation. Evidently, however,

this level of translocation does not provide a sufficient NOD1

signal in acinar cells to initiate and sustain pancreatitis. In con-

trast, higher levels of bacteremia accompanied administration

of NOD1 ligand and low-dose cerulein. It appears that such

bacteremia, by providing a continued source of NOD1 signaling,

is necessary to sustain the pancreatitis initiated by exogenous

NOD1 ligand. Thus, low-dose cerulein-induced pancreatitis is

equivalent to high-dose cerulein pancreatitis, except for the

fact that the latter initiates a level of pancreatic inflammation
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that causes sufficient bacterial translocation andNOD1 signaling

on its own.

It has been generally assumed that NOD1 activation is induced

exclusively by pathogenic organisms and that such activation

elicits NOD1-mediated host defense responses (Girardin et al.,

2003; Kim et al., 2004). However, it was recently shown that

NOD1 signaling can also be initiated by commensal organisms

in the neonatal gut, where it plays a role in lymphoid-tissue

organogenesis via the induction of defensin and the production

of a chemotactic factor (Bouskra et al., 2008). The present study

extends this observation by showing that NOD1 activation by

commensal organisms also occurs during an inflammatory

response. These observations raise the question of why NOD1

activation by commensal organisms does not cause inflamma-

tion in the normal gut. We believe the answer to this question

is that NOD1 does respond to commensal organisms in the

normal uninflamed gut via type I IFN signaling rather than NF-

kB signaling, and type I IFN signaling does not result in inflamma-

tion (Abe et al., 2007).

In conclusion, in the present study, we provide evidence that

activation of NOD1 by commensal organisms can facilitate a

severe form of acute pancreatitis by acting in synergy with low

doses of a CCKR agonist, cerulein. In addition, we show that

such synergy is necessary for the production of MCP-1, a

chemokine that mediates migration and infiltration of CCR2+

pathogenic myeloid cells into the pancreas. Finally, we show

that a critical feature of this model of pancreatitis, as well as

high-dose cerulein pancreatitis, that does not require priming

by NOD1 agonist, is that pancreatitis is driven by commensal

organisms that stimulate NOD1 in acinar cells. Thus, although

autodigestion of acinar cells mediated by activation of pancre-

atic enzymes such as trypsinogen is one necessary component

of acute pancreatitis, bacterial translocation and the induction

of acinar cell expression of inflammatory mediators are also

necessary components (Dawra et al., 2011; Ji and Logsdon,

2011). It seems probable that therapeutic measures attacking

these latter components, such as those directed at the inhibition

of NOD1 signaling, offer a new approach to the treatment of

acute pancreatitis.

EXPERIMENTAL PROCEDURES

Mice

C57BL6 mice, GFP-transgenic mice (Okabe et al., 1997), and Prkdcscid mice

were purchased fromCLEA. Tlr2�/�, Tlr4�/�, and Tlr9�/�mice were purchased

from Oriental Bioservice. In some experiments, Nod1�/� (Watanabe et al.,

2010) and Ccr2�/� mice (Boring et al., 1998) were used. Mice were reared

under specific pathogen-free conditions. Animal use adhered to the Kyoto

University animal-care guidelines, and protocols of animal experiments were

approved by the review boards of Kyoto University.

Induction of Pancreatitis

Mice received i.p. injection of FK156 (200 mg) or MDP (200 mg) in combination

with i.p. injection of cerulein (20 mg/kg) for a total of three times. Mice treated

with AMP (1 g/l) and KM (1 g/l) in the drinking water for 2 weeks were chal-

lenged with i.p. injection of ECLACZ (Yoshida et al., 2001) (1 3 106 cfu) fol-

lowed by i.p. injection of cerulein (20 mg/kg) for a total of three times. Mice

treated with AMP (1 g/l), neomycin (1 g/l), KM (0.5 g/l), or metronidazole

(1 g/l) in the drinking water for 3 weeks were challenged with i.p. injection of

cerulein (50 mg/kg) for a total of seven times. Sera and pancreas tissue were

obtained at the indicated time points.

Bone Marrow Transplantation

For the generation of BM-chimeric mice, recipient mice were irradiated with

10 Gy and were reconstituted with BM cells from the donor mice as previously

described (Watanabe et al., 2010).

NF-kB and STAT3 Activation Assay

Whole extracts isolated from the pancreas were subjected to immunoblotting

as previously described (Watanabe et al., 2010). pSTAT1, STAT3, pSTAT3,

IkBa, pIkBa, pPKC, and PKCd Abs were obtained from Cell Signaling. Actin,

TAK1, and STAT1 Abs were obtained from Santa Cruz Biotechnology. Binding

activity of nuclear extract to NF-kB subunits (p50 and p65), STAT1, and STAT3

was measured using a TransAM kit, obtained from Active Motif, as previously

described (Watanabe et al., 2010). 7 or 15 mg of nuclear extracts were sub-

jected to assay. Physical interaction between RICK and TAK1 or between

PKCd and TAK1 was analyzed via immunoprecipitation using whole-pancre-

atic extract. Pancreatic extracts were immunoprecipitated with TAK1 Ab

followed by immunoblotting with PKCd or RICK Ab (Cayman) as described

previously (Watanabe et al., 2010).

Statistical Analysis

Student’s t test was used to evaluate the significance of the differences. A

value of p < 0.05 was regarded as statistically significant.
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Transcatheter endoscopy for pancreaticobiliary duct diseases
(with videos)
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Osaka-Sayama, Japan

To obtain an accurate diagnosis of bile and pancreatic
duct diseases through biopsy, peroral cholangioscopy
(POCS) was developed for imaging purposes. POCS is
particularly useful for estimating the extent of tumor
infiltration, which is difficult to determine by cholan-
giography.1-9 However, although direct visualization of
intraductal lesions by POCS offers definite theoretical ad-
vantages in establishing a diagnosis, it is a labor-intensive
task because an endoscopic sphincterotomy (EST) is re-
quired and a papillary baby endoscope has to be inserted
through the main endoscope. These procedures can cause
POCS-related complications such as cholangitis and
pancreatitis.10-12 Moreover, it is difficult to insert the endo-
scope in the bile duct more peripherally than the hepatic
portal region, and the observational range is limited be-
cause the stiffness of the mother endoscope used for POCS
makes it difficult to maneuver. Recently, a peroral cholan-
giopancreatoscopy system (Spyglass, Microvasive Endos-
copy; Boston Scientific, Natick, Mass) was developed. This
system consists of a very thin optical glass-fiber probe that
has an outer diameter of 0.77 mm and a disposable sheath
that can be angled during maneuvers. The thin probe can
also be removed from its sheath and inserted in an ordi-

nary biliary catheter for delivering contrast agents during
ERCP. We attempted to use the thin probe inserted in an
ordinary catheter for cannulating the biliary and pancreatic
ducts (Tandem XL; Boston Scientific), which allowed
transcatheter endoscopy (TCE). Such transcatheter cholan-
giopancreatoscopy may be a safe, easy, and convenient
way to observe the biliary and pancreatic ducts. Further-
more, it is not necessary to perform EST when using TCE
in pancreaticobiliary tract diseases. This study evaluated
the clinical feasibility and safety of TCE for observations of
pancreaticobiliary tract diseases.

PATIENTS AND METHODS

In this study, the indications for TCE were indetermi-
nate filling defects or strictures in the bile duct, biliary
bleeding of unknown origin, and dilation of the pancreatic
duct suggestive of intraductal papillary mucinous neo-
plasm (IPMN). If therapeutic ERCP was required before-
hand, we conducted an endoscopic sphincterotomy with-
out performing TCE. Between November and December
2011, a total of 17 patients underwent TCE at Kinki Uni-
versity Hospital according to these indications. All patients
gave written informed consent, and the study was ap-
proved by the institutional review board of our institution.

TCE system
ERCP was performed with a duodenoscope (JF-260V;

Olympus Optical Co, Ltd, Tokyo, Japan). A pancreatico-
biliary catheter (Tandem XL; Boston Scientific) was used
to inject contrast medium and for TCE. The catheter has 2
lumens: 1 lumen for contrast medium injection, and an-
other lumen for inserting the guidewire. The width of the
catheter tip is 5.5F (1.8 mm) and the maximum outer
diameter of the catheter is 7F (2.3 mm), which can accom-
modate a guidewire up to 0.035 inch (0.89 mm) in size.
The Spyglass optical probe of the Spyglass peroral cholan-
giopancreatoscopy system has an outer diameter of 0.77
mm and thus can pass through the catheter tube. After the
bile duct or the pancreatic duct was cannulated with the
tandem catheter in combination with the guidewire, con-
trast material was injected into the duct, and the guidewire
was removed from the catheter. Sterile saline solution was
continuously flushed through the contrast medium injec-
tion lumen by using a 20-mL syringe until clear bile or
pancreatic juice appeared. When the contents in the duct
were aspirated from the guidewire lumen, the fluid that

Abbreviations: EST, endoscopic sphincterotomy; IPMN, intraductal pap-
illary mucinous neoplasm; POCS, peroral cholangioscopy; TCE, trans-
catheter endoscopy.
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was aspirated was bile or pancreatic juice mixed with
saline solution. The Spyglass probe was then advanced
through the guidewire lumen to observe the pancreatico-
biliary tract lesions. When the Spyglass probe was ad-
vanced through the tandem catheter guidewire lumen,
there was resistance because of the bending of the cathe-
ter at the forceps elevator in the working channel (Fig.
1A). Then, the forceps elevator was deflexed downward
(Fig. 1B), and thereafter the tandem catheter was ad-
vanced while the endoscope was angled upward (Fig. 1C).
With these steps, the tip of Spyglass probe in the tandem
catheter could be advanced into the bile duct without
being damaged.

To observe the lesions, the tip of the Spyglass probe
was advanced from the tip of tandem catheter into the bile
duct. Visualization of the target lesions was achieved by
moving the probe in and out through the tandem catheter
(Fig. 2A). When the TCE catheter was advanced to pass a
stricture or filling defect in the bile or pancreatic duct, the
tip of the Spyglass was reinserted in the tandem catheter
(Fig. 2B). The Spyglass in TCE was reused until it was
broken in this study.

All endoscopies were performed in patients while they
were sedated with intravenous midazolam and propofol
under monitoring with an automated noninvasive blood
pressure device, electrocardiogram tracing, and pulse oxi-

Figure 1. Procedures for insertion of the Spyglass probe into the tandem catheter. When the Spyglass probe is inserted in the tandem catheter, there
is resistance at the forceps elevator (arrow) (A). The forceps elevator in the endoscope is deflexed downward (B). The tandem catheter is advanced
while the endoscope is angled upward (C). Then, the tip of the Spyglass probe passes the portion of the elevator.
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metry during the procedure. Two endoscopists (H.S. and
M.K.), who have extensive experience in the diagnosis
and management of pancreaticobiliary tract diseases, per-
formed the procedures.

Evaluation of TCE observations
All endoscopic images were recorded by a digital video

system. The procedure time from cannulation with the
tandem catheter to the final evaluation of the TCE obser-

vation was measured. The blind reading was performed
by 2 endoscopists (H.I. and K.K.) who were not present
during TCE. They were not informed of the final diagnoses
during evaluation of the videos. The 2 investigators re-
viewed images and assigned 1 of 3 evaluation scores to
each lesion according to the quality of visualization: 1,
poor; 2, fair; or 3, good. When the lesion was not identi-
fied by the TCE, it was categorized as poor. When the
lesion was identified by the TCE but its structure was
obscure, it was categorized as fair. When the lesion was
identified and clearly characterized by the TCE, it was ca-
tegorized as good. When the readings by the 2 indepen-
dent reviewers differed, the saved images were reviewed
together and reevaluated until agreement was reached.

Assessment of complications
In this study, the white blood cell count, serum lactate

dehydrogenase, alkaline phosphatase, aspartate amino-
transferase, alanine aminotransferase, total bilirubin, se-
rum amylase, and C-reactive protein were measured 1 day
after the procedure. Whether symptoms (abdominal pain,
back pain, or fever) appeared up to 72 hours after the
procedure was also recorded. Cholangitis and pancreatitis
were classified according to the 1991 consensus guidelines
reported by Cotton et al.10 Cholangitis was defined as an
increase in body temperature to more than 38°C resulting
from a biliary cause (ie, without evidence of other con-
comitant infections). Pancreatitis was diagnosed when
new-onset or worsened abdominal pain lasted for more
than 24 hours and was associated with an increase in
serum amylase level of at least 3 times the upper limit of
normal 24 hours after the procedure.

RESULTS

Seventeen patients (7 men and 10 women) with a mean
age of 68.8 years (range 59-80 years) with pancreatobiliary
diseases (13 with biliary and 4 with pancreatic lesions)
were enrolled (Table 1). Twelve patients had an indeter-
minate filling defect or stricture in the bile duct. One
patient had biliary bleeding of unknown origin. Four pa-
tients had dilation of the pancreatic duct suggestive of
IPMN. EST was not performed for cannulation with a
tandem catheter before TCE in any of the patients. The
mean time to perform TCE was 6 minutes, 15 seconds
(range 2 minutes, 32 seconds to 12 minutes, 33 seconds).
There was disagreement on the quality of visualization
between the 2 investigators in a common bile duct polyp
and an IPMN. For both lesions, independent evaluation of
1 investigator was good visualization, whereas it was fair
by the other investigator. They reviewed the images of the
2 lesions together, reevaluated their findings, and con-
cluded fair visualization for the common bile duct polyp
and good visualization for the IPMN. TCE-related compli-
cations were not observed. Only 1 probe was used in 17
patients without being broken.

Figure 2. Procedures for observation of the lesions by transcatheter
endoscopy (TCE). A, During observation of the lesions, the tip of the
Spyglass probe is advanced from the tip of tandem catheter into the bile
duct. By moving the probe forward and backward, proper position of the
probe for observation can be adjusted. B, When TCE catheter is advanced
into the narrow areas, the tip of the Spyglass probe is pulled back in the
tandem catheter.

Transcatheter endoscopy for pancreaticobiliary duct diseases Sakamoto et al
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For biliary lesions, the mean time to perform TCE was 6
minutes, 34 seconds (range 2 minutes, 32 seconds to 12
minutes, 33 seconds). The final diagnoses for the 13 biliary
lesions after ERCP and TCE were as follows: bile duct
cancer (n � 7), intraductal papillary neoplasm of the bile
duct (n � 1), inflammatory polyp (n � 1), small incidental
stone (n � 2), an air artifact in the bile duct (n � 1), and
biliary bleeding (n � 1). Surgery was performed in 5 of the
7 patients with bile duct cancer, in the patient with intra-
ductal papillary neoplasm of the bile duct, and in the
patients with inflammatory polyps. The remaining 2 pa-
tients with advanced bile duct cancer with a diagnosis
made by cytology of the bile juice received chemotherapy.
The ERCP findings of the biliary lesions indicated that
there were 4 strictures, 8 filling defects, and 1 biliary bleed.

TCE generated good, fair, and poor visualizations of 5
(38.5%), 3 (23.0%), and 5 (38.5%) biliary lesions, respec-
tively. In particular, it clearly visualized the incidental
small stones, whereas ERCP could not distinguish these
lesions from air artifacts, and MRCP could not depict the
small stones at all (Fig. 3). Both stones were removed by

basket catheter after EST. TCE also depicted the air artifact
well. This artifact was detected during ERCP to evaluate an
anomalous junction in the pancreatobiliary system. After it
was identified by TCE as an artifact, the patient was fol-
lowed as an outpatient. Similarly, in the patient with biliary
bleeding, it was not possible to determine the source of
the bleeding by interventional radiology or ERCP, but TCE
could clearly identify it. This patient was treated by inser-
tion of a metal stent in the bile duct after the source of the
bleeding was identified by TCE (Fig. 4A and B; and Video
1, available at www.giejournal.org). For the 4 cases of bile
duct cancer and the case of IPNB, TCE yielded poor
visualization because the bile juice contained mucous
clots or a mixture of necrotic tissue and blood. In addition,
we could not maneuver the catheter correctly to observe
some parts of the lesions by TCE. Eventually, 8 of the 13
patients underwent EST after TCE, whereas 5 did not.

For pancreatic lesions, the mean time to perform TCE
was 5 minutes, 15 seconds (range 3 minutes, 48 seconds to
8 minutes, 18 seconds). The final diagnoses of the pancre-
atic lesions were as follows: intraductal papillary muci-

TABLE 1. Patient characteristics and outcomes

Patient
Age,
y/sex Location ERCP findings Final diagnosis

Procedure
time Visualization

1 68/F Superior extrahepatic duct Filling defect IPNB (surgery) 12 min 33 s Poor

2 70/M Middle extrahepatic duct Stricture EBDC (surgery) 8 min 22 s Poor

3 59/F Bp Filling defect Common bile duct polyp
(surgery)

3 min 8 s Fair

4 66/F Middle extrahepatic duct Filling defect Air (follow-up) 2 min 32 s Good

5 64/M Middle extrahepatic duct Filling defect EBDC (surgery) 4 min 53 s Fair

6 70/M Middle extrahepatic duct Biliary bleeding Biliary bleeding 6 min 19 s Good

7 68/F Middle extrahepatic duct Stricture EBDC (surgery) 5 min 43 s Fair

8 74/M Middle extrahepatic duct Stricture EBDC (surgery) 9 min 40 s Poor

9 74/F Bp Stricture EBDC (cytological diagnosis) 5 min 5 s Good

10 67/F Inferior extrahepatic duct Filling defect Common bile duct stone 2 min 48 s Good

11 80/F Middle extrahepatic duct Filling defect EBDC (surgery) 11 min 41 s Poor

12 68/F Middle extrahepatic duct Filling defect Common bile duct stone 3 min 18 s Good

13 72/M Middle extrahepatic duct Filling defect EBDC (cytological diagnosis) 9 min 22 s Poor

14 70/F Pancreatic body MPD dilation, filling
defect

IPMA (surgery) 4 min 55 s Good

15 68/M Pancreatic head MPD dilation, filling
defect

IPMC (surgery) 4 min 2 s Good

16 73/F Pancreatic body MPD dilation, filling
defect

IPMC (surgery) 8 min 18 s Fair

17 75/M Pancreatic body MPD dilation IPMA (surgery) 3 min 48 s Fair

F, Female; IPNB, intraductal papillary neoplasm of the bile duct; M, male; EBDC, extrahepatic bile duct cancer; Bp, superior extrahepatic duct; MPD, main
pancreatic duct; IPMA, intraductal papillary mucinous adenoma; IPMC, intraductal papillary mucinous adenoma.
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nous adenocarcinoma (n � 2) and intraductal papillary
mucinous adenoma (n � 2). All patients underwent total
pancreatomy or pancreatoduodenectomy. ERCP revealed
dilation of main pancreatic duct in all patients. The aver-
age diameter of the main pancreatic duct was 7.4 � 2.9
mm (range 4.8-14.3 mm). TCE provided good and fair
visualizations in 2 (50.0%) and 2 (50.0%) of the pancreatic
lesions, respectively (Fig. 5; Video 2, available at www.
giejournal.org). There were no poor visualizations. ERCP
depicted filling defects in 3 of the 4 patients. Although 1
patient had highly mucinous secretions in the main pan-
creatic duct, they were aspirated and removed by a 7F
catheter (Soehendra biliary dilation catheter; Cook Medi-

cal, Bloomington, Ind). The pancreatic lesion could then
be observed by TCE after irrigation of the pancreatic duct.
None of the 4 patients underwent EST after TCE.

DISCUSSION

POCS was developed over the past 3 decades as a
diagnostic endoscopic modality that could be used to
observe bile duct lesions that were difficult to evaluate
by cholangiography and facilitate precise diagnostic
biopsy.6-9 Recently, 3 new POCS techniques have been
reported. One was direct endoscopic cholangioscopy, in
which an ultraslim upper endoscope is advanced over a
balloon catheter that has been inserted in the pancreato-
biliary duct of the patient; this allows direct visual exam-
ination of the biliary and pancreatic ducts.11,12 Another
technique is POCS with narrow-band imaging, which has
been reported to be useful for identifying the surface
structure and capillary vessels in the ducts.13,14 The third
technique is the Spyglass Spyscope system (Boston Scien-
tific), in which a new single-operator endoscope is intro-
duced into the endoscopic area.15 This system involves a
new intraductal endoscope that differs fundamentally
from other existing mini endoscopes in terms of its struc-
ture, 4-way steering ability, separate irrigation channel,
ease of use, and need for a single operator.15 Although
visualization by POCS offers an advantage in terms of
establishing a diagnosis, an EST is necessary with these
procedures, which can thus lead to several complications.

In TCE, the Spyglass probe is passed through the cath-
eter for contrast injection into the papilla; in this way, the
Spyglass probe can be used to observe the bile or pancre-
atic duct easily. In this study, TCE could discriminate
between incidental stones and air artifacts in the bile duct
in 3 patients. It also identified the source of bleeding in the
bile duct in 1 patient. Furthermore, TCE was useful for
diagnosing 4 cases of pancreatic lesions in which ERCP
could not provide clear diagnoses. In 1 patient with a
pancreatic lesion, TCE could detect a small tumor; in the
remaining 4 patients, it could discriminate between mural
nodules and mucous clots in the pancreatic duct lesions.

An advantage of the TCE system is that it can be per-
formed without EST. It was unnecessary to perform EST
for cannulation with the tandem catheter before TCE in all
patients. Although 8 of 17 patients eventually underwent
EST for biliary stenting and extraction of stones, the diag-
noses of the lesions were made without endoscopic inter-
vention including EST in the remaining 9 patients. TCE can
also be performed in even patients who take anticoagulant
medication. Another advantage is that it involves a thinner
catheter than is usually used in POCS, which in turn
reduces the chance of injury to the bile and pancreatic
duct walls because only a catheter for contrast injection is
used. Moreover, the TCE endoscope allows us to advance
into and observe more peripheral thinner intrahepatic
ducts than we can with POCS. Published case series have

Figure 3. A, A 69-year-old woman was hospitalized for examination of a
tumor in the gallbladder. When she underwent transpapillary cholan-
giography, a defect was found in the bile duct (arrow). However, it was
unclear whether it was a stone or an air artifact. B, Transcatheter endos-
copy revealed that it was an incidental stone in the bile duct, which was
removed after performing endoscopic sphincterotomy.
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reported the rates of complications associated with POCS,
including cholangitis (0-14%), hemobilia (0-3%), bile
leakage (1%), and pancreatitis-related complications (0-
6%).16,17 Recently, Sethi et al17 reported that ERCP with

cholangiopancreatoscopy may be associated with higher
rates of complications than ERCP alone. In particular,
POCS was associated with a significantly higher rate of
cholangitis than was ERCP. Although there were no com-

Figure 4. A 70-year-old man who received transcatheter arterial infusion to treat hepatocellular carcinoma was hospitalized for biliary bleeding. It was
not possible to identify the source of the bleeding and thus to stop the bleeding by interventional radiology. Transcatheter endoscopy (TCE) of the bile
duct could identify the source of the bleeding (A–C). A covered metal stent was then deployed to press on the bleeding point in the bile duct. A,
Fluoroscopic image of the TCE probe inserted in the upper bile duct (arrow indicates the tip of TCE probe). B, Fluoroscopic image of the TCE
endoscope inserted in the middle bile duct (arrowhead indicates the tip of TCE). C, TCE image of the source of the bleeding in the middle bile duct.
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plications in this study, further study comparing TCE and
conventional POCS with a larger number of patients is
needed to evaluate the safety of TCE.

The TCE system may also be convenient in terms of cost
and time savings. A disposable sheath for the ordinary
Spyglass Spyscope system, which costs approximately
$1000 (85,000 Japanese yen) is unnecessary for TCE. In
addition, TCE required a short procedure time (mean pro-
cedure time 6 minutes, 15 seconds).

Compared with conventional POCS, the disadvantages
of TCE are fragility; poor steerability; inability to perform
simultaneous aspiration, flushing, and visualization; and
inability to perform a biopsy under visualization. The
glass-fiber probe is fragile, and without the sheath, it is
even more fragile. To avoid breaking the Spyglass probe,
we used special techniques while maneuvering the de-
vices, by which the tip of Spyglass probe in the tandem
catheter could be advanced into the bile duct without

being damaged. By using these techniques, only 1 probe
was used in 17 patients without being broken. Ordinary
POCS has 2- or 4-way deflected steering. In contrast, TCE
does not have any steering system. Therefore, the intra-
ductal maneuverability of the probe is limited without
steerability of the sheath. One of the reasons why the 5
bile duct lesions (38.5%) could not be observed was be-
cause TCE was performed without steering the catheter.
The poor visualization was also caused by a continuous
overflow of contaminated bile juice even after irrigation of
the bile duct. For TCE, aspiration and flushing were per-
formed before insertion of the probe into the catheter. In
the cases with sticky or contaminated bile juice in the bile
duct, it may be necessary to perform simultaneous aspira-
tion, flushing, and visualization by using a sheath such a
Spyscope, which has 2 irrigation channels, for observation
of the lesions in the bile duct. The fourth limitation is that
TCE cannot be used for direct biopsies and electrohydrau-
lic lithotripsy. Therefore, at the present time, TCE is used
only for the diagnosis of indeterminate lesions.

In conclusion, TCE allowed direct observations of the
bile and pancreatic ducts in a safe and convenient manner.
Thus, it may play an important role in assessing biliary and
pancreatic lesions that are difficult to diagnose by ERCP.
Prospective large-scale clinical trials evaluating the clinical
utility of TCE are currently under way.
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Editorial

Why Does Every Hepatocellular  
Carcinoma Clinical Trial Using  
Molecular Targeted Agents Fail?

Sorafenib was approved for the treatment of unresectable hepatocellular carcinoma 
(HCC) in 2007 and is the first molecular targeted agent to be used for treating advanced 
HCC. It is also the only molecular targeted agent to have had a survival benefit demonstrated 
in two global phase III randomized controlled trials [1, 2], and it has since been approved for 
use worldwide.

To date, more than 10 phase III global clinical trials of new molecular targeted agents 
have been undertaken or are currently ongoing. Of these, 8 have failed to meet their primary 
endpoint (as of August 2012).

The trials are the adjuvant Vitamin K2 study [3], the Japanese/Korean post-Transarterial 
Chemoembolization (TACE) study [4], the sunitinib first-line study [5], the adjuvant pereti-
noin (NIK333) study [6], the brivanib second-line study [7], the brivanib first-line study, the 
linifanib first-line study, and the SEARCH (Sorafenib and Erlotinib, a Randomized Trial Pro-
tocol for the Treatment of Patients with HCC) study, which is a phase III study of sorafenib 
plus erlotinib versus sorafenib plus placebo.

The problems experienced in the Japanese/Korean post-TACE study may be related to 
the study design (sequential design), to the treatment lag after TACE (9.3 weeks), or to the 
high early discontinuation rate (low drug exposure rate) [4]. Problems with the sunitinib 
first-line trial may be due to high toxicity, low tolerability, or to the high dose reduction and 
drug discontinuation rates (low drug exposure rate) [5]. In the adjuvant Peretinoin study, 
where Peretinoin was administered after curative treatment, problems may have arisen be-
cause the 300 mg dose of Peretinoin failed to suppress HCC recurrence due to poor phar-
macological activity. However, exploratory subset analysis revealed a positive signal for the 
600 mg dose of Peretinoin, showing a significant decrease in recurrence compared with the 
placebo [6]. Stage migration may be a problem with the brivanib second-line study because 
sorafenib treatment was evaluated in more advanced stage cancer in the two initial phase 
III studies [1, 2]. In other words, sorafenib was administered for intermediate-stage HCC 
in those trials, and post-trial therapies such as TACE or systemic/arterial infusion chemo-
therapy might have been administered to patients for whom second-line therapy had failed, 
thereby affecting the findings. However, the study clearly demonstrated improved antican-
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cer efficacy, as evaluated by tumor response rate and time to tumor progression. The prob-
lems with the linifanib first-line study, the brivanib first-line study, and the SEARCH study 
remain unknown. Details are expected to be presented at a forthcoming scientific meeting.

In conclusion, clinical trials of new molecular targeted agents for the treatment of HCC 
in an adjuvant setting, first-line setting, second-line setting, or in combination with TACE, 
seem to be experiencing difficulty and yielding poor results. These failures may be attributed 
to any of the following reasons. First, HCC is usually associated with impaired liver function 
or liver cirrhosis; therefore, toxicity or intolerability may be enhanced relative to patients 
with normal liver function, resulting in early discontinuation or dose reduction. Second, 
aside from resection, there are many effective treatment options for HCC including ablation, 
TACE [8], and hepatic arterial infusion chemotherapy [9]. Therefore, post-trial treatment 
might have affected the results of the primary endpoints such as overall survival.

There is a need for new molecular targeted agents for treating HCC that suppress recur-
rence after curative treatment or TACE as well as for agents for treating advanced HCC in 
patients with sorafenib resistance or intolerance. We look forward to positive findings from 
current or future trials of agents that can overcome the difficulties associated with HCC of 
the cirrhotic liver.
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Review

Treatment of Advanced Hepatocellular 
Carcinoma with Emphasis on Hepatic 
Arterial Infusion Chemotherapy and 
Molecular Targeted Therapy
Masatoshi Kudo
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Abstract
Advanced hepatocellular carcinoma is defined as liver cancer with vascular invasion or ex-
trahepatic metastasis that is untreatable by local therapy. In Japan, hepatic arterial infusion 
chemotherapy (HAIC) with interferon plus 5-fluorouracil (5-FU) or a combination of low-dose 
5-FU and cisplatin, referred to as low-dose FP, is administered for treating advanced liver can-
cer and yields favorable outcomes. Outside Japan, the molecular targeted agent, sorafenib, is 
used as a first-line treatment for advanced liver cancer. New drug development for advanced 
liver cancer and clinical trials on combination therapy with sorafenib and HAIC are currently 
underway. The prognosis of advanced liver cancer will significantly improve if these clinical 
trials yield positive results. Copyright © 2012 S. Karger AG, Basel

Introduction

Advanced liver cancer is defined as liver cancer at an advanced stage, which is unrespon-
sive to local treatment and includes hepatocellular carcinoma (HCC) with vascular invasion 
and liver cancer with distant metastasis. Based on the treatment algorithm proposed by the 
Japan Society of Hepatology, advanced liver cancer is defined as one that is not eligible for 

© 2012 S. Karger AG, Basel
2235-1795/12/0012-0062$38.00/0
www.karger.com/lic

Liver Cancer 2012;1:62–70
DOI: 10.1159/000342402
Published online: September 28, 2012

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

62

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
61

.1
13

.1
02

.2
02

 - 
9/

5/
20

13
 3

:2
9:

02
 A

M

— 305 —



Kudo: Treatment of Advanced HCC

Liver Cancer 2012;1:62–70

DOI: 10.1159/000342402
Published online: September 28, 2012

© 2012 S. Karger AG, Basel
www.karger.com/lic

63

curative treatment, transcatheter arterial chemoembolization (TACE), or equivalent treat-
ment [1]. The Barcelona Clinic Liver Cancer (BCLC) classification system, used commonly 
in Western countries defines grade A as early HCC, grade B as intermediate stage, grade C 
as advanced stage, and grade D as terminal stage [2]. Terminal-stage disease corresponds 
to Child–Pugh grade C HCC. Therefore, advanced liver cancer corresponds to BCLC grade C 
cancer, which that is graded as Child–Pugh A or B with vascular invasion or distant metasta-
sis. In Japan, cancers that are unlikely to respond to locoregional therapies such as resection, 
local ablation, or TACE are defined as advanced liver cancer. These include multiple liver 
cancer with 4 or more lesions and liver cancer with vascular invasion or distant metastasis.

Treatment

1. Systemic chemotherapy
As described in the American Association for the Study of Liver Diseases (AASLD) guide-

lines for liver cancer [2], systemic chemotherapy has not been shown to provide any survival 
benefit, and thus, is not recommended or used in practice. Therefore, this article does not 
discuss systemic chemotherapy.

2. Hepatic arterial infusion chemotherapy
In Japan, hepatic arterial infusion chemotherapy (HAIC) is primarily administered for 

treating HCC with vascular invasion. Based on the Japanese HCC management guideline [1, 
3], HAIC is indicated and recommended for treating the following: multiple liver cancer with 
4 or more lesions, HCC with major vascular invasion, and cancers with distant metastasis not 
considered a prognostic factor (fig. 1). According to the 18th nationwide survey of the Liver 

HCC

No Yes

Child–Pugh A/B Child–Pugh C

No

Single 1～3

Extrahepatic 
Spread

Liver Function
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invasion 

Number
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• Resection
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• Transplantation
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• Resection
• Ablation

Within Milan
criteria and 
Age  <65

Exceeding Milan 
criteria
or Age >65

YesYes No

• Resection
• TACE
• TACE+
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(TACE/HAIC failure, Child-Pugh A)

Fig. 1. Consensus-based treatment algorithm for HCC proposed by the Japan Society of Hepatology, re-
vised in 2010. HAIC is recommended for treating multiple liver cancer and HCC with vascular invasion. 
Sorafenib is recommended for patients unresponsive to TACE and for those with liver cancer with vas-
cular invasion or extrahepatic spread. Modified with permission from Kudo et al. [1].
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Cancer Study Group of Japan, chemotherapy is performed only in 5.5% patients with liver 
cancer (fig. 2), and approximately 90% of these patients undergo HAIC [4](Fig. 3). In addition, 
chemotherapy demonstrated an excellent outcome in a nationwide survey, with a response 
rate (complete response (CR) plus partial response (PR) of 45.9% and a disease control rate 
of 76.5% (fig. 4). In Japan, the interferon (IFN) + 5-fluorouracil (5-FU), low-dose FP (low-dose 
5-FU + cisplatin (CDDP)), and CDDP monotherapy regimens account for 49%, 30%, and 11% 
of all HAIC regimens, respectively (fig. 5). HAIC has also demonstrated a favorable outcome in 
our study, with a median survival time (MST) of 15.9 months and a time to progression (TTP) 
of 4.1 months [5](Figs. 6a and 6b). A subset of patients who responded to the therapy (CR 
+ PR) exhibited MST of 40.7 months, while those who did not respond to the therapy (SD + 
PD) exhibited MST of 6.8 months, suggesting a better survival among responders than among 
nonresponders (fig. 6c). These results indicate that HAIC is superior to other treatments. Pro-
pensity analysis of the nationwide survey clearly revealed that HAIC is superior to the best 
supportive care based on a nationwide survey of Liver Cancer Study Group of Japan (fig. 7).

HAIC was developed in Japan but is not appreciated in Western countries because no 
randomized controlled trial (RCT) has been conducted and its use is based solely on empirical 
data. In fact, AASLD clinical practice guidelines for liver cancer strongly recommend that HAIC 
should not be used as the standard of care [6]. To overcome this obstacle, there is a strong 
need to conduct RCTs in Japan. However, since the effectiveness of empirically established 
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HAIC has been widely accepted by Japanese physicians and patients, the conduct of RCTs has 
been precluded by ethical concerns. This situation resembles that encountered in the history 
of TACE [7], which was also empirically developed in Japan but had not been approved until 
RCTs conducted in the West or East including Japan confirmed its efficacy and safety.

An advantage of HAIC is that the response can be estimated on the basis of tumor mark-
ers, imaging findings, or other parameters 2–4 weeks after therapy. Consequently, both re-
sponders and nonresponders can be distinguished from each other in less than 4 weeks. 
For nonresponders, treatment can be switched to a molecular targeted therapy such as 
sorafenib, a global standard of care for advanced HCC. There is a growing argument about 
whether HAIC or molecular targeted therapy should be selected as the first choice of treat-
ment for liver cancers with vascular invasion, for patients not eligible for TACE therapy, and 
for those with multiple liver cancers unresponsive to TACE. HAIC generally provides good 
but variable outcomes, with a response rate of 8–71% and MST of 6–15.9 months. A find-
ing that was similar to previous reports was that responders demonstrated better outcome 
than nonresponders. Considering this, HAIC will remain an essential treatment option for 
advanced liver cancer if used appropriately.

Fig. 4. Result of HAIC 
in Japan. The response 
rate is 45.9% and dis-
ease control rate is 
76.5% [19].

Other（3）5%
FMP（3）

CDDP（7）
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49%
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11%

30%

Fig. 5. Most commonly used HAIC 
regimens in Japan. IFN + 5-FU regi-
men followed by low-dose FP ther-
apy is the most popular.
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3. Molecular targeted therapy
1) Mechanism of action and effects of sorafenib
Sorafenib is an oral molecular targeted agent that has been demonstrated to be effective 

for treating HCC for the first time and is currently the only insurance-covered drug. The Raf/
MEK/ERK pathway, the so-called MAP kinase pathway, is a downstream pathway shared by 
VEGFR, PDGFR, and EGFR, and its activation has been demonstrated to be involved in the 
growth and survival of HCC. Sorafenib inhibits HCC growth by suppressing the serine/threo-
nine kinase activity of the C-Raf and B-Raf components of the MAP kinase pathway and inhib-
iting FLT-3 and c-KIT activities. It also serves as a multikinase inhibitor that suppresses the 
tyrosine kinase activity of VEGFR and PDGFR, thereby inhibiting angiogenesis and the growth 
of endothelial cells and pericytes [8–10].

In a global phase III trial conducted in the West (SHARP study) [11], the median surviv-
al time was significantly improved in the sorafenib group compared with the placebo group 
(10.7 vs. 7.9 months, respectively; hazard ratio (HR): 0.69, P < 0.001), and the 1 year survival 
rate also improved from 33 to 44%. The median TTP significantly improved in the sorafenib 
group (5.5 months) compared with the placebo group (2.8 months, HR: 0.58, P < 0.001). In 
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Fig. 6 a Kaplan–Meier analysis of overall survival of 52 patients treated by HAIC with low-dose FP therapy. b Kaplan–
Meier analysis of time to progression in 52 patients treated by HAIC with low-dose FP therapy. The median time to pro-
gression was 4.1 months (95% CI 2.1–6.1). c The median survival for patients who underwent HAIC with low-dose FP 
therapy at Kinki University and who responded to the therapy (responders) was 40.7 months, which was significantly 
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an Asia-Pacific study [12] conducted in China, Taiwan, and North Korea, the median survival 
time significantly improved in the sorafenib group compared with the placebo group (6.5 vs. 
4.2 months, respectively; HR: 0.68, P = 0.014) and TTP (2.8 vs. 1.4 months, respectively; HR: 
0.57, P = 0.0005). In Japan, sorafenib was approved for insurance coverage in May 2009 after 
a phase I clinical trial confirmed its pharmacokinetics and safety [13].

2) Indications of sorafenib
The current indications of sorafenib are specified and described in the consensus-based 

treatment algorithm proposed by the Japan Society of Hepatology [1] (Fig. 1). These include 
patients with Child–Pugh grade A HCC with extrahepatic spread or vascular invasion and 
those not responding to TACE or HAIC. Sorafenib is not recommended for Child–Pugh grade 
B HCC because of the lack of safety data. It is important to identify unresponsiveness to TACE 
at the earliest and administer sorafenib before repeated courses of TACE cause impaired 
liver function or before the disease stage progresses beyond Child–Pugh A.

3) Future prospects
(1) Molecular targeted therapy combined with conventional therapy
a. Prevention of recurrence after curative treatment
Ongoing clinical trials aimed at preventing recurrence include the Sorafenib as Adjuvant 

Treatment in the Prevention of Recurrence of HCC (STORM) study of sorafenib and another 
study of peretinoin (NIK333), an acyclic retinoid. The STORM study is a global trial being 
conducted in Europe, North America, South America, and Asian countries, including Japan, 
to evaluate the preventive effect of sorafenib on recurrence in patients who have undergone 
radio frequency ablation or resection. Patient enrollment has been completed, and the study 
is currently in the follow-up period.

NIK333 (peretinoin) is an oral acyclic retinoid developed in Japan, which has a vitamin 
A-like structure and primarily targets the nuclear receptors of retinoid, namely retinoic acid 
receptor (RAR) and retinoid X receptor (RXR). This agent exerts transcriptional activation- 
and differentiation-inducing effects via RAR and RXR and is expected to prevent carcinogen-
esis through HCC precursor removal by apoptosis and differentiation induction [14]. A phase 
III clinical trial to establish the superiority of peretinoin 600 mg over placebo is currently 
underway.

b. Post-TACE adjuvant therapy
The majority of patients with HCC receive at least 1 cycle of TACE. In many cases TACE is 

repeated because it is not curative and is inevitably followed by recurrence. Although TACE 
has an antitumor effect, repeated use of this therapy causes gradual deterioration of liver 
function. Therefore, the adjuvant use of molecular targeted therapy is attracting attention. 
Although tumor shrinkage is observed following TACE, recurrence, including tumor regrowth 
and intrahepatic metastasis, can still occur [7]. A suggested mechanism of post-TACE recur-
rence is mediated by increased angiogenesis in response to increased VEGF levels caused by 
embolization-induced tumor hypoxia [15, 16]. Therefore, the suppression of angiogenesis 
following TACE is important to prevent post-TACE tumor recurrence. The combined use of 
TACE and angiogenesis inhibitors strongly suppresses post-TACE recurrence or regrowth 
of advanced HCC through the inhibitory effect of angiogenesis inhibitors on post-TACE in-
crease in angiogenesis. Such a therapy is also expected to prolong the period during which 
tumor progression can be controlled by TACE and prevent deterioration of liver function by 
reducing the frequency of TACE. Although a study conducted in Japan and South Korea, the 
so-called post-TACE study, had various limitations [17], many clinical trials on molecular tar-
geted therapy as a post-TACE–adjuvant or TACE-combination regimen are being conducted 
on the basis of these study results.
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c. TACTICS study
The Transcatheter Arterial Chemoembolization Therapy in Combination with Sorafenib 

(TACTICS) study is a phase II clinical trial on TACE combined with sorafenib conducted in 
Japanese patients with unresectable HCC. The TACE regimen used in this study is based on 
actual clinical practice in Japan, which comprises Gelpart as an embolization agent and epiru-
bicin hydrochloride or miriplatin as an anticancer agent. It is performed as on-demand TACE 
and administered after a certain degree of tumor growth has been observed. The study is 
designed to include patients with HCC untreatable by surgical resection or percutaneous abla-
tion therapy. After undergoing TACE, patients will be randomized at a 1:1 ratio to receive or 
not receive oral sorafenib. The primary endpoint is time to untreatable progression, at which 
point TACE can no longer be performed. This study is currently enrolling patients.

d. BRISK-TA study (brivanib)
Brivanib is a kinase inhibitor that selectively inhibits VEGFR and FGFR. A phase III clinical 

trial that compares brivanib with placebo as an adjuvant therapy for TACE is underway.

e. ORIENTAL study (TSU68: orantinib)
TSU68 (orantinib) is a low-molecular weight oral angiogenesis inhibitor that inhibits 

VEGFR, PDGFR, and FGFR [18]. A phase III clinical trial that evaluates the superiority of com-
bined use of TSU68 over placebo in terms of overall survival in patients with advanced HCC 
who have undergone TACE is currently underway.

f. Sorafenib combined with HAIC
In Japan, HAIC is initially performed for advanced HCC with major vascular invasion.

Without established evidence, HAIC is accepted as a de facto standard and is rarely used 
outside Japan. Although technically complicated and invasive, this therapy provides excel-
lent local control, and is thus considered effective. Several clinical trials that are evaluating 
the efficacy of combination therapy with HAIC and sorafenib for treating advanced HCC are 
currently underway. These include the SILIUS trial (NCT01214343), a randomized phase III 
study on sorafenib combined with HAIC and low-dose FP using a reservoir system aiming to 
demonstrate the additional benefits of HAIC. SILIUS is part of a multicenter cooperative study 
funded by the Ministry of Health, Labour and Welfare of Japan. The primary endpoint for this 
study is overall survival. Demonstration of additional benefits will be the first indirect dem-
onstration of the survival benefit of low-dose FP therapy. The results of the phase I study were 
promising, demonstrating the additive effect of HAIC and sorafenib. The CDDP-Sor-rP2 study 
(UMIN000005703) is a randomized phase II study of sorafenib combined with a one-shot 
HAIC with CDDP. Similar to the SILIUS study, the CDDP-Sor-rP2 study aims to demonstrate 
additional benefits of HAIC without the use of a reservoir.

(2) Status of development of new drugs other than sorafenib
As summarized in fig. 8, various first-line and second-line therapies, combination thera-

pies with HAIC/TACE and sorafenib, and adjuvant therapies after curative treatment are cur-
rently under investigation as potential new treatment strategies for patients with advanced 
liver cancer unresponsive or intolerable to sorafenib.

Conclusions

Since the effectiveness of sorafenib was confirmed, systemic chemotherapy with molec-
ular targeted agents has established its position in the treatment of HCC, which otherwise 
had to rely on local therapy. This has finally allowed discussion of medication therapy for 
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HCC, similar to that for other types of carcinoma. At the same time, it must be remembered 
that HCC occurs in patients with underlying chronic liver diseases and is accompanied by 
concomitant conditions such as impaired liver function and pancytopenia. Drugs that cause 
severe adverse events or affect liver function cannot be used as therapeutic agents, even if 
they have a potent antitumor effect. The most important challenge for improving the sur-
vival outcome in HCC patients is determining ways to prevent deterioration of liver function 
due to underlying chronic liver disease. The development of less toxic drugs and treatment 
regimens is therefore desirable.

The prognosis of advanced liver cancer can significantly improve if positive results are 
obtained from new drug development and clinical studies on combination therapy with ex-
isting treatments.
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a b s t r a c t

Mitogen-activated protein kinases (MAPKs) are ubiquitous proteins that function in both normal and

stress-related pathophysiological states of the cell. This study aimed to analyze the importance of

p38MAPK in pancreatic injury using WBN/Kob rats with spontaneous chronic pancreatitis. Male WBN/

Kob rats were injected with the p38MAPK inhibitor SB203580, starting at the age of 4 weeks, and

sacrificed 6 weeks later. Compared with vehicle-treated rats, p38 inhibitor-treated rats exhibited a

significant increase in pancreatic cell death and inflammation as assessed by histologic examination

and myeloperoxidase activity, respectively. p38 inhibition decreased the expression of heat shock

protein 27 (HSP27), an antioxidant protein, and enhanced accumulation of reactive oxygen species

(ROS). In addition, the proapoptotic protein BAD was increased in the pancreas of rats treated with p38

inhibitor. In a pancreatic cell line (PANC-1), HSP27 knockdown augmented reactive oxygen species

accumulation and cell death induced by tumor necrosis factor-a plus actinomycin D. In conclusion,

p38MAPK suppresses chronic pancreatitis by upregulating HSP27 expression and downregulating BAD

expression.

& 2012 Elsevier Inc. All rights reserved.

Introduction

Chronic pancreatitis, defined as a progressive inflammatory
disease of the pancreas, is a substantial risk factor for the
development of pancreatic cancer, a highly lethal disease with
the worst prognosis of all the major malignancies. The main
histological features of chronic pancreatitis are chronic inflam-
mation, progressive parenchymal atrophy, and extensive fibrosis
of the exocrine pancreas. There are several etiologies for this
disturbance. Chronic pancreatitis involves a complex cascade of
events that begins with the development of acinar cell death,
leading to an inflammatory response, thus provoking the release
of inflammatory cytokines and the activation of stellate cells, the

major cell type responsible for fibrosis. Cell death releases
intracellular components, some of which serve as danger signals
that damage neighboring cells and promote inflammation and
cancer [1–3]. Although an important role for reactive oxygen
species (ROS) [1] has been suggested in the pathogenesis of
pancreatitis [4], little is known about the molecular mechanisms
regulating ROS production and parenchymal cell death, a major
pathologic response of pancreatitis.

The mitogen-activated protein kinase (MAPK) signaling path-
ways are ubiquitous cascades that regulate cellular growth,
survival, and differentiation and the response to environmental
stress [5,6]. In mammalian cells, at least three parallel pathways
are differentially regulated by a number of extracellular signals
that act via different cell-surface receptor types. Central to these
signaling pathways are the MAPKs themselves: extracellular
signal-regulated kinases, c-Jun N-terminal kinases (JNKs), and
p38MAPKs. p38MAPK is a critical regulator of inflammation in
several tissues. Activation of p38MAPK signaling has been impli-
cated in cytokine production by macrophages [7] and cytokine-
mediated pancreatic b-cell injury [8]. A recent study indicated
that p38MAPK plays a critical role in parenchymal cell death in
the liver. p38a, a major p38 isoform, controls the gene encoding
heat shock protein 27 (HSP27), which acts as an antioxidant, to
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prevent ROS accumulation and hepatocyte death [3]. Thus, in this
study, we examined the effects of p38MAPK on parenchymal cell
death in chronic pancreatitis. p38MAPK downregulates expres-
sion of BAD (Bcl-2 antagonist of cell death) and upregulates
expression of HSP27, which prevents ROS accumulation and
pancreatic acinar cell death. Tissue homeostasis in multicellular
organisms requires a balance between cell death and prolifera-
tion. A rate of cell death exceeding the rate of proliferation leads
to homeostatic imbalance in many pathological conditions.
p38MAPK probably plays an important role in maintaining home-
ostasis of the pancreas and preventing chronic pancreatitis.

Materials and methods

Materials

WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-
(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt), available
commercially as Cell Counting Kit-8, was purchased from Dojindo
Laboratory (Kumamoto, Japan). Antibodies against HSP27, glycer-
aldehyde-3-phosphate dehydrogenase, and poly(ADP-ribose)
polymerase (PARP) were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA); 4-hydroxynonenal (4-HNE) was purchased
from NOF Corp. (Tokyo, Japan); actin was from Sigma-Aldrich
(St. Louis, MO, USA); HSP27 (for human) was from Signalway
Antibody (Pearland, TX, USA); and BAD, phosphor-BAD, caspase-3,
and p38MAPKs were from Cell Signaling Technology (Beverly,
MA, USA).

Animal models

The WBN/Kob rat develops chronic pancreatitis and is used as
a model for the human form of the disease. Four-week-old male
WBN/Kob rats were purchased from SLC Japan (Hamamatsu,
Japan). WBN/Kob rats were fed normal rat chow and were studied
in accordance with institutional guidelines. Rats were injected
with 2 mg/kg body wt of the p38 inhibitor SB203580, JNK
inhibitor SP600125 (Calbiochem, La Jolla, CA, USA), or PPCES
vehicle (30% PEG-400/20% polypropylene glycol/15% Cremophor
EL/5% ethanol/30% saline) 11 times per week for 6 weeks. The rats
were sacrificed at the 6th week and the pancreata were used for
the study.

Histological scoring of chronic pancreatitis

Hematoxylin and eosin (H&E)-stained sections of the pancreas
were used for histological examinations. Pancreatitis scores were
determined based on the criteria reported by Schmidt et al. [9].

Myeloperoxidase activity

Myeloperoxidase (MPO) activity of pancreas homogenates was
determined by using o-dianisidine dihydrochloride as a substrate
as described previously [10]. Briefly, pancreatic tissue homoge-
nates were mixed with 0.167 mg/ml o-dianisidine dihydrochlor-
ide and 0.003% hydrogen peroxide in 100 mM potassium
phosphate buffer (pH 6.0), and the absorbance at 450 nm was
monitored for 3 min. The maximum increase in optical density
during 1 min was compared between control and SB203580-
treated groups.

Western blotting and protein oxidation assay

Pancreatic tissue lysates were prepared with CelLytic MT
(Sigma-Aldrich) containing Complete protease inhibitor (Roche

Diagnostics, Mannheim, Germany) and phosphatase inhibitor
(Toyobo). The lysates were electrophoresed through a reducing
SDS-polyacrylamide gel and electroblotted onto a polyvinylidene
difluoride membrane. The membrane was blocked with 5% skim
milk and probed with primary antibodies. The levels of each
protein were detected with horseradish peroxidase-linked sec-
ondary antibodies and the ECL Plus System (GE Healthcare,
Piscataway, NJ, USA). Protein carbonylation, a major form of
protein oxidation, was determined using the Oxiselect protein
carbonyl immunoblot kit (Cell Biolabs, San Diego, CA, USA),
according to the manufacturer’s instructions. To evaluate signal
intensity, Western blot image data were quantified using ImageJ
software (National Institutes of Health, Bethesda, MD, USA).

Cell culture and small interfering RNA (siRNA) knockdown of HSP27

Human pancreas carcinoma PANC-1 cells obtained from the
Riken Cell Bank (Tsukuba, Japan) were seeded in RPMI 1640
medium (Gibco Invitrogen, Carlsbad, CA, USA) supplemented with
100 U/ml penicillin, 100 mg/ml streptomycin (Gibco), and 10%
fetal bovine serum cultured at 37 1C under 5% CO2/95% air.

HSP27 siRNA duplexes that target the sequences sense,
50-UGAGAGACUGCCGCCAAGUAA-30, and antisense, 50-UUA-
CUUGGCGGCAGUCUCAUU-30, were synthesized by Genedesign
(Osaka, Japan). siRNAs of four subtypes of p38MAPK (a, b, g, d)
were purchased from Qiagen (Frederick, MD, USA). Transfection
of siRNA was carried out using Lipofectamine 2000 (Invitrogen).
Briefly, 1 day before transfection, cells were plated in 96- or 12-
well plates at 2�105 cells/ml. On the day of transfection, the
Lipofectamine 2000–siRNA complex was added to the cells. The
final siRNA concentration in each well was 50 nM. A control
(Lipofectamine 2000–control siRNA) was included in the experi-
ments. In some experiments, the cells were treated with actino-
mycin D (ActD; Sigma-Aldrich) and tumor necrosis factor-a (TNF-
a; Wako Pure Chemical, Osaka, Japan) to induce cell death 48 h
after transfection [11]. Twenty-four hours after treatment, cell
viability was determined using Cell Counting Kit-8 and the cell
lysates were collected with CelLytic M containing Complete and
phosphatase inhibitor. Cell lysates were used for Western blot
analysis as described above.

To analyze the cell-protective effect of N-acetyl-L-cysteine
(Wako Pure Chemical) against cell death induced by actinomycin
D and TNF-a in combination, cell viability was determined by the
trypan blue exclusion method 24 h after treatment.

Cloning and transfection of HSP27

Human wild-type HSP27 (HSPB1) was cloned by PCR
using human lung complementary DNA obtained from Origene
(Rockville, MD, USA). Primers for HSP27 were 50-TTGAATTCATGACC-
GAGCGCCGCGTCCCC-30 (forward) and 50-TTTAAGCTTTTACTTGGCGG-
CAGTCTCATCGGA-30 (reverse). The primers encode restriction digest
sites (in italic) for cloning into the pCMV-3Tag-1A expression vector
(Sigma-Aldrich); the forward primer encodes an EcoRI site and the
reverse primer encodes a HindIII site. PCRs were performed with KOD
polymerase (Toyobo). PCR products were purified using the Gel, PCR-
Product Purification Kit (Promega, Madison, WI, USA). Purified PCR
fragments were digested for 1 h with EcoRI and HindIII (New England
Biolabs, Beverly, MA, USA) at 37 1C. Digested DNA was run on an
agarose gel, purified, and ligated into the pCMV-3Tag-1A expression
vector by T4 DNA ligase (Epicenter, Madison, WI, USA). Vectors
positive for inserts were screened by digestion and subjected to
bidirectional sequencing. Transfection of PANC-1 cells with plasmid
was performed using Lipofectamine 2000 (Invitrogen) following the
manufacturer’s instructions. Cells were cultured for 2 days and used
for assays.
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Statistical analysis

Data are presented as means7SD. Differences were analyzed
using Student’s t test. P values of o0.05 were considered
significant.

Results

p38MAPK inhibits cell death and inflammation in the pancreas

To examine the effects of p38MAPK on the severity of chronic
pancreatitis, WBN/Kob rats were subcutaneously injected with
SB203580, a highly specific and cell-permeative inhibitor of p38
kinase, or vehicle 11 times per week for 6 weeks. Pancreata were
harvested, fixed, stained with H&E, and examined morphologi-
cally. Treatment of WBN/Kob rats with vehicle resulted in mild
chronic pancreatitis (Fig. 1A). In contrast, treatment of rats with
SB203580 led to markedly augmented pancreatitis characterized
by necrosis, hemorrhage, and inflammation (Fig. 1A). To assess
these changes semiquantitatively, histologic slides of the pancreas
were scored in a blinded manner. Treatment of rats with p38
inhibitor resulted in a significant increase in hemorrhage and
inflammation (Fig. 1B). In SB203580-treated rats, caspase-3 clea-
vage was enhanced (Fig. 1C), showing that p38 inhibition aug-
mented both necrosis and apoptosis in the pancreas. Rats treated
with SB203580 exhibited elevated neutrophil infiltration as mea-
sured by MPO activity (Fig. 2), although it was not statistically
significant. Thus, in agreement with its previously documented
role in the liver [3], p38MAPK also plays a protective role in the

pancreas. The part of the pancreas with endocrine function is
made up of approximately 1 million endocrine cell clusters called
islets. The cytotoxic effects of p38 inhibitor were less pronounced
in endocrine cells than in acinar cells (Fig. 1A). Body weight and
serum glucose levels were unaffected by p38 inhibitor
(Supplementary Table 1).

JNK, another member of the MAPKs, plays an important role in
a number of biological processes including cell proliferation,
differentiation, apoptosis, cell survival, metabolism, and cytokine
production [12]. JNK activation is the earliest direct contributor to
the induction of secretagogue-induced pancreatitis in rats [13]. It
has been reported that JNK is required for hepatocyte death in the
diethylnitrosamine (DEN) model of hepatocellular carcinoma
[14]. These studies suggest the possible involvement of JNK in
the induction of pancreatic acinar cell death and pancreatitis.
However, JNK inhibition did not affect cell death and inflamma-
tion in the pancreas (data not shown).

p38MAPK attenuates ROS accumulation in the pancreas

A causal link between oxidative stress and chronic pancreatitis
has been proposed [15]. Ablation of hepatic p38a, the best
characterized isoform of the p38MAPKs, enhances ROS accumula-
tion after the injection of the chemical carcinogen DEN [3]. We
assessed the effect of p38MAPK on the accumulation of ROS in the
pancreas by measuring protein carbonylation levels. Inhibition of
p38 significantly increased the levels of carbonylated proteins
(Fig. 3A). 4-Hydroxynonenal is an unsaturated hydroxyalkenal,
produced by cellular lipid peroxidation. A significant increase in
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the level of 4-HNE was seen upon administration of p38 inhibitor
(Fig. 3B). Thus, p38MAPK attenuates ROS accumulation in the
pancreas.

p38MAPK prevents pancreatic cell death by regulating expression of

HSP27 and BAD

Overexpression of the small chaperone protein HSP27 protects
against cerulean-induced pancreatitis [16]. Inhibition of p38
significantly decreased the level of HSP27 protein (Fig. 4A). In
contrast, treatment with p38 inhibitor resulted in a marked
increase in the expression of the proapoptotic protein BAD in
the pancreas (Fig. 4B). The proapoptotic activity of BAD can be

inhibited by BAD phosphorylation [17]. Inhibition of p38 did not
decrease BAD phosphorylation at Ser-112 (Fig. 4B). These results
suggest that p38MAPK upregulates the expression of HSP27 and
downregulates the expression of BAD, thereby maintaining pan-
creatic cell survival and suppressing pancreatic injury.

We next evaluated the contribution of HSP27 to ROS-mediated
cell death in the pancreatic cell line PANC-1. Treatment of PANC-1
cells with p38 inhibitor resulted in decreased expression of HSP27
and increased expression of BAD. Inhibition of p38 did not have a
significant effect on BAD phosphorylation (Fig. 5A). TNF-a pro-
duces other proinflammatory mediators that reinforce and
amplify pancreatic injury and that play a central role in the
progression of pancreatitis [18,19]. An in vitro study showed that
TNF-a and ActD induced both ROS generation and cell death
[11,20]. We assessed the effects of HSP27 on TNF-a plus ActD-
mediated ROS accumulation and cell death. PANC-1 cells were
transfected with HSP27 siRNA or nontargeting siRNA as a nega-
tive control. Forty-eight hours after transfection, the cells were
treated with TNF-a plus ActD to induce cell death. HSP27 knock-
down significantly increased ROS accumulation (Fig. 5B) and cell
death (Fig. 5C). Proteolytic cleavage of PARP by caspases is a
hallmark of apoptosis. HSP27 knockdown enhanced PARP clea-
vage (Fig. 5D). By contrast, overexpression of FLAG-tagged HSP27,
which appeared around 31 kDa by Western blot analysis, attenu-
ated protein oxidation (Fig. 6). Both endogenous and exogenous
HSP27 protein levels were completely suppressed by SB203580
treatment (Fig. 6). Administration of the antioxidant N-acetyl-L-
cysteine (NAC) led to a marked reduction in TNF-a plus ActD-
induced cell death (Fig. 7). Taken together, our results indicate
that TNF-a plus ActD-induced cell death depends on the produc-
tion of ROS in PANC-1 cells, which is regulated by HSP27, a
downstream molecule of p38MAPK. Although expression of BAD
was dependent on p38 activity, HSP27 knockdown did not affect
BAD protein levels (Fig. 5D). Thus, BAD expression is regulated by
p38MAPK independent of HSP27.
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To clarify whether the effects of SB203580 are indeed due to
the inhibition of p38MAPK or to other nonspecific effects of this
small molecule, we transfected siRNAs of four subtypes of
p38MAPK (a, b, g, d) into PANC-1 cells. Knockdown effect was
detected by Western blot analysis with these subtype-specific
antibodies (Fig. 8A). Knockdown of p38b decreased HSP27 protein

levels and strongly increased the TNF-a plus ActD-induced
protein oxidation (Fig. 8B). Furthermore TNF-a plus ActD-induced
cell death was also significantly increased in p38b-knockdown
cells. On the other hand, knockdown of p38d significantly
increased cell proliferation (Fig. 8C). In TNF-a-treated PANC-1
cells, p38b inhibition mimicked the effect of SB203580 observed
in the rat pancreas.

Discussion

Oxidative stress is implicated in the pathogenesis of pancrea-
titis [4,21], exerting many effects, including alteration of gene
expression [22], enhanced cell death and proliferation, and induc-
tion of higher DNA-mutation rates [23]. However, the molecular
mechanisms regulating ROS production in chronic pancreatitis are
poorly understood. Herein, we found that ROS accumulation in the
pancreas was enhanced by p38 inhibition by SB203580. ROS
generated intracellularly or in close vicinity to acinar cells facil-
itate necrosis of acinar cells [18,24]. Correspondingly, our histolo-
gical findings demonstrated that p38 inhibition dramatically
enhanced the loss of acinar cells and infiltration of inflammatory
cells. It is believed that necrotic cells release factors (danger
signals or alarmins) that activate inflammatory cells; these in turn
produce cytokines, such as TNF-a, interleukin 1 (IL-1), and IL-6,
which promote ROS accumulation in parenchymal cells and ROS
production in phagocytic leukocytes [3,25]. p38MAPK would
therefore attenuate ROS-mediated pancreatic acinar cell death
and subsequent recruitment of inflammatory cells. Four mamma-
lian p38 isoforms have been characterized: p38a, b, g, and d.
SB203580 mainly inhibits p38a and b [26]. The effect of SB203580
observed in the rat pancreas was similar to that of p38b inhibition
in TNF-a plus ActD-treated PANC-1 cells.

p38MAPK functions in a cell-context-specific and cell-type-
specific manner to integrate signals that affect proliferation,
differentiation, and survival [27]. In the liver parenchymal cells,
p38a ablation enhances ROS accumulation and hepatocyte necro-
sis, which are prevented by administration of an antioxidant [3],
indicating the critical role of ROS in hepatocyte necrosis. Given
that p38 is essential for ROS production in neutrophils [28] and
proinflammatory cytokine production in macrophages [7], p38
inhibition in inflammatory cells would attenuate the inflamma-
tory response. However, treatment with p38 inhibitor increased
infiltration of inflammatory cells, including neutrophils, in the
pancreas, as assessed by histological examination and MPO
activity. Chronic pancreatitis is an irreversible progressive disease
characterized by destruction of exocrine parenchyma and its
replacement with fibrotic tissue. p38 inhibitor did not signifi-
cantly affect proliferation of pancreatic stellate cells, a major cell
type involved in fibrosis (Supplementary Fig. 1). A previous study
reported that the p38MAPK signaling pathway is not involved in
the regulation of islet cell death [8], which is consistent with our
results. Taken together, these data suggest that p38MAPK in
pancreatic acinar cells plays an important role in the pathogenesis
of chronic pancreatitis, at least in the WBN/Kob rat model.

The functional significance of intracellular HSP27 accumula-
tion and HSP27 phosphorylation in response to cell stress has
been examined in multiple in vitro studies in which the over-
expression of HSP27 reduced ROS accumulation and conferred
resistance against oxidative stress [29]. In the present study, we
showed that p38 inhibition reduced HSP27 protein levels in the
pancreas. Furthermore, HSP27, a downstream target of p38MAPK,
attenuated ROS accumulation and cell death in pancreatic cancer
cells induced by TNF-a plus ActD. It is widely recognized that
HSP27 is phosphorylated downstream of p38MAP kinase [30,31].
In addition to the expression level of HSP27, the cellular impact of
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HSP27 is also influenced by its phosphorylation status. Over-
expression of HSP27, but not HSP27 with the phosphorylatable
residues Ser-15, -78, and -82 mutated to alanine (HSP27-AA),
protects against cerulean-induced pancreatitis [16]. Consistently,
overexpression of HSP27, but not HSP27-AA, ameliorated TNF-a-
induced cell death and ROS accumulation in PANC-1 cells (data
not shown).

The prosurvival proteins Bcl-xL and Bcl-2 protect acinar cells
from not only apoptosis but also necrosis [32]. BAD, a proapopto-
tic member of the Bcl-2 family, heterodimerizes strongly with
Bcl-xL and less strongly with Bcl-2, but does not bind to other
members of the family. When BAD dimerizes with Bcl-xL, it
displaces Bax and restores its apoptosis-inducing ability [33].
We demonstrated that treatment with p38 inhibitor enhanced
cell death and increased expression of BAD in the pancreas. The
decrease in the proapoptotic protein BAD might account for part
of the protective effects of p38MAPK. Although HSP27 is a
component of the p38MAPK signaling cascade, HSP27 knockdown
did not affect the level of BAD protein, suggesting that p38MAPK
regulates BAD expression independent of HSP27. The function of
BAD is also regulated by its phosphorylation at serine residues.
Unphosphorylated BAD binds and eventually inactivates antia-
poptotic family members, primarily Bcl-xL, but also Bcl-2 [33].
Phosphorylation of BAD at Ser-112, Ser-136, and Ser-155 impairs
its binding to Bcl-xL and promotes the sequestration of BAD from
the surface of the mitochondria to the cytosol by the protein
14-3-3, which can prevent apoptosis [17]. We showed that p38MAPK
did not affect the level of phosphorylated BAD in the pancreas.

In conclusion, this study demonstrated that p38MAPK inhibi-
tion augments tissue injury through downregulation of HSP27

and upregulation of BAD in chronic pancreatitis. Our results
suggest that the roles of p38MAPK and HSP27 in patients suffer-
ing from different forms of persistent pancreatitis need to be
evaluated. Targeting these molecules may provide an effective
means of interfering with chronic pancreatitis and fibrosis.
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LETTERS, TECHNIQUES AND IMAGES

Case of Peutz-Jeghers syndrome with depressed-type early
duodenal carcinoma

A 45-year-old man with Peutz-Jeghers syndrome (PJS)
underwent endoscopy. A slightly elevated lesion with a
depression (IIa+IIc) associated with converging folds was
found at the distal duodenum (Fig. 1 and Fig. S1). Partial
duodenectomy was carried out and histopathological exami-
nation confirmed submucosally invasive moderately differ-
entiated adenocarcinoma without vessel permeation (Fig. 2
and Fig. S2). He was diagnosed as having PJS at 7 years of
age and had undergone endoscopy and polypectomy two to
three times a year. His physical examination, as well as family
history, was non-contributory. After the duodenectomy, the
patient has been followed up for 2 years and remains asymp-
tomatic and recurrence free. Hamartomatous polyps sur-
rounding and hiding the depressed-type duodenal cancer had
been removed by polypectomy, which led to early detection
of the cancer.

In PJS, the most challenging clinical aspect is identification
of cancer. Two possible modes of cancer development have
been proposed in PJS: de novo carcinogenesis and a
hamartoma-carcinoma sequence. In our case, no dysplasia

foci were pathologically found in polyps that had endoscopi-
cally been resected. The duodenal cancer was a depressed
type, which looked totally different from surrounding hama-
rtomas. These findings suggest that the duodenal cancer
might have developed de novo.

Hemminki et al. described a mutation in the LKB-1 gene.1

A target of LKB in growth control is the tumor suppressor
p53.2 The expression of COX-2 is induced by p53 activation
of the Ras/Raf/MAPK pathway. COX-2 inhibits DNA
damage- or p53-induced apoptosis.3 Gankyrin, a critical
oncoprotein overexpressed in human cancers, binds to
Mdm2, facilitating p53-Mdm2 binding, and increases degra-
dation of p53.4 On immunostaining, the cancer was positive
for p53, COX2 and Gankyrin, whereas none of these proteins
was expressed in the surrounding normal epithelium and
hamartoma (Fig. S3 and data not shown), suggesting that
these proteins might be involved in carcinogenesis in PJS.

Toshiharu Sakurai, Hiroshi Kashida and Masatoshi Kudo
Department of Gastroenterology and Hepatology, Kinki

University, Osaka, Japan
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Fig. S1. Indigocarmine spraying and narrow band imaging of
the duodenal cancer.
Fig. S2. Macroscopic view of the duodenal cancer. Scale bar,
1 cm.
Fig. S3. Expression of gankyrin, p53 and COX2 in normal
epithelium and cancer. Scale bar, 50 mm.

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials supplied
by the authors. Any queries (other than missing material)
should be directed to the corresponding author for the article.

Fig. 1. Endoscopy revealed a superficial and slightly depressed
lesion with converging folds in the duodenum.

Fig. 2. Microscopic appearance of the cancer showing moder-
ately differentiated adenocarcinoma. Scale bar, 1 mm.
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of iron deposition, which contributes to the development 
of HCC in the absence of liver cirrhosis in men with CHC. 
Lee et al.  [5]  reported that a biochemical but not virologic 
response to interferon- �  therapy reduces independently 
the occurrence of HCC in patients with chronic hepatitis 
B. Kobayashi et al.  [6]  reported that Victoria blue and CK7 
staining are very useful in the diagnosis of early HCC 
through biopsy tissue. Makino et al.  [7]  reported that the 
multimodality fusion imaging system has become quite 
an important tool for locoregional treatment of HCC be-
cause of its usefulness for both the guidance during the 
radiofrequency ablation procedure and the evaluation of 
its treatment effects. Tsuchida et al.  [8]  reported on a nov-
el insertion method, a non-trocar technique, for laparo-
scopic radiofrequency ablation with the use of a convex 
scanning probe, whereby an ablation needle accurately 
and easily punctures the target tumor in the liver.

  Minami and Kudo  [9]  reported that endoscopic retro-
grade biliary drainage (ERBD) and percutaneous trans-
hepatic biliary drainage (PTBD) are the two main non-
surgical treatment options for obstructive jaundiced pa-
tients with HCC. ERBD is usually the first-line treatment 
because of low hemorrhage risk, while PTBD is an impor-
tant second-line treatment when ERBD is impossible. 
The dominant effect of biliary drainage suggests that suc-
cessful jaundice therapy could enhance anti-cancer treat-
ment by increasing life expectancy, decreasing mortality, 

   The 9th Korea-Japan Liver Symposium in Conjunc-
tion with the International Symposium of the Asan Liver 
Center was held on July 15–16, 2012, in Seoul, Korea.

  Hagiwara et al.  [1]  reported two cases of hepatitis B 
reactivation receiving chemotherapy for solid cancer in 
terms of patterns and characteristics of reactivation. Ac-
cumulation of such cases will help in clarifying the clini-
cal importance of hepatitis B reactivation during treat-
ment of solid malignancies. Ueda et al.  [2]  reported that 
retreatment with peginterferon  � -2a + ribavirin should 
be considered for relapsers and partial responders to pre-
vious peginterferon  � -2b + ribavirin combination thera-
py. Their results suggest that prolonged administration is 
also favorable for early viral response cases to attain a 
higher sustained viral response. Hagiwara et al.  [3]  re-
ported that maintenance therapy with the use of long-
term, low-dose peginterferon  � -2a is effective for pre-
venting hepatocellular carcinoma (HCC) occurrence ir-
respective of the IL28B SNP, at least for a subset of 
chronic hepatitis C (CHC) patients. An initial response of 
serum ALT levels and body mass index provides a prog-
nostic value for determining the risk for developing HCC 
later in life.

  Nishida et al.  [4]  reported that male patients with CHC 
develop HCC more frequently when they have a non-cir-
rhotic liver than do female patients. This gender difference 
could be, at least partially, attributed to a different degree 
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or both. In addition, recent developments in interven-
tional endoscopic ultrasound allow a transgastric ap-
proach to the left biliary system when the bile duct is in-
accessible by conventional ERCP in patients with hilar 
block due to HCC.

  Kim and Han  [10]  reported that progressive improve-
ment has been made in the outcomes of HCC in the in-
termediate or advanced stage. Apart from development 
of novel treatment modalities including interventional 
techniques or targeted therapy, proper combination of 
the currently available therapies according to tumor 
characteristics might be necessary to further improve 
therapeutic outcomes of HCC.

