Hepatology

K é/o)(ulr/u'(/eﬂy _(Z}lé/lls'/zl'ﬂy fﬂ‘u—/{/)
& &

Bomamge WWW.Wjgnet.com




World Journal of
Hepatology

w\J

A peer-reviewed; online; open-access jouwrnal of hepatology

Editorial Board

TR
Jaishideng®

2009-2013

The World Journal of Hepatology Editorial Board consists of 585 members, representing a team of worldwide
experts in hepatology. They are from 46 countries, including Argentina (4), Australia (7), Austria (2), Bangladesh
(2), Belgium (4), Botswana (2), Brazil (8), Brunei Darussalam (1), Bulgaria (1), Canada (10), Chile (1), China (90),
Denmark (1), Egypt (3), Finland (1), France (15), Gambia (1), Germany (28), Greece (9), Hungary (3), India (20),
Ireland (1), Israel (8), Italy (65), Japan (44), Malaysia (1), Mexico (4), Netherlands (4), Pakistan (2), Philippines (1),
Poland (1), Portugal (1), Romania (1), Saudi Arabia (1), Singapore (5), South Korea (18), Spain (23), Sri Lanka (1),
Sudan (1), Switzerland (2), Thailand (6), Tunisia (2), Turkey (13), United Kingdom (18), United States (148), and

Venezuela (1).

EDITOR-IN-CHIEF
Masatoshi Kudo, Osaka

STRATEGY ASSOCIATE
EDITORS-IN-CHIEF

Paolo Cabassa, Brescia
Cheng-Shyong Chang, Changhua
Yi-Ming Chen, Taipei
Jing-Gung Chung, Taichung
Antonio Craxi, Palermo

Fabio Grizzi, Milan

Yasuhiro Kuramitsu, Yamaguchi
Huan-Yao Lei, Tainan

Hsingjin Eugene Liu, Taipei
Yasunobu Matsuda, Niigata
Chin-Hsiao Tseng, Taipei

Yong Zeng, Chengdu

GUEST EDITORIAL BOARD
MEMBERS

Yi-Chen Chen, Taichung

Tsung-Jung Lin, Taipei

Ya-Wen Lin, Taipei

Yi-Wen Liu, Chiayi

Nicholas C Popescu, Bethesda Maryland
Jen-Leih Wu, Taipei

Suh-Ching Yang, Taipei

Ming-Lung Yu, Kaohsiung

MEMBERS OF THE EDITORIAL
BOARD

Argentina

Patricia Cristina Baré, Buenos Aires
Maria Cristina Carrillo, Rosario
Juan Carlos Perazzo, Buenos Aires

(49

WJH | www.wjgnet.com

Silvia Cristina Sookoian, Buenos Aires

o

r

Australia

Anthony S-Y Leong, Newcastle
Donald Peter McManus, Brisbane
Des R Richardson, New South Wales
Monica Robotin, Sydney

Nicholas Shackel, Newtown
Nathan Subramaniam, Brisbane
Fiona ] Warner, Newtown

I
I Austria

Wolfgang Mikulits, Vienna
Lothar Bernd Zimmerhackl, Innsbruck

u Bangladesh

Shahinul Alam, Dhaka
Mamun Al Mahta, Dhaka

Frederik Christiaan Berrevoet, Gent
Cuiying Chitty Chen, Oosterzele
Olivier Detry, Liege

Philip Meuleman, Buenos Aires

I
I Botswana

Francesca Cainelli, Gaborone

Sandro Vento, Gaborone

R=d...

Niels Olsen Saraiva Camara, Sdo Paulo
Claudia PM Souza de Oliveira, Sdo Paulo
Rita de Cassia dos Santos Ferreira, Recife
RC dos Santos Godenberg, Rio de Janeiro
Joel Faintuch, Sdo Paulo

Cristina Miyazaki, Sdo Pedro

Marcelo AF Ribeiro JR, Parnaiba
Mauricio Silva, Rio Grande do Sul

_.

Vui Heng Chong, Bandar Seri Begawan

Brunei Darussalam

Bulgaria
Nikolai Vasilev Belev, Plovdiv

L3 B

Fernando Alvarez, Quebec
Vasu D Appanna, Sudbury
Elijah Dixon, Calgary

Seyed Ali Gaskari, Calgary
Serge Jothy, Toronto

Jennifer Linchee Kuk, Toronto
Qiang Liu, Saskatoon
Eberhard L Renner, Toronto
Eldon A Shaffer, Calgary
George Therapondos, Toronto

January 27, 2013




L Chile

Luis A Videla, Santiago

China

Peng Bing, Chengdu

Chiranjib Chakraborty, Beijing
Stephen Lam Chan, Hong Kong
George G Chen, Hong Kong
Min-Shan Chen, Guangzhou
Yang Cheng, Shanghai

Siu Tim Cheung, Hong Kong
Thomas Yau Chung Cheung, Hong Kong
Yick-Pang Ching, Hong Kong
William Chi-shing Cho, Hong Kong
Chui Chung-Hin, Hong Kong
Shuang-Suo Dang, Xi'an
Yi-Tao Ding, Nanjing

Jian-Gao Fan, Shanghai

Yuen Man Fung, Hong Kong
Zuo-Jiong Gong, Wuhan
Tian-Quan Han, Shanghai
Jin-Yang He, Guangzhou
Garrett Chi Lai Ho, Hong Kong
Ji-Ming Hu, Wuhan

Can-Hua Huang, Chengdu
Zhi-Yong Huang, Wuhan
Jian-Hui Jiang, Changsha
Dong-Yan Jin, Hong Kong
Hsiang-Fu Kung, Hong Kong
Wan Yee Joseph Lau, Hong Kong
Nancy Wai Yee Leung, Hong Kong
Jin-Qing Li, Guangzhou
Li-Ying Li, Beijing