  Shim et al.  [11]  reported that tumoral overexpression 
of arrest-defective protein-1 may be useful for predicting 
the presence of microvascular invasion, which is a well-
accepted indicator of poor prognosis after HCC resec-
tion. However, it did not appear to correlate significantly 
with tumor recurrence or patient survival post-surgery. 
This study provides a decisive base for further studies ex-
amining whether arrest-defective protein-1 expression 
can serve as an unfavorable prognostic factor in patients 
with HCC.

  Kudo et al.  [12]  reported on real-life clinical practice 
with sorafenib in advanced HCC in a single-center expe-
rience. Patients in the long-term treatment group, who 
received sorafenib for  6 90 days, showed a favorable out-
come compared with those in the short-term treatment 
group in which the administration period was  ! 90 days. 
Multivariate analysis revealed treatment duration as a 
significant prognostic factor. Furthermore, patients who 
received post-sorafenib treatment had a better outcome 
than those who did not.

  Bae et al.  [13]  reported that assessment of hepatic func-
tion with Gd-EOB-DTPA-enhanced liver MRI  [14, 15]  is 
a relatively new technique with great potential for clinical 
applications. It allows us to obtain both hepatic anatomi-
cal and functional information in a single imaging acqui-
sition setting. In particular, for a patient with locally vary-
ing hepatic parenchymal abnormalities, a regional assess-
ment of hepatic function mapped onto hepatic anatomy 
may be clinically more meaningful than conventional 
global metrics of hepatic function.

  I firmly believe this issue will benefit all of the readers 
of  Digestive Diseases , especially those who are interested 
in viral hepatitis and HCC.
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mulation of such cases will help in clarifying the clinical im-
portance of hepatitis B reactivation during treatment of sol-
id malignancies.  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Recently, reactivation of hepatitis B virus (HBV) has 
widely attracted attention among physicians of several 
specialties, such as hepatologists, clinical oncologists, etc. 
Because several novel anticancer drugs have come into 
being recently, effective immunosuppression is potential-
ly attributed to an increase of the reactivation rate of hep-
atitis B as a consequence of accelerated viral replication 
 [1–3] . Generally, reactivation of hepatitis B can be ob-
served in two populations: asymptomatic hepatitis sur-
face antigen (HBsAg)-positive carriers and HBsAg-nega-
tive subjects with a past history of HBV infection.

  About 85% of HBV carriers become asymptomatic 
with stable clinical manifestations due to spontaneously 
reduced viral replication. However, it is well known that 

 Key Words 
 Hepatitis B virus reactivation  �  Solid cancer  �  Chemotherapy 

 Abstract 
  Objective:  A number of studies have reported reactivation 
of hepatitis B during intensive immunosuppressive therapy 
such as cases of hematological malignancy, whereas little 
has been reported for characteristics of reactivation trig-
gered by chemotherapy for solid cancer.  Methods:  A total of 
130 patients underwent chemotherapy for treatments of 
common solid cancer between May 2011 and May 2012 at 
Kinki University Hospital. Among them, 27 patients were sus-
pected for a past infection of hepatitis B virus (HBV), showing 
positive for hepatitis B core antibody or surface antibody but 
negative for hepatitis B surface antigen, and were eligible for 
this study.  Results:  Hepatitis B reactivation was observed in 
2 of 27 cases (7.4%). The duration between the start of che-
motherapy and increase of serum HBV load was 30 days in 
both cases.  Conclusions:  We reported the 2 cases of hepati-
tis B reactivation receiving chemotherapy for solid cancer in 
terms of patterns and characteristics of reactivation. Accu-
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the virus remains even in asymptomatic carriers, which 
causes an increase of replication during or even after sys-
temic chemotherapy as well as immunosuppressive ther-
apy  [4] . If systemic chemotherapy or administration of 
immunosuppressants is stopped even in asymptomatic 
HBV carriers, severe hepatitis should emerge as a conse-
quence of immune reactivation, which should be an un-
derlying mechanism of reactivation of hepatitis B in as-
ymptomatic carriers. According to recent reports, reacti-
vation is observed in 20–50% of HBV carriers who 
received intensive cancer chemotherapy or immunother-
apy and, importantly, it triggered a fulminant hepatitis in 
a considerable number of cases  [5–7] .

  Previously it was thought that HBV was complete-
ly eliminated from the host with a past history of infec-
tion. However, it has been found that HBV is present as 
cccDNA in hepatocytes and HBV DNA persistently rep-
licates even in those subjects with a past history of acute 
hepatitis B showing positive for hepatitis B core antibody 
(HBcAb) as well as hepatitis B surface antibody (HBsAb) 
 [8] . This type of reactivation triggered by chemotherapy 
and immunosuppressant in subjects with a past infection 
is called ‘de novo hepatitis B’.

  Hui et al.  [1]  examined de novo hepatitis B in 244
HBsAg-negative cases with malignant lymphoma in a co-
hort manner. They reported that the median period from 
the elevation of HBV DNA to the onset of hepatitis was 
18.5 weeks. Therefore, administration of analogue agents 
soon after HBV DNA becomes positive would prevent the 
onset of hepatitis in patients with a past infection. On the 
basis of this knowledge, prophylactic administration of 

nucleotide analogue was recommended for asymptom-
atic carriers in Japan, while HBV DNA should be mea-
sured once a month in subjects with a past infection and 
analogue agents should be administered when HBV DNA 
becomes positive.

  So far, a number of studies have reported the charac-
teristics of reactivation in cases who received intensive 
chemotherapy and immunosuppressive therapy, such as 
cases of hematological malignancy. On the contrary, little 
has been known as to the frequency and characteristics 
of reactivation during chemotherapy for common solid 
cancer. We speculate that a unique character of reactiva-
tion might exist during the therapy of a common solid 
tumor because the immunosuppressive effect should be 
different from those of hematological malignancy. This 
is an intensive report of reactivation of hepatitis B in cas-
es of de novo hepatitis B who received systemic chemo-
therapy for common solid cancer.

  Materials and Methods 

 Patient Characteristics and Study Design 
 A total of 27 cancer patients with a median age of 66 (47–66) 

years were enrolled in this study, which was approved by the eth-
ical committee of Kinki University Hospital. The inclusion crite-
ria were: (1) patients with a solid malignant tumor undergoing 
chemotherapy for the first time; (2) HBsAg-negative patients pos-
itive for either HBcAb or HBsAb, and (3) patients who gave writ-
ten informed consent. The exclusion criteria were: (1) patients 
who underwent or were scheduled to undergo hemodialysis; (2) 
patients with hepatitis C virus (HCV) antibody-positive; (3) pa-
tients positive only for HBsAb with a history of HBV vaccination, 
and (4) patients who were judged by a physician as ineligible for 
enrolling in this clinical study. Serum HBsAg, HBsAb, HBeAg, 
and HBeAb were measured by CLIA with the Architect kit (Ab-
bott Japan). Serum HBV-DNA level was quantified by real-time 
fluorescent probe PCR (Accugene; Abbott Japan) with a lower 
limit of quantification at 1.5 log copies/ml. Negative for serum 
HBV-DNA was confirmed before chemotherapy, and serum 
HBV-DNA was measured periodically once a month during che-
motherapy to monitor HBV reactivation. Monitoring was contin-
ued for 12 months after the end of chemotherapy. In cases with 
HBV reactivation, a nucleotide analogue of entecavir (ETV) was 
administered. HBV reactivation was defined as a positive signal 
for amplification of HBV-DNA.

  Results 

 Patient Characteristics 
  Tables 1  and  2  show the characteristics of the patients 

treated with chemotherapy. Among a total of 27 patients, 
20 were males and 7 were females with a median age of 

Table 1. C haracteristics of patients treated with chemotherapy

Characteristics Patients, n

Total number of patients 27
Gender

Male
Female

20
7

Age, years
Median
Range

66
47–80

Viral markers
Positive for both HBcAb and HBsAb
Positive only for HBcAb
Positive only for HBsAb

23
4
0

Combination with CDDP
Yes
No

17
10
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66 years. The profile of serological markers of HBV was 
as follows: 23 cases were positive for both HBcAb and 
HBsAb and 4 were positive for only HBcAb, while no case 
was positive for HBsAb alone. 17 cases were treated using 
a combination with CDDP, while 10 were treated using a 
regimen without including CDDP. The origins of cancer 
were: 9 cases of esophageal cancers, 8 lung cancers, 7 pha-
ryngeal cancers, 3 breast cancers, and 1 gastric and gall-
bladder cancer, respectively. The median follow-up peri-
od after chemotherapy was 190 days, ranging from 38 to 
390 days. Among 27 cases, HBV reactivation was ob-
served in 2 cases (7.4%) (cases 4 and 21;  table 2 ). The pe-
riod before HBV reactivation was 30 days in both cases.

  Clinical Course in Cases with HBV Reactivation 
  Case 4  ( fig. 1 ). A 65-year-old male had synchronous 

double cancers of the pharynx and esophagus. He re-
ceived the combination therapy of 5-fluorouracil (5-
FU) and cisplatin (CDDP) (CDDP 70 mg/m 2 , 5-FU 700 

mg/m 2 ) and underwent radiation simultaneously for a to-
tal dose of 60 Gy. Viral markers before chemotherapy 
were: HBsAg (–), HBcAb 11.8 S/CO (+), and HBsAb (–). 
One month after the start of chemotherapy, blood tests 
showed positivity for HBV-DNA at 1.8 log copies/ml and 
reactivation of hepatitis B was diagnosed. After the ad-
ministration of ETV, HBV-DNA became negative persis-
tently. Flare-up of hepatitis with elevation of serum ALT 
in association with appearance of serum HBV-DNA was 
not observed. Chemotherapy and radiation therapy for 
cancers were completed without discontinuation or ces-
sation.

   Case 21  ( fig. 2 ). A 67-year-old male was suffering from 
lung cancer and started receiving chemotherapy with 
CDDP at 80 mg/m 2  and docetaxel (DTX) at 80 mg/m 2  on 
March 13, 2012. Viral markers before chemotherapy 
were: HBsAg (–), HBcAb 10.7 S/CO (+), and HBsAb (–). 
One month after the beginning of chemotherapy, blood 
examinations revealed a serum HBV-DNA level of  ! 1.5 

Table 2. D etailed characteristics and outcomes of patients treated with chemotherapy

Case 
No.

Age Gender Cancer origin HBsAg HBcAb
S/CO

HBsAb
mIU/ml

Regimen Reacti-
vation

Period until 
reactivation 
days

Combi-
nation with 
radiation

Follow-
up
days

1 60 M Lung – 908 (+) 4.1 (+) CBDCA+PTX – + 390
2 71 M Lung – 0 (–) 1.9 (+) CDDP+ETOP – – 372
3 47 F Breast – 170 (+) 3.2 (+) AC – – 376
4 65 M Pharynx, esophagus – 0 (–) 11.8 (+) CDDP+5-FU + 30 + 361
5 66 M Lung – 45 (+) 4.8 (+) CDDP+VNR – – 361
6 69 M Lung – 26 (+) 4.2 (+) CBDCA+PTX – + 354
7 61 F Esophagus, stomach – 25 (+) 7.9 (+) CDDP+5-FU – + 361
8 65 M Pharynx – >1,000 (+) 2.6 (+) CDDP – + 345
9 47 F Breast – >1,000 (+) 9.1 (+) TXT+CPA – – 298

10 71 M Pharynx – >1,000 (+) 9.2 (+) CDDP – + 302
11 80 F Lung – 44 (+) 4.7 (+) CBDCA+PTX – + 265
12 70 F Esophagus – 317 (+) 11.0 (+) CDGP+5-FU – + 202
13 64 F Breast – 402 (+) 9.7 (+) PTX+trastuzumab – – 201
14 69 M Pharynx – 117 (+) 3.9 (+) CDDP – + 190
15 75 M Esophagus – 793 (+) 9.3 (+) CDDP+5-FU – + 170
16 80 M Esophagus – 24 (+) 10.5 (+) CDGP+5-FU – + 146
17 72 M Esophagus – 320 (+) 9.9 (+) CDDP+5-FU – + 115
18 67 M Esophagus – 4 (–) 9.7 (+) CDDP+capecitabine – – 126
19 60 M Pharynx – >1,000 (+) 9.9 (+) CDDP – + 113
20 63 M Pharynx – 315 (+) 9.6 (+) CDDP – + 108
21 67 M Lung – 68 (+) 10.7 (+) CDDP+TXT + 30 – 107
22 65 M Pharynx – 81 (+) 10.6 (+) CDDP+5-FU – – 92
23 71 M Gallbladder – 5 (–) 9.4 (+) GEM+low-dose CDDP – – 91
24 75 M Esophagus – 78 (+) 2.7 (+) CDDP+5-FU – + 74
25 63 M Lung – 82 (+) 5.5 (+) CBDCA+PTX – – 77
26 62 F Esophagus – 93 (+) 9.6 (+) CDDP+5-FU – – 71
27 61 M Lung – 78 (+) 11.2 (+) CDDP+ETOP – + 38
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log copies/ml, but signals of amplification of HBV-DNA 
were detected which led to the diagnosis of HBV reactiva-
tion. ETV was administered and amplification signals 
have been persistently undetectable since then. No flare-
up of ALT at the time of detection of HBV-DNA was ob-
served. Chemotherapy for cancer was completed without 
discontinuation or cessation.

  Discussion 

 Hui et al.  [1]  reported the frequency of de novo hepa-
titis B, or reappearance of HBV-DNA among the patients 
with a past history of hepatitis B positive for HBcAb and/
or positive for HBsAb, in a cohort of 244 cases of HBsAg-
negative malignant lymphoma. According to the report, 
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  Fig. 1.  Clinical course (case 4). A combina-
tion of FP (CDDP at 70 mg/m 2  and 5-FU at 
700 mg/m 2 ) and radiation was started. 
One month after the beginning of chemo-
therapy, blood tests showed positive HBV 
DNA at 1.8 log copies/ml. 

  Fig. 2.  Clinical course (case 21). CDDP at 
80 mg/m 2  and DTX at 80 mg/m 2  were 
started. One month after the beginning of 
chemotherapy, blood tests showed HBV 
DNA at  ! 1.5 log copies/ml but signals were 
detected. 
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de novo hepatitis B appeared in 8 cases (3.3%). In par-
ticular, it appeared in 12.2% of the cases treated by com-
bination chemotherapy of rituximab and steroid and 
1.0% by chemotherapy without the combination, which 
suggested that receiving combination chemotherapy of 
rituximab and steroid was a remarkable risk for the onset 
of de novo hepatitis B.

  In 2009, Yeo et al.  [9]  reported reactivation of hepatitis 
B in 5 (6.25%) of 80 HBsAg-negative cases with malignant 
lymphoma who received systemic chemotherapy. In all 
the 5 cases who showed reactivation, HBcAb was positive 
and HBsAb was negative before chemotherapy. Uemoto 
et al.  [10]  also examined de novo hepatitis B in cases who 
underwent a living donor liver transplant, and de novo 
hepatitis B was observed in 94% of the recipients after 
liver transplantation if the donors showed a past history 
of HBV infection. These reports indicate the importance 
of the presence of an undetectable level of HBV in hepa-
tocytes on the pathogenesis of de novo hepatitis B under 
the immunosuppressant condition.

  So far, a number of studies have reported de novo hep-
atitis B in the treatment of hematological disorders and 
transplant. On the other hand, this type of hepatitis has 
rarely been reported in cases receiving chemotherapy for 
common solid cancer. However, according to the increase 
of solid cancers and developing new agents for this type 
of tumor, it is of great importance to know the real fre-
quencies and characteristics of de novo hepatitis B for this 
type of common disease. In the present study, HBV reac-
tivation was observed in 2 cases (7.4%), which should
be a considerable frequency and thus needs paying atten-
tion to.

  According to the 2 cases we experienced, we noticed 
that both cases showed: (1) negative HBsAb (CLIA); (2) 
HBcAb (CLIA) at a high titer  6 10 (S/CO); (3) regimens 
containing CDDP, and (4) HBV reactivation in a relative-
ly short term after the beginning of chemotherapy with a 
low HBV-DNA load after reactivation.

  A decreased titer of neutralizing antibody (or HBsAb) 
was reported as a risk factor for de novo hepatitis B  [9, 11, 
12] , and HBsAb was negative in the 2 cases of the present 
study. Furthermore, according to previous reports, HBV 
reactivation was more frequent in asymptomatic HBsAg-
positive HBV carriers than HBsAg-negative carriers  [13–
15] . However, HBsAg was negative but HBcAb showed a 
high titer in the present cases, which suggested the pos-
sibility that HBsAg became negative due to a persistent 
viral decrease in asymptomatic HBV carriers.

  A number of drugs have been reported to reactivate 
HBV-DNA  [16, 17] . In addition to rituximab for malig-

nant lymphoma, it has been reported that TNF- �  antago-
nists, such as infliximab, for rheumatoid arthritis and 
Crohn’s disease and glucocorticoid monotherapy may 
also trigger the reactivation of HBV. On the contrary, al-
though HBV reactivation by CDDP was reported previ-
ously, it was relatively rare compared to the other immu-
nosuppressive agents  [16] . In the 2 cases of the present 
study, both received CDDP for the treatment of a solid 
tumor. So far, it is believed that CDDP does not carry di-
rect immunosuppressive activity and it is unclear how 
much of the induction of reactivation is a result of admin-
istrating CDDP. Actually, 15 of 25 cases without reactiva-
tion of hepatitis B also received CDDP. However, as both 
the de novo hepatitis B cases underwent a combination 
therapy including CDDP, the additive effect might exist 
for induction of HBV replication. This should be worth 
paying attention to because CDDP is a key agent for the 
treatment of common solid cancers. However, it seemed 
that low viral load at the time of reactivation might be 
another characteristic in the de novo hepatitis B of a com-
mon solid tumor compared to those among hematologi-
cal malignancies. It could be possible that different im-
munosuppressive potentials of regimens for malignan-
cies might attribute to the difference of viral load at the 
time of reactivation.

  HBV reactivation is often observed in cases receiving 
chemotherapy and bone marrow transplant for hemato-
logical disorders, but the frequency in cases receiving 
chemotherapy for solid cancer and the characteristics of 
HBV reactivation have yet to be elucidated. In conclusion, 
although only in a few cases, we reported the character-
istics of HBV reactivation in cases receiving chemother-
apy for solid cancer. Further accumulation of such cases 
should be clinically important because a growing num-
ber of patients have received systemic anticancer therapy 
for a solid tumor along with the development of new 
agents and regimens. 
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Male patients with CHC develop HCC more frequently when 
they have a non-cirrhotic liver than do female patients. This 
gender difference could be, at least partially, attributed to a 
different degree of iron deposition, which contributes to the 
development of HCC in the absence of liver cirrhosis in men 
with CHC.  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is a common malig-
nancy worldwide and the overall prevalence of the at-risk 
population is expected to grow with time. HCC is causa-
tively associated with several distinct risk factors, such as 
chronic infection with hepatitis B virus (HBV) or hepati-
tis C virus (HCV)  [1] . Another unique causative aspect of 
this tumor is a gender-specific difference in its incidence. 
Men have a higher prevalence of HCC than women, and 
the ratio of affected men to affected women varies be-
tween 2:   1 and 4:   1  [1, 2] . Although the reasons for the dif-
ference in incidence between men and women are not 
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fully understood, it is possible that they include several 
environmental factors such as a higher prevalence of viral 
hepatitis, alcohol intake, and smoking in men compared 
to women  [3] . Recently, Naugler et al.  [4]  reported that 
hormonal factors might also play a role in the gender dif-
ference of the incidence of HCC development.

  The male predominance of HCC is further supported 
by the clinical observation that chronic hepatitis pro-
gresses more rapidly to cirrhosis in men than in women. 
In fact, cirrhosis that leads to HCC development is con-
sidered to be more common in men and postmenopaus-
al women, suggesting that sex hormones might play a 
role in the gender difference in the incidence of progres-
sion of liver fibrosis  [5, 6] . In this study, we retrospec-
tively analyzed three cohorts of patients to determine 
which factors contribute to the gender difference in the 
incidence of HCC. The first cohort consisted of 547 HCC 
patients who were diagnosed as the first event of HCC, 
and we tried to identify the background factors associ-
ated with the difference between male and female pa-
tients. The second cohort included 176 HCC patients in 
whom the genetic and epigenetic alterations in HCC tis-
sues had been examined previously, and we analyzed the 
gender differences of genomic alterations in this group 
 [7–9] . The third cohort consisted of 127 patients with 
chronic hepatitis C (CHC), and we analyzed the gender 
differences in liver tissue biopsies with special focus on 
iron deposition.

  In this report, we show that male patients with chron-
ic viral hepatitis, especially in HCV-positive cases, tend 
to develop HCC more frequently in a background of non-
cirrhotic liver with mild fibrosis than do female patients. 
This gender difference could be, at least partially, the re-
sult of a different degree of iron deposition, which con-
tributes to the development of HCC in male CHC patients 
without severe fibrosis.

  Materials and Methods 

 Patients 
 In the first stage of the study, 547 HCC patients consisting of 

418 men and 129 women were examined retrospectively to deter-
mine the differences in their clinical backgrounds. These patients 
were identified with the first event of HCC at the Kyoto Univer-
sity Hospital between 1998 and 2006. The details of the profiles 
of the male and female patients are listed in  table 1 . The liver fi-
brosis stage (F-stage) of the background liver of the HCC patients 
was determined using the METAVIR scoring system  [10] . In-
formed consent was obtained from patients, and the study was 
approved by the institutional review boards of the institutions in-
volved.

  Analysis of Genomic Alterations in HCC Tissues 
 Previously we analyzed 176 pairs of HCC and their corre-

sponding non-cancerous liver for mutations in the  p53  and  �  -
catenin  genes, promoter hypermethylation of tumor suppresser 
genes (TSGs), the methylation status of long interspersed nucleo-
tide element (LINE-1), and the degree of chromosomal alteration 
 [7–9] . Using the data of this HCC cohort (the second HCC cohort), 
we compared the profile of genetic alterations in HCCs from male 
and female patients to understand the difference in the molecular 
pathogenesis of HCC. Details of this patient cohort were de-
scribed previously  [7, 8] .

  Among them, mutation of the  p53  and  �  -catenin  genes were 
analyzed in 79 tumors by using direct sequencing of exon 3 of the 
 �  -catenin  gene and exons 5 through 8 of the  p53  gene in our previ-
ous study  [7] . To determine the degree of hypermethylation of 
TSGs, we quantified methylation levels on the promoters of 8 TSGs 
 (HIC1, GSTP1, SOCS1, RASSF1, CDKN2A, APC, RUNX3, and 
PRDM2),  which should play an important role in the initial events 
of human hepatocarcinogenesis using combined bisulfite restric-
tion analysis  [9] . We analyzed the methylation status of inter-
spersed nucleotide repeats, LINE-1, as a surrogate marker of glob-
al DNA methylation level using MethyLight  [11] . A serial dilution 
of bisulfite-treated CpGenome TM  Universal Methylated DNA 
(Chemicon International, Inc.) was used for a standard curve and 
as a reference. The methylation-independent consensus  Alu  se-
quence was used as an endogenous control  [11] . In order to deter-
mine the number of chromosomal alterations, we analyzed allelic 
imbalance using 400 microsatellite markers (ABI PRISM �  Link-
age Mapping Set MD-10; Applied Biosystems). Fractional allelic 
loss (FAL) scores were calculated as the number of microsatellite 
loci with allelic imbalance divided by the number of total informa-
tive loci and expressed as a percentage, which broadly represents 
an index of the degree of chromosomal alteration in HCC  [12] .

  In all, 22 and 13 of the 79 HCCs had a mutation of in  p53  and 
 �  -catenin  genes, respectively. The mean FAL (95% CI) was 22.6% 
(19.9–25.2). As the Z score was calculated as the difference be-
tween the methylation level of each tissue and the mean methyla-
tion level divided by the standard deviation, the mean methyla-
tion level expressed as a Z score should be zero. The mean meth-
ylation level (95% CI) onLINE-1 was 0.37 (0.34–0.40).

  Evaluation of Iron Deposition in the Liver Tissues of
CHC Patients 
 For the evaluation of iron deposition, we performed Prussian 

blue staining using liver biopsy samples from 127 CHC patients 
without a prior history of HCC. These patients consist of 84 men 
and 43 women with a median age of 57 years and interquartile 
range (IQR) of 46–64 years. The numbers of patients with F0, F1, 
F2, F3, and F4 were 7, 38, 36, 22, and 24, respectively. The degree 
of iron deposition in hepatocytes was classified as follows. If the 
proportion of hepatocytes with positive staining was  6 25% of the 
total hepatocytes population, this was regarded as a severe de-
posit, a positive staining rate of 24–6% was classified as a moder-
ate deposit, and positive staining of  ̂  5% was classified as a weak 
deposit. Among 127 biopsies, 10 had a severe deposit, 41 had a 
moderate deposit, and 76 had a weak deposit.

  Statistical Analyses 
 In order to compare the categorical variables for the detection 

of gender differences, we applied the Pearson’s  �  2  test, whereas the 
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Wilcoxon rank-sum test and Student’s t test were used for com-
parisons of continuous variables. We applied the Z score for nor-
malization when determining the methylation level on promoters 
of eight different TSGs. In order to discriminate between HCCs 
with different degrees of chromosomal alteration, we classified 
tumors into two groups: HCC samples with an FAL score  1 20% 
and tumors with FAL  ̂  20%. All p values were two-sided and
p  !  0.05 was considered statistically significant. All statistical 
analyses were calculated using the JMP version 9.0 software (SAS 
Institute, Inc., Cary, N.C., USA).

  Results 

 Gender Differences in the Clinicopathological 
Parameters of HCC Patients 
 Initially, clinical background and status of tumor pro-

gression were compared between the 418 male and 129 
female patients of the first cohort ( table 1 ). The median 
age of the patients was significantly lower in the male 
group compared to the female group (median age and 

IQRs were 65 and 56–71 years for men and 66 and 60.5–
73 years for women, p = 0.0208 by the Wilcoxon rank-
sum test;  table 1 ), suggesting that HCC emerges earlier in 
men than in women, as reported previously  [1] . There was 
no gender difference with respect to the presence or ab-
sence of hepatitis virus, and the majority of patients were 
HCV-positive. There was, however, a marked difference 
in the distribution of F-stage values in background liver 
between male and female patients. The proportion of F0–
F2 (mild fibrosis) was significantly higher in men com-
pared to women (179 of 330 patients (60.0%) for men, and 
36 of 97 (37.1%) for women; p = 0.0030 by the  �  2  test;  ta-
ble 1 ). The median tumor diameter was greater in male 
HCC patients compared to female HCC patients (median 
and IQRs were 4.5 and 3–7.5 cm for male patients, and 3.8 
and 2.5–6.75 cm for female patients, p = 0.0314 by the 
Wilcoxon rank-sum test;  table 1 ). However, there was no 
difference in tumor factors, indicating that the tumor 
stage was similar between the two groups.

Table 1. G ender difference in characteristics of the patients with HCC

Male (n = 418) Female (n = 129) p value*

Clinical factor
Background factor

Median age, years (25–75% IQR) 65 (56–71) 66 (60.5–73) 0.0208
Mean age, years (95% CI) 62.9 (61.9–63.9) 65.2 (63.4–67.0) 0.0282
Presence of hepatitis virus, HBV/HCV/B&C/negative 85/216/6/101 31/67/2/27 0.7835
Fibrosis of background liver, F0–F2/F3 or F4 179/151 36/61 0.0030

Tumor factor
Mean maximal tumor size, cm (95% CI) 6.3 (5.8–6.9) 5.2 (4.2–6.2) 0.0579
Tumor differentiation
Well/moderately or poorly 74/307 21/85 0.7486
Portal vein thrombosis, presence/absence 86/332 29/100 0.6423
Number of tumors, single/multiple 245/169 86/39 0.0582

Male (n = 119) Female (n = 57) p value*

Molecular factor of tumor
Mutation of the p53, presence/absence 17/42 5/15 0.7423
Mutation of the �-catenin, presence/absence 11/48 2/18 0.3676
Fractional allele loss, >20%/≤20% 36/40 16/17 0.9146
Mean methylation level of TSGs, Z score (95% CI) 0.01 (–0.06 to 0.07) 0.02 (–0.07 to 0.115) 0.7722
Mean methylation level of LINE-1 (95% CI) 0.36 (0.32–0.40) 0.39 (0.34–0.44) 0.3548

F or continuous variables of age, tumor size, methylation level 
of TSGs and LINE-1, the mean level and 95% CI or median (IQR) 
are shown. For the remaining factors of category variables, the 
number of cases with each category was listed. For a representative 
degree of chromosomal alteration, fractional allele loss was cal-
culated using 400 microsatellite markers. For a representative of 
methylation level on TSG promoters, methylation levels on the 

promoters of eight TSGs (APC, GSTP1, RASSF1, RUNX3, PRDM2, 
CDKN2A, HIC1 and SOCS1) were quantified using COBRA and 
the methylation levels were normalized using Z score. The meth-
ylation level of LINE-1 sequence was quantified using MethyLight.

* p values of the Wilcoxon rank-sum test and Student’s t test 
for continuous variables and that of the �2 test for category vari-
ables.
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  We also analyzed several genomic alterations in HCC 
tumors from male and female patients among the second 
cohort of 176 HCC patients. No significant difference was 
detected in the clinical features, such as tumor diameter, 
the proportion of cases with well-differentiated HCC, no 
portal vein thrombosis, and a solitary tumor between the 
male and female groups, suggesting that there is no differ-
ence in tumor stage between male and female HCC co-
horts (data not shown). Therefore, we compared genetic 
and epigenetic alterations in male and female HCC pa-
tients in this cohort, because there was no bias arising from 
differences in tumor stages. The frequencies of mutation 
in the  p53  and  �  -catenin  genes and the proportion of tu-
mors with an FAL greater than 20% were 29% (17/59), 19% 
(11/59), and 47% (36/76), respectively, in male HCC pa-
tients, and 25% (5/20), 10% (2/20), and 48% (16/33), respec-
tively, in female HCC patients. With respect to epigenetic 
alterations, the degree of hypermethylation in TSG pro-
moters and hypomethylation of LINE-1 (a surrogate mark-
er of global hypomethylation) in HCC tumors were similar 
in male and female patients. The mean methylation level 

of TSGs expressed as a Z score and 95% CI were 0.01 and 
–0.06 to 0.07 for HCC tumors in men, and 0.02 and –0.07 
to 0.115 for tumors in women. The mean methylation lev-
el of LINE-1 and 95% CI were 0.36 and 0.32–0.40 for HCC 
tumors in men, and 0.39 and 0.34–0.44 for HCC tumors 
in women ( table 1 ). Therefore, no gender difference was 
present with respect to genetic (mutation or chromosomal 
alteration) and epigenetic (methylation levels of gene pro-
moter and repetitive DNA sequence) alterations, even be-
tween groups with similar tumor stages.

  A Gender Difference in Background Liver Was
Present Only in HCV-Positive Cases 
 Next, we analyzed the association between F-stage in 

the background liver of HCC patients and gender among 
HBV-positive, HCV-positive, and virus-negative cases 
( fig. 1 ).

  There was no apparent gender difference with respect 
to F-stage in HBV-positive and virus-negative HCC cases 
(among the cases with F0–F4; p = 0.5209 and 0.7363 for 
HBV-positive and virus-negative HCC cases, respective-
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  Fig. 1.  Gender difference in fibrosis of background liver in newly 
diagnosed HCC patients. The distribution of fibrosis of back-
ground liver was compared between male and female patients with 
newly diagnosed HCC with HBV-positive, HCV-positive, and vi-
rus-negative cases. The vertical line shows the proportion of pa-
tients in each fibrosis stage. Among 99 HBV-positive cases where 
the F-stage was determined, the number of patients showing each 
fibrosis stage was as follows: 9 male patients were F0, 15 were F1, 
18 were F2, 7 were F3, and 22 were F4. For the female patients, 3 
were F0, 4 were F1, 5 were F2, 6 were F3, and 10 were F4. Similarly, 
among 232 HCV-positive cases the number of patients showing 
each fibrosis stage was as follows: 9 male patients were F0, 31 were 
F1, 50 were F2, 29 were F3, and 62 were F4. Among the female pa-

tients, 2 were F0, 4 were F1, 6 were F2, 12 were F3, and 27 were F4. 
For the 93 virus-negative cases, the number of patients showing 
each fibrosis stage was as follows: 13 male patients were F0, 24 were 
F1, 11 were F2, 8 were F3, and 19 were F4. Among female patients, 
3 were F0, 8 were F1, 3 were F2, 2 were F3, and 2 were F4. The p 
values showing differences between male and female patients de-
termined by the  �  2  test were p = 0.5209, p = 0.0224, and p = 0.7360 
for HBV-positive, HCV-positive, and virus-negative cases, respec-
tively. The p values showing gender difference using two categories 
of F0–F2 and F3 or F4 were: p = 0.1424, p = 0.0007, and p = 0.2256 
for HBV-positive, HCV-positive, and virus-negative cases, respec-
tively. Both HBsAg- and HCVAb-positive cases were included in 
the HBV-positive group as well as the HCV-positive group.   
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ly, by  �  2  test;  fig. 1 ). In contrast, the proportion of patients 
with ‘mild’ liver fibrosis of F0–F2 was significantly high-
er in male than in female HCV-positive HCC patients. 
Among 232 HCV-positive cases, the distribution of fibro-
sis scores was F0, 9; F1, 31; F2, 50; F3, 29, and F4, 62 in 
men and F0, 2; F1, 4; F2, 6; F3, 12, and F4, 27 in women 
(p = 0.0224 by  �  2  test;  fig. 1 ). The p values showing gender 
difference using two categories of F0–F2 and F3 or F4 
were p = 0.0007 in HCV-positive cases.

  Gender Differences in Hepatocyte Iron Deposition 
among CHC Cases 
 The present analysis indicates that male CHC patients 

develop HCC more frequently when mild fibrosis is present 
in the liver. To clarify the factors that accelerate hepatocar-
cinogenesis in the absence of severe fibrosis, we examined 
the degree of iron deposition in the hepatocytes within 
CHC tumors by using 127 liver biopsies from the third co-
hort of CHC patients who had no prior history of HCC.

  There was no difference in the F-stage between male 
and female patients in this CHC cohort (53 patients were 
regarded as F0–F2 and 29 were F3 or F4 among 84 male 
patients, and 28 were F0–F2 and 15 were F3–F4 among 
43 female patients; p = 0.5936 by  �  2  test). However, iron 
deposition in hepatocytes was more prominent in CHC 
tumors from male patients than in those from female pa-
tients. Among the male patients, 10 of 84 biopsies (11.9%) 
showed severe deposits, 27 of 84 (32.1%) had moderate 
deposits, and 47 of 84 (60.0%) had weak deposits, whilst 
in females patients, 14/43 (32.6%) had moderate deposits 
and 29/43 (67.4%) had weak deposits, but there were no 
cases of severe deposits (p = 0.0565 by Pearson’s  �  2  test 
and p = 0.0118 by the likelihood ratio  �  2  test). This trend 
of gender difference in the extent of iron deposition was 
present even among cases where mild fibrosis was pres-
ent. 7 of 53 (13.2%) male CHC patients with F0–F2 showed 
severe iron deposits, 13 of 53 (34.0%) had moderate iron 
deposits and 28 of 53 (53.0%) had mild iron deposits. In 
the female patient group, however, 7 of 28 (25%) and 21 of 
28 (75%) CHC cases with F0–F2 showed moderate and 
mild iron deposits, respectively, whereas there were no 
cases of severe iron deposits (p = 0.0589 by Pearson’s  �  2  
test and p = 0.0195 by the likelihood ratio  �  2  test).

  Discussion 

 HCC is causatively associated with several distinct 
risk factors, and displays different types of genetic and 
epigenetic alterations  [13, 14] . It is now well established 

that HCC is more prevalent in men worldwide, with the 
reported male:female ratios ranging from 2:   1 to 4:   1, al-
though the reasons for this are still unclear  [1] . In this 
retrospective study, we analyzed three cohorts of patients 
to determine the gender differences in HCC cases. We 
report that male patients with chronic viral hepatitis, es-
pecially in HCV-positive cases, tend to develop HCC 
more frequently in a non-cirrhotic background of mild 
liver fibrosis, compared to female patients.

  Initially, we compared several clinical parameters be-
tween male and female patients with HCC by using the 
clinical records of a large number of HCC cases. Al-
though we found no difference in tumor factors, male 
patients with HCC were on average significantly younger 
than female patients, and the fibrosis of background liver 
was significantly milder in male patients than in female 
patients. Previous reports have shown that epigenetic in-
activation of TSGs as a result of promoter methylation is 
more prevalent in HCCs that develop in a cirrhotic liver 
of HCV-positive patients, and another pathway of hepa-
tocarcinogenesis might exist where global DNA hypo-
methylation and profound chromosomal alteration took 
place  [8, 9, 14, 15] . Therefore, we expected that molecular 
pathways underlying hepatocarcinogenesis might differ 
between male and female patients. However, we did not 
find a gender difference in the mutation of specific genes 
in HCC, nor in the degree of methylation of TSGs, the 
degree of global DNA hypomethylation, and the extent of 
chromosomal alteration. This suggests that the molecu-
lar pathways underlying the progression of HCC might 
be similar in both male and female patients with hepato-
carcinogenesis.

  To further study gender differences in HCC forma-
tion, we focused on the status of the background liver, 
because a considerable number of HCCs emerged in the 
liver with mild fibrosis (stage F0–F2) in male cases. Thus, 
an additional mechanism for the progression of fibrosis 
accompanied by inflammation and necrosis might exist 
and thus contribute to hepatocarcinogenesis in men  [4, 
6] . We analyzed the gender difference with respect to the 
progression of F-stage and infection with hepatitis virus. 
Interestingly, we found that gender differences in F-stage 
were present exclusively in HCV-related cases. However, 
although the fibrosis seemed to be milder in male than 
female patients in HBV-related HCC cases, this was not 
statistically significant. Recently, Naugler et al.  [4]  re-
ported a protective effect of estrogen in hepatocarcino-
genesis using a mouse model of HCC induced by diethyl-
nitrosamine administration. Cellular damage induced by 
diethylnitrosamine led to the induction of interleukin-6 
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production in Kupffer cells via signaling of toll-like re-
ceptors, and estrogen was found to blunt this response  [4] . 
As an inflammatory cytokine, interleukin-6 could in-
duce hepatic apoptosis and hepatocyte proliferation, and 
it could be a potential risk factor for developing HCC, es-
pecially in men  [4, 16] . It is also reported that an increased 
risk of HCC among men is associated with higher levels 
of androgen signaling leading to the induction of vascu-
lar endothelial growth factor or signal transducers and 
activator of transcription 3, especially in HBV-related 
HCC  [16, 17] . Therefore, differences in the hormonal sta-
tus between men and women may contribute to the high-
er incidence of HCC in men, even when the liver is non-
cirrhotic. However, inflammation-mediated carcinogen-
esis may well be accompanied by severe fibrosis via the 
activation of hepatic stellate cells by inflammatory cyto-
kines  [4, 16] . Therefore, to clarify how HCC could emerge 
without severe fibrosis in men with CHC, we further an-
alyzed the iron deposition in CHC patients because it 
could act as a carcinogen-promoting HCC development 
even in CHC patients. We studied a cohort of 127 CHC 
patients where there was no gender difference in F-stage. 
As expected, iron deposition was more severe in male 
CHC patients than in female patients, even when liver fi-
brosis was mild. It has been reported that iron could act 
as a mutagen because it can induce oxidative stress in sev-
eral kinds of cells including hepatocytes through a Fen-
ton reaction  [18] . Iron deposition was also associated with 
an increased amount of 8-OHdG in DNA, which in turn 
leads to genetic and epigenetic alterations of cancer-relat-
ed genes  [18, 19] . We hypothesize that iron deposition 
contributes to the male predominance of HCC occur-
rence even among patients with mild fibrosis, especially 
in HCV-positive cases.

  In this report, we have studied the gender difference 
in the background liver of HCC patients and concluded 
that HCC could develop from non-cirrhotic liver in the 
presence of mild fibrosis more often in male patients than 
in female patients, especially in HCV-positive cases. As 
we did not take the duration of chronic hepatitis into ac-
count  [20] , the data obtained here might, partially, be at-
tributed to a bias of the retrospective analysis. Another 
limitation of the study was a lack of information regard-
ing alcohol and tobacco consumption  [1] . However, as we 
selected only the patients with a first-time HCC diagnosis 
for the analysis, and severe iron deposit could, at least 
partially, explain the male predominance of HCC in mild 
fibrosis; thus, it could be possible that HCC develops ear-
lier in the clinical course of male CHC patients rather 
than female CHC patients, in the background of a mild 
F-stage. Further evidence is required to confirm the as-
sociation between gender and HCC development in the 
context of hepatitis without severe fibrosis.
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The SVR rates in the non-responders and relapsers were 11 
and 53%, respectively. EVR and prolonged treatment dura-
tion were associated with SVR. We also found that a prior re-
sponse to PEG-IFN + RBV therapy was more important than 
the Interleukin-28B genotype for predicting the response to 
retreatment.  Conclusions:  Retreatment with PEG-IFN � -2a + 
RBV should be considered for relapsers and partial respond-
ers. Our results suggest that prolonged administration is also 
favorable for EVR cases to attain a higher SVR. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 The development of a combination therapy consisting 
of peginterferon (PEG-IFN) and ribavirin (RBV) has in-
creased the hepatitis C virus (HCV) RNA response rate 
to 65–69% at the end of therapy with a sustained HCV 
RNA response (sustained viral response, SVR) in 54–56% 
of chronic hepatitis C (CHC) patients. Conversely, this 
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 Abstract 
  Background/Aims:  Peginterferon (PEG-IFN) + ribavirin (RBV) 
combination therapy is the current standard of care for chron-
ic hepatitis C. However, more than half of the patients cannot 
achieve sustained viral response (SVR). In Japan, the clinical 
benefit of retreatment with PEG-IFN + RBV combination re-
treatment is still unknown.  Methods:  We collected clinical 
data in 106 chronic hepatitis C patients who failed to achieve 
SVR with PEG-IFN � -2b + RBV combination therapy and were 
retreated with PEG-IFN � -2a + RBV. This retrospective study 
examined the efficacy of retreatment with PEG-IFN � -2a + 
RBV by evaluating the time to eradication of hepatitis C virus 
RNA, early virological response (EVR), and SVR. We compared 
the results of the previous therapy and retreatment in terms 
of efficacy and analyzed the factors influencing SVR.  Results:  
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indicates that PEG-IFN + RBV therapy does not induce a 
response in 31–35% of such patients either because HCV 
RNA is not eliminated during therapy or the therapy is 
not completed. Furthermore, HCV RNA reappears in 11–
13% of patients after the end of therapy  [1, 2] .

   Retreatment with PEG-IFN + RBV for non-respond-
ing or relapse patients has been studied in Western coun-
tries  [3, 4] , but no large-scale studies have been performed 
in Japan. The AASLD guidelines  [5]  do not recommend 
retreatment with PEG-IFN + RBV. However, the Japanese 
guidelines  [6]  state that ‘after examining cases with no 
effect in previous treatment, a treatment for SVR or for 
maintenance should be selected’; thus, retreatment with 
PEG-IFN + RBV is not completely excluded according to 
the Japanese guidelines.

  A high SVR rate is observed after the addition of tela-
previr to PEG-IFN + RBV  [7–10] . However, some patients 
in Japan have not benefited from the launch of telaprevir, 
because CHC patients in Japan are older than those in 
Western countries  [11, 12]  and are often anemic. Thus, we 
retrospectively analyzed the results of retreatment with 
PEG-IFN + RBV in Japanese relapse and non-responding 
patients who previously received therapy with PEG-IFN 
+ RBV. Core amino acid substitutions at position 70  [13]  
and host genome single-nucleotide polymorphism (SNP) 
genotyping of rs8099917, an interleukin-28B (IL28B) 
SNP  [14, 15] , are related to the efficacy of PEG-IFN + RBV 
therapy. Therefore, these factors were also examined in 
the study.

  Materials and Methods 

 A total of 106 patients received combination therapy with 
PEG-IFN � -2a + RBV at 12 medical facilities in Japan from 2007 
to 2009. We retrospectively evaluated the data of CHC patients 
who failed to achieve SVR (i.e. non-responders) or became HCV 
RNA negative on PEG-IFN � -2b + RBV therapy but relapsed again 
after the end of treatment (i.e. relapsers). The non-responders 
were divided into two groups according to the maximum decrease 
in HCV RNA titer during the initial treatment. Retreatment with 
PEG-IFN � -2a + RBV was performed to examine the relationships 
between SVR and patient background factors, timing of the HCV 
RNA response, and treatment duration.

  For the previous treatment, PEG-IFN � -2b (PegIntron; MSD, 
Tokyo, Japan) at a dose of 1.5  � g kg –1  per week subcutaneously 
and RBV (Rebetol; MSD) were used. PEG-IFN � -2a (Pegasys; 
Chugai Pharmaceutical Co., Ltd, Tokyo, Japan) + RBV (Copegus; 
Chugai Pharmaceutical Co., Ltd) was started between 2007 and 
2009. In principle, as a starting dose, PEG-IFN was given once 
weekly at 180  � g PEG-IFN � -2a while RBV was given at 600–1,000 
mg/day based on body weight (body weight  ! 60 kg, 600 mg; 60–
80 kg, 800 mg;  1 80 kg, 1,000 mg), according to the standard treat-
ment protocol in Japan.

  Serum HCV RNA after PEG-IFN � -2b + RBV treatment was 
assessed by quantification using a Cobas Amplicor HCV monitor 
test (high range method: detection range, 5–5,000 KIU ml –1 , or 
version 2.0: limit of quantitation, 500 IU ml –1 ; Roche Diagnostics 
Co. Ltd, Tokyo, Japan).

  HCV RNA in retreatment was measured using a Cobas Taq-
Man HCV test (Roche Diagnostics Co. Ltd) at 4-week intervals; 
the linear dynamic range was 1.2–7.8 log IU ml –1 . Samples with 
undetectable HCV RNA levels were reported as  ! 1.2 log IU ml –1  
(i.e. no detectable HCV RNA). Patients were judged to have at-
tained SVR status if HCV RNA was not detected for 24 weeks af-
ter the end of treatment. Rapid viral response (RVR) was defined 
when HCV RNA was not detected at week 4; early virological re-
sponse (EVR) was defined when HCV RNA was not detected at 
week 12 of treatment.

  Univariate analysis was performed using a  �  2  test and Fisher’s 
exact test. Multivariate analysis was performed using logistic re-
gression using the stepwise method.

  As a rule, dose modification followed the manufacturer’s drug 
information on the intensity of potential adverse hematologic ef-
fects. The PEG-IFN doses were reduced to 50% of the original 
dose if the neutrophil count fell below 750/mm 3  and discontinued 
if the neutrophil count fell below 500/mm 3  or the platelet count 
(PLT) fell below 50,000/mm 3 . RBV was also reduced from 1,000 
to 600, 800 to 600, or 600 to 400 mg when hemoglobin (Hb) was 
below 10 g dl –1  and was discontinued when the Hb was below 8.5 
g dl –1 . Both PEG-IFN and RBV were discontinued if there was a 
need to discontinue one of the drugs.

  The baseline data of the patients are expressed as median val-
ues and ranges. In order to analyze the differences between base-
line data and the factors associated with SVR, univariate analysis 
using the Mann-Whitney U test or a  �  2  test was performed; mul-
tivariate analysis was performed using stepwise and multiple lo-
gistic-regression models. p values  ! 0.05 were considered signifi-
cant.

  This study was conducted in accordance with the ethical 
guidelines of the Declaration of Helsinki amended in 2008, and 
informed consent was obtained from each patient.

  Results 

 Characteristics 
 The median age of the 106 subjects was 60 years. There 

were 63 non-responders and 43 relapsers who received 
previous treatment. Non-responders were divided into 
two groups according to their virological response to the 
previous treatment: partial responders, maximum HCV 
RNA decrease of  1 2 log; null responders, maximum HCV 
RNA decrease  ! 2 log. HCV RNA genotypes 1 and 2 were 
detected in 101 and 5 subjects, respectively. The baseline 
characteristics of the study patients are shown in  table 1 .

  Efficacy 
 Retreatment of the 106 subjects with PEG-IFN � -2a + 

RBV therapy resulted in an SVR rate of 28% (30/106). The 
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SVR rates in the relapsers, partial responders, and null 
responders were 53% (23/43), 18% (7/39), and 0% (0/24), 
respectively. The HCV RNA response rate in the relapsers 
was 65% at week 12 of the PEG-IFN � -2a + RBV therapy 
and 84% at the end of treatment ( fig. 1 ). In contrast, the 
HCV RNA response rates in the non-responders were 15, 
37, and 37% at week 12, week 24, and the end of retreat-
ment, respectively. These rates were lower than those of 
the relapsers.

  Examination of Previous Relapsers 
 The durations before an HCV RNA response was ob-

served in the relapsers were  ̂  12 weeks in 65% (28/43) 
and 13–24 weeks in 26% (11/43) of the patients. In the 28 
patients who achieved EVR, the SVR rates were 56% 
(9/16) and 92% (11/12) in the patients for whom retreat-
ment commenced within 48 weeks and who received pro-
longed therapy, respectively; this difference was signifi-
cant (p = 0.04).

Table 1. B aseline patients’ characteristics

Relapser
(n = 43)

Partial responder
(n = 39)

Null responder
(n = 24)

Age, years 64 (44–75) 58 (33–77) 60 (30–69)
Male/female 18/25 19/20 12/12
Body mass index 22.2 (16.6–31.0) 23.4 (18.2–32.3) 22.2 (17.8–29.8)
Genotype 1/2 42/1 36/3 23/1
Viral load, log IU/ml 6.3 (3.7–7.2) 5.7 (1.2–7.2) 6.4 (3.7–7.5)
ALT, IU/ml 39 (15–189) 41 (12–379) 43 (18–275)
�-GTP, IU/ml 24 (9–175) 51 (17–326) 39 (19–366)
WBC count, /mm3 4,500 (1,900–8,300) 4,100 (2,000–9,400) 3,495 (1,700–7,100)
Platelet count, !104/mm3 13.8 (7.6–24.9) 14.1 (4.5–28.6) 11.2 (4.5–29.3)
Hemoglobin, g/dl 13.8 (11.9–16.5) 13.3 (9.3–16.5) 12.4 (9.6–15.9)
LDL cholesterol, mg/dl 100 (42–167) 86 (32–128) 74 (15–122)
�-Fetoprotein, ng/ml 4 (1–48) 5.9 (1–30) 7.8 (2–108)
Core aa70, wild/non-wild 13/9 8/7 3/3
IL28B rs8099917 (TT/TG, GG) 21/5 12/7 3/7

Values are medians with ranges in parentheses or numbers.
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  Fig. 1.  Virological responses of PEG-
IFN � -2a + RBV. 
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  We also compared the RVR and EVR rates between 
initial treatment and retreatment among the 41 patients 
whose timing of HCV negativity was available ( fig.  2 ). 
The rates of RVR and EVR were higher in the retreatment 
patients (2 and 44% in initial treatment, and 20 and 66% 
in retreatment, respectively).

  Examination of Previous Non-Responders 
 Among the non-responders, an HCV RNA response 

after retreatment was achieved only in partial respond-
ers. Of these patients, 23% (9/39) achieved EVR, 23% 
(9/39) within 13–24 weeks, and 8% (3/37) after 25 weeks. 
In the 9 subjects who achieved EVR among partial re-
sponders, the SVR rate was 25% (1/4) during the retreat-
ment within 48 weeks but was 60% (3/5) when the retreat-
ment period was prolonged. No SVR was achieved in re-
treatment subjects with an HCV RNA response that 
required  6 25 weeks.

  Factors Associated with SVR 
 Analysis revealed that the SVR rate was significantly 

high in the following factors: relapsers; prolonged dura-
tion of retreatment; Hb level  6 13 g dl –1 ; PLT  6 12  !  10 4 /
mm 3 ;  � -fetoprotein (AFP)  ! 6 ng ml –1 ; low-density lipo-
protein cholesterol (LDL-Chol)  6 100 mg dl –1 ;  � -glutamyl 
transpeptidase ( � -GTP)  6 35 IU l –1 ; adherence of PEG-
IFN  6 80%; adherence of RBV  6 60%, and EVR. A multi-
variate analysis of SVR including the effect of initial treat-
ment, duration of retreatment, Hb, PLT, AFP, LDL-Chol, 
 � -GTP, PEG-IFN adherence, RBV adherence, and EVR as 
variables showed that EVR and the period of retreatment 
were major factors contributing to SVR ( table 2 ).

  IL28B SNP Genotype 
 55 patients agreed to undergo a test for IL28B SNP ge-

notyping. Among them, 36, 18, and 1 had the TT, TG, and 
GG genotypes, respectively. The patients with TT had 
significantly lower  � -GTP and AFP levels; moreover, re-
lapse patients were more frequently found to have TT. 
Among the patients with TT, 40% (14/35) showed an 
HCV RNA response at week 12, 70% (21/29) at week 24, 
and 56% (20/36) at the end of treatment. Among the non-
TT patients, 16% (3/19) showed an HCV RNA response at 
week 12, 44% (6/16) at week 24, and 42% (7/19) at the end 
of treatment ( fig. 3 ).

0 20 40 60 80 100

Retreatment

Prior
treatment

Timing HCV RNA became negative

4 weeks 12 weeks 24 weeks 25 weeks Never

Percentage

2

20

44

66

  Fig. 2.  Comparison of time to eradicate HCV RNA. Prior treat-
ment: PEG-IFN � -2b + RBV combination treatment. Retreat-
ment: PEG-IFN � -2a + RBV combination treatment. 

Table 2.  Factors associated to SVR

Univariate analysis M ultivariate analysis

OR (95% CI) p value OR (95 % CI) p value

Response of previous treatment, relapsers/non-responders 9.20 (6.3–54) <0.0001 – n.s.
�-GTP, <35/≥35 IU/l 2.92 (1.2–7.3) 0.0189 – n.s.
Platelet counts, ≥12!104/<12!104/mm3 2.96 (1.1–7.7) 0.0232 – n.s.
Hemoglobin, ≥13/<13 g/dl 3.24 (1.2–8.8) 0.0179 – n.s.
LDL cholesterol, ≥100/<100 mg/dl 4.61 (1.5–14) 0.0046 – n.s.
�-Fetoprotein, <6/≥6 ng/ml 4.16 (1.5–11) 0.0112 – n.s.
Treatment duration, prolonged/standard 3.32 (1.4–8.0) 0.0063 5.16 (1.13–23.6) 0.0343
HCV RNA at week 12, negative/positive 18.5 (6.3–54) <0.0001 10.3 (1.65–64.7) 0.0022
PEG-IFN adherence, ≥80/<80% 4.80 (1.6–14) 0.0025 – n.s.
Ribavirin adherence, ≥60/<60% 3.69 (1.2–12) 0.0214 – n.s.
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  When we limited the analysis to relapsers, the EVR 
rates were 57% (12/21) and 40% (2/5) in the TT and non-
TT patients, respectively. At week 24, the HCV RNA re-
sponse rates were 90% (19/21) and 80% (4/5) in the TT and 
non-TT patients, respectively ( fig. 3 , 4).

  Treatment Discontinuation 
 33 patients (31.1%) discontinued treatment during the 

study. 17 patients discontinued treatment due to lack of 
virological response, 5 due to personal reasons, 3 due to 
the incidence of hepatocellular carcinoma, and 8 (7.5%) 
due to adverse events. The reasons for the discontinua-
tion of the 8 patients due to adverse events were anemia 
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  Fig. 3.  Virological responses of PEG-
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(n = 2), fatigue (n = 2), depressed mental state (n = 1), un-
identified fever (n = 1), heart failure (n = 1), and intersti-
tial pneumonia (n = 1).

  Discussion 

 We retrospectively examined the therapeutic efficacy 
and effective predictors after retreatment with PEG-IFN � -
2a + RBV combination therapy in 106 CHC patients. These 
patients showed non-response or relapse after previous 
PEG-IFN � -2b + RBV combination therapy. SVR was 
achieved in 53% of the relapsers and 18% of the partial re-
sponders. In the relapsers, SVR was more likely to be 
achieved when HCV RNA became negative within 12 
weeks after the commencement of therapy and the thera-
peutic effect was enhanced with prolonged administra-
tion. Among the non-responders, SVR was not achieved in 
cases without a  6 2 log decrease in HCV RNA during the 
previous therapy or in cases with an HCV RNA response 
after  6 25 weeks during the retreatment period. Similar to 
that observed in the relapsers, SVR in the non-responders 
was achieved after prolonged retreatment in patients who 
showed an HCV RNA response within 12 weeks.

  Patients with genotype 1 who receive PEG-IFN + RBV 
therapy for the first time undergo response-guided ther-
apy (RGT)  [16] , in which the therapeutic period is deter-
mined according to the timing of the HCV RNA response 
after the commencement of therapy. In RGT, PEG-IFN + 
RBV therapy is recommended for 48 weeks for patients 

who exhibit an HCV RNA response within 12 weeks after 
the commencement of therapy (i.e. complete early viral 
response, cEVR). However, the results of the present 
study suggest that prolonged administration is favorable 
for cEVR cases. Moreover, a different RGT is required in 
patients who receive retreatment and who have previous-
ly received PEG-IFN + RBV therapy.

  We also examined the status of the IL28B genotype 
and found that the IL28B non-TT genotype is associated 
with factors that are unlikely to be related to the response 
including AFP levels,  � -GTP levels, and mutations in the 
core regions. However, when limiting the analysis to re-
lapse patients, the rate of HCV RNA negativity did not 
differ among IL28B genotypes. This suggests that a prior 
response to PEG-IFN + RBV therapy is more important 
for predicting the response to retreatment than the IL28B 
genotype.

  As stated earlier, some patients in Japan have not ben-
efited from the launch of telaprevir, because CHC patients 
in Japan are older than those in Western countries  [11, 12]  
and are often anemic. We believe that retreatment for el-
derly patients who cannot receive telaprevir-based thera-
py, especially relapsers and non-responders with a maxi-
mum virus decrease of  6 2 log during the previous ther-
apy, should be considered after PEG-IFN + RBV therapy.

  Disclosure Statement 

 The authors have no conflicts of interest to disclose.
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els and BMI provides a prognostic value for determining the 
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 Introduction 

 Chronic infection of hepatitis C virus (HCV) is a lead-
ing cause of developing liver cirrhosis (LC) and hepato-
cellular carcinoma (HCC) in many countries, including 
Japan, the United Sates and some of Western Europe  [1–
5] . Preventing the development of HCC and liver failure 
due to advance of LC is a primal goal for treatment of 
chronic hepatitis C (CHC), and interferon (IFN) treat-
ment has been applied to achieve it.

  On the one hand, a number of studies have shown that 
IFN treatment reduces the risk of HCC emergence and 
improves the disease-free survival. In the randomized 
control study of type C LC, Nishiguchi et al.  [6]  reported 
that IFN treatment significantly suppressed the occur-
rence of HCC after a median follow-up of 4.9 years even 
in the case with advanced liver fibrosis. In addition, the 
Inhibition of Hepatocarcinogenesis by Interferon Thera-
py (IHIT) study, a multicenter collaborative cohort study, 

 Key Words 
 Low-dose PEG-IFN � -2a  �  Hepatocarcinogenic risk  �  Chronic 
hepatitis C  �  IL28B single nucleotide polymorphism 

 Abstract 
  Objective:  Increasing evidence suggests the efficacy of 
maintenance therapy with interferon (IFN) for chronic hepa-
titis C (CHC) in reducing the risk of hepatocellular carcinoma 
(HCC). The aim of this study was to determine clinical char-
acteristics on the risk of occurrence of HCC in CHC patients 
receiving maintenance IFN therapy.  Methods:  A total of 55 
patients were treated in a single center with PEG-IFN � -2a 
monotherapy for CHC and evaluated for variables predictive 
of the occurrence of HCC.  Results:  The cumulative incidenc-
es of HCC were 0.092, 0.117 and 0.161 at 3, 5 and 7 years, re-
spectively. Serum ALT level ( 1 40 IU/l) in the 6th month after 
commencement of IFN therapy and BMI  1 25 were associated 
with shorter time-to-HCC emergence using multivariate 
analysis (relative risk 16.034, p = 0.01 for ALT  1 40 IU/l; relative 
risk 6.020, p = 0.026 for BMI  1 25, respectively). The IL28B SNP 
was extracted as a significant factor for the occurrence of 
HCC.  Conclusions:  Maintenance therapy with the use of 
long-term low-dose PEG-IFN � -2a is effective for preventing 
HCC occurrence irrespective of the IL28B SNP, at least for a 
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also revealed that IFN treatment significantly reduced 
the occurrence of HCC in CHC patients compared with 
those without any history of IFN therapy (odds ratio 
0.516, p  !  0.001), and sustained virological response 
(SVR) reduced the annual occurrence of HCC regardless 
of stage of liver fibrosis (F-stage)  [7] . Taken together, it is 
conceivable to believe that achievement of SVR suppress-
es the occurrence of HCC dramatically.

  On the other hand, a subset of CHC is known to be 
refractory to IFN therapy and hard to achieve SVR, such 
as the elderly and those with advanced liver fibrosis and 
background disease. In such cases, long-term low-dose 
IFN therapy appears to offer an option for treatment fail-
ures with advanced disease. It has been used in an at-
tempt to prevent disease progression and HCC rather 
than viral eradication. Arase et al.  [8]  reported that long-
term low-dose IFN therapy led to a reduction of serum 
AFP as well as ALT levels, even in the cases without suf-
ficient viral response. In addition, the incidence of HCC 
reportedly decreased among the elderly patients of 60 
years or older compared to those without treatment. The 
Hepatitis C Antiviral Long-Term Treatment against Cir-
rhosis (HALT-C) trial also revealed that administration 
of 90  � g of PEG-IFN � -2a once weekly significantly sup-
pressed the emergence of HCC after a median follow-up 
of 6.1 years among non-responder cases on a previous 
combination therapy of PEG-IFN � -2a and ribavirin 
(RBV) (HR 0.45, p = 0.01)  [9] .

  Given the results of several published reports, mainte-
nance IFN therapy suppresses the occurrence of HCC to 
a certain extent, however the carcinogenic risk factor 
among the cases treated with low-dose IFN is still un-
known. In this study, we clearly focus on this gap of 
knowledge. Long-term, low-dose PEG-IFN � -2a mono-
therapy was performed in 55 cases with CHC and risk 
factors for tumor development were assessed retrospec-
tively. Here, we report that the initial response of serum 
ALT levels and BMI was a significant contributor for de-
veloping HCC among the cases who underwent mainte-
nance IFN therapy, however IL28B single nucleotide 
polymorphism (SNP) did not affect the occurrence of 
HCC later in life.

  Methods 

 Patients 
 Seventy patients with CHC were treated with PEG-IFN � -2a 

monotherapy between February 2005 and December 2010 at Kin-
ki University Hospital. Among them, 55 were selected for this 
study based on the following criteria: (1) positive for anti-HCV 

and for HCV RNA using RT-PCR; (2) infected with HCV geno-
type 1; (3) naive to IFN therapy; (4) chronic hepatitis or cirrhosis 
confirmed by liver biopsy within 6 months prior to initiation of 
IFN therapy, and (5) leukocyte count  1 2,500/mm 3 , platelets 
 1 50,000/mm 3  and serum bilirubin level  ! 2.0 mg/ml. The exclu-
sion criteria were: (1) prior history of HCC; (2) positive for hepa-
titis B surface antigen (HBsAg); (3) coinfection with human im-
munodeficiency virus, and (4) cases with hemochromatosis, Wil-
son’s disease, alcoholic liver disease, autoimmune liver disease 
and primary biliary cirrhosis. HCV genotype was determined by 
polymerase chain reaction (PCR) amplification of the core region 
of the HCV genome using genotype-specific PCR primers. Serum 
HCV-RNA level was determined by TaqMan PCR assay (Cobas 
Amplicor HCV Monitor; Roche Molecular Systems, Pleasanton, 
Calif., USA). SNP near the IL28B gene was determined for all cas-
es enrolled in this study. Samples for the genome-wide association 
survey were genotyped using the Illumina HumanHap610-Quad 
Genotyping BeadChip. Genotyping data were subjected to qual-
ity control before the data analysis. Genotyping for replication 
and fine mapping was performed using the Invader assay, Taq-
Man assay, or direct sequencing, as described previously  [10, 11] . 
In this study, genetic variation near the IL28B gene (rs8099917), 
reported as a pretreatment predictor of treatment efficacy in Jap-
anese patients, was investigated  [12, 13] .

  Written informed consent was obtained from each patient for 
this study. The study protocol was approved by the Ethics Com-
mittee at Kinki University Hospital and performed in compliance 
with the Helsinki Declaration.

  Treatment and Follow-Up Protocol 
 All cases received subcutaneous injections of PEG-IFN � -2a 

weekly with an initial dose of 90  � g/week. The duration of IFN 
therapy ranged from 48 to 267 weeks (median 70).

  Follow-up of the patients began on the first day of IFN treat-
ment with monthly evaluation of general condition, biochemical 
and hematological tests until death or the last hospital visit. For 
screening of emergence of HCC, ultrasonography, dynamic con-
trast-enhanced computed tomography (CT), dynamic contrast-
enhanced magnetic resonance imaging (MRI), and/or measure-
ment of tumor markers (AFP and DCP) were performed for all 
patients every 3–6 months. Serum AFP concentration was mea-
sured by chemiluminescent enzyme immunoassay (Lumipalse 
AFP-N; Fujirebio, Tokyo, Japan). Plasma DCP concentrations 
were measured by an electrochemiluminescent immunoassay 
(Picolumi PIVKA2; Eisai, Tokyo, Japan). The follow-up periods 
of all cases ranged from 1.8 to 7.4 years (median 4.6).

  Liver Biopsy and Histopathological Examination 
 Liver biopsy specimens were obtained percutaneously, fixed in 

10% formalin, digested with diastase and stained with hematoxy-
lin. Histopathological diagnosis was made independently by an 
experienced liver pathologist who had no clinical information. 
All specimens for examination contained six or more portal areas. 
Baseline liver histology was diagnosed according to the scoring 
system of Desmet et al.  [14] .

  Statistical Analysis 
 Among the 55 patients without HCC at the initiation of IFN, 

the prognostic factors involved in the development of HCC were 
compared by univariate analysis using the log-rank test between 
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patients who developed HCC and those without emerging HCC 
during follow-up periods. Subsequently, multivariate analysis us-
ing a Cox regression model was performed and variables with 
significant differences determined. In addition, for the factors 
with significant differences determined by multivariate analysis, 
the hazard ratio (RR) for emergence of HCC was calculated. p  !  
0.05 was regarded as significant. All the analyses described above 
were performed using SPSS version 11.5 (SPSS, Inc., Chicago, Ill., 
USA).

  Results 

 Baseline Characteristics of the Patients and 
Emergence of HCC 
  Table 1  shows the characteristics of the 55 patients who 

were enrolled and underwent PEG-IFN � -2a monothera-
py. Median age was 65 years (range 44–78) and median 
BMI was 22.4 (range 16.2–29.8). 29 liver biopsies (53% of 
the total cases) revealed LC whereas, 26 were diagnosed 
as chronic hepatitis of F1–F3. The baseline level (before 
IFN therapy) of median serum AFP was 8 ng/ml (range 
1–209). 40 cases carried the major allele (TT) of IL28B 
and 15 showed minor (TG or GG).

  During the follow-up periods (median 4.6 years), HCC 
was diagnosed in 8 (14.5%) patients. The cumulative in-
cidences of HCC were 0.092, 0.117 and 0.161 at 3, 5 and 7 
years, respectively ( fig. 1 ).

  Predictive Factors for the Occurrence of HCC 
 Predictive factors for the occurrence of HCC were an-

alyzed in all 55 patients using the log-rank test ( table 2 ). 
Univariate analysis showed that BMI  1 25 (p = 0.02) and 
baseline AFP level  1 10 ng/ml (p = 0.04) were associated 
with emergence of HCC during follow-up periods. In ad-
dition, regarding the AFP and ALT levels during the IFN 
therapy, higher serum AFP ( 1 10 ng/ml) and serum ALT 
measured at 6 months after commencement of IFN ther-
apy ( 1 40 IU/l) showed a significant correlation with HCC 
occurrence (p = 0.01 for serum AFP of post-IFN and p = 
0.0007 for serum ALT of post-IFN, respectively). How-
ever, interestingly, neither the IL28B SNP nor an unde-

Table 1.  Demographics of the enrolled patients (n = 55)

Age, years 65.0 (44–78)
Male/female 15/40
BMI 22.4 (16.2–29.8)
ALT, IU/l 42 (10–159)
Albumin, g/dl 4.1 (2.6–4.9)
PLT, !10–4/mm3 11.4 (4.1–28.8)
AFP, ng/ml 8 (1–209)
Liver fibrosis, F1–F3/F4 26/29
rs8099917, TT/TG or GG 40/15

D ata are expressed as median value (range).
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  Fig. 1.  Incidence of HCC. HCC was diagnosed in 8 (14.5%) pa-
tients during follow-up. The cumulative incidences of HCC were 
0.092, 0.117 and 0.161 at 3, 5 and 7 years, respectively. 

Table 2.  Comparison between patients with and without develop-
ing HCC

Variables HCC(–)
(n = 47)
n (%)

HCC(+)
(n = 8)
n (%)

p
value

Age >65 years 23 (48.9) 4 (50.0) 0.73
Male 13 (27.7) 2 (25.0) 0.89
BMI >25 7 (14.9) 3 (37.5) 0.02*
ALT >40 IU/la 24 (51.1) 5 (62.5) 0.05
Albumin >4 g/dl 25 (53.2) 3 (37.5) 0.30
PLT >10 !10–4/mm3 29 (61.7) 5 (62.5) 0.67
AFP >10 ng/mla 16 (34.0) 7 (87.5) 0.04*
Liver cirrhosis 24 (51.1) 5 (62.5) 0.61
rs8099917, TT 34 (72.3) 6 (75.0) 0.91
AFP after IFN >10 ng/mlb 11 (23.4) 6 (75.0) 0.01*
ALT after IFN >40 IU/lb 11 (23.4) 7 (87.5) 0.0007*
HCV RNA after IFN

undetectableb 21 (44.7) 2 (25.0) 0.32

*  Statistically significant.
a Measurement at initiation of treatment. b Serum concentra-

tion 6 months after initiation of treatment.

— 347 —



 Hagiwara et al. Dig Dis 2012;30:561–567564

tectable level of HCV RNA at 6 months after commence-
ment of IFN therapy was extracted as a significant factor.

  To determine the independent variables and narrow 
down the risks for emergence of HCC after maintenance 
IFN therapy, we subsequently performed multivariate 
analysis using a Cox regression model, including the four 
variables detected as a significant by univariate analysis 
( table 3 ). Among them, ALT  1 40 IU/l at 6 months after 
commencement of IFN therapy (relative risk 16.034, p = 
0.01) and BMI  1 25 (relative risk 6.020, p = 0.026) were 
significantly and independently associated with a higher 
risk of HCC emergence.

  Cumulative Incidences of HCC in Patients Classified 
with Serological, Virological and Genetic Factors 
  Figure 2  shows Kaplan-Meier survival curves of pa-

tients classified based on the subgroups listed in  table 3 . 
The cumulative incidences of HCC in patients with ALT 
 1 40 IU/l at 6 months after commencement of IFN were 
much higher than those with ALT  ̂  40 IU/l throughout 
the follow-up periods (cumulative incidences of HCC in 
patients with ALT  1 40 IU/l were 0.056, 0.264 and 0.501 
at 3, 5 and 7 years, and those in patients with ALT  ̂  40 
IU/l were 0, 0.05 and 0.05 at 3, 5, and 7 years, respective-
ly, p = 0.0007 by log-rank test;  fig. 2 a). Similarly, the cu-
mulative incidences of HCC in patients with BMI  1 25 
were 0, 0.524 and 0.524 at 3, 5 and 7 years, whereas those 
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  Fig. 2.  Incidence of HCC in relation to predictive factors.  a  The 
cumulative incidences of HCC in patients with ALT concentra-
tions  1 40 IU/l at 6 months after commencement of IFN therapy 
were 0.056, 0.264 and 0.501 at 3, 5 and 7 years, respectively. On 
the other hand, the cumulative incidences of HCC in patients 
with ALT concentrations  ̂  40 IU/l at 6 months after com-
mencement of IFN therapy were 0, 0.05 and 0.05 at 3, 5 and 7 
years, respectively. The log-rank test gave a value of p = 0.0007, 
indicating that the incidence of HCC was significantly higher in 
the group with ALT concentrations  1 40 IU/l at 6 months after 
commencement of IFN therapy.  b  The cumulative incidences of 
HCC in patients with a BMI  1 25 were 0, 0.524 and 0.524 at 3, 5 
and 7 years, respectively. On the other hand, the cumulative in-
cidences of HCC in patients with a BMI  ̂  25 were 0.022, 0.052 
and 0.187 at 3, 5 and 7 years, respectively. The log-rank test gave 
a value of p = 0.02, indicating that the incidence of HCC was 
significantly higher in the group with a BMI  1 25.  c  The cumula-
tive incidences of HCC in IL28B SNP (TT) were 0.101, 0.101 and 
0.157 at 3, 5 and 7 years, respectively. On the other hand, the 
cumulative incidences of HCC in patients with the IL28B SNP 
(TG or GG) were 0.067, 0.17 and 0.17 at 3, 5 and 7 years, respec-
tively. The log-rank test gave a value of p = 0.91, indicating that 
the incidence of HCC did not differ significantly between TT 
and TG or G. 
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with BMI  ̂  25 were 0.022, 0.052 and 0.187 at 3, 5 and 7 
years, respectively (p = 0.02 by log-rank test;  fig. 2 b).

  On the contrary, the genetic variant of the IL28b gene, 
which was known as a predictive factor for effectiveness 
of IFN therapy, did not affect the incidence of HCC dur-
ing follow-up periods of maintenance IFN therapy (the 
cumulative incidences of HCC in patients with the IL28B 
SNP (TT) were 0.101, 0.101 and 0.157 at 3, 5 and 7 years, 
and those with the IL28B SNP (TG or GG) were 0.067, 
0.17 and 0.17 at 3, 5 and 7 years, respectively (p = 0.91; 
 fig. 2 c). Similarly, the HCV-RNA level at 6 months after 
commencement of IFN therapy did not show any effects 
on emergence of HCC.

  Post-Treatment ALT Reduction Rates, Virological 
Response Rates and Rates of Occurrence of HCC in 
Relation to the IL28B SNP   ( table 4 )   
 The median ALT reduction rate (= baseline ALT – ALT 

after IFN/baseline ALT) after treatment in cases with 
IL28B (TT) was 0.395 (range –1.00 to 0.925). On the other 
hand, in cases with IL28B (TG or GG), the median ALT 
reduction rate was 0.208 (range –0.405 to 0.813) and there 
was no significant difference from the TT cases (p = 0.15).

  The virological response rate was 0.50 in cases with 
IL28B (TT) and 0.20 in cases with IL28B (TG or GG). Al-
though there was no significant difference (p = 0.07), the 
rate tended to be lower in cases with IL28B (TG, GG).

  The rate of HCC occurrence was 0.15 in cases with 
IL28B (TT) and comparable with 0.133 in cases with 
IL28B (TG or GG) (p = 1).

  Discussion 

 Thanks to the recent advancement of treatment op-
tions including IFN, CHC is becoming a curative disease, 
at least in the majority of cases. However, there are still 
refractory cases in terms of elimination of HCV, such as 
the cases with advanced liver fibrosis, elderly cases, and 
with minor allele of the IL28B gene. These cases should be 
at higher risk of HCC because of a contentious inflamma-
tion due to ongoing HCV infection. From this point of 
view, reduction of HCC emergence is a top priority for 
these refractory patients. In this study, we intensively an-
alyze the effect of long-term IFN monotherapy on refrac-
tory CHC cases in the context of emergence of HCC. Here, 
we clearly showed that IFN monotherapy suppressed the 
emergence of HCC, especially in cases with normal BMI 
and showing a decrease of ALT at the initial phase of IFN 
therapy regardless of the genetic background of IL28B.

  Several findings of this study have direct implications 
for long-term PEG-IFN � -2a treatment of patients with 
chronic hepatitis or cirrhosis. In the present cohort, the 
cumulative rate of development of HCC in patients whose 

Variable Relative
risk

95% CI p value

ALT after treatment >40 IU/l 16.034 1.952–131.673 0.010*
BMI >25 6.020 1.235–29.335 0.026*

*  Statistically significant.

Table 4.  Relationship of IL28B SNP with reduction in ALT after IFN therapy, virological response, and occurrence of HCC

IL28B (TT)
(n = 40)

IL28B (TG or GG)
(n = 15)

p value

Median baseline ALT (range) 39.5 (10–159) 45 (17–115) 0.93
Median ALT after IFN (range) 22 (6–181) 28 (11–159) 0.25
Median ALT reduction rate, % (range) 39.5 (–100 to 92.5) 20.8 (–40.5 to 81.3) 0.15
Virological response rate, n (%) 20 (50) 3 (20) 0.07
Rate of occurrence of HCC, n (%) 6 (15) 2 (13.3) 1

A LT reduction rate (%) = baseline ALT – ALT after IFN/baseline ALT.

Table 3.  Summary of stepwise multiple 
Cox regression analysis of the occurrence 
of HCC
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serum concentrations of ALT were within normal limits 
( ̂  40 IU/l) after initiation of PEG-IFN � -2a therapy was 
lower than that of patients with high concentrations of 
ALT of  1 40 IU/l ( fig. 2 a). This suggests that ALT could be 
a valuable indicator for predicting effectiveness of long-
term PEG-IFN � -2a therapy in terms of HCC emergence. 
In other words, maintenance of low-dose IFN cannot be 
recommended if a sufficient decrease of ALT is not 
achieved within 6 months after the initiation of IFN. This 
is of importance for both clinical and financial view-
points because the ineffective use of IFN should be avoid-
ed properly.

  Previous reports have shown that a biological response 
suppresses the occurrence of HCC. Imai et al.  [15]  com-
pared the rates of HCC occurrence in 419 cases with IFN 
treatment and 144 control cases and reported that the in-
cidence of HCC decreased even among cases showing a 
biological response (p = 0.04) after an average follow-up 
period of 4 years. Okanoue et al.  [16]  also compared 1,370 
cases treated with IFN and 54 untreated cases and re-
ported that the rate of emergence of HCC was lower in 
biological response cases than in NR cases. On the other 
hand, long-term, low-dose therapy reportedly led to a de-
crease in ALT levels as well  [8] . Therefore, it could be 
speculated that continuous inflammation, necrosis and 
regeneration of hepatocytes induced genetic injury in he-
patocytes and clonal expansion of cells carrying a muta-
tion in cancer-related genes. From this point of view, 
long-term low-dose IFN might control liver inflamma-
tion and suppress the occurrence of HCC.

  In this study, BMI  1 25 was also extracted as a respon-
sible factor for the occurrence of HCC. In all HCC cases 
with BMI  1 25, serum HCV-RNA decreased to an unde-
tectable level. Under the condition of undetectable serum 
HCV-RNA, obesity rather than chronic HCV infection 
seemed to accelerate the development of HCC. Recently, 
a relationship between obesity and the development of 
HCC has been reported in a number of studies. Accord-
ing to the large-scale prospective study, the relative risk 
of development of HCC in obese cases (BMI  1 35) was 
4.52 in males and 1.6 in females  [17] . Muto et al.  [18]  in-
vestigated the risk of HCC occurrence in 622 cases with 
decompensated LC and concluded that obesity was asso-
ciated with the development of HCC. It is well known that 
obesity is accompanied by insulin resistance. When adi-
pose tissue is enlarged due to obesity, adiponectin secre-
tion is reduced and secretion of adipokain, such as TNF-
 �  and IL-6, increased, inducing insulin resistance  [19–
21] . Because insulin is known as a growth factor for 
hepatocytes, hyperinsulinemia due to insulin resistance 

could be an important process for hepatocarcinogenesis 
 [22, 23] . The results of this study suggested that, even in 
cases that achieved viral eradiation through IFN therapy, 
the risk of HCC was high in obese patients.

  On the other hand, the IL28B SNP is a potent predic-
tive factor for treatment response in combination therapy 
of PEG-IFN and RBV  [12, 24, 25] . As the clinical response 
for elimination of HCV depends on the IL28B SNP, we 
speculated that this genetic variant might also influence 
serum ALT levels after treatment. Therefore, the relation-
ships between the status of IL28B SNP and several sero-
logical markers, such as ALT, were also investigated in 
this study ( table 4 ). However, the rate of reduction in ALT 
concentrations was 0.395 in TT cases and 0.208 in TG or 
GG cases, which yielded no significant difference (p = 
0.15). The low-dose IFN therapy also showed no signifi-
cant effect on the virological response rate, which was 
defined as an undetectable level of HCV RNA at 6 months 
after commencement of IFN therapy (0.50 in TT cases 
and 0.15 in TG and GG cases, respectively, p = 0.07). Sim-
ilarly, the incidence of HCC during follow-up period did 
not show any difference (0.15 in TT cases and 0.133 in TG 
or GG cases, respectively). According to the data present-
ed here, it might be attractive to speculate that a decrease 
of ALT is important to suppress HCC carcinogenesis re-
gardless of SNP of IL28B, as both patients carrying TT 
allele and TG/GG allele show a similar degree of reduc-
tion of ALT and also a similar incidence of HCC.

  In this study, we clearly demonstrated that the ALT 
level  ̂  40 IU/l and BMI  ! 25 at 6 months after com-
mencement of IFN therapy were extracted as favorite fac-
tors for HCC emergence in cases receiving long-term low-
dose PEG-IFN � -2a therapy, regardless of SNP in IL28B. 
Therefore, cases with a decrease of ALT at the initial 
phase of IFN and normal BMI should be good candidates 
for an aggressive treatment of receiving low-dose PEG-
IFN � -2a. On the other hand, if a decrease of ALT could 
not be achieved, especially in obese patients, other treat-
ments, such as administration of SNMC and/or UDCA, 
should be considered. These are the unique and impor-
tant points of this study because we can predict the emer-
gence of HCC simply using ALT and BMI. Additional 
prospective studies with larger numbers of patients are 
required to validate the significance of these findings.
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decreased ductular reaction compatible with early HCC. Tak-
en together, these histological analyses confirmed the two 
nodules to be early HCC.  Conclusion:  Based on the criteria of 
the International Consensus Group, the two nodules were 
diagnosed as early HCC through biopsy. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 In 2009, the International Consensus Group for Hepa-
tocellular Neoplasia (ICGHN) published a consensus pa-
per describing stromal invasion as most helpful in differ-
entiating early hepatocellular carcinoma (HCC) from 
high-grade dysplastic nodules (HGDN)  [1] .

  Here, we describe 2 cases of early HCC in chronic hep-
atitis C patients. Ultrasound (US)-guided biopsy of the 
nodules subjected to hematoxylin and eosin (HE) stain-
ing revealed slight hypercellularity without cell atypia, 
fatty change and pseudoglandular formation. Victoria 

 Key Words 
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 Abstract 
  Objectives and Methods:  Findings of histological analyses 
of 2 cases of liver biopsy revealing hypovascular nodules are 
described.  Results:  Ultrasound examination revealed hypo-
vascular and hypoechoic nodules (8 mm in diameter) in seg-
ment 1 (case 1) and (8 mm) in segment 8 (case 2). The nodules 
were detected by only Gd-EOB-DTPA-enhanced MRI. Hema-
toxylin and eosin staining of ultrasound-guided biopsy of 
the nodules revealed slight hypercellularity without the fea-
tures of early hepatocellular carcinoma (HCC) such as cell 
atypia, fatty change and pseudoglandular formation. Early 
HCC was suspected; however, Victoria blue staining dis-
closed terminal portal tract invasion, the most important 
finding of early HCC. Also, cytokeratin 7 staining revealed 
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blue staining and immunohistochemical staining with 
cytokeratin 7 (CK7) showed a stromal (portal tract) inva-
sion and reduced ductular reaction compatible with early 
HCC.

  Case Reports 

 Case 1: An 82-Year-Old Man with Chronic Hepatitis C  
 Laboratory data on admission disclosed  � -fetoprotein (AFP) 

4.4 ng/ml (normal 0–20) and protein induced by vitamin K ab-
sence II (PIVKA II) 31 mAU/ml (0–40). A routine abdominal ul-
trasonograph (US) revealed an 8-mm hypoechoic nodule in seg-
ment 1 (S1) ( fig. 1 a). Sonazoid-enhanced US revealed no hyper-
vascular nodules in the early vascular phase and no defect in the 
Kupffer phase. Contrast-enhanced computed tomography (CT) 
revealed no enhanced lesion in the arterial phase and no washout 
lesion in the equilibrium phase. Gadolinium-ethoxybenzyl-di-
ethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced 
magnetic resonance imaging (MRI) revealed no hypervascular 
nodule in the arterial phase, but disclosed a defective nodule in 
the hepatobiliary phase ( fig. 1 b). Arterioportal angiography re-
vealed no enhanced lesion in CT hepatic arteriography and no 
perfusion defect in CT arterial portography. Histological analysis 
of a US-guided biopsy of the nodule revealed slight hypercellular-
ity without cell atypia, fatty change and pseudoglandular forma-
tion. Victoria blue staining showed stromal (portal tract) invasion 
compatible with early HCC ( fig.  2 a–c). Immunohistochemical 
staining with CK7 showed no ductular reaction in areas of stro-
mal invasion ( fig. 2 d–f).

  Case 2: A 62-Year-Old Man with Chronic Hepatitis C 
 Laboratory data on admission disclosed AFP 2.3 ng/ml and 

PIVKA II 158 mAU/ml. A routine abdominal US examination 
revealed an 8-mm hypoechoic nodule in S8 ( fig. 3 a). Sonazoid-
enhanced US revealed no hypervascular nodule in the arterial 
phase and no defect in the Kupffer phase. Contrast-enhanced CT 
revealed no enhanced lesion in the early arterial phase and no 
washout lesion in the portal phase. Gd-EOB-DTPA-enhanced 
MRI revealed no enhanced nodule in the arterial phase, no wash-
out lesion in the late phase, but revealed a defect in the hepato-
biliary phase ( fig. 3 b). CT hepatic arteriography revealed no en-
hanced lesion, and CT arterial portography revealed no perfusion 
defect. Histological analysis of a US-guided biopsy revealed slight 

hypercellularity without cell atypia, fatty change and pseudoglan-
dular formation ( fig. 4 a). Victoria blue staining showed stromal 
invasion compatible with early HCC ( fig.  4 b). Immunohisto-
chemical staining with CK7 showed a scanty ductular reaction 
between the lesion and the adjacent liver tissue ( fig. 4 c).

  Discussion 

 The status of imaging studies in the diagnosis of HCC 
 ! 2 cm has changed with the introduction of new contrast 
agents used in US and MRI. First, Sonazoid was exclu-
sively approved in Japan in 2007 as a second-generation 
US contrast agent; second, Gd-EOB-DTPA, a new liver-
specific contrast agent used in MRI  [2, 3] , was approved 
in 2008. Mita et al.  [4]  have compared the diagnostic sen-
sitivity of contrast-enhanced CT, Sonazoid-enhanced 
US, Gd-EOB-DTPA-enhanced MRI, and CT arteriportal 
angiography in diagnosing HCC in nodules  ! 2 cm. In the 
study of 34 nodules, 24 were moderately-differentiated 
and 10 well-differentiated HCC. Overall, the sensitivity 
was 53.9% by contrast-enhanced CT, 67.6% by Sonazoid-
enhanced US, 76.5% by Gd-EOB-DTPA-enhanced MRI, 
and 88.2% by CT arteriportal angiography. A significant 
difference was observed in the sensitivity between con-
trast-enhanced CT and CT arteriportal angiography, but 
no difference among Sonazoid-enhanced US, Gd-EOB-
DTPA-enhanced MRI and CT arteriportal angiography. 
The authors concluded that changing the main diagnos-
tic modality for HCC  ! 2 cm from CT arteriportal angi-
ography to Sonazoid-enhanced US and Gd-EOB-DTPA-
enhanced MRI was recommended.

  Advances in these imaging techniques and the estab-
lishment of surveillance protocols for high-risk popula-
tions have led to the detection of small hepatic nodules in 
patients with chronic liver diseases, particularly those 
with cirrhosis or chronic hepatitis caused by B or C virus. 
Such nodules, comprising a broad range of diagnostic en-

a b

  Fig. 1.  B-mode US imaging; 8-mm   hy-
poechoic nodule in S1 ( a ). Gd-EOB-
DTPA-enhanced MRI revealed a defect in 
the hepatobiliary phase ( b ). 
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tities (some benign and some with malignant potential) 
are currently defined histologically, and their clinical 
management often depends on the ability to make a reli-
able histological diagnosis.

  There has been considerable confusion regarding the 
nomenclature of and diagnostic approaches to these he-
patic nodules. To clarify these issues, the International 
Working Party (IWP) of the World Congresses of Gastro-
enterology proposed a consensus – now widely adopt-
ed – and diagnostic criteria for hepatocellular nodular 
lesions in 1995  [5] . The IWP classified nodular lesions 
found in chronic liver disease into large regenerative nod-
ules, low-grade dysplastic nodules, HGDN, and HCC. In 
addition, the IWP introduced the concept of dysplastic 
focus as a cluster of hepatocytes with features of early 
neoplasia (in particular small cell change of iron-free foci 
in a siderotic background) measuring  ! 0.1 cm, and de-
fined small HCC as a tumor measuring  ! 2 cm.

  More recent studies support the division of small HCC 
into two clinicopathological groups termed early HCC 
and progressive HCC  [6] . Early HCC has a vaguely nodu-
lar appearance and is well differentiated. Progressive 

HCC has a distinctly nodular pattern and is mostly mod-
erately differentiated, often with evidence of microvascu-
lar invasion. Early HCC takes longer to recur and has a 
higher 5-year survival rate compared with progressive 
HCC.

  Small lesions with malignant potential are subtly dif-
ferent from the surrounding parenchyma, making them 
difficult to assess reproducibly. The ICGHN was con-
vened to refine and make current the international con-
sensus on the histopathological diagnosis of nodular le-
sions, such as dysplastic nodules and early HCC. Early 
HCC tumors are vaguely nodular and characterized by 
various combinations of the following major histologic 
features  [7–9] : (1) increased cell density (more than twice 
that of the surrounding tissue) with an increased nuclear/
cytoplasm ratio and an irregular thin trabecular pattern; 
(2) varying numbers of portal tracts within the nodule 
(intratumoral portal tract); (3) a pseudoglandular pat-
tern; (4) diffuse fatty change, and (5) varying numbers of 
unpaired arteries. Nonetheless, all of these features may 
also be found in HGDN. Stromal invasion, described by 
ICGHN as helpful in differentiating early HCC from 
HGDN  [1] , is invasion into portal tracts of septal stroma 
within a hepatocellular nodule and is confirmed by Vic-
toria blue staining.

  Stromal invasion, which may be difficult to identify in 
early HCC because tumor cells show little or no cytolog-
ic atypia, is often focal; its identification is still more dif-
ficult when dealing with biopsied liver tissue in which 
only limited portions of nodules are sampled. Recently, 
Park et al.  [10]  have reported that CK7 immunostaining 
is useful in identifying stromal invasion. Ductular reac-

  Fig. 2.  Histological findings of the US-guided biopsy specimens. 
HE staining. Slight hypercellularity without cell atypia, fatty 
change and pseudoglandular formation ( a ). Victoria blue stain-
ing. Low magnification ( b ) and high magnification of oval enclo-
sure: stromal invasion is observed (arrows) ( c ). Immunohisto-
chemical staining with CK7. Low magnification ( d ), high magni-
fication of tumor lesion ( e ), and high magnification of non-tumor 
lesion ( f ). Ductular reaction, absent in areas of stromal invasion 
( e ) is florid around the cirrhotic nodules (non-tumor lesion) ( f ). 

a b

  Fig. 3.  B-mode US imaging. 8-mm hy-
poechoic nodule in S8 ( a ). Gd-EOB-
DTPA-enhanced MRI revealed a defect in 
the hepatobiliary phase ( b ).             
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tion, confirmed by CK7 staining, is frequently found in 
non-cancerous hepatocellular nodular lesions, whereas it 
is less frequently found in HCCs with true stromal inva-
sion.

  Here, the nodules of the 2 cases of early HCC were 
found hypovascular and were detected by only Gd-EOB-
DTPA-enhanced MRI. HE staining of US-guided biopsy 
of the nodules revealed slight hypercellularity without 
the features of early HCC such as cell atypia, fatty change 
and pseudoglandular formation. Early HCC was suspect-
ed, however additional Victoria blue staining disclosed 
terminal portal tract invasion, which is the most impor-
tant finding of early HCC. Also, CK7 staining revealed 
reduced ductular reaction compatible with early HCC. 
Thus, these histological analyses confirmed that these 
two nodules were early HCC. Victoria blue and CK7 

staining are very useful in the diagnosis of early HCC 
through biopsy tissue. Further study is needed, however, 
to obtain consensus among pathologists regarding the ef-
ficacy of these two techniques in the diagnosis of early 
HCC.

  Disclosure Statement 

 The authors declare that no financial or other conflict of inter-
est exists in relation to the content of the article. 

a b

c

  Fig. 4.  Histological findings of US-guided biopsy. HE staining. 
Slight hypercellularity without cell atypia, fatty change and pseu-
doglandular formation are observed ( a ). Victoria blue staining. 
Stromal invasion is observed ( b ). Immunohistochemical staining 
with CK7. Ductular reaction is scanty between the lesion and the 
adjacent liver tissue ( c ).           
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 Introduction 

 Percutaneous radiofrequency ablation (RFA) is an ef-
fective method for the treatment of small hepatocellular 
carcinoma (HCC)  [1, 2] . When the lesions are located 
near gastrointestinal organs, however, or the nodules 
are difficult to identify by ultrasonography (US), lapa-
roscopic RFA or laparotomic RFA is chosen. The former 
is superior to the latter because of its minimally invasive 
surgical procedure and the cosmetically more esthetic 
surgical scar  [3] . When a laparoscopic ultrasound probe 
is inserted through a trocar, it is difficult to use the in-
sertion point made by the probe or to attach and slide 
an ablation needle along the groove of the probe into the 
abdominal cavity because of the longitudinal dissocia-
tion between the needle and the probe  [4, 5] . We have 
developed a novel insertion method, a non-trocar tech-
nique (NTT), for laparoscopic RFA with the use of a 
convex scanning probe, whereby an ablation needle ac-
curately and easily punctures the target tumor in the 
liver.

 Key Words 
 Hepatocellular carcinoma  �  Laparoscopic ultrasonography  �  
Radiofrequency ablation 

 Abstract 
 We have developed a novel insertion method, a non-trocar 
technique (NTT), for laparoscopic radiofrequency ablation, 
whereby an ablation needle, guided by a 14.8-mm echo 
probe (PVM-787LA; Toshiba, Tokyo, Japan), accurately and 
easily punctures the target tumor in the liver. By existing 
methods, an ablation needle is inserted into the abdominal 
cavity through a puncture hole away from the echo probe 
because of the presence of a 15-mm trocar. Under such cir-
cumstances, fitting and sliding an ablation needle along the 
groove of the probe into the abdominal cavity is difficult be-
cause of the longitudinal dissociation between the needle 
and the probe. To avoid this dissociation, an echo probe is 
inserted directly through the small incision from which the 
12-mm trocar is withdrawn and an ablation needle is intro-
duced directly into the abdominal cavity through a puncture 
hole adjacent to and slid along the groove of the probe. 

 Copyright © 2012 S. Karger AG, Basel 
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  Patients and Methods 

 Between March and September 2011, ten nodules considered 
difficult to treat with a percutaneous approach in 9 patients (5 
men, 4 women; age 32–86 years, average 70.0) were subjected to 
laparoscopic RFA. The tumors ranged between 1.2 and 4.5 cm 
(average 2.0), and the nodules were located in segments 2–8. A 
convex scanning laparoscopic ultrasound probe (PVM-787LA; 
Toshiba Medicals, Tokyo, Japan) and an internally water-cooled 
RF electrode with an impedance-controlled generator (Cool-tip 
RF System; Radionics, Burlington, Mass., USA) were used. Of the 
9 patients, 5 were treated with the use of a trocar as described by 
Ido et al.  [6]  (the trocar group). Briefly, after the insertion of a 
laparoscopic ultrasound probe through a 15-mm trocar, an abla-
tion needle was introduced into the abdominal cavity through a 
puncture hole outside of the trocar, away from the probe because 
of the presence of the trocar ( fig. 1 ). The other 4 patients were 
treated without the use of a trocar (non-trocar group). Briefly, a 
probe was inserted directly through the small incision from 
which the 12-mm trocar was withdrawn, and an ablation needle 
was inserted directly into the abdominal cavity through the inser-
tion site adjacent to the guiding tract along the probe (fig. 3).

  Results 

  In the trocar group, the insertion point was sited on 
the skin from the outside of the trocar, and a needle was 
inserted into the abdominal cavity through an incision 
inevitably at a distance from the probe because of the 
presence of the trocar (virtual scheme;  fig. 1 ). The needle 
was then led into the guiding tract of the probe in the ab-
dominal cavity. Leading the needle to and sliding it along 

the groove of the probe was difficult because of the lon-
gitudinal dissociation between the needle and the probe. 
Because of the misalignment, the needle often slipped out 
of the groove after its introduction into the guiding tract 
of the probe ( fig. 2 ), or the needle did not always slide 
along the guideline, as displayed on the monitoring 
screen of US. One patient underwent a laparotomy in-
stead of a scheduled laparoscopic operation because of 
the inability of introducing the needle along the groove 
of the probe. Leakage of infused gas was not observed 
when the probe was inserted directly without a trocar. 
Without the trocar, the scanning efficiency of the probe 
in identifying nodules was not affected, and no complica-
tion was observed. In the non-trocar group, the probe was 
inserted directly through the insertion site from which 
the 12-mm trocar was withdrawn, and an ablation needle 
was inserted directly into the abdominal cavity through 
the insertion point adjacent to the probe ( fig. 3 ). The nee-
dle was then easily and fittingly slid along the groove of 
the probe ( fig. 4 ). The average duration of the operation 
was 153.5 min in the non-trocar group compared with 
200.6 min in the trocar group.

  Discussion 

 Although the treatment outcome of percutaneous RFA 
for small HCC is about the same as and even safer than 
that of hepatic resection  [1, 2] , complications have been 
reported in organs adjacent to the liver, such as the heart, 

  Fig. 1.  In the trocar group, a needle is inserted into the abdominal 
cavity through a puncture hole away from the probe because of 
the presence of a 15-mm trocar (virtual scheme). 

  Fig. 2.  Insertion of the needle with the use of a trocar (existing 
method). It is difficult to lead the needle to and slide it along the 
groove of the probe because of the longitudinal dissociation be-
tween the needle and the probe. 
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the diaphragm and the intestines. To avoid such compli-
cations, the use of artificial ascites with percutaneous 
RFA is one alternative; nonetheless, laparoscopic RFA is 
reported to be safer and more efficient  [7] . Moreover, the 
risk of hemorrhage and dissemination from protruding 
HCC on the surface of the liver is very high with percuta-
neous RFA  [8, 9] . In such cases, laparoscopic RFA has been 
carried out safely  [4] . Without US guidance, exact and safe 
insertion of needles is difficult into nodules indiscernible 
from the liver surface and into those located just below the 
diaphragm. Although a linear type probe provides good 
imaging of the liver and other vessels because of its wide 
view, it requires skill and experience to precisely target a 
nodule for ablation, especially that US imaging by the lin-
ear type probe and the direction of needle insertion are 
different. Laparoscopic treatment is difficult because of 
the inability of visualizing the tip of the needle.

  Asahina et al.  [4, 5]  have developed a sector type ultra-
sonic probe (end-fire type), which is inserted through a 
12-mm trocar, and although safe and accurate ablation is 
possible therewith, a 20-cm needle is difficult to handle. 
When a cool-tip type probe is used, a 25-cm long needle 
is requisite; however, such a needle may carry the risk of 
unnecessary overablation of small HCC, in that it can ab-
late only nodules 3 cm in diameter. 

 Ido et al.  [6]  have developed the convex array probe 
(PVM-787LA) equipped with a guiding tract on the shaft. 
Since the US image and the direction of the needle ob-
tained by the convex array probe are the same, we adopt-

ed their method; however, an ablation needle needs to be 
inserted into the abdominal cavity through an insertion 
site away from the probe because of the presence of the 
15-mm trocar ( fig.  1 ). Under these circumstances, it is 
difficult to lead the ablation needle to and slide it along 
the groove of the probe in the abdominal cavity because 
of the longitudinal dissociation between the needle and 
the probe ( fig. 2 ).

  Since the presence of the trocar between the probe and 
the needle made insertion of the needle more difficult, we 
assayed our non-trocar method of insertion. Although 
leakage of the infused gas was a possibility, it was avoided 
when the probe was inserted directly through an opening 
smaller than the diameter of the trocar. The anticipated 
difficulty of scanning was overcome by the flexibility of 
the abdominal wall.

  First, the echo probe was inserted directly through the 
opening from which the 12-mm trocar was withdrawn, 
and an ablation needle was inserted directly into the ab-
dominal cavity through the insertion point adjacent to 
the probe ( fig. 3 ). Insertion was very easily achieved and 
no leakage of infused gas was observed without ditch, etc. 
In the course of scanning, no resistance was perceived 
between the abdominal wall and the probe, and the han-
dling of the probe was easy.

  The difference in the alignment between the probe 
and the needle in the absence of the trocar was small 
enough for an ablation needle to easily slide along the 
groove of the probe.

  Fig. 3.  Insertion of the needle without a trocar (our technique, or 
NTT). The echo probe is inserted directly through the opening 
through which the 12-mm trocar is withdrawn, and an ablation 
needle is inserted directly into the abdominal cavity through the 
insertion site adjacent to the probe. 

  Fig. 4.  Insertion of the needle along the groove of the probe with-
out a trocar. An ablation needle can be more easily and fittingly 
slid along the groove of the probe than the existing method be-
cause of the small difference in the alignment between the probe 
and the needle. 
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  Tolerability improved because of the reduced outer 
width of the trocar (from 15 to 12 mm), which allowed 
the safe insertion of the probe, even in the presence of a 
dilated vein in the abdominal wall.

  In conclusion, our novel insertion method, a NTT for 
laparoscopic RFA, allows an ablation needle, guided by a 
14.8-mm echo probe (PVM-787LA; Toshiba), to accu-
rately and easily puncture the target tumor in the liver.

  Disclosure Statement 

   The authors declare that no financial or other conflict of inter-
est exists in relation to the content of the article.   
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drainage for obstructive jaundice in patients with HCC who 
are not candidates for surgical resection and summarize the 
current indications and outcomes of reported clinical use. 
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 Introduction 

 Obstructive jaundice as the main clinical feature is
uncommon in patients with hepatocellular carcinoma 
(HCC)  [1] . HCC may involve the biliary tract in several 
different ways: tumor compression, tumor thrombosis, 
hemobilia, and diffuse tumor infiltration. To avoid jaun-
dice impairment and hepatic failure, biliary drainage has 
been proposed as a means of reversing the pathophysio-
logic disturbances seen in jaundiced patients. Generally 
there are two main non-surgical treatment options for 
obstructive jaundiced patients: endoscopic retrograde 
biliary drainage (ERBD) and percutaneous transhepatic 
biliary drainage (PTBD). ERBD is usually the first-line 
treatment in patients considered for drainage because of 
its low hemorrhage risk. PTBD is often an important sec-
ond-line treatment when ERBD is impossible. However, 
as HCC tumors may extensively infiltrate intrahepatic or 
hilar bile ducts, it is often difficult to drain the bile duct 
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 Abstract 
 Among patients with later stage hepatocellular carcinoma 
(HCC), only 1–12% manifest obstructive jaundice as the initial 
complaint. Endoscopic retrograde biliary drainage (ERBD) 
and percutaneous transhepatic biliary drainage (PTBD) are 
the two main non-surgical treatment options for obstructive 
jaundice in patients with HCC. ERBD is usually the first-line 
treatment because of its low hemorrhage risk. Some have 
reported that the successful drainage rate ranges from 72 to 
100%. Mean stent patency time and mean survival range 
from 1.0 to 15.9 and 2.8 to 12.3 months, respectively. PTBD is 
often an important second-line treatment when ERBD is im-
possible. With regard to materials, metallic stents offer the 
benefit of longer patency than plastic stents. The dominant 
effect of biliary drainage suggests that successful jaundice 
therapy could enhance anti-cancer treatment by increasing 
life expectancy, decreasing mortality, or both. We present an 
overview of the efficacy of endoscopic and percutaneous 
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effectively and resolve the obstructive jaundice. Recent 
developments in interventional endoscopic ultrasonog-
raphy (EUS) allow a transgastric approach to the left bil-
iary system.

  In this review, we focus our discussion on the efficacy 
of endoscopic and percutaneous drainage for obstructive 
jaundice in patients with HCC who are not candidates for 
surgical resection.

  Obstructive Jaundice Caused by HCC 

 Jaundice presents in 19–40% of patients with HCC at 
the time of diagnosis and usually occurs in later stages 
 [1–4] . However, only 1–12% of HCC patients manifest ob-
structive jaundice as the initial complaint. HCC invasion 
into a bile duct may be due to one of the three mecha-
nisms ( fig. 1 )  [1, 5, 6] . Type 1 obstruction is due to intra-
luminal biliary obstruction caused by either a biliary tu-
mor thrombus or a free-floating tumor fragment. The 
biliary tumor thrombus gives a cholangiographic intra-
luminal filling defect that resembles a cork in the neck of 
a bottle. Lau et al.  [7]  termed this radiologic sign the ‘cork 
sign’. In patients with intraluminal tumor fragments, the 
cholangiographic features are similar to those seen in 
choledocholithiasis but the edges of the filling defects 
secondary to the tumor fragments are irregular and less 
well defined than those of stones. Type 2 obstruction is 
due to hemobilia. The hemobilia gives rise to cholangio-
graphic features of fluffy intraluminal filling defects, 
which obscure the underlying intraluminal tumor. An-
other cholangiogram should be carried out after the he-
mobilia has settled to clarify the actual extent of the in-
traluminal tumor. Type 3 obstruction is due to extralu-

minal biliary obstruction. Tumor invasion and/or encase-
ment of the intrahepatic branches of the hepatic ducts 
gives rise to localized strictures with proximal ductal di-
latation intrahepatically. The presence of malignant por-
ta hepatis lymph nodes can compress the common he-
patic or bile duct leading to extrahepatic biliary obstruc-
tion.

  Percutaneous tumor ablation, such as ethanol injec-
tion and radiofrequency ablation, is now recognized as 
the primary treatment for HCC. Although percutaneous 
tumor ablation is a relatively safe procedure, it can cause 
biliary injury as a rare complication (0.3–0.7% per treat-
ment)  [8, 9] .

  Drainage 

 Endoscopic Retrograde Biliary Drainage 
 We investigated papers about hilar obstruction due to 

malignant biliary stricture including HCC and cholan-
giocarcinoma ( table 1 )  [10–24] . The successful drainage 
rate ranges from 72 to 100%. Mean stent patency time 
and mean survival range from 1.0 to 15.9 and 2.8 to 12.3 
months, respectively. However, several factors seem to 
correlate with survival and the dominant effect of bili-
ary drainage suggests that successful jaundice therapy 
could enhance anti-cancer treatment by increasing life 
expectancy, decreasing mortality, or both. Stent patency 
is related to the need for repeated biliary drainage. Some 
researchers have reported that endoscopic drainage may 
be feasible and effective for malignant hilar biliary ob-
struction, and endoscopic reintervention is relatively 
simple.

Type 1

Intraluminal
obstruction

Type 2

Hemobilia

Type 3

Extraluminal
obstruction

Intrahepatic biliary
obstruction 

Multiple tumorsBlood clotTumor thrombus  Fig. 1.  Classification of intrahepatic biliary 
obstruction of HCC. 
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  Metallic Stent versus Plastic Stent 
 With regard to materials used to manufacture stents, 

the biliary endoprostheses currently used in clinics fall 
into two broad categories, plastic (teflon, polyethylene 
or polyurethane) and metallic (stainless steel or nickel-
titanium alloy) stents. A prospective randomized con-
trolled trial compared the patency of conventional en-
doscopically-inserted plastic stents (PS) with that of 
self-expanding metal stents (SEMS)  [25] . Median paten-
cy times were 1.8 and 3.6 months in the PS and SEMS 
groups, respectively (p = 0.002). Median survival was 
4.5 months (5.3 and 3.9 months in the SEMS and PS 
groups, respectively; p = 0.28). Although metallic stents 
(MS) remain patent longer than PS, the optimal pallia-
tion of inoperable malignant biliary strictures remains 
controversial because of the high cost of MS and short 
patient survival. Prat et al.  [26]  randomized their pa-
tients to receive either an 11.5-Fr polyethylene stent to 
be exchanged in case of dysfunction, an 11.5-Fr stent to 
be exchanged every 3 months, or a self-expanding me-
tallic Wallstent � . The authors recommended that MS 
were advantageous for patients surviving more than 6 
months, whereas a PS was advantageous in patients sur-
viving 6 months or less, it terms of cost analysis. How-
ever, Soderlund and Linder  [25]  mentioned that the total 
cost of MS or PS was about the same, irrespective of sur-
vival time, in their study.

  Percutaneous Transhepatic Biliary Drainage 
 The use of a percutaneous approach allows drainage 

if ERBD is impossible. PTBD is often performed in pa-
tients who have received total gastrectomy with Roux-Y 
reconstruction. Long-term PTBD is a valid alternative to 
surgery in patients with malignant bile duct strictures in 
whom endoscopic drainage has failed. Born et al.  [27]  
reported that there are frequently minor problems, most-
ly catheter-related, which require premature exchange of 
the drain in almost a half of the cases although PTBD 
was highly effective in relieving jaundice. Of the 157 
PTBD exchanges, 73 (47%) had to be carried out earlier 
than scheduled. Premature exchange was needed for 
clinical reasons, such as fever indicating PTBD dysfunc-
tion, in only 19% of these cases. The other reasons were 
related to the PTBD catheter and consisted of bile leak-
age alongside the drain (33%), PTBD disconnection or 
complete dislocation (30%), or occlusion suspected dur-
ing regular flushing of the drain (15%). Reducing the 
PTBD exchange interval from 3 to 2 months would have 
decreased the number of premature stent exchanges by 
26%.

  Percutaneous transhepatic metal or plastic biliary 
stent implantation for palliative treatment of malignant 
biliary obstruction has also become widely accepted  [28] . 
The 30-day mortality rate was lower in the MS group 
(6/61, 9.8%) than in the PS group (9/34, 26.5%, p  !  0.05). 
The 30-day reobstruction rate and complication rate 
were 15.0 and 16.4% in the MS group and 32.4 and 29.4% 
in the PS group, respectively (p  !  0.01). The median pa-
tency period of stents and median survival period of the 
patients were 230 and 224 days in the MS group and 90 
and 94 days in the PS group, respectively (p  !  0.01). There-
fore, MS is clinically confirmed to be superior to PS in the 
treatment of malignant biliary obstruction according to 
the percutaneous approach.

  ERBD versus PTBD 
 At present, no prospective randomized trials exist re-

garding ERBD versus PTBD for obstructive jaundice 
caused by HCC. However, in patients with malignant 
bile strictures, there are two randomized controlled re-
ports comparing ERBD with PTBD. Speer et al.  [29]  re-
ported that the endoscopic method had a significantly 
higher success rate for relief of jaundice (81 vs. 61%, p = 
0.017) and a significantly lower 30-day mortality (15 vs. 
33%, p = 0.016) from 75 patients entered into their analy-
sis. On the other hand, Piñol et al.  [30]  compared percu-
taneous SEMS with conventional endoscopic PS. The 
therapeutic success was higher in the percutaneous 

Table 1. S uccessful drainage rates and stent patency times after 
ERBD for malignant biliary stricture

Reference (first author) n Mean 
follow-up
period 
months

Successful
drainage
rate, %

Mean
stent pa-
tency time 
months

Mean 
survival 
months

Banerjee, 1995 [10] 12 – 97.5 – 8.2
Matsueda, 2001 [11] 18 – 72 – 2.8
Higashizawa, 2002 [12] 61 – 85 – –
Rerknimitr, 2002 [13] 50 – 97.5 – –
Ahmad, 2002 [14] 32 – – 8.4 –
Al-Mofleh, 2003 [15] 72 – 93 – 6.9
Freeman, 2003 [16] 45 – 77 8.9 –
Rerknimitr, 2004 [17] 63 – 96.8 2.9 –
Singh, 2007 [18] 18 – – 1.0 7.5
Naitoh, 2009 [19] 36 – 91.7 15.9 8.6
Chahal, 2010 [20] 21 6.14 100 6.3 –
Gerhardt, 2010 [21] 29 11.4 100 5.8 12.3
Kogure, 2011 [22] 12 – 100 6.7 –
Kanno, 2011 [23] 20 7.3 100 8.3 –
Hwang, 2011 [24] 30 5.9 86.7 4.7 5.9
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group (71% (20 of 28 patients) versus 42% (11 of 26 pa-
tients); p = 0.03). Overall median survival was signifi-
cantly higher in the percutaneous group than in the en-
doscopic group (3.7 vs. 2.0 months; p = 0.02). Cox regres-
sion analysis identified placement of the percutaneous 
SEMS as the only independent predictor of survival (rel-
ative risk 2.19; 95% CI 1.11, 4.31; p = 0.02). We consider 
that stent characteristics seem to play an important role 
in long-term outcome.

  Complications and Risk Factors 
 Major complication rates for ERBD and PTBD were 

0.85–12.1 and 4.1–10.3%, respectively  [31–34] . Mortality 
for ERBD and PTBD were 0.5–1.5 and 0.7–5.3%, respec-
tively  [31–34] . Major complications of ERBD included 
acute pancreatitis, acute cholangitis, acute cholecystitis, 
hemobilia, and stent dislocation, while minor complica-
tions included pain and fever. Major complications of 
PTBD included hemobilia, acute panperitonitis due to 
leaking bile, pneumothorax and stent dislocation, and 
minor complications included pain and fever.

  The independent risk factors for ineffective biliary 
drainage were total bilirubin  1 13 mg/dl and Child-Tur-
cotte-Pugh class C, and the mean survival times of pa-
tients who received effective or ineffective biliary drain-
age were 247 and 44 days, respectively  [35] . When effec-
tive biliary drainage was achieved after an appropriate 
biliary drainage procedure in patients with obstructive 
jaundice caused by HCC, survival improved.

  New Strategy: Endoscopic Ultrasound-Guided Biliary 
Drainage 
 Interventional EUS-guided biliary drainage (EUS-

BD) is a new technique that allows drainage of the biliary 
system in benign and malignant diseases when the bile 
duct is inaccessible by conventional ERCP ( fig. 2 ).

  EUS-guided diagnostic cholangiography was first re-
ported  [36]  in 1996 and the first EUS-BD was reported in 
2001  [37] . These initial reports were followed by a de-
scription of technique modifications and expanding in-
dications including EUS-guided hepaticogastrostomy 
with stent placement  [38] , transduodenal EUS-rendez-
vous biliary access  [39, 40]  and EUS-guided biliary ther-
apy of choledocholithiasis with the creation of a neopa-
pilla  [41] . Traditionally, patients who had ultimately failed 
ERCP had been offered PTBD or surgical biliary decom-
pression. EUS-guided decompression is not only mini-
mally invasive but is a single-step procedure that provides 
more physiological internal bile drainage with improved 
patient comfort and decreased risk of fluid and elec-
trolyte disturbances  [42] . Furthermore, EUS-BD using 
transgastric puncture of the intrahepatic duct can be fea-
sible in patients with hilar block due to HCC.

  Conclusion 

 ERBD and PTBD are the two main non-surgical treat-
ment options for obstructive jaundiced patients with 
HCC. ERBD is usually the first-line treatment because of 

a b c

  Fig. 2.  Hilar obstruction in a HCC patient with an ineffective biliary PS.  a  EUS-guided cholangiographic image 
of dilated irregular left intrahepatic bile ducts.  b  Fluoroscopic image of self-expanding metal biliary stent (ar-
rows) through the stomach into a left intrahepatic bile duct.  c . Endoscopic image of self-expanding metal biliary 
stent in the stomach. 
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low hemorrhage risk. PTBD is an important second-line 
treatment when ERBD is impossible. At present, there ex-
ist no prospective randomized trials regarding ERBD 
versus PTBD for obstructive jaundice caused by HCC. 
However, the dominant effect of biliary drainage suggests 
that successful jaundice therapy could enhance anti-can-
cer treatment by increasing life expectancy, decreasing 
mortality, or both. In addition, recent developments in 
interventional EUS allow a transgastric approach to the 

left biliary system when the bile duct is inaccessible by 
conventional ERCP in patients with hilar block due to 
HCC.
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A Single-Center Experience 

 Masatoshi Kudo    Kazuomi Ueshima    Tadaaki Arizumi  

 Department of Gastroenterology and Hepatology, Kinki University School of Medicine,  Osaka , Japan

 

 Introduction 

 Sorafenib is an oral molecular targeted agent which is 
currently the only approved targeted agent worldwide  [1, 
2] . The Raf/MEK/ERK pathway, also known as the MAP 
kinase pathway, is a downstream pathway shared by 
VEGFR, PDGFR, and EGFR, and its activation has been 
shown to mediate the growth and survival of hepatocel-
lular carcinoma (HCC). Sorafenib inhibits the growth of 
HCC by suppressing the serine/threonine kinase activity 
of the C-Raf and B-Raf components of the MAP kinase 
pathway and by inhibiting FLT-3 and c-KIT activities. It 
also serves as a multikinase inhibitor that suppresses the 
tyrosine kinase activity of VEGFR and PDGFR, thereby 
inhibiting the growth of endothelial cells and pericytes, 
as well as angiogenesis  [3–7] . The present study investi-
gated the efficacy and situations associated with sorafenib 
in real-life clinical practice.

  Aim 

 In Japan, sorafenib has been administered in accor-
dance with the consensus-based treatment algorithm for 
hepatocellular carcinoma proposed by the Japan Society 
of Hepatology  [8–10]  ( fig. 1 ). According to this algorithm, 

 Key Words 
 Sorafenib  �  Consensus-based treatment algorithm  �  
Hepatocellular carcinoma  �  Resection  �  Ablation  �  
Transarterial chemoembolization 

 Abstract 
 To evaluate the efficacy of sorafenib monotherapy, we en-
rolled 188 patients with hepatocellular carcinoma (HCC) who 
had undergone sorafenib monotherapy during a 3-year pe-
riod from May 2009 to June 2012. Median overall survival was 
15.6 months, and the 1- and 2-year survival rate was 54.4 and 
32.2%, respectively, showing a relatively favorable treat-
ment outcome. In addition, outcome was more favorable in 
earlier TNM stages. HCC patients with stage IVB had a better 
outcome than those with stage IVA, indicating the involve-
ment of vascular invasion had poor prognosis. Outcome was 
more favorable in patients with Child-Pugh class A than in 
those with Child-Pugh class B. Patients in the long-term 
treatment group, who received sorafenib for  6 90 days, also 
showed a favorable outcome compared with those in the 
short-term treatment group, in which the administration pe-
riod was  ! 90 days. Multivariate analysis revealed treatment 
duration as a significant prognostic factor. Furthermore, pa-
tients who received post-sorafenib treatment had a better 
outcome than those who did not. 
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  Fig. 1.  Consensus-based treatment algorithm for HCC proposed by the Japan Society of Hepatology updated in 2010. Sorafenib is rec-
ommended for Child-Pugh A patients with extrahepatic spread, vascular invasion and TACE/HAIC failure patients. 

  1  Treatment should be performed as if extrahepatic spread is negative, when extrahepatic spread is not regarded as a prognostic 
factor. 
  2  Sorafenib is the first choice of treatment in this setting as a standard of care. 
  3  Intensive follow-up observation is recommended for hypovascular nodules by the Japanese Evidence-Based Clinical Practice 
Guidelines. However, local ablation therapy is frequently performed in the following cases: (1) when the nodule is diagnosed patho-
logically as early HCC, (2) when the nodules show decreased uptake on Gd-EOB-MRI, or (3) when the nodules show decreased 
portal flow by CTAP, since these nodules are known to frequently progress to the typical advanced HCC. 
  4  Even for HCC nodules exceeding 3 cm in diameter, combination therapy of TACE and ablation is frequently performed when re-
section is not indicated. 
  5  TACE is the first choice of treatment in this setting. HAIC using an implanted port is also recommended for TACE refractory patients. 
The regimen for this treatment is usually low-dose FP (5-FU+CDDP) or intra-arterial 5-FU infusion combined with systemic interferon 
therapy. Sorafenib is also a treatment of choice for TACE refractory patients with Child-Pugh A liver function. 
  6  Resection is sometimes performed even when number of nodules is  > 4. Furthermore, ablation is sometimes performed in com-
bination with TACE. 
  7  Milan criteria: tumor size  ≤ 3 cm and tumor number  ≤ 3; or solitary tumor  ≤ 5 cm. Even when liver function is good (Child-Pugh 
A/B), transplantation is sometimes considered for frequently recurring HCC patients. 
  8  Sorafenib and HAIC are recommended for HCC patients with Vp3 (portal invasion at the 1st portal branch) or Vp4 (portal invasion 
at the main portal branch).       
  9  Resection and TACE are frequently performed when portal invasion is minimal such as with Vp1 (portal invasion at the 3rd or 
higher peripheral portal branch) or Vp2 (portal invasion at the 2nd portal branch).       
  10  Local ablation therapy or subsegmental TACE is performed even for Child-Pugh C patients when transplantation is not indicated 
and in the absence of hepatic encephalopathy, uncontrollable ascites, and low bilirubin level ( < 3.0 mg/dl). However, it is regarded 
as an experimental treatment since no evidence of its survival benefit in Child-Pugh C patients has been observed. A prospective 
study is necessary to clarify this issue. Even in Child-Pugh A/B patients, transplantation is sometimes performed for relatively young 
patients with frequently or early recurring HCC after curative treatments.     
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sorafenib is indicated for Child-Pugh A stage HCC cases 
with extrahepatic spread, or vascular invasion. Sorafenib 
is also recommended in Child-Pugh A cases where trans-
catheter arterial chemoembolization (TACE) and hepatic 
arterial infusion chemotherapy (HAIC) are not indicat-
ed. Here we investigated 236 HCC patients treated with 
sorafenib at Kinki University Hospital, Osaka, Japan, to 
elucidate the efficacy of sorafenib treatment and the char-
acteristics of the clinical outcome.

  Patients and Methods 

 We investigated 236 patients with HCC who started sorafenib 
therapy between May 20, 2009 and June 15, 2012. We excluded 43 
patients who had received combination therapy with HAIC or 
TACE in a clinical trial; this left 193 patients who had received 
sorafenib monotherapy. After excluding a further 5 patients 
whose treatment period from the start of sorafenib to the initia-
tion of this study was less than 1 month, 188 patients were enrolled 
( fig. 2 ). Study issues were prior treatment history, overall survival 
(OS) rate, and survival rate by TNM stage, Child-Pugh stage, eti-
ology, and sorafenib treatment period. We also investigated sur-
vival-related factors and the effect of post-sorafenib treatment on 
the survival of patients. The log-rank test was used for statistical 
analysis.

  Result 

 Patient Background 
 Patient background is shown in  table 1 . Patients, pre-

dominantly men, had a median age of 72.5 years. HCC 
was derived mostly from hepatitis C, followed by non-B, 
non-C HCC and hepatitis B (HBV)-related HCC. There 
were 149 Child-Pugh A cases, compared with the 39 cas-
es of Child-Pugh B. Many patients were classified as 
TNM stage IVA/IVB. Levels of albumin and bilirubin, 
prothrombin time, white blood cell count, and platelet 
count were within the normal range.

  Prior Treatment 
 Prior treatment in the 188 cases included 48 resec-

tions, 84 local ablations, 129 cases of TACE  [11] , and 22 
cases of HAIC ( fig. 3 ). Patients underwent TACE a me-
dian of 4.5 times, with 1 patient undergoing TACE 17 
times ( fig. 4 ).

  Objective Response Rate and Disease Control Rate 
 The objective response rate was 8.5, 18.0, and 18.6% 

according to RECIST 1.1, modified RECIST  [12]  and Re-
sponse Criteria in Cancer of the Liver (RECICL)  [13] . The 
disease control rate was 64.8, 66.5, and 65.4% according 
to RECIST 1.1, modified RECIST and RECICL ( table 2 ), 
respectively. Two cases of complete response were already 
reported  [8] .

2009/5/20–2012/6/15
Sorafenib treatment

n = 236

Sorafenib treatment
n = 193

Sorafenib treatment
n = 188

Prescribed after 2012/5/15
n = 5  

Clinical trials of combination
treatment 

SILIUS-PI
SILIUS-PIII
TACTCIS
CDDP-Sor-rP2

14
24
4
1

  Fig. 2.  Flow chart of patient selection in this study. A total of 188 
patients who were treated only with sorafenib were selected.         

Table 1. P atient background

Age (range), years 72.5 (31–90)
Male/female 141/47
HBV/HCV/NBNC 35/99/54
Child-Pugh A/B 149/39
Stage II/III/IVA/IVB 21/65/44/58
ALB (range), g/dl 3.6 (1.5–4.9)
BIL (range), mg/dl 0.7 (0.2–3.0)
PT (range), % 80.4 47.0–120.0)
WBC (range), /�l 4,750 (1,700–16,800)
Neutrophils (range), /�l 2,741.7 (397.8–13,524)
Hb (range), g/dl 12.3 (6.8–16.7)
PLT (range), /�l 13.9 (4.2–76.8)

Table 2. R esponse rate and disease control rate (n = 188)

CR PR SD PD RR DCR

RECIST 1.1 2 14 106 66 8.5 64.8
mRECIST 5 29 91 63 18.0 66.5
RECICL 5 30 88 65 18.6 65.4
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22 166Systemic chemotherapy

22 166HAIC
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48 140Resection

Prior treatment (+)
Prior treatment (–) n = 188

  Fig. 3.  Prior treatment history before sorafenib treatment. There 
are several overlapping cases.         
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  Fig. 4.  Number of prior TACE treatments. Median number of 
TACE treatments was 4.5 (range 1–17).         
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  Fig. 5.  OS of the 188 patients who underwent treatment with 
sorafenib alone. Median survival time was 15.6 months (95% CI 
10.6–20.6), and the 1- and 2-year survival rate was 54.4 and 32.7%, 
respectively.         
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  Fig. 6.  OS according to TNM stage.         
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  Overall Survival 
 Median OS was 15.6 months, which was fairly favor-

able compared with the SHARP study  [1]  and the Asian-
Pacific Study  [2] . The 1- and 2-year survival rate was 54.4 
and 32.7%, respectively ( fig. 5 ).

  OS according to TNM Stage 
 Analysis of OS according to TNM stage revealed that 

stage II patients had a significantly favorable outcome, 
followed by stage III and IV patients, with significant dif-
ferences noted between stages ( fig. 6 ). The most likely rea-
son for the better outcome in stage IVB patients, com-
pared with those in stage IVA, is that the stage IVA pa-
tients had vascular invasion, meaning that they started 
out as a group of patients with poor prognosis and resis-
tance to sorafenib.

  OS according to Child-Pugh Stage 
 Child-Pugh A HCC patients had a median OS of 16.3 

months, which was longer, although insignificantly, than 
the OS of 9.3 months in Child-Pugh B patients ( fig. 7 ).

  OS according to Etiology 
 No significant differences in clinical outcome were 

observed between HCC caused by hepatitis B, C, non-B, 

and non-C, thus showing no etiology-related differences 
 [14]  ( fig. 8 ).

  OS according to Treatment Duration 
 Patients who had received sorafenib for  6 90 days had 

a significantly longer median OS of 20.8 months com-
pared with those who received sorafenib for  ! 90 days (5.9 
months) ( fig. 9 ). This indicates that a better clinical out-
come was achieved at higher sorafenib doses.

  OS-Related Factors 
 In univariate analysis, factors associated with OS were 

sorafenib treatment duration, portal venous invasion, ex-
trahepatic metastasis, albumin, bilirubin, white blood cell 
count, AFP, AFP-L3, and PIVKA-II ( table 3 ). Multivariate 
analysis showed that the duration of sorafenib treatment 
had the highest hazard ratio and significantly contributed 
to patient survival. Hepatic functional reserve indicators, 
such as bilirubin and the tumor markers AFP and DCP, 
were also factors contributing to OS ( table 4 ).

  Post-Sorafenib Treatment 
 Patients with post-sorafenib therapy had a significant-

ly longer median OS of 17.7 months compared with 2.6 
months in patients without post-sorafenib therapy 
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  Fig. 7.  OS according to Child-Pugh stage.         
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  Fig. 9.  OS according to treatment duration with sorafenib.         

Table 4.  Multivariate analysis of factors affecting OS

Factor Category p value Hazard
ratio

9 5% CI

lowe r
limit

upper
limit

Treatment
duration 

<90 days
≥90 days

<0.001 1
0.349

0.222 0.550

BIL <1.0 0.016 1 1.110 2.721
≥1.0 1.738

AFP <400 0.025 1 1.068 2.721
≥400 1.705

DCP 
(PIVKA-II)

<1,000
≥1,000

0.001 1
2.300

1.437 3.683
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Post-sorafenib treatment (+)
MST = 17.7 months (95% CI 7.3–28.1)

Post-sorafenib treatment (–)
MST = 2.6 months (95% CI 1.7–3.5)

  Fig. 10.  OS according to whether or not post-sorafenib treatment 
was performed.         

Table 3.  Univariate analysis of factors affecting OS

Factor Category p value Hazard
ratio

9 5% CI

lower
limit

upper 
limit 

Treatment duration <90 days <0.001 1 0.196 0.465
≥90 days 0.302

Portal invasion no 0.002 1 1.130 1.783
yes 1.420

Extrahepatic spread no 0.017 1 1.098 2.745
yes 1.736

ALB ≥3.6 0.026 1 1.053 2.421
<3.6 1.597

BIL <1.0 <0.001 1 1.514 3.541
≥1.0 2.315

WBC >5,000 0.029 1 0.646 0.978
≤5,000 0.795

AFP <400 <0.001 1 1.301 1.982
≥400 1.606

DCP (PIVKA-II) <1,000 <0.001 1 1.092 2.601
≥1,000 1.685

AFP-L3 <10 0.012 1 1.232 2.892
≥10 1.888
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( fig. 10 ). Post-sorafenib therapy included 26 cases of sec-
ond-line targeted therapy in clinical trials, 20 cases of 
TACE, 7 cases of HAIC, 3 cases of systemic chemothera-
py, and 1 resection ( fig. 11 ).

  Discussion 

 Here we investigated the clinical outcome of sorafenib 
therapy. Many patients were already on other treatment 
regimens such as TACE or had undergone resection prior 
to sorafenib therapy. Despite undergoing sorafenib ther-
apy after adequately receiving another treatment, OS was 
15.6 months, which is relatively favorable. This suggests 
that starting treatment with sorafenib at the early stage 

TACE, n = 20

Second-line treatment
in clinical trials, n = 26

Resection, n = 1

Systemic
chemotherapy,

n=3

HAIC, n = 7

  Fig. 11.  Post-sorafenib treatment was performed in 57 of the 188 
patients.         

and continuing therapy for as long as possible improves 
survival. In fact, 102 of the 188 patients were able to con-
tinue sorafenib for over 3 months. It became apparent 
that sorafenib needs to be administered for a long time, 
with termination and dose reduction when necessary, to 
prolong OS. Of course, Child-Pugh A patients with a bet-
ter hepatic functional capability and those with better 
TNM stages were expected to have a better outcome. 
However, multivariate analysis suggested the necessity of 
performing sorafenib therapy for  1 90 days, and if neces-
sary, post-sorafenib therapy such as second-line targeted 
therapy, TACE, or HAIC to prolong survival time. It is 
possible to assume that the present patients stayed on 
sorafenib for a long duration and had a favorable outcome 
simply because they were in a good condition as far as 
tumor status and liver function status were concerned. 
Nonetheless, to improve clinical outcome, it is necessary 
to recognize patients with favorable prognostic factors, 
but without applicable locoregional therapy, and to start 
long-term administration of sorafenib.

  Conclusion 

 To improve the survival rate of HCC patients, when 
locoregional therapy is not indicated, patients should be 
placed immediately on sorafenib therapy and continue 
the drug for as long as possible, even with dose reduction 
and interruption.

  Disclosure Statement 

 The authors have no conflicts of interest to disclose.
 

 References 

  1 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, 
Gane E, Blanc JF, de Oliveira AC, Santoro A, 
Raoul JL, Forner A, et al: Sorafenib in ad-
vanced hepatocellular carcinoma. N Engl J 
Med 2008;   359:   378–390. 

  2 Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin 
S, Kim JS, Luo R, Feng J, Ye S, Yang TS, et al: 
Efficacy and safety of sorafenib in patients in 
the Asia-Pacific region with advanced hepa-
tocellular carcinoma: a phase III ran-
domised, double-blind, placebo-controlled 
trial. Lancet Oncol 2009;   10:   25–34. 

  3 Wilhelm SM, Carter C, Tang L, Wilkie D, 
McNabola A, Rong H, Chen C, Zhang X, 
Vincent P, McHugh M, et al: BAY 43-9006 
exhibits broad spectrum oral antitumor ac-
tivity and targets the RAF/MEK/ERK path-
way and receptor tyrosine kinases involved 
in tumor progression and angiogenesis. 
Cancer Res 2004;   64:   7099–7109. 

  4 Liu L, Cao Y, Chen C, Zhang X, McNabola A, 
Wilkie D, Wilhelm S, Lynch M, Carter C: 
Sorafenib blocks the RAF/MEK/ERK path-
way, inhibits tumor angiogenesis, and induc-
es tumor cell apoptosis in hepatocellular car-
cinoma model PLC/PRF/5. Cancer Res 2006;  
 66:   11851–11858. 

  5 Chang YS, Adnane J, Trail PA, Levy J, Hen-
derson A, Xue D, Bortolon E, Ichetovkin M, 
Chen C, McNabola A, et al: Sorafenib (BAY 
43-9006) inhibits tumor growth and vascu-
larization and induces tumor apoptosis and 
hypoxia in RCC xenograft models. Cancer 
Chemother Pharmacol 2007;   59:   561–574. 

  6 Kudo M: Current status of molecularly tar-
geted therapy for hepatocellular carcinoma: 
clinical practice. Int J Clin Oncol 2010;   15:  
 242–255. 

— 374 —



 Kudo/Ueshima/Arizumi

 

Dig Dis 2012;30:609–616616

  7 Kudo M: Signaling pathway and molecular-
targeted therapy for hepatocellular carcino-
ma. Dig Dis 2011;   29:   289–302. 

  8 Kudo M, Ueshima K: Positioning of a molec-
ular-targeted agent, sorafenib, in the treat-
ment algorithm for hepatocellular carcino-
ma and implication of many complete remis-
sion cases in Japan. Oncology 2010;   78(suppl 
1):154–166. 

  9 Kudo M, Izumi N, Kokudo N, Matsui O, 
Sakamoto M, Nakashima O, Kojiro M, 
Makuuchi M: Management of hepatocellular 
carcinoma in Japan: consensus-based clini-
cal practice guidelines proposed by the Japan 
Society of Hepatology (JSH) 2010 updated 
version. Dig Dis 2011;   29:   339–364. 

 10 Kudo M: Treatment of advanced hepatocel-
lular carcinoma with emphasis on hepatic 
arterial infusion chemotherapy and molecu-
lar targeted therapy. Liver Cancer 2012;1:62–
70. 

 11 Lencioni R: Chemoembolization in patients 
with hepatocellular carcinoma. Liver Cancer 
2012;   1:   41–50. 

 12 Lencioni R, Llovet JM: Modified RECIST 
(mRECIST) assessment for hepatocellular 
carcinoma. Semin Liver Dis 2010;   30:   52–60. 

 13 Kudo M, Kubo S, Takayasu K, Sakamoto M, 
Tanaka M, Ikai I, Furuse J, Nakamura K, 
Makuuchi M: Response Evaluation Criteria 
in Cancer of the Liver (RECICL) proposed by 
the Liver Cancer Study Group of Japan (2009 
Revised Version). Hepatol Res 2010;   40:   686–
692. 

 14 Kim DY, Han KH: Epidemiology and sur-
veillance of hepatocellular carcinoma. Liver 
Cancer 2012;   1:   2–14. 

  

— 375 —



European Journal of Radiology 81 (2012) 1460–1464

Contents lists available at ScienceDirect

European Journal of Radiology

journa l homepage: www.e lsev ier .com/ locate /e j rad

Estimation of liver function using T2* mapping on gadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid enhanced magnetic resonance imaging

Takashi Katsubea,1, Masahiro Okadab,2, Seishi Kumanob,2, Izumi Imaokab,2, Yuki Kagawab,2,
Masatoshi Hori c,3, Kazunari Ishiib,2, Noboru Tanigawad,4, Yasuharu Imaie,5, Masatoshi Kudof,2,
Takamichi Murakamib,∗

a Department of Radiology, Shimane University School of Medicine, 89-1 Enya-cho, Izumo, Shimane 693-8501, Japan
b Department of Radiology, Kinki University School of Medicine, 377-2 Ohno-Higashi, Osaka-Sayama, Osaka 589-8511, Japan
c Department of Radiology, Osaka University Graduate School of Medicine, 2-15 Yamadaoka, Suita, Osaka 565-0871, Japan
d Department of Radiology, Kansai Medical University Hirakata Hospital, 2-3-1 Shinmachi, Hirakata, Osaka 573-1191, Japan
e Department of Gastroenterology, Ikeda Municipal Hospital, 3-1-18 Johnan, Ikeda, Osaka 563-8510, Japan
f Department of Gastroenterology and Hepatology, Kinki University School of Medicine, 377-2 Ohno-Higashi, Osaka-Sayama, Osaka 589-8511, Japan

a r t i c l e i n f o

Article history:
Received 15 September 2010
Received in revised form 17 March 2011
Accepted 23 March 2011

Keywords:
T2* mapping
Gadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA)
Liver function

a b s t r a c t

Purpose: To investigate the usefulness of T2* mapping of liver on gadolinium ethoxybenzyl diethylene-
triamine pentaacetic acid (Gd-EOB-DTPA)-enhanced MRI for estimating liver function.
Materials and methods: 33 patients were classified into 3 groups as follows: normal liver function (NLF)
(n=7);mild liver damage (MLD) (n=16)with Child-PughA; severe liver damage (SLD) (n=10)with Child-
Pugh B. T2*-weighted gradient-echo (T2*W-GRE) and T1-weighted gradient-echo (T1W-GRE) images
were obtained before and after Gd-EOB-DTPA administration (3, 8, 13, and 18min; 5, 10,15, and 20min;
respectively). T2*mapping of liverwas calculated fromT2*W-GRE, then T2* values of liver and T2* reduc-
tion rates of T2* value between pre- and post-contrast enhancement were measured. The increase rates
of liver-to-muscle signal intensity (LMS) ratio on T1W-GREbetweenpre- andpost-contrast enhancement
were calculated.
Results: T2* values on pre- and post-contrast showed no significant differences among three groups.
Significant differences in T2* reduction rates were found among groups, and those of LCB were lower
than those of other groups (NLF:MLD:SLD, 3.8:6.0:0.6% at 3min, 8.2:10.3:1.0% at 8min, 10.7:11.5:1.2% at
13min, and 16.1:13.2:3.5% at 18min, respectively) (P<0.05). Significant differences in increase rates of
LMS ratio on T1W-GRE were identified (NLF:MLD:SLD, 1.53:1.46:1.35 at 5min, 1.68:1.64:1.37 at 10min,
1.79:1.76:1.44 at 15min, and 1.89:1.78:1.49 at 20min, respectively).
Conclusion: T2* reduction rate and increase rate of LMS ratio on T1W-GRE may allow us estimation of
liver function according to Child-Pugh score.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Estimation of liver function is essential for preventing postop-
erative hepatic failure and for the clinical management of patients
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with hepatic dysfunction. Scintigraphy with Tc99m iminodiacetic
acid (IDA) [1] and Tc99m galactosyl human serum albumin (GSA)
[2] are currently available for estimation of liver function, but the
spatial resolution of those imaging modalities remains unsatis-
factory and radioactive agents must be used. As a more recent
development, T2*-weighted gradient-echo (GRE) images of super-
paramagnetic iron oxide (SPIO)-enhanced magnetic resonance
imaging (MRI), which is mediated by phagocytic activity of Kupffer
cells, is reportedly useful for evaluating Kupffer cell function with
or without liver cirrhosis [3–5].

Recently, gadolinium ethoxybenzyl diethylenetriamine pen-
taacetic acid (Gd-EOB-DTPA) has come into use in routine clinical
practice in many countries. After intravenous injection, Gd-EOB-
DTPA is cleared from the body by two routes of elimination:
receptor-specific uptake in hepatocytes with subsequent biliary
excretion, and glomerular filtration in the kidney with subsequent

0720-048X/$ – see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ejrad.2011.03.073
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urinary excretion. The percentage of hepatobiliary elimination is
63–80% in rats and 32–34% in monkeys [6]. In human, the com-
poundwascompletely eliminated inurineand feces inalmost equal
amounts (43.1–53.2% and 41.6–51.2%, respectively) [7]. In the hep-
atobiliary elimination route, Gd-EOB-DTPA is gradually taken up
by hepatocytes and eventually excreted via the biliary pathway
without any change to the chemical structure. In daily clinical use,
Gd-EOB-DTPA is used to evaluate focal liver lesions, such as hep-
atocellular carcinoma (HCC) or liver metastasis, on T1-weighted
imaging [8,9]. As signal intensity of the liver after Gd-EOB-DTPA
administration depends on uptake by hepatocytes and bile excre-
tion, Gd-EOB-DTPA is regarded as a useful imaging technique to
evaluate liver functions [10–13], as well as to evaluate focal liver
lesions.

In the area of MRI, T2* relaxometry has recently received
increased attention as a quantitative analysis tool. Gd-EOB-DTPA
not only has a T1 value-shortening effect, but also effects on T2 and
T2* values. The utility of MRI analysis using T2* values thus moti-
vated us to investigate correlations between liver function and T2*
value change in the liver using Gd-EOB-DTPA.

The present study investigated the ability of T2* value map-
ping of liver parenchyma on Gd-EOB-DTPA-enhanced MRI for the
estimation of liver function.

2. Materials and methods

2.1. Patients

This study was followed the principles of the Declaration of
Helsinki. Informed consent was obtained from all patients who
underwent contrast-enhanced MRI with Gd-EOB-DTPA. As Gd-
EOB-DTPA enhanced MRI of the liver was performed as a routine
abdominal scan to evaluate the presence of HCC, approval by the
institutional ethics committee was obtained for this study.

Subjects comprised 33 adult patients (21 men, 12 women;
mean age, 67.8 years) with suspicious liver tumor who underwent
Gd-EOB-DTPA-enhanced MRI in our university hospital. Chronic
hepatitis orhepatic cirrhosiswaspresented in26patients. Causesof
chronic hepatitis or hepatic cirrhosis were hepatitis C (n=18), hep-
atitis B (n=4), alcohol abuse (n=2), and cryptogenic (n=2). Chronic
hepatitis and hepatic cirrhosis of patients were confirmed by clin-
ical manifestation, blood examination (albumin, total bilirubin,
aspartate aminotransferaes, alanine aminotransferase, prothrom-
bin time, and platelet count), and imaging findings. The remaining
7 patients had suspected liver metastatic lesion in normal liver
parenchyma. They had no or a few metastases (mean tumor num-
bers 1.0, range 0–3) on Gd-EOB-DTPA enhanced MRI. Metastatic
lesions those were thought not to influence liver function were
included in this study. This means that these lesions were not
located in hepatic hilum nor obstruct main bile ducts and blood
vessels, neither that the patient of suspected liver metastasis had
abnormal hepatobiliary data on blood examination. Finally, all the
patients of suspected liver metastatic lesion were included in our
study.

No patients of our study had previously undergone hepatic or
biliary surgery, orhadundergone transarterial chemoembolization,
radiofrequency ablation, or percutaneous ethanol injectionswithin
1 month before MRI.

All patientswere classified into three groups according to Child-
Pugh classification: normal liver function (NLF) group (n=7); mild
liverdamage (MLD)group (n=16),withchronichepatitis andChild-
Pugh A; and severe liver damage (SLD) group (n=10), with Child-
Pugh B or C. Blood examination for Child-Pugh classification was
performed within 1 week of MRI.

2.2. Contrast material

Gd-EOB-DTPA (Primovist®; Bayer Schering Pharma AG, Berlin,
Germany) was used as a hepatocytic contrast agent. All patients
received 0.025mmol/kg body weight of 0.25mol/l gadoxetic acid
solution administered at a speed of 2ml/s though an intravenous
line placed in a cubital or cephalic vein and flushed with 35ml of
0.9% saline at the same speed.

2.3. MRI

MRI of the liver was performed using a clinically available 1.5-T
system (Gyroscan NOVA; Philips Healthcare). For signal recep-
tion in all examinations, an 8-channel phased-array surface coil
was used and covered the whole liver. For all patients, T2*-
weighted gradient-echo (GRE) sequences (multi-echo 2D fast field
echo: repetition time (TR)/echo time (TE), 246/�2.3ms; flip angle,
30◦; field of view (FOV), 296mm×370mm; matrix, 256×256;
thickness, 10mm; acquisition time, 16.5 s) were obtained before
and at 3, 8, 13, and 18min after Gd-EOB-DTPA administra-
tion. Fat-suppressed T1-weighted GRE sequences (3D turbo field
echo: TR/TE, 2.13/4.31ms; flip angle, 15◦; FOV, 306mm×380mm;
matrix, 512×512; thickness, 5mm; acquisition time, 20 s) were
obtained before and at 5, 10, 15, and 20min after Gd-EOB-DTPA
administration.