Shu-Chen Li, Harbin

Xin-Wei Li, Shanghai

Yu-Yuan Li, Guangzhou

En-Qi Liu, Xi‘an

Yin-Kun Liu, Shanghai
Chung-Mau Lo, Hong Kong
Lun-Gen Lu, Shanghai
Ming-De Lu, Guangzhou

John M Luk, Hong Kong
Guang-Hua Luo, Changzhou
Shuang Mei, Shanghai

Kelvin Kwok-Chai Ng, Hong Kong
Qin Ning, Wuhan

Qin Pan, Shanghai

Bo San Lai Paul, Hong Kong
Qi-Jun Qian, Shanghai
Jian-Min Qin, Shanghai
Xian-Jun Qui, Jinan

Qin Su, Bejjing

Xue-Ying Sun, Harbin

Wu-Yi Sun, Hefei

Hui-Ru Tang, Wuhan

Peng Tao, Nanning

Eric Wai Choi Tse, Hong Kong
Bin Wang, Weifang
Xiao-Zhong Wang, Fuzhou
Xiu-Jie Wang, Chengdu
Zhen-Xia Wang, Huhhot

Grace Lai-Hung Wong, Hong Kong
Nathalie Wong, Hong Kong
Xiong-Zhi Wu, Tianjin
De-Xiang Xu, Hefei

Rui-An Xu, Quanzhou

Xun-Di Xu, Changsha

Xiao Yang, Beijing

(49

Riehidenge  WJH | www.wignet.com

Zhen-Fan Yang, Hong Kong
Boon Hun Yong, Hong Kong
Ting-He Yu, Chengdu

Benny Chung-Ying Zee, Hong Kong
Jia-Ning Zhang, Dalian
Xiao-Dong Zhang, Tianjin
Xiao-Lan Zhang, Shijiazhuang
Xiao-Yan Zhang, Shanghai
Hong-Chuan Zhao, Hefei
Xiao-Ping Zhao, Beijing
Jiang-Fan Zhu, Shanghai
Yi-Ping Zou, Wuhan

.
. - Denmark

Henning Gronbaek, Aarhus

I
I oyt

Nabil Mohie Abdel-Hamid, Minia
Laila Ahmed Farag Eissa, Mansoura
Mona Mostafa Fahmy Nosseir, Giza

Thomas Kietzmann, Oulu

I I France

Aramando Abergel, Clermont-Ferrand
Henri Bismuth, Villejuif Cedex

Ana C Ferreira Netto Cardoso, Pairs
Nicolas Chignard, Paris

Claude Caron de Fromentel, Lyon
Victor de Ledinghen, Pessac

Zdenko Herceg, Lyon

Nathalie Janel, Paris

Antoinette Lemoine, Villejuif
Marcellin Patrick, Pairs

Raoul Poupon, Paris

Rodrigue Rossignol, Bordeaux
Christian Trépo, Lyon

Dominique Angele Vuitton, Besancon
Virginie Wautot, Pierre Benite Cedex

I
I Gambia
Maimuna Ebirunkeh Mendy, Banjul

Germany

Thomas Bock, Tuebingen

Ali Canbay, Essen

Enrico Narciso De Toni, Miinchen
Joachim Drevs, Freiburg

Volker Fendrich, Marburg

Peter R Galle, Mainz

Erich Gulbins, Essen

Sebastian Hinz, Kiel

Roland Kaufmann, Jena

Philipp Kobbe, Aachen

Michael Kremer, Heidelberg
Aachen Christian Liedtke, Aachen
Martin Loss, Regensburg

II

Arun Kumar Mankan, Munich
Michael D Menger, Saarbrucken
Lars Miiller, Kiel

Andreas K Nussler, Munich
Margarete Odenthal, Koeln
Claus Petersen, Hannover
Andrej Potthoff, Hannover
Thomas Pusl, Miinchen

Elke Roeb, Giessen

Stefan Rose-John, Kiel

Frank Tacke, Aachen

Andreas Teufel, Mainz

Lothar Thomas, Frankfurt

Jens James Walter Tischendorf, Aachen
Arndt Vogel, Hannover

|
. —
Greece

Alex P Betrosian, Athens

Spiros G Delis, Athens

Johanna Kassianie Delladetsima, Athens
JToannis Diamantis, Athens

Papandreou Dimitrios, Athens

Moses S Elisaf, Ioannina

Elias A Kouroumalis, Crete

George Papatheodoridis, Athens
Stamatios E Theocharis, Athens

I
| Hungary

Gaébor Banhegyi, Budapest
Subhamay Ghosh, Ifjusag
Peter Nagy, Budapest

.ﬁ.
N 1ndia
Anjali Deepak Amarapurkar, Mumbai
Deepak Narayan Amararpurkar, Mumbai
Runu Chakravarty, Kolkata
Pronobesh Chattopadhyay, Moradabad
Puneet Chopra, Gurgaon
Tanya Das, Kolkata
Radha Krishan Dhiman, Chandigarh
Ajay Duseja, Chandigarh
Devendra K Gupta, New Delhi
P Kar, New Delhi
Sudhir Kumar, Lucknow
Vijay Kumar, New Delhi
Anoop Misra, New Delhi
Devendra Parmar, Lucknow
Rajendra Prasad, Chandigarh
Pallu Reddanna, Hyderabad
K Rajeshwari, New Delhi
Barjesh Chander Sharma, New Delhi
Sarman Singh, New Delhi
Ajith TA, Thrissur

I Ireland

Matthew William Lawless, Dublin

XX

I Tsrael

Yaron Ilan, Jerusalem
Yaakov Maor Kendler, Tel-Hashomer

January 27, 2013



(49

3.;[::;“9@ WJH | www.wjgnet.com January 27, 2013




&+
Jaishideng®

Ruben Ciria, Cordoba

Joan Clari, Barcelona

Miguel Lopez de Heredia, Barcelona
Maria Buti Ferret, Barcelona

Puri Fortes, Pamplona

Joan Genesca, Barcelona

Maria josé Goémez-Lechon, Valencia
Arias Jaime, Madrid

Jose JG Marin, Salamanca

Jordi Muntane, Cordoba

Julia Peinado Onsurbe, Barcelona
Angeles Pajares Maria, Madrid
Albert Parés, Barcelona