2.4. Image analysis

T2* relaxation timewas calculated frommulti-echo T2*-GRE by
using the Philips Research Integrated Development Environment
(PRIDE) T2* fitting tool (Philips Healthcare, Best, Netherlands) [14].
Assumingamono-exponentialdecayanda linerfieldvariation�B0,
the signal intensity is related to the TE according to the following
equation:

S�B0 (TE) = S0 · exp
�−TE
T2∗

�
·
�
sin(� · �B0/2 · TE)

� · �B0/2 · TE

�

TE is the gradient echo time and S0 is the signal intensity at
TE=0. Based on this equation, PRIDE software can depict T2* values
on a pixel-by-pixel basis in a color distribution map (T2* mapping
image).

For T2* value assessment of the liver, regions of interest (ROIs)
were drawn manually in the liver on a T2* mapping image from
PRIDE obtained before and at 3, 8, 13, and 18min after Gd-EOB-
DTPA administration. Evaluation of representative liver T2* values
was performed by fitting an appropriate model to the signal decay
within the ROIs. Global liver T2* value was evaluated using a pixel-
wise technique and optimized signal decay model.

Five ROIs (range, 50–100 pixels) were placed in liver
parenchyma without focal hepatic lesions, major branches of the
portal or hepatic veins, or imaging artifacts. For reproducible ROIs
before and after Gd-EOB-DTPA administration, every effort was
made to place ROIs at the same positions in the liver. Mean T2*
value for the 5 ROIs was considered as the representative T2* value
for the liver. In addition, reduction rate in T2* value between pre-
and post-Gd-EOB-DTPA enhancementwas calculated using the fol-
lowing definition:

Reduction rate of T2∗ value =
�
T2∗pre− T2∗post

T2∗pre

�
× 100 (%)

To evaluate signal intensity changes in liver parenchyma on T1-
weighted GRE images, the liver-to-muscle signal intensity (LMS)
ratio between signal intensities of liver parenchyma and erector
spinemusclewas calculatedbefore andat 5, 10, 15, and20minafter
injectionofGd-EOB-DTPA. Signal intensityof liverparenchymawas
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Table 1
T2* values of liver.

Group Precontrast Postcontrast phase

3min 8min 13min 18min

NLF 48.5 ± 6.7 46.4 ± 5.7 44.3 ± 7.1 43.2 ± 6.1 40.7 ± 7.3
MLD 46.6 ± 4.5 43.7 ± 3.8 41.1 ± 4.2 41.1 ± 3.8 40.4 ± 4.1
SLD 46.1 ± 7.2 45.7 ± 7.2 45.6 ± 7.6 46.6 ± 6.1 44.4 ± 7.2

Numbers represent mean± standard deviation (ms).
In comparing the three groups, no significant differences were seen at any time
including pre and post contrast (P>0.05).

taken as the mean value of 5 ROIs placed in liver parenchyma free
of focal lesions, major branches of the portal or hepatic veins, or
artifacts. Signal intensity of muscle was taken as the mean value of
4 ROIs comprising two ROIs in the right erector spine muscle and
twoROIs in the left, with exclusion of ambient fat and artifacts. LMS
ratio was calculated using the following equation:

signal intensity of liver parenchyma
signal intensity of muscle

.

Increase rates of LMS ratio after GD-EOB-DTPA administration
were calculated using the following definition:

Increase rate of LMS ratio = post-contrast LMS ratio
pre-contrast LMS ratio

.

Values at each time point were compared among the 3 groups.

Table 2
Reduction rates of T2* value of liver.

Group 3min 8min 13min 18min

NLF 3.9 ± 5.4 8.2 ± 4.4* 10.7 ± 5.2** 16.1 ± 8.9**

MLD 6.0 ± 3.1** 10.3 ± 3.9*,** .5 ± 3.4** 3.2 ± 4.2**

SLD 0.6 ± 4.1** 1.0 ± 5.6*,** 1.2 ± 4.3** 3.5 ± 5.4**

Numbers represent mean± standard deviation (%).
At 3min, a significant difference was found only between MLD and SLD groups
(P<0.01). At 8min, significant differences were found between NLF and SLD groups
(P<0.05), and betweenMLD and SLD groups (P<0.01). At 13 and 18min, significant
differences were found between NLF and SLD groups (P<0.01). In comparing NLF
and MLD groups, no significant differences were seen at any times.
* P<0.05.
** P<0.01.

2.5. Statistical analysis

The Friedman test (SPSS; Statistical Package for the Social
Sciences) was used to compare the T2* values at each time
point in same group, also the same test was used to com-
pare reduction rates of T2* value at each time point in same
group. The Bonferroni/Dunn test (Statcel – The Usefull Addin
Forms on Excel – 2nd ed.) was used to compare the T2* value
at pre- and post-contrast enhancement, reduction rate of T2*
value, and increase rate of LMS ratio on T1-weighted GRE imag-
ing among the three groups. A P value less than 0.05 was
considered to indicate a significant difference in all statistical
tests.

Fig. 1. Normal liver function in a 67-year-old man. Mean T2* values of the liver on pre- and post-contrast at 18min were 49.7ms and 39.8ms, respectively. The reduction
rate of T2* value was 19.9%. T2* value mapping of the liver on post-contrast T2* value mapping (b) showed darker red than that on pre-contrast mapping (a). This means that
the T2* shortening effect after Gd-EOB-DTPA administration shows as darkening of liver parenchyma on T2* value mapping. On fat-suppressed T1-weighted GRE imaging
(TR/TE, 2.13/4.31; flip angle, 15◦) of pre- (c) and post-contrast (d) at 20min, liver-to-muscle signal intensity ratios were 1.63 and 2.73, respectively. The increase rate was
1.67. We also noticed that the window level and width differed on each image (c, d) when paying attention to signal intensity differences in erector spine muscle.
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Fig. 2. Hepatic cirrhosis (Child-Pugh B) in a 69-year-oldman.Mean T2* values of the liver on pre- and post-contrast imaging at 18minwere 49.8ms and 49.1ms, respectively.
No signal change in the liver was apparent between pre- (a) and post-contrast (b) T2* valuemapping images, as the T2* shortening effect of the liver was weaker than that for
normal liver function. On pre- (c) and post-contrast (d) fat-suppressed T1-weighted GRE imaging (TR/TE, 2.13/4.31; flip angle, 15◦) at 20min, liver-to-muscle signal intensity
ratios were 1.47 and 2.00, respectively. Increase rate was 1.36.

3. Results

T2* values of NLF and MLD were decreased significantly after
Gd-EOB-DTPA administration compared with before (P<0.01).
However, T2* values of SLD did not change significantly after Gd-
EOB-DTPA administration compared with before (P>0.05). Among
the NLF, MLD, and SLD groups, no significant differences in T2* val-
ues were seen for pre- and post-enhancement images of the liver
(P>0.05) (Table 1).

Means and standard deviations (SDs) of the reduction rate of T2*
value are summarized in Table 2. Reduction rates of T2* valueofNLF
andMLDwere increasedsignificantlyover time (P<0.01).However,
those of SLD did not show statistical significant changes over time
(P>0.05). For reduction rate of T2* value, significant differences
were found between NLF and SLD groups at 8, 13, and 18min after
Gd-EOB-DTPA administration, and betweenMLDand SLDgroups at
3, 8, 13, and 18min (P<0.05) (Table 2, Figs. 1 and 2). No significant
differences were found between NLF and MLD groups.

Means and SDs of the increase rate of LMS ratio on T1-weighted
GRE images are summarized in Table 3. No significant differences
were seen among the 3 groups at 5min (P>0.05). However, at 10,
15 and 20min, significant differenceswere found betweenNLF and
SLD groups, and betweenMLD and SLD groups, although no signifi-
cant differences were seen between NLF andMLD groups (P<0.05)
(Table 3).

4. Discussion

Gd-EOB-DTPA is a contrast medium for T1-weighted imaging,
and some reports have described assessment of liver function using

Table 3
Increase rates of liver-to-muscle signal intensity ratio on T1-weighted GRE imaging.

Group 5min 10min 15min 20min

NLF 1.53 ± 0.16 1.68 ± 0.21* 1.79 ± 0.28* 1.89 ± 0.28*

MLD 1.46 ± 0.16 1.64 ± 0.20*,** 1.76 ± 0.24*,** 1.78 ± 0.28*

SLD 1.35 ± 0.21 1.37 ± 0.24*,** 1.44 ± 0.27*,** 1.49 ± 0.29*

Numbers represent mean± standard deviation.
At 5min, no significant difference was found among the three groups (P>0.05).
At 10 and 15min, significant differences were found between NLF and SLD groups
(P<0.05), and between MLD and SLD groups (P<0.01). At 20min, significant differ-
enceswere found betweenNLF and SLD groups (P<0.05), and betweenMLDandNLF
groups (P<0.05). No significant differences were apparent between NLF and MLD
groups at any time.
* P<0.05.
** P<0.01.

T1-weighted imagingwith Gd-EOB-DTPA [10–13]. However, to the
best of our knowledge, no reports have described evaluation of
liver function on T2*-weighted GRE imaging with Gd-EOB-DTPA,
although Gd-EOB-DTPA has the ability to shorten not only T1 val-
ues, but also T2* values. Our findings revealed that absolute T2*
value of the liver parenchyma on Gd-EOB-DTPA-enhancedMRI can
estimate liver function.

We observed significant differences in reduction rate of T2*
value among the three groups with different degrees of liver func-
tion (NLF, MLD, and SLD). Pre-contrast T2* values of the liver
showed no significant difference among the three groups in our
study, suggesting that differences in reduction rates of T2*value
were independent of the baseline signal intensity for the liver.
At 3min after Gd-EOB-DTPA administration, no significant differ-
ence in reduction rate of T2* value was seen between NLF and
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SLD groups. This was thought to occur because contrast media
was mainly in the vascular and interstitial compartments at 3min
after injection and uptake of Gd-EOB-DTPA in hepatocytes is insuf-
ficient even in the normal liver at 3min after injection. So reduction
rate of T2* value at 3min after injection does not really reflect
hepatic uptake, but those of T2* value between MLD and SLD
showed significant difference. Therefore, hepatocyte phase images
with adequate liver enhancement are recommended to be obtained
about 15–20min after contrast injection.

Reduction rates of T2* value showed no significant difference
between NLF and MLD groups. This means normal and mild liver
functional impairment is hard to distinguish using Gd-EOB-DTPA,
given the relative absence of aberrations in levels of serum albu-
min, bilirubin, prothrombin activity, ascites, and encephalopathy
relating to Child-Pugh classification.

Motosugi et al. reported that the liver–spleen contrast ratio
during hepatocyte phase after Gd-EOB-DTPA administration on
T1-weighted GRE was statistically correlation with indocyanine
green clearance tests and Child-Pugh classification, and suggested
the possibility of evaluating liver function by using Gd-EOB-DTPA
enhanced MR imaging [15]. The present study also measured the
increase rate of LMS ratio on T1-weighted GRE imaging as com-
pared with T2* mapping, confirming that the increase rate of LMS
on T1-weighted GRE imaging can estimate liver function similar to
the reduction rate in T2* value.

However, quantitative comparison of signal intensity in each
image of pre- and post-contrast enhancement did not show any
straightforward relationship, as the window level and width of
MRI differs with every image. This means that signal intensity on
T1-weighted GRE imaging may change depending on the pulse
sequence designed by different MRI system manufacturers. We
therefore cannot directly compare signal intensities alone using
ROIs of hepatic parenchyma. Conversely, T2* value is an absolute
value, and is unaffected by these different factors.

Organic anion-transporting polypeptide 1 (OATP1) is known to
mediate uptake of Gd-EOB-DTPA by hepatocytes and multidrug
resistance protein 2 (MRP2) mediates biliary excretion of Gd-
EOB-DTPA [16,17]. In addition, expression of OATP1 and MRP2 is
reportedly decreased in hepatitis and cirrhosis [18,19]. The reduc-
tion rate in T2* value of the SLD group was very small compared to
those of the NLF and MLD groups. Hypofunction of OATP1 and/or
MRP2 may lead to decreased uptake of Gd-EOB-DTPA by hepato-
cytes in the SLD group.

The present study showed some limitations. Our group classifi-
cation may not be precisely reflected histological hepatic damage,
because of the lack of histological proof in all patients. However,
our data of T2* mapping were highly correlated with Child-Pugh
classification. So, our data suggest that we can evaluate segmen-
tal liver function correlated with Child-Pugh classification by the
T2*mapping technique. We obtained images until 20min after Gd-
EOB-DTPA administration, so signal changes in MRI were not clear
after 20min. However, Reimer et al. mentioned that no further
increase in liver enhancement was seen at 45min after Gd-EOB-
DTPA administration in comparison with that at 20min [20]. With
daily clinical use, the ability to evaluate imaging within around
20min after Gd-EOB-DTPA administration appears desirable. The
number of study population was not so many in this study. How-
ever, the significant difference could be seen in the number.

5. Conclusion

The reduction rate of T2* value after Gd-EOB-DTPA injection
may allow estimation of the grade of liver function according to

Child-Pugh score, as same with the increase rate of LMS ratio on
T1-weighted GRE imaging.
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Characteristic Patterns of Altered DNA Methylation
Predict Emergence of Human Hepatocellular

Carcinoma
Naoshi Nishida,1,2 Masatoshi Kudo,2 Takeshi Nagasaka,3 Iwao Ikai,4 and Ajay Goel5

We aimed to identify the specific subset of tumor suppressor genes (TSGs) that are methyl-
ation-silenced during the earliest steps of hepatocarcinogenesis, and to further evaluate
whether these genes can serve as predictive biomarkers of hepatocellular carcinoma (HCC)
emergence. A total of 482 liver tissues including 177 pairs of HCCs and matched nontu-
mor livers and 128 liver biopsies from chronic hepatitis C (CHC) patients were analyzed
for quantitative methylation analysis in 24 TSG promoters and three MINT loci. The
tumors were classified as early, less-progressed, and highly progressed HCCs using histol-
ogy and radiological approaches. A subset of TSGs that harbored distinctly high levels of
methylation in early HCCs were selected. Based on the methylation profiles of these genes,
Kaplan-Meier analyses were performed to determine time-to-HCC occurrence in CHC
patients. Subsequently, multivariate analysis was performed using age, gender, fibrosis
stage, and number of methylated TSGs as covariates. Among TSGs analyzed, a subset of
eight TSGs (HIC1, GSTP1, SOCS1, RASSF1, CDKN2A, APC, RUNX3, and PRDM2)
demonstrated a distinct cluster by hierarchical clustering and receiver operating character-
istic analyses. This subset of TSGs showed significantly higher methylation levels in the
early HCCs (P < 0.0001). In the CHC patients, methylation frequencies in these TSGs
were associated with shorter time-to-HCC occurrence (P < 0.0001), and number of meth-
ylated genes was an independent risk factor for HCC (hazard ratio 5 5.21, 95% confi-
dence interval 5 2.25-11.76, P 5 0.0002). Conclusion: Epigenetic inactivation of a subset
of TSGs plays a critical role in the earliest steps of hepatocarcinogenesis. Furthermore, epi-
genetic inactivation of these genes in CHC provides a prognostic value for determining the
risk for developing HCC later in life. (HEPATOLOGY 2012;56:994-1003)

H
epatocellular carcinoma (HCC) is one of the
most common malignancies worldwide; how-
ever, the molecular mechanisms contributing

to hepatocarcinogenesis remain unclear. It is widely
accepted that HCC exhibits numerous genetic abnor-
malities, including chromosomal alterations, gene
amplifications and mutations, as well as epigenetic
alterations.1 Studies in the past have indicated that,
although several chromosomal alterations are observed,
frequent genetic alterations of individual cancer-related

genes rarely occurs in HCC, and even when present,
their role in the earliest steps of human hepatocarcino-
genesis remains controversial.1 For instance, mutations
in the tumor suppressor P53 have been observed in
human HCC, but these alterations are exclusively
detected in the advanced stages and are seldom present
in the early stage neoplasms.2

In contrast to genetic defects, epigenetic alterations,
such as hypermethylation of promoter CpG islands,
occur far more frequently and are believed to

Abbreviations: CE-CT, contrast-enhanced computed tomography; CHC, chronic hepatitis C; eHCC, early HCC; FFPE, formalin-fixed paraffin-embedded;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; highly pHCC, highly progressed HCC; less-pHCC, less-progressed HCC; MINT, methylated in tumor;
TSGs, tumor suppressor genes.
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constitute an essential mechanism of tumor suppressor
gene (TSG) inactivation in HCC.3 Furthermore, aber-
rant methylation of genes is not only present in HCC
but can also be found in patients with chronic hepati-
tis or cirrhosis, which suggests the notion that epige-
netic signatures emerge at early stages in the develop-
ment of this disease.4 In spite of its importance, the
biological impact of individual methylation events in
HCC development is sometimes difficult to appreciate
because some of these may not be the real ‘‘drivers’’ of
malignancy, but simply reflect a global methylation
defect that is triggered by unrelated events elsewhere
in the genome.5 Therefore, a better understanding of
specific methylation alterations at different stages of
HCC, particularly in the earliest steps of hepatocarci-
nogenesis, will provide important molecular insights
into the stepwise accumulation of epigenetic alterations
during HCC development.

To address this important gap in knowledge, we
used a systematic and multipronged approach to iden-
tify the most important genes that are the targets of
aberrant methylation in the earliest stages of hepatocar-
cinogenesis. First, we performed quantitative methyla-
tion analysis in a panel of putative HCC-related
TSGs. Here we analyzed a large tissue cohort compris-
ing different stages of HCC and the matched corre-
sponding nontumor liver tissues. To ensure stringent
classification of early stage HCC, using histological
analysis and state-of-the-art imaging techniques, we
carefully categorized all tumors into three subcategories
as ‘‘early,’’ ‘‘less-progressed,’’ and ‘‘highly progressed’’
lesions. Second, after the initial screening of a large
number of methylated genes, we narrowed down our
focus to a subset of genes that harbored high levels of
aberrant DNA methylation in the earliest stages of
HCC and examined associations between aberrant
methylation and the corresponding changes in the
expression of these TSGs. The rationale for this
approach was that if methylation-induced transcrip-
tional inactivation of this subset of TSGs in early
tumors would provide a definitive growth advantage,
the established tumor tissues must carry considerable
levels of methylation at these genes as a result of clonal
expansion of the affected cells. Lastly, to further vali-

date the specificity of the early tumor-related TSGs,
we next examined their methylation status in tissues
from patients with chronic hepatitis C (CHC). In this
instance, we also determined the relationship between
the methylation events at these genes in the CHC tissues
and subsequent emergence of HCC in these patients.
These investigations allowed us to confirm that aberrant
methylation of these TSGs in CHC tissues served as an
important risk factor for developing HCC, and further
suggested that these genes may act as drivers during the
initial steps of human hepatocarcinogenesis.

This study is the first attempt that not only deter-
mines the role of individual methylation changes at
different stages of hepatocarcinogenesis, but also specif-
ically identifies the methylation events that orchestrate
the earliest steps in HCC development. The findings
reported in this study are of tremendous clinical signif-
icance because clarification of the impact of these epi-
genetic alterations could serve as a basis for the devel-
opment of predictive biomarkers of tumor emergence
and prevention in HCC.

Patients and Methods

Patients. A total of 482 liver tissues, including 177
HCCs and their matched corresponding nontumor liv-
ers were analyzed in this study. Among these, 300 liver
tissues (150 pairs of HCCs and noncancerous livers)
represented fresh-frozen samples that were obtained
from surgical resection or biopsy, whereas 27 pairs of
HCCs and noncancerous livers and 128 biopsy sam-
ples of CHC were formalin-fixed paraffin-embedded
(FFPE) samples. According to our previous study, dif-
ferences in sample processing between fresh- frozen
and FFPE specimens did not affect the DNA quality
for methylation analysis.6

We classified all HCCs into three stages as early
HCC (eHCC), less-progressed HCC (less-pHCC),
and highly progressed HCC (highly pHCC) as recom-
mended by the International Consensus Group for
Hepatocellular Neoplasia,7 particularly in the context
of accurate categorization of early stage tumors. The
reason for such careful subclassification was because
larger tumors or tumors with hypervascular patterns at
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arterial phase are generally represented as progressive
dedifferentiating lesions even when the pathological
studies indicate these to be of well-differentiated his-
tology.8 The details of the criteria of tumor stage and
the clinical background of the patients of each stage of
tumor are summarized in Table 1.
For the determination of aberrant methylation as a

predictive marker for time-to-HCC occurrence, we an-
alyzed an additional group of biopsy specimens from
CHC cases without a prior history of HCC. These
cases were randomly selected from an archival collec-
tion of 349 biopsy specimens using the inclusion and
exclusion criteria listed in Supporting Table 1. Among
these cases, we were able to extract usable DNA (both
in terms of quantity and quality) from 128 biopsy
specimens for quantitative MethyLight assays for all
eight TSGs analyzed in this study. We specifically
focused on CHC cases because hepatitis C virus
(HCV)-related HCC had the propensity to carry high
levels of methylation on CpG loci selected for this
analysis.6 Liver fibrosis stage (F-stage) of each biopsy
specimen was expressed using the METAVIR scoring
system.9 All cases received antiviral interferon therapy
during the clinical course after donating a liver biopsy.
The endpoint was emergence of HCC and diagnosis
was confirmed by histology. Patients were censored at
the time of last clinical visit or death before developing
HCC. The details of background of the patients, fol-
low-up, and response to interferon therapy are shown
in Supporting Table 1. Informed consent was obtained
from each patient and the study was approved by the
institutional review boards of all the involved
institutions.
Methylation Analysis and Corresponding Gene

Expression in Human HCC, Nontumor Liver, and
HCC-Derived Cell Lines. We performed quantitative
methylation analysis for the promoter CpG islands of
24 HCC-related tumor suppressor genes (HIC1,
CASP8, GSTP1, SOCS1, RASSF1, CDKN2A, APC,
RUNX3, PRDM2, SFRP2, CDH1, PTGS2, CAC-
NA1G, RASSF2, RPRM, DCC, DAPK1, DPYD,
CDKN2B, SFN, WRN, BLM, RECQL, RECQL5) and
three methylated in tumor (MINT) loci (MINT1,
MINT2, and MINT31) in both the tumor and the
matched corresponding nontumor liver tissues. For the
quantitative methylation analyses of various genes and
MINT loci, we used combined bisulfite restriction
assay (COBRA). The primer sequences, polymerase
chain reaction (PCR) conditions, and restriction
enzymes for 14 of 24 gene promoters (HIC1, RASSF1,
CASP8, GSTP1, SOCS1, APC, RUNX3, PRDM2,
CDH1, DPYD, WRN, BLM, RECQL and RECQL5)

are summarized in Supporting Table 2, whereas the
details for the remaining assays have been described
previously.10,11 We also quantified methylation levels
of all 27 TSGs/CpG loci in a panel of 11 HCC cell
lines (HLE, HLF, HepG2, PLC/PRL/5, SNU398,
SNU423, SNU449, SNU475, HuH7, Hep3B, and Li-
7). The TSGs that demonstrated methylation in more
than four cell lines were subsequently analyzed for the
corresponding messenger RNA (mRNA) transcripts
using the StepOne real-time detection system (Applied
Biosystems, Foster City, CA).
Methylation Analysis of a Subset of Genes in

CHC Patients. For the methylation status determina-
tion of a smaller subset of eight TSGs (HIC1, GSTP1,
SOCS1, RASSF1, CDKN2A, APC, RUNX3 and
PRDM2) that were identified as important targets of
epigenetic inactivation in the early tumors, we per-
formed quantitative MethyLight assays using the Ste-
pOne real-time detection system (Applied Biosystems).
The PCR primers and probes used in this assay were

Table 1. Clinicopathological Features of the Patients in Each
Stage of HCC

Clinical Background

Early HCC

(n ¼ 26)

Less-Progressed

HCC (n ¼ 37)

Highly Progressed

HCC (n ¼ 114)

Age (y.o)*

Mean (95% CI) 59.1

(55.1-63.1)

63.3

(60.4-66.2)

59.2

(57.3-61.2)

Median (25%-75%) 60.5

(55.8-64.5)

63.0

(56.0-70.0)

60.0

(54.0-66.0)

Gender

Male (119) 17 26 76

Female (55) 9 11 35

Missing (3) 0 0 3

Hepatitis virus

HBV (39) 6 6 27

HCV (112) 19 29 64

HBV & HCV (3) 0 0 3

Negative (22) 1 2 19

Missing (1) 0 0 1

Background liver

Without cirrhosis (55) 8 15 32

With cirrhosis (113) 18 21 74

Missing (9) 0 1 8

For the classification of tumor stages, we applied multiple criteria that com-

bined histological tumor differentiation status, tumor size, and radiographic fea-

tures obtained by the contrast-enhanced computed tomography (CE-CT). We

classified tumors as early HCC (eHCC) if these lesions revealed well-differenti-

ated HCC that were less than 2.0 cm in size and possessed a hypovascular

pattern in arterial phase of CE-CT. Similarly, the HCCs were classified as less-

progressed HCC (less-pHCC) if these were well differentiated, but measured

greater than 2.0 cm or had hypervascular regions in the nodules in arterial

phase of CE-CT. All HCCs that were moderately or poorly differentiated were

categorized as highly progressed HCC (highly pHCC), regardless of their size or

vascular pattern.

*Mean value (95% confidence interval) and median value (25%-75% per-

centile) are shown. In all, 97 pairs of HCCs and their nontumor liver were

newly corrected and 80 pairs of HCCs and nontumor livers were previously

studied.
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described previously except for those of PRDM2.12

The primers and probe sequences for PRDM2 and
conditions of MethyLight assays are described in Sup-
porting Table 3.

Statistical Analysis. To compare the differences in
methylation levels in each tumor stage, one-way facto-
rial analysis of variance (ANOVA) and post-hoc com-
parisons (Tukey-Kramer HSD multicomparison), or
Dunnett’s test were applied using Z-scores for normal-
ization. For the discrimination of HCC from nontu-
mor liver using methylation levels, we applied receiver
operating curve (ROC) analysis and calculated the area
under the curve (AUC) values. Hierarchical clustering
analysis was also performed to identify a specific clus-
ter of TSGs/CpG loci carrying the highest levels of
methylation in tumor tissues. Correlation between
methylation level and expression of the corresponding
gene was evaluated using Spearman’s rank correlation
test. Time-to-HCC occurrence was estimated using
Kaplan-Meier analysis, and univariate parameters were
analyzed with a log-rank test. Variables with P < 0.05
on univariate analysis were further analyzed by Cox
proportional-hazards regression to determine the inde-
pendent determinants of outcome variables. All P-val-
ues were two-sided and P < 0.05 was considered stat-
istically significant. All statistical analyses were
performed using JMP v. 9.0 software (SAS Institute,
Cary, NC).

Results

Identification of Hypermethylated TSGs Responsi-
ble for the Earliest Events in HCC Pathogenesis. At
first, we examined the differences in the methylation
levels between tumor and nontumor liver tissues in 27
different CpG loci (24 TSGs and three MINT loci).
Sixteen of 24 genes and all three MINT loci showed
significant differences in methylation levels between tu-
mor and the corresponding nontumor liver tissues.
The eight genes that did not reveal any significant dif-
ferences in the methylation levels included DAPK1,
DPYD, CDKN2B, SFN, WRN, BLM, RECQL,
RECQL5, and were excluded from further analysis
(data not shown).

We next studied the distribution of mean methyla-
tion levels of all CpG loci in different stages of HCC
(early, less-progressed, and highly progressed) by com-
paring these with the matching nontumor liver tissues.
The mean methylation levels and the 95% confidential
intervals (CI) are listed in Supporting Table 4. Other
than DCC, all TSGs showed significant differences in
methylation levels among all stages of HCC (P <

0.0001 by ANOVA for 15 of 19 TSGs). Among these,
a subset of eight gene promoters, HIC1, GSTP1,
SOCS1, RASSF1, CDKN2A, APC, RUNX3, and
PRDM2, revealed the most prominent differences in
the methylation levels between nontumor liver and the
eHCC (P < 0.0001 by Dunnett’s test; Fig. 1). Inter-
estingly, hierarchical clustering analysis using methyla-
tion levels of HCC on 19 TSGs/CpG loci further
revealed that all eight eHCC-related TSGs were indeed
classified as one distinct cluster and uniformly hyper-
methylated among eHCCs (Supporting Fig. 1). These
data suggest that hypermethylation of this subset of
genes, referred to as the ‘‘eHCC-related TSGs,’’ per-
haps is critical for the initial steps of human
hepatocarcinogenesis.

On the other hand, four TSGs (CASP8, MINT31,
PTGS2, and CACNA1G) did not reveal any significant
differences in the methylation between the nontumor
liver and the eHCCs, but demonstrated significant hy-
permethylation in the less-pHCC (classified as less-
pHCC-related TSGs; P < 0.0001 for CASP8 and
CACNA1G, P ¼ 0.0009 for MINT31 and P ¼
0.0183 for PTGS2). Furthermore, the methylation lev-
els of these four genes continued to increase with the
progression of the disease, indicating that these may
play an important role in accelerating the progression
of early stage HCCs to more advanced stages (Sup-
porting Table 4 and Supporting Fig. 2A). At the
remaining seven genes, the elevation in the methyla-
tion levels was specifically observed only in the highly
pHCC in comparison to the nontumor liver tissues
(classified as highly pHCC-related TSGs; RASSF2,
MINT1, MINT2, RPRM, SFRP2, CDH1 and DCC;
Supporting Table 4 and Supporting Fig. 2B).

Discrimination of HCC by ROC Analysis Using
Methylation Levels of Various CpG Loci. We previ-
ously reported that methylation of certain TSGs in
HCC is not exclusively detected in the tumor tissue
but could also be found in the nontumor livers, as
well as in normal aging livers.6 These data question
the specificity and the biological relevance of such
methylation events as critical alterations underlying
HCC pathogenesis. Therefore, in order to determine
which methylation events specifically contribute to
hepatocarcinogenesis most profoundly, we analyzed the
quantitative methylation levels of various TSGs/CpG
loci in their ability to successfully discriminate HCC
from the nontumor livers using ROC analysis. It was
intriguing to discover that six of eight eHCC-related
TSGs represented AUC values higher than 0.80 (Table
2). In contrast, the AUC values of six of seven highly
pHCC-related TSGs were below 0.60.
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Methylation Levels in Early HCC-Related TSGs
Inversely Correlate with Gene Expression in HCC
Cell Lines. The high levels of methylation in the
eHCC-related TSGs suggest that their epigenetic alter-
ation is not a passive phenomenon, but might serve as
a driver event in HCC. To further confirm that meth-
ylation events at these TSGs lead to their transcrip-
tional inactivation, we quantified the methylation lev-
els and the corresponding gene expression in 11
different HCC-derived cell lines. It was of interest to
note that all eight eHCC-related TSGs specifically har-
bored considerable levels of methylation in HCC cell
lines in comparison to other TSGs/CpG loci (Fig.
2A). In addition, the expression of these TSGs inver-
sely correlated with their methylation status in the
HCC cell lines (Fig. 2B). This evidence confirmed the
functional significance of promoter hypermethylation
of these TSGs because it affected their gene expression
and highlighted their specific critical role in the emer-
gence of HCC.

DNA Methylation in CHC Patients and Their
Risk for Developing HCC. Our observations for the
higher levels of methylation in the eHCC-related
TSGs in the early stage tumors suggest that their epi-
genetic inactivation is not a passive phenomenon, but
might serve as a driver event in HCC. Accordingly, we
hypothesized that the presence of aberrant methylation

Fig. 1. Multiple comparisons of methylation levels at individual early HCC-related TSGs between noncancerous liver and different stages of
HCC. This figure represents distribution of methylation levels in TSGs carrying prominent methylation in early HCCs (early HCC-related TSGs) in
comparison to nontumor tissues. Methylation levels of each HCC stage are compared to that of noncancerous livers by Dunnett’s multiple com-
parison tests. All comparisons depict significant differences with P < 0.0001 (highlighted in red). The green diamonds and the horizontal lines
within the diamonds represent the mean values and the 95% CI. The box-and-whiskers plots denote 75% and 95% distributions, and the lines
within the boxes denote median values. The horizontal dashed line indicates mean methylation levels of all tissues in each TSGs. NT, nontumor
livers; E, early HCCs; L-Prog, less-progressed HCCs; H-Prog, highly progressed HCCs.

Table 2. ROC Curve Analysis for the Discrimination of
HCC Tissues by Analyzing Methylation Levels of Each

TSG/CpG Loci

TSG/CpG Locus

ROC Analysis

Best Threshold

Limits (%) Sensitivity Specificity AUC Value

APC 22.0 0.8409 0.9310 0.90731

GSTP1 20.3 0.7500 0.9194 0.86620

RASSF1 26.0 0.6875 0.9249 0.84209

RUNX3 5.5 0.6250 0.9355 0.81019

PRDM2 1.0 0.7216 0.8326 0.80501

CDKN2A 13.0 0.6257 0.9540 0.80729

HIC1 19.0 0.6477 0.9355 0.79658

SOCS1 35.4 0.5739 0.9355 0.74789

CACNA1G 1.0 0.4640 0.9839 0.72616

MINT31 7.0 0.4800 0.8871 0.69984

PTGS2 9.7 0.2800 1.0 0.63813

RASSF2 1.2 0.2640 0.9677 0.61823

MINT1 8.0 0.2258 1.0 0.61290

CASP8 17.0 0.3600 0.8790 0.59168

MINT2 1.7 0.1789 1.0 0.58943

RPRM 8.0 0.1067 0.9839 0.56406

SFRP2 8.3 0.1680 0.9435 0.55445

DCC 8.0 0.1440 0.9839 0.55187

CDH1 3.7 0.2823 0.8387 0.54855

Best threshold of methylation level (%) for the discrimination of HCC tissues from

nontumor background liver, their sensitivity, specificity, and AUC values are shown.

AUC values of more than 0.80 are indicated in bold with an underline. AUC values

of more than 0.70 are listed in bold. Methylation levels of six of eight TSGs, which

carried significant hypermethylation in early HCC, showed AUC values of more than

0.80, suggesting that prominent increase of methylation level took place during a de-

differentiation process from noncancerous hepatocyte to early stage of tumors.
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of these genes in CHC patients may serve as a risk fac-
tor for subsequent emergence of HCC. Therefore, we
next analyzed the methylation status of these eight
TSGs in 128 liver biopsy tissues from CHC patients
and performed Kaplan-Meier analysis to determine the
duration of time-to-HCC occurrence. As sustained vi-
ral response (SVR) would reduce cancer risk dramati-
cally,13 we not only specifically focused on non-SVR
patients, but also analyzed the effect of response to
interferon (nonresponse or relapse) on time-to-HCC
occurrence in order to avoid an influence of antiviral
interferon therapy. Standard risks of HCC in CHC
such as age, gender, and F-stage were analyzed as well.

We noted that CHC cases with hypermethylation of
�5 genes showed a significantly reduced time-to-HCC
occurrence in comparison to the patients with either
�1 gene or 2-4 genes exhibiting methylation (P <
0.0001, log-rank test; Fig. 3).

Older age (mean age �55 years), male gender, and
progression of fibrosis (F3 or F4) were also signifi-
cantly associated with shorter time-to-HCC occur-
rences. However, response to interferon therapy (non-
response versus relapse) did not affect the time-to-
HCC occurrence (P ¼ 0.0089 for �55 years versus
�54 years, P ¼ 0.0324 for male versus female, P ¼
0.0121 for F4 or F3 versus F2-F0, and P ¼ 0.3946

Fig. 2. Methylation profiles in HCC cell lines and the correlation between methylation levels and expression of various TSGs. (A) Eleven differ-
ent HCC-derived cell lines were examined for quantitative methylation levels for 24 TSGs and three MINT loci using COBRA. Following the extrac-
tion of genomic DNA, 2 lg of DNA was subjected to bisulfite modification treatment. Eight early HCC-related TSGs are highlighted in red letters.
This set of TSGs represents higher levels of methylation compared to other TSGs/CpG loci. (B) TSGs carrying methylation in more than four HCC
cell lines were subsequently examined for the changes in the gene expression of the corresponding TSG. Gene expression levels in the cell lines
were quantified by comparing them with normal livers, for which the total RNA was obtained commercially. Gene-specific primers and probes
were obtained from TaqMan Gene Expression Assays and expression of the GAPDH gene was used as an internal control. For the relative quanti-
fication, total RNA from normal liver was used as an internal calibrator, and the quantity of RNA was determined as a ratio of the target to that
of the calibrator using a standard curve. As shown in this figure, the methylation levels were inversely correlated with the mRNA expression of
the methylated gene.
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for NR versus relapse by log-rank test; Table 3). We
subsequently conducted a multivariate analysis using
the Cox’s proportional-hazards regression model

including age, gender, F-stage as variables, and com-
pared these to the number of methylated TSGs. We
noted that, whereas age and number of methylated
TSGs were significant risk factors for shorter time-to-
HCC occurrence, gender and F-stage were not associ-
ated with a significant risk for developing HCC (P ¼
0.0073 for age, P ¼ 0.0742 for gender, P ¼ 0.2849
for F-stage, and P ¼ 0.0002 for the number of meth-
ylated TSGs of � 5 versus � 1, respectively; Fig. 4).
In terms of the hazard ratios (HR) based on the num-
ber of methylated TSGs and the likelihood for the
emergence of HCC in CHC patients, a dose-depend-
ent effect was observed in which the HR of �5 meth-
ylated genes versus 1� methylated gene was the high-
est (HR ¼ 5.21, 95% CI: 2.25-11.76), followed by
that of �5 methylated genes versus 4-2 methylated
genes (HR ¼ 2.95, 95% CI: 1.12-7.80), and the low-
est with that of 4-2 methylated genes versus 1� meth-
ylated gene (HR ¼ 1.77, 95% CI: 0.78-3.88; Fig. 4).

Discussion

In this study we aimed to identify the contribution
of DNA methylation changes as potential contributors
in the earliest steps of human HCC. Inclusion of a
reasonably large number of early stage tumors allowed
us to carefully identify methylation patterns of genes
that might be critical determinants during the initial
phases of HCC development. We were able to success-
fully classify patterns of methylation progression of all
the analyzed genes into three categories (as illustrated
in the summarized model in Fig. 5), with eight genes
being specifically hypermethylated in the eHCCs.

Fig. 3. Kaplan-Meier curves for time-to-HCC occurrence in the biop-
sies from CHC patients. Kaplan-Meier survival curves were generated
based on the methylation status of early HCC-related TSGs in CHC
patients. Survival analyses for non-SVR cases are illustrated. Number
of cases analyzed and the number of the cases with positive events
(occurrence of HCC) were as follows: CHC with methylated TSG �5,
total cases ¼ 11, cases with HCC occurrence ¼ 11; CHC with methyl-
ated TSG 4-2, total cases ¼ 18, cases with HCC occurrence ¼ 11;
CHC with methylated TSG � 1, total cases ¼ 41, cases with HCC
occurrence ¼ 18, respectively. The P values were calculated using a
log-rank test.

Table 3. Univariate Analysis for the Contribution of Each
Variable on Time-to-HCC Occurrence in Biopsy Specimens

from Non-SVR Chronic Hepatitis C (CHC) Cases

No. of

Non-SVR Cases Univariate

Variables Total

With

Event* P value† HR (95% CI)

Age

�55 y.o 45 30 0.0089 2.54 (1.27-5.50)

�54 y.o 25 10 1

Gender

Male 40 27 0.0324 2.03 (1.06 - 4.08)

Female 30 13 1

F stage

F4 or F3 38 25 0.0121 2.23 (1.19 - 4.36)

F2-F0 32 15 1

Response to interferon‡

NR 42 28 0.3946 1.34 (0.70 - 2.74)

Relapse 28 12 1

No. of methylated TSGs

>5 11 11 < 0.0001 5.98 (2.61 - 13.3)

4-2 18 11 1.39 (0.64 - 2.91)

<1 41 18 1

A continuous variable of age was categorized into two groups with a mean

age of �55 years, or �54 years. F-stage was also categorized as F0-F2 and

F3/F4.

*No. of cases with HCC occurrence after biopsy.

†P-value by log-rank test. P values < 0.05 are shown in bold.

‡Nonresponse (NR), detectable for HCV-RNA during and after the treatment;

relapse, no detectable HCV-RNA at the end of the treatment but detectable at

6 months after the end of the treatment.

Fig. 4. Hazard ratios (HRs) and P-values obtained from the multi-
variate analysis for each variable in CHC patients for the emergence of
HCC. The P-values were calculated using Cox’s proportional hazards
regression model. A continuous variable of age was categorized into
two groups with a mean age of �55 years or �54 years. F-stage was
also categorized as F0-F2 and F3/F4. The total number of cases and
the number of patients with HCC occurrence in each group and the
associated P-values of univariate analyses calculated using a log-rank
test are shown in Table 3.
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Interestingly, the subset of these eHCC-related TSGs
not only revealed a methylation-induced transcrip-
tional inactivation in HCC-cell lines, but also best dis-
criminated HCC tissues from the normal livers by
ROC analysis. In addition, Kaplan-Meier analysis
demonstrated that increased methylation of these genes
in CHC patients was associated with reduced time-to-
HCC occurrence and served as an independent risk
factor to predict the emergence of HCC in the CHC
patients. Taken together, these data highlight that epi-
genetic inactivation of this subset of growth regulatory

genes is critical, and that these genes may act as ‘‘driv-
ers’’ of neoplasia during the earliest steps of
hepatocarcinogenesis.
DNA methylation has been considered an early

event in hepatocarcinogenesis.1 However, the identifi-
cation of individual methylation events that are critical
for an accelerated tumor growth during the earliest
steps of HCC development has not been investigated
previously. A logical approach to address this issue
must include analysis of the early stage tumors, for the
identification of genes that are not only methylated
more frequently, but also carry high levels of methyla-
tion. Recently, the International Consensus Group for
Hepatocellular Neoplasia revisited the concept of clas-
sifying eHCC.7 In light of these recommendations, we
were very stringent with our definition of early stage
tumor (or eHCCs), and considered only the ones with
well-differentiated histology with less than 2.0 cm in
size, which was accompanied with a hypovascular
imaging pattern. We reasoned that true critical methyl-
ation events must provide sufficient growth advantage
in the affected cells to permit their subsequent clonal
expansion as the tumor evolves. We feel that our strin-
gent definition of ‘‘early HCCs,’’ together with the
quantitative methylation analysis of a large panel of
HCC-related TSGs, was a unique strength of our
study that allowed us to uncover a subset of critical
genes that control the tumor cell growth in the earliest
steps of hepatocarcinogenesis.
Among the TSGs or MINT loci analyzed, eight

gene promoters carried very high levels of promoter
hypermethylation in all stages of HCC. However,
methylation of these loci was particularly higher in the
eHCCs and formed a distinct cluster by hierarchical
clustering analysis, implying that the epigenetic inacti-
vation of these genes was potentially important during
the earliest stage of tumor development. Furthermore,
we were also able to identify two additional subsets of
genes, whose methylation strongly correlated with the
less-pHCCs and highly pHCCs, suggesting that their
inactivation might play a more essential role in the
later stages of HCC. We compared the methylation
levels of individual TSGs by ROC analysis in an
attempt to select methylated genes that could discrimi-
nate HCC from nontumor livers with a high degree of
sensitivity and specificity.14 Interestingly, six of eight
eHCC-related TSGs possessed AUC values that were
higher than 0.80, further lending credence to our
other observations that these genes may trigger an
aberrant methylation cascade during early hepatocarci-
nogenesis. In contrast, our observation for the lower
AUC values obtained from two of four less-pHCC-

Fig. 5. A schematic representation of consolidated model for the
pattern of methylation progression in various stages of HCC develop-
ment. This figure illustrates the progression of methylation events in
(A) eight early HCC-related TSGs; (B) four less-progressed HCC-related
TSGs; and (C) seven highly progressed HCC-related TSGs. NT, nontu-
mor livers; Early, early HCCs; L-Prog, less-progressed HCCs; H-Prog,
highly progressed HCC. The yellow circles represent HCC cells carrying
methylation on the corresponding TSGs/CpG loci. The methylation of
early HCC-related TSGs leads to the clonal expansion and establish-
ment of early tumors with high levels of methylation of the correspond-
ing TSGs. In contrast, only a small number of scattered cells carry
methylation in the highly progressed HCC-related TSGs even in the
most advanced stages of HCC, indicating the possibility that these
could be passive methylation events.
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related TSGs is suggestive of their role in the dediffer-
entiation of early tumors to an intermediate stage.
Likewise, even lower AUC values for the seven highly
pHCC-related TSGs suggests that conceivably the
methylation alterations present in these genes is simply
a reflection of a passive change that occurs elsewhere
in the genome due to ensuing tumorigenesis.

Recently, aberrant methylation of TSGs was
reported in early HCC that had an HBV-positive ge-
notype.15 Interestingly, four of five methylated TSGs
reported in that report also belong to the subset of our
eight eHCC-related TSGs. In HCC cell lines a consid-
erable degree of DNA methylation was observed in
these TSGs regardless of HBV status, and their meth-
ylation levels were inversely correlated with expression
of the corresponding genes (Fig. 2). Therefore,
although the analysis of human HCC tissues indicate
that methylation levels were higher in HCV-related
than HBV-related tumors (Supporting Fig. 3), epige-
netic inactivation of eHCC-related TSGs might play a
role for both types of virus-related neoplasms. It was
reported that cancer-specific promoter methylation
mostly targeted genes, which normally had low base-
line steady-state levels of expression.16 Therefore, it is
possible that unique profiles of methylated genes in
HCC, which could be involved in multiple oncogenic
pathways, attribute to the baseline expression in nor-
mal hepatocytes. However, our results also indicate
that infection with different hepatitis-related viruses
might cause a selective pressure for DNA methylation-
induced transcriptional inactivation of certain TSGs.
Genome-wide analyses of epigenetic alterations may
help clarify the differences in the methylation profiles
of HCC with various etiologies.

Another interesting feature of our study is that some
of the eHCC-related TSGs are known to carry low
levels of methylation even in the background liver of
HCC patients, especially HCV-positive cases. There-
fore, it is reasonable to speculate that some of these
clones with methylation-silenced TSGs already exist in
patients with chronic hepatitis, and may act as ‘‘seeds’’
for the development of early stage tumors.5 As the
number of methylated TSGs in hepatitis tissues is
related to the risk of HCC, stepwise accumulation of
methylation-inactivated genes must be required during
the initial steps of hepatocarcinogenesis. The eight
genes that showed high levels of methylation in eHCC
in our study are involved in a variety of functions, sug-
gesting that multiple pathways might be involved in
emergence of eHCC.

A previous report indicated that DNA methylation
alterations in HCC had an important prognostic and

therapeutic implication for this malignancy.17 In addi-
tion, a recent report suggested that aberrant DNA
methylation of certain genes could predict recurrence-
free survival of HCC patients who underwent hepatec-
tomy.18 However, the determination of recurrence-free
survival of HCC is challenging because tumor recur-
rence typically has two components: true metastasis
and metachronous tumors that arise de novo.19 There-
fore, analysis of hepatitis tissues without prior history
of HCC provide a more logical and prudent substrate
to evaluate the usefulness of methylation events at crit-
ical TSGs/CpG loci for assessing the risk of HCC de-
velopment. To the best of our knowledge, none of the
previous studies have investigated associations between
epigenetic alterations in hepatitis tissues and deter-
mined the future risk of developing de novo HCC.
This is another unique strength of our study in which
we addressed this issue and discovered that an
increased number of methylated TSGs was associated
with shorter time-to-HCC occurrence. In addition, the
increased number of methylated TSGs was an inde-
pendent risk factor even when the analysis eliminated
the effect of interferon therapy (Fig. 4). In contrast,
multivariate analysis in our study revealed that F-stage,
which was previously believed to a better predictor of
HCC in CHC patients, failed to emerge as an inde-
pendent risk factor when simultaneously analyzed with
the number of methylated TSGs. This observation is
in line with the report suggesting that CpG island
methylator phenotype in HCC might also be associ-
ated with background liver in patients with cirrhosis.10

Recently, it was reported that oxidative stress caused
by HCV induced liver fibrosis,20 and it also led to
epigenetic inactivation of TSGs by way of DNA meth-
ylation.21 From this viewpoint, it is conceivable to
speculate that epigenetic inactivation of TSGs might
be a more critical event that may take precedence over
the effect of F-stage on the risk of HCC emergence.
Interestingly, we also discovered a dose-dependent
effect of the number of methylated TSGs on the HRs
for the times-to-HCC occurrence, suggesting that se-
quential inactivation of these tumor suppressors may
lead to the formation of de novo HCC in preneoplastic
liver. However, our study cannot rule out the inadver-
tent bias in patient selection given the retrospective na-
ture of our study, in which CHC cases with higher al-
anine aminotransferase or a-fetoprotein levels might
have been prone to more frequent to liver biopsies.
Therefore, we determined the rate of fibrosis progres-
sion using F-stages at the time of initial biopsies and
HCC occurrence (Supporting Table 5). The mean pro-
gression of F-stage was 0.07 6 0.10 unit/year for all
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cases and 0.14 6 0.10 unit/year for noncirrhotic cases,
which was somewhat higher than that reported by
Shiratori et al.22 However, the mean age and propor-
tion of advanced F-stage in our cohort is also higher
than those reported by Shiratori et al., which might
help explain the higher incidence of HCC observed in
our study. Nonetheless, to address these important
issues we are currently planning an independent vali-
dation of our results in which we will interrogate the
significance of these methylation markers for the pre-
diction of HCC emergence in a prospective multicen-
ter patient cohort.

In summary, in this study we systematically charac-
terized methylation patterns in a large panel of TSGs
and identified a subset of genes that play a critical role
in the earliest steps in hepatocarcinogenesis. Further-
more, we provide additional evidence that epigenetic
inactivation of these genes in patients with CHC is an
important and independent risk factor for predicting
emergence of HCC late in life. Given the robustness
of data presented in this article, we believe that these
results are of significance, from both basic and clinical
perspectives. From a basic research standpoint, these
data provide a molecular understanding on the contri-
bution of individual TSGs that are targets of transcrip-
tional inactivation in the earliest steps of hepatocarci-
nogenesis. From a clinical viewpoint, in addition to
the antiviral and antiinflammatory therapies, our data
suggest that potential inclusion of epigenetic therapies
in future might serve as effective adjuncts for CHC
patients with refractory disease in reducing their risk
for developing HCC.
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Endoscopic
Ultrasound: Contrast
Enhancement

Masayuki Kitano, MD, PhD*, Hiroki Sakamoto, MD, PhD,
Masatoshi Kudo, MD, PhD

ULTRASOUND CONTRAST AGENTS

Intra-arterial infusion of carbon dioxide (CO2) gas was the first technology used for
contrast-enhanced ultrasonography.1–3 In this method, CO2 is infused into the
regional artery through a catheter during angiography. Fundamental B-mode ultraso-
nography sufficiently depicts signals from CO2 microbubbles in a real-time manner.1–3

Although intra-arterial CO2 infusion combined with ultrasonography allows imaging
with very high spatial and time resolutions, it has the limitation that ultrasonographic
scanning must be performed during angiography.1–3

Intravenous ultrasound contrast agents are more convenient for contrast-enhanced
ultrasonography because their use requires only a bolus infusion of the agent from
a peripheral vein.4,5 There are several ultrasound contrast agents commercially avail-
able.4,5 Most of them are microbubbles consisting of gas covered with a lipid or phos-
pholipidmembrane. A certain range of acoustic power inducesmicrobubble oscillation
or breakage.6,7 When microbubbles are oscillated or broken, signals are emitted that
have different frequencies from the transmitted signals.6,7 These signals can then be
depicted by contrast-enhanced ultrasonography.6,7

The first-generation ultrasound contrast agents included Levovist (Schering AG,
Berlin, Germany), which is composed of microbubbles of room air covered with a pal-
mitic acid membrane.4–7 Levovist required high acoustic power to oscillate or break its
microbubbles. Toovercome this disadvantage, second-generation ultrasoundcontrast
agents, including SonoVue (Bracco Imaging, Milan, Italy), Sonazoid (Daiichi-Sankyo,
Tokyo, Japan; GE Health care Milwaukee, WI, USA), and Definity (Lantheus Medical
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Imaging, North Billerica MA, USA), were created.4–6 These agents are composed of
gasses different from room air, and microbubbles of these agents can be oscillated
or brokenby lower acoustic powers.4–6 These second-generation agents aremore suit-
able for endoscopic ultrasonography (EUS) because the small transducer of EUS
produces limited acoustic power.8

VASCULAR ASSESSMENT BY EUS

In the early days of EUS development, it was difficult to enhance vessels by mechan-
ical radial EUS.9 The first reports about contrast-enhanced EUS used fundamental
B-mode EUS with an intravenous ultrasound contrast agent composed of sonicated
albumin.10,11 Although this method slightly enhanced the signals from lesions with
rich vessels such as neuroendocrine tumors and cystic tumors in the pancreas, it
did not enhance signals of other diseases and has a limitation in selective depiction
of the contrast agent.10,11 Electronic EUS equipped with color and power Doppler
modes first enabled the identification of large vessels with colored images.12 In partic-
ular, this method allowed the visualization of large vessels behind the gastrointestinal
wall and improved the avoidance of intervening vessels during needle puncture.
However, those modes only detect large vessels with fast flow because they depict
the phase shift of signals from quickly moving substances.
Ultrasound contrast agents located in vessels emit phase shift (pseudo-Doppler)

signals and enhance Doppler signals from vessels.13 Contrast-enhanced Doppler
EUS (CD-EUS) is used to evaluate not only large vessels but also tumor vascularity,
by enhancing the intratumoral vessels (Fig. 1).14–20 However, even the use of ultra-
sound contrast agents cannot depict fine vessels with slow flow because Doppler
ultrasonography has low sensitivity to low flow.7,8,15 Moreover, contrast-enhanced
Doppler ultrasonography suffers from poor spatial resolution as well as motion and
blooming artifacts, which can make it difficult to evaluate tumor vascularity.7,8,15

Motion artifacts refer to the low signal intensity of flowing blood compared with that
of tissue movement.7 Blooming refers to the widened appearance of a blood vessel
with power Doppler compared with the results with fundamental B-mode imaging
(see Fig. 1).7

Contrast-enhanced harmonic imaging was developed to allow for more specific
imaging of ultrasound contrast agents.6–8 The main purpose of contrast-enhanced
harmonic ultrasonography is the selective sensitive depiction of signals from

Fig. 1. Typical conventional EUS and contrast-enhanced power Doppler EUS images of
a small endocrine tumor in the pancreas. (A) The conventional EUS image shows a small hy-
poechoic nodule (arrowheads) of 10 mm in diameter in the body of the pancreas. (B) The
contrast-enhanced power Doppler EUS image shows abundant vessels in the nodule (arrow-
heads), although blooming artifact is observed at vessels in the nodule. Blooming artifact is
also observed in the splenic artery (SPA) and splenic vein (SPV).
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microbubbles in situ by filtrating signals from the tissue. The most important advan-
tage of contrast-enhanced harmonic ultrasonography over contrast-enhanced
Doppler ultrasonography is that it can depict microbubbles even though they do not
flow.6–8 By depicting microbubbles located in microvasculature, contrast-enhanced
harmonic ultrasonography allowed imaging of parenchymal perfusion. In addition, it
can depict vessels with very high resolution without Doppler-related artifacts.
Contrast-enhanced harmonic EUS (CH-EUS) was impossible with Levovist because

the transducer of the echoendoscope was too small to oscillate and break the micro-
bubbles, necessitating the use of CD-EUS.9,15 Because second-generation ultra-
sound contrast agents can be oscillated or broken by lower acoustic powers,4–6,9

CH-EUS can be used with these agents.

CONTRAST-ENHANCED DOPPLER EUS

Intravenous ultrasound contrast agents improve the Doppler detection of flow in
vessels. CD-EUS is significantly more sensitive and accurate than power Doppler
EUS in detecting the relatively hypovascular ductal adenocarcinomas of the
pancreas.14–16 Hypovascularity as a sign of ductal carcinomas in CD-EUS obtained
a sensitivity of 85% to 94% and a specificity of 71% to 100%.14–18 EUS is also a highly
sensitive method for detection of pancreatic ductal carcinomas, particularly small
ones.9,21,22 In a study comparing the abilities of CD-EUS and contrast-enhanced mul-
tidetector-row computed tomography (MDCT) to diagnose small pancreatic tumors,
the sensitivities for detecting pancreatic carcinomas sized 2 cm or less by EUS and
MDCT were 94% and 50%, respectively, and CD-EUS diagnosed small pancreatic
carcinomas sized 2 cm or less as tumors with hypoenhancement significantly better
thanMDCT.15 EUS is also useful to detect small neuroendocrine tumors.19,23,24 Detec-
tion rate of EUS for neuroendocrine tumors (92%–95%) is significantly higher than that
of MDCT (63%–81%).19,24 Ishikawa and colleagues19 reported on the usefulness of
EUS combined with contrast enhancement in the preoperative localization of pancre-
atic endocrine tumors. In their report, CD-EUS indicated that hyperenhancement was
observed in 98% of neuroendocrine tumors.19 In those previous reports about CD-
EUS, ductal carcinomas and neuroendocrine tumors are characterized by CD-EUS
as solid lesions with hypoenhancement and hyperenhancement, respectively. Taking
into consideration the superiority of EUS in the detection rates, CD-EUS is a promising
tool to characterize small pancreatic tumors that cannot be detected by other imaging
methods.
In discrimination between benign and malignant mediastinal and abdominal lymph

nodes, 2 groups reported the usefulness of CD-EUS.20,25 Kanamori and colleagues20

found that all malignant lymph nodes showed a defect of enhancement (sensitivity
100%), whereas diffuse enhancement was observed in 86% of benign lymph nodes
(specificity 86%). Hocke and colleagues25 used the following criteria for malignant
lymph nodes: irregular appearance of the vessels and only arterial vessels visible.
Using these criteria, the sensitivity and specificity in differentiating malignant from
benign lymph nodes were 60% and 91%, respectively. If malignant lymphoma were
excluded, the sensitivity of the CD-EUS for malignant lymph nodes increased to
73%.25 Even though those reports differ in criteria and diagnostic accuracy for malig-
nancy, CD-EUS is useful for characterization of enlarged lymph nodes.

PRINCIPLE OF CONTRAST HARMONIC IMAGING

When exposed to a certain range of ultrasonic beams, the microbubbles of ultrasound
contrast agents are disrupted or resonated, which releases a large amount of
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harmonic signals (Fig. 2).6–8 When the tissues and microbubbles receive transmitted
ultrasound waves, both produce harmonic components that are integer multiples of
the fundamental frequency; however, the harmonic content from the microbubbles
is higher than that from the tissues (see Fig. 2).6–8 Selective depiction of the second
harmonic component visualizes the signals from the microbubbles more strongly
than those from the tissues.
When ultrasound pulses are transmitted multiple times in succession, the signals

from the contrast agents vary greatly in phase (see Fig. 2), with no relation to its
motion.9,26,27 The signals in the part without contrast agents are hardly changed
between multiple transmissions. This specific feature of the contrast agents (phase
shifts) is also used for contrast-enhanced harmonic imaging.9,26,27 Extended pure
harmonic detection (ExPHD) is a mode for EUS systems that is specific for contrast
harmonic imaging, which receives not only the second harmonic components but
also signals with the relative phase shifts (see Fig. 2).9,26,27 This processing enhances
the imaging of signals from microbubbles in vessels with very slow flow without
Doppler-related artifacts.

CONTRAST-ENHANCED HARMONIC EUS

Dietrich and colleagues28 first reported the use of contrast-enhanced, low–mechan-
ical index, real-time EUS using adapted dynamic-contrast harmonic wide-band
pulsed inversion software. Using this method, they identified the celiac trunk, common
hepatic artery, splenic artery, and portal vein and its branches and collaterals in
patients with portal vein thrombosis.28

The development of another EUS system, equipped with an echoendoscope with
a broadband transducer and ExPHD mode, enabled the authors to obtain images of
the microcirculation and parenchymal perfusion in digestive organs (Fig. 3).26,27 In
contrast, CD-EUS cannot provide images of parenchymal perfusion or of branching
vessels because blooming artifacts of large vessels are observed.27,29

Fig. 2. Principle of extended pure harmonic detection (ExPHD) mode. The microbubbles
produce stronger second harmonic signals as well as greater phase shifts than does the
tissue. Contrast harmonic imaging based on the ExPHD mode selectively depicts signals
from microbubbles by synthesizing the phase shift signals with the second harmonic
components.
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The new EUS system depicts pancreatic ductal carcinomas as hypovascular
nodules that mostly have irregular network-like vessels. In contrast, CH-EUS depicts
most neuroendocrine tumors as a hypervascular pattern (Fig. 4).27,29–31 This new CH-
EUS system allowed diagnosis of pancreatic carcinomas with a high sensitivity (89%–
96%) and specificity (64%–89%).29–31 Particularly, CH-EUS was significantly more
accurate than MDCT in diagnosing small ductal carcinomas (P 5 .034).31

Although EUS has a high spatial resolution, it misses some ductal carcinomas.
Some factors, including chronic pancreatitis, a diffusely infiltrating and a recent
episode of acute pancreatitis, increase the likelihood of a false-negative EUS exami-
nation.32 CH-EUS improves the depiction of pancreatic tumors, compared with
conventional EUS.30,31 CH-EUS allowed detection of the outline of all ductal carci-
nomas with uncertain conventional EUS findings.30,31 Similarly, when Imazu and
colleagues33 compared the abilities of conventional EUS and CH-EUS in terms of
preoperative T staging of pancreatobiliary tumors, they found that CH-EUS correctly
diagnosed T staging in 24 of 26 pancreatobiliary tumors, 6 of which were misdiag-
nosed by conventional EUS. In particular, CH-EUS depicted the wall of the portal
vein more clearly, which means that it is superior in diagnosing portal invasion by
pancreatic and bile duct cancers.33

CH-EUS is also used for evaluation of vascularity in organs other than the pancreas.
In a study evaluating the microvasculature of benign and malignant intra-abdominal
lesions of undetermined origin by CH-EUS, 96.3% of malignant lesions exhibited
heterogeneous enhancement (Fig. 5), whereas benign lesions did not show hetero-
geneous enhancement.34 This result suggests that heterogeneous enhancement on
CH-EUS is a feature of malignant lesions. When CH-EUS was used for assessment
of tumor vascularity of gastrointestinal stromal tumors (GISTs), CH-EUS identified

Fig. 3. Time course of CH-EUS images in a normal pancreas. (A) The CH-EUS image before
infusion of the contrast agent. Neither signals from the tissue nor microbubbles can be
observed. (B) The CH-EUS image 13 seconds after infusion of the contrast agent. Spotty
signals from microbubbles (arrowheads) appear in the pancreas. (C) The CH-EUS image 15
seconds after infusion of the contrast agent. Fine branching vessels (arrowheads) are
observed. (D) The CH-EUS image 22 seconds after infusion of the contrast agent. Diffuse
parenchymal perfusion of microbubbles can be imaged. The pancreatic duct (arrow) is de-
picted as an avascular structure with strong contrast to the surrounding tissue.
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irregular vessels in GISTs with high-grade malignancy (Fig. 6) with a sensitivity, spec-
ificity, and accuracy of 100%, 63%, and 83%, respectively, suggesting CH-EUS may
play an important role in predicting the malignancy risk of GISTs.35

CONTRAST-ENHANCED EUS FOR EUS-GUIDED FINE-NEEDLE ASPIRATION

EUS-guided fine-needle aspiration (EUS-FNA) is a useful tool for characterizing a solid
mass detected by conventional EUS.36 If the EUS-FNA diagnosis is a malignant tumor,

Fig. 4. Typical conventional EUS (left) and CH-EUS (right) images of small tumors in the
pancreas. (A) A ductal carcinoma with hypoenhancement. Conventional EUS (left) shows
a hypoechoic area (arrowheads) of 10 mm in diameter at the pancreas tail. CH-EUS (right)
indicates that the area is hypovascular (arrowheads) compared with the surrounding tissue.
(B) An inflammatory pseudotumor with isoenhancement. Conventional EUS (left) shows
a hypoechoic area (arrowheads) of 11 mm at the pancreas tail. CH-EUS (right) indicates
enhancement in this area similar to the surrounding tissue; a margin is not observed. (C)
A neuroendocrine tumor with hyperenhancement. Conventional EUS (left) shows a hypoe-
choic mass (arrowheads) of 9 mm in diameter at the pancreas body. CH-EUS (right) indicates
that enhancement (arrowheads) in the mass is higher than in the surrounding tissue.

Fig. 5. Typical conventional EUS (left) and CH-EUS (right) images of a metastatic lymphade-
nopathy. Conventional EUS (left) shows a swollen lymph node (arrowheads) of 41 mm in
diameter adjacent to the stomach. CH-EUS (right) indicates that enhancement in the lymph
node is heterogeneous.
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then patients should be recommended to undergo surgery, because EUS-FNA is
highly specific for the identification of pancreatic carcinomas. However, deciding
between surgery and follow-up in patients whose EUS-FNA findings are negative is
sometimes difficult, because false-negative EUS-FNA results cannot be excluded.
When Napoleon and colleagues29 compared CH-EUS and EUS-FNA for the identifica-
tion of pancreatic carcinomas, the sensitivity of CH-EUS for carcinoma identification
was higher than that of EUS-FNA. Moreover, 4 of the 5 carcinomas with false-
negative EUS-FNA findings had hypoenhancement. In the authors’ recent study,
CH-EUS was not superior to EUS-FNA for the identification of pancreatic carci-
nomas.31 However, CH-EUS revealed that all ductal carcinomas with false-negative
EUS-FNA findings had hypoenhancement. When the ductal carcinomas were
regarded as tumors with a positive EUS-FNA finding and/or hypoenhancement on
CH-EUS, combining CH-EUS with EUS-FNA improved the sensitivity of identifying
ductal carcinomas from 92.2% to 100%.31 Therefore, CH-EUS before EUS-FNA
complements EUS-FNA in identifying ductal carcinomas and helps in making
decisions about the next treatment approach. When CH-EUS reveals a hypovascular
pattern in a pancreatic tumor, even if the EUS-FNA findings are negative, surgical re-
section or pathologic reevaluation by EUS-FNA of the tumor should be recommended.
As described earlier, CH-EUS is better than conventional EUS in clearly depicting the

outline of some pancreatic carcinomas.30,31 These results suggest that contrast
harmonic imaging might be useful for the identification of some lesions that are not
clearly definedby conventional EUS (Fig. 7). Consequently, it is likely thatCH-EUS facil-
itates EUS-FNA of lesions by helping to identify the target for EUS-FNA (see Fig. 7). In
addition, information from CH-EUS can potentially change the diagnosis and manage-
ment of the lesionsdepictedbyEUS.Romagnuolo andcolleagues37 reported 2cases in
which the management changed significantly after CH-EUS. EUS-FNA was avoided
because CH-EUS revealed that a liver tumor was a hemangioma. EUS-FNA was per-
formed in a mediastinal cystic lesion after CH-EUS confirmed it as solid.

FUTURE PERSPECTIVE OF CONTRAST-ENHANCED EUS

So far, the technique of contrast-enhanced EUS has largely been used for evaluation
of vascularity. However, recent studies have revealed that this technique can also be
applied for molecular imaging of vascular endothelial growth factor (VEGF)
receptor.38,39 Affinity of microbubbles for VEGF receptor may facilitate molecular
profiling of angiogenesis and early assessment of antiangiogenic therapy effects.

Fig. 6. Typical conventional EUS (left) and CH-EUS (right) images of a GIST with high-grade
malignancy. Conventional EUS (left) shows a tumor (arrowheads) of 38 mm in diameter
located in the fourth layer of the gastric wall. CH-EUS (right) depicts irregular vessels
(arrows) in the tumor.
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Recently, there has been a focus on EUS-guided ablation therapy for the treatment of
focal pancreatic lesions. Experiments in pigs showed that contrast-enhanced EUS
improved visualization of altered pancreatic vascular perfusion after local injection
of ethanol, indicating that contrast-enhanced EUS can be used for follow-up of the
ablated lesion.40 Moreover, the development of contrast-enhanced EUS will be bene-
ficial for targeted drug delivery applications in pancreatic tumors.4,41 Drug
substances, including plasmid DNA, can be delivered within the microbubbles. Strong
ultrasound beams can potentially destroy microbubbles to release the drug “payload”
only in the pancreas. Thus, the targeted drug delivery treatment should enhance drug
action and reduce undesirable adverse effects. In the near future, the technology of
contrast-enhanced EUS would expand to these promising applications.
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Abstract
Advances in molecular cell biology over the last de-
cade have clarified the mechanisms involved in can-
cer growth, invasion, and metastasis, and enabled 
the development of molecular-targeted agents. To 
date, sorafenib is the only molecular-targeted agent 
whose survival benefit has been demonstrated in two 
global phase Ⅲ randomized controlled trials, and has 
been approved worldwide. Phase Ⅲ clinical trials of 
other molecular targeted agents comparing them with 
sorafenib as first-line treatment agents are ongoing. 
Those agents target the vascular endothelial growth 
factor, platelet-derived growth factor receptors, as well 
as target the epidermal growth factor receptor, insulin-
like growth factor receptor and mammalian target of 
rapamycin, in addition to other molecules targeting 
other components of the signal transduction pathways. 
In addition, the combination of sorafenib with standard 
treatment, such as resection, ablation, transarterial em-
bolization, and hepatic arterial infusion chemotherapy 
are ongoing. This review outlines the main pathways 
involved in the development and progression of hepato-
cellular carcinoma and the new agents that target these 
pathways. Finally, the current statuses of clinical trials 
of new agents or combination therapy with sorafenib 
and standard treatment will also be discussed.
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INTRODUCTION
Advances in molecular cell biology over the last de-
cade have clarified the mechanisms involved in cancer 
growth, invasion and metastasis, and enabled the devel-
opment of  molecular-targeted agents, best represented 
by trastuzumab for breast cancer, imatinib and rituximab 
for hematopoietic tumors, and gefitinib and erlotinib for 
lung cancer. These molecular-targeted agents are broadly 
classified into two categories: drugs targeting cancer cell-
specific molecules, and nonspecific molecular-targeted 
drugs for molecular biological abnormalities induced 
in the host stroma or blood vessels by the presence of  
cancer. Examples of  the former approach include trastu-
zumab, which targets human epidermal growth factor 
receptor 2 (HER2), the expression of  which is a poor 
prognostic factor for breast cancer; rituximab, which is 
used to treat B-cell lymphoma, targets CD20 expressed 
on normal and neoplastic mature B cells; while imatinib 
binds to the ATP-binding site of  Bcr-abl, a protein that 
causes chronic myelogenous leukemia. However, no crit-
ical target molecules responsible for treatment response 
have been identified in hepatocellular carcinoma (HCC).

World J Gastroenterol  2012 November 14; 18(42): 6005-6017
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2012 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i42.6005

6005 November 14, 2012|Volume 18|Issue 42|WJG|www.wjgnet.com

— 401 —



Kudo M. Signaling pathway in hepatocellular carcinoma

In recent years, clinical trials have been conducted for 
many agents that act on growth factor receptors, such 
as epidermal growth factor receptor (EGFR) and vas-
cular endothelial growth factor receptor (VEGFR), and 
intracellular signaling pathways. In addition, multi-kinase 
inhibitors, including sorafenib, have emerged and been 
evaluated. Clinical trials are ongoing to compare drugs 
with the same mechanism of  action and to test the com-
bined efficacy and relative merits of  these drugs with ex-
isting drugs for many cancers. Since the main treatment 
option for metastatic, advanced stage cancers, such as 
breast and colorectal cancer, is systemic chemotherapy, 
clinical trials are ongoing to investigate how to combine 
molecular-targeted agents with standard therapies based 
on the results of  long-term, large-scale clinical trials, and 
to identify which molecular-targeted agents should be 
used as initial or second-line therapy. 

However, for HCC, background liver damage limits 
the indication for systemic chemotherapy and no anti-
cancer drugs were found to be effective in large-scale 
randomized controlled trials except sorafenib. Now that 
the usefulness of  sorafenib has been demonstrated in 
two large scale randomized clinical trials, the develop-
ment of  new drugs that are effective for poor-prognosis 
advanced HCC, who are resistant to a standard of  care 
agent, sorafenib.

In this review, the clinical impact of  sorafenib and 
ongoing trials of  new agents or combination trials with 
sorafenib will be described.

SIGNALING PATHWAYS AND 
MOLECULAR-TARGETED AGENTS IN HCC
As in other cancers, the molecular mechanisms involved 
in the development and progression of  HCC are com-
plex. After hepatitis B virus and hepatitis C virus infec-
tion and alcohol or aflatoxin B1 exposure, genetic and 
epigenetic changes occur, including oncogene activation 
and tumor-suppressor gene inactivation due to inflam-
mation-induced increase in hepatocyte turnover and oxi-
dative stress-induced DNA damage. Through apoptosis 
and cell proliferation, these changes lead to the multistep 
development and progression of  a hyperplastic to dys-
plastic nodule, early HCC, and advanced HCC. A num-
ber of  studies have reported changes in gene expression, 
chromosomal amplification, mutations, deletions and 
copy number alterations (gain/loss), somatic mutations, 
CpG hypermethylation, and DNA hypomethylation, as 
well as molecular abnormalities, which can constitute 
therapeutic targets[1-5].

The binding of  growth factors to their receptor pro-
teins activates protein-phosphorylating enzymes, thus 
activating a cascade of  proliferative signaling pathways 
to transmit proliferative signals into the nucleus. Growth 
factors, such as EGF, transforming growth factor (TGF)-
α/-β, insulin-like growth factor (IGF), and VEGF, also 
function in liver regeneration after injury, while fibroblast 

growth factor (FGF) and the platelet-derived growth 
factor (PDGF) family are involved in liver fibrosis and 
HCC growth[6-8]. The receptors for these growth factors 
are broadly classified into G protein-coupled receptors 
and protein kinases. On ligand binding, these receptors 
activate their downstream intracellular molecules in a 
cascade fashion. Many of  the growth factor receptors 
and oncogenes have tyrosine kinase activity, and the 
tyrosine kinases are classified into transmembrane recep-
tor tyrosine kinases, such as the EGFR and VEGFR, 
and cytoplasmic non-receptor tyrosine kinases, such as 
Abl and Src. On the other hand, Raf, mitogen-activated 
protein kinase (MAPK)/extracellular signaling-regulated 
kinase (ERK) kinase (MEK), and mammalian target of  
rapamycin (mTOR) are serine/threonine kinases.

In general, the MAPK, phosphoinositide 3-kinase 
(PI3K)/Akt/mTOR, c-MET, IGF, Wnt-β-catenin and 
Hedgehog signaling pathways, and the VEGFR and 
PDGF receptor (PDGFR) signaling cascades show 
altered activity in HCC, and agents targeting these path-
ways are under development (Figures 1-3; Table 1)[9-12]. 
Many molecular-targeted agents are now under develop-
ment and the target signaling pathways and growth fac-
tors are outlined below.

MAPK pathway (Ras/Raf/MEK/ERK)
The MAPK intracellular signaling pathway, which is main-
ly involved in cell growth and survival, and regulates cell 
differentiation, is upregulated in cancer cells. Therefore, 
this pathway has been extensively studied as a therapeutic 
target. The MAPK pathway is a common downstream 
pathway for the EGFR, PDGFR and VEGFR, and is uni-
versally used for signal transduction downstream of  cyto-
kine receptors, integrin complexes, and G-protein recep-
tors to Ras. The MAPK pathway also plays an important 
role in HCC, in that its activation is reportedly involved in 
HCC growth and survival. The downstream ERK is acti-
vated by two upstream protein kinases, which are coupled 
to growth factor receptors by Ras proteins. Ras, which is 
activated by ligand binding, activates Raf  serine/threonine 
kinases and MEK (MAP kinase/ERK kinase), while MEK 
phosphorylates and activates ERK, which phosphorylates 
proteins involved in cell growth, apoptosis resistance, ex-
tracellular matrix production and angiogenesis[13-15].

Raf  and Ras inhibitors: Raf  and Ras are proto-on-
cogenes. In particular, K-Ras mutations are commonly 
observed in many cancers, including pancreatic and 
colorectal cancers. One study reported that 30% of  HCCs 
have Ras mutations[16]. To our knowledge, no agents 
targeting Ras are planned to enter clinical trials at the 
present. However, because the binding of  Ras protein to 
the cell membrane and its functional activation require 
farnesylation, several farnesyltransferase inhibitors are 
being tested for Ras-related tumors. In addition, vaccine 
therapy for mutant Ras proteins is currently being tested 
for solid cancers, including HCC.
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The Raf  family consists of three isoforms, A-Raf, 
B-Raf  and C-Raf/Raf-1. Genetic abnormalities, such 
as point mutations and gene rearrangements, have been 
reported in various cancers[17]; however, in HCC, ras/raf 
mutations are rare, and no k-ras or b-raf mutations have 
been detected[18]. On the other hand, wild-type Raf-1 was 
reported to be hyperactivated in many cancers, includ-
ing HCC[19-21]. Sorafenib inhibits Raf, and has multiple 
characteristics in that it exhibits strong inhibitory activity 
against Raf-1 (C-Raf) kinase, B-Raf  (wild-type B-Raf  
and mutant V600E B-Raf) serine/threonine kinase, 
the pro-angiogenic receptor tyrosine kinases VEGFR, 

PDGFR and FGFR1, and tyrosine kinases, such as c-kit, 
Flt-3 and RET, which are involved in tumor progression 
and overall prognosis[22].

MEK: The MEK family consists of  MEK1 and MEK2 
proteins, which specifically phosphorylate tyrosine and 
threonine residues, and phosphorylates downstream 
Erk1 and Erk2[23].

In an immunohistochemical study, MEK1/2 over-
expression, ERK1/2 overexpression, and ERK1/2 
phosphorylation were observed in 100% (46/46), 91% 
(42/46), and 69% (32/46) of  HCCs, respectively. In ad-
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Figure 1  Signal transduction in solid cancer cells including hepatocellular carcinoma. Some of the genes known to be functionally altered are highlighted in 
red. These signaling pathways, including growth factor pathway, Wnt pathway, Hedgehog pathway, Akt/mammalian target of rapamycin (mTOR) pathway, and Jak/Stat 
pathway, can be a molecular targets for treatment of hepatocellular carcinoma. (Cited and modified from Hanahan et al[10] with permission.) EGFR: Epidermal growth 
factor receptor; TGF: Transforming growth factor; IGF: Insulin-like growth factor; MAPK: Mitogen-activated protein kinase; PI3K: Phosphoinositide 3-kinase; ERK: Ex-
tracellular signaling-regulated kinase; NF-kB: Nuclear factor-kappa B; IL: Interleukin.

  Agents
Targets (angiogenesis) Targets (proliferation) Positioning

Development status
VEGFR PDGFR FGF EGFR Raf mTOR TRAIL-R2 DR5

  Sorafenib ● ● ● 1st line Approved
  Sunitinib ● ● 1st line PⅢ terminated
  E7080 ● ● ● 1st/2nd line PII ongoing
  Tigatuzumab (CS1008) ● 1st line (sorafenib combination) PⅠ/Ⅱ ongoing
  Linifanib (ABT-869) ● ● 1st line PⅢ ongoing
  Brivanib ● ● 1st line, 2nd line, TACE adjuvant PⅢ ongoing
  TSU-68 ● ● TACE combination PⅢ ongoing
  Ramucirumab ● 2nd line PⅢ ongoing
  Everolimus (RAD001) ● 2nd line PⅢ ongoing
  Axitinib ● ● 2nd line PⅢ ongoing

Table 1  Molecular targeted agents for hepatocellular carcinoma: Targets and development status

VEGFR: Vascular endothelial growth factor receptor; PDGFR: Platelet-derived growth factor receptor; FGF: Fibroblast growth factor; EGFR: Epidermal 
growth factor receptor; mTOR: Mammalian target of rapamycin; TACE: Transarterial chemoembolization.
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In recent years, clinical trials have been conducted for 
many agents that act on growth factor receptors, such 
as epidermal growth factor receptor (EGFR) and vas-
cular endothelial growth factor receptor (VEGFR), and 
intracellular signaling pathways. In addition, multi-kinase 
inhibitors, including sorafenib, have emerged and been 
evaluated. Clinical trials are ongoing to compare drugs 
with the same mechanism of  action and to test the com-
bined efficacy and relative merits of  these drugs with ex-
isting drugs for many cancers. Since the main treatment 
option for metastatic, advanced stage cancers, such as 
breast and colorectal cancer, is systemic chemotherapy, 
clinical trials are ongoing to investigate how to combine 
molecular-targeted agents with standard therapies based 
on the results of  long-term, large-scale clinical trials, and 
to identify which molecular-targeted agents should be 
used as initial or second-line therapy. 

However, for HCC, background liver damage limits 
the indication for systemic chemotherapy and no anti-
cancer drugs were found to be effective in large-scale 
randomized controlled trials except sorafenib. Now that 
the usefulness of  sorafenib has been demonstrated in 
two large scale randomized clinical trials, the develop-
ment of  new drugs that are effective for poor-prognosis 
advanced HCC, who are resistant to a standard of  care 
agent, sorafenib.

In this review, the clinical impact of  sorafenib and 
ongoing trials of  new agents or combination trials with 
sorafenib will be described.

SIGNALING PATHWAYS AND 
MOLECULAR-TARGETED AGENTS IN HCC
As in other cancers, the molecular mechanisms involved 
in the development and progression of  HCC are com-
plex. After hepatitis B virus and hepatitis C virus infec-
tion and alcohol or aflatoxin B1 exposure, genetic and 
epigenetic changes occur, including oncogene activation 
and tumor-suppressor gene inactivation due to inflam-
mation-induced increase in hepatocyte turnover and oxi-
dative stress-induced DNA damage. Through apoptosis 
and cell proliferation, these changes lead to the multistep 
development and progression of  a hyperplastic to dys-
plastic nodule, early HCC, and advanced HCC. A num-
ber of  studies have reported changes in gene expression, 
chromosomal amplification, mutations, deletions and 
copy number alterations (gain/loss), somatic mutations, 
CpG hypermethylation, and DNA hypomethylation, as 
well as molecular abnormalities, which can constitute 
therapeutic targets[1-5].

The binding of  growth factors to their receptor pro-
teins activates protein-phosphorylating enzymes, thus 
activating a cascade of  proliferative signaling pathways 
to transmit proliferative signals into the nucleus. Growth 
factors, such as EGF, transforming growth factor (TGF)-
α/-β, insulin-like growth factor (IGF), and VEGF, also 
function in liver regeneration after injury, while fibroblast 

growth factor (FGF) and the platelet-derived growth 
factor (PDGF) family are involved in liver fibrosis and 
HCC growth[6-8]. The receptors for these growth factors 
are broadly classified into G protein-coupled receptors 
and protein kinases. On ligand binding, these receptors 
activate their downstream intracellular molecules in a 
cascade fashion. Many of  the growth factor receptors 
and oncogenes have tyrosine kinase activity, and the 
tyrosine kinases are classified into transmembrane recep-
tor tyrosine kinases, such as the EGFR and VEGFR, 
and cytoplasmic non-receptor tyrosine kinases, such as 
Abl and Src. On the other hand, Raf, mitogen-activated 
protein kinase (MAPK)/extracellular signaling-regulated 
kinase (ERK) kinase (MEK), and mammalian target of  
rapamycin (mTOR) are serine/threonine kinases.

In general, the MAPK, phosphoinositide 3-kinase 
(PI3K)/Akt/mTOR, c-MET, IGF, Wnt-β-catenin and 
Hedgehog signaling pathways, and the VEGFR and 
PDGF receptor (PDGFR) signaling cascades show 
altered activity in HCC, and agents targeting these path-
ways are under development (Figures 1-3; Table 1)[9-12]. 
Many molecular-targeted agents are now under develop-
ment and the target signaling pathways and growth fac-
tors are outlined below.

MAPK pathway (Ras/Raf/MEK/ERK)
The MAPK intracellular signaling pathway, which is main-
ly involved in cell growth and survival, and regulates cell 
differentiation, is upregulated in cancer cells. Therefore, 
this pathway has been extensively studied as a therapeutic 
target. The MAPK pathway is a common downstream 
pathway for the EGFR, PDGFR and VEGFR, and is uni-
versally used for signal transduction downstream of  cyto-
kine receptors, integrin complexes, and G-protein recep-
tors to Ras. The MAPK pathway also plays an important 
role in HCC, in that its activation is reportedly involved in 
HCC growth and survival. The downstream ERK is acti-
vated by two upstream protein kinases, which are coupled 
to growth factor receptors by Ras proteins. Ras, which is 
activated by ligand binding, activates Raf  serine/threonine 
kinases and MEK (MAP kinase/ERK kinase), while MEK 
phosphorylates and activates ERK, which phosphorylates 
proteins involved in cell growth, apoptosis resistance, ex-
tracellular matrix production and angiogenesis[13-15].

Raf  and Ras inhibitors: Raf  and Ras are proto-on-
cogenes. In particular, K-Ras mutations are commonly 
observed in many cancers, including pancreatic and 
colorectal cancers. One study reported that 30% of  HCCs 
have Ras mutations[16]. To our knowledge, no agents 
targeting Ras are planned to enter clinical trials at the 
present. However, because the binding of  Ras protein to 
the cell membrane and its functional activation require 
farnesylation, several farnesyltransferase inhibitors are 
being tested for Ras-related tumors. In addition, vaccine 
therapy for mutant Ras proteins is currently being tested 
for solid cancers, including HCC.
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dition, the in vitro treatment of  HepG2 and Hep3B cells 
with MEK1/2 inhibitors inhibited cell growth and up-
regulated apoptosis[24].

The MEK inhibitors CI-1040, PD0325901, AZD6244, 
and RDEA119/BAY869766 have been tested in several 
cancers, including solid tumors such as HCC. Recently, the 
results of  PhaseⅠof  AS703026 and E6201 studies against 
solid tumors were reported in ASCO2010. A phase Ⅱ 
study of  AZD6244 (selumetinib, ARRY-142866) and a 
phaseⅠ/Ⅱ study of  RDEA119/BAY869766 in combina-
tion with sorafenib are being conducted.

PI3K/Akt/mTOR pathway
The PI3K/Akt/mTORpathway also plays an important 
role in cell growth, survival regulation, metabolism, and 
anti-apoptosis. The membrane lipid phosphatidylinositol 
4,5-bisphosphate (PIP2) is phosphorylated by PI3K into 
phosphatidylinositol 3,4,5-triphosphate (PIP3), which 
binds to and activates the serine/threonine kinase Akt. 
The tumor suppressor gene product phosphatase and ten-
sin homolog (PTEN) deleted on chromosome is antago-
nistic to PI3K activity. PTEN is a lipid phosphatase that 

dephosphorylates inositol phosphates, such as PIP3. The 
inactivation of  PTEN through gene deletion increases 
PIP3 levels, and activates Akt, which inhibits apoptosis, 
leading to the development of  tumors. The serine/threo-
nine kinase mTOR is an important mediator in the PI3K/
Akt pathway, which binds intracellularly to a protein called 
raptor or rictor, and exists as two different complexes, 
complex 1 and 2 (mTORC1 and mTORC2). mTORC2 
(mTOR-rictor) activates Akt, while mTORC1 (mTOR-
raptor) is activated downstream of  Akt; thus, both mol-
ecules regulate protein synthesis (Figures 4 and 5)[25].

Inhibiting mTOR with molecules, such as RAD001, 
generates additive effects that accompany upstream and 
downstream target inhibition. Alternatively, upstream 
receptor inhibition is compensated for by inhibiting the 
downstream pathway, even if  some resistance develops 
against receptor inhibition regardless of  initial or ac-
quired resistance. Therefore, RAD001 is a potential tar-
geted agent for HCC.

Besides the finding that mTOR plays a key role in 
cell biology, it was also demonstrated that mTOR and 
S6K are overexpressed in 15%-41% of  HCCs. mTOR 
inhibitors also have antitumor effects in various HCC 
cell lines and animal models[26-29]. Activation of  mTOR is 
correlated with the development of  HCC and recurrence 
after the excision of  early HCC. Regulating this specific 
intracellular pathway (Ras-Raf  pathway) with RAD001 
is potentially more effective in suppressing sorafenib-
resistant tumors.

A study of  528 HCC samples showed that the ex-
pression of  pAkt, PTEN, p27 and S6 ribosomal protein 
(pS6) was a poor prognostic factor for survival[30]. A 
tissue microarray analysis of  HCC samples revealed 
that the loss of  PTEN and overexpression of  pAkt and 
p-mTOR were correlated with tumor grade, intrahepatic 
metastasis, vascular invasion, TNM stage, Ki-67 label-
ing index, and matrix metalloproteinase (MMP)-2 and -9 
upregulation. Meanwhile, PTEN mRNA expression in 
the cancerous tissue was downregulated compared with 
that in the non-cancerous tissue. The levels of  PTEN, 
MMP-2, and MMP-9 mRNA expression were correlated 
with tumor stage and metastasis, and the levels of  PTEN 
and MMP-9 mRNA expression were inversely corre-
lated[31]. In an extensive analysis of  314 HCC samples in 
terms of  mutation analysis, DNA copy number changes, 
mRNA levels and immunostaining, Villanueva et al[32] 

found that activation of  the IGF pathway, upregulation 
of  EGF, dysregulation of  PTEN, and aberrant mTOR 
signaling were present in half  of  the samples, and that 
inhibiting mTOR activity with everolimus was effective 
in improved survival and suppression of  recurrence.

The PI3K inhibitor RG7321 and the Akt inhibitor 
perifosine target the PI3K/Akt/mTOR pathway and are 
in early stages of  clinical development, while the mTOR 
inhibitors everolimus (RAD001), sirolimus (Rapamune), 
and temsirolimus (CCI-779) are at more advanced stages 
of  development. Everolimus is used to treat sorafenib-
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Figure 2  Signaling pathways and potential drug targets to inhibit he-
patocarcinogenesis. Activation of receptor tyrosine kinases by their ligands 
activates downstream signaling pathways with effects on angiogenesis, prolif-
eration, migration and invasion, and apoptosis or survival of cells. Monoclonal 
antibodies inhibit ligand binding to the receptor and small-molecule tyrosine 
kinase inhibitors inhibit propagation of the downstream signal. (Cited from 
Spangenberg et al[11] with permission.) IGF: Insulin-like growth factor; MAPK: 
Mitogen-activated protein kinase; PI3K: Phosphoinositide 3-kinase; EGF: 
Epidermal growth factor; VEGF: Vascular endothelial growth factor; PDGF: 
Platelet-derived growth factor; mTOR: Mammalian target of rapamycin; HIF: 
Hypoxia-inducible factor; SCF: Stem cell factor.
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intolerant patients, or for patients showing disease pro-
gression after sorafenib administration. A phase Ⅲ study 
to compare everolimus and a placebo (EVOLVE-1: Ad-
vanced Hepatocellular Carcinoma after Disease Progres-
sion or Intolerance to Sorafenib EverOlimus for Liver 

cancer Evaluation) and a phaseⅠ/randomized phase Ⅱ 
study (sorafenib + everolimus vs sorafenib alone) to test 
the efficacy and tolerance of  sorafenib in combination 
with everolimus are underway. Since mTOR inhibitors 
exhibit cytostatic and antiangiogenic effects, they are 
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Figure 3  Target molecular and targeted agents under development. Monoclonal antibodies (VEGF: bevacizumab, EGFR: cetuxinab), tyrosine kinase inhibitors 
(VEGFR: sorafenib, brivanib, linifanib, axitinib, TSU-68; FGFR: E7080, brivanib), EGFR: erlotinib, lapatinib), serine/threonine kinase inhibitors (Raf: sorafenib, mTOR: 
rapamycin and everolimus) and agonistic ligand of TRAIL-R2/DR5 (CS1008). (Cited and modified from Villanueva et al[12] with permission.) IGF: Insulin-like growth 
factor; PI3K: Phosphoinositide 3-kinase; EGF: Epidermal growth factor; VEGF: Vascular endothelial growth factor; PDGF: Platelet-derived growth factor; mTOR: Mam-
malian target of rapamycin; PTEN: Phosphatase and tensin homolog; SCF: Stem cell factor; FGFR: Fibroblast growth factor receptor.

Figure 4  Phosphoinositide 3-kinase/Akt/mammalian target of rapamycin 
signaling pathway in cell proliferation in solid cancer. PI3K: Phosphoinosit-
ide 3-kinase; mTOR: Mammalian target of rapamycin; PTEN: Phosphatase and 
tensin homolog; TSC: Tuberous sclerosis; FKBP12: FK506-binding protein 12.

Figure 5  Mammalian target of rapamycin/hypoxia-inducible factor-1/vas-
cular endothelial growth factor signaling pathway in angiogenesis in solid 
cancer. HIF: Hypoxia-inducible factor; VEGF: Vascular endothelial growth factor; 
mTOR: Mammalian target of rapamycin; FKBP12: FK506-binding protein 12.
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dition, the in vitro treatment of  HepG2 and Hep3B cells 
with MEK1/2 inhibitors inhibited cell growth and up-
regulated apoptosis[24].

The MEK inhibitors CI-1040, PD0325901, AZD6244, 
and RDEA119/BAY869766 have been tested in several 
cancers, including solid tumors such as HCC. Recently, the 
results of  PhaseⅠof  AS703026 and E6201 studies against 
solid tumors were reported in ASCO2010. A phase Ⅱ 
study of  AZD6244 (selumetinib, ARRY-142866) and a 
phaseⅠ/Ⅱ study of  RDEA119/BAY869766 in combina-
tion with sorafenib are being conducted.

PI3K/Akt/mTOR pathway
The PI3K/Akt/mTORpathway also plays an important 
role in cell growth, survival regulation, metabolism, and 
anti-apoptosis. The membrane lipid phosphatidylinositol 
4,5-bisphosphate (PIP2) is phosphorylated by PI3K into 
phosphatidylinositol 3,4,5-triphosphate (PIP3), which 
binds to and activates the serine/threonine kinase Akt. 
The tumor suppressor gene product phosphatase and ten-
sin homolog (PTEN) deleted on chromosome is antago-
nistic to PI3K activity. PTEN is a lipid phosphatase that 

dephosphorylates inositol phosphates, such as PIP3. The 
inactivation of  PTEN through gene deletion increases 
PIP3 levels, and activates Akt, which inhibits apoptosis, 
leading to the development of  tumors. The serine/threo-
nine kinase mTOR is an important mediator in the PI3K/
Akt pathway, which binds intracellularly to a protein called 
raptor or rictor, and exists as two different complexes, 
complex 1 and 2 (mTORC1 and mTORC2). mTORC2 
(mTOR-rictor) activates Akt, while mTORC1 (mTOR-
raptor) is activated downstream of  Akt; thus, both mol-
ecules regulate protein synthesis (Figures 4 and 5)[25].

Inhibiting mTOR with molecules, such as RAD001, 
generates additive effects that accompany upstream and 
downstream target inhibition. Alternatively, upstream 
receptor inhibition is compensated for by inhibiting the 
downstream pathway, even if  some resistance develops 
against receptor inhibition regardless of  initial or ac-
quired resistance. Therefore, RAD001 is a potential tar-
geted agent for HCC.

Besides the finding that mTOR plays a key role in 
cell biology, it was also demonstrated that mTOR and 
S6K are overexpressed in 15%-41% of  HCCs. mTOR 
inhibitors also have antitumor effects in various HCC 
cell lines and animal models[26-29]. Activation of  mTOR is 
correlated with the development of  HCC and recurrence 
after the excision of  early HCC. Regulating this specific 
intracellular pathway (Ras-Raf  pathway) with RAD001 
is potentially more effective in suppressing sorafenib-
resistant tumors.

A study of  528 HCC samples showed that the ex-
pression of  pAkt, PTEN, p27 and S6 ribosomal protein 
(pS6) was a poor prognostic factor for survival[30]. A 
tissue microarray analysis of  HCC samples revealed 
that the loss of  PTEN and overexpression of  pAkt and 
p-mTOR were correlated with tumor grade, intrahepatic 
metastasis, vascular invasion, TNM stage, Ki-67 label-
ing index, and matrix metalloproteinase (MMP)-2 and -9 
upregulation. Meanwhile, PTEN mRNA expression in 
the cancerous tissue was downregulated compared with 
that in the non-cancerous tissue. The levels of  PTEN, 
MMP-2, and MMP-9 mRNA expression were correlated 
with tumor stage and metastasis, and the levels of  PTEN 
and MMP-9 mRNA expression were inversely corre-
lated[31]. In an extensive analysis of  314 HCC samples in 
terms of  mutation analysis, DNA copy number changes, 
mRNA levels and immunostaining, Villanueva et al[32] 

found that activation of  the IGF pathway, upregulation 
of  EGF, dysregulation of  PTEN, and aberrant mTOR 
signaling were present in half  of  the samples, and that 
inhibiting mTOR activity with everolimus was effective 
in improved survival and suppression of  recurrence.

The PI3K inhibitor RG7321 and the Akt inhibitor 
perifosine target the PI3K/Akt/mTOR pathway and are 
in early stages of  clinical development, while the mTOR 
inhibitors everolimus (RAD001), sirolimus (Rapamune), 
and temsirolimus (CCI-779) are at more advanced stages 
of  development. Everolimus is used to treat sorafenib-
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patocarcinogenesis. Activation of receptor tyrosine kinases by their ligands 
activates downstream signaling pathways with effects on angiogenesis, prolif-
eration, migration and invasion, and apoptosis or survival of cells. Monoclonal 
antibodies inhibit ligand binding to the receptor and small-molecule tyrosine 
kinase inhibitors inhibit propagation of the downstream signal. (Cited from 
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expected to be effective in combination with other an-
giogenesis inhibitors, such as bevacizumab, and may be 
appropriate for administration after transarterial chemo-
embolization (TACE). Furthermore, since the mTOR 
pathway is stimulated by factors such as EGFR, PDG-
FR, and TGFα, and is closely related to other signaling 
pathways, including the Ras/Raf/MEK/ERK pathway, 
they are likely to show promising efficacy when used in 
combination with other growth factor inhibitors[33].

VEGF/VEGFR, PDGFR, FGFR
Angiogenesis is an important event not only for HCC, 
but also for cancer growth and metastasis, and occurs be-
cause of  complex alterations involving promoting factors 
such as VEGF, angiopoietin, and FGF, and inhibitory 
factors including thrombospondin and angiostatin, as 
well as the surrounding tissue. The VEGF family consists 
of  VEGF-A, -B, -C, -D and –E, and placental growth 
factor (PIGF). The VEGFR family comprises VEGFR-1 
(flt-1), VEGFR-2 (flk-1/KDR), and VEGFR-3 (flt-4). 
VEGF-A binds to VEGFR-1 and -2 and is involved in 
angiogenesis and the maintenance of  mature blood ves-
sels, while VEGF-C and -D mainly bind to VEGFR-3, 
are involved in lymphangiogenesis[34,35]. VEGF isoforms, 
such as VFGF121 and VEGF165, have been identified, and 
isoform subtypes also exist, such as EGF166b. Thus, it is 
clear that these growth factors do not exhibit angiogen-
esis-promoting effects alone, and they have attracted at-
tention as new therapeutic targets[36].

HCC typically exhibits active angiogenesis. During 
the progression from early to well- and moderately-
differentiated HCC, angiogenesis increases and cancer 
cells acquire the ability to invade vessels and metastasize. 
Scientific and clinical studies have revealed that, during 
the progression from hepatitis to cirrhosis, angiogenesis 
and disruption of  the vascular architecture are linked to 
the progression of  HCC, and contribute to increased 
hepatic vascular resistance and portal hypertension, and 
decreased hepatocyte perfusion[37]. In addition, a meta-
analysis has demonstrated that VEGF expression is a 
prognostic factor in HCC[38].

Phase Ⅱ studies have been started to test the useful-
ness of  bevacizumab (Avastin®), which directly targets 
VEGF, in TACE-treated HCC, and the use of  bevacizum-
ab in combination with erlotinib (Tarceva®), an EGFR 
tyrosine kinase inhibitor.

Sunitinib (Sutent®) is a multi-kinase inhibitor that inhib-
its tyrosine kinases, such as VEGFR-1, -2, -3, PDGFR-α, 
-β and c-Kit. A phase Ⅱ study of  sunitinib in 37 advanced 
HCC patients showed that the median progression-free 
survival (PFS) and median overall survival (OS) were 3.7 
and 8 mo, respectively. In that study, adverse events in-
cluded grade 3/4 thrombocytopenia in 37.8% of  patients, 
neutropenia in 24.3%, asthenia in 13.5%, and hand-foot 
syndrome in 10.8%[39]. Since sunitinib has a lower IC50 for 
each target than sorafenib, it is expected to exhibit greater 
antitumor activity. However, this factor may be responsible 

for the higher incidence of  adverse events with sunitinib. 
The main evaluation item in the above phase Ⅱ trial was 
the response rate, which did not reach the expected value, 
leading to the conclusion that it was a negative study[40]. 
In that study, sunitinib was administered at 50 mg/d for 
four weeks followed by two weeks of  rest per cycle[39], 
whereas Zhu et al[40]. used a dosing schedule of  37.5 mg/d 
for four weeks followed by two weeks of  rest per cycle, 
and reported that the median PFS and OS were 3.9 and 9.8 
mo, respectively. An ongoing global cooperative phase Ⅲ 
controlled clinical trial to compare sorafenib and sunitinib 
head-to-head, and to seek approval for first-line indications 
for advanced HCC, adopted a sunitinib dosing schedule 
of  37.5 mg/d. However, in a “Reflection and Reaction” 
regarding the above trial results, Forner et al[41] cast doubt 
on whether the drugs at this dose could maintain toler-
ance and ensure efficacy. Consequently, the trial was ter-
minated on March, 2010 because of  the recommendation 
by data monitoring committee based on interim analysis, 
showing relatively high toxicity and no superior efficacy to 
sorafenib.

Brivanib is a kinase inhibitor that selectively inhibits 
VEGFR-1, -2 and -3, and FGFR-1, -2 and -3. Recent 
studies suggest that tumor progression following treat-
ment with antiangiogenic agents that target the VEGF 
signaling pathway alone may result from either evasive or 
intrinsic resistance[42]. Furthermore, there is strong evi-
dence to support the hypothesis that evasive resistance 
to anti-VEGF blockade is associated with reactivation 
of  tumor angiogenesis by alternative signaling pathways. 
One such mechanism of  resistance is the activation of  
the FGF signaling pathway[43,44]. Basic FGF (FGF2) is a 
potent angiogenic factor. Indeed, expression of  FGF2 
enhances growth, invasion, and angiogenesis of  many 
tumor types[45,46]. Moreover, recent evidence has shown 
that FGF is overexpressed and activated in HCC, and 
that high FGF2 levels may predict a poor clinical out-
come among patients with HCC[46].

Considering the proposed importance of  FGF signal-
ing in HCC angiogenesis, it is clear that novel antiangio-
genic agents that combine inhibition of  FGF receptor 
signaling with inhibition of  VEGFR signaling might 
provide a potential mechanism to overcome anti-VEGF 
resistance in HCC (Figure 6). With this in mind, it is 
worthwhile considering the potential future impact of  
brivanib on the treatment of  advanced HCC. Brivanib, a 
small-molecule tyrosine kinase inhibitor, is the first oral 
selective dual inhibitor of  FGF and VEGF signaling. In 
multiple preclinical models of  human xenograft tumors, 
including patient-derived HCC xenografts, brivanib has 
shown potent antitumor activity and no overt toxicity 
when dosed orally[47,48]. Furthermore, brivanib has dem-
onstrated promising antitumor activity and acceptable 
tolerability in a phase Ⅱ, open-label study in patients with 
unresectable locally advanced or metastatic HCC[49,50]. 
Crucially, within this trial, brivanib showed activity both 
as first-line therapy (overall survival: 10 mo) or as second-
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line therapy in patients who had failed prior antiangio-
genic treatment, primarily with sorafenib (overall survival: 
9.5 mo)[50]. Of  note, the incidence of  all-grade hand-foot 
syndrome was only 8% in this study.

As for brivanib, an international global phase Ⅲ clini-
cal trial to compare brivanib and sorafenib head-to-head 
and to seek approval for first-line therapy for advanced 
HCC has already been started, and the results are eagerly 
awaited. Since brivanib targets FGF and VEGF, and is 
associated with relatively mild adverse effects, a second-
line study of  brivanib in sorafenib-ineffective and -intol-
erant patients, and a trial to evaluate the use of  brivanib 
in combination with TACE, are underway. Depending 
on the results of  these trials, indications for use in HCC 
may be obtained; therefore, positive results are eagerly 
anticipated. 

The results have been reported for a phase Ⅱ study of  
brivanib in 55 patients (cohort A) who had not received 
systemic therapy for curatively unresectable HCC and 46 
patients (cohort B) previously treated with angiogenesis 
inhibitors, such as sorafenib or thalidomide[49]. The me-
dian TTP and OS were 2.8 mo and 10 mo, respectively, 
in cohort A versus 1.4 mo and 9.8 mo, respectively, in 
cohort B. Adverse events included fatigue (51.5%), diar-
rhea (41.6%), hypertension (42.6%), anorexia (41.6%), 
and nausea/vomiting (40.6%/30.7%) in total. Thus, these 
results demonstrated the efficacy of  brivanib as a second-
line treatment. The results of  three phase Ⅲ clinical trials, 

BRISK-PS (sorafenib failure or sorafenib-intolerant pa-
tients; brivanib + best supportive care (BSC) vs placebo + 
BSC), BRISK-FL (advanced HCC; brivanib vs sorafenib), 
and BRISK-TA (patients with unresectable HCC, brivanib 
vs placebo as post-TACE adjuvant therapy) are awaited 
(Table 2).

Linifanib (ABT-869), which strongly inhibits VEGFR 
and PDGFR, is also under global phase Ⅲ trial.

In a Japanese phaseⅠ/Ⅱ trial of  TSU-68, an oral mo-
lecular inhibitor of  VEGFR, PDGFR, and FGFR, to test 
its safety and efficacy in 35 HCC patients, the response 
rate was 5.6% (CR, PR, SD, PD and NE in 1, 2, 15, 16 
and 1 patients, respectively), and the disease control rate 
was 51.4%[51]. The global phase Ⅲ trial of  TACE in com-
bination with TSU-68 has just started on January 2011.

In addition, several phaseⅠ/Ⅱ trials are being conduct-
ed to assess kinase inhibitors such as cediranib (AZD2171), 
which inhibit VEGFR, PDGFR, CSF-1R (cFms), Kit, 
and Flt3. Furthermore, a phase Ⅲ global study of  axitinib, 
which is currently being tested in renal cell carcinoma, has 
also been started as a second line agents on 2011.

EGF/EGFR
EGFR is a member of  the HER family, which includes 
EGFR (erbB1), HER2/neu (erbB3), and HER4 (erb4). 
All members of  this family, except HER3, have an in-
tracellular tyrosine kinase domain, and the binding of  a 
ligand to its extracellular domain triggers signal transduc-
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Figure 6  Brivanib may be effective for the failure or resistance of first line anti-angiogenic therapy for vascular endothelial growth factor. In addition, there 
is a possibility that anti-FGF agents can be first line anti-angiogenic agents. FGF: Fibroblast growth factor; VEGF: Vascular endothelial growth factor; PDGF: Platelet-
derived growth factor.
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expected to be effective in combination with other an-
giogenesis inhibitors, such as bevacizumab, and may be 
appropriate for administration after transarterial chemo-
embolization (TACE). Furthermore, since the mTOR 
pathway is stimulated by factors such as EGFR, PDG-
FR, and TGFα, and is closely related to other signaling 
pathways, including the Ras/Raf/MEK/ERK pathway, 
they are likely to show promising efficacy when used in 
combination with other growth factor inhibitors[33].

VEGF/VEGFR, PDGFR, FGFR
Angiogenesis is an important event not only for HCC, 
but also for cancer growth and metastasis, and occurs be-
cause of  complex alterations involving promoting factors 
such as VEGF, angiopoietin, and FGF, and inhibitory 
factors including thrombospondin and angiostatin, as 
well as the surrounding tissue. The VEGF family consists 
of  VEGF-A, -B, -C, -D and –E, and placental growth 
factor (PIGF). The VEGFR family comprises VEGFR-1 
(flt-1), VEGFR-2 (flk-1/KDR), and VEGFR-3 (flt-4). 
VEGF-A binds to VEGFR-1 and -2 and is involved in 
angiogenesis and the maintenance of  mature blood ves-
sels, while VEGF-C and -D mainly bind to VEGFR-3, 
are involved in lymphangiogenesis[34,35]. VEGF isoforms, 
such as VFGF121 and VEGF165, have been identified, and 
isoform subtypes also exist, such as EGF166b. Thus, it is 
clear that these growth factors do not exhibit angiogen-
esis-promoting effects alone, and they have attracted at-
tention as new therapeutic targets[36].

HCC typically exhibits active angiogenesis. During 
the progression from early to well- and moderately-
differentiated HCC, angiogenesis increases and cancer 
cells acquire the ability to invade vessels and metastasize. 
Scientific and clinical studies have revealed that, during 
the progression from hepatitis to cirrhosis, angiogenesis 
and disruption of  the vascular architecture are linked to 
the progression of  HCC, and contribute to increased 
hepatic vascular resistance and portal hypertension, and 
decreased hepatocyte perfusion[37]. In addition, a meta-
analysis has demonstrated that VEGF expression is a 
prognostic factor in HCC[38].

Phase Ⅱ studies have been started to test the useful-
ness of  bevacizumab (Avastin®), which directly targets 
VEGF, in TACE-treated HCC, and the use of  bevacizum-
ab in combination with erlotinib (Tarceva®), an EGFR 
tyrosine kinase inhibitor.

Sunitinib (Sutent®) is a multi-kinase inhibitor that inhib-
its tyrosine kinases, such as VEGFR-1, -2, -3, PDGFR-α, 
-β and c-Kit. A phase Ⅱ study of  sunitinib in 37 advanced 
HCC patients showed that the median progression-free 
survival (PFS) and median overall survival (OS) were 3.7 
and 8 mo, respectively. In that study, adverse events in-
cluded grade 3/4 thrombocytopenia in 37.8% of  patients, 
neutropenia in 24.3%, asthenia in 13.5%, and hand-foot 
syndrome in 10.8%[39]. Since sunitinib has a lower IC50 for 
each target than sorafenib, it is expected to exhibit greater 
antitumor activity. However, this factor may be responsible 

for the higher incidence of  adverse events with sunitinib. 
The main evaluation item in the above phase Ⅱ trial was 
the response rate, which did not reach the expected value, 
leading to the conclusion that it was a negative study[40]. 
In that study, sunitinib was administered at 50 mg/d for 
four weeks followed by two weeks of  rest per cycle[39], 
whereas Zhu et al[40]. used a dosing schedule of  37.5 mg/d 
for four weeks followed by two weeks of  rest per cycle, 
and reported that the median PFS and OS were 3.9 and 9.8 
mo, respectively. An ongoing global cooperative phase Ⅲ 
controlled clinical trial to compare sorafenib and sunitinib 
head-to-head, and to seek approval for first-line indications 
for advanced HCC, adopted a sunitinib dosing schedule 
of  37.5 mg/d. However, in a “Reflection and Reaction” 
regarding the above trial results, Forner et al[41] cast doubt 
on whether the drugs at this dose could maintain toler-
ance and ensure efficacy. Consequently, the trial was ter-
minated on March, 2010 because of  the recommendation 
by data monitoring committee based on interim analysis, 
showing relatively high toxicity and no superior efficacy to 
sorafenib.

Brivanib is a kinase inhibitor that selectively inhibits 
VEGFR-1, -2 and -3, and FGFR-1, -2 and -3. Recent 
studies suggest that tumor progression following treat-
ment with antiangiogenic agents that target the VEGF 
signaling pathway alone may result from either evasive or 
intrinsic resistance[42]. Furthermore, there is strong evi-
dence to support the hypothesis that evasive resistance 
to anti-VEGF blockade is associated with reactivation 
of  tumor angiogenesis by alternative signaling pathways. 
One such mechanism of  resistance is the activation of  
the FGF signaling pathway[43,44]. Basic FGF (FGF2) is a 
potent angiogenic factor. Indeed, expression of  FGF2 
enhances growth, invasion, and angiogenesis of  many 
tumor types[45,46]. Moreover, recent evidence has shown 
that FGF is overexpressed and activated in HCC, and 
that high FGF2 levels may predict a poor clinical out-
come among patients with HCC[46].

Considering the proposed importance of  FGF signal-
ing in HCC angiogenesis, it is clear that novel antiangio-
genic agents that combine inhibition of  FGF receptor 
signaling with inhibition of  VEGFR signaling might 
provide a potential mechanism to overcome anti-VEGF 
resistance in HCC (Figure 6). With this in mind, it is 
worthwhile considering the potential future impact of  
brivanib on the treatment of  advanced HCC. Brivanib, a 
small-molecule tyrosine kinase inhibitor, is the first oral 
selective dual inhibitor of  FGF and VEGF signaling. In 
multiple preclinical models of  human xenograft tumors, 
including patient-derived HCC xenografts, brivanib has 
shown potent antitumor activity and no overt toxicity 
when dosed orally[47,48]. Furthermore, brivanib has dem-
onstrated promising antitumor activity and acceptable 
tolerability in a phase Ⅱ, open-label study in patients with 
unresectable locally advanced or metastatic HCC[49,50]. 
Crucially, within this trial, brivanib showed activity both 
as first-line therapy (overall survival: 10 mo) or as second-

6010 November 14, 2012|Volume 18|Issue 42|WJG|www.wjgnet.com

Kudo M. Signaling pathway in hepatocellular carcinoma

— 407 —



tion through the above-described MAPK and PI3K/
Akt/mTOR pathways. Thus, these receptors are involved 
in cell growth, differentiation, survival, and adhesion[52]. 
EGFR over expression has been reported in many can-
cers, and in HCC. For example, Buckley et al[53] reported 
that EGFR, detected by immunohistochemical analysis, 
was overexpressed in 50 (66%) of  76 HCCs, and that flu-
orescence in situ hybridization showed extra EGFR gene 
copies in 17 (45%) of  38 HCCs.

EGFR-targeting drugs include anti-EGFR antibod-
ies, such as cetuximab and panitumumab, and small-
molecule inhibitors of  EGFR tyrosine kinases, such as 
gefitinib etc, and have been used widely for the treatment 
of  several cancers other than HCC. Unfortunately, ex-
cept for phase Ⅱ trial data, there are little clinical data on 
the efficacy of  these drugs for the treatment of  HCC.

Similar to gefitinib (Iressa®), erlotinib (Tarceva®) is 
an oral EGFR tyrosine kinase inhibitor. Philip et al[54] and 
Yau et al[55] have reported the results of  phase Ⅱ stud-
ies of  erlotinib in HCC; the median OSs in their studies 
were 13 and 10.7 mo, respectively. A phase Ⅲ clinical 
study (SEARCH study: Sorafenib and Erlotinib, a Ran-
domized Trial Protocol for the Treatment of  Patients 
with Hepatocellular Carcinoma) for sorafenib in combi-
nation with erlotinib vs sorafenib plus placebo is ongo-
ing. Since erlotinib is associated with a high incidence 
of  skin rash, dry skin and gastrointestinal toxicity, such 
as diarrhea, the results of  the SEARCH study should be 
evaluated to assess whether this combination therapy can 
be used in clinical settings. Thomas et al[56] conducted a 
phase Ⅱ clinical study of  erlotinib in combination with 
bevacizumab in 40 advanced HCC patients, and reported 
promising results; the median PFS and OS were 9 mo 
and 15.7 mo, respectively. However, they noted frequent 
treatment-related grade 3/4 toxicities, including fatigue 

(20%), hypertension (15%), gastrointestinal bleeding 
(12.5%), wound infection (5%), diarrhea (10%), elevated 
transaminase levels (10%), and thrombocytopenia (10%), 
which necessitates further evaluation for drug tolerance. 
Although a clinical study of  erlotinib in combination with 
bevacizumab (OPTIMOX-3 study) was also conducted 
in colorectal cancer patients, no tolerance was observed, 
which led to a change in the protocol[57,58].

After the introduction of  a number of  molecular-
targeted drugs, strategies for the inhibition of  similar 
or different signaling pathways (vertical or horizontal 
inhibition) with several drugs have been proposed. How-
ever, the combined use of  molecular-targeted agents has 
remained largely unsuccessful, including panitumumab 
in combination with bevacizumab for the treatment of  
colorectal cancer[59]. Similarly, the results of  sorafenib in 
combination with bevacizumab (vertical inhibition) have 
been reported[60]. Although some therapeutic responses 
were obtained, the combination therapy resulted in greater 
toxicity[60], suggesting the need for detailed evaluation of  
the dosing regimen.

Lapatinib (Tykerb®) is a dual inhibitor of  EGFR and 
HER-2/neu, and inhibits tumor growth by downregulat-
ing MAPK, AKT, and p70S6 kinase[61]. In Japan, lapatinib 
is indicated for the treatment of  breast cancer. In a phase 
Ⅱ clinical trial of  lapatinib in 26 patients with unresect-
able advanced HCC, the median PFS and OS were 1.9 
mo and 12.6 mo, respectively, and adverse events includ-
ed diarrhea (73%), nausea (54%), and skin rash (42%)[62].

Cetuximab (Erbitux®) is a human/mouse chimeric 
monoclonal antibody consisting of  the variable region 
of  a mouse anti-human EGFR monoclonal antibody and 
the human immunoglobulin G1 constant region. Cetux-
imab inhibits the binding of  endogenous EGFR ligands, 
such as EGF and TGFα, to EGFR. In a phase Ⅱ clini-
cal trial of  cetuximab in 30 patients with unresectable or 
metastatic HCC, the median PFS and OS were 1.4 mo 
and 9.6 mo, respectively, and treatment-related toxicities 
included grade 3 hypomagnesemia (3.3%) and grade 1/2 
acne-like rash (83.3%), which was observed for the dura-
tion of  anti-EGFR therapy in that study[63].

The EGFR offers a very interesting therapeutic tar-
get. As described above, the use of  erlotinib in combina-
tion with sorafenib is still in the research stage. However, 
based on the results of  phase Ⅱ studies, the efficacy of  
cetuximab or lapatinib as a monotherapy seems to be 
limited, and the results of  further studies evaluating their 
efficacy in sorafenib-refractory or -intolerant patients are 
awaited with interest.

Hepatocyte growth factor/c-Met pathway
Since the hepatocyte growth factor (HGF)/Met pathway 
is involved in tumor growth, invasion, and angiogen-
esis in a wide range of  neoplasms, HGF and Met have 
recently attracted attention as therapeutic targets. HGF 
is a heterodimer consisting of  α and β chains bound 
together by a disulfate bond. The α-chain contains four 
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  First line
     Comparison study between sorafenib and single agent (head to head):
        Sunitinib → endpoint not met
        Brivanib
        Linifanib
     Combination with sorafenib and another agent:
        DXR, erlotinib (SEARCH), everolimus, CS-1008, etc.
  Second line
     Sorafenib failure: 
        Brivanib, everolimus (RAD001), ramucirumab, axitinib, S-1, etc.
  Combination with standard therapy
     Adjuvant setting after surgery or RFA: STORM
     Combination with TACE: SPACE, BRISK-TA, TACTICS, ECOG1208
     Combination with HAIC: SILIUS

Table 2  Ongoing clinical trials (PⅢ)

TACTICS: Phase Ⅱ study: Transcatheter arterial chemoembolization ther-
apy in combination with sorafenib (ClinicalTrials.gov ID: NCT01217034), 
SILIUS: Randomized controlled trial comparing efficacy of sorafenib vs 
sorafenib in combination with low dose cisplatin/fluorouracil hepatic 
arterial InfUSion chemotherapy in patients with advanced hepatocellu-
lar carcinoma and exploratory study of biomarker predicting its efficacy 
(ClinicalTrials.gov ID: NCT01214343); HAIC: Hespatic arterial infusion 
chemotherapy; TACE: Transarterial chemoembolization.
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kringle domains, and the β-chain contains a serine pro-
tease-like domain. Met is a receptor tyrosine kinase for 
the HGF ligand, and contains a semaphorin-like domain. 
HGF or Met overexpression, and Met gene mutations 
and duplications, have been reported in various cancers, 
and abnormalities due to HGF/Met pathway activation 
have also been noted[64]. These abnormalities activate the 
downstream signaling cascade, leading to epithelial-mes-
enchymal transition and increased proliferative, migra-
tory, invasive, and metastatic potentials of  cancer cells[64].

HGF/c-MET-targeted drugs, including kinase inhibi-
tors, HGF inhibitors and decoy c-Met receptor molecules 
are being developed. Of  particular interest is ARQ-197, a 

c-Met receptor tyrosine kinase inhibitor, which is a non-
ATP-competitive molecule that binds near the ATP-
binding site. A randomized phase Ⅱ study of  ARQ-197 
vs placebo is ongoing in patients with unresectable HCC 
after systemic therapy failure. In addition, the results of  a 
phaseⅠstudy of  ARQ-197 in combination with sorafenib 
was reported in ASCO 2010 (Abstract 3024).

IGF/IGFR
The IGF/IGFR system is involved in cell growth and 
the chemotherapeutic response. The ligands IGF-Ⅰand 
-Ⅱ bind to their receptors IGF-1R and IGF-2R, and are 
involved in DNA synthesis and cell growth. Abnormali-
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Figure 7  Consensus-based treatment algorithm for hepatocellular carcinoma proposed by Japan Society of Hepatology, revised in 2010. (Cited and modi-
fied from Kudo et al[67] with permission.) *1: Treatment should be performed as if extrahepatic spread is negative, when extrahepatic spread is not considered as a 
prognostic factor in Child-Pugh class A/B patients; *2: Sorafenib is the first choice of treatment in this setting as a standard of care; *3: Intensive follow-up observation 
is recommended for hypovascular nodules by the Japanese Evidence-Based Clinical Practice Guidelines. However, local ablation therapy is frequently performed 
in the following cases: (1) when the nodule is  diagnosed pathologically as early hepatocellular carcinoma (HCC); (2) when the nodules show  decreased uptake on 
Gd-EOB-MRI, or (3) when the nodules show decreased portal flow by CTAP, since these nodules frequently progress to advanced HCC; *4: Even for HCC nodules 
exceeding 3 cm  in diameter, transcatheter arterial chemoembolization (TACE) in combination with ablation is frequently performed when resection is not indicated; *5: 
TACE is the first choice of treatment in this setting. Hepatic arterial infusion chemotherapy (HAIC) using an implanted port is also recommended for TACE-refractory 
patients. The regimen for this treatment is usually low-dose FP [5-fluorouracil (5-FU) + CDDP] or intra-arterial 5-FU infusion combined with systemic interferon therapy. 
Sorafenib is also recommended for TACE or HAIC-refractory patients with Child-Pugh class A liver function; *6: Resection is sometimes performed when more than 4 
nodules are detected. Ablation is sometimes performed in combination with TACE; *7: Milan criteria: Tumor size ≤ 3 cm and tumor number ≤ 3, or solitary tumor ≤ 
5 cm. Even when liver function is good (Child-Pugh A/B), transplantation is sometimes considered for frequently recurring HCC patients; *8: Sorafenib and HAIC are 
recommended for HCC patients with major portal invasion such as Vp3 (portal invasion in the 1st portal branch) or Vp4 (portal invasion in the main portal branch); *9: 
Resection and TACE are frequently performed when portal invasion is minor, such as Vp1 (portal invasion in the 3rd or more peripheral portal branch) or Vp2 (portal 
invasion in the 2nd portal branch); *10: Local ablation therapy or subsegmental TACE is performed even for Child-Pugh C patients when transplantation is not indicat-
ed when there is no hepatic encephalopathy, no uncontrollable ascites, and a low bilirubin level (< 3.0 mg/dL). However, it is regarded as an experimental treatment 
because there is no evidence of a survival benefit in Child-Pugh C patients. A prospective study is necessary to clarify this issue.

Kudo M. Signaling pathway in hepatocellular carcinoma

HCC

No Yes
Extrahepatic spread

Liver function

Vascular invasion

Number

Size

No NoYes Yes

Child-Pugh A/B Child-Pugh C Child-Pugh B/C Child-Pugh A

Single 1-3 4 or more

≤ 3 cm > 3 cm

Within Milan  
criteria and 
age ≤ 65 

Exceeding Milan 
criteria

or age > 65
Hypovascular 
early HCC *3

*1
*1,2

Treatment Intensive
follow-up
Ablation

Resection
Ablation

Resection *4
TACE
TACE + ablation

TACE *5
HAIC *5
Resection *6
Ablation *6

Sorafenib(Vp3,4) *8
HAIC (Vp3,4) *8
TACE (Vp1,2) *9
Resection (Vp1,2) *9

Transplantation
TACE/Ablation 
for Child-Pugh C 
patients *10

Palliative care Sorafenib

Sorafenib *5
(TACE or HAIC refractory, Child A)

Ongoing trial
Sorafenib
(adjuvant 
after resection 
or ablation) 
(STORM)

Sorafenib, Brivanib
(in combination with TACE) 
(SPACE, TACICS, BRISK-TA)

Sorafenib (in combination 
with HAIC) (SILIUS)

Brivanib (1st Lline) (BRISK-FL) 
Linifanib (1st Lline)

Brivanib (1st and 2nd 
Llines) (BRISK-FL and 
BRISK-PS)
Axitinib (2nd line)
Ramucirumab (2nd line)
Everolimus (2nd line)

*7

tion through the above-described MAPK and PI3K/
Akt/mTOR pathways. Thus, these receptors are involved 
in cell growth, differentiation, survival, and adhesion[52]. 
EGFR over expression has been reported in many can-
cers, and in HCC. For example, Buckley et al[53] reported 
that EGFR, detected by immunohistochemical analysis, 
was overexpressed in 50 (66%) of  76 HCCs, and that flu-
orescence in situ hybridization showed extra EGFR gene 
copies in 17 (45%) of  38 HCCs.

EGFR-targeting drugs include anti-EGFR antibod-
ies, such as cetuximab and panitumumab, and small-
molecule inhibitors of  EGFR tyrosine kinases, such as 
gefitinib etc, and have been used widely for the treatment 
of  several cancers other than HCC. Unfortunately, ex-
cept for phase Ⅱ trial data, there are little clinical data on 
the efficacy of  these drugs for the treatment of  HCC.

Similar to gefitinib (Iressa®), erlotinib (Tarceva®) is 
an oral EGFR tyrosine kinase inhibitor. Philip et al[54] and 
Yau et al[55] have reported the results of  phase Ⅱ stud-
ies of  erlotinib in HCC; the median OSs in their studies 
were 13 and 10.7 mo, respectively. A phase Ⅲ clinical 
study (SEARCH study: Sorafenib and Erlotinib, a Ran-
domized Trial Protocol for the Treatment of  Patients 
with Hepatocellular Carcinoma) for sorafenib in combi-
nation with erlotinib vs sorafenib plus placebo is ongo-
ing. Since erlotinib is associated with a high incidence 
of  skin rash, dry skin and gastrointestinal toxicity, such 
as diarrhea, the results of  the SEARCH study should be 
evaluated to assess whether this combination therapy can 
be used in clinical settings. Thomas et al[56] conducted a 
phase Ⅱ clinical study of  erlotinib in combination with 
bevacizumab in 40 advanced HCC patients, and reported 
promising results; the median PFS and OS were 9 mo 
and 15.7 mo, respectively. However, they noted frequent 
treatment-related grade 3/4 toxicities, including fatigue 

(20%), hypertension (15%), gastrointestinal bleeding 
(12.5%), wound infection (5%), diarrhea (10%), elevated 
transaminase levels (10%), and thrombocytopenia (10%), 
which necessitates further evaluation for drug tolerance. 
Although a clinical study of  erlotinib in combination with 
bevacizumab (OPTIMOX-3 study) was also conducted 
in colorectal cancer patients, no tolerance was observed, 
which led to a change in the protocol[57,58].

After the introduction of  a number of  molecular-
targeted drugs, strategies for the inhibition of  similar 
or different signaling pathways (vertical or horizontal 
inhibition) with several drugs have been proposed. How-
ever, the combined use of  molecular-targeted agents has 
remained largely unsuccessful, including panitumumab 
in combination with bevacizumab for the treatment of  
colorectal cancer[59]. Similarly, the results of  sorafenib in 
combination with bevacizumab (vertical inhibition) have 
been reported[60]. Although some therapeutic responses 
were obtained, the combination therapy resulted in greater 
toxicity[60], suggesting the need for detailed evaluation of  
the dosing regimen.

Lapatinib (Tykerb®) is a dual inhibitor of  EGFR and 
HER-2/neu, and inhibits tumor growth by downregulat-
ing MAPK, AKT, and p70S6 kinase[61]. In Japan, lapatinib 
is indicated for the treatment of  breast cancer. In a phase 
Ⅱ clinical trial of  lapatinib in 26 patients with unresect-
able advanced HCC, the median PFS and OS were 1.9 
mo and 12.6 mo, respectively, and adverse events includ-
ed diarrhea (73%), nausea (54%), and skin rash (42%)[62].

Cetuximab (Erbitux®) is a human/mouse chimeric 
monoclonal antibody consisting of  the variable region 
of  a mouse anti-human EGFR monoclonal antibody and 
the human immunoglobulin G1 constant region. Cetux-
imab inhibits the binding of  endogenous EGFR ligands, 
such as EGF and TGFα, to EGFR. In a phase Ⅱ clini-
cal trial of  cetuximab in 30 patients with unresectable or 
metastatic HCC, the median PFS and OS were 1.4 mo 
and 9.6 mo, respectively, and treatment-related toxicities 
included grade 3 hypomagnesemia (3.3%) and grade 1/2 
acne-like rash (83.3%), which was observed for the dura-
tion of  anti-EGFR therapy in that study[63].

The EGFR offers a very interesting therapeutic tar-
get. As described above, the use of  erlotinib in combina-
tion with sorafenib is still in the research stage. However, 
based on the results of  phase Ⅱ studies, the efficacy of  
cetuximab or lapatinib as a monotherapy seems to be 
limited, and the results of  further studies evaluating their 
efficacy in sorafenib-refractory or -intolerant patients are 
awaited with interest.

Hepatocyte growth factor/c-Met pathway
Since the hepatocyte growth factor (HGF)/Met pathway 
is involved in tumor growth, invasion, and angiogen-
esis in a wide range of  neoplasms, HGF and Met have 
recently attracted attention as therapeutic targets. HGF 
is a heterodimer consisting of  α and β chains bound 
together by a disulfate bond. The α-chain contains four 
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  First line
     Comparison study between sorafenib and single agent (head to head):
        Sunitinib → endpoint not met
        Brivanib
        Linifanib
     Combination with sorafenib and another agent:
        DXR, erlotinib (SEARCH), everolimus, CS-1008, etc.
  Second line
     Sorafenib failure: 
        Brivanib, everolimus (RAD001), ramucirumab, axitinib, S-1, etc.
  Combination with standard therapy
     Adjuvant setting after surgery or RFA: STORM
     Combination with TACE: SPACE, BRISK-TA, TACTICS, ECOG1208
     Combination with HAIC: SILIUS

Table 2  Ongoing clinical trials (PⅢ)

TACTICS: Phase Ⅱ study: Transcatheter arterial chemoembolization ther-
apy in combination with sorafenib (ClinicalTrials.gov ID: NCT01217034), 
SILIUS: Randomized controlled trial comparing efficacy of sorafenib vs 
sorafenib in combination with low dose cisplatin/fluorouracil hepatic 
arterial InfUSion chemotherapy in patients with advanced hepatocellu-
lar carcinoma and exploratory study of biomarker predicting its efficacy 
(ClinicalTrials.gov ID: NCT01214343); HAIC: Hespatic arterial infusion 
chemotherapy; TACE: Transarterial chemoembolization.
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ties in IGF and IGF-1R, or their overexpression, have 
been reported in various cancers, including HCC. Their 
associations with disease stage, metastasis, survival[65], 
and the functions of  IGF and IGFR in HCC[66] have 
been reported.

IGF-targeting drugs are currently being developed, 
and are mainly anti-IGF-1R antibodies, such as BⅡB022, 
AVE1642, and cixutumumab (IMC-A12). A phase Ⅱ 
study of  cixutumumab, a phaseⅠb/Ⅱ study of  sorafenib 
vs sorafenib plus BⅡB022, and phaseⅠ/Ⅱ studies of  
AVE1642 as monotherapy or in combination with sorafenib 
or erlotinib are ongoing.

COMBINATION THERAPY OF STANDARD 
TREATMENT WITH SORAFENIB
In addition to the pharmaceutical-sponsored clinical trials 
of  linifanib and brivanib as first- and second-line therapy 
in sorafenib-refractory patients, investigator initiated tri-
als (IIT) of  sorafenib in combination with hepatic arte-

rial infusion chemotherapy (SILIUS trial: trial number 
NCT01214343), pharmaceutical and IIT trials of  sorafenib 
in combination with TACE [SPACE, TACICS (trial num-
ber: NCT 01217034) and BRISK-TA trials], and a trial to 
test the inhibitory effect of  sorafenibon tumor recurrence 
after curative treatment (STORM trial) are ongoing. The 
results of  these trials are eagerly awaited (Figure 7)[67,68]. 

The working hypotheses in these studies can be de-
duced by extrapolating the median survival time (MST) 
and hazard ratios in overall survival (OS) calculated in a 
subanalysis of  the SHARP study (Table 3). The results 
obtained suggest that starting treatment with molecular-
targeted drugs at an earlier tumor stage in combination 
with standard treatment options such as resection, abla-
tion, TACE, or hepatic arterial infusion chemotherapy 
can improve the prognosis of  HCC. Thus, sorafenib has 
the potential to induce a paradigm shift in the treatment 
of  HCC. For example, in a subanalysis of  the SHARP 
trial, the hazard ratios for OS and MST ratio in interme-
diate stage HCC without vascular invasion or extrahepat-
ic spread were 0.52 and 1.50, respectively (Table 3). This 
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Figure 8  Outcomes of standard treatment modalities and expected future outcomes of combination therapy with molecular-targeted agents. By combining 
molecular targeted agents with resection or ablation, life expectancy [overall survival (OS)] is expected to be prolonged to 7.5-10 years. In addition, for intermediate 
stage hepatocellular carcinoma (HCC), the prognosis is expected to be improved to 4.5-6 years by combination with transarterial chemoembolization (TACE). For ad-
vanced stage HCC, the prognosis is expected to be improved to 1.5-2 years by combination with hepatic arterial infusion chemotherapy (HAIC). 
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Advanced HCC with vascular invasion and/or extrahepatic 
spread

Advanced HCC without vascular invasion and/or 
extrahepatic spread

  Hazard ratio                               0.77 (95% CI: 0.60-0.99)                           0.52 (95% CI: 0.32-0.85)
  Median OS (MST) (mo) Sorafenib                               8.9 (n = 209) (95% CI: 7.6-10.3)                         14.5 (n = 90) (95% CI: 14.0-N/E)

Placebo                               6.7 (n = 212) (95% CI: 5.2-8.0)                         10.2 (n = 91) (95% CI: 8.6-15.5)

Table 3  Subanalysis data of the SHARP study

HCC: Hepatocellular carcinoma; OS: Overall survival; MST: Median survival time.

Early stage HCC
(within Milan criteria)

Intermediate stage without 
VI/EHS

Advanced stage
with VI/EHS

Curative treatment Mass reduction Mass reduction

Tumor stage

Standard therapy
1. Resection
2. Ablation
3. Transplant

1. TACE
2. HAIC

1. HAIC
2. Sorafenib

Natural course Natural course Median OS 
16 mo

Median OS
6 mo (4-8)

Standard Tx

Combined Tx

Curative therapies
OS > 5 yr

TACE
OS 3 yr

Sorafenib
OS 10.7 mo

Curative therapies
+ sorafenib, etc .
OS > 7.5-10 yr

TACE
+ sorafenib, etc .
OS > 4.5-6 yr

HAIC
+ sorafenib etc .

OS 1.5-2 yr

60%-65% 5%-10%30%
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suggests that survival of  early stage HCC and intermedi-
ate stage HCC may be prolonged from 5 years to 7.5-10 
years by using sorafenib in an adjuvant setting after cura-
tive treatment, and from 3 years to 4.5-6 years by using 
sorafenib in combination with TACE (Figure 8)[68].

CONCLUSION
Several clinical trials[39,40,49,54,63,69-74] of  the molecular-tar-
geted agents are ongoing. Angiogenesis-inhibiting drugs, 
particularly sorafenib, have been established for HCC, and 
drugs targeting several molecules are being developed. 

Although sorafenib was recently approved, many 
issues remain to be addressed, including: (1) how to de-
termine and define refractoriness; and (2) whether to 
continue TACE or hepatic arterial infusion chemotherapy 
(a de facto standard in Japan) in patients with TACE-
refractory HCCs or portal tumor thrombi before starting 
sorafenib therapy. We strongly recommend that, based on 
the molecular-targeted agents currently under develop-
ment, clinical studies (including IITs) should be conducted 
aggressively, and therapeutic strategies should be devised 
to resolve the limitations of  currently used therapeutic ap-
proaches and to improve the therapeutic outcomes.

The introduction of  sorafenib to treat HCC in 2007 in 
Western countries and in 2009 in Japan was undoubtedly 
the real beginning of  a paradigm shift of  HCC treatment, 
representing a significant breakthrough for HCC treat-
ment not previously experienced for this unique tumor. 
Further development of  survival benefit in HCC patients 
with new targeted agents are greatly expected.
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subanalysis of  the SHARP study (Table 3). The results 
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tion, TACE, or hepatic arterial infusion chemotherapy 
can improve the prognosis of  HCC. Thus, sorafenib has 
the potential to induce a paradigm shift in the treatment 
of  HCC. For example, in a subanalysis of  the SHARP 
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Figure 8  Outcomes of standard treatment modalities and expected future outcomes of combination therapy with molecular-targeted agents. By combining 
molecular targeted agents with resection or ablation, life expectancy [overall survival (OS)] is expected to be prolonged to 7.5-10 years. In addition, for intermediate 
stage hepatocellular carcinoma (HCC), the prognosis is expected to be improved to 4.5-6 years by combination with transarterial chemoembolization (TACE). For ad-
vanced stage HCC, the prognosis is expected to be improved to 1.5-2 years by combination with hepatic arterial infusion chemotherapy (HAIC). 
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Advanced HCC with vascular invasion and/or extrahepatic 
spread

Advanced HCC without vascular invasion and/or 
extrahepatic spread

  Hazard ratio                               0.77 (95% CI: 0.60-0.99)                           0.52 (95% CI: 0.32-0.85)
  Median OS (MST) (mo) Sorafenib                               8.9 (n = 209) (95% CI: 7.6-10.3)                         14.5 (n = 90) (95% CI: 14.0-N/E)

Placebo                               6.7 (n = 212) (95% CI: 5.2-8.0)                         10.2 (n = 91) (95% CI: 8.6-15.5)

Table 3  Subanalysis data of the SHARP study

HCC: Hepatocellular carcinoma; OS: Overall survival; MST: Median survival time.

Early stage HCC
(within Milan criteria)

Intermediate stage without 
VI/EHS

Advanced stage
with VI/EHS

Curative treatment Mass reduction Mass reduction

Tumor stage

Standard therapy
1. Resection
2. Ablation
3. Transplant

1. TACE
2. HAIC

1. HAIC
2. Sorafenib

Natural course Natural course Median OS 
16 mo

Median OS
6 mo (4-8)

Standard Tx

Combined Tx

Curative therapies
OS > 5 yr

TACE
OS 3 yr

Sorafenib
OS 10.7 mo

Curative therapies
+ sorafenib, etc .
OS > 7.5-10 yr

TACE
+ sorafenib, etc .
OS > 4.5-6 yr

HAIC
+ sorafenib etc .

OS 1.5-2 yr

60%-65% 5%-10%30%
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Editorial

Japan’s Successful Model of  
Nationwide Hepatocellular Carcinoma 
Surveillance Highlighting the Urgent 
Need for Global Surveillance

Screening and surveillance for early detection of hepatocellular carcinoma (HCC) is cur-
rently being promoted in many clinical practice guidelines. These include guidelines issued 
by the American Association for the Study of Liver Diseases [1], the European Association 
for the Study of the Liver–the European Organization for Research and Treatment of Cancer 
(EASL–EORTC) [2], and the Asian Pacific Association for the Study of the Liver [3], as well 
as those established in Japan by the Japan Society of Hepatology [4, 5]. If HCC is detected at 
an early stage [e.g., Barcelona Clinic Liver Cancer (BCLC) classification stage 0 or A], cura-
tive treatments such as resection, ablation, or transplantation are indicated, with the aim 
of improving disease prognosis as well as minimizing overall medical costs. Moreover, the 
abovementioned three curative treatments are highly recommended in the EASL–EORTC 
guidelines because of substantial evidence supporting their value as therapeutic options. 
Furthermore, survival is improved if HCC is detected at a stage where these curative treat-
ments are indicated.

However, nationwide surveillance for early detection of HCC has been established in 
Japan, and they have not yet been established in European, Asian, American, or African coun-
tries. In Japan, it has become common practice for not only tertiary referral centers, such as 
university hospitals, cancer centers, and main base hospitals, but also small hospitals and 
private practitioners to regularly conduct ultrasonography and tumor marker screening for 
the early detection of HCC in patients at high risk, such as those with cirrhosis and chronic 
hepatitis B or C. Physicians have lost a number of court cases because their high-risk pa-
tients who had been followed-up regularly with screening were diagnosed with HCC larger 
than 3 cm, for which curative treatments were not applicable. In part, because of such court 
cases, physicians who specialize in liver disease as well as general physicians nationwide 
are well aware that patients at high risk for HCC need to be screened regularly. Moreover, 
starting in the 1990s, the Japan Society of Hepatology designated a person in each of the 47 
prefectures responsible for providing educational lectures several times a year to promote 
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public awareness of the importance of early HCC detection by ultrasonography and tumor 
marker assessment. The Government actively engages in preventive measures against hepa-
titis and HCC, and offers free testing for hepatitis B and C virus at local public health centers 
and medical facilities nationwide to identify individuals at high risk. Furthermore, screening 
of individuals at high risk for HCC by ultrasonography and assessment of the tumor markers 
such as AFP, PIVKA-II, and AFP-L3 is covered by the national health insurance and the social 
insurance system.

As a result of these preventive measures, 62% HCC cases diagnosed in Japan are BCLC 
0/A (early stage), 32% are BCLC B (intermediate stage), and only 6% are BCLC C/D (ad-
vanced/end stage). However, in Western countries, the figures are approximately 30% for 
BCLC A, 20% for BCLC B, 40% for BCLC C, and 10% for BCLC D (fig. 1). These figures indicate 
that HCC tends to be diagnosed after the onset of symptoms because of poor implementation 
of nationwide HCC surveillance in Western countries compared to Japan.

Another indicator of the effectiveness of nationwide surveillance is the 5-year survival 
rate of HCC patients. According to follow-up data from the Nationwide Registry implement-
ed by the Liver Cancer Study Group of Japan, the nationwide 5-year survival rate of HCC 
patients in Japan was 43% for the last 5 years [6]. In contrast, the latest 5-year survival rate 
was 11–15% in the United States [7–10], suggesting that early detection of HCC is poorly 
practiced in this country despite the fact that it has the most advanced liver transplanta-
tion technology. However, many Asian countries have also not yet established nationwide 
surveillance systems, and even in Korea, which actively conducts screening of HCC high-risk 
patients at an institutional level. The latest nationwide 5-year survival rate in Korea was 
only 18.9% [11]. These findings clearly indicate that the prognoses of HCC patients could 
drastically improve by simply establishing a nationwide HCC surveillance system. Five-year 
survival rates are also influenced by lead time bias to a certain extent; nevertheless, there is 
no doubt that early detection of HCC, when curative treatment is indicated, will improve the 
prognoses of affected patients.

In conclusion, even though it is unquestionably important to continue developing new 
HCC treatment methods and remedies (e.g., extremely expensive molecularly-targeted 
drugs), from the Japanese experience, it is apparent that the most basic approach is lacking 
in the management of HCC in other countries. Japan’s well-implemented nationwide HCC 
surveillance system is a successful model of national surveillance for early detection of the 
disease. The system is economical and drastically improves the prognosis of HCC patients. 

HCC

Curative treatment TACE Best supportive careSorafenib

Target: 30%Western
countries

Japan

Target: 20% Target: 10%Target: 40%

Target: 62% Target: 32% Target: 6%

BCLC Classification

Stage 0

Very early stage(0) Early stage(A) Advanced stage(C) End stage(D)Intermediate stage(B)

Stage A-C Stage D

Fig. 1. BCLC Classifica-
tion. TACE = transcath-
eter chemoembolization. 
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We believe that other countries, including developing countries as well as countries in Europe 
and the United States, should follow Japan’s lead and urgently establish their own nationwide 
surveillance systems.
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PHASE II STUDIES

A randomized phase II trial of intra-arterial chemotherapy
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Abstract Background SM-11355 is a platinum complex
developed to treat hepatocellular carcinoma (HCC) via ad-
ministration into the hepatic artery as a sustained-release
suspension in iodized oil. We conducted a multicenter phase
II trial in patients with HCC to evaluate the efficacy and
safety of SM-11355, using a Zinostatin stimalamer

suspension in iodized oil as a reference. Methods Patients
with unresectable HCC were randomized 2:1 to receive
administration of the SM-11355 or Zinostatin stimalamer
suspension into the hepatic artery. A second injection was
given 4–12 weeks later. Efficacy was evaluated by CT
3 months after treatment and categorized as therapeutic
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effect (TE) V to I, where TE V was defined as disappearance
or 100% necrosis of all treated tumors. Results A total of
122 patients were evaluated for efficacy and toxicity (SM-
11355, n083; Zinostatin stimalamer, n039). Baseline char-
acteristics were similar in the two groups. The TE V rates
were 26.5% (22/83) and 17.9% (7/39) in the SM-11355 and
Zinostatin stimalamer groups, respectively. In the SM-
11355 group,the most frequent drug-related adverse events
(AEs) of≥grade 3 were elevated AST, elevated ALT, throm-
bocytopenia, and hyperbilirubinemia. The AEs with the
largest difference between the two groups (SM-11355 vs.
Zinostatin stimalamer) were hepatic vascular injury (0 vs.

48.4%) and eosinophilia (84.3 vs. 41.0%). The 2-year and 3-
year survival rates were 75.9% vs. 70.3% and 58.4% vs.
48.7%, respectively. Conclusions The results suggest that
SM-11355 in iodized oil has similar efficacy to Zinostatin
stimalamer and that repeated dosing of SM-11355 is possi-
ble without hepatic vascular injury in cases of relapse.