Sonia Ramos, Madrid

Cristina Ripoll, Madrid

Isabel Fabregat Romero, Barcelon
Marta Rodriguez Romero, Salamanca
Juan Macias Sanchez, Sevilla

Juan Sastre, Valencia

Manuel Vazquez-Carrera, Barcelona

I Lh Sri Lanka

EG Don Shaman Rajindrajith, Ragama

= Sudan

Hatim M Yousif Mudawi, Khartoum

ﬂ Switzerland

Maurer Andreas Christoph, Liestal
Beat Mullhaupt, Zurich

mssssssss Thailand

Nattiya Hirankarn, Bangkok
Somchai Pinlaor, Khon Kaen

Yong Poovorawan, Bangkok
Abhasnee Sobhonslidsuk, Bangkok
Chanitra Thuwajit, Bangkok

Sopit Wongkham, Khon Kaen

Olfa Bahri, Tunis
Chadli Dziri, Tunis

Turkey

Inci Alican, Istanbul

Ahmet Atessahin, Elazig

Yasemin Hatice Balaban, Ankara
Hayrullah Derici, Bornova

Cigdem Ulukaya Durakbasa, Istanbul
Muhsin M Muhip Harputluoglu, Malatya
Adnan Kabaalioglu, Antalya
Abdurrahman Kadayifci, Gaziantep
Ali Sazci, Kocaeli

Ilker Tasci, Etlik

Mehmet Yalniz, Elazig

Serkan Yener, Inciralti

Yusuf Yilmaz, Istanbul

(49

WJH | www.wjgnet.com

Py
| ﬂ United Kingdom

Alastair David Burt, Newcastle

David O Cosgrove, London

Anil Dhawan, London

Indra Neil Guha, Nottingham

Phillip Macdonald Harrison, London
Stefan G Hiibscher, Birmingham
Long R Jiao, England

Anastasios T Koulaouzidis, Edinburgh
Patricia Lalor, Birmingham

David A Lomas, Cambridge
Rajeshwar Prosad Mookerjee, London
Gareth John Morris-Stiff, Wales
Kathryn Louise Nash, Southampton
Derek Anthony O'Reilly, Manchester
Christian Philipp Selinger, Bolton
Konstantinos Tziomalos, London
Feng Wu, Oxford

Emmanouil Zacharakis, London

=

Gary A Abrams, Montgomery
Hans-Olov Adami, Boston

Joseph Ahn, Maywood

Hassan Hesham A-Kader, Tucson
Shannon Marie Bailey, Alabama
Numan Cem Balci, Alabama

Linas A Bieliauskas, Ann Arbor
Edmund J Bini, New York

Anupam Bishayee, Rootstown
Victor Ephraim Buckwold, Frederick
Roniel Cabrera, Gainesville
Guoqing Cao, Indiana

Disaya Chavalitdhamrong, New York
Chien-Shing Chen, Loma Linda

Fei Chen, Morgantown

Su Chen, San Antonio

Youhai H Chen, Philadelphia

Jinah Choi, Merced

Anne Mara Covey, New York
Mark ] Czaja, Bronx

Srikanta Dash, New Orleans
Michael E de Vera, Pittsburgh
Anthony Jacob Demetris, Pittsburgh
Sridevi Devaraj, Sacramento

Lisa Ross Dixon, Gainesville
Terrence M Donohue, Omaha

Q Ping Dou, Detroit

Murray N Ehrinpreis, Detroit
Marwan Ghazi Fakih, Buffalo
Shengyun Fang, Baltimore

Claus ] Fimmel, Maywood

Robert Anthony Fisher, Richmond
Samuel W French, Torrance

Phillip Allen Furman, Princeton

M Eric Gershwin, Davis

Jalal K Ghali, Detroit

Grace Liejun Guo, Kansas

Dieter Haemmerich, Charleston
Young S Hahn, Charlottesville
James Paul Hardwick, Ohio
Stephen A Harrison, Fort Sam Houston
Dee Harrison-Findik, Omaha
Sidhartha Hazari, New Orleans
Thomas Sacher Helling, Jackson
Alan William Hemming, Gainesville

United States

v

Iryna S Hepburn, Evans

Ai-Xuan Le Holterman, Chicago
Ke-Qin Hu, Orange

Guang-Cun Huang, Columbus
Wendong Huang, Duarte

Rachel Mary Hudacko, New Brunswick
Michael John Jacobs, Rochester
Hartmut Walter Jaeschke, Kansas City
Ravi Jhaveri, Durham

Lynt B Johnson, Washington

Neil Louis Julie, Bethesda

Sanjay Kakar, San Francisco
Sanjeeva P Kalva, Boston

Jing X Kang, Charlestown

Hetal Karsan, Atlanta

Emmet B Keeffe, Palo Alto

Nancy Ellen Kemeny, New York
Andrew Scott Kennedy, Cary
Kusum K Kharbanda, Omaha
David H Kirn, San Francisco
Hyam Lerner Leffert, La Jolla
Stacee Marie Lerret, Milwaukee
Fengzhi Li, New York

Wei Li, Houston

Shuang Liu, Indiana

Su Hao Lo, Davis

Daniel G Maluf, Richmond

Jose E Manautou, Storrs

Richard S Mangus, Indianapolis
Mary Ko Manibusan, Springfield
Paul Martin, Miami

Jochen Mattner, Cincinnati

James Andrew McCubrey, Greenville
Valentina Medici, Sacramento
George Michalopoulos, Pittsburgh
Smruti Ranjan Mohanty, Chicago
John Tomlin Moore, Research Triangle Park
Ravi Murthy, Houston