Keywords Iodized oil . MIRIPLA . Liver cancer .

Suspension . Parallel study

Introduction

International cancer statistics from 2002 indicate that hepa-
tocellular carcinoma (HCC) ranks third behind lung and
gastric cancer in the number of deaths [1]. The impact of
current standard treatments for advanced HCC, including
conventional transcatheter arterial chemoembolization
(TACE) using doxorubicin or cisplatin is limited and the
prognosis is unsatisfactory [2]. Therefore, there is a clear
need for new treatments in management of this disease.

SM-11355, (SP-4-2)-[(1R,2R)-cyclohexane-1,2-diamine-
N,N’]bis (tetradecanoato-O) platinum monohydrate (Fig. 1)
is a highly lipophilic platinum derivative that can be deliv-
ered suspended in iodized oil, an oily lymphographic agent,
via injection into the hepatic artery [3]. Following injection
into an HCC-feeding artery, iodized oil selectively accumu-
lates in the tumor. Similarly, an iodized oil suspension of
SM-11355 accumulates selectively within HCC nodules,
allowing continuous release of active platinum compounds
into tumor tissues. A phase I dose-finding study using
different injection levels indicated a recommended dose of
20 mg/mL and an upper limit of the injection volume of
6 mL [4]. In an early phase II trial , SM-11355 showed a
promising anticancer effect with a mild toxicity profile in
patients with advanced HCC. Responses were evaluated by
computed tomography (CT) three months after treatment,
with complete response (CR) defined as disappearance or
100% necrosis of all tumors. Iodized oil accumulation in
tumors was taken to indicate necrosis. Of 16 eligible
patients, 9 (56%) showed CR [5]. This CR rate was superior
to our expectation, because the CR rate in conventional
TACE is 15–20% based on the same evaluation criteria [6,
7]. Therefore, the results of the early phase II study
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Fig. 1 Structural formula of SM-11355
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indicated that SM-11355 has potential as an alternative to
TACE in treatment of advanced HCC.

Based on these findings, we conducted a late phase II
open-label trial of SM-11355. The aims of the study were to
re-evaluate the efficacy, safety and pharmacokinetics of SM-
11355 in a larger population, since only 16 eligible patients
were included in the previous phase II study, and to confirm
the candidacy of SM-11355 as an experimental treatment in
a forthcoming clinical study in comparison with conven-
tional TACE. To achieve regulatory approval of SM-11355
in Japan, it was necessary to undertake a parallel study.
Therefore, we conducted a randomized phase II trial using
Zinostatin stimalamer as a reference, because this agent is
the only commercially available lipophilic drug for HCC in
Japan and chemolipiodolization of Zinostatin stimalamer
has been approved for treatment of advanced HCC in Japan
[8, 9]. However, statistical comparisons between the two
treatment groups were not planned since the goal of the
study was re-evaluation of outcomes for SM-11355, and
because the sample size required to conduct a statistical
analysis was larger than expected.

Patients and methods

Inclusion criteria

Consecutive patients with HCC were eligible for the study if
they had no indication for resection or local ablation thera-
py. The diagnosis was confirmed histologically and/or clin-
ically using angiography and enhanced CT. Each patient
was required to meet the following criteria: at least one
measurable intrahepatic lesion that showed tumor staining
by CT; tumor stage II or III in the staging system of the
Liver Cancer Study Group of Japan [6, 7]; Child-Pugh
classification A or B; adequate hematological function
(WBC≥3000 /μL, blood platelets≥50000 /μL, hemoglo-
bin≥9.5 g/dL), adequate hepatic function (AST and ALT≤
5-fold the upper limit of normal, serum bilirubin <3 mg/dL,
serum albumin≥3 g/dL), adequate renal function (serum
creatinine≤ the upper limit of normal); an Eastern Coopera-
tive Oncology Group performance status of 0–2; age 20 to
74 years old; minimum life expectancy≥3 months, and
provision of written informed consent. Patients who had
undergone hepatic resection, local ablation therapy, and/or
TACE were eligible if they showed no evidence of local
tumor recurrence in the treated lesions. Patients who had
undergone chemolipiodolization with anti-cancer agents
other than Zinostatin stimalamer or a platinum-containing
agent were also eligible if the treated lesions were resected.
The previous anticancer treatment had to have been discon-
tinued for at least 4 weeks before enrollment in this study.

Exclusion criteria

Patients were excluded if they met any of the following
criteria: history of allergy to iodine-containing agents and/
or contrast material; history of systemic chemotherapy; se-
rious complication such as a cardiac disease or a thyroid
disease ; concomitant malignancy; bile duct invasion; preg-
nant or lactating women and fertile patients who were not
using effective contraception; and participation in another
trial within 6 months before giving informed consent.

Study treatment

Patients who met the entry criteria were provisionally reg-
istered and randomly assigned to the SM-11355 or Zinosta-
tin stimalamer group before undergoing angiography. Each
investigator then confirmed registration after establishing
that the patient met the following additional requirements
based on angiographic findings: intrahepatic lesions that
showed tumor staining and were fed by an artery with an
appropriate structure for catheter insertion; no evidence of
tumor thrombus in the portal or hepatic vein; no evidence of
intrahepatic arteriovenous shunting; and no evidence of
local tumor recurrence in previously treated lesions. The
central random assignment by dynamic allocation to either
a SM-11355 group or Zinostatin stimalamer group was
stratified according to center and maximun tumor diameter.

A suspension of SM-11355 (MIRIPLA; Dainippon Sumi-
tomo Pharma Co., Japan) or Zinostatin stimalamer
(SMANCS; Astellas Pharma Inc., Japan) in iodized oil was
injected into the hepatic artery using Seldinger’s technique.
Patients in the SM-11355 group received SM-11355 sus-
pended in iodized oil (20 mg/mL) in a volume of up to
6 mL according to tumor size. Patients in the Zinostatin
stimalamer group received Zinostatin stimalamer suspended
in iodized oil (1mg titer/mL) in a volume of up to 6mL.When
iodized oil accumulation in the treated tumor was insufficient
and tumor staining was found in diagnostic imaging 5 weeks
(±10 days) after the first injection, a second injection was
given within 12 weeks after the first injection.

Efficacy and safety assessment

The antitumor effect was evaluated by CT or MRI 3 months
after the last injection according to the response criteria
proposed by the Liver Cancer Study Group of Japan [10],
which are similar to the criteria proposed by the European
Association for the Study of the Liver (EASL) Panel of
Experts on HCC [11]. Tumor size was measured using the
sum of the products of the perpendicular longest diameters
of all measurable lesions. In the response evaluation criteria,
iodized oil accumulation in a tumor is regarded as an indi-
cation of necrosis because significant positive correlations
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have been reported between iodized oil accumulation ob-
served on CT images and necrotic regions in resected
tumors examined pathologically after TACE and after
intra-arterial chemotherapy with iodized oil [5, 8, 12, 13].
Therapeutic effect (TE) was defined as follows: TE V,
disappearance or 100% necrosis of all treated tumors; TE
IV, more than 50% reduction in tumor size and/or more than
50% necrosis; TE III, more than 25% reduction in tumor
size and/or more than 25% necrosis; and TE I, more than
25% increase in tumor size regardless of the necrotic effect.
TE II was defined as a response not qualifying for classifi-
cation as TE V, IV, III, or I. When a patient assigned to the
SM-11355 group and judged to be TE V developed a tumor
in a different region and requested SM-11355, the drug was
given continuously after the study, provided that this was
felt to be necessary by the investigator. The primary end-
point was the TE V rate. The secondary endpoints were the
response rate based on the Response Evaluation Criteria in
Solid Tumors (RECIST) and on the Japan Society for Can-
cer Therapy Criteria [14], which are similar to the World
Health Organization (WHO) Criteria. The serum α-
fetoprotein (AFP) level of each patient was measured before
and 5 weeks after each treatment. Survival was evaluated using
the Kaplan-Meier method. Toxicity was assessed according to
the criteria of the Japan Society for Cancer Therapy [15],
which are also fundamentally similar to WHO criteria.

Pharmacokinetics

Pharmacokinetic data were determined in patients in the
SM-11355 group who gave written informed consent and
were treated at institutions where a pharmacokinetic study
could be conducted. Peripheral blood samples (5 ml) were
collected 3 weeks after each treatment for determination of
the total plasma platinum concentration and the platinum
concentration in methanol extracts (SM-11355 metabolite
concentration). The total platinum concentration in resected
tissue was also determined in a patient who underwent
surgery after evaluation of efficacy.

Statistical analysis

We anticipated enrollment of 120 patients at 17 participating
hospitals over the study period of 3 years. A 2:1 ratio for
SM-11355 to Zinostatin stimalamer randomization was cho-
sen as a balance between the goals of the study, which were
to re-evaluate the efficacy, safety and pharmacokinetics of
SM-11355 in a larger population than that in the previous
phase II study, and the current limited use of Zinostatin
stimalamer. The number of subjects was determined based
on the feasibility of the study because the sample size
required to conduct a statistical analysis was larger than
expected. Assuming a baseline 15% TE V rate for

conventional TACE [6], the SM-11355 arm would be con-
sidered ‘favorable’ if there was a 10% improvement in this
endpoint (to 25%) with an acceptable toxicity profile. A
total of 80 patients in the SM-11355 arm is needed to
estimate the TE-V rate with an accuracy of ±10%.

This study was not powered to permit formal statistical
comparison between the two treatment arms. However, it
does allow an initial assessment of SM-11355 in terms of
TE-V, response rate, overall survival and toxicity with a
view to performance of a follow-on phase III study.

Results

Patient

From April 2002 to October 2004, 131 patients were enrolled
in the study, and 126 were assigned randomly at a 2:1 ratio to
receive SM-11355 (85 patients) or Zinostatin stimalamer (41
patients) (Fig. 2). Five patients were excluded from the ran-
domization because tumor staining was not observed in angi-
ography and/or an appropriate hepatic artery for selective
catheter insertion was not found (n03), multiple tumors were
observed in angiography that required reconsideration of the
treatment strategy (n01), and withdrawal of consent (n01).
After administration, 4 patients were identified as ineligible
due to a platelet count <50,000/μL (n01), esophageal cancer
(n01) in the SM-11355 group, and deviation from correct use
of the investigational products (n02) in the Zinostatin stim-
alamer group. Therefore, 122 patients (SM-11355 group, n0
83; Zinostatin stimalamer group, n039) were analyzed for
efficacy and safety. The baseline demographic and disease
characteristics of the patients are listed in Table 1.

Of the 85 original patients in the SM-11355 group, 18
were withdrawn from the study before the planned evalua-
tion of efficacy 3 months after the first injection because of
marked progression of the primary disease (n05), serious
adverse events (n04), use of prohibited concomitant thera-
peutic agents or a requirement for combination therapy (n0
3), and other reasons (duplicated count). Treatment was
terminated in 11 patients after evaluation of the the first
injection because complete necrosis of tumors (TE V) was
obtained. The remaining 56 patients received a second
injection.

Of the 41 patients in the Zinostatin stimalamer group, 9
were withdrawn before the planned evaluation of efficacy
3 months after the first injection, due to marked progression
of the primary disease (n02), serious adverse events (n01),
contravention of the protocol (n01), appearance of hepatic
injury (n01), and other reasons (duplicated count). Treatment
was terminated in 7 patients after evaluation of the first injec-
tion because complete necrosis of tumors (TEV)was obtained.
The remaining 25 patients received a second injection.
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131 patients enrolled

Excluded (n=5)
Did not meet inclusion criteria (n=4)
Withdrawal of consent (n=1)

Randomized (n=126)

SM-11355 group (n=85) Zinostatin stimalamer group (n=41)

Allocated to intervention (n=85)

Received allocated intervention (n=85)

Did not receive allocated intervention (n=0) 

Discontinued intervention (n=41)

Lost to follow-up after discontinuation of intervention (n=0)

Analyzed (n=83)

Excluded from analysis (n=2)*

Allocated to intervention (n=41)

Received allocated intervention (n=41)

Did not receive allocated intervention (n=0) 

Analyzed (n=39)

Excluded from analysis (n=2)*

Discontinued intervention (n=85)

Lost to follow-up after discontinuation of intervention (n=0)
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The second injection was given to 56 patients in the SM-11355 
group and to 25 patient in the Zinostatin stimalamer group

*Two of the patients each in the both groups were excluded from 
the full analysis set defined in the protocol. Refer to patient 
characteristics in results.

Fig. 2 Study flow diagram

Table 1 Patient background
SM-11355 Zinostatin stimalamer

Number of patients 83 39

Sex (male:female) 70:13 (84.3%:15.7%) 30:9 (76.9%:23.1%)

Age (median) 67.0 (48–74) 68.0 (52–74)

PS (0:1:2:3:4) 80:3:0:0:0 35:4:0:0:0

HBs antigen positive 9 (13.6%) 1 (3.2%)

HCV antibody positive 55 (83.3%) 30 (96.8%)

HBs antigen · HCV antibody positive 2 (3.0%) 0 (0%)

Tumor stage (I:II:III:IV-A:IV-B) 0:43:40:0:0 0:19:20:0:0

Child-Pugh Classification (A:B:C) 61:22:0 32:7:0

Previously treated 25 (30.1%) 13 (33.3%)

Number of tumors 1 24 (28.9%) 9 (23.1%)

2 19 (22.9%) 11 (28.2%)

3 16 (19.3%) 7 (17.9%)

≥4 24 (28.9%) 12 (30.8%)

Maximum tumor diameter (mm) (Min-Max) 29.0 (10.0–80.0) 29.0 (10.0–94.0)
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Efficacy

The antitumor efficacy is shown in Table 2. The percentages
of TE V patients were 26.5% (22/83) [95% confidence
interval (CI): 17.4–37.3%] in the SM-11355 group and
17.9% (7/39) [95% CI: 7.5–33.5%] in the Zinostatin stim-
alamer group. In a RECIST assessment, response rates were
24.1% (20/83) [95% CI: 15.4–34.7%] and 25.6% (10/39)
[95% CI: 13.0–42.1%] in the respective groups. Based on
the Japan Society for Cancer Therapy Criteria, the tumor
responses were 20.5% (17/83) [95% CI: 12.4–30.8%] and
23.1% (9/39) [95% CI: 11.1–39.3%] in the respective
groups (Table 2).

Of 61 patients with a pre-treatment AFP level above the
upper limit of normal in the SM-11355 group, 6 / 60 (10%)
had an AFP level within the normal range 5 weeks after the

first injection. No data for the AFP level were available for 1
patient in the SM-11355 group at 5 weeks after the first
injection. Among the 61 patients, 37 received a second
injection and 6 (16%) had a normal AFP level 5 weeks after
the second injection. Of the 26 patients in the Zinostatin
stimalamer group with a pre-treatment AFP level above the
upper limit of normal, none had an AFP level within the
normal range 5 weeks after the first injection. Among the 26
patients, 18 received a second injection, but none had a
normal AFP level 5 weeks after the second injection.

Cumulative survival rates are shown in Fig. 3. The
follow-up period was approximately 3 years after the treat-
ment period. The longest follow-up periods in the SM-
11355 and Zinostatin stimalamer groups were both 5.6 years,
and the median periods were 3.0 years and 2.8 years, re-
spectively. The one-year survival rates in the SM-11355 and

Table 2 Antitumor efficacy

Group N Antitumor efficacy

“Criteria for Evaluation of Direct Effects on Hepatocellular Carcinoma” of the Liver Cancer Study Group of Japan

V IV III II I NE Percentage of TE V (%) [95% CI]

SM-11355 83 22 21 12 7 17 4 26.5 [17.4–37.3]

Zinostatin stimalamer 39 7 14 4 10 1 3 17.9 [7.5–33.5]

Response Evaluation Criteria in Solid Tumors (RECIST)

CR PR SD PD NE Percentage of CR + PR

SM-11355 83 0 20 52 10 1 24.1 [15.4–34.7]

Zinostatin stimalamer 39 0 10 23 6 0 25.6 [13.0–42.1]

“Clinical Response Evaluation Criteria for Solid Tumor Chemotherapy” of the Japan Society for Cancer Therapy

CR PR MR NC PD NE Percentage of CR + PR

SM-11355 83 0 17 10 36 19 1 20.5 [12.4-30.8]

Zinostatin stimalamer 39 0 9 5 19 6 0 23.1 [11.1–39.3]
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Fig. 3 Cumulative survival rate
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Zinostatin stimalamer groups were 90.1% and 97.4%, the 2-
year survival rates were 75.9% and 70.3%, respectively, and
the 3-year survival rates were 58.4% and 48.7%, respective-
ly. The median survival time (MST) was 3.7 years in the
SM-11355 group and 2.8 years in the Zinostatin stimalamer
group.

Safety

Hematological adverse events were relatively mild and tran-
sient in both groups (Table 3). The incidences of neutrope-
nia and decreased hemoglobin were similar in the two
groups, but the incidence of eosinophilia was higher in the
SM-11355 group, and the incidences of leukopenia and
thrombocytopenia were higher in the Zinostatin stimalamer
group. Most non-hematological adverse events (Table 3)
were also mild and transient in both groups. Major events
of grade 3 or higher involved liver dysfunction (including
elevations in AST, ALT and hyperbilirubinemia) and

hyperglycemia, but these had similar incidences in both
groups and most were reversible.

One patient in the SM-11355 group died of esophageal
variceal rupture, which occurred 12 days after the first injec-
tion, and one patient in the Zinostatin stimalamer group died
of hepatic failure 168 days after the second injection. Esoph-
ageal variceal rupture was considered not to be related to the
treatment because the condition was recognized before initia-
tion of treatment and the event was not classified as a toxicity.
Other serious adverse events occurred in 8 patients in the SM-
11355 group (increase in AST in 2 patients; and increase in
ALT, sepsis, systemic inflammatory response syndrome
(SIRS: a syndrome characterized by systemic inflammation
and extensive tissue damage associated with serious infec-
tion), decrease in neutrophils, acute myocardial infarction
(AMI), and hypotension in 1 case each) and in 2 patients in
the Zinostatin stimalamer group (respiratory distress and ar-
rhythmia, and abdominal pain in 1 case each). All the patients
recovered with appropriate treatment. Most of these events

Table 3 Hematological and non-hematological adverse events

SM-11355 Zinostatin stimalamer

No. of patients All (%) ≥ Grade 3 (%) No. of patients All (%) ≥ Grade 3 (%)

Decrease in leukocytes 83 41.0 1.2 39 66.7 0

Decrease in lymphocytes 83 79.5 0 39 79.5 0

Decrease in neutrophils 83 53.0 8.4 39 43.6 2.6

Decrease in platelets 83 50.6 12.0 39 74.4 10.3

Decrease in hemoglobin 83 15.7 0 39 10.3 0

Increase in eosinophils 83 84.3 0 39 41.0 0

Increase in monocytes 83 57.8 0 39 76.9 0

Fatigue 83 39.8 0 39 46.2 0

Fever 83 96.4 3.6 39 97.4 0

Chills 83 39.8 0 39 51.3 0

Vomiting 83 55.4 1.2 39 51.3 0

Pain at injection site 83 43.4 0 39 41.0 2.6

Decrease in albumin 83 50.6 0 39 28.2 0

Increase in ALP 83 30.1 1.2 39 51.3 0

Increase in ALT 83 59.0 24.1 39 66.7 20.5

Increase in AST 83 62.7 26.5 39 79.5 38.5

Increase in bilirubin 83 57.8 12.0 39 71.8 5.1

Decrease in calcium 83 38.6 0 39 51.3 0

Increase in γ-GTP 83 49.4 0 39 61.5 0

Increase in glycemia 83 56.6 12.0 39 56.4 5.1

Increase in LDH 83 60.2 0 39 69.2 0

Increase in CRP 83 95.2 0 39 79.5 0

Prolonged PT time 83 42.2 1.2 39 28.2 0

Decrease in urinary creatinine 83 54.2 0 39 56.4 0

Increase in urinary creatinine 83 49.4 0 39 38.5 0

Increase in urinary NAG 83 89.2 0 39 87.2 0

Adverse events that occurred at a rate of >40% are shown
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were considered to be probable or possible drug-related tox-
icities, except for the cases of SIRS and AMI in the SM-11355
group. SIRS was judged to have no association with the
investigational drug based on the results of blood culture
and changes in test values. This patient was treated using a
urinary catheter, and urinary tract infection is a cause of SIRS.
A similar judgment was made for the case of AMI based on
the chronological relationship between drug administration
and the onset of disease.

In the subsequent angiographic examination before the
second administration of SM-11355 or Zinostatin stima-
lamer or in postprotocol treatment, hepatic artery damage
that was probably due to intra-arterial drug administration
was observed in 15/31 (48.4%) patients, shunt occurred in 5/
31 (16.1%), and disorders of the hepatobiliary system were
observed in 3/39 (7.7%) in the Zinostatin stimalamer group.
None of these events were observed in patients in the SM-
11355 group. Grade 3 hepatic artery damage and a grade 4
disorder of the hepatobiliary system were observed in 1 case
each in the Zinostatin stimalamer group. Hepatobiliary dam-
age that may have been caused by arterial damage was
found in 3 patients in the Zinostatin stimalamer group (1
case each of liver atrophy and bile duct dilatation, bile duct
necrosis, and liver failure and bile duct stricture), whereas
there were no such findings in the SM-11355 group.

In the SM-11355 group, the percentages of patients with an
increase in Child-Pugh score of one or more points compared
to the pre-administration score were 27.7% (23/83) and 17.9%
(10/56) in the 5 weeks after the 1st administration and the
5 weeks after the 2nd administration, respectively. In the
Zinostatin stimalamer group, these percentages were 35.9%
(14/39) and 50.0% (12/24), respectively (Fig. 4).

Pharmacokinetics

Total plasma platinum concentrations and platinum concen-
trations in methanol extracts (Table 4) were determined in 30
and 24 patients in the SM-11355 group who were given one

and two injections, respectively, and received median doses of
85 (Min-max: 24–120) and 120 (10–120) mg, respectively.
The mean total platinum concentrations after the first and
second injections were 9.6 and 12.9 ng/mL, respectively,
and the mean percentages of the concentration in methanol
extracts relative to the total plasma platinum concentration
were 12.2% and 9.8% after the first and second injections,
respectively. In one patient who underwent surgery 172 days
after the second injection, the total platinum concentration was
determined in the resected liver tissue. The total dose was
200mg (first injection: 100mg; second injection: 100mg) and
the concentration in the tumor region of sample S6, which had
a 10% necrotic effect, was 62,000 ng/g tissue and that in the
non-tumor region was 22,000 ng/g tissue. In contrast, the
concentration in the tumor region of sample S8, which
showed 50% necrosis, was 260,000 ng/g tissue and that in
the non-tumor region was 67,000 ng/g tissue.

Discussion

Most anticancer agents used in TACE are water-soluble and
inappropriate for suspension in iodized oil, and are usually
administered as a water-in-oil emulsion. Consequently, these
agents have reduced sustained release due to poorer retention
in the tumor, leading to a limited antitumor effect and adverse
effects caused by diffusion of the agents into the blood [16]. In
contrast, lipophilic anticancer agents have a high affinity for
iodized oil and those injected into the hepatic artery with
iodized oil are retained selectively in tumors and exert contin-
uous antitumor effects. SM-11355 is a structurally modified
platinum complex with improved affinity for iodized oil due
to increased lipophilicity [3]. In an AH109A-transplanted rat
liver tumor model, the platinum concentration in the tumor
was sustained for longer following administration of a iodized
oil suspension of SM-11355 compared to a suspension of
cisplatin, with SM-11355 distributed in tumor tissues more
selectively than cisplatin [17]. Phase I and early phase II trials

Changes in Child-Pugh Classification
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of SM-11355 have also shown that the total plasma platinum
concentration is much lower than that with cisplatin [4, 5, 18].
Our pharmacokinetic data verify these results and suggest that
SM-11355 is retained in liver tumors selectively and exerts a
continuous effect on the tumor.

In patients in whom the total plasma platinum concentration
and the platinum concentration in methanol extracts were
determined after the first and second injections, the platinum
concentration in methanol extracts 3 weeks after injection
(estimated to be the peak of the total plasma platinum concen-
tration) was approximately 10% of the total plasma platinum
concentration. Of the platinum components released from the
SM-11355 suspension and transferred into the systemic circu-
lation, some are irreversibly bound to plasma proteins and are
no longer bioactive. After exclusion of these components, the
amount remaining in the plasma is estimated to be up to about
10% of the dose. The total platinum concentrations in several
regions of the liver were also determined in one patient. The
concentrations in tumors regionswere significantly higher than
those in non-tumor regions and several thousand-fold higher
than the mean total plasma platinum concentration at 3 weeks
±3 days after the second injection (12.9 ng/mL). The total
platinum concentration was also higher in tissues in which a
higher antitumor effect was observed.

The results of the efficacy re-evaluation suggested that SM-
11355 has a similar effect to that of Zinostatin stimalamer
following injection of an iodized oil suspension of each drug
into the hepatic artery. The primary endpoint (TE V rate based
on the Criteria for Evaluation of Direct Effects on Hepatocel-
lular Carcinoma) and the secondary endpoint (response rate
based on the Japan Society for Cancer Therapy Criteria and
RECIST) in the SM-11355 group were almost the same as
those in the Zinostatin stimalamer group. However, the per-
centage of TE V cases in the SM-11355 group (26.5% [17.4–
37.3%]) in this trial was lower than the value of 56% [30–
80%] found in the early phase II trial. The discrepancy in the
percentage of TE V cases may be due to differences in the

tumor burden in the two trials. Eleven (68.8%) of 16 patients
in the early phase II study had 3 or less tumors and a longest
tumor diameter of 3 cm or less, whereas only 38 (45.8%) of 83
patients in the late phase II study had these characteristics.

The major toxicities of grade 3 or higher involved liver
dysfunction, including increases in AST, ALT and bilirubin,
and a decrease in platelets in both groups. The incidences
were similar in each group and most of the effects were
reversible. An increase in eosinophils was found in 84.3%
of patients in the SM-11355 group, and was considered to be
a SM-11355-specific adverse event. The precise mechanism
is unknown, but the finding was not thought to indicate
anaphylaxis because the increase in eosinophils showed no
marked correlation with an increase in IgE and/or allegic
symptoms like wheezing. Renal disorder was transient in
patients of the SM-11355 group, except for a patient with
sepsis. The incidences and severity of increased blood cre-
atinine and positive urine protein in the SM-11355 group
were higher than the respective levels in the Zinostatin
stimalamer group (9/83, 10.8% vs. 2/39, 5.1%; and 22/83,
26.5% vs. 2/39, 5.1%, respectively). Based on these data,
we consider that the patients were thoroughly followed up.

Injection of SM-11355 did not lead to local vascular damage
and had fewer irreversible effects on the hepatobiliary system
compared with Zinostatin stimalamer. Zinostatin stimalamer
has been reported to have major safety problems, including
hepatic arterial damage and effects on the hepatobiliary system
that are irreversible and prevent repeated treatment [5, 19, 20]
Therefore, SM-11355 may be advantageous for frequent re-
peated treatment and maintenance of liver function. The
changes in Child-Pugh Class indicated a low incidence of
treatment-induced hepatic dysfunction in the SM-11355 group.

Based on the results of this trial, we conclude that SM-
11355 in iodized oil has similar efficacy to that of Zinostatin
stimalamer, which is the only drug currently approved for
chemolipiodolization for HCC in Japan. The TE V rate of
26.5% in the SM-11355 group was considered ‘favorable’

Table 4 Blood drug concentrations

Administration frequency Once Twice

Dose (mg) Number of patients 30* 24*

Median (Min-Max) 85.0 (24–120) 120.0 (10–120)

Total plasma platinum concentration (ng/mL) Number of patients 30 24

Mean 9.6 12.9

SM-11355 metabolite concentration in methanol extracts (ng/mL) Number of patients 32 24

Mean 1.17 1.19

[SM-11355 in methanol-extracted fraction*] /
[total plasma platinum concentration] × 100 (%)

Number of patients 30 24

Mean 12.2 9.8

Number of subjects in whom both the total plasma platinum concentration and SM-11355 metabolite concentration in methanol extracts were measured

* Methanol-extracted fraction: The fraction of SM-11355-derived substances includes components that may exert therapeutic activity as an
anticancer agent and excludes components that are irreversibly bound to plasma protein
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based on our assumption of a TE V rate of 15% for conven-
tional TACE before the initiation of this study, and was equiv-
alent or superior to the rate of about 20% found in patients
receiving current standard TACE treatment in a recent report
[7]. Our results also suggest that repeated dosing of SM-11355
in iodized oil is possible without development of hepatic
vascular injury in a case of relapse. We are currently conduct-
ing a phase III study of intra-arterial treatment with SM-11355
in comparison with conventional TACEwith epirubicin, which
is designed to detect the superiority of intra-arterial treatment
with SM-11355 in overall survival of TACE-naïve patients
with advanced HCC (Appendix).
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Activation of c-Jun N-terminal kinase in non-cancerous liver
tissue predicts a high risk of recurrence after hepatic
resection for hepatocellular carcinomahepr_932 394..400

Satoru Hagiwara,1 Masatoshi Kudo,1 Hobyung Chung,1 Kazuomi Ueshima,1 Tatsuo Inoue,1
Seiji Haji,2 Tomohiro Watanabe,4 Ah-Mee Park,3 Hiroshi Munakata3 and Toshiharu Sakurai1

Department of 1Gastroenterology and Hepatology, 2Surgery, and 3Biochemistry, Kinki University School of
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Aim: Hepatocellular carcinoma (HCC) ranks as the third
leading cause of cancer deaths worldwide. Hepatic resection
is the mainstay of curative treatment for early stage HCC.
Although c-Jun N-terminal kinase (JNK) activation contributes
to hepatocyte proliferation and HCC development in mice, the
extent of involvement of JNK in human HCC development is
unknown. The aim of this study is to assess the predictive
value of JNK for postoperative recurrence in HCC.

Methods: From April 2005 to March 2008, 159 patients
underwent curative resection for HCC. From the 159 patients,
20 patients each matched for age, gender and etiology were
registered as three groups: (i) without recurrence (no recur-
rence group), (ii) with recurrence within one year after
surgery (early recurrence group), and (iii) with recurrence at
one year or more after surgery (late recurrence group) (a

cross-sectional control study). We investigated factors con-
tributing to postoperative early and late phase recurrence.

Results: Multivariate analysis using a Logistic regression
model showed that JNK activity in non-cancerous liver tissue
was correlated with postoperative late recurrence. (P = 0.02,
odds ratio; 5.79, 95% confidence interval [CI]; 1.33–25.36).

Conclusions: JNK activity in non-cancerous liver tissue is
considered as a reliable predictive biomarker for post-
operative recurrence in HCC.

Key words: c-Jun, c-Jun N-terminal kinase, hepatocellular
carcinoma, mitogen-activated protein kinases,
postoperative recurrence

INTRODUCTION

HEPATOCELLULAR CARCINOMA (HCC) is one of
the most common cancers worldwide, and its inci-

dence is increasing.1 Epidemiological studies suggest
that the major risk factors for HCC are persistent infec-
tion with hepatitis B and C virus (HBV and HCV), hepa-
tosteatosis and chronic exposure to toxic chemicals,2–4

all of which cause chronic liver injury and inflamma-
tion.2 Persistent inflammation can lead to progressive
liver fibrosis and eventually cirrhosis. Indeed, the

majority of HCCs occur on a background of liver fibro-
sis. HCV-related HCC develops only after one or more
decades of chronic HCV infection, and the increased risk
is restricted predominantly to patients with cirrhosis or
advanced fibrosis.5 Although HCV-infected individuals
with mild or non-hepatic fibrosis are unlikely to develop
HCC, once severe fibrosis is established, HCC develops
at an annual rate of 1–4% per year.5 There is a strong
correlation between liver fibrosis and HCC develop-
ment.6 Thus, the risk of hepatocarcinogenesis depends
on the background liver factors.

Mitogen-activated protein kinases (MAPKs), serine/
threonine-specific protein kinases, respond to extracel-
lular stimuli and have a pivotal role in various cellular
processes, such as gene expression, mitosis, differentia-
tion, proliferation, and cell survival.7,8 MAPK comprises
the extracellular signal-regulated protein kinase (ERK),
c-Jun N-terminal kinase (JNK) and p38. Accumulating
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evidence suggests that activation or inactivation of
MAPK regulates inflammatory responses and provides
a growth advantage to hepatocytes during malignant
transformation and liver tumorigenesis.9–12 Mouse
cancer models have shown that the JNK pathway
is implicated in regulating liver carcinogenesis. c-Jun,
a downstream target of JNK, promotes chemically
induced liver cancer development through suppression
of the p53 pathway.13 JNK activation contributes to
hepatocyte proliferation and HCC development by
regulating cyclin D and vascular endothelial growth
factor (VEGF), a potent proangiogenic substance
responsible for tumor neovascularization.10,14 However,
the extent of involvement of JNK in the development of
human liver cancers is unknown.

In this study, we demonstrated that in human HCC,
JNK activation in non-cancerous liver tissue increases
the risk of late phase recurrence after hepatic resection.

METHODS

Patients

FROM APRIL 2005 to March 2008, 159 patients
underwent curative resection for HCC at Kinki Uni-

versity School of Medicine. We investigated the factors
contributing to early and late phase recurrence. Several
studies have used two years as the cut-off between the
early and late phases.15,16 Because there were only a few
patients with recurrence at two years or more after
hepatectomy in our study, we set one year as the cut-
off between early and late recurrence as reported pre-
viously.17 From the 159 patients, 20 patients each
matched for age, gender and etiology were registered as
three groups: (i) without recurrence (no recurrence
group), (ii) with recurrence within one year after
surgery (early recurrence group), and (iii) with recur-
rence at one year or more after surgery (late recurrence
group) (a cross-sectional control study). Disease recur-
rence after surgical resection was monitored by serial
measurement of tumor markers and ultrasonography
every 3 months and computed tomography scans every
6 months.

Cancerous and non-cancerous tissues were separately
obtained by surgery and non-cancerous tissues were
more than 5 cm away from tumors. With regard to cause
of disease, hepatitis C accounted for 55% of all patients
enrolled in this study, followed by non-B non-C hepa-
titis and hepatitis B (Table 1).

The study protocols conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki and were

approved by the institutional review boards. Written
informed consent was obtained from all patients for
subsequent use of their collected tissues.

Western blot analysis
To prepare tissue lysates, cancer tissue and non-
cancerous liver tissue was homogenized with
CelLytic-MT Mammalian Tissue Lysis/Extraction reagent
(Sigma-Aldrich, St. Louis, MO, USA) containing pro-
tease inhibitor, Complete (Roche Diagnostics, Man-
nheim, Germany), and phosphatase inhibitor cocktail
(Nacalai Tesque, Kyoto, Japan). Equal protein amounts
of tissue lysates were electrophoresed through a reduc-
ing sodium dodecyl sulfate (SDS) polyacrylamide
gel and electroblotted onto a polyvinylidene fluoride
(PVDF) membrane. The membrane was blocked with
5% skim milk and incubated with anti-phospho-JNK,
anti-JNK, anti-phospho-AKT, anti-AKT, anti-phospho-
ERK1/2, anti-ERK1/2 (Cell Signaling) and anti b-actin
(Sigma-Aldrich) antibodies. Protein levels were detected
using horse radish peroxidase (HRP)-linked secondary
antibodies and the ECL-plus System (GE Healthcare,
Buckinghamshire, UK). To evaluate signal intensity,
western blot image data were quantified using Image J
software. Activation of the JNK signaling pathway was
assessed by measuring the amount of phospho-JNK.

Immunohistochemistry
Immunohistochemical analysis was performed on
paraffin-embedded liver tissue. Immunohistochemical
staining was carried out with antibodies raised against
anti-phospho-c-Jun (1:100) from Cell Signaling tech-
nology (Beverly, MA, USA) and visualized using Dako
LSAB System-HRP (Dako, Carpintaria, CA, USA).

Statistical analysis
We investigated factors contributing to postoperative
recurrence by univariate analysis using the log-rank test
and multivariate analysis using a Logistic regression
model. All analyses were performed using the SPSS soft-
ware (version 11.5; SPSS Inc., Chicago, IL, USA).

RESULTS

Association between the risk of late
recurrence and background liver factors

NO RECURRENCES WERE observed in a follow-up
period of 1003 1 329 (range 620–1490) days. The

period until recurrence was 153 1 96 (range 40–360)
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Table 1 Comparison of patient characteristics according to post-operative recurrence

Variable No recurrence Early recurrence Late recurrence P-value P-value
(n = 20) (<1 year) (31 year) (no recurrence vs

early recurrence)
(no recurrence vs
late recurrence)(n = 20) (n = 20)

Age, years 66 (51–80) 67 (35–81) 70 (58–80) Matched Matched
Sex, no. (%) Matched Matched
Male 16 (80) 16 (80) 16 (80)
Female 4 (20) 4 (20) 4 (20)
Cause of disease, no. (%) Matched Matched
Hepatitis B 4 (20) 3 (15) 4 (20)
Hepatitis C 11 (55) 11 (55) 11 (55)
Non-B, Non-C 5 (25) 6 (30) 5 (25)
Tumor size, no. (%) 0.41 0.48
<3 cm 5 (25) 3 (15) 3 (15)
�3 cm 15 (75) 17 (85) 17 (85)
Tumor number, no. (%) 0.11 0.43
Single 15 (75) 19 (95) 18 (90)
Multiple 5 (25) 1 (5) 2 (10)
Tumor grade, no. (%) 0.009 0.34
Well 6 (30) 1 (15) 3 (5)
Moderate 13 (65) 13 (65) 13 (65)
Poor 1 (5) 6 (30) 4 (30)
Portal vein invasion, no. (%) 0.0007 0.57
Negative 18 (90) 11 (55) 16 (80)
Positive 2 (10) 9 (45) 4 (20)
Non-cancerous liver tissue, no. (%) 0.64 0.06
No cirrhosis 11 (55) 10 (50) 5 (25)
Cirrhosis 9 (45) 10 (50) 15 (75)
ALT (IU/mL), no. (%) 0.29 0.13
<40 11 (45) 13 (75) 7 (35)
�40 9 (55) 7 (35) 13 (75)
AFP (ng/mL), no. (%) 0.26 0.9
<40 14 (70) 10 (50) 15 (75)
�40 6 (30) 10 (50) 5 (25)
DCP (mAU / mL) -no. (%) 0.62 0.73
<100 9 (45) 11 (55) 8 (40)
�100 11 (55) 9 (45) 12 (60)
p-ERK in non-cancerous liver tissue

(ratio to actin), no. (%)
0.29 0.92

Low (<0.3) 12 (60) 9 (45) 12 (60)
High (�0.3) 8 (40) 11 (55) 8 (40)
p-JNK in non-cancerous liver tissue

(ratio to actin), no. (%)
0.12 0.02

Low (<0.6) 16 (80) 12 (60) 8 (40)
High (�0.6) 4 (20) 8 (40) 12 (60)
p-AKT in non-cancerous liver tissue

(ratio to actin), no. (%)
0.30 0.97

Low (<0.3) 11 (55) 14 (70) 11 (55)
High (�0.3) 9 (45) 6 (30) 9 (45)

Values in bold are statistically significant.
ALT, alanine aminotransferase; AFP, a-fetoprotein; DCP, des-gamma-carboxyprothrombin; ERK, extracellular signal-regulated protein
kinase; JNK, c-Jun N-terminal kinase.
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days in the early recurrence group and 521 1 202 (range
365–1145) days in the late recurrence group. As shown
in Table 1, aggressive tumor pathological factors such as
high tumor grade and portal vein invasion were risk
factors for early (less than one year) phase recurrence.
Multivariate analysis with a logistic regression model as
to the tumor grade and portal vein, significant factors
identified by univariate analysis, revealed that the tumor
grade alone was identified as a significant factor
(Table 2). We found a weak correlation between late
(one year or more) phase recurrence and background
liver factors, such as the presence of cirrhosis, although
the result was not statistically significant (Table 1).
These data are consistent with previous reports that the
risk of early phase recurrence depends on the character-
istics of resected HCC while the risk of late phase recur-
rence depends on the background liver factors.15–17

Association between the risk of late
recurrence and JNK activation in
non-cancerous liver tissue
Next, we assessed the association between HCC
recurrence and JNK activation in resected HCCs and
non-cancerous liver tissues. The expression level of
phospho-JNK, as a read out of JNK activity, in non-
cancerous liver tissue was correlated with the risk for late
phase recurrence, but not the risk of early phase recur-
rence (Fig. 1 and Tables 1–3). There was no significant
correlation between JNK activities of HCC tissues and
non-cancerous liver tissues of the same patients (Fig. 1).
In patients with liver cirrhosis, p-JNK levels in non-
cancerous tissues were significantly higher in the late
phase recurrence group than in the no recurrence group
(P < 0.01), whereas p-JNK level had no significant dif-
ference between no recurrence and early phase recur-
rence groups (P = 0.13) (Fig. 2). These results indicate
that p-JNK expression level is an independent risk factor
for the late phase recurrence. During tumor initiation,
JNK plays important roles in not only hepatocyte but
also non-parenchymal cells in the liver. JNK is activated
in hepatocytes to promote cell death which triggers
signals in Kupffer cells that promote compensatory
hepatocyte proliferation and hepatocarcinogenesis.7,10,12

JNK activation of hepatocytes and non-parenchymal
cells in non-cancerous liver tissue was assessed by

Table 2 Multivariate analysis using a logistic regression model
of the risk factor associated with post-operative early (<1 year)
recurrence

Variable Odds ratio 95% CI P-value

Tumor grade 4.32 0.92–20.31 0.06
Portal vein invasion 4.43 0.74–26.60 0.11

CI, confidence interval.

Table 3 Multivariate analysis using a logistic regression model of the risk factor associated with postoperative late (<1 year)
recurrence

Variable Odds ratio 95% CI P-value

p-JNK in non-cancerous liver tissue (high, �0.6) 5.79 1.33–25.36 0.02
Non-cancerous liver tissue (cirrhosis) 3.51 0.81–15.09 0.09

CI, confidence interval.

Figure 1 Association between the risk
of late recurrence and c-Jun N-terminal
kinase (JNK) activation in cancer and
non-cancerous liver tissue. Homoge-
nates of cancerous and non-cancerous
tissues of the same patients with late
(one year or more after hepatectomy)
phase recurrence or without recurrence
were electrophoresed and immunoblot-
ted with the indicated antibodies.

Late recurrence
(≥ 1 year)

No recurrence

p-JNK in HCC tissue

p-JNK in non-cancerous
liver tissue

JNK in non-cancerous
liver tissue

actin

54KD JNK 2/3
46KD JNK1
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immunohistochemistry. Since phospho-c-Jun is a well-
known readout of JNK activity, we performed immuno-
histochemistry using anti-phospho-c-Jun antibody. As
shown in Figure 3, all hepatocytes were stained with
anti-p-c-Jun antibody, while non-parenchymal cells
were weakly stained.

c-Jun N-terminal kinase activation in resected HCCs,
as assessed by western blot analysis and immunohis-
tochemistry, was not correlated with the risk of either
early or late phase recurrence (data not shown). Activa-
tion of ERK in HCCs indicates aggressive tumor behav-
ior.18 AKT phosphorylation in HCCs was also reported
to be a risk factor for early recurrence.17 These data
suggest an association between early phase recurrence
and the activation of ERK and AKT in HCCs. In contrast,
we did not find an association between the risk of late

phase recurrence and phospho-ERK or -AKT expression
in non-cancerous liver tissues (Fig. 4 and Table 1).

DISCUSSION

HEPATOCELLULAR CARCINOMA IS characterized
by extremely frequent intrahepatic recurrence

even after successful curative treatments.15 Two modes
of intrahepatic recurrence have been distinguished: de
novo carcinogenesis and intrahepatic metastasis. Several
studies have shown that early recurrence after resection of
HCC is likely to be associated with aggressive tumor
pathological factors such as high tumor grade, microvas-
cular invasion, and microsatellite lesions, while late
recurrence is more likely related to underlying liver con-
ditions such as the presence of cirrhosis and inflam-
matory activity.15–17 These findings suggested that early
recurrence is most likely the consequence of occult
metastasis from the initial tumor, whilst late recurrence
more likely represents multicentric tumors attributable
to de novo HCC development or rapid growth of small
nodules. Here, we show that the risk of recurrence within
one year is significantly related to high tumor grade
most probably representing the potential of intrahepatic
metastasis, while the risk of recurrence at one year or
more after resection is correlated weakly with the non-
cancerous liver condition, such as the presence of cirrho-
sis. This is consistent with previous reports.15–17 Most
importantly, the activation of JNK in the adjacent non-
cancerous liver tissue is correlated with the risk of late
(one year or more) phase recurrence. Elevated JNK activ-
ity contributes to reactive oxygen species (ROS) accumu-
lation and hepatocyte death, resulting in IL-1a release
and activation of IL-1R/MyD88 signaling in Kupffer cells.
These responses induce IL-6 production, stimulation
of compensatory proliferation, and subsequently HCC
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Figure 2 c-Jun N-terminal kinase (JNK) activaties in non-
cancerous liver tissues of cirrhotic patients with no recurrence,
early recurrence or late recurrence. In the late phase recurrence
group, p-JNK levels were significantly higher than in the no
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Figure 3 Expression of p-c-Jun in non-
cancerous liver tissue. All hepatocytes
were stained immunohistochemically
with anti-p-c-Jun antibody, while non-
parenchymal cells were weakly stained.
Right is negative example.
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development.10–12 Activation of JNK in underlying liver
tissue would play an important role in the development
of multicentric tumors and late phase recurrence.

JNK activation in resected HCCs was not correlated
with the risk of early phase recurrence (data not shown).
In contrast, activation of ERK and AKT in HCCs was
shown to be involved in early phase recurrence.17,18

Intrahepatic metastasis from the initial tumor and early
phase recurrence might be regulated in HCC mostly by
the ERK and AKT signaling pathway, rather than the JNK
signaling pathway. Surgical hepatectomy, curative treat-
ment available for those who qualify, is a locoregional
treatment in which the background liver disease with a
high risk of de novo HCC development is left untreated.
Therefore, it is important to control multicentric car-
cinogenesis as well as to treat HCC that is already estab-
lished. Our results demonstrate the importance of JNK
in human HCC, and the potential application of JNK
targeting for HCC therapy.
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Molecular and Cellular Pathobiology

p38a Inhibits Liver Fibrogenesis and Consequent
Hepatocarcinogenesis by Curtailing Accumulation of
Reactive Oxygen Species

Toshiharu Sakurai1,2, Masatoshi Kudo1, Atsushi Umemura2, Guobin He2, Ahmed M. Elsharkawy2,4,
Ekihiro Seki3, and Michael Karin2

Abstract
Most hepatocellular carcinomas (HCC) 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 p38a (Mapk14) controls ROS metabolism and
development of fibrosis and cancer in mice given thioacetamide to induce chronic liver injury. Liver-specific
p38a ablation was found to enhance ROS accumulation, which appears to be exerted through the reduced
expression of antioxidant protein HSP25 (Hspb1), a mouse homolog of HSP27. Its reexpression in p38a-
deficient liver prevents ROS accumulation and thioacetamide-induced fibrosis. p38a 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 thioacetamide-induced hepatocarcinogenesis. The upregulation 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, p38a and its target
HSP25/HSP27 appear to play a conserved and critical hepatoprotective function by curtailing ROS accu-
mulation 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. Cancer Res; 73(1); 215–24. �2012 AACR.

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 hepato-
cytes 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 HCCs (3). In the case of HCV, a virus
estimated to infect 4 to 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 HCCs, once cirrhosis is established, HCC
develops at a rate of 1% to 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 are 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 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
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mice given thioacetamide for 10 months develop HCCs rather
than cholangiocellular carcinoma subsequent to appearance of
severe liverfibrosis, thus providing amodel that closelymimics
the natural history of human HCV–related liver disease. In
addition, the histology of the thioacetamide-exposed rat liver
was reported to resemble human liver cirrhosis (10). Thus, the
mouse thioacetamide model may be suitable for studying the
relationship between ROS accumulation, liver fibrogenesis,
and hepatocarcinogenesis and allows studies to be conducted
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, p38a, the major
p38/MAPK isoform, is activated in response to inflammation
and oxidative stress and, in turn, controls expression of cyto-
kines, inflammatory mediators, survival genes, and antioxi-
dants (13–16). As ubiquitous p38a ablation in all cells results in
midgestational lethality, mainly due to placental insufficiency
(17–20), we used a conditional p38a "floxed" (p38aF/F) strain
(21) to generate p38aDhep mice, lacking p38a in liver paren-
chymal cells, to assess the role of this kinase in development of
liver cancer (15). In the course of these studies, we found that
p38a prevented the accumulation of ROS in liver parenchymal
cells exposed to the hepatic carcinogendiethylnitrosamine.We
now describe that p38a also prevents ROS accumulation, liver
fibrogenesis, and subsequent hepatocarcinogenesis in mice
exposed to thioacetamide. In both models, p38a prevents ROS
accumulation by controlling the expression of HSP25, the
mouse homolog of human HSP27. Restoration of HSP25
expression in the p38a-deficient liver prevents thioaceta-
mide-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 nontumor liver tissue.

Materials and Methods
Animals, tumor induction, and analysis

p38aF/F mice (21) were crossed with Alb-Cre mice (Jackson
Lab) to generate p38aDhepmice (15). All mice were maintained
in the C57BL/6 background in filter-topped cages on auto-
claved or nonautoclaved food at University of California, San
Diego (La Jolla, CA) and Kinki University (Osaka, Japan),
respectively. Mice were given 0.03% thioacetamide in drinking
water. After 10 months on normal chow, mice were sacrificed
and analyzed for presence of HCCs. Tumor-occupied areas
were measured using ImageJ software.

Biochemical and immunochemical analyses
The c-jun-NH2 kinase (JNK) assays, real-time quantitative

PCR (qPCR), immunoblotting, and immunohistochemistry
were previously described (15). The primer sequences for
TIMP-1, PDGF-b, SOX2 and Gankyrin were: forward primer
50-CCAGAACCGCAGTGAAGAGT-30, reverse primer 50-AAGA-
AGCTGCAGGCATTGAT-30; and forward primer 50-CCTCG-
GCCTGTGACTAGAAG-30, reverse primer 50-AAGGCTCCTG-
CACACTTGTT-30; forward primer 50-GAACGCCTTCATGGTA-

TGGT-30, reverse primer 50-TTGCTGATTCTCCGAGTTGTG-
30; respectively. Antibodies used were: anti-HSP27/25 and anti-
a-fetoprotein (Santa Cruz Biotechnology); anti-actin (Sigma);
anti-a-smooth muscle actin (a-SMA; Dako); anti-p38a, anti-
MAPKAPK2, anti-phospho-MAPKAPK2, and anti-SOX2 (Cell
Signaling); anti-PRMO1 (CD133, Abnova); anti-c-kit (R&D Sys-
tems); and anti-JNK1, (Pharmingen). Immunohistochemistry
was conducted using ABC staining kit (Vector Laboratory)
according to manufacturer's recommendations. Terminal
deoxynucleotidyl transferase–mediated dUTP nick end label-
ing (TUNEL) staining was done on tissue sections using In Situ
Apoptosis Detection Kit (Takara). To examine accumulation of
superoxide anions or H2O2, freshly prepared frozen liver sec-
tions were incubated with 2 mmol/L dihydroethidine hydro-
chloride (Invitrogen) or 5 mmol/L 5-[and-6]-chloromethyl-
20,70-dichlorodihydrofluorescein diacetate (CM-H2DCFDA;
Invitrogen), respectively for 30 minutes 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). Sirius
Red staining was done to quantitate the amount of collagen
present. To analyze the relative fibrotic area, the Sirius Red–
positive areas were measured in 6 random fields (�100) on
each slide and quantified using NIH imaging software. Mye-
loperoxidase (MPO) activity was measured usingMPOActivity
Assay Kit (Invitrogen). Livers were homogenized in myeloper-
oxidase buffer (0.5% hexadecyl trimethyl ammonium bromide,
10 mmol/L EDTA, 50 mmol/L Na2HPO4, pH 5.4). Hydroxypro-
line content was measured as described previously (22).

Adenoviral transduction
Adenovirus-expressing HSP25 was prepared as described

previously (15). Adenovirus stocks were injected via the tail
vein at 1 � 109 plaque-forming units (PFU) per mouse. Before
infection, virus stocks were dialyzed against PBS containing
10% glycerol.

Patients and specimens
HCC tissues and noncancerous 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 and
eosin (H&E) staining, all samples were diagnosed as HCC.
Noncancerous tissue and HCC specimens were frozen and
stocked at�80�C. The demographic profiles of the patients are
summarized in the 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 mean � SEM. Differences were

analyzed by Fisher exact test or Student t test. Recurrence-
free survival curves were calculated by the Kaplan–Meier
method and analyzed by the log-rank test. P < 0.05 was
considered significant.
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Results
Enhanced fibrogenesis in p38aDhep mice
Hepatic stellate cells (HSC) 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 a-SMA expression, and a
dramatic increase in the synthesis of extracellular matrix
proteins. After 8 weeks of thioacetamide treatment, we
observed inflammation, HSC activation and formation of fibro-
tic septa as assessed histologically or by immunohistochemis-
try with a specific antibody against a-SMA (Fig. 1A). p38aDhep

mice exhibited more thioacetamide-induced liver damage

assessed by alanine aminotransferase (ALT) release and hepa-
tocyte apoptosis measured by a TUNEL assay, relative to
controls (Fig. 1A and B). Neutrophil infiltration was enhanced,
based onmeasurement ofmyeloperoxidase activity (Fig. 1C). In
addition, there were higher numbers of a-SMA–positive cells,
higher levels of hydroxyproline, and larger fibrotic areas in
p38aDhep mice than in control mice (Fig. 1D–F). No significant
difference in serum ALT levels or fibrotic areas was found
between male and female p38aDhep mice (data not shown).

We examined the consequences of p38a deletion in liver
parenchymal cells on expression of fibrogenic markers. Loss of
p38a significantly enhanced expression of the mRNAs for
col1a1, TIMP1, TGF-b1, and PDGFb (Fig. 1G). No difference
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in the expression of these fibrogenic markers was found in
uninjured livers taken from p38aF/F and p38aDhep mice (data
not shown).

Enhanced ROS accumulation in p38aDhep 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, whose oxidation gives rise to the fluorescent
derivative ethidine. More extensive fluorescence was seen in
periportal areas (zone 1) after thioacetamide administration
in p38aDhepmice than in control mice (Fig. 2A and B). Notably,
the histologic location of thioacetamide-induced ROS accu-
mulation differs from that of diethylnitrosamine-induced ROS,
which are mainly detected in centrilobular (zone 3) hepato-
cytes (15, 25). This differential distribution of ROS-positive
hepatocytes is likely to be due to a difference in themetabolism
of the 2 compounds. Whereas diethylnitrosamine is metabol-
ically activated by Cyp2E1, which is more abundant in zone 3
hepatocytes (26), thioacetamide can be converted to more
toxic metabolites via a thioacetamide S-oxide intermediate by
several enzymes including Cyp2B (27), whose spatial distribu-
tion in the liver is affected by exposure to different chemicals
and growth factors (28). Increased H2O2 accumulation in livers
of thioacetamide-treated p38aDhep mice was also detected

using the ROS indicator CM-H2DCFDA (Fig. 2A). p38aDhep

mice were found to have higher levels of oxidized protein than
p38aF/F mice (Fig. 2B).

To evaluate the contribution of oxidative stress to thioace-
tamide-induced liver damage and fibrosis, we placed a group of
mice on chow diet supplemented with the antioxidant butyl-
ated hydroxyanisole (BHA). p38aDhep mice kept on this diet
showed a significant reduction in thioacetamide-induced liver
injury (Fig. 2C) and fibrosis (Fig. 2D). Thus, loss of p38a
enhances thioacetamide-induced cell death and fibrogenesis
through mechanisms that may depend on ROS accumulation.

The p38a-induced antioxidant gene HSP25 inhibits
thioacetamide-induced fibrosis

As previously described for diethylnitrosamine-treatedmice
(15), HSP25 expression was also induced by thioacetamide
administration, and the extent of induction was much lower
in p38aDhep mice relative to p38aF/F controls (Fig. 3A and B).
HSP25 was reported to inhibit ROS accumulation (29, 30).
Adenoviral transduction of HSP25 into p38aDhep liver (Supple-
mentary Fig. S1) prevented thioacetamide-induced ROS accu-
mulation, protein oxidation (Fig. 3C and D), liver damage (Fig.
3E), and fibrogenesis (Fig. 3F and G). These results provide
further support for the notion that the enhanced accumulation
of ROS in the p38a-deficient liver is responsible for the
enhanced fibrogenic response of p38aDhep mice.
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Decreased expression of MAPKAP kinase-2 and
increased expression of SOX2, c-Jun, and Gankyrin in
thioacetamide-treated p38aDhep mice
Previous studies have described a critical role for c-Jun and

JNKs in mediating HCC development (31, 32). In the thioaceta-
mide model, p38a-deficient livers exhibited elevated c-Jun
expression and increased JNK activity (Fig. 4A and B). Whereas
cytokine-driven compensatory proliferation was suggested to
promote diethylnitrosamine-induced hepatocarcinogenesis (15,
25, 33), there was no significant increase in interleukin (IL)-6
and TNF-a and IL-1b expression in thioacetamide-treated
p38aDhepmice relative top38aF/Fcontrols (Fig. 4B). An important
downstream target for p38 is MAPKAP kinase-2 (MAPKAPK2)
and MAPKAPK2-deficient cells are more sensitive to DNA
damage-inducedcell death (34). As shown inFig. 4C,MAPKAPK2
expression and phosphorylation is downregulated in p38a-

deficient livers. Pluripotency-associated transcription factors
such as 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 tumori-
genesis in various organs (35). Loss of p38a significantly
enhanced the expression of SOX2 mRNA and protein in thioa-
cetamide-treated mice (Fig. 4D and F). Gankyrin, a liver onco-
protein, was reported to mediate dedifferentiation and facilitate
the tumorigenicity of rat hepatocytes (36). p38aDhep mice exhib-
ited a significant increase in Gankyrin expression after thioace-
tamide administration (Fig. 4E and F). No difference in the
expression of Gankyrin was found in uninjured livers taken
from p38aF/F and p38aDhep 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
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supplemented with the antioxidant BHA. p38aDhep mice kept
on this diet showed a significant reduction in SOX2 and c-Jun
expression but not in Gankyrin expression (Fig. 4G). Immuno-
histochemical analysis revealed that putativehematopoietic stem
cells, c-kit–positive cells, were recruited to thioacetamide-treated
livers (Fig. 4H) but not in nontreated livers (data not shown). We
confirmed that c-kit–positive cells expressed p38a in p38aDhep

mice (Fig. 4H). Between p38aF/F and p38aDhep livers, there was
no significant difference in the number of c-kit–positive cells
(data not shown), indicating that hepatic p38a deficiency does
not increase hematopoietic stem cell recruitment.

Enhanced hepatocarcinogenesis in p38aDhep mice
p38aF/F and p38aDhepmice were given thioacetamide in their

drinking water for 10 months. When sacrificed, all p38aDhep

mice given thioacetamide developed typical liver cirrhosis and
50% of p38aDhep mice had ascites, a common clinical finding

indicative of portal hypertension. The liver surfacewas irregular,
closely resembling human cirrhotic liver (Fig. 5A). All of the
p38aF/F and p38aDhep mice given thioacetamide for 10 months
developedwell-differentiatedHCCs (Fig. 5B),whereasonly a few
and small number of cholangiocellular carcinomas were found.
Many tumors were positive for a-fetoprotein (AFP) expression,
a tumor marker specific for HCCs (Fig. 5C). Tumor sizes and
areas were considerably larger in p38aDhep mice relative to
similarly treated p38aF/F controls (Fig. 5D). In contrast to mice,
thioacetamide-treated rats develop cholangiocellular carcino-
ma (9). This may be because CD133-positive stem cells are
induced by thioacetamide in mice but not in rats (Fig. 5E).

Association between risk of HCC recurrence and protein
oxidation in human liver

Forty-two patients with HCCs were recruited in this study.
Clinicopathologic profiles of the patients and their HCCs are
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shown in the Supplementary Table. Intrahepatic HCC develop-
ment after hepatectomy is caused by de novoHCC development
and/or metastasis from the resected HCCs. The risk of the
former depends on background liver factors such as liver
fibrosis, whereas the risk of the latter mainly depends on the
characteristics of the resected HCCs (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 hypoth-
esis is applicable to humans, focusing on noncancerous 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 nontumor tissues, but not in tumors, were

significantly higher than in those without HCC recurrence (Fig.
6A). In addition, patients with low protein oxidation in noncan-
cerous 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 ex-
pression (40), enhanced cell death and proliferation as well as
genomic instability (39). However, the exact impact of oxida-
tive stress and antioxidant responses on hepatic fibrosis and
subsequent HCC development need to be better understood.
We previously found that the p38a/MAPK pathway prevents
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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 nontumorous human liver
tissues by immunoblotting (OxyBlot)
and quantified using NIH image
analysis software. �, P < 0.05 versus
patients without HCC recurrence. B,
recurrence-free survival versus
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.
mo, month.
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ROS accumulation in mice exposed to the non-fibrogenic
hepatic carcinogen diethylnitrosamine (15). Here, we describe
that p38a activity is also important for suppression of ROS
accumulation upon thioacetamide administration, which
leads to induction of fibrosis, cirrhosis, and HCCs. In the
absence of the p38a target HSP25, the thioacetamide-exposed
p38aDhep liver shows elevated ROS accumulation that corre-
lates with augmented liver damage in these mice. Increased
susceptibility to liver damage in p38aDhep 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 p38a-deficient mice regardless of
the hepatotoxic chemical to which they were exposed. Expres-
sion levels of MAPKAPK2 and phospho-MAPKAPK2 were
decreased in the p38a-depleted livers. Given the protective
role ofMAPKAPK2 in DNAdamage-induced cell death (34), the
downregulation of MAPKAPK2 expression and phosphoryla-
tion that takes place in the absence of p38a are likely to
contribute, at least in part, to increased liver damage in
p38aDhep 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-1a release (15, 41). This inflammatory response
results in excessive synthesis of extracellular matrix proteins
and fibrosis development (23). Correspondingly, BHA admin-
istration or restoration of HSP25 expression reverses enhanced
thioacetamide-induced fibrogenesis caused by the p38a defi-
ciency. A strong correlation between liver fibrogenesis and
hepatocarcinogenesis has been reported in patients infected
with HCV (6), and HCV infection has been shown to cause ROS
accumulation and oxidative stress (42). We find that enhanced
protein oxidation in the noncancerous portion of human liver
is associated with a high risk of HCC recurrence after hepa-
tectomy. These data support an important role of ROS accu-
mulation within liver parenchymal cells in liver fibrogenesis
and subsequent hepatocarcinogenesis.

HSP25/HSP27 has antioxidant properties (29, 30). Mice
given thioacetamide 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 rela-
tionship between HSP27 expression and ROS accumulation in
human livers (data not shown). While elevated HSP27 expres-
sion reduces ROS accumulation, HSP27 expression itself is
upregulated 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 p38a 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 p38a results in increased inflammation and hepatic fibro-
genesis, which eventually augments HCC development, as seen
before in diethylnitrosamine-treated mice (15, 32). Thus, the

antitumorigenic activity of hepatocyte p38a 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 stemcells. Selective down-
regulation of SOX2 induces embryonic stem cell differentiation
and exits from the pluripotent stem cell state. In contrast,
combinatorial overexpression of SOX2, Nanog, and other tran-
scription factorswas 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 because of heterogeneous exposure to
reprogramming factors. It is tempting to speculate that acqui-
sition or overexpression of SOX2 can promote tumorigenesis
by processes that resemble partial reprogramming (35, 44, 47).
In our study, we showed that p38a deletion increased expres-
sion of SOX2 through enhanced ROS accumulation. Hepato-
cyte 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 HCCs. A close associa-
tion of Gankyrin expression with hepatocyte dedifferentiation
was observed, and differentiation induced by Gankyrin inter-
ference reduced the population of cancer stem cells in hepa-
toma 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 p38a deficiency enhances the induction of Gankyrin
expression in livers of thioacetamide-treated mice. Recently,
JNK activation was reported to be involved in stem cell
expansion in human HCCs (49). JNK activity was significantly
enhanced in p38a-deficient liver. The inactivation of p38a also
leads to an immature and hyperproliferative lung 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 p38a in regulating hepatic stem/precursor cell behavior.

In conclusion, p38a plays a critical role in liver fibrogenesis
and hepatocarcinogenesis through the control of HSP27
expression and ROS accumulation in themouse thioacetamide
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 corre-
lated with protein oxidation in liver. Deletion of p38a upre-
gulates expression of SOX2 and Gankyrin, which may be
involved in cancer stem cell maintenance.
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Abstract:In May 2007, sorafenib (Nexavar) was approved for “unresectable hepatocellular carcinoma (HCC)”, and 
was the first molecular targeted agent for use in HCC. To date, sorafenib is the only molecular-targeted agent, whose 
survival benefit has been demonstrated in two global phase III randomized controlled trials, and has now been approved 
worldwide. Phase III clinical trials of other molecular targeted agents comparing them with sorafenib as first-line 
treatment agents are now ongoing. Phase III clinical trials of several targeted agents comparing them with placebo as 
second-line treatment agents for patients who failed or was intolerable to sorafenib are also ongoing. In addition, 
combination of sorafenib with standard treatment such as resection, ablation, transarterial chemoembolization, and hepatic 
arterial infusion chemotherapy are ongoing.This review outlines the clinical utility of sorafenib in the treatment algorithm 
of HCC. Furthermore, it also reviews the current status of clinical trials of new agents or combination therapy with 
sorafenib and standard treatment. Finally, further prospect of the paradigm shift of the HCC treatment is also discussed.

Keywords: Brivanib, complete remission, everolimus, hepatocellular carcinoma, molecular targeted agent, sorafenib.

INTRODUCTION

Sorafenib is a multi-kinase inhibitor of tumor growth and 
angiogenesis, and exhibits a strong inhibitory effect on C-
and B-Raf serine/threonine kinases, vascular endothelial 
growth factor receptor (VEGFR) and platelet-derived growth 
factor receptor (PDGFR), tyrosine kinases, and FLT-3 and c-
kit [1]. To date, sorafenib is the only molecular-targeted 
agent approved for the treatment of HCC with Child-Pugh A 
liver function based on the results of two large-scale clinical 
trials, i.e., the SHARP (Sorafenib HCC assessment 
Randomized Protocol) study [2] and the Asia-Pacific study 
[3]. As a result, sorafenib is recommended as the first line 
option in patients who cannot benefit from resection, 
transplantation, ablation or transarterial chemoembolization, 
and still have preserved liver function as recommended by 
the American Association for the Study of Liver Diseases 
(AASLD) guideline [4], Asian-Pacific Association of the 
Study of the Liver (APASL) guideline [5] and the Japan 
Society of Hepatology (JSH) guideline [6] for HCC 
management (Fig. 1). This article focuses on the types of 
approaches currently under investigation or recently 
approved agents.

EXPERIENCE OF SORAFENIB USE AT OUR 
INSTITUTE

Since the approval of sorafenib on May 20, 2009, we 
have treated approximately 150 patients with sorafenib 
during 20 months, but few have discontinued therapy due to 
adverse effects or patient refusal to continue. Of these 113 
patients were analyzed and two cases achieved complete 
response (CR) [7]. These two CR patients, in whom 
pulmonary, adrenal metastases and intrahepatic lesions all 
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disappeared, survived with free of recurrence for more than 3 
years and 2 years, respectively at the time of writing 
(September, 2012), i.e., they are still alive at the present 
time. In other patients group who apparently achieved stable 
disease (SD), the tumor marker levels reached a plateau after 
sorafenib administration, when their levels were rising 
rapidly before sorafenib administration. Even if hepatic 
lesions do not show a clear tendency to undergo necrosis or 
regression on CT images, three tumor markers, namely 
alpha-fetoprotein (AFP), protein induced by vitamin K 
absence or antagonist (PIVKA-II) and AFP-L3 fraction, are 
widely considered to serve as surrogate markers of tumor 
response to sorafenib. In fact, there is very little data on 
serum tumor markers, except for AFP, outside Japan. Only 
Japanese researchers have demonstrated the value of changes 
in these markers and the antitumor efficacy of sorafenib [7]. 
Interestingly, it is demonstrated that the levels of PIVKA-II 
or des-gamma-carboxyprothrombin (DCP) tend to be 
increased by inducing hypoxia [8, 9]. 

Of 113 patients, 85.8% was Child-Pugh A stage and 53.1 
% of patients were HCV-related HCC. A total of 56% of 
patients were over 70 years old. Median survival time (MST) 
was 12.6 months and median treatment duration was 5.3 
months [10]. Only 10% of the 113 patients showed 
progressive disease (PD) by RECIST. However, since the 
speed with which the patient develops PD may slow down 
due to tumor growth inhibition, it is very difficult to 
determine when to discontinue treatment because of 
resistance to sorafenib. Important issues for future studies 
include: 1) to identify biomarkers that can predict therapeutic 
responses, including CR or partial response (PR), in patient 
groups; 2) to evaluate the role of tumor markers in 
the determination of therapeutic responses; 3) to establish 
response evaluation criteria that can determine the 
therapeutic responses to molecular-targeted agents; and 4) to 
develop effective second-line therapies after sorafenib failure 
[11, 12].
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According to the consensus based treatment algorithm by 
the JSH [13] updated in 2010 (Fig. 1) [6], sorafenib is 
indicated for the treatment of patients with Child-Pugh 
A HCC with extrahepatic spread, vascular invasion or 
refractoriness to transarterial chemoembolization (TACE) or 
arterial infusion chemotherapy.The following situation 
should be regarded as TACE failure or refractory as per JSH 
guidelines:

1. Intrahepatic lesion

i Two or more 2 consecutive incomplete deposition (<50%) 
of lipiodol is seen by response evaluation CT within the 
treated tumors at the 4 weeks after adequately performed 
TACE

ii Two or more 2 consecutive appearance of new lesion 
(recurrence) is seen in the liver by response evaluation 
CT at the 4 weeks after adequately performed TACE

2. Appearance of vascular invasion

3. Appearance of extrahepatic spread

Continuous elevation of tumor markers even though right 
after TACE

4. Tumor marker

Continuous elevation of tumor markers even though right 
after TACE 

Fig. (1). Consensus-based treatment algorithm for HCC proposed by Japan Society of Hepatology revised in 2010 (cited and modified from 
ref. #6 with permission). *1: Treatment should be performed as if extrahepatic spread is negative, when extrahepatic spread is not considered 
as a prognostic factor in Child-Pugh class A/B patients. *2: Sorafenib is the first choice of treatment in this setting as a standard of care. 
*3:Intensive follow-up observation is recommended for hypovascular nodules by the Japanese Evidence-Based Clinical Practice Guidelines. 
However, local ablation therapy is frequently performed in the following cases: 1) when the nodule is diagnosed pathologically as early 
HCC, 2) when the nodules show decreased uptake on Gd-EOB-MRI, or 3) when the nodules show decreased portal flow by CTAP, since 
these nodules frequently progress to advanced HCC. *4: Even for HCC nodules exceeding 3 cm in diameter, TACE in combination with 
ablation is frequently performed when resection is not indicated. *5: Transcatheter arterial chemoembolization (TACE) is the first choice 
of treatment in this setting. Hepatic arterial infusion chemotherapy (HAIC) using an implanted port is also recommended for TACE-
refractory patients. The regimen for this treatmentis usually low-dose FP (5FU+CDDP) or intra-arterial 5FU infusion combined with 
systemic interferon therapy. Sorafenib is also recommended for TACE or HAIC-refractory patients with Child-Pugh class A liver function. 
*6: Resection is sometimes performed when more than 4 nodules are detected. Ablation is sometimes performed in combination with 
TACE. *7: Milan criteria: Tumor size <3 cm and tumor number < 3, or solitary tumor <5 cm. Even when liver function is good (Child-
Pugh A/B), transplantation is sometimes considered for frequently recurring HCC patients. *8:Sorafenib and HAIC are recommended for 
HCC patients with major portal invasion such as Vp3 (portal invasion in the 1st portal branch) or Vp4 (portal invasion in the main portal 
branch). *9:Resection and TACE are frequently performed when portal invasion is minor, such as Vp1 (portal invasion in the 3rd or more 
peripheral portal branch) or Vp2 (portal invasion in the 2ndportal branch).  *10: Local ablation therapy or subsegmental TACE is 
performed even for Child-Pugh C patients when transplantation is not indicated when there is no hepatic encephalopathy, no uncontrollable 
ascites, and a low bilirubin level (< 3.0 mg/dl). However, it is regarded as an experimental treatment because there is no evidence of a 
survival benefit in Child-Pugh C patients. A prospective study is necessary to clarify this issue.

HCC

No Yes

Child-Pugh A/B Child-Pugh C
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In this setting, next treatment modality such as sorafenib 
should be considered.

NEW TARGETED AGENTS IN HCC

mTORinhibittor

The phosphatidylinositol 3-kinase (PI3K)/Akt/
mammalian target of rapamycine (mTOR) pathway also 
plays an important role in cell growth, survival regulation, 
metabolism and anti-apoptosis (Fig. 2) [14]. Inhibiting 
mTOR with molecules, such as RAD001, generates additive 
effects that accompany upstream and downstream target 
inhibition; alternatively, upstream receptor inhibition is 
compensated for by inhibiting the downstream pathway, 
even if some resistance develops against receptor inhibition 
regardless of initial or acquired resistance. Therefore, 
RAD001 is a potential targeted agents for HCC (Table 1, Fig. 3)
[15].

Besides the finding that mTOR plays a key role in cell 
biology, it was also demonstrated that mTOR and S6K are 
overexpressed in 15-41% of HCCs, and mTOR inhibitors 
have antitumor effects in various HCC cell lines and animal 
models [16-19]. Activation of mTOR is correlated with the 
development of HCC and recurrence after the excision of 
early HCC. Regulating this specific intracellular pathway 
(Ras-Raf pathway) with RAD001 is potentially more 
effective in suppressing sorafenib-resistant tumors.

A study of 528 HCC samples showed that the expression 
of pAkt, phosphatase and tensin homolog deleted on 

chromosome 10 (PTEN), p27 and S6 ribosomal protein 
(pS6) was a poor prognostic factor for survival [20]. A tissue 
microarray analysis of HCC samples revealed that the loss of 
PTEN and overexpression of pAkt and p-mTOR were 
correlated with tumor grade, intrahepatic metastasis, vascular 
invasion, tumor node metastasis (TNM) stage, Ki-67 
labeling index and matrix metalloproteinase (MMP)-2 and -9 
upregulation, Meanwhile, PTEN mRNA expression in the 
cancerous tissue was downregulated, compared with that in 
the non-cancerous tissue. The levels of PTEN, MMP-2, and 
MMP-9 mRNA expression were correlated with tumor stage 
and metastasis, and the levels of PTEN and MMP-9 mRNA 
expression were inversely correlated [21]. In an extensive 
analysis of 314 HCC samples in terms of mutation analysis, 
DNA copy number changes, mRNA levels and immuno-
staining, Villanueva et al. [22] found that activation of the 
insulin growth factor (IGF) pathway, upregulation of 
epidermal growth factor (EGF), dysregulation of PTEN, and 
aberrant mTOR signaling were present in half of the 
samples, and that inhibiting mTORactivity with everolimus 
was effective in improved survival and suppression of 
recurrence.

The PI3K inhibitor RG7321 and the Akt inhibitor 
perifosine target the PI3K/Akt/mTOR pathway and are in 
early stages of clinical development, while the mTOR 
inhibitors everolimus (RAD001), sirolimus (Rapamune) and 
temsirolimus (CCI-779) are at more advancedstages of 
development. Everolimusis used to treat sorafenib-intolerant 
patients or for patients showing disease progression after 

Fig. (2). Signal transduction in solid cancer cells including HCC. Some of the genes known to be functionally altered are highlighted in red. 
These signaling pathways including growth factor pathway, Wnt pathway, Hedgehog pathway, Akt/mTOR pathway, and Jak/Stat pathway 
can be a molecular target for treatment of HCC(cited and modified from ref. #14with permission).

Wnt pathway

Hedgehog pathway

IGF pathway
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Table 1. Molecular targeted agents for HCC: targets and development status (as of september, 2012).

Targets (Angiogenesis) Targets (Proliferation) Positioning

TRAIL-R2Agents
VEGFR PDGFR FGFR EGFR Raf mTOR

DR5

 Development Status

Sorafenib* ● ●   ●   1st line Approved

E7080 ● ● ●     1st / 2nd line PII Ongoing

Tigatuzumab

(CS1008)
      ●

1st line (Sorafenib 
combination） PI/II Ongoing

Linifanib

(ABT-869)
● ●      1st line Terminated

1st line, 

2nd line,Brivanib ●  ●     

TACE adjuvant

Terminated

Terminated

Terminated

TSU-68 ● ●      TACE combination PIII Ongoing

Ramucirumab ●       2nd line PIII Ongoing

Everolimus 
(RAD001)      ●  2nd line PIII Ongoing

Axitinib ● ●      2nd line PIII Ongoing

Dovitinib
(TKI-258) ● ● ●     1st line PII Ongoing

Fig. (3). Molecular targets in HCC and targeted agents under development. Monoclonal antibodies (VEGF: bevacizumab, EGFR: cetuxinab), 
tyrosine kinase inhibitors (VEGFR: sorafenib, brivanib, linifanib, axitinib, TSU-68; FGFR: E7080, brivanib), EGFR: erotinib, lapatinib), 
serine/threonine kinase inhibitors (Raf: sorafenib, mTOR: rapamycin and everolimus) and agonistic ligand of TRAIL-R2/DR5 
(CS1008)(cited and modified from ref. #15with permission).
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sorafenib administration. A phase III study to compare 
everolimus and a placebo (EVOLVE-1: Advanced 
Hepatocellular Carcinoma after Disease Progression or 
Intolerance to Sorafenib EverOlimus cancer Evaluation) and 
a phase I/randomized phase II study (sorafenib+everolimusvs.
sorafenib alone) to test the efficacy and tolerance of 
sorafenibin combination with everolimusare underway. 
Since mTOR inhibitors exhibit cytostatic andantiangiogenic 
effects, they are expected to be effective in combination with 
other angiogenesis inhibitors such as bevacizumab, and may 
be appropriate for administration after TACE. Furthermore, 
since the mTOR pathway is stimulated by factors such 
as epidermal growth factor receptor (EGFR), PDGFR 
and transforming growth factor-α (TGFα), and is closely 
related to other signaling pathways including the Ras/Raf/
MEK/ERK pathway, they are likely to show promising 
efficacy when used in combination with other growth factor 
inhibitors [23].

Brivanib

Angiogenesis is an important event not only for HCC but 
also for cancer growth and metastasis, and occurs due to 
complex alterations involving promoting factors such as 
VEGF, angiopoietinand fibroblast growth factor (FGF), and 
inhibitory factors including thrombospondin (TSP) and 
angiostatin, as well as the surrounding tissue. The VEGF 
family consists of VEGF-A, -B, -C, -D, and -E, and placental 
growth factor (PIGF).The VEGFR family comprises 
VEGFR-1 (flt-1), VEGFR-2 (flk-1/KDR) and VEGFR-3 (flt-
4). VEGF-A binds to VEGFR-1 and -2 and is involved in 
angiogenesis and the maintenance of mature blood vessels, 
while VEGF-C and -D mainly bind to VEGFR-3, and are 
involved in lymphangiogenesis [24, 25]. VEGF isoforms 
such as VEGF121and VEGF165 have been identified, and 
isoform subtypes also exist, such as EGF166b. Thus, it is clear 
that these growth factors do not exhibit angiogenesis-
promoting effects alone, and they have attracted attention as 
new therapeutic targets [26].

HCC typically exhibits active angiogenesis. During the 
progression from early to well-, and to moderately-
differentiated HCC, angiogenesis increases and cancer cells 
acquire the ability to invade vessels and metastasize. 
Scientific and clinical studies have revealed that, during the 
progression from hepatitis to cirrhosis, angiogenesis and 
disruption of the vascular architecture are linked to the 
progression of HCC, and contribute to increased hepatic 
vascular resistance and portal hypertension, and decreased 
hepatocyte perfusion [27]. In addition, a meta-analysis has 
demonstrated that VEGF expression is a prognostic factor in 
HCC [28].

Brivanib is a kinase inhibitor that selectively inhibits 
VEGFR-1, -2 and -3, and FGFR-1, -2 and -3. Recent studies 
suggest that tumor progression following treatment with 
antiangiogenic agents that target the VEGF signaling 
pathway alone may result from either evasive or intrinsic 
resistance [29]. Furthermore, there is strong evidence to 
support the hypothesis that evasive resistance to anti-VEGF 
blockade is associated with reactivation of tumor 
angiogenesis by alternative signaling pathways, one such 

mechanism of resistance being activation of the FGF 
signaling pathway [30]. Basic FGF (FGF2) is a potent 
angiogenic factor. Indeed, expression of FGF2 enhances 
growth, invasion, and angiogenesis of many tumor types [31, 
32]. Moreover, recent evidence has shown that FGF is 
overexpressed and activated in HCC and that high FGF2 
levels may predict for a poor clinical outcome among 
patients with HCC [32].

Considering the proposed importance of FGF signaling in 
HCC angiogenesis, it is clear that novel antiangiogenic 
agents that combine inhibition of FGF receptor signaling 
with inhibition of VEGFR signaling might provide a 
potential mechanism to overcome anti-VEGF resistance in 
HCC. With this in mind, it is worthwhile to consider the 
potential future impact of brivanib on the treatment of 
advanced HCC. Brivanib, a small-molecule tyrosine kinase 
inhibitor, is the first oral selective dual inhibitor of FGF and 
VEGF signaling. In multiple preclinical models of human 
xenograft tumors, including patient-derived HCC xenografts, 
brivanib has shown potent antitumor activity and no overt 
toxicity when dosed orally [33, 34]. Furthermore, brivanib 
has demonstrated promising antitumor activity and 
acceptable tolerability in a phase 2, open-label study in 
patients with unresectable locally advanced or metastatic 
HCC [35]. Crucially, within this trial, brivanib showed 
activity both as first-line therapy (overall survival: 10 
months) or as second-line therapy in patients who had failed 
prior antiangiogenic treatment, primarily with sorafenib 
(overall survival: 9.5 months). Of note, the incidence of all-
grade hand-foot syndrome was only 8% in this study.

As for brivanib, an international global phase III clinical 
trial to compare brivanib and sorafenib head-to-head and to 
seek approval for first-line therapy for advanced HCC has 
been started, but this trial was terminated because it did not 
meet its primary endpoint. Since brivanib targets FGF and 
VEGF, and is associated with relatively mild adverse effects, 
a second-line study of brivanib in sorafenib-ineffective and -
intolerant patients and a trial to evaluate the use of brivanib 
in combination with TACE are underway. However, second 
line study was also terminated because it did not meet its 
primary endpoint. 

The results have been reported for a phase II study of 
brivanibin 55 patients (cohort A) who had not received 
systemic therapy for curatively unresectable HCC and 46 
patients (cohort B) previously treated with angiogenesis 
inhibitors such as sorafenibor thalidomide [35]. The median 
TTP and OS were 2.8 and 10 months, respectively, in cohort 
A versus 1.4 and 9.8 months, respectively, in cohort B. 
Adverse events included fatigue (51.5%), diarrhea (41.6%), 
hypertension (42.6%), anorexia (41.6%), and nausea/vomiting
(40.6%/30.7%) in total. Thus, these results demonstrated the 
efficacy of brivanib as a second-line treatment. The results of 
three phase III clinical trials, BRISK-PS (sorafenib failure 
or sorafenib-intolerant patients;brivanib + best supportive 
care (BSC) vs. placebo + BSC), BRISK-FL (advanced 
HCC;brivanib vs. sorafenib) and BRISK-TA (patients with 
unresectable HCC, brivanib vs. placebo as post-TACE 
adjuvant therapy) are awaited (Table 2), but 2 of 3 trials 
were terminated as described above.

— 455 —



Molecular Targeted Therapy for HCC Current Cancer Drug Targets, 2012, Vol. 12, No. 9    1067

Table 2. Ongoing clinical trials (PIII).

• First line

-     Comparison study between sorafenib and single agent 
(Head to head):

TKI-258

-     Combination with sorafenib and another agent: 

DXR, Erlotinib (SEARCH), Everolimus, CS-1008, etc.

• Second line

-     Sorafenib failure: Everolimus (RAD001), 

Ramucirumab, Axitinib,S-1, etc.

• Combination with standard therapy

-     Adjuvant setting after surgery or RFA：STORM

-     Combination with TACE：SPACE, ECOG1208, TACTICS, 

ECOG1208, SORAMIC, SIRveNIB

-     Combination with HAIC: SILIUS

TACTICS: Phase II study: TranscatheterArterialChemoembolization Therapy In 
Combination with Sorafenib (ClinicalTrials.gov ID: NCT01217034), SILIUS: 
Randomized Controlled Trial Comparing Efficacy of Sorafenib versus SorafenibIn 
combination with Low dose cisplatin/fluorouracil hepatic arterial InfUSion 
chemotherapy in Patients with Advanced Hepatocellular Carcinoma And Explolatory 
Study of Biomarker Predicting Its Efficacy (ClinicalTrials.gov ID: NCT01214343), 
HAIC: hepatic arterial infusion chemotherapy.

Axitinib

Axitinib, a substituted indazole derivative, is an oral, 
potent, and selective inhibitor of VEGFR 1, 2, and 3. The 
molecular formula is C22H18N4OS with molecular weight of 
386.47. 

Retrospective analyses of five AG-013736 Phase 2 
studies across multiple tumor types (RCC, melanoma, 
NSCLC, and thyroid cancer) demonstrated that patients who 
developed at least one in-clinic measurement of dBP>90 
mmHg at any point during treatment had significantly better 
clinical outcomes for OS (30.1 vs 10.2 months; hazard ratio 
[HR]=0.546;P<0.01.

In the sorafenib-refractory RCC study (A4061023), most 
patients had the single-agent axitinib dose titrated to between 
6-10 mg BID after tolerating the initial starting dose of 5 mg 
BID. 

Except for an increase in hand-foot syndrome and slight 
increase in the incidence of hypertension, it appears that the 
patients dose titrated with axitinib to between 6-10 mg BID 
dose do not experience increased toxicities if they have 
previously tolerated an axitinib starting dose of 5 mg BID.

The effect of hepatic impairment on single-dose axitinib 
plasma pharmacokinetics was evaluated in a study 
(A4061036) that included subjects with mild hepatic 
impairment (Child-Pugh Class A; n=8), moderate hepatic 
impairment (Child-Pugh Class B; n=8), and healthy 
volunteers with normal hepatic function (n=8).

Mild hepatic impairment did not alter axitinib plasma 
exposures (AUC0-∞ and Cmax) compared to normal hepatic 
function. However, there was a ~2-fold increase in axitinib 
AUC0-∞ and a 1.3-fold increase in axitinibCmax in subjects 

with moderate hepatic impairment compared to subjects with 
normal hepatic function.

Phase II global clinical trials of axitinib for HCC patients 
who failed or intolerable to sorafenib are now ongoing.

E7080

Angiogenesis, the formation of new blood vessels from a 
pre-existing vascular network, is essential for growth and 
metastasis of tumors. The process begins with the local 
degeneration of the basal membranes that surround 
capillaries; then as endothelial cells infiltrate into the 
surrounding framework, angiogenesis in initiated. Migration 
of endothelial cells is accompanied by proliferation and 
formation of a 3-dimensional structure, and new blood 
vessels are then formed. VEGF, acidic fibroblast growth 
factor (aFGF), basic fibroblast growth factor (bFGF), 
hepatocyte growth factor (HGF), interleukin-8 (IL-8), and 
PDGF, etc. have been reported to promote angiogenesis.

Among these angiogenic factors, VEGF is thought to be 
important for both physiological and pathological 
angiogenesis, and enhanced expression of VEGF is reported 
to correlate with very poor prognosis in many cancers [36, 
37]. VEGF, the most potent and cell-selective angiogenic 
factor, promotes growth of endothelial cells and tube 
formation mainly by affecting endothelial cells. VEGF exerts 
its activity via fms-like tyrosine kinase 1 (Flt-1) and kinase 
insert domain receptor (KDR), 2 types of receptors on the 
cell membrane. Between these 2 receptors, KDR appears 
to be the more important since signals derived from KDR 
are reported to be involved in the major processes of 
growth and survival of endothelial cells, tube formation, 
and microvascular permeability. KDR is dimerized by 
stimulation with ligand, tyrosine phosphorylation is 
intracellularly induced, and signals for promoting cell 
division, migration, and survival are generated.

E7080 inhibits phosphorlation of growth factor receptors 
such as the VEGF receptor, KDR, Flt-1, FGFR1, and 
PDGFRβ-receptors that are important for angiogenesis [38, 
39]. FGF and PDGF are potent promoters of tumor cell 
proliferation. With this action, E7080 is expected to exert its 
potent inhibition on tumor proliferation led by anti-
angiogenic effect with the inhibition of VEGF in addition to 
proliferation of tumor cells. In cell assays, E7080 inhibited 
VEGF-driven KDR phosphorylation and proliferation of 
human umbilical vein endothelial cells (HUVEC) in a 
concentration-dependent manner, with IC50 values of 0.25 
and 3.4 nmol/L, respectively. Furthermore, E7080 inhibited 
VEGF-driven HUVEC tube formation with an IC50 value of 
2.1 nmol/L in a sandwich tube formation (sTF) model. A 
significant inhibition of tumor proliferation was observed 
at 3 mg/kg or above doses when E7080 was orally 
administered at doses of 1, 3, 10, 30, and 100 mg/kg to 
subcutaneously transplanted mice. The above results suggest 
the possibility that E7080 could be useful as a novel anti-
cancer drug that is based on an inhibitory effect on 
angiogenesis (Table 1, Fig. 3) [15].

The evidence-based Clinical Guideline for HCC [40] and 
criteria drafted by the Barcelona Clinic Liver Cancer Group 
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[41] stipulate that HCC be treated with hepatectomy, 
percutaneous therapy (local therapy; ethanol injection 
therapy, RFA, etc.), and transcatheter arterial embolization, 
depending on the number of tumors, size, and invasion into 
the vascular system. According to these guidelines and 
criteria, no radical therapy can be applied to advanced HCC, 
thus limiting available therapies for the treatment of 
advanced HCC [42, 43].

In addition, chronic hepatic diseases with reduced hepatic 
function underlie advanced HCC. Because reduced 
metabolism and excretion accompany reduced hepatic 
function, it is of concern that anticancer agents with 
cytotoxicity may affect background hepatic diseases and 
exacerbate adverse drug reactions. Therefore, administration 
methods such as arterial infusion chemotherapy tend to be 
utilized in advanced disease even though they may add to the 
hepatic burden or offer patients only limited efficacy [43].

HCC newly forms arterial vessels in the process of 
progression and shows high expression of VEGF [44, 45]. 
An angiogenesis inhibitor, therefore, which selectively 
inhibits VEGF receptors, could be a therapeutic agent that 
selectively treats HCC with little effect on background 
hepatic disease.

While E7080 is expected to induce tumor necrosis and 
suppression of progression by inhibiting angiogenesis and 
blocking blood flow into tumor foci in HCC with a high 
expression of VEGF, as an added benefit (compared with 
conventional anticancer agents), E7080 is expected to have 
low toxicity in patients with HCC who have chronic hepatic 
disease. Because it selectively affects blood vessels, E7080 
should be less likely to induce resistance after long-term 
treatment since endothelial cells are unlikely to become 
resistant.

As with other VEGF inhibitors, hypertension and 
proteinuria have been observed as dose-limiting toxicities 
(DLTs) of E7080 and were treated with antihypertensive 
agents or dose reduction or withdrawal of E7080 [46-48]. 
Thrombocytopenia and increases in aspartate transaminase 
(AST) and alanine transaminase (ALT) have been reported 
as DLTs at dose higher than the maximum tolerated dose 
(MTD) in the Phase I study (bid 2 weeks-on/1 week-off in 
Japan) but were improved by suspended administration and 
dose reduction.Currently, the multicenter phase III study in 
treating advanced HCC is ongoing in Japan.

CS1008

CS1008 is an agonistic agent to death receptor (DR) 5 or 
TNF-related apoptosis inducing ligand (TRAIL). In vitro
nonclinical studies have shown that CS-1008 exhibits anti-
tumor activity in DR5 positive tumor cells treated with CS-
1008 and cross-linking with anti-human IgG antibody.CS-
1008 was shown to induce apoptosis in DR5 positive tumor 
cells resulting in cell death. This was shown in vitro by 
treating colorectal adenocarcinoma COLO 205 cells with 
CS-1008 and cross-linking with anti-human IgG antibody. 

Since the liver is an organ known to express DR5, a 
nonclinical study was conducted to evaluate the safety of 
CS-1008 in comparison with that of TNF-related apoptosis 

inducing ligand (TRAIL) against primary human 
hepatocytes. In all experiments, CS-1008 was used under 
cross-linked conditions, with anti-human IgG antibody.

Primary human hepatocytes were treated with cross-lined 
CS-1008 or TRAIL, at concentrations from 1 to 1000 ng/mL 
(Lowry basis). After culturing human primary hepatocytes 
for 6 hours, cell viability was measured by ATPLiteTM-M 
assay kit.In 2 out of 3 lots of primary human hepatocytes 
used, TRAIL induced cell death in excess of 50% by cell 
count, and the IC50 values were 10.4 ng/mL and 9.9 ng/mL, 
respectively. On the other hand, IC50 values of cross-linked 
CS-1008 were both >1000 ng/mL, although CS-1008 
demonstrated intense cytotoxic activity against COLO 205 
cells under the same experimental conditions. Thus, the 
cytotoxicity of CS-1008 against primary human hepatocytes 
was considerably less than that of TRAIL (Table 1, Fig. 3) [15].

The phase III study of CS-1008 in combination with 
sorafenib are now being conducted as a multinational global 
study as a first line setting. The results are eagerly awaited, 
but was terminated because it did not meet its primary 
endpoint.

Other Agents

Global phase III trial of linifanib (ABT-869), which 
strongly inhibits VEGFR and PDGFR, was also terminated 
in 2012.

In a Japanese phase I/II trial of TSU-68, an oral 
molecular inhibitor of VEGFR, PDGFR and FGFR, to test 
its safety and efficacy in 35 HCC patients, the response rate 
was 5.6% (CR, PR, SD, PD and NE in 1, 2, 15, 16 and 1 
patients, respectively), and the disease control rate was 
51.4%. The global phase III trial of TACE in combination 
with TSU-68 has just started on January 2011.

In addition, several phase I/II trialsare being conducted to 
assess kinase inhibitors such as cediranib (AZD2171), which 
inhibit VEGFR, PDGFR, CSF-1R (cFms), Kit and Flt3.

COMBINATION THERAPY OF STANDARD 
TREATMENT WITH SORAFENIB

In addition to the pharmaceutical institution-sponsored 
clinical trials of linifanib and brivanib as first- and second-
line therapy in sorafenib-refractory patients, investigator 
initiated trials (IIT) of sorafenib in combination with hepatic 
arterial infusion chemotherapy (SILIUS trial: trial number 
NCT01214343), pharmaceutical and IITtrials of sorafenib in 
combination with TACE (SPACE, TACTICS [trial number: 
NCT 01217034], BRISK-TA trials, SORAMIC and 
SIRveNIB trials), and a trial to test the inhibitory effect of 
sorafenibon tumor recurrence after curative treatment 
(STORM trial) are ongoing, and the results of these trials are 
eagerly awaited [12]. 

The working hypotheses in these studies can be deduced 
by extrapolating the MST and hazard ratios in overall 
survival (OS) calculated in a subanalysis of the SHARP 
study (Table 2). The results obtained suggest that starting 
treatment with molecular-targeted drugs at an earlier tumor 
stage in combination with standard treatment options such as 
resection, ablation, TACE or hepatic arterial infusion 
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chemotherapy can improve the prognosis of HCC.Thus, 
sorafenibhas the potential to induce a paradigm shift in the 
treatment of HCC. For example, in a subanalysis of the 
SHARP trial,the hazard ratiosfor OS and MST ratio in 
intermediate stage HCC without vascular invasion or 
extrahepatic spread were 0.52 and 1.50, respectively [49]
(Table 3). This suggests that survival of early stage HCC and 
intermediate stage HCC may be prolonged from 5 years to 
7.5–10 years by using sorafenib in an adjuvant setting after 
curative treatment, and from 3 years to 4.5–6 years by using 
sorafenib in combination with TACE (Fig. 4) [12].

CONCLUSION

Several clinical trials [35, 50-59] of the molecular-
targeted agents are ongoing. Angiogenesis-inhibiting drugs, 
particularly sorafenib, have been established for HCC, and 
drugs targeting several molecules are being developed. 
Although sorafenib was recently approved, many issues 
remain to be addressed, including 1) how to determine and 
define refractoriness, and 2) whether to continue TACE or 
hepatic arterial infusion chemotherapy (a de facto standard in 
Japan) in patients with TACE-refractory HCCs or portal 

Table 3. Hazard ratio and median OS from subanalysis data of the SHARP study.

Advanced HCC with vascularinvasion and 
extrahepatic spread

Advanced HCC withoutvascularinvasion or 
extrahepatic spread

Hazard Ratio 0.77

(95% CI: 0.60-0.99)

0.52

(95% CI: 0.32-0.85)

Sorafenib 8.9M (n=209)

(95% CI: 7.6-10.3M)

14.5M (n=90)

(95%CI: 14.0M-N/E)

Median OS

(MST)

Placebo 6.7M (n=212)

(95% CI: 5.2-8.0M)

10.2M (n=91)

95% CI: 8.6-15.5M)

M: month
Sherman M, et al., ASCO 2008 [49].

Fig. (4). Outcomes of standard treatment modalities and expected future outcomes of combination therapy with molecular-targeted agents. 
By combining molecular targeted agents with resection or ablation, life expectancy (overall survival) is expected to be prolonged to 7.5-10 
years. In addition, for intermediate stage HCC, the prognosis is expected to be improved to 4.5-6 years by combination with transarterial 
chemoembolization (TACE). For advanced stage HCC, the prognosis is expected to be improved to 1.5-2 years by combination with hepatic 
arterial infusion chemotherapy (HAIC) (cited and modified from ref. #12 with permission).
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tumor thrombi before starting sorafenib therapy. We strongly 
recommend that, based on the molecular-targeted agents 
currently under development, clinical studies (including 
IITs) should be conducted aggressively, and therapeutic 
strategies should be devised to resolve the limitations of 
currently used therapeutic approaches and to improve the 
therapeutic outcomes.

The introduction of sorafenibto treat HCC in 2007 in 
Western countries and in 2009 in Japan was undoubtedly the 
real begnning of a paradigm shift of HCC treatment, 
representing a significant breakthrough for HCC treatment 
not previously experienced for this unique tumor.
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ABBREVIATIONS

AASLD = American Association for the Study of 
Liver Diseases

aFGF = acidic fibroblast growth factor

AFP = alpha-fetoprotein

ALT = alanine transaminase

APASL = Asian-Pacific Association of the Study of 
the Liver

AST = aspartate transaminase

bFGF = basic fibroblast growth factor

BSC = best supportive care

CR = complete response

DCP = des-gamma-carboxyprothrombin

DLTs = dose-limiting toxicities

DR = death receptor

EGF = epidermal growth factor

EGFR = epidermal growth factor receptor

FGF = fibroblast growth factor

Flt-1 = fms-like tyrosine kinase 1

HCC = hepatocellular carcinoma

HGF = hepatocyte growth factor 

HUVEC = human umbilical vein endothelial cells

IGF = insulin growth factor 

IIT = investigator initiated trials

IL-8 = interleukin-8

JSH = Japan Society of Hepatology

KDR = kinase insert domain receptor

MMP = matrix metalloproteinase

MST = median survival time

MTD = maximum tolerated dose

mTOR = mammalian target of rapamycine

NSCLC = non-small cell lung cancer

OS = overall survival

PD = progressive disease

PDGFR = platelet-derived growth factor receptor

PI3K = phosphatidylinositol 3-kinase

PIGF = placental growth factor

PIVKA-II = protein induced by vitamin K absence or 
antagonist

PR = partial response

pS6 = S6 ribosomal protein

RCC = renal cell carcinoma

SD = stable disease

sTF = sandwich tube formation

TACE = transarterial chemoembolization

TGFα = transforming growth factor-α

TNM = tumor node metastasis

TRAIL = TNF-related apoptosis inducing ligand

TSP = thrombospondin

VEGFR = vascular endothelial growth factor receptor
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The “Guideline on the Use of New Anticancer Drugs for the
Treatment of Hepatocellular Carcinoma” was prepared by the
Study Group on New Liver Cancer Therapies established by
the “Research Project on Emergency Measures to Overcome
Hepatitis” under the auspices of the Health and Labour Sci-
ences Research Grant. The Guideline brings together data
collected by the Study Group on the use and incidence of
adverse events in 264 patients with advanced hepatocellular
carcinoma (HCC) treated using sorafenib and in 535 patients
with advanced HCC treated usingmiriplatin at 16 participating
institutions up until 22 December 2010, as well as referring to
the published studies, academic presentations, and reports
from the private sector. The aim of this Guideline is to

facilitate understanding and current thinking regarding the
proper usage of new anticancer drugs towards actual use
in therapy. In terms of the format, the Guideline presents
“clinical questions” on issues pertaining to medical care,
makes “recommendations” on diagnosis and treatment in
response to each of these clinical questions, and provides a
rationale for these recommendations in the form of “scientific
statements”.

Key words: hepatic arterial infusion, hepatocellular
carcinoma, miriplatin, molecular targeting therapy,
sorafenib

INTRODUCTION

THE MOLECULAR-TARGETED agent sorafenib has
been found to significantly prolong survival in

patients with hepatocellular carcinoma (HCC).1,2 In May
2009, sorafenib was approved in Japan for unresectable
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HCC. Furthermore, miriplatin was approved in Japan for
the treatment of HCC in January 2010, and clinical trials
are also currently underway on a number of other prom-
ising new anticancer agents. Treatment of HCC is thus
undergoing a period of major transition, but the role
of these anticancer drugs and conventional therapies
remains unclear, leading to concerns about the risk of
serious adverse events (SAEs).

The Study Group on New Liver Cancer Therapies
(the Study Group) was formed as part of the “Research
Project on Emergency Measures to Overcome Hepatitis”
sponsored by the Health and Labour Sciences Research
Grant, with the overall purpose of formulating a guide-
line to facilitate understanding on the practical usage of
new anticancer drugs.

The Study Group collected information on the use
of new anticancer drugs, sorafenib and miriplatin at 16
affiliated institutions and compiled current opinions
regarding the proper use of these drugs based on pub-
lished studies, academic conference papers and reports
from the private sector. These results have now been
compiled in the form of a guideline.

However, of note is that this guideline is provisional
and has been prepared to expedite the provision of
proper information because information on these new
anticancer drugs is constantly being updated.

STUDY METHODS, SUBJECTS AND
PARTICIPATING INSTITUTIONS

Basic statistics

THE STUDY GROUP’S “New Liver Cancer Thera-
pies” (NLCT) study was based on data from

patients with advanced HCC treated using sorafenib or
miriplatin up until 22 December 2010 at the partici-
pating institutions. Clinical data were recorded by
each institution in case report files (CRFs) created by
the Study Group. Of the patients enrolled in this study,
264 were treated with sorafenib and 535 were treated
with miriplatin. Any input variables that were unclear
were excluded from the analyzed data. After analyzing
collecting data on the use of these drugs, the Study
Group compiled current opinions on proper use based
on published papers, academic conference papers and
reports from the private sector. The Study Group pro-
posed a series of “clinical questions” (CQ) on issues
pertaining to practical medical care and summarized
the current evidence in response to each of these
CQ in the form of “scientific statements”, as well as
making “recommendations”.

Participating institutions

The 16 institutions that participated in this study
were: Kinki University; Chiba University; Yamaguchi
University; Kurume University; Kyorin University;
Showa University; Ehime University; Okayama Univer-
sity; Kyoundo Hospital; Tohoku University; Osaka
University; Gifu University; Hyogo College of Medicine;
Toranomon Hospital; Saitama Medical University; and
Kanazawa University.

RESULTS

Sorafenib therapy

Indications

CQ1-1 For which patients with HCC is sorafenib
therapy indicated?

Recommendation Sorafenib therapy is indicated in HCC
patients with good performance status (PS) and Child–
Pugh class A for whom surgical resection, local ablation
therapy (LAT), and transcatheter arterial chemoembo-
lization (TACE) are not possible or not indicated.

The safety and efficacy of sorafenib has not been
established in Child–Pugh class B/C patients.

Furthermore, the usefulness of sorafenib as adjuvant
chemotherapy after resection, LAT, or TACE of HCC has
not been demonstrated.

Scientific statement Two randomized, placebo-
controlled trials demonstrating the usefulness of sor-
afenib were conducted on patients in whom surgical
resection, LAT and TACE were not indicated or who
were unresponsive to TACE.1,2

The Japan Society of Hepatology provides the follow-
ing definitions for impossible and refractory cases to
TACE.3

Definition of “Impossible cases to TACE”
1 Deterioration of treated vessel resulting in inability

to select catheter for insertion into the nutrient
vessel;

2 Deterioration in hepatic function to Child–Pugh class
C due to repeated treatment;

3 Patients with tumor thrombus in main trunk or first
branch of portal vein;

4 Patients with large arterio-portal shunts.
Definition of “Refractory cases to TACE”
(1) Intrahepatic lesion(s)

(i) Poor Lipiodol deposits (250%) observed on
at least two consecutive occasions in computed
tomography (CT) assessment of therapeutic
response immediately after (>1 month) cor-
rectly performing TACE;
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(ii) Multiple new lesions observed on at least
two consecutive occasions in CT assessment
of therapeutic response immediately after
(>1 month) TACE;

(2) Appearance of vascular invasion;
(3) Appearance of distant metastasis;
(4) Tumor markers.

(i) Continued increase in tumor markers with
transient decrease only immediately after TACE
procedure.

In the present NLCT study, as many as 91% of patients
underwent prior treatment, in whom 29% received
hepatic arterial infusion chemotherapy (HAIC). Com-
parison of the characteristics of the remaining NLCT
study patients with those of previous clinical trials1,2,4–6

is presented in Table 1.
An adverse event (AE) report on all-patient special drug

use surveillance (SDUS) conducted in Japan7 contains
analysis and reporting of AEs for 777 patients for whom
CRFs were collected up until 19 December 2009.

That report compared the clinical characteristics
for 51 of these 777 patients who died within 30 days of
treatment (“early death group”) and the 382 patients
who survived for 361 days (“control survival group”).
The data indicate that the prevalence of Eastern Coop-
erative Oncology Group (ECOG) PS grades 32 tended
to be high among patients in the “early death group”
at 5.9% compared with those in the “control survival
group” at 0.5%, suggesting the need to carefully follow
the course of patients with poor PS. In the NLCT study,
98% of patients had a PS score of 0–1.

In terms of hepatic function, two randomized,
placebo-controlled trials demonstrating the usefulness
of sorafenib were conducted on Child–Pugh class A
patients.1,2

Meanwhile, in the NLCT study, 81% of evaluable
patients were Child–Pugh class A, and 94% had a
Child–Pugh score of 27. Comparison of treatment
results of Child–Pugh class A and B patients did not
reveal any difference in tumor control rates (46% vs.
50%; P = 0.52), but overall survival (OS) was inferior in
Child–Pugh class B patients (median OS: 11.5 months
vs. 5.2 months; P < 0.01).

In a Phase I trial conducted in Japan, no clear increase
in toxicity was observed in Child–Pugh class B patients
compared with Child–Pugh class A patients.8 On the
other hand, the aforementioned SDUS found that
hepatic functional reserve was poor in the “early death
group” compared to the “control survival group”.4

A Phase II study of sorafenib therapy in HCC patients
including those with Child–Pugh class B is currently

underway in Japan (UMIN [University Hospital Medical
Information Network] 000002972). Another study cur-
rently being conducted worldwide is the Global Inves-
tigation of therapeutic decisions in HCC and of its
treatment with sorafenib (GIDEON); a large-scale pro-
spective study on actual sorafenib therapy of patients
with unresectable HCC. The GIDEON study is recruiting
3000 patients from over 400 sites in more than 40
countries in the Asia-Pacific region, Europe, USA, Latin
America, and Japan.9 The study’s first interim analysis
has been released and the findings of 511 recruited
patients including those in Child–Pugh class B have
been examined. No significant difference in grade 3
or 4 AEs was found to exist between Child–Pugh class A
and B patients, at 31% and 38%, respectively.10 Future
GIDEON study analyses are expected to provide crucial
information concerning the safety of sorafenib for
Child–Pugh class B patients.

A Phase III study of post-TACE adjuvant sorafenib
chemotherapy versus placebo conducted in Japan
and South Korea failed to demonstrate the usefulness
of sorafenib administration.11 In addition, a Phase III
placebo-controlled trial of adjuvant sorafenib chemo-
therapy following radical treatment (either surgical
resection or LAT) of HCC (STORM Trial) is currently
underway.12

The NLCT study did not include any patients treated
with sorafenib as adjuvant chemotherapy.

Method of administration

CQ1-2 What is the optimal dosage regimen for sor-
afenib therapy?

Recommendation The standard dosage regimen for
sorafenib therapy is 400 mg administered twice daily
(800 mg/day).

The safety and efficacy of sorafenib therapy in combi-
nation with other anti-neoplastic agents or TACE have
not been established.

Scientific statement In the two aforementioned ran-
domized, placebo-controlled trials demonstrating the
usefulness of sorafenib, a single 400 mg dose of sor-
afenib was administered twice daily (800 mg/day),1,2

and usefulness was not observed at a reduced dosage. A
high-fat diet reportedly lowers the plasma concentration
of sorafenib so administration should be avoided from
1 h before to 2 h after meals.

Reduced dose regimen due to AEs was conducted in
the abovementioned studies as follows:
Step-down dose (step 1): 400 mg once a day
Step-down dose (step 2): 400 mg every another day
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Table 1 Characteristics of patients receiving sorafenib therapy

NLCT Study
(n = 264)

SDUS4,6

(n = 777)
SHARP Trial1

(n = 299)
Asia-Pacific
Trial2 (n = 150)

Sorafenib phase
II5 (n = 137)

% % % % %

Age (years)
Median 70 64.9 1 11.2 51 69
Range 33–87 (mean 1 SD) 23–86 28–86

Gender
Male 79 87 84.7 71

PS
0 83 69.5 54 25.3 50
1 15 26.5 38 69.3 50

Child–Pugh class
A 81 88.2 95 97.3 72
B 19 9.9 5 2.7 28

HBs antigen
Positive 20 24.6 19 70.7 17

HCV antibody
Positive 62 52.2 29 10.7 48

Prior treatment
Yes 91 91.2 49

Resection 31 19
LAT 47 15
TACE 78 29
HAIC 29

Advanced vascular invasion
Yes 18 36 36.0

Extrapulmonary lesion(s)
Yes 51 54.4 53 68.7 –

Lymph node(s) 22 15.4 30 52 –
Lung(s) 26 30.6 22 30.7 –

Maximum tumor size (mm) 34
Range 7–170
330 mm 59

Stage † ‡ § § ‡
I 1 1.2 0
II 9 4.8 3
III 30 20.7 B: 18 B: NE 31
IV A 17 23 C: 82 C: 95.3 66
IV B 43 47.6

T-Bil (mg/dL)
Median 0.8 0.7
Range 0–7.7 0.1–16.4

Alb (g/dL)
Median 3.5 3.9
Range 1.7–4.8 2.7–5.3

AFP (ng/mL)
Median 218 44.3
Range 0.8–252150 0–2080000
310 84 77.3 76

†Japanese Classification of Liver Cancer.
‡UICC classification.
§BCLC classification.
AFP, a fetoprotein; Alb, albumin; HAIC, hepatic arterial infusion chemotherapy; HBs, Hepatitis B surface antigen; HCV, hepatitis C
virus; LAT, local ablation therapy; NLCT, New Liver Cancer Therapies; PS, performance status; SD, standard deviation; SDUS, special
drug use surveillance; SHARP, sorafenib hepatocellular carcinoma assessment randomized protocol; TACE, transcatheter arterial
chemoembolization; T-Bil, total bilirubin.
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In the NLCT study, 77% of patients received the stan-
dard dosage regimen of 400 mg twice daily, while 21%
were started on a reduced dose.

Comparison of the group started on the standard dose
of 800 mg/day and the group started on a reduced dose
did not reveal any significant differences in either dura-
tion of treatment (117 days vs. 81 days; P = 0.05) or
number of dosing days (107 days vs. 78 days; P = 0.10).
Furthermore, dosage was subsequently increased in
22% of the reduced initial dose group. Daily dosage
intensity (DI) was 615 mg in the standard-dose group
and 387 mg in the reduced-dose group.

It is conceivable to start sorafenib therapy at a reduced
dose according to the condition of the patient or pre-
vention of AEs. Because efficacy at reduced doses has not
been demonstrated, as long as no AEs are encountered
in the course of treatment, consideration should be
given to increasing the dose to the standard dosage
regimen.

With regard to sorafenib combination therapies,
Phase I and Phase II studies on systemic chemotherapy
in combination with sorafenib therapy have been
published for radiotherapy,13,14 doxorubicin,15

tegafur/uracil,16 and octreotide.17 Several Japanese
clinical trials are also being conducted on combi-
nation therapy, specifically low-dose cisplatin/
fluorouracil HAIC (UMIN000004315), cisplatin
HAIC (UMIN000001496), and S-1 chemotherapy
(UMIN000002418, UMIN000002590). Therapies com-
bining sorafenib with other anti-neoplastic agents are
therefore still in the research stage, and their efficacy is
yet to be demonstrated.

In terms of sorafenib combined with LAT, a Phase III
placebo-controlled trial of adjuvant sorafenib chemo-
therapy following radical treatment (surgical resection
or LAT) of HCC (STORM Trial) is presently underway.12

Meanwhile, sorafenib combined with TACE has been
investigated in a Phase III study of post-TACE adjuvant
sorafenib chemotherapy versus placebo conducted in
Japan and South Korea, but the study failed to demon-
strate the usefulness of sorafenib administration.11

Another Phase II trial on TACE in combination with
sorafenib is presently being carried out in Japan
(TACTICS; UMIN 000004316).

Discontinuation criteria

CQ1-3 How and when should sorafenib therapy be
discontinued?

Recommendation Administration of sorafenib should
be discontinued immediately in the event of SAEs.

Discontinuation should also be considered when
disease progression is confirmed by radiological imaging
or on the basis of patient symptoms.

Scientific statement In the two randomized, placebo-
controlled trials demonstrating the usefulness of sor-
afenib therapy, administration was discontinued upon
confirmation of radiologic or symptomatic progression
or in the event of SAEs.1,2

In the NLCT study, sorafenib therapy was discontin-
ued in 185 patients with 63% due to disease progression
and 22% due to AEs. Moreover, 60% of discontinued
patients did not undergo post-treatment.

No data are currently available on the efficacy/safety
of continued administration of sorafenib after disease
progression.

Adverse events

CQ1-4 What are the adverse events associated with
sorafenib therapy?

Recommendation Some form of AE has appeared in
almost all patients treated with sorafenib.

These AEs vary, and have even included serious adverse
events (SAEs) resulting in death. Familiarity with these
AEs is therefore essential, to carefully monitor patient
progress while taking the necessary precautions, and to
respond rapidly when an AE occurs.

The following AEs are known to occur frequently in
patients treated with sorafenib.
1 Hand-foot skin reaction (HFSR);
2 Rash/desquamation;
3 Diarrhea;
4 Anorexia;
5 Hypertension;
6 Fatigue;
7 Alopecia;
8 Nausea.

While infrequent, life-threatening SAEs include
hepatic failure, interstitial pneumonia, and gastrointes-
tinal hemorrhage.

In addition, the following blood test abnormalities
are known to occur frequently in patients treated with
sorafenib.
1 Leukopenia;
2 Neutropenia;
3 Anemia;
4 Thrombocytopenia;
5 Hepatic impairment (elevated AST [aspartate ami-

notransferase], ALT [alanine aminotransferase], ALP
[alkaline phosphatase], g-GTP [g-glutamyltransferase],
T-Bil [total bilirubin]);
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6 T-Bil elevation;
7 Amylase elevation;
8 Electrolyte abnormality (hyponatremia, hypokale-

mia, hypocalcemia, hypophosphatemia);
9 Hypoalbuminemia.

Scientific statement The incidence of sorafenib-related
AEs was 80% in the Sorafenib Hepatocellular Carci-
noma Assessment Randomized Protocol (SHARP) trial
and 81.9% in the Asia-Pacific trial. Frequently occurring
AEs were HFSR, rash/desquamation, diarrhea, anorexia,
hypertension, fatigue, alopecia, and nausea.1,2

Sorafenib-related AE incidence in the NLCT study was
87%, of which 36% were 3grade 3 AEs. While incidences
of HFSR, diarrhea and alopecia in the NLCT study were
similar to those of the Asia-Pacific trial2 and SDUS,6

incidences of rash/desquamation, anorexia, hyperten-
sion and fatigue were slightly higher in the present study
(Table 2).

Evaluation of changes in clinical laboratory data was
achieved by examining the CRFs to find the largest varia-
tions during sorafenib therapy, as well as the test date on
which variations occurred. Consequently, the frequency
of abnormal values in the NLCT study differed from
those of the SHARP trial1 and SDUS6 (Table 3).

Changes in laboratory values were seen in 96% of the
sorafenib group, with 64% showing an AE 3 grade 3.
Incidence of diminished blood cell counts was high
compared with previous studies, with thrombocytope-
nia, leukopenia, neutropenia, and anemia seen in 56%,
43%, 37%, and 34% of the sorafenib group, respectively.

Hepatic impairment was also frequent, with elevated
AST and ALT occurring in 350% of sorafenib-treated

patients (70% and 55%, respectively), of whom a
further 25% and 15% had AST and ALT readings 3grade
3, indicating levels exceeding 200 IU/L after commence-
ment of treatment. Similar results were observed for
ALP and g-GTP. Elevated T-Bil was seen in 53% of the
sorafenib group, of whom 11% had readings that were
3grade 3, which is more than three times the upper limit
of normal (ULN).

Increased amylase was seen in 49% of the sorafenib
group, of whom 12% had levels 3grade 3, which is more
than twice the ULN. In terms of electrolyte abnormali-
ties, hyponatremia and hypokalemia were observed
in 50% and 25% of the sorafenib group, respectively.
Hypocalcemia and hypophosphatemia were also seen in
350% of the sorafenib group, but the valid response rate
was low for these variables.

Hypoalbuminemia was seen in 48% of the sorafenib
group, of whom only 5% had readings <2.0 g/dL.

No significant difference was seen in AE incidences
for Child–Pugh class A and B patients, at 88% and 83%,
respectively (P = 0.53). The incidence of AEs 3grade 3
was also insignificant between Child–Pugh class A and B
patients (35% vs. 39%, P = 0.76).

Similar comparisons for sorafenib group patients with
Child–Pugh class A scoring 5 and 6 also did not reveal
any significant differences in either total incidence of
AEs at 89% and 88%, respectively (P > 0.99), or in the
incidence of AEs 3 grade 3, at 35% each (P > 0.99).

Incidence of abnormal laboratory data also did not
vary significantly among Child–Pugh class A and B
patients, at 96% and 95%, respectively (P > 0.99). Simi-
larly, no significant difference was observed in the inci-
dence of abnormal laboratory data 3grade 3, at 63% and

Table 2 Incidence of drug-related adverse events with sorafenib therapy

AE NLCT Study
(n = 264)

SDUS6

(n = 777)
SHARP Trial1,6

(n = 267)
Asia-Pacific Trial2

(n = 149)

Total (%) G3/4 (%) Total (%) SAEs (%) Total (%) G3/4 (%) Total (%) G3/4 (%)

HFSR 44 10 47.9 2.8 21.2 7.7 45.0 10.7
Rash/desquamation 31 5 20.7 3.1 15.8 1.08 21.1 0.7
Diarrhea 32 5 21.9 1.4 39.1 8.4 25.5 6.0
Anorexia 27 4 13.8 1.9 13.8 0.3 12.8 0
Hypertension 26 8 19.2 0.6 5.1 1.7 18.8 2.0
Fatigue 24 2 4.6 0.6 – – 20.1 3.4
Alopecia 15 0 11.4 – 13.8 – 24.8 –
Nausea 10 1 4.0 0.3 11.1 0.3 11.4 0.7

Common Terminology Criteria for Adverse Events (CTC-AE) v3.0
HFSR, hand-foot skin reaction; NLCT, New Liver Cancer Therapies; SDUS, special drug use surveillance; SHARP, sorafenib
hepatocellular carcinoma assessment randomized protocol.
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66% of class A and B patients, respectively. Performing
the same comparisons for sorafenib group patients with
Child–Pugh class A scoring 5 and 6 also failed to reveal
any significant differences either in total incidence
of abnormal laboratory values (97% and 95%, respec-
tively; P > 0.80) or in the incidence of abnormal
laboratory data 3 grade 3 (58% and 68%, respectively;
P > 0.26), despite a higher percentage for patients with
Child–Pugh score 6.

AE management

CQ1-5 What measures should be taken in manage-
ment to sorafenib-related AEs?

Recommendation Preventative measures and careful
monitoring of the patient are required for frequently
occurring AEs such as HFSR, hypertension, and hepatic
impairment.

Patients undergoing sorafenib therapy often experi-
ence AEs soon after beginning of treatment. Careful
monitoring of the patient by carrying out blood test
and medical examinations etc. at least once a week for
4 weeks after initiating therapy is therefore preferable.

Scientific statement The NLCT study investigated mea-
sures taken in management to sorafenib-related AEs
(Table 4). Management to HFSR was common, with
topical application of emollients performed most fre-
quently (69%), and followed by topical application of
steroids (38%) and consultation to a dermatologist

Table 3 Abnormal clinical laboratory values with sorafenib therapy

Clinical laboratory data NLCT Study (n = 264) SDUS6 (n = 777) SHARP Trial1,6 (n = 297)

AE incidence

Total (%) G3/4 (%) Total (%) SAEs (%) Total (%) G3/4 (%)

Leukopenia 43 8 1.9 0.3 0.3 0.3
Neutropenia 37 6 0.9 0.2 – –
Anemia 34 11 0.8 0.2 4.4 1.3
Thrombocytopenia 56 12 8.5 0.9 1.7 0.7
PT-INR 25 2 – – – –
Elevated AST 70 25 1.4 – 1.7 1.7
Elevated ALT 55 15 0.9 0.2 0.7 0.7
Elevated ALP 35 5 0.3 – – –
Elevated g-GTP 36 19 0.2 – – –
Elevated T.Bil 53 11 2.6 0.2 0.7 –
Elevated amylase 49 12 4.2 – – –
Elevated lipase 78 37 3.7 – 1.3 –
Elevated Cre 23 2 – – – –
Hyponatremia 50 14 – – – –
Hypokalemia 25 6 – – – –
Hypocalcemia 55 1 – – – –
Hypophosphatemia 66 29 3.6 0.5 34.9 10.5
Hypoalbuminemia 48 5 1.1 – – –

Common Terminology Criteria for Adverse Events (CTC-AE) v3.0.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; g-GTP, g-glutamyltransferase; NLCT, New
Liver Cancer Therapies; SAEs, severe adverse events; SDUS, special drug use surveillance; SHARP, sorafenib hepatocellular carcinoma
assessment randomized protocol; T-Bil, total bilirubin.

Table 4 Incidence of drug-related adverse events with sor-
afenib therapy

Response to AE Valid
responses

Prevention
for AE

% %

Consultation to dermatologist 89 24
Steroid ointment 89 38
Emollient 91 69
Hypotensive drug dose increased 90 21
Intestinal drug 90 19
Anti-diarrheal drug 89 16
Antiemetic drug 89 5

AE, adverse event.
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(24%). An increased dose of hypotensive drugs was pre-
scribed in 21% of patients, while diarrhea was treated
with antiflatulent and anti-diarrheal drugs in 19% and
16% of patients, respectively. Antiemetic agents were
administered in 5% of patients.

Most AEs observed in the NLCT study, including
abnormal laboratory values, occurred early at up to
8 weeks after initiating sorafenib therapy. For this
reason, careful, early monitoring of the patient is essen-
tial. Bayer Yakuhin’s “Nexavar Proper Use Guidelines”7

recommends that a battery of tests be performed regu-
larly or as required during sorafenib therapy (Table 5).
Educating patients to withhold taking the drug and
consult their doctors immediately if they begin to feel
unwell early in the treatment is another important way
to prevent AEs from becoming severe.

Serious adverse events (SAEs) should generally be
handled by immediately withholding administration or
reducing the dose, and reinstitution of treatment or dose
increase can be considered if the patient recovers.

Provided below is a summary of management to
prevent and respond to major sorafenib AEs.
• Hand-foot skin reaction (HFSR)

Prevention: HFSR occurs most frequently in areas
affected by hyperkeratosis and induration. Risk factors
for HSFR include physical stimulation of the skin such
as compression, heat or friction, so the patient’s hands
and feet should always be inspected before treatment.
Any thickening of the stratum corneum should be
removed and the patient instructed to cover and bathe
the affected areas to prevent physical stimulation. An
emollient containing urea or salicylic acid should be
applied to the hands from 1–2 weeks before commenc-
ing therapy.7

Management: Minor, painless skin changes such as
erythema can be treated with steroid ointment without
reducing or discontinuing sorafenib therapy. If further
deterioration such as formation of blisters occurs, the
dosage should be reduced. If the condition interferes
with the patient’s activities of daily living due to ulcers,
cracking or pain etc., the therapy should be withheld
and the patient consulted to a dermatologist as neces-
sary. If the condition improves after withholding the
sorafenib, therapy can be resumed at a reduced dose,
and can subsequently be increased on the basis of the
AE condition.
• Hepatic impairment, hepatic failure and hepatic

encephalopathy
Prevention: Sorafenib therapy should be avoided in

patients with severe liver impairment; particularly those
with AST and ALT levels exceeding 200 IU/L.

Management: The patient should be carefully moni-
tored by performing medical examinations and hepatic
function tests once weekly for the first month of treat-
ment, once fortnightly for the next 3 months, and once
monthly thereafter. Reducing, withholding, or discon-
tinuing sorafenib therapy should be considered if the
patient exhibits symptoms of hepatic failure including
hepatic encephalopathy and ascites or a sudden increase
in AST and ALT levels. Immediate suspension of therapy
and careful in- or outpatient monitoring is recom-
mended if the patient’s AST and ALT levels increase
beyond 200 IU/L or if T-Bil exceeds 3.0 mg/dL.7 Treat-
ment can be resumed after the patient recovers and
increased on the basis of the AE condition.
• Diarrhea

Prevention: Patients should refrain from eating
foods and beverages that contain a lot of spices, fat, or
caffeine. Laxatives and dietary fiber supplements should
also be avoided.

Management: If frequency of defecation increases to
3 times/day, intestinal drugs such as bifidobacterium
powders and albumin tannate, and anti-diarrheal
drugs such as loperamide and cholestyramine should
be administered.18 In addition, the patient should be
instructed to drink fluids to prevent dehydration. Reduc-
ing, withholding, or discontinuing sorafenib therapy
should be considered if the frequency of defecation
increases to 34 times/day and the patient exhibits symp-
toms of dehydration. Dehydration symptoms should be
managed systemically with fluid replacement, etc. Treat-
ment can be resumed after the patient recovers and
subsequently increased on the basis of the AE conditions.
• Hypertension

Prevention: If hypertension is observed prior to sor-
afenib therapy, systolic blood pressure (SBP) and dias-
tolic blood pressure (DBP) should be controlled to
2140 mmHg and 290 mmHg, respectively.

Management: Patients should be instructed to
measure home blood pressure during the early treat-
ment period. If elevated blood pressure (BP) is
observed, hypotensive drugs should be administered or
the dosage increased. Calcium antagonists and angio-
tensin receptor blockers (ARBs) are commonly used as
hypotensive agents. A single drug is typically adminis-
tered to begin with, and other types of hypotensive
drugs may be co-administered if the reduction in BP is
insufficient. Regardless of therapy, administration of
sorafenib should be withheld if SBP is 3180 mmHg or
DBP is 3110 mmHg. Treatment can be resumed after the
patient recovers and then increased on the basis of the
AE conditions.
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• Amylase elevation
Management: Increases in amylase are usually tran-

sient and gradually subside even when sorafenib therapy
is continued. However, some cases of pancreatitis has
previously been reported in patients treated with sor-
afenib, so if the patient has abdominal pain or other
symptoms suggestive of pancreatitis, or elevated amylase
levels are sustained, sorafenib therapy should be with-
held and imaging procedures such as dynamic CT per-
formed to determine whether pancreatitis is present.7

• Interstitial pneumonia
Management: Interstitial pneumonia should be

suspected and sorafenib therapy discontinued immedi-
ately in patients exhibiting clinical symptoms such as
dyspnea, dry cough and fever, and lung crepitation or
reduced SpO2 (percutaneous oxygen saturation) on
physical examination. In addition, diagnosis and proper
treatment should be carried out based on prompt diag-
nostic imaging such as chest X-ray or high-resolution
chest CT (HRCT) and blood tests such as KL-6 after
consulting with a respiratory specialist.7

Evaluation of therapeutic response

CQ1-6 How and when should therapeutic response of
sorafenib be evaluated?

Recommendation The antitumor effects of sorafenib
therapy are normally evaluated by diagnostic imaging
with dynamic CT or dynamic magnetic resonance
imaging (MRI) and subsequent measurement of tumor
size based on a single cycle of 4–6 weeks of sorafenib
administration.

Changes in intra-tumoral blood flow are often seen
following sorafenib therapy, so evaluation can also be
performed by measuring the area of tumor staining in
addition to tumor size.
a-fetoprotein (AFP) and PIVKA-II (DCP) (protein

induced by vitamin K absence or abnormality, des-g-
carboxyprothrombin) tumor markers are also typically
evaluated in conjunction with tumor images at cycles of
4–6 weeks.

Elevated PIVKA-II (DCP) concentrations during
sorafenib therapy may not always be due to disease
progression. Consideration should also be given to
evaluation of tumors in patients for whom treatment
was interrupted due to AEs.

Scientific statement In the two randomized, placebo-
controlled trials demonstrating the usefulness of sor-
afenib therapy,1,2 therapeutic response to sorafenib
was evaluated every 6 weeks on the basis of diagnostic
imaging.

In the NLCT study, median overall survival (OS) was
10.8 months, 6-month survival rate was 65%, 1-year
survival rate was 45%, and median progression-free sur-
vival (PFS) was 2.1 months (Fig. 1). Comparison of effi-
cacy evaluation findings with those of previous clinical
trials1,2,5 are presented in Table 6.

Reductions in intra-tumoral blood flow are often
observed with sorafenib therapy, so instead of simply
evaluating tumor size based on the conventional
Response Evaluation Criteria in Solid Tumors (RECIST),
the use of therapeutic response criteria for evaluating
intra-tumoral necrotic regions such as modified RECIST19

or the Response Evaluation Criteria in Cancer of the Liver
(RECICL)20 has recently been advocated.21,22 Even if the
size of the tumor has slightly increased, therapy may be
deemed effective and subsequently continued if the area
of reduced intra-tumoral blood flow has increased.

Previous studies have reported that PIVKA-II (DCP)
expression is induced in hypoxic HCC cells following
sorafenib therapy23 and that elevated PIVKA-II (DCP)
concentrations may act as surrogate markers for HCC
tissue ischemia.24 However, elevated PIVKA-II levels are
also seen in disease progression, so care should be taken
during assessment of therapeutic response.

According to the NLCT study data, therapeutic
response was not evaluated in 20% of sorafenib group
patients. However, short-term administration of sor-
afenib was found to inhibit tumors in some patients on
whom therapy was interrupted due to AEs, suggesting
that regular tumor assessment should also be consid-
ered for patients with interrupted treatment.

Continuation of therapy

CQ1-7 How long should sorafenib therapy be
continued?

Recommendation Sorafenib therapy should preferably
be maintained until clear disease progression is deter-
mined on evaluation of therapeutic response.

If clear disease progression is not identified in
diagnostic imaging, therapy may be continued after
considering the risks and benefits.

No data are currently available on the efficacy/safety
of continued sorafenib administration after disease pro-
gression has been confirmed.

Scientific statement In the NLCT study, 31% of patients
in the sorafenib group underwent some form of addi-
tional treatment after completion of the therapy. Spe-
cifically, 12% underwent TACE, 8% underwent systemic
chemotherapy, 7% underwent HAIC, 4% underwent
radiotherapy, and 2% underwent hepatectomy/LAT.
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Progressive disease (PD) was confirmed in 165
patients in the sorafenib group during the study’s obser-
vation period, of whom a further 23 patients (14%)
underwent continued oral administration of sorafenib
for 31 month after PD confirmation. Comparison of
these 23 patients with those in whom therapy was dis-
continued did not reveal any significant differences in
OS, and no data are currently available regarding the
efficacy/safety of continued sorafenib administration
after confirmation of PD.

Predictors of therapeutic efficacy

CQ1-8 What are the predictors of therapeutic efficacy
for sorafenib therapy?

Recommendation Clear predictors of therapeutic effi-
cacy for sorafenib have yet to be established, but the
number of intrahepatic lesions and pretreatment levels
of tumor markers (AFP, PIVKA-II [DCP]) may be predic-
tors of efficacy.

Scientific statement A study of biomarkers in patients
treated with sorafenib has suggested the efficacy of sor-
afenib is associated with low serum HGF and high c-KIT
levels at baseline.25 Efficacy of sorafenib has also been
linked to high levels of ERK expression in tumor tis-
sue.25,26 However, these reported associations cannot yet
be described as established predictors of efficacy, and
biomarkers are currently being sought in some prospec-
tive clinical trials using sorafenib.

Figure 1 Therapeutic efficacy of sor-
afenib. (a) Overall survival. (b) Progres-
sion free survival.
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The current results indicate that early AFP response is
a useful surrogate marker to predict treatment response
and prognosis in patients with advanced HCC who
receive anti-angiogenic therapy.27

In an attempt to identify predictors of therapeutic
efficacy for sorafenib, the NLCT study examined baseline
patient characteristics (age, sex, BMI [body mass index],
ECOG-PS [Eastern Cooperative Oncology Group – per-
formance status], hepatic functional reserve, prior treat-
ment, cause of hepatic impairment, clinical laboratory
values) and tumor factors (presence or absence of
intrahepatic/extrahepatic lesions, maximum tumor size,
vascular invasion, stage), and consequently found that
tumor control rates tended to be higher in patients
with <5 intrahepatic lesions compared to those with 35
lesions (54% vs. 40%, respectively; P = 0.058). In addi-
tion, the tumor control rate was significantly higher in
patients with a baseline AFP value <10 ng/mL compared
with those with values 310 ng/mL (68% vs. 43%, respec-
tively; P = 0.021). The tumor control rate also tended to
be higher in patients with baseline PIVKA-II (DCP) value
<40 mAU/mL than in those with a value of340 mAU/mL
(60% vs. 42%, respectively; P = 0.051) (Table 7).

Hepatic arterial infusion with miriplatin

Indications

CQ2-1 Is miriplatin a platinum preparation that can
be used on renal disorder patients?

Recommendation Renal disorder patients can be
treated using miriplatin as long as they are capable of
undergoing angiography (serum Cre [creatinine] level

<2.0 mg/dL) and as long as administration is performed
carefully so as to avoid elevation in serum Cre levels
after treatment.

Scientific statement Miriplatin remains in the tumor
together with Lipiodol, where it slowly releases
platinum compounds. This agent is thus believed to
gradually increase serum platinum concentration with
minimal adverse effect on renal function.

In a randomized phase II trial comparing miriplatin
and zinostatin stimalamer (SMANCS) in patients with
normal serum Cre levels, renal dysfunction indicated
by serum Cre level >1.5 mg/dL was observed in only
2.4% of patients in the miriplatin treatment group
(Table 8).28

In the NLCT study, median serum Cre prior to miri-
platin therapy was 0.8 mg/dL (range, 0.4–10.5 mg/dL),
of which patients with a serum Cre level >1.0 mg/dL
accounted for 17.7%. Median serum Cre after treat-
ment was 0.8 mg/dL (range, 0.1–12.6 mg/dL), which
was unchanged from baseline, and 94.7% of patients
experienced an increase of 20.5 mg/dL (Table 9). Only
1.8% of patients exhibited renal dysfunction 3grade 3 as
indicated by serum Cre level >3 mg/dL.

Analysis of patients with baseline serum Cre
<2.0 mg/dL shows that just 2.5% of patients increased
serum Cre >0.5 mg/dL, and no more than 0.6% of
patients experienced renal dysfunction 3grade 3
(Table 9).

In addition, no serious renal dysfunction was
observed after miriplatin administration in patients
with serum Cre levels around 2.0 mg/dL.

Table 6 Summary of efficacy measures for sorafenib therapy

NLCT Study
(n = 250)

SHARP Trial1

(n = 299)
Asia-Pacific Trial2

(n = 150)
Sorafenib phase II5

(n = 137)

OS (months)
Median 11.0 10.7 6.5 9.2
1-year SR (%) 45 44 – 59
6-month SR (%) 65 – 53 –

PFS (months) †
Median 2.1 5.5 3.5 4.2/5.5

Antitumor effect (%) ‡
Complete remission 0 0 0 0
Partial remission 4 2 5 2
Stable 45 71 46 34
Tumor control rate 49 43 53 –

†Patients who died without confirmation of disease progression were excluded.
‡Patients not evaluated for therapeutic response were excluded.
NLCT, New Liver Cancer Therapies; OS, overall survival; PFS, progression-free survival; SHARP, sorafenib hepatocellular carcinoma
assessment randomized protocol.

534 S. Kaneko et al. Hepatology Research 2012; 42: 523–542

© 2012 The Japan Society of Hepatology

— 473 —



Based on these findings, the Study Group considers
that miriplatin therapy can be administered without
instigating renal dysfunction in patients with serum
Cre <2.0 mg/dL who are capable of undergoing
angiography.

However, transcatheter arterial infusion (TAI)/TACE
with miriplatin simultaneously uses an iodinated
contrast medium with drugs that can cause renal dys-
function such as anti-inflammatory analgesics to treat
postoperative fever. Sufficient consideration should
therefore be given to the risk of drug-induced renal dys-
function, and monitoring of urine volume and fluid
replacement should be implemented as necessary.

CQ2-2 Can miriplatin be used safely in patients with
Child–Pugh class B?

Recommendation Miriplatin can be used to treat these
patients without causing serious complications.

Furthermore, no demonstrable difference in the anti-
tumor effects of miriplatin has been observed between
Child–Pugh class A and B patients.

Scientific statement The NLCT study included 281
Child–Pugh class A and 144 Child–Pugh class B
patients. In Child–Pugh class B patients, the only SAEs
3grade 3 were fever and anorexia, at incidences of 0.7%
each, with no cases of ascites or hepatic failure 3grade 3
(Table 10). In a study of TAI with miriplatin, in 17
Child–Pugh class B patients, no significant differences
were seen in pre- or posttreatment 15-min retention
rates of indocyanine green (ICG15), and no SAEs
or increased ascites or hepatic failure necessitating
additional therapy or prolonged hospitalization were
observed.30

Although the retrospective analysis of the NLCT study
coupled with differences in characteristics of Child–Pugh
class A and B patient effectively precludes simple com-
parisons of these patients, no significant differences in
respective AE incidences were seen, apart from a higher
frequency of fever and thrombocytopenia 3grade 3
among Child–Pugh class B patients (Tables 10 and 11).

In terms of evaluation of antitumor effects according
to the RECICL proposed by the Liver Cancer Study
Group of Japan, the present study did not reveal
any significant differences in therapeutic responses of
Child–Pugh class A and B patients (Table 12), while
50% of Child–Pugh class B patients in the aforemen-
tioned study of TACE with miriplatin achieved a treat-
ment effect (TE) of “TE3” or “TE4”, in which tumor was
controlled.30

CQ2-3 Is miriplatin effective against cisplatin-resistant
HCCs?

Table 7 Factor analysis of tumor control with sorafenib
therapy

n Tumor
control
rate (%)

P*

Age (years)
365 137 49 0.75
<65 56 46

Gender
Male 147 50 0.72
Female 43 47

ECOG-PS
0 163 50 0.24
1–3 29 38

Child–Pugh score
5 65 48 0.82
6 70 44
7 23 48
38 10 60

Child–Pugh class
A 135 46 0.52
B–C 33 56

Prior treatment
Yes 173 48 0.87
None 18 50

HBs antigens
Positive 36 50 0.91
Negative 149 49

HCV antibodies
Positive 112 50 0.66
Negative 77 47

Intrahepatic lesions
Yes 174 47 0.26
None 18 61

Intrahepatic nodules
35 95 40 0.058
<5 83 54

Advanced vascular invasion
Yes 36 50 0.68
None 141 46

Extrapulmonary lesion(s)
Yes 105 47 0.64
None 88 50

Maximum tumor size (mm)
330 108 47 0.79
<30 67 49

Stage (Japanese Classification
of Lung Cancer)

I–II 15 53 0.41
III 53 57
IV A 31 39
IV B 84 46

Initial dose
Normal dose 153 48 0.91
Reduction 39 49

Baseline AFP
310 151 43 0.021
<10 25 68

Baseline PIVKA-II
340 132 42 0.051
<40 40 60

*Fisher’s exact test.
AFP, a fetoprotein; ECOG-PS, Eastern Cooperative Oncology Group
Performance status; HBs, Hepatitis B surface antigen; HCV, hepatitis
C virus.
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Recommendation The clinical usefulness of miriplatin
against cisplatin-resistant HCC is not currently known.

Scientific statement Miriplatin is classified as a third-
generation platinum drug and a basic research on the
drug suggested potential activity in cisplatin-resistant
HCCs because cisplatin-resistant HCC cell lines did not
show cross-resistance to miriplatin.31

A Japanese Phase I trial combining miriplatin and TAI
using Lipiodol (Lip-TAI) on HCC refractory to cisplatin/
Lip-TAI has reported a treatment success rate of 18.2%.32

Table 9 Incidence of drug-related adverse events with
miriplatin therapy (Renal dysfunction)

Elevated Cre all
(n = 513)

Baseline Cre
<2.0 mg/dL

Baseline Cre
32.0 mg/dL

20.5 mg/dL 94.7% 97.5% 13.3%
0.6–1.0 mg/dL 2.4% 1.7% 20.0%
1.1–2.0 mg/dL 1.2% 0.2% 33.3%
2.1–3.0 mg/dL 0.6% 0.0% 20.0%
>3.0 mg/dL 1.0% 0.6% 13.3%

Table 8 Abnormal clinical laboratory values with miriplatin therapy

NLCT Study
(n = 535)

Phase III Trial29

(n = 16)
Randomized Phase
II Trial28 (n = 83)

Total (%) G3/4 (%) Total (%) G3/4 (%) Total (%) G3/4 (%)

Leukopenia 38.2 5.1 51 0 41.0 1.2
Neutropenia 20.1 5.1 63 19 53.0 8.4
Eosinophilia 14.6 – 100 0 84.3 0
Monocytosis – – – – 57.8 0
Lymphocytopoenia – – 51 0 79.5 0
Thrombocytopenia 32.1 9.3 44 0 50.6 1.2
Increased AST 49.9 12.4 56 44 62.7 26.5
Increased ALT 78.4 26.6 44 19 59 24.1
Increased bilirubin 31.6 3.2 31 19 57.8 12.0
Increased gGTP 16.1 2.0 – – 49.4 0
Increased ALP 12.3 0.2 44 0 30.1 1.2
Elevated Cre 11.5 1.8 25 0 – 2.4†

CTC-AE v3.0 Japan Society of Clinical Oncology Adverse Drug Reaction Criteria.
†Increased Cre data includes G2 patients.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; g-GTP, g-glutamyltransferase.

Table 10 Comparison of adverse events with miriplatin therapy according to Child–Pugh classification

All
(n = 535)

Child–Pugh class A
(n = 281)

Child–Pugh class B
(n = 144)

Total (%) G3/4 (%) Total (%) G3/4 (%) Total (%) G3/4 (%)

Fever 81.3 0.2 75.5 0 86.1 0.7*
Biphasic fever 2.8 – 2.5 – 5.1 –
Anorexia 29.7 0.2 31.7 0 34.0 0.7
Administration site pain 21.2 0 25.6 0 15.3 0
Nausea 18.8 0 21.4 0 12.5 0*
Vomiting 13.5 0 11.6 0 6.1 0
Fatigue 9.3 0 12.2 0 10.3 0
Diarrhea 2.0 0 1.8 0 1.0 0
Ascites 1.2 0 0 0 3.0 0
Hepatic failure 0.3 0.3 0.3 0.3 0 0

CTC-AE v3.0.
*P < 0.05 (A vs. B).
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However, the study was conducted on a small patient
population, so the usefulness of this therapy is yet to be
established and future studies are awaited.

Furthermore, no data are currently available regarding
the efficacy of miriplatin therapy in patients who are
unresponsive to TAI/HAIC using cisplatin.

Method of administration

CQ2-4 What are the effects and AEs of combining
embolic materials with miriplatin?

Recommendation Combination therapy of embolic
materials and miriplatin is expected to improve antitu-
mor effects compared with miriplatin alone, but there is
currently insufficient evidence to support this.

Adverse events associated with combination therapy
of embolic materials and miriplatin may not differ

noticeably from those of conventional TACE therapy
using epirubicin.