Laura E Nagy, Cleveland

Sagar U Nigwekar, Rochester
Kevin F Staveley O’Carroll, Hershey
Eileen M O'Reilly, New York
Melissa Kay Osborn, Atlanta
Helieh Saatara Oz, Lexington

Igor P Pogribny, Jefferson

Daniel S Pratt, Boston

Ratna Bhattacharyya Ray, St. Louis
Raymund R Razonable, Rochester
Nancy Reau, Chicago

Janardan K Reddy, Chicago
Martin J Ronis, Little Rock

Phillip Ruiz, Miami

Tanios Bekaii Saab, Columbus
Adnan Said, Madison

Neeraj Saxena, Atlanta

Ann Scheimann, Baltimore
Timothy M Schmitt, Charlottesville
Bernd Schnabl, La Jolla

Kunwar Shailubhai, Doylestown
Muhammad Y Sheikh, Fresno
Perry Shen, Winston-Salem

Viji Shridhar, Rochester
Shivendra D Shukla, Missouri
Ashwani K Singal, Stanford
Keshav K Singh, Buffalo

Omar Skalli, Shreveport
Byoung-Joon Song, Bethesda
Branko Stefanovic, Tallahassee
Stephen Strom, Pittsburgh

Xiao Su, San Francisco

Wing-Kin Syn, North Carolina

January 27, 2013



(49

3.;2,';...,@ WJH | www.wjgnet.com January 27, 2013




W\J 7 e

Contents Monthly Volume 5 Number 12 December 27, 2013

REVIEW 654 Magnetic resonance evaluations of biliary malignancy and condition at high-
risk for biliary malignancy: Current status
Sugita R

666 Life cycle and pathogenesis of hepatitis D virus: A review
Abbas Z, Afzal R

MINIREVIEWS 676 New compounds able to control hepatic cholesterol metabolism: Is it possible
to avoid statin treatment in aged people?
Trapani L, Segatto M, Pallottini V

ORIGINAL ARTICLE 685 Clinical course and prognostic factors of hepatorenal syndrome: A retrospec-
tive single-center cohort study
Licata A, Maida M, Bonaccorso A, Macaluso FS, Cappello M, Craxi A, Almasio PL

CLINICAL PRACTICE 692 Acute cytomegalovirus infection in liver transplant recipients: An independent
risk for venous thromboembolism
Edula RGR, Qureshi K, Khallafi H

CASE REPORT 696 Hepatocellular carcinoma and synchronous liver metastases from colorectal
cancer in cirrhosis: A case report
Maida M, Fabio Macaluso FS, Galia M, Cabibbo G

(4 9

,‘gu;l:aﬁ"g@ WJH | www.wjgnet.com I December 27,2013 | Volume 5 | Issue 12 |



World Journal of Hepatology

Contents
Volume 5 Number 12 December 27, 2013

APPENDIX I-V  Instructions to authors

ABOUT COVER Editorial Board Member of World Journal of Hepatology, Reiji Sugita, MD, As-
sociate Professor, Doctor, Director, Department of Radiology, Sendai City Medical
Center, Sendai 983-0824, Japan

AIM AND SCOPE World Journal of Hepatology (World ] Hepatol, WJH, online ISSN 1948-5182, DOI:
10.4254), is a peer-reviewed open access academic journal that aims to guide clinical
practice and improve diagnostic and therapeutic skills of clinicians.

WJH covers topics concerning liver biology/pathology, cirthosis and its complications,
liver fibrosis, liver failure, portal hypertension, hepatitis B and C and inflammatory
disorders, steatohepatitis and metabolic liver disease, hepatocellular carcinoma, biliary
tract disease, autoimmune disease, cholestatic and biliary disease, transplantation, genetics,
epidemiology, microbiology, molecular and cell biology, nutrition, geriatric and pediatric
hepatology, diagnosis and screening, endoscopy, imaging, and advanced technology.
Priority publication will be given to articles concerning diagnosis and treatment of
hepatology diseases. The following aspects are covered: Clinical diagnosis, laboratory
diagnosis, differential diagnosis, imaging tests, pathological diagnosis, molecular biological
diagnosis, immunological diagnosis, genetic diagnosis, functional diagnostics, and physical
diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional
treatment, minimally invasive therapy, and robot-assisted therapy.

We encourage authors to submit their manuscripts to WJH. We will give priority
to manuscripts that are supported by major national and international foundations and
those that are of great basic and clinical significance.

INDEXING/ World Journal of Hepatology is now indexed in PubMed Central, PubMed, Digital Object
ABSTRACTING Identifier, Directory of Open Access Journals, and Scopus.
FLYLEAF I-V  Editorial Board
EDITORS FOR Respons%ble Assistant' Edit:;)r: Xin-Xin C./Je Responsible Science Editor: Huan-Huan Zhai
Responsible Electronic Editor: Huan-Liang Wi
THIS ISSUE Proofing Editor-in-Chief: Lian-Sheng Ma
NAME OF JOURNAL World Journal of Hepatology COPYRIGHT
World Journal of Hepatology Room 903, Building D, Ocean International Center, © 2013 Baishideng Publishing Group Co., Limited.
No. 62 Dongsihuan Zhonglu, Chaoyang District, Articles published by this Open Access journal are dis-
ISSN Beijing 100025, China tributed under the terms of the Creative Commons At-
ISSN 1948-5182 (online) Telephone: +86-10-85381891 tribution Non-commercial License, which permits use,
Fax: +86-10-85381893 distribution, and reproduction in any medium, provided
LAUNCH DATE E-mail: bpgoffice@wjgnet.com the original work is properly cited, the use is non com-
October 31, 2009 http:/ /www.wjgnet.com mercial and is otherwise in compliance with the license.
FREQUENCY PUBLISHER SPECIAL STATEMENT
Monthly Baishideng Publishing Group Co., Limited All articles published in this journal represent the

EDITOR-IN-CHIEF
Masatoshi Kudo, MD, PhD, Professor, Department
of Gastroenterology and Hepatology, Kinki University
School of Medicine, 377-2, Ohno-Higashi, Osaka-Sayama,
589-8511 Osaka, Japan

EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director

Flat C, 23/F, Lucky Plaza,

viewpoints of the authors except where indicated

315-321 Lockhart Road, Wan Chai, otherwise.
Hong Kong, China
Fax: +852-65557188 INSTRUCTIONS TO AUTHORS

Telephone: +852-31779906 Full instructions are available online at http://www.
E-mail: bpgoffice@wignet.com wjgnet.com/1948-5182/¢_info_20100316080002.
http:/ /www.wjgnet.com htm

PUBLICATION DATE
December 27, 2013

ONLINE SUBMISSION
http:/ /www.wignet.com/esps/

(49

TR
Roishideng®

WJH | www.wjgnet.com

I November 27, 2013 | Volume 5 | Issue 11




W J A e

Online Submissions: http:/ /www.wjgnet.com/esps/ World | Hepatol 2013 December 27; 5(12): 654-665
bpgoffice@wjgnet.com ISSN 1948-5182 (online)
doi:10.4254 /wijh.v5.i112.654 © 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

REVIEW

Magnetic resonance evaluations of biliary malignancy and
condition at high-risk for biliary malignancy: Current status

Reiji Sugita
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Core tip: Tumors of the biliary tree are relatively rare;
but their incidence is rising worldwide. When biliary dis-

Telephone: +81-22-2521111 Fax: +81-22-2529431 ease is suspected, magnetic resonance imaging (MRI)
Received: July 3,2013 Revised: October 31, 2013 can often help differentiate between benignity and ma-
Accepted: December 9, 2013 lignancy, stage tumors, select surgical candidates and
Published online: December 27, 2013 guide surgical planning. Nowadays remarkable technical

advances in magnetic resonance technology have ex-
panded the clinical applications of MRI in case of biliary
diseases. In this article, it is also discussed how recent
Abstract developments in MRI contributes to the diagnosis of
the bile duct cancer and the evaluation of patients with

Tumors of the biliary tree are relatively rare; but their risk factors affecting bile duct cancer.

incidence is rising worldwide. There are several known
risk factors for bile duct cancers, and these are seem to

be_ asspuated W!th Chtomc inflammation of the biliary Sugita R. Magnetic resonance evaluations of biliary malignancy
epithelium. Herein, 2 risk factors have been discussed, and condition at high-risk for biliary malignancy: Current

primary sclerosing cholangitis and reflux of pancreatic .\« Worid J Hepatol 2013; 5(12): 654-665 Available from:

J”'Cle into th? b#e duct, as .Seg.rl‘. in such as ar;) abnor- yRL: hitp://www.wignet.com/1948-5182/full/v5/i12/654.htm
mal union of the pancreatic-biliary junction because ;.10 /4y doi ore/10.4254/wih.v5.i12.654

magnetic resonance imaging (MRI) is used widely and
effectively in the diagnosis of these diseases. When
biliary disease is suspected, MRI can often help dif-
ferentiate between benignity and malignancy, stage
tumors, select surgical candidates and guide surgical INTRODUCTION

planning. MR has many advantages over other modali- Bile duct malignancies are relatively rare, estimated at

ties. Therefore, MRI is a reliable noninvasive imaging 29 of all cancers with an incidence of 0.01%-0.04% in
tool for diagnosis and pre-surgical evaluation of bile

duct tumors. Nowadays remarkable technical advances
in magnetic resonance technology have expanded the
clinical applications of MRI in case of biliary diseases.
In this article, it is also discussed how recent develop-
ments in MRI contributes to the diagnosis of the bile

duct cancer and the evaluation of patients with risk fac-  Pletely understood and various possible pathways have
tors affecting bile duct cancer. been proposed, including chronic inflammatory process

in the bile duct, mutation, and parasite-induced DNA
© 2013 Baishideng Publishing Group Co., Limited. All rights ~ damage™"". When biliary disease is suspected, optimal

autopsy series'; however their incidence is rising world-
wide™. The several known risk factors account for
bile duct cancers, and these seem to be associated with
chronic inflammation of the biliary epithelium[“]. The
exact mechanism of tumor development is not com-

reserved. imaging studies provide the required information for
differentiating between benign and malignant tumors, tu-
Key words: Biliary; Magnetic resonance imaging; Malig- mor staging, selection of surgical candidate, and surgical
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planning of bile duct cancer. Various imaging modalities,
invasive and noninvasive, are employed in diagnosis and
staging of bile duct tumors™'?. The invasive methods
include endoscopic retrograde cholangiopancreatography
(ERCP), endoscopic ultrasonography (EUS), intraductal
ultrasonography (IDUS), percutaneous transhepatic chol-
angiography (PTC), and optical coherence tomography.
Noninvasive imaging methods include ultrasonography
(US), multidetector computed tomography (MDCT),
magnetic resonance imaging (MRI), and positron emis-
sion tomography-computed tomography (PET-CT).
ERCP and PTC are not used as diagnostic tools alone
owing to invasive nature. Nowadays ERCP is used for
interventions such as biopsy, drainage and EUS/IDUS.
US, EUS and IDUS are useful technique for screening
biliary diseases particularly gallbladder disease; however
their efficacy depends on operator skill and experience.
MDCT are accurate and useful imaging techniques for
the evaluation of biliary diseases. MDCT offers detailed
information about the biliary tree and surrounding struc-
tures; however, it has some demerits such as ionized
radiation and adverse reaction of intravenous contrast
materials. MRI is a reliable noninvasive common imaging
tool for the diagnosis and pre-surgical evaluation of bile
duct tumors. MRI has many advantages over other mo-
dalities: (1) it is completely noninvasive, does not require
exposure to jonizing radiation, and does not cause patient
discomfort; (2) it does not require expert technicians with
sophisticated technical skills. Therefore MRI has become
an important diagnostic tool for bile duct diseases.