Scientific statement Compared with stand-alone
therapy, the combination of embolic materials in the
hepatic arterial catheterization treatment is generally
considered to deliver enhanced antitumor effects based
on its blood flow blockage effect,33 so treatment com-
bined with embolic materials are mostly selected for the
treatment of HCC. However, Phase I and II trials using
miriplatin have opted not to use embolic materials in
combination with miriplatin.29,32

Meanwhile, two studies on miriplatin used in combi-
nation with embolic materials on a small number of
patients have reported high rates of treatment success,
with TE3 and TE4 scores obtained in 60.0–77.7% of
patients.30,34

Table 11 Comparison of clinical laboratory value anomalies with miriplatin therapy according to Child–Pugh classification

All (n = 535) Child–Pugh class A
(n = 281)

Child–Pugh class B
(n = 144)

Total (%) G3/4 (%) Total (%) G3/4 (%) Total (%) G3/4 (%)

Leukopenia 38.2 5.1 18.2 3.3 25.2 5.8
Neutropenia 20.1 5.1 17.3 3.6 23.4 5.8
Eosinophilia 14.6 – 17.9 – 11.5 –
Thrombocytopenia 32.1 9.3 30.9 5.8 30.2 13.7*(G3)
Increased AST 49.9 12.4 45.2 13.5 50.7 19.4
Increased ALT 78.4 26.6 81.0 28.8 70.3 28.3*
Increased bilirubin 31.6 3.2 26.1 0 46.0 5.8*
Increased gGTP 16.1 2.0 15.8 2.6 14.5 0
Increased ALP 12.3 0.2 12.7 0 10.1 0.7
Elevated Cre 11.5 1.8 11.6 2.2 10.8 1.4

CTC-AE v3.0.
*P < 0.05 (A vs. B).
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; g-GTP, g-glutamyltransferase.

Table 12 Summary of efficacy measures with miriplatin therapy

NLCT Study Phase II Trial29

(n = 16)
Randomized Phase II
Trial28 (n = 83)

All
(n = 535)

Child–Pugh
class A (n = 281)

Child–Pugh
class B (n = 144)

Anti-neoplastic effect (%)
TE4 22.8 25.3 23.6 56 26.5
TE3 24.3 26.7 20.8 6 25.3
TE2 26.0 26.0 29.9 19 22.9
TE1 16.6 12.5 17.4 19 20.5
Not evaluated 10.3 9.6 8.3 0 4.8
TE3 + TE4 47.1 52.0 44.4 61 51.8

Response Evaluation Criteria in Cancer of the Liver’ (RECICL).
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In the NLCT study, embolic material was used in
combination with miriplatin on 473 patients (88.4%).
Simple comparison of patients undergoing miriplatin/
embolic material combination therapy and those who
underwent miriplatin alone therapy was not possible
due to the retrospective nature of this study, as well as
the different patient characteristics of the respective
treatment groups. However, antitumor effects were
higher in the miriplatin/embolic material therapy group
than in the miriplatin therapy group, at 49% and 31%,
respectively (Fig. 2). Analysis of independent factors
contributing to the achievement of TE3/4 scores in TAI/
TACE therapy using miriplatin showed that the use of
embolic material had a higher risk ratio of 3.66
(P < 0.001) (Table 13).

A Phase III trial of TACE using miriplatin is currently
underway, and the results will likely be useful in inves-
tigating the efficacy of using miriplatin in combination
with embolic materials.

In the NLCT study, patients who underwent combi-
nation therapy with embolic material showed a high
incidence of fever, suspected to be due to post-
embolization syndrome. Although high incidences of
hematological AEs neutropenia and elevated AST were
seen, no significant differences were identified in the
incidences of most AEs, and no serious complications
such as hepatic failure or ascites were observed
(Tables 14 and 15).

100%
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80%
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Figure 2 Therapeutic efficacy of miriplatin with or without
embolus material.

Table 13 Independent factors contributing to effective
(TE3/4) achievement with miriplatin therapy

Factor Category Risk
ratio

95% CI P-value

Embolic material None 1 <0.001
Yes 3.66 2.13–6.29

No. tumors Single 1 0.017
2–3 1.01
4–9 0.66
310 0.3 0.13–0.67

Past history of TAE None 1 0.018
Yes 0.48 0.26–0.88

Cox proportional hazards model.
CI, confidence interval; TAE, transcather arterial embolization.

Table 14 Comparison of adverse events with or without embolic material during miriplatin therapy

All
(n = 535)

TACE patients
(n = 425)

TAI patients
(n = 54)

Total (%) G3/4 (%) Total (%) G3/4 (%) Total (%) G3/4 (%)

Fever 81.3 0.2 84.4 0.2 56.1 0*
Biphasic fever 2.8 – 3.0 – 0 –
Anorexia 29.7 0.2 30.4 0.2 22.4 0
Administration site pain 21.2 0 22.2 0 13.8 0
Nausea 18.8 0 20.1 0 4.0 0
Vomiting 13.5 0 14.2 0 0 0
Fatigue 9.3 0 9.2 0 – –
Diarrhea 2.0 0 2.1 0 0 0
Ascites 1.2 0 0.9 0 5.6 0
Hepatic failure 0.3 0.3 0.3 0.3 0 0

CTC-AE v3.0.
*P < 0.05 (TACE vs. TAI).
TACE, transcatheter arterial chemoembolization; TAI, transcatheter arterial infusion.
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Similarly, a small pilot study (Phase II clinical trial)
on miriplatin combined with an embolic material
found some mild complications, but none of a serious
nature.34 Another study on the small number of patients
did not reveal any serious complications.30

CQ2-5 Is standard hydration required prior to admin-
istration of miriplatin?

Recommendation Standard hydration is not required
except in the case of renal failure.

Scientific statement Sufficient hydration before and
after administration of cisplatin (IA-call, Nippon
Kayaku, Tokyo, Japan) used in HAIC is necessary to
prevent nephrotoxicity.

Miriplatin is highly soluble in Lipiodol and remains
in tumor with Lipiodol, where it continuously releases
platinum compounds.35 So only a small amount enters
systemic circulation expecting to reduce systemic AEs,
including renal dysfunction.

As stated in CQ1, the effect of miriplatin on
renal function is considered to be mild. Two of the
aforementioned Phase II trials did not perform pre-
treatment hydration to prevent renal impairment.28,30 In
the NLCT study, patients with advanced renal insuffi-
ciency were excluded and no serious renal impairment
occurred in patients treated with miriplatin without
prior hydration.

Adverse events

CQ2-6 What are the adverse events associated with
miriplatin therapy?

Recommendation Post-embolization syndrome charac-
terized mainly by fever is often seen, and biphasic
fever is relatively infrequent. Incidences of nausea
and vomiting are also low compared with other
platinum agents. Complications such as ascites, liver
abscess, biloma, and dyspnea have incidences of
about 1%.

Scientific statement In the NLCT study, post-
embolization syndrome was observed in 390% of
patients treated with miriplatin. However, the inci-
dence of biphasic fever, which is said to be a characteristic
AE associated with miriplatin, was low at 2.8%
(Tables 16, 17).

Incidences of nausea and vomiting were low com-
pared with other platinum agents, at 18.8% and 13.5%,
respectively.

Hematological AEs were leukopenia at 38.2%, throm-
bocytopenia at 32.1%, and neutropenia at 20.1%.
Incidence of eosinophilia, which is also reported as a
characteristic AE of miriplatin, was relatively low at
14.6% (Table 8).28,29

Abnormal hepatic function was frequent, with
elevated AST and ALT occurring in 49.9% and 78.4%
of patients, respectively, of whom a further 12.4% and
26.6% had respective AST and ALT values 3grade 3.
Elevated T-Bil was seen in 31.6% of patients, of whom
3.2% had value 3grade 3, more than three times the
upper limits of normal (ULN).

CQ2-7 What is the extent of deterioration in hepatic
function caused by TAI/TACE using miriplatin?

Table 15 Comparison of abnormal clinical laboratory values with or without embolic material during miriplatin therapy

All
(n = 535)

TACE patients
(n = 425)

TAI patients
(n = 54)

Total (%) G3/4 (%) Total (%) G3/4 (%) Total (%) G3/4 (%)

Leukopenia 38.2 5.1 22.8 5.5 20.4 1.9
Neutropenia 20.1 5.1 21.4 5.5 3.7 0*
Eosinophilia 14.6 – 14.8 – 11.8 –
Thrombocytopenia 32.1 9.3 33.2 10.4 24.1 0
Increased AST 49.9 12.4 52.8 19.3 25.9 8.6*
Increased ALT 78.4 26.6 78 24.5 81.5 44.4*
Increased bilirubin 31.6 3.2 32.1 3.3 27.8 0
Increased g-GTP 16.1 2.0 16.1 1.8 14.8 3.7
Increased ALP 12.3 0.2 12.6 0.2 9.3 0
Elevated Cre 11.5 1.8 10.7 1.8 18.5 1.9

CTC-AE v3.0.
*P < 0.05 (TACE vs. TAI).
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; g-GTP, g-glutamyltransferase; TACE,
transcatheter arterial chemoembolization; TAI, transcatheter arterial infusion.
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Recommendation Typically, no deterioration is seen in
postoperative ICG15, but prothrobmin time (PT) ratio
(%) may display a transient decline.

Scientific statement Hepatic impairment after miripl-
atin administration has been reported to peak within
2 weeks in 46% of patients, at 3–5 weeks in 23% of
patients, and at 9–11 weeks in 31% of patients.29

The NLCT study also found that in evaluable patients,
ICG15 values had not deteriorated at 1–2 weeks after
therapy and that PT ratio (%) exhibited a transient
decline, but subsequently recovered in the majority of
patients.

Child–Pugh class B patients did not find any signifi-
cant differences in pre- or post-treatment ICG15, and
did not find any SAEs or increased ascites or hepatic
failure necessitating additional therapy and prolonged
hospitalization.32

However, the safety of miriplatin used in combina-
tion with embolic materials has yet to be established,
and a Phase III study on concomitant use of miriplatin
and embolizing agents is currently underway.34

CQ2-8 Does vascular injury occur after intra-arterial
administration of miriplatin?

Recommendation Vascular injuries such as hepatic
artery occlusion, arterial stenosis and arterioportal
shunts, and hepatic lobar atrophy caused by vascular
damage are rare.

Scientific statement No reports have described vascular
injuries from non-hematological toxicity in previous
Japanese Phase I and II trials on miriplatin therapy.29,32

Likewise, no vascular injuries have been reported in
the NLCT study (Table 16). In TAI without the use
of embolic materials, the aforementioned randomized
phase II trial comparing miriplatin and zinostatin
stimalamer (SMANCS) found that vascular injuries
occurred in 48.4% of the SMANCS treatment group
(n = 31), but that no vascular injuries occurred in the
miriplatin treatment group (n = 73).28 In a limiting
study performing follow-up angiography on nine
patients at 2–6 months after treatment, no arterial
stenoses, arterial occlusions, or arterioportal shunts
were observed.30

Evaluation of therapeutic response

CQ2-9 After how many weeks should therapeutic
response to miriplatin be evaluated?

Recommendation Non-specific accumulation of Lipi-
odol appears on dynamic CT at 1 week after administra-
tion of miriplatin, so evaluation of therapeutic response
should preferably be performed at 4–8 weeks after
administration.

Table 16 Incidence of drug-related adverse events with miriplatin therapy (1)

NLCT Study
(n = 535)

Phase II Trial29

(n = 16)
Randomized Phase II Trial28

(n = 83)

Total (%) G3/4 (%) Total (%) G3/4 (%) Total (%) G3/4 (%)

Fever 81.3 0.2 94 0 96.4 3.6
Biphasic fever 2.8 – – – – –
Anorexia 29.7 – – – – –
Abdominal pain 21.2 0 50 0 – –
Nausea 18.8 0 25 0 – –
Vomiting 13.5 0 – – 55.4 1.2
Fatigue 9.3 0 – – 39.8 0
Chills – 0 – – 39.8 0
Administration site pain 21.2 0 50 0 43.4 0
Diarrhea 2.0 0 31 0 – –
Ascites 1.2 0 – – – –
Hepatic failure 0.3 0.3 – – – –
Vascular injury – – – – 0 0

CTC-AE v3.0 Japan Society of Clinical Oncology Adverse Drug Reaction Criteria

Table 17 Incidence of drug-related adverse events with miri-
platin therapy (2)

Incidence (%)

Ascites 1.2
Liver abscess 0.6
Biloma 0.3
Dyspnea 0.3
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Scientific statement Evaluation of therapeutic response
performed at 1 day or 1 week after starting miriplatin
therapy may result in overestimation of response due to
the appearance of non-specific Lipiodol deposits. Evalu-
ation of therapeutic response using dynamic CT at
4–8 weeks after therapy is therefore preferable, to allow
these non-specific deposits to disappear. In the above-
mentioned Phase I clinical trial, therapeutic response
to miriplatin was evaluated with dynamic CT at 1 week,
5 weeks, and 3 months after therapy,32 while the Phase
II trial evaluated the antitumor effects of miriplatin
using dynamic CT every 3 months.29
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Abstract

Background We aimed to evaluate gadolinium ethoxyb-

enzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-

enhancedmagnetic resonance imaging (MRI) for the detection

of hepatocellular carcinomas (HCCs) and dysplastic nodules

(DNs) compared with dynamic multi-detector row computed

tomography (MDCT), and to discriminate between HCCs and

DNs.

Methods Eighty-six nodules diagnosed as HCC or DNs

were retrospectively investigated.Gd-EOB-DTPA-enhanced

MRI and dynamic MDCT were compared with respect to

their diagnostic ability for hypervascularHCCs and detection

sensitivity for hypovascular tumors. The ability of hepatob-

iliary images of Gd-EOB-DTPA-enhanced MRI to discrim-

inate between these noduleswas assessed.We also calculated

the EOB enhancement ratio of the tumors.

Results For hypervascular HCCs, the diagnostic ability of

Gd-EOB-DTPA-enhanced MRI was significantly higher

than that of MDCT for tumors less than 2 cm (p = 0.048).

There was no difference in the detection of hypervascular

HCCs between hepatobiliary phase images of Gd-EOB-

DTPA-enhanced MRI (43/45: 96%) and dynamic MDCT

(40/45: 89%), whereas the detection sensitivity of hypo-

vascular tumors by Gd-EOB-DTPA-enhanced MRI was

significantly higher than that by dynamic MDCT (39/41:

95% vs. 25/41: 61%, p = 0.001). EOB enhancement ratios

were decreased in parallel with the degree of differentiation

in DNs and HCCs, although there was no difference

between DNs and hypovascular well-differentiated HCCs.

Conclusion The diagnostic ability of Gd-EOB-DTPA-

enhanced MRI for hypervascular HCCs less than 2 cm was

significantly higher than that of MDCT. For hypovascular

tumors, the detection sensitivity of hepatobiliary phase

images of Gd-EOB-DTPA-enhanced MRI was significantly

higher than that of dynamic Gd-EOB-DTPA-enhanced

MRI and dynamic MDCT. It was difficult to distinguish

between DNs and hypovascular well-differentiated HCCs

based on the EOB enhancement ratio.

Keywords Gd-EOB-DTPA � Hepatocellular carcinoma �
Dysplastic nodule

Introduction

Hepatocellular carcinoma (HCC) is one of the most com-

mon cancers worldwide and is a major cause of death in

patients with cirrhosis. Therefore, it is important to detect

and treat HCC at an early stage. The development of

screening programs for high-risk HCC patients, involving

periodic US, computed tomography (CT), and measure-

ment of tumor markers [alpha-fetoprotein (AFP), protein

induced by vitamin K absence or antagonist II, and
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AFP-L3], 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, low-

grade dysplastic nodules (LGDNs), and high-grade dys-

plastic nodules (HGDNs). Pathologically, almost all

human HCCs develop in a multistep fashion in the fol-

lowing sequence: LGDN, HGDN, early HCC, well-dif-

ferentiated HCC, nodule-in-nodule HCC, and, finally,

moderately differentiated HCC.

The majority of early HCCs and DNs are hypo- or iso-

vascular upon dynamic CT, angiography, and contrast-

enhanced US [1–4]. Therefore, the enhancement pattern of

such lesions when these imaging modalities are used is

notably different from that of hypervascular HCC. However,

it is difficult to differentiate DNs and hypovascular well-

differentiated HCCs on the basis of intratumoral hemody-

namics [1–4]. In the process of the multistep progression of

hepatocarcinogenesis, Kupffer cells in the tumor gradually

decrease as the tumor becomes less differentiated. Because

Kupffer cells are absent in most classical HCCs, such tumors

appear as high-intensity regions when analyzed by super-

paramagnetic iron oxide-enhanced magnetic resonance

imaging (SPIO-MRI). Previous reports have suggested that

SPIO-MRI is useful for the diagnosis of HCCs [5–7]. How-

ever, imaging findings of DNs and hypovascular well-dif-

ferentiated HCCs show considerable overlap, making it

difficult to differentiate between these lesions. Recently, a

new liver-specific MR contrast agent, gadoxetic acid [gado-

linium-ethoxybenzyl (Gd-EOB)-diethylenetriamine pentaa-

cetic acid (DTPA)], has been introduced for clinical imaging.

Gd-EOB-DTPA-enhanced MRI enables the concurrent

assessment of tumor vascularity and hepatocellular-specific

properties within the tumor, and has had a significant

impact on the imaging of HCC [8, 9]. However, little is

known about the detection and diagnostic abilities of the

hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI for

HCCs and borderline lesions, such as DNs and non-

hypervascular well-differentiated HCCs.

The purpose of this study was to compare the ability of

Gd-EOB-DTPA-enhanced MRI and multi-detector row CT

(MDCT) to diagnose and detect HCC and borderline

lesions, and to investigate whether hepatobiliary phase

images can discriminate between hypovascular well-dif-

ferentiated HCCs and DNs, which are difficult to distin-

guish based on tumor hemodynamics.

Methods

Patients

Between February 2008 and October 2009, 396 patients

with 545 hepatic nodules underwent Gd-EOB-DTPA-

enhanced MRI. Of these patients, 66 patients with 86

nodules pathologically diagnosed as HCCs or DNs were

retrospectively enrolled in this study. Baseline character-

istics of the patients are shown in Table 1. Written

informed consent was obtained from all patients. This

study was approved by the institutional review board of the

Kinki University Faculty of Medicine.

Diameter of tumors

Eighty-three of the 86 tumors were measured using hepa-

tobiliary phase images of Gd-EOB-DTPA MRI, and the 3

remaining tumors, which showed iso-intensity on hepa-

tobiliary phase images of Gd-EOB-DTPA MRI, were

measured using B-mode US.

Diagnosis of HCC and DN

All 86 nodules were diagnosed pathologically as HCC (77

nodules) or DN (9 nodules).

Imaging

All imaging methods in each patient were performed

within 1 month of each other.

CT during arterial portography (CTAP), and CT

during hepatic arteriography (CTHA) examinations

For CTAP and CTHA, the femoral superficial artery was

punctured under local anesthesia, using the Seldinger

technique via an adapted fluoroscopic system and a

4-French angiographic catheter. CTAP imaging was started

43 s after the injection of 60 ml iopamidol (150 mg I/ml)

at a rate of 2 ml/s via the catheter with its tip located in the

superior mesenteric artery. After an interval of more than

10 min, early-phase CTHA imaging was started 10 s after

the injection of 30 ml iopamidol (150 mg I/ml) at a rate of

1.5 ml/s via the catheter with its tip located in the common

Table 1 Baseline patient characteristics

Characteristics Value

Sex (male/female) 42/24

Median age, years 66 (range 54–84)

Child–Pugh classification (A/B/C) 53/13/0

Etiology and histology of underlying liver disease

HCV-related chronic hepatitis 16

HCV-related cirrhosis 30

HBV-related chronic hepatitis 9

HBV-related cirrhosis 11

HCV hepatitis C virus
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hepatic artery. Late-phase scanning was started 15 s after

the end of early-phase scanning. The CT unit used in this

study was a 64-channel Light Speed VCT Vision unit (GE

Healthcare, Milwaukee, WI, USA). CTAP, CTHA early-

phase, and CTHA late-phase images were obtained during

a single breath-hold with the entire liver imaged using a

helical CT system (auto mA 120 kV, rotation time 0.4 s,

image thickness/image interval 5.0 mm/5.0 mm, helical

pitch 1.375).

Sonazoid-enhanced harmonic US

To minimize variation between operators, the Sonazoid-

enhanced harmonic US studies were performed by either of

two operators (K.H., M.K.). After the injection of Sonazoid

(Daiichi-Sankyo, Tokyo, Japan; GE Health Care, Oslo,

Norway), when the first microbubble signal appeared in the

liver parenchyma, the patient was requested to hold his/her

breath. The images of the ideal scanning plane were dis-

played in real-time mode for all phases. The vascular

findings on phase-inversion harmonic US were shown as

tumor vessel flow in the early vascular phase (about

15–40 s after the injection of Sonazoid). For imaging

evaluation, two physicians (S.H., K.U.) reviewed the clips

of contrast-enhanced harmonic US off-line in a consensus

manner.

Evaluation of tumor vascularity

The evaluation of tumor vascularity was performed on the

basis of CTHA–CTAP or contrast-enhanced US images.

Hypervascular HCC was defined as follows: arterial blood

flow into the tumor draining into surrounding hepatic

sinusoids (corona enhancement) observed on CTHA, and

portal blood flow absent on CTAP, or images showing

hyperperfusion in the early vascular phase compared with

the surrounding liver parenchyma and washout in the late

vascular phase on contrast-enhanced (CE) US. Other

tumors which did not have arterial blood flow on CTHA

and hyperperfusion in the early vascular phase on CEUS

were classified as hypovascular.

Dynamic multi-detector row CT examination

All patients underwent MDCT scanning using a 64-channel

Light Speed VCT Vision unit (GE Healthcare; auto mA

120 kV, rotation time 0.4 s, image thickness and image

interval 5.0 mm, helical pitch 1.375). Imaging was per-

formed during suspended full inspiration by using a bolus

trigger technique. A region of interest (ROI) was drawn for

the abdominal aorta at the celiac artery. A total dose of

600 mg I/kg body weight of non-ionic contrast material

containing 300–370 mg/ml iodine was administered

intravenously with a dual-head injector (Envision CT;

Medrad, Warrendale, PA, USA) at a fixed duration of 30 s.

The arterial phase scanning commenced manually 6 s after

the attenuation value in the ROI reached a plateau and the

aortic curve was decreasing. The portal venous phase scan

was started 30 s after the end of the arterial phase scan.

Each of the entire liver scans, performed in the cephalad-

caudal orientation, was completed in 5 s.

In the assessment of the diagnostic ability of dynamic

MDCT for hepatic nodules, when reviewers detected a

lesion on dynamic MDCT showing arterial phase hyper-

vascularity with portal venous phase washout, it was

defined as typical HCC appearance. A tumor was defined

as a non-typical lesion if it did not show enhancement in

the arterial phase and the washout pattern on portal venous

phase was vague, or the tumor showed enhancement in the

arterial phase but no washout in the portal venous phase.

Dynamic MDCT studies were evaluated by blinded

reviewers (MDCT; T.I., M.K., H.C.) who were unaware of

the findings of the other imaging techniques and of the

pathologic and clinical data. In cases of discrepancy, the

reviewers assessed the saved images together and reeval-

uated their findings to reach an agreement.

MR examination

MRI was performed at 1.5 or 3 T using commercially

available MRI systems; i.e., a Gyroscan Intera Nova

(1.5 T) or an Achieva (3 T) series (Philips Medical System,

Best, The Netherlands). All images were obtained in the

axial plane. At first, MRIs were obtained using a

T1-weighted gradient echo (GRE) sequence (dual echoes;

in-phase and out-of-phase) and three-dimensional (3D) fat-

suppressed T1-weighted GRE sequences. Gd-EOB-DTPA

(Primovist�; Bayer Schering Pharma, Berlin, Germany)

was used as a hepatocytic contrast agent. All patients

received 0.025 mmol/kg body weight of Gd-EOB-DTPA

administered at 2 ml/s though an intravenous line placed in

a cubital or cephalic vein and flushed with 35 ml of 0.9%

saline at the same rate. Unenhanced scans were obtained

using a T1-weighted GRE sequence (dual echoes; in-phase

and opposed-phase) and T1-weighted high-resolution

sequence. After the injection of Gd-EOB-DTPA, imaging

in the arterial (22–35 s post-injection), portal venous (70 s

post-injection), and hepatobiliary phases (20 min after

injection) was obtained using a T1-weighted high-resolu-

tion sequence in a single breath-hold (18–20 s).

Hepatobiliary phase images were obtained 20 min after

injection using 3D fat-suppressed T1-weighted gradient

echo sequences with the Gyroscan Intera Nova (TR/TE

4.5 m/2.2 ms, flip angle 10�, sensitivity encoding (SENSE)

factor 1.8, slice thickness 5 mm, slice interval -2.5 mm,

matrix 512 9 512 9 2.50 mm, reconstructed voxel size
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0.73 9 0.73 9 2.50 mm, fat saturation ?, field of view

375 mm, breath held for 17.7 s) and Achieva (TR/TE ms/

1.4 ms, flip angle 10�, SENSE factor 1.9, slice thickness

3 mm, slice interval 1.5 mm, matrix 512 9 512 9 1.50 mm,

reconstructed voxel size 0.68 9 0.68 9 1.50 mm, fat satura-

tion?, field of view 350 mm, breath held for 19 s).MRI scans

were interpreted by 3 experienced radiologists (M.O., S.K.,

T.M.) who were unaware of the findings of the other imaging

techniques or of the pathologic and clinical data. In cases of

discrepancy, the reviewers assessed the saved images together

and reevaluated their findings to reach an agreement.

In the assessment of the diagnostic ability of Gd-EOB-

DTPA-enhanced MRI for hypervascular HCC, when

reviewers detected a lesion on Gd-EOB-DTPA-enhanced

MRI showing arterial phase hypervascularity with portal

phase washout or low-intensity areas in the hepatobiliary

phase, it was defined as the typical appearance of HCC. A

tumor was defined as a non-typical lesion if it did not show

enhancement in the arterial phase and the washout pattern

in the portal phase was vague or the tumor showed

enhancement in the arterial phase but no washout in the

portal phase and iso- to high intensity in the hepatobiliary

phase. For qualitative analysis, we used the following

5-point scale to evaluate the lesion intensity relative to the

surrounding liver parenchyma in the hepatobiliary phase of

Gd-EOB-DTPA-enhanced MRI: 1 = definitely iso-inten-

sity; 2 = slightly low intensity; 3 = definitely low inten-

sity; 4 = slightly high intensity; 5 = definitely high

intensity. When the lesion was rated as 2–5, it was defined

as the presence of a tumor. In cases of discrepancy, the

reviewers assessed the saved images together and reeval-

uated their findings to reach an agreement.

For the quantitative analysis of HCCs and DNs, the

enhancement ratio (ER) of each lesion was calculated

according to the method of Kogita et al. [10]. Briefly,

relative signal intensity ratios of the lesion and adjacent

liver parenchyma on unenhanced (pre-contrast EOB ratio)

and hepatobiliary phase (post-contrast EOB ratio) images

on 3D fat-suppressed T1-weighted gradient echo sequences

were calculated by using an operator-defined ROI, which

was specified as a round area up to 10 mm in diameter. We

took ROI readings from 1 area of the tumorous lesion and

from 3 areas of adjacent non-tumorous regions devoid of

vascular structures. The mean value of the latter 3 points

was used as the signal intensity of the non-tumorous liver.

To see the actual enhancement of the tumor by Gd-

EOB-DTPA, we also calculated the ratio of these relative

intensity ratios as the EOB ER, as follows: EOB

ER = post-contrast EOB ratio/pre-contrast EOB ratio.

Tumor enhancement was defined as high when the EOB

ER was greater than 1(which signified that the tumor was

enhanced more than the adjacent liver parenchyma) and as

low when the EOB ER was less than 1.

Histological diagnosis of tumors

All nodules were histologically diagnosed in a blinded

manner by3 pathologists (O.M.,M.Komuta,M.S.) according

to the histological criteria of the International Working Party

[11] and the International Consensus Group for Hepatocel-

lular Neoplasia (ICGHN) meeting [12]. Liver specimens

were obtained by 18-gauge needle core biopsy (Sonopsy-

C1�;Hakko,Tokyo, Japan). In each case, at least 2 specimens

were obtained from the nodular lesion and 1 specimen was

obtained from the adjacent liver parenchyma. Additional

specimens from tumors and non-tumorous tissue were

obtained frompatients during partial hepatectomy surgery. In

cases of discrepancy, or if it was difficult to diagnose bor-

derline lesions, such as DNs and hypovascular well-differ-

entiated HCCs, including early HCCs, the pathologists used

immunostainingmethods such as heat shock protein (HSP)70

(dilution of 1:200; SC-24, Santa Cruz Biotechnology, Santa

Cruz, CA, USA) and Glypican (GPC) 3 (dilution 1:20; Bio

Mosaics, Burlington, VT, USA) and reevaluated their find-

ings to reach an agreement [13, 14].

Statistical analysis

The Kruskal–Wallis test and Mann–Whitney U-test with

Bonferroni’s inequality were used to confirm differences

between the groups classified byhistology.McNemar’s v2 test
was used to analyze the data. The level of significance was set

at P\ 0.05 (Kruskal–Wallis test, McNemar’s v2 test) and at
P\ 0.05/4 = 0.0125 (Mann–Whitney U-test). All analyses

were performed with statistical software (SPSS, version 11;

SPSS, Chicago, IL, USA) for Microsoft Windows.

Results

Histological diagnosis of tumors

The 86 nodules were grouped according to morphology:

DNs, n = 9; well-differentiated HCCs (including 2 early

HCCs), n = 46; moderately differentiated HCCs, n = 21;

poorly differentiated (poorly) HCCs, n = 7; combined

Table 2 Histological diagnosis of hyper- and hypovascular tumors

Histological diagnosis Hypervascular

tumors

Hypovascular

tumors

DNs 0 9

Well-differentiated HCC 14 32

Moderately differentiated HCC 21 0

Poorly differentiated HCC 7 0

Others 3 (combined HCC) 0

DN dysplastic nodule, HCC hepatocellular carcinoma
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HCCs, n = 3 (Table 2). Fifty-five cases of nodular

lesions were diagnosed on the basis of needle biopsy

specimens, and the other 31 cases were diagnosed based

on resected specimens. The median diameter of the

tumors was 2.1 cm (range 0.6–4.0 cm).

Vascularity of tumors

In the present study, 45 out of 86 nodules were diag-

nosed as hypervascular HCCs. Of these 45 nodules, 34

were diagnosed as hypervascular on the basis of

CTHA, and the 11 remaining nodules were diagnosed

based on contrast-enhanced US findings. Forty-one

nodules were diagnosed as hypovascular tumors

because they had no hypervascular area inside the

tumor on CTHA.

Comparison of the diagnostic sensitivity of Gd-EOB-

DTPA-enhanced MRI versus dynamic MDCT

for hypervascular HCCs

For hypervascular HCCs, the diagnostic sensitivity of

Gd-EOB-DTPA-enhanced MRI was 91% (41/45) versus

76% (34/45) with dynamic MDCT (p = 0.0103,

McNemar’s v2 test). When we evaluated both modali-

ties based on the size of the tumors (2 or [2 cm), the

diagnostic sensitivity of Gd-EOB-DTPA-enhanced MRI

was significantly higher than that of MDCT for lesions

of 2 cm or less (p = 0.048, McNemar’s v2 test,

Table 3).

Table 3 Diagnostic sensitivity

of gadolinium ethoxybenzyl

diethylenetriamine pentaacetic

acid (Gd-EOB)-enhanced

magnetic resonance imaging

(MRI) for hypervascular HCCs:

comparison with multi-detector

row computed tomography

(MDCT)

Table 4 Detection sensitivity of hepatobiliary phase images of Gd-

EOB-enhanced MRI for histologically proven hypervascular HCCs:

comparison with MDCT

Table 5 Detection sensitivity

of Gd-EOB-enhanced MRI for

hypovascular HCCs and DNs:

comparison with MDCT
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Table 6 Hepatobiliary phase images of Gd-EOB-DTPA-enhanced MRI

Hepatobiliary phase images

of Gd-EOB-DTPA-enhanced MRI

DN Hypovascular-well-

differentiated HCC

Hypervascular well-

differentiated HCC

Moderately

differentiated HCC

Poorly

differentiated HCC

Others

(combined)

High intensity 2 0 3 0 1 0

Iso-intensity 1 0 2 0 0 0

Low intensity 6 32 9 21 6 3

DN dysplastic nodule, HCC hepatocellular carcinoma

Fig. 1 Case presentation of

60-year-old man with dysplastic

nodules. a The tumor showed

hypovascularity on CTHA

(arrow). b The tumor showed

isovascularity on CTAP

(arrow). c Pre-contrast T1-

weighted image showed iso

intensity (arrow). d 20 min after

Gd-EOB-DTPA bolus injection

with dysplastic nodule

displaying hyper intensity

(arrow). The EOB enhancement

ratio of this tumor was 1.76.

e Routine staining with

hematoxylin-eosin shows a mild

increase in cell density with a

clearer trabecular arrangement.

f Immunostaining for GPC3

shows no expression in the

cytoplasm of tumor cells
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Fig. 2 Case presentation of 69-year-old woman with early HCC.

a, b The tumor showed isovascularity on arterial- and portal-phase

dynamic CT scans. c Pre-contrast T1-weighted image showed slight

high intensity (arrow). d Image 20 min after Gd-EOB-DTPA bolus

injection. The tumor showed low intensity (arrow). The EOB

enhancement ratio of this tumor was 0.93. e, f The tumor cells show

an irregular thin-trabecular pattern with occasional pseudoglands. The

tumor cells are invading an intratumoral portal tract (stromal invasion

in early HCC, arrow heads)
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Comparison of the detection sensitivity

of Gd-EOB-DTPA-enhanced MRI versus dynamic

MDCT for HCCs and DNs

The detection sensitivity of hypervascular HCCs by hepatob-

iliary phase images of Gd-EOB-DTPA (43/45: 96%) did not

differ from that of dynamic MDCT (40/45: 89%) (Table 4).

Also, for hypovascularHCCsandDNs, therewasnodifference

in the detection sensitivity between dynamic Gd-EOB-DTPA-

enhanced MRI (24/41: 59%) and dynamic MDCT (25/41:

61%) (Table 5). The detection sensitivity of hepatobiliary

phase images for hypovascular HCCs and DNs [32/32 for

hypovascular HCCs and 7/9 for DNs, total 39/41 (95%)] was

significantly higher than that achieved bydynamicMDCT [20/

32 for hypovascularHCCs and 5/9 forDNs, total 25/41 (61%)]

(p = 0.003, McNemar’s v2 test, Table 5).

Fig. 3 Case presentation of

73-year-old man with early

HCC. a, b The tumor showed

slight hypovascularity on

CTHA and CTAP (arrow). c No
tumor was seen on pre-contrast

T1-weighted image (arrow).
d Image 20 min after Gd-EOB-

DTPA bolus injection. The

tumor showed low intensity

(arrow). The EOB enhancement

ratio of this tumor was 0.74.

e Resected specimen of the

tumor appeared as a vaguely

nodular type (early HCC)

(inside dots). f Varying numbers

of portal tracts within the nodule

(intratumoral portal tracts,

arrowheads). g The tumor cell

density increased to more than 2

times that of the surrounding

tissue, with an increased

nuclear/cytoplasm (N/C) ratio,

irregular thin-trabecular pattern,

and fatty change
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Image findings of the hepatobiliary phase

of Gd-EOB-DTPA-enhanced MRI

For qualitative analysis, 9 nodules (3 DNs, 5 well-differ-

entiated HCCs, and 1 poorly differentiated HCC) appeared

as regions of iso- to high intensity in the hepatobiliary

phase of Gd-EOB-DTPA MRI (Table 6; Fig. 1). The other

77 nodules showed low intensity in the hepatobiliary phase

of Gd-EOB-DTPA-enhanced MRI (Figs. 2, 3, 4).

EOB enhancement ratios (ERs) of histologically

proven HCCs and DNs

To evaluate the uptake of Gd-EOB-DTPA by DNs and

HCCs, we calculated EOB ERs. Moderately differentiated

and poorly differentiated HCCs were merged to form 1

group (moderately plus poorly differentiated HCC group),

yielding a total of 4 groups that were used in the sub-

sequent analyses. The EOB ERs were 1.00 ± 0.12 for

Fig. 4 Case presentation of a 59-year-old man with well-differenti-

ated HCC. a The tumor showed hypovascularity on CTHA (arrow).
b The tumor showed slight hypervascularity on CTAP (arrow).
c Pre-contrast T1-weighted image showed slight high intensity

(arrow). d Image 20 min after Gd-EOB-DTPA bolus injection. The

tumor showed low intensity (arrow). The EOB enhancement ratio of

this tumor was 0.65. e H&E staining shows a mild increase in cell

density with a clearer trabecular arrangement, as well as a slightly

increased N/C ratio. f Immunostaining for GPC3 shows expression in

the cytoplasm of tumor cells (arrowheads)
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DNs, 0.82 ± 0.21 for hypovascular well-differentiated

HCCs, 0.75 ± 0.20 hypervascular well-differentiated

HCCs, and 0.69 ± 0.06 for moderately ? poorly differ-

entiated HCCs (p = 0.031; Kruskal–Wallis test). When the

5 hypervascular well-differentiated HCCs and 1 poorly

differentiated HCC that showed iso- to high intensity on

hepatobiliary phase images of Gd-EOB-DTPA MRI were

excluded, the ER significantly decreased from DNs to

moderately ? poorly differentiated HCCs [p = 0.007;

Kruskal–Wallis test (Fig. 5)]. The EOB ERs of hypervas-

cular well-differentiated and moderately ? poorly differ-

entiated HCCs decreased to 0.67 ± 0.11 and 0.65 ± 0.19,

respectively (Fig. 5). There was a significant difference

between DNs versus hypervascular well-differentiated

HCCs (p = 0.01, Mann–Whitney U-test) and between

hypovascular well-differentiated HCCs versus moder-

ately ? poorly differentiated HCCs (p = 0.011, Mann–

Whitney U-test), but there were no significant differences

between the other groups, although a trend for a difference

between DNs and moderately ? poorly differentiated

HCCs was observed (p = 0.015, Mann–Whitney U-test).

Discussion

In the present study, we evaluated the ability of Gd-EOB-

DTPA-enhanced MRI to diagnose and detect HCCs and

DNs, and we found that the hepatobiliary phase of Gd-

EOB-DTPA-enhanced MRI was more advantageous than

dynamic MDCT for detecting tumors. Gd-EOB-DTPA-

enhanced MRI plays a significant role in the diagnosis of

HCC, and several reports comparing Gd-EOB-DTPA-

enhanced MRI and dynamic MDCT have already been

published [15–19]. These studies proved the superiority of

Gd-EOB-DTPA-enhanced MRI over MDCT for the diag-

nosis of HCC. These studies, although focused mainly on

the detection of classical HCCs, were corroborated by our

data. In the present study, we also evaluated the detection

ability of Gd-EOB-DTPA-enhanced MRI and MDCT for

borderline lesions such as DNs and hypovascular well-

differentiated HCCs, which are difficult to diagnose based

on tumor hemodynamics. The detection sensitivity of he-

patobiliary phase images of Gd-EOB-DTPA-MRI of these

borderline lesions in the present study was significantly

higher than that of MDCT (95% on Gd-EOB-DTPA-

enhanced MRI, 61% on MDCT, p = 0.003, McNemar’s v2

test).

These results suggest that alterations observed in the

tumor images of the hepatobiliary phase of Gd-EOB-

DTPA-enhanced MRI are detectable at an earlier stage of

disease than are tumor hemodynamic changes, indicating

that HCCs and borderline lesions can be detected earlier

with this technique than with MDCT. Although these bor-

derline lesions do not require expeditious treatment [20],

their early detection by Gd-EOB-DTPA-enhanced MRI

enables subsequent followup for progression based on

hemodynamic changes that can be detected using other

imaging modalities, such as CT angiography[3–5] and

contrast-enhanced US with Sonazoid� [2], even though

these techniques are less effective for the initial detection of

such borderline cases. In the present study, we also evalu-

ated whether hepatobiliary phase images of Gd-EOB-

DTPA-enhanced MRI could discriminate between DNs and

hypovascular well-differentiated HCCs. The image findings

of some of these tumors overlapped on hepatobiliary phase

images of Gd-EOB-enhanced MRI. Furthermore, Gd-EOB-

DTPA uptake assessed by the EOB enhancement ratio (ER)

was 1.00 ± 0.12 in DNs and 0.82 ± 0.21 in hypovascular

well-differentiated HCCs (difference not significant;

p = NS). Although we evaluated only 9 cases of DNs, it

was difficult to discriminate between DNs and hypovascular

well-differentiated HCCs based on hepatobiliary phase

images from Gd-EOB-DTPA-enhanced MRI. This result

was similar to the findings reported by Kogita et al. [10].

Fig. 5 Box plots illustrating EOB enhancement ratios (post-contrast

EOB ratio/precontrast EOB ratio) excluding 5 hypervascular well and

1 poorly differentiated HCCs that showed high intensity on hepatob-

iliary phase images of Gd-EOB-DTPA MRI. The enhancement ratio

significantly decreases from dysplastic nodules to moderately?poorly

differentiated HCCs (p = 0.007; Kruskal–Wallis test). The EOB

enhancement ratio of hypervascular well differentiated and moder-

atly ? poorly differentiated HCCs decreased to 0.67 ± 0.11 and

0.65 ± 0.19 respectively. There was no significant difference among

EOB enhancement ratios of DNs and hypovascular well differentiated

HCCs (p = 0.113, Mann–Whitney U test). The box extends from the

25th to the 75th percentile. The lines in the middle of the boxes
represent the median and the filled circle indicates the mean. The lines
extending vertically from either end of the box indicate the extent of

the data beyond the 25th and 75th percentiles
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This study had several limitations. The first concerns the

diagnosis of HCCs and DNs. Diagnosis of most of the hyp-

ovascular well-differentiated HCCs and DNs was based on

specimens obtained by US-guided needle core biopsy. To

reduce sampling error to an acceptable minimum, at least 2

needle core biopsies were performed for each tumor, and all

specimens in the present studywere diagnosed by expert liver

pathologists (M.Komuta,M.S.) and evaluated forHSP70 and

GPC3 immunostaining, which are helpful indices for distin-

guishing early HCC from DNs [13, 14]. However, it is diffi-

cult to correctly diagnose the histological grade of partially

differentiated nodules based on liver biopsy specimens in

which there is no stromal invasion, which is a criterion for the

diagnosis of early HCC [12, 21]. Therefore, to clarify the

utility of hepatobiliary phase images for the diagnosis of

borderline lesions, further case studies must be performed

with a special focus on histopathological correlation with

resected specimens. Second, we evaluated tumor vascularity

by both CTHA and contrast-enhanced US. It is well known

that the most sensitive modality capable of objectively

depicting the early phase of carcinogenesis among currently

available imaging systems is CTAP [20, 22]. The second

earliest initial carcinogenic change is detected as an increase

in intranodular arterial blood flow by CTHA or contrast-

enhancedUS [23]. Therefore, we evaluated the vascularity of

tumors on CTHA and contrast-enhanced US images. Third,

the overall number of cases included, especially DN cases,

was small. Future research utilizing a larger number of sub-

jects is recommended to confirm and extend our results.

Finally, this study was conducted retrospectively, although

we examined consecutive patients. A prospective study is

needed to confirm our findings.

In conclusion, the diagnostic ability of Gd-EOB-DTPA-

enhanced MRI for small hypervascular HCCs less than

2 cm was significantly higher than that of MDCT. For

hypovascular HCCs and DNs, the detection sensitivity of

hepatobiliary phase images of Gd-EOB-DTPA-enhanced

MRI was significantly higher than that of dynamic MDCT.

It was difficult to distinguish between DNs and hypovas-

cular well-differentiated HCCs based on the EOB ER.

Further study with additional resected specimens is needed

to more accurately determine the diagnostic ability of Gd-

EOB-DTPA-enhanced MRI for DNs and hypovascular

well-differentiated HCCs.
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a b s t r a c t

Aim: To describe the typical CEUS pattern of pancreatic lesions and to evaluate the diagnostic accuracy
of Contrast-enhanced ultrasound (CEUS) in their characterization.
Materials andmethods: All US and CEUS examinations of focal pancreatic masses performed in six centers
during a period of five years were reviewed. Inclusion criteria were: focal pancreatic mass pathologically
proved, visible at ultrasound (US) and studied with CEUS. All lesions were then evaluated for size, aspect
and enhancement pattern. Sensitivity, specificity, positive and negative predictive values with 95% CIs
were calculated to define diagnostic accuracy of CEUS in respect to pathology. Diagnostic confidence of
US and CEUS, discerning between benign andmalignant lesions, were represented by using ROC (receiver
operating characteristics) curves. Agreement was evaluated by means of k statistics.
Results: 1439 pancreatic lesions were included. At CEUS the lesions were divided into solid (89%) and
cystic (12%) masses and classified into six and eight categories, respectively. Among the solid lesions,
adenocarcinomas were characterized with an accuracy of 87.8%. Among the cystic lesions, cystic tumors
were diagnosed with an accuracy of 97.1%. ROC curve area increased from 0.637 for US to 0.877 for CEUS
(p<0.0001). Inter-observer agreementwas slightly higher for solid (k=0.78) than cystic (k=0.62) lesions.
In none of the centers side effects were reported.
Conclusion: CEUS is accurate in the characterization of pancreatic lesions. CEUS should be considered as
a complementary imaging method for pancreatic lesions characterization.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Conventional B-mode ultrasonography (US) is a widely per-
formed, relatively low cost and readily available examination for
the pancreatic study [1].

The introduction of microbubble contrast agents has improved
the diagnostic accuracy of US [2]. The real-time evaluation of
the contrast-enhanced phases after the administration of a purely
blood-pool second-generation contrast agent, allows accurate per-
fusional ultrasound studies, with a high temporal and spatial
resolution [3].

Contrast-enhanced ultrasound (CEUS) is a well established
imaging method for the detection and characterization of focal
liver lesions [4], and its role has been recently better defined

∗ Corresponding author at: Department of Radiology, University Hospital G.B.
Rossi, Piazzale L.A. Scuro 10, University of Verona, 37134 Verona, Italy.
Tel.: +39 045 8124301; fax: +39 045 8027490.

E-mail address:mirko.donofrio@univr.it (M. D’Onofrio).

by multicenter studies and by the drawing up of guidelines
[4–7].

The study of pancreatic tumors is a relatively new application of
CEUS. This technique can improve the characterization of pancre-
atic lesions [8,9]. Currently, in the literature a number of papers
describe the CEUS enhancement patterns of the most common
benign and malignant solid and cystic pancreatic lesions [10–18].
Although increasing in number, all these studies are mono centric.
It is not reported how useful the technique would be in the charac-
terization of pancreatic masses with more general and widespread
use.

Therefore a multicenter study has been performed to describe
the typical CEUS enhancement pattern of pancreatic lesions and to
evaluate its diagnostic accuracy in the characterization of the most
common focal pancreatic lesions.

2. Materials and methods

All US and CEUS examinations of focal pancreatic masses per-
formed in six centers during a period of five years were reviewed.

0720-048X/$ – see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ejrad.2011.01.053
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Table 1
Ultrasound scanner systems and contrast agents used.

Center US scanners Softwares Contrast agents

I Sequoia 512 (Acuson/Siemens, Germany) Coherent Contrast Imaging Cadence Contrast Pulse Sequencing Sonovue (2.4ml)
II Aplio XG (Toshiba Medical Systems, Japan) Contrast Harmonic Imaging Sonovue (2.4ml)
III Sequoia 512 (Acuson/Siemens, Germany) Cadence Contrast Pulse Sequencing Sonovue (2.4ml)
IV Logiq 7 (General Electric Medical Systems, USA) Coded Phase Inversion Harmonic Imaging Levovist (6ml)
V Logiq 7 (General Electric Medical Systems, USA) Coded Phase Inversion Coded Harmonic Angio Sonazoid (0.2ml)
VI Aplio XG (Toshiba Medical Systems, Japan) Contrast Harmonic Imaging Sonazoid (0.5ml)

The centers involved in the study are identified as centers: I, II, III,
IV, V, VI.

This is a retrospective study even though all the included
lesions were prospectively judged on site during conventional and
contrast-enhanced examinations.

This studywas approved by institutional review board and con-
ducted in accordance with the principles of Helsinki Declaration.
All patients gave informed written consent.

2.1. Patients

Patients with a focal pancreatic mass visible at ultrasound and
studied with contrast-enhanced ultrasonography were included.
All lesions were also pathologically confirmed by fine needle aspi-
ration/biopsy or after surgical resection. Other imaging modalities
such as Computed Tomography and/orMagnetic Resonance and/or
Endoscopic ultrasound were performed in all patients as part of
the clinical work-up but arbitrarily not considered in the present
study inwhich the only pathological resultswas considered as gold
standard.

Inclusion criteria were: focal pancreatic mass pathologically
proved, visible at ultrasound and studied with contrast-enhanced
ultrasonography. Cases with incomplete data and lesions not of
pancreatic origin were excluded.

2.2. Ultrasound study

2.2.1. Conventional ultrasound (US)
Conventional B-mode ultrasound (US)was performed using dif-

ferent scanners in the six centers involved (Table 1).
All pancreatic lesions were evaluated for: (a) size; (b) solid, cys-

tic or mixed (indeterminate: not-solid not-cystic); (c) echogenicity
of the solid lesions relative to the normal adjacent parenchyma
(homogeneously or heterogeneously hypo-, iso- or hyper-echoic);
(d) site (head, uncinate process, neck, body or tail or diffuse pan-
creatic involvement).

2.2.2. Contrast-enhanced ultrasound (CEUS)
All CEUS examinations were performed by physician operators

with more than five years experience in CEUS and specialized in
pancreatic pathology. Theultrasound imaging systemsand the con-
trast agents are summarized in Table 1. Convex multifrequency
abdominal probe and microbubble specific softwares were used
(Table 1). All examinations were recorded on hard disk/magneto-
optical disk/compact disk.

A bolus of contrast medium was hand-injected through a 22
Gauge i.v. catheter in an antecubital vein immediately followed by
a 5ml saline flush.

A standard “real-time” dynamic study, in the arterial phase
(hyperechogenicity within the aorta, celiac and mesenteric arter-
ies) about 15–20 s after contrast injection, and in the venous phase
(hyperechogenicity of the spleno-mesenteric-portal tree) about
30–45 s after contrast injection, was performed in all cases. The
maximum examination time was 5min.

All pancreatic lesions were then evaluated for: (a) aspect (solid
or cystic lesions, with or without septa and/or parietal nodules

and/orparietal vascularisation); (b) enhancementpattern, compar-
ing to the baseline echogenicity of the tumor and the extra-lesional
pancreatic parenchyma together with the adjacent vessels.

The solid pancreatic masses were classified into six cate-
gories of enhancement: homogeneously hypovascular/hypoechoic
(lesions almost without enhancement or with homogeneous
enhancement lower than the adjacent parenchymaand/or vessels);
heterogeneously hypovascular/hypoechoic (heterogeneous lesions
almost without enhancement or with non-uniform enhance-
ment lower than the adjacent parenchyma and/or vessels);
homogeneously isovascular/isoechoic (lesions with slight contin-
uous enhancement or uniform enhancement similar to that of
the adjacent parenchyma); heterogeneously isovascular/isoechoic
(heterogeneous lesions with non-uniform enhancement similar
to that of the adjacent parenchyma); homogeneously hyper-
vascular/hyperechoic (lesions with uniform bright enhancement
superior than the adjacent parenchyma or similar to that of the
arteries); heterogeneously hypervascular/hyperechoic (heteroge-
neous lesionswith non-uniformbright enhancement superior than
the adjacent parenchyma or similar to that of the arteries).

The cystic pancreatic masses were classified into eight cate-
gories: simple cyst; cyst with septa; cyst with parietal nodules;
cyst with septa and parietal nodules; cyst with structured mea-
surable thick wall; cyst with structured measurable thick wall and
septa; cystwith structuredmeasurable thickwall and parietal nod-
ules; cyst with structuredmeasurable thickwall, septa and parietal
nodules.

2.3. Safety evaluation

All operatorswere asked to annotate if andwhat type of adverse
reactions to the contrast agents were observed.

2.4. Pathological evaluation

All pancreatic lesions included were pathologically confirmed.

2.5. Data analysis

All data supplied by the six centers were analyzed, indepen-
dently and together, focusing on the typical CEUS enhancement
pattern related to the pathological diagnosis. No data regarding
ultrasound detection of focal pancreatic masses can be provided in
the present study as a direct consequence of the inclusion criteria
above reported.

All the lesions were prospectively judged at the time of con-
ventional and contrast-enhanced examinations. The operators
performing the examinations were blinded to the results of other
imaging studies. In case of incomplete report the stored data were
reviewed to complete the description by a different operator with
the sameexperienceblinded to thefinal diagnosis and to the results
of other imaging studies. A different operator was chosen to ensure
the blindness of the reader.

To describe the typical CEUS enhancement pattern, all pancre-
atic masses, mainly classified into solid and cystic lesions, were
analyzed and sensitivity (SEN), specificity (SPE), positive (PPV) and
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Table 2
List of all the pancreatic lesions included in the study, according to the pathological
diagnosis.

Pathological diagnosis Total

Ductal adenocarcinoma 1020/1439
Endocrine tumor 210/1439
Intraductal papillary-mucinous tumor 48/1439
Mucinous cystadenoma 39/1439
Pancreatitis 39/1439
Serous cystadenoma 26/1439
Pseudocyst 15/1439
Metastasis 13/1439
Solid-pseudopapillary tumor 13/1439
Cystadenocarcinoma 7/1439
Lymphoma 5/1439
Leiomyosarcoma 2/1439
Liposarcoma 1/1439
Pancreatoblastoma 1/1439

negative (NPV) predictive valueswith their respective 95%CIswere
then calculated to define the diagnostic accuracy (ACC) of CEUS in
lesion characterization.

2.5.1. Diagnostic confidence
To compare US and CEUS, each pancreatic mass was evaluated

with three levels diagnostic score for solid and cystic lesions.
Solid lesions: 0 = absence ofmalignancy (isoechoic lesions at US;

isovascular lesions at CEUS), 1 = indeterminate, and 2=presence of
malignancy (hypoechoic lesions at US; hypovascular or hypervas-
cular lesions at CEUS).

Cystic lesions: 0 = absence of malignancy (simple cysts),
1 = indeterminate, and 2=presence of malignancy (complex cysts).

Diagnostic confidence of US and CEUS in the characterization
of pancreatic masses, discerning between benign and malignant
lesions, were represented by means of the ROC (receiver operat-
ing characteristics) curves obtained by using a computer software
package (Analise-it; Analise-it-software, Leeds, England).

2.5.2. Inter-observer variability
To verify the reproducibility of CEUS in the characterization of

pancreatic lesions based on agreed-upon criteria, a subset of US and
CEUS examinations, represented by all those performed in center
“I” that has directed the study,were reviewedby a separate panel of
two observers blinded both to the final diagnosis and the previous
imaging results. Agreement was evaluated by means of k statistics.

3. Results

A total of 1439 patients (749males and 690 females; mean age:
61.3 years; range: 16–90 years) were retrieved.

The six centers involved supplied the following data: 876/1439
(61%) lesions from the “I” center, 336/1439 (23%) lesions from the
“II” center, 97/1439 (7%) lesions from the “III” center, 81/1439 (6%)
lesions from the “IV” center, 29/1439 (2%) lesions from the “V”
center and 20/1439 (1.4%) lesions from the “VI” center.

3.1. Total pancreatic lesions

According to the pathological diagnosis, the 1439 pancreatic
lesions included are summarized in Table 2. All pancreatic lesions
included were pathologically confirmed: 829 by FNA, 560 by
resected specimen, and 50 by liver or lymph nodes metastases
biopsy.

3.2. Conventional US

The mean diameter of the studied lesions was 39.8mm (range:
5–160mm) and they were classified into solid (1241/1439=86%),
cystic (141/1439=10%) and mixed (57/1439=4%) groups.

In the solid group, 1172/1241 (94%) solid masses were homo-
geneously hypoechoic, 49/1241 (4%) heterogeneously hypoechoic,
9/1241 (0.7%) homogeneously isoechoic, 1/1241 (0.08%) heteroge-
neous isoechoic, 9/1241 (0.7%) homogeneously hyperechoic and
1/1241 (0.08%) heterogeneously hyperechoic.

Regarding the site, 767/1439 (53%) lesions were localized in the
pancreatic head, 104/1439 (7%) in the uncinate process, 48/1439
(3%) in the isthmus, 262/1439 (18%) in the body and 251/1439

Fig. 1. Ductal adenocarcinoma. (a) Small mass (arrow) of the head of the pancreas
solid and hypoechoic at US, with (b) homogeneous hypovascular pattern (arrow) at
CEUS.
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Table 3
Solid pancreatic lesions at CEUS: enhancement pattern correlated with pathology.

Pattern n Pathology n

Homogeneous
hypovascular

917/1273 (72%)

Adenocarcinoma 872/917 (95%)
Neuroendocrine tumor 28/917 (3%)
IPMN 5/917 (0.6%)
Pancreatitis 5/917 (0.6%)
Metastasis 3/917 (0.4%)
Solid-pseudopapillary tumor 2/917 (0.2%)
Cystadenocarcinoma 2/917 (0.2%)

Heterogeneous
hypovascular

28/1273 (2%)
Adenocarcinoma 27/28 (96%)
Lymphoma 1/28 (4%)

Homogeneous
isovascular

60/1273 (5%)

Pancreatitis 26/60 (43%)
Adenocarcinoma 18/60 (30%)
Neuroendocrine tumor 9/60 (15%)
Solid-pseudopapillary tumor 4/60 (7%)
IPMN 2/60 (3%)
Serous cystadenoma 1/60 (2%)

Heterogeneous
isovascular

14/1273 (1%)
Adenocarcinoma 11/14 (79%)
Pancreatitis 3/14 (21%)

Homogeneous
hypervascular

226/1273 (18%)

Neuroendocrine tumor 140/226 (62%)
Adenocarcinoma 61/226 (27%)
Metastasis 9/226 (4%)
Pancreatitis 5/226 (2%)
Serous cystadenoma 3/226 (1%)
Solid-pseudopapillary tumor 3/226 (1%)
Lymphoma 3/226 (1%)
IPMN 1/226 (0.5%)
Leiomyosarcoma 1/226 (0.5%)

Heterogeneous
hypervascular

28/1273 (2%)

Neuroendocrine tumor 13/28 (46.4%)
Adenocarcinoma 9/28 (32%)
Serous cystadenoma 1/28 (3.6%)
Solid-pseudopapillary tumor 1/28 (3.6%)
Metastasis 1/28 (3.6%)
Lymphoma 1/28 (3.6%)
Leiomyosarcoma 1/28 (3.6%)
Pancreatoblastoma 1/28 (3.6%)

(17%) in the tail of the pancreas; 7/1439 (0.5%) diffusely involved
the pancreatic gland.

3.3. CEUS enhancement patterns

All the pancreatic lesions were divided at CEUS into two
main groups: solid (1273/1439=88%) and cystic (166/1439=12%)
masses.

3.3.1. Solid lesions
All the pancreatic solid lesionswere classified into six categories

of CEUS enhancement pattern (Table 3). The solid homogeneously
hypovascularized lesionswere adenocarcinomas (Fig. 1) in872/917
(95%) cases. The homogeneously isovascular pattern were due to
26/60 (43%) pancreatites (Fig. 2). The heterogeneous isovascular
pattern was due to 11/14 (79%) adenocarcinomas. The homoge-
neously hypervascularized masses were endocrine tumors (Fig. 3)
in 140/226 (62%). While the heterogeneously hypervascularized
masses were endocrine tumors in 13/28 (46.4%).

3.3.2. Cystic lesions
All cystic pancreatic lesionswere classified into eight categories

after the administration of contrast agent (Table 4). The pancre-
atic lesions with a simple cystic pattern were pseudocysts in 14/27
(52%) cases (Fig. 4). The cystic lesions with septa were serous cys-
tadenomas in 13/31 (42%) cases. The cystic lesions with parietal
septa and noduleswere intraductal papillary-mucinous neoplasms
(IPMN) in 6/14 (43%) and mucinous cystadenomas in 6/14 (43%)
cases. The cystic lesions with thick wall and septa were muci-
nous cystadenomas (Fig. 5) in 23/50 (46%). The cystic lesions with

thick wall, parietal nodules and septa were intraductal papillary-
mucinous neoplasms in 4/9 (44%) cases (Fig. 6).

3.4. Pancreatic lesion characterization

CEUS enhancement patterns of the most frequent encountered
and clinically relevant pancreatic focal masses are reported in
Table 5. Two lesions (1 liposarcoma and 1 anaplastic adenocarci-
noma) with cystic pattern at CEUS but solid at pathology have not
been included in Table 5 resulting a total of 164 cystic lesions.

Sensitivity, specificity, positive and negative predictive values
and accuracy of CEUS in lesion characterization related to final
pathological diagnosis are reported in Table 6.

Among the solid lesions, at CEUS adenocarcinomas were cor-
rectly characterized with an accuracy of 87.8% while, among the
cystic lesions, a cystic tumorwas correctly diagnosedwith an accu-
racy of 97.1% (Table 6).

3.4.1. Diagnostic confidence
The diagnostic confidence in the characterization of pancre-

atic masses, discerning between benign and malignant lesions,
was significantly increased by the injection of contrast media with
ROC curve areas (Fig. 7) from 0.637 for US to 0.877 for CEUS
(p<0.0001).

3.4.2. Inter-observer variability
In the separate panel review performed by two observers at

center “I” the inter-observer agreement in the characterization of
pancreaticmasseswas slightly higher for solid (k=0.78) than cystic
(k=0.62) lesions.
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Fig. 2. Mass forming pancreatitis. Pancreatic head mass (arrow) hypoechoic at US and homogeneously isovascular at CEUS. Split-screen visualization of CEUS examination.

Table 4
Cystic pancreatic lesions at CEUS: enhancement pattern correlated with pathology.

Pattern n Pathology n

Simple 27/166 (16%)

Pseudocyst 14/27 (52%)
IPMN 5/27 (18.5%)
Serous cystadenoma 5/27 (18.5%)
Mucinous cystadenoma 3/27 (11%)

Septa 31/166 (19%)

Serous cystadenoma 13/31 (42%)
Adenocarcinoma 7/31 (23%)
IPMN 6/31 (19%)
Neuroendocrine tumor 2/31 (6.5%)
Solid-pseudopapillary tumor 2/31 (6.5%)
Mucinous cystadenoma 1/31 (3%)

Nodules 2/166 (1%)
Cystadenocarcinoma 1/2 (50%)
Mucinous cystadenoma 1/2 (50%)

Septa and nodules 14/166 (9%)

Mucinous cystadenoma 6/14 (43%)
IPMN 6/14 (43%)
Cystadenocarcinoma 1/14 (7%)
Solid-pseudopapillary 1/14 (7%)

Thick wall 31/166 (19%)

Adenocarcinoma 13/31 (42%)
Neuroendocrine tumor 9/31 (29%)
Mucinous cystadenoma 4/31 (13%)
IPMN 2/31 (7%)
Pseudocyst 1/31 (3%)
Serous cystadenoma 1/31 (3%)
Liposarcoma 1/31 (3%)

Thick wall and septa 50/166 (30%)

Mucinous cystadenoma 23/50 (46%)
IPMN 16/50 (32%)
Neuroendocrine tumor 7/50 (14%)
Serous cystadenoma 2/50 (4%)
Cystadenocarcinoma 1/50 (2%)
Adenocarcinoma 1/50 (2%)

Thick wall and nodules 2/166 (1%)
Mucinous cystadenoma 1/2 (50%)
IPMN 1/2 (50%)

Thick wall, septa and
nodules

9/166 (5%)

IPMN 4/9 (44%)
Neuroendocrine tumor 2/9 (22.5%)
Cystadenocarcinoma 2/9 (22.5%)
Adenocarcinoma 1/9 (11%)

3.5. Safety evaluation

In none of the centers side effects were reported.

4. Discussion

Contrast-enhanced ultrasound (CEUS), performedwith a blood-
pool microbubble contrast agent that allows the visualization of
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Table 5
Final pathological diagnosis and corresponding CEUS enhancement pattern of most frequent encountered and clinically relevant pancreatic focal masses.

Pathology Ceus enhancement patterns Total

Solid lesions Homogeneously
hypovascular

Heterogeneously
hypovascular

Homogeneously
isovascular

Heterogeneously
isovascular

Homogeneously
hypervascular

Heterogeneously
hypervascular

Adenocarcinoma 864 27 18 11 60 7 987
Endocrine tumor 28 – 9 – 140 13 190
Pancreatitis 5 – 26 3 5 – 39

Cystic lesions Simple Septa Nodules Septa +nodules Thick wall Thick wall + septa Thick wall + nodules Thick wall + septa +nodules Total

Tumor 13 31 2 14 28 50 2 9 149
Pseudocyst 14 – – – 1 – – – 15

Table 6
Data analysis of CEUS in lesion characterization related to final pathological diagnosis.

Pancreatic lesions Sensitivity Specificity PPV NPV Accuracy

Solid
Adenocarcinoma 0.875 [CI 95% (0.857, 0.892)] 0.883 [CI 95% (0.865, 0.899)] 0.942 [CI 95% (0.929, 0.953)] 0.764 [CI 95% (0.741, 0.786)] 87.8%
Endocrine tumor 0.737 [CI 95% (0.713, 0.759)] 0.931 [CI 95% (0.917, 0.943)] 0.619 [CI 95% (0.594, 0.645)] 0.959 [CI 95% (0.947, 0.968)] 90.5%
Pancreatitis 0.667 [CI 95% (0.642, 0.691)] 0.976 [CI 95% (0.966, 0.983)] 0.433 [CI 95% (0.408, 0.459)] 0.991 [CI 95% (0.984, 0.995)] 96.7%

Total 84.7% 94.4% 85.6% 94% 91.7%
Cystic
Tumor 0.782 [CI 95% (0.759, 0.803)] 0.998 [CI 95% (0.994, 1.000)] 0.978 [CI 95% (0.969, 0.985)] 0.971 [CI 95% (0.960, 0.979)] 97.1%
Pseudocyst 0.933 [CI 95% (0.919, 0.945)] 0.991 [CI 95% (0.984, 0.995)] 0.519 [CI 95% (0.492, 0.545)] 0.999 [CI 95% (0.995, 1.000)] 99%

Total 79.4% 99.4% 90.4% 98.6% 98.1%

Fig. 3. Endocrine tumor. (a) Pancreatic head mass (arrow) solid and hypoechoic at
US, with (b) homogeneous hypervascular pattern (arrow) at CEUS.

flow in small vessels during a real-time examination [4,19,20], is
nowadays awell established liver imagingmethod [4–7]. Although
the usefulness of CEUS has been widely evaluated in hepatic imag-
ing [4,19–21], its applications in pancreatic imaging are relatively
new even if increasingly reported in the literature [8–18].

The application of the purely intravascular contrast agent, the
dynamic observation of the contrast-enhanced phases, and the
high contrast and spatial resolution of current ultrasound har-
monic imaging allow the visualization of the pancreatic tumor
vascularisation [14]. CEUS requires specific software that sub-
tract the background signal prior to the injection of contrast
agent [2]. Following injection of contrast agent, a hyperechoic
signal is produced only in regions where vessels are present
withnon-vascularized tissue remaining anechoic (non-enhancing).
CEUS has been shown to be accurate in evaluation the vascu-
larity of pancreatic lesions [2,8–10,22,23]. The vascular pattern
of pancreatic tumors has been investigated in few studies with
numerous population and pathologically proven data [10–18].
However the role of contrast-enhanced ultrasound in a large mul-
ticenter study has not been published so far. The multicenter
nature of the present study may support more generalization of

Fig. 4. Pseudocyst. Cystic lesion of the pancreatic head with a simple cystic pattern
at CEUS.
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Fig. 5. Mucinous cystadenoma. (a) Small cystic lesion of the pancreatic body with (b) CEUS pattern characterized by thick wall and enhancing septa (arrow). Split-screen
visualization of CEUS examination.

the results in the use of CEUS for pancreatic lesion characteriza-
tion.

When a pancreatic tumor has been detected, its immediate and
correct differential diagnosis is mandatory to direct appropriate
management. Ultrasonography can be the non-invasive imaging
modality chosen for the first evaluation of the pancreas, as it is
widely performed, relatively low expensive and readily available
examination [1].Moreover thedetectionof an incidental pancreatic
lesion at US is a relatively frequent clinical scenario. During ultra-
sound study, the administration of microbubble contrast media is
reported to immediately improve the solid lesion characterization
making possible a differential diagnosis [2,11–13,18]. As a result, a
rapid diagnosis, very important dealing with pancreatic adenocar-
cinoma, and a better management of the studied pancreatic lesion
could be expected.

Solid pancreatic lesions in our multicenter study were correctly
characterized in respect to pathology with an accuracy of 91.7%.
In particular, ductal adenocarcinoma was correctly characterized
with an accuracy of 87.8% based on the hypovascular aspect at
CEUS. This means that each single solid lesion detected at ultra-

sound and hypovascular at CEUS should be considered a ductal
adenocarcinoma until otherwise proven. This result confirms pre-
vious reported data about the characterization of pancreatic ductal
adenocarcinoma at CEUS: in five pathologically proved series with
more than fifty cases, ductal adenocarcinoma is reported to be
hypovascular in 73–93% of the cases [12,13,15,18,24].

CEUS seems also very accurate in demonstrating the endocrine
tumor vascularisation [14,22,25]. The hypervascularity is the
predominant imaging feature of neuroendocrine tumors indepen-
dently of their functional status. In the present study the accuracy
of CEUS in the characterization of endocrine tumors was 90.5%.

Contrast-enhanced ultrasonography favorably compares with
MRI in displaying the anatomic features of the cystic pancreatic
masses and is highly sensitive in the detection of the vasculari-
sation of the cystic inclusions, both septa and nodules [16]. The
demonstration at CEUS of a vascularised cystic inclusion suggests
the diagnosis of a cystic tumor while the demonstration of a com-
plete avascularisation supports the diagnosis of a pseudocyst. In
a pancreatic cystic lesion, the presence of inclusions vascularized
at CEUS excludes the diagnosis of pseudocyst while the diagnosis
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Fig. 6. Intraductal papillary-mucinous tumor. (a) Cystic lesion of the pancreatic body with (b) CEUS pattern characterized by thick wall, parietal nodules (arrow) and septa.
Split-screen visualization of CEUS examination.

of cystic tumor has to be considered. Before analysing the imaging
features of the cystic pancreatic masses, the clinical scenario has to
be assessed. For example, the diagnosis of pseudocyst is not reli-
able in absence of any history of pancreatitis or without signs of
chronic pancreatitis. In this multicenter study, cystic tumors and
pseudocysts were correctly diagnosed at CEUS with an accuracy of
97.1% and 99%. A high diagnostic accuracy for CEUS in the char-
acterization of pancreatic pseudocysts has already been reported
[26,27].

CEUS can better characterize tissues than US in terms of
correct identification of solid (vascularised) and cystic/necrotic
(avascularised) parts of the pancreatic lesions, so improving their
characterization. A primary more correct classification of the
lesions as solid or cystic leads to better and faster define the further
imaging work-up required to obtain a definite diagnosis. The bet-
ter accuracy of CEUS in respect to US in characterizing pancreatic
lesions resulted in the present study with a statistical significant
difference (p<0.0001) of the relative ROC curves.

This multicenter study has some intrinsic limitations derived
from the retrospective data collection even if all the included
lesions were prospectively judged on site during conventional

and contrast-enhanced examinations. Moreover a certain inho-
mogenicity of thedata is alsodue to thedifferent scanners, software
and contrast media utilized, but this reflects the real difference
among the institutes. At least, unfortunately, another intrinsic lim-
itation is that no data about the ultrasound detection of focal
pancreatic masses can be provided as a direct consequence of the
study inclusion criteria.

To overcome subjectivity, the use of quantification soft-
ware could be suggested for the characterization of pancreatic
lesions during CEUS study, as recently reported in the literature
[28].

Initially limited to the evaluation of liver lesions [4], EFSUMB –
European Federation of Societies for Ultrasound in Medicine and
Biology – new guidelines and good clinical practice recommenda-
tions for contrast-enhancedultrasound, actually includepancreatic
applications [19].

CEUS can improve the accuracy of the ultrasound study of
pancreatic masses incidentally detected thus obtaining a faster
diagnosis (i.e., immediate diagnosis of ductal adenocarcinoma).
CEUS could also play two further roles that may represent propos-
als for additional investigations: first, better manage the lesions
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Fig. 7. Receiver operating characteristic curves of US and CEUS in the characteriza-
tion of focal pancreatic masses.

during an ultrasound examination (i.e., moving to MRI or EUS
directly for cystic tumors); second, act as a problem solvingmethod
(i.e., uncertain hypervascularity of a solid lesion or doubtful septa
enhancement in a cystic lesion). Moreover, the interest in the use
ofmicrobubbles for the evaluation of chemotherapeutic effects and
prognosis of pancreatic adenocarcinoma is documented in the lit-
erature [29–31].

Regarding the safety, no side effects have been reported in this
multicenter study with more than one thousand cases.

5. Conclusion

Based on the results of this multicenter study CEUS is accu-
rate in the characterization of pancreatic lesions. CEUS should be
considered as a complementary imaging dynamic method for the
pancreatic lesions characterization.
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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

同門会同門会同門会同門会　　　　名簿名簿名簿名簿
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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

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）
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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 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 月１日から翌年３月 までとし、会計担当者は年 回

会計報告を行う。
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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 
 

2012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、林さん、村橋さん、弓削さん、鏡さん、上田さん、垣井さん、本廣

さん、児玉さん（現在教授室 4名、医局秘書 3名、肝癌研究会事務局 2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
13人体制となっております。 

 
2012年版年報は遅めの発刊となってしまいましたが、2013年版はもう

少し早い機会に発刊したいと思います。 
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 25年 10月 1日 

秘書一同 
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