Moreover nowadays remarkable technical advances
in magnetic resonance (MR) technology have increased
the clinical applications of MRI for diagnosing biliary
diseases"* ", In this article, it is discussed how develop-
ments in MRI have improved the evaluation of patients
with risk factor affecting bile duct cancers and the diag-
nosis of bile duct cancers.

MRI TECHNIQUE

A pre-procedural fasting is recommended for gallbladder
distension and gastric emptying. When fluid is present
in the stomach and duodenum, visualization of the bile
duct may be obscured by interposition of bowel loop.

Therefore administration of oral contrast agent (iron ox-
ide particles, blueberry juice or pineapple juice) is recom-
mended.

Most institutes may perform MR examinations at
1.5 T with a torso coil. Although imaging at 3 T can
improve the signal-to-noise ratio and spatial resolution,
it may be hampered by dielectric effects, banding, and
1618 The pulse se-
quences used for MRI of the bile duct are usually axial
T1- and T2-weighted imaging, MR cholangiopancrea-
tography (MRCP), and axial diffusion-weighted imag-
ing (DWI). T1-weighted image may be used under an
intravenous contrast material. Most gadolinium contrast
agents produce an enhancement pattern similar to that
observed with iodine-based CT contrast. The advent of
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the hepatocyte-specific contrast agents (Gd-EOB-DTPA,
Gd-BOPTA, ez.) allows the usual eatly-phase imaging
of the arterial, portal, and venous phases, plus delayed-
phase hepatic parenchymal and biliary imaging, taking
advantage of the fact that about 50% of injected dose
of these contrast agents are excreted via the biliary sys-
rem!?

MRCP use 2 varieties of T2-weighted sequences.
One is obtained with a single-shot turbo spin-echo T2-
weighted sequence by using a long echo time to selec-
tively display the fluid filled bile ducts. The other is ob-
tained by using a navigator-based respiratory-triggered
three-dimensional acquisition sequence with a longer
acquisition time™. The differences of both are small,
and thus either or both are used for MRCP accordingly.

DWI can obtain additional information derived from
the microscopic motion of proton in water, which is not
possible by using conventional MRI. DWI is a sensitive
sequence for the detection of tumors and inflammation
of the bile ducts. It has the advantage of quantitative
data analysis through the generation of apparent diffu-
sion coefficient (ADC) maps, which can contribute to
objective disease assessment and monitoring of response
to therapy[zzfzs].

MRI can allow us to evaluate the analysis of bile and
pancreatic juice flow, which may have relate to carcino-
genesis of the bile duct tumors. Although by now the
flow analysis of the bile duct based on MRI was held
by a continuous MRCP examination after secretin injec-
tion, a new method [time-spatial labeling inversion pulse
(SLIP) imaging] become to evaluate the flow analysis

easier and faster than before™.

CLINICAL INDICATION

Benign biliary diseases and condition at a high-risk for
malignancy

Risk factors for bile duct carcinoma include (1) primary
sclerosing cholangitis (PSC), (2) reflux of pancreatic juice
into the common bile duct, such as in an abnormal ar-
rangement of the pancreato-biliary ductal system (AAPB),
(3) exposure to chemicals, and (4) medication such as oral
contraceptives and rnethyldopa[m. In this chapter, MRI
applications for benign biliary diseases and condition at
a high-risk for malignancy are discussed about PSC and
reflux of pancreatic juice into the bile duct because MRI
1s used widely and effectively for these entities (Table 1).

PSC: PSC is a chronic cholestatic liver disease of possi-
ble autoimmune origin, characterized by intra- and extra-
hepatic bile duct inflammation and fibrosis™*". PSC is
the most common risk factor for cholangiocarcinoma in
Western countries, with a prevalence of cholangiocarci-
noma ranging from 8% to 25%”". Diagnostic criteria for
PSC include (1) typical cholangiographic abnormalities;
(2) clinical, biochemical, and hepatic histologic finding;
and (3) the exclusion of secondary cause of sclerosing
cholangitis.

The diagnosis of PSC was based on characteristic

December 27,2013 | Volume 5 | Issue 12 |



Sugita R. MR evaluations of biliary malignancy and condition

Table 1 Characteristics of magnetic resonance of each diseaseson

MR characteristics

Differential diagnosis

Comparison to other Sensitivity and specificity Pitfall of MRI

modalities
PSC Diffuse stricture and/or beaded appear- Cholangitis, Cholangio- ERCP is considered the High sensitivity and very It is often
ance of the bile duct on MRCP carcinoma standard method. MRCPis  high specificity difficult to
considered being sufficient differentiate
for diagnosis of PSC malignant
tumors from
PsC
Cholan- MRI with MRCP is usually Diagnosis of biliary Minimal inva-
giocarci- considered the modality of stenosis by MRCP is high sion along the
noma choice in the diagnosis of  sensitivity and specificity. mucosa and
cholangiocarcinoma The ability of differen- in the peri-
tiation between benign  neural space
obstruction and malignant is difficult to
is low diagnose
Intrahepatic The tumor shows an irregular shaped Metastasis, Mixed
cholangio-  solid mass with peripheral rim enhance- HCC, cholangiocellular
carcinoma  ment and incomplete concentric pooling  carcinoma
of contrast material on dynamic study
Extrahepatic The most common pattern of the tumor  PSC, cholangitis (IgG4,
cholangio-  growth is focal infiltration of the ductal  infection, AIDS), sar-
carcinoma  wall or the periductal-infiltrating type, ~ coidosis
resulting in focal strictures
Gallbladder  In the diffusely infiltrative type, the Polyp, adenomyoma-  Usually, USis used asan  Conventional MRI It is often
carcinoma tumor appears as a large solid mass in the tosis, xanthogranulo-  initial diagnostic modality showed 74% of sensitivity difficult
gallbladder fossa matous cholecystitis, ~ As a second step, CT, MRI and 68%-83% specificity, malignant
In the polypoid and mural thickening chronic cholecystitis with MRCP, and /or tra-  while DWIset added to  from benign
types, lesion more than 10 mm in diam- ditional cholangiography  conventional MRI showed tumors
eter or which enhance after intravenous is often used for obtaining high sensitivity and speci-
contrast material, are usually malignant additional information ficity
Ampullary It is difficult to diagnose because of the ~ Cholangiocarcinoma, = MRI with MRCP is more ~ High sensitivity (100%)  Itis often
carcinoma small tumor on MRI. DWI has the poten- Pancreas cancer, ad- accurate than CT in dif- and low specificity difficult to

tial for differentiating malignant from
benign ampullary tumors

enoma, inflammatory
diseases, carcinoid

ferentiating between malig-
nant and benign lesions

(59.1%-63.6%). Adding of diagnose
DWI to conventional MRI because of the

improve specificity small tumor

PSC: Primary sclerosing cholangitis; MRCP: Magnetic resonance cholangiopancreatography; ERCP: Endoscopic retrograde cholangiopancreatography;
HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging; US: Ultrasonography; CT: Computed tomography.

cholagiographic finding in combination with clinical,
biochemical, and histologic features. Therefore ERCP
was considered the standard method for diagnosis of
PSC. However, owing to developments in MR technol-
ogy, MRCP has become another important modality™ ",
The result of a meta-analysis showed that MRCP had
high sensitivity and very high specificity for the diagnosis
of PSC™ (Figure 1). The radiological characteristics of
PSC mimic those of cholangiocarcinoma™, Both make
differential diagnosis quite difficult even with current di-
agnostic modalities including MRI.

AAPB: AAPB is a congenital anomaly defined as the
junction of the pancreatic and bile ducts being located
outside the duodenal wall. As the contraction of the
sphincter of Oddi within the duodenal wall does not
functionally affect the junction in patients with this con-
genital abnormality, continuous pancreaticobiliary reflux
occurs, resulting in a high incidence of biliary cancer.
AAPB can be divided into (1) AAPB with biliary dilata-
tion (choledochal cyst) and (2) AAPB without biliary dila-

tation.

AAPB with choledochal cyst: Choledochal cysts are
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rare congenital biliary tract anomalies characterized by
biliary tree dilatation. Although the incidence in the
Western population is 1 in 100000 to 150000 live births,
it is much higher in Asian countries, particularly Japan,
where they can be found in up to 1 in 1000 live birth*,
Choledochal cysts are usually classified into several types,
based on anatomical findings. According to Todani’s
classification system, choledochal cysts include five main
types.

In Todani’s classification system, almost all patients with
choledochal cyst are classified into 3 types (type Ta, Ic
and IV-A), and that associated with AAPB. Biliary tract
malignancies were seen in 10%-30% of patients with
choledochal cyst and it increases with ageHSJ. A prompt
and accurate diagnosis of choledochal cyst, follow by
surgical is therefore essential.

In diagnostic imaging, researchers have shown that
MRCP can offer diagnostic information equivalent to
that of ERCP for assessment of choledochal cysts in
adults"** (Figure 2). Although MRCP should not re-
place ERCP totally in pediatric patients, MRCP should
be considered the first-choice imaging technique for
evaluation of choledochal cysts. MRCP can provide pre-
operative information about minute structure of AAPB
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Figure 1 Primary sclerosing cholangitis in a 54-year-old man. Magnetic
resonance imaging shows multifocal strictures and beading of the bile duct.

Figure 3 Magnetic resonance image in a 48-year-old woman with abnor-
mal arrangement of the pancreato-biliary ductal system without a chole-
dochal cyst.

in children with choledochal cysts'™,

AAPB without choledochal cyst: AAPB patients with-
out choledochal cyst, similar to those with choledochal
cyst, experience continuous reciprocal reflux between
pancreatic juice and bile"”. Because the hydro pressure
within the pancreatic duct is usually greater than that
within the bile duct, pancreatic juice frequently refluxes
into the bile duct in these patients, which results in a high
incidence of cancer of the biliary tract.

Although AAPB patients with and without choledoch-
al cyst have a risk of biliary malignancy, the usual sites of
malignancy differ. To the contrast bile duct and gallblad-
der cancers were seen in 34% and 65% of AAPB with
choledochal cysts, only gallbladder cancer was found in
almost all of 38% of AAPB without biliary dilatation®™.
Once AAPB is diagnosed, prophylactic flow-diversion
surgery (bile duct resection and biloenteric anastomosis) is
performed for patients with choledochal cyst.

Treatment of patients with AAPB without biliary
dilatation is controversial. Prophylactic cholecystectomy
is performed in many institutions. However, some sur-
geons propose excision of the extrahepatic bile duct,
together with gallbladder.

The diagnostic criteria for AAPB have been estab-

(4 9
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Figure 2 Choledochal cyst Todani Iv-A type in a 58-year-old man. Magnetic
resonance imaging shows dilatation both intrahepatic and extrahepatic bile
ducts with abnormal arrangement of the pancreato-biliary ductal system.

lished on the basis of ERCP. Although Kamisawa 7 al™
have shown that MRCP can be used to detect AAPB
(Figure 3), they have reported that some atypical cases
with relative short common channel cannot be diag-
nosed by MRCP, and should be confirmed by ERCP.

AAPB cases with choledochal cysts have clinical
symptoms due to cholangitis or pancreatitis in child-
hood, and thus they tend to be diagnosed in childhood.
Patients without choledochal cysts are usually not diag-
nosed until adulthood, when they have already progressed
to advanced stage gallbladder carcinoma, which has a
poor prognosis. An approptiate strategy is necessary to
detect and manage these cases. Takuma e# a’" have sug-
gested that MRCP should be performed in patients who
are found to have gallbladder wall thickening by US.

Pancreatic juice reflux without AAPB

Recently, several case series have been published on the
reflux of pancreatic juice into the bile duct without a
morphologically AAPB, and the correlation of such cases
with biliary diseases, especially biliary malignancies, is
drawing attention” ", These cases could not detected
by existing imaging modalities based on morphological
change.

Several reports have shown that high amylase levels
in bile samples on ERCP, which indicate reflux of pan-
creatic juice, or reflux of contrast medium into the pan-
creatic duct during intraoperative cholangiography, were
found in 26%-87% of patients with normal pancreatico-
biliary duct anatomylsg’sgj.

Several reports have revealed that MRCP can be used
to detect pancreatic juice reflux in those parients[53’55j. In
patients without AAPB, reflux of pancreatic juice into
the common bile duct can be indirectly observed by us-
ing secretin-stimulating MRCP. The cause of such reflux
may be dysfunction of the sphincter of Oddi.

The new method of time-SLIP technique, used in
vascular studies, has the potential to visualize pancreatic
juice flow directly®™ (Figure 4). Researchers have shown
that this method can be used to detect pancreatic juice
flow reflux in the normal patients (Figure 5). The new
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Figure 4 Flow of pancreatic juice by time-spatial labeling inversion pulse imaging. A: Magnetic resonance cholangiopancreatography image; B: Time- spatial
labeling inversion pulse image obtained by applying labeling pulse box surrounded by lines to the body and tail portions of the main pancreatic duct, not showing
movement; C: Flow of pancreatic juice in duct from body into the head of pancreas is identified by high signal intensity (arrow).

\ .
\
\

Figure 5 Pancreatic juice reflux into the biliary tree by time-spatial labeling inversion pulse imaging. A 56-year-old female patient underwent magnetic reso-
nance imaging after abnormal laboratory findings. Magnetic resonance cholangiopancreatography revealed normal morphology, but time- spatial labeling inversion
pulse imaging showed pancreatic juice reflux into the biliary tree. A: Magnetic resonance cholangiopancreatography image; B: Flow of pancreatic juice from body of
the pancreas into the head of the pancreas is identified by high signal intensity (arrows).

technique may reveal more information on the rate of of primary hepatic tumors™", This ratio includes intra-
pancreaticobiliary reflux in the population with normal hepatic and extrahepatic tumors. The patients present
biliary anatomy and help determine whether is associated mostly in the 6" and 7" decades of life.
with an increased incidence of biliary malignancy. The pathologic classification of cholangiocarci-
noma categotize into 3 types: mass-forming, periductal
BILIARY MALIGNANCIES inﬁltr'ating, aqd intraductal growing[(’()]. The intraductal
growing type is currently thought to be the counterpart
In general, the diagnosis of biliary tumors, particulatly of intraductal papillary mucinous neoplasm of the pan-
early detection and differential diagnosis, is still challeng-  creas!™*"*".
ing, although many sensitive direct and indirect tech- MRI with MRCP is usually considered the modal-
niques have been adopted. ity of choice for the diagnosis of cholangiocarcinomas.
Several studies have shown that MRI has sensitivity and
Cholangiocarcinoma specificity > 90%. However, its ability to differentiate
Cholangiocarcinoma arise from the epithelial cells lining between benign and malignant obstruction is low and
the biliary tree. Intrahepatic cholangiocarcinoma arise variable, according to the authors™.
within the intrahepatic ducts and extrahepatic cholan-
glocarcinoma originate in the bile duct along the hepato- Intrahepatic cholangiocarcinoma: Intrahepatic chol-
duodenal ligament. Extrahepatic biliary carcinomas are angiocarcinoma is the second most common primary
further divided into hilar, also called Klatskin tumors, hepatic malignant tumors after hepatocellular carci-
and distal tumors. Hilar tumors represent approximately noma>**!. The important prognostic factors of intra-
60%-70% of cholangiocarcinoma, distal tumors repre- hepatic cholangiocarcinoma are tumor size, lymph node
sent 20%-30%, and intrahepatic cholangiocarcinomas metastasis, and vascular invasion.
represent 5%-10%""*", The mass-forming type makes up a large percentage
The tumors are rare, estimated at 3% of all gastroin- of intrahepatic cholangiocarcinoma, and shows an irreg-
testinal cancers. They are the second most common type ular shaped solid mass with peripheral rim enhancement
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Figure 6 Intrahepatic cholangiocarcinoma in a 70-year-old man. A: Axial T2-weighted image shows high signal intensity liver mass (arrow); B: Diffusion-weighted

imaging shows high signal intensity in the lesion (arrow).

Figure 7 Hilar bile duct cancer in an 84-year-old woman. A: Axial T2-weighted image shows wall thickening and high signal intensity of hilar bile duct (arrow); B:
Diffusion-weighted imaging shows high signal intensity in the lesion (arrow); C: Magnetic resonance cholangiopancreatography shows occlusion of the hilar bile duct

(arrow).

and incomplete concentric pooling of contrast material
on dynamic studies"". The MRI appearances de-
pend on the degree of fibrosis, coagulative necrosis, cell
debris, and mucin production. Capsular retraction, bile
duct dilatation distal to the tumor, vascular encasement,
and central scar have been also reported.

Several researchers have reported that the use of
hepatocyte-specific contrast agent (Gd-EOB-DTPA)
may aid in the diagnosis of intrahepatic cholangiocarci-
noma'”", They have shown that Gd-EOB-DTPA en-
hanced images displayed increased lesion conspicuity and
better delineation of daughter nodules and intrahepatic
metastases. Other researchers have reported that DWI
may be also useful for detection of bile duct cancers’ "™

(Figure 6).

Extrahepatic biliary cancer: Extrahepatic biliary carci-
nomas are divided into hilar, also called Klatskin tumors,
and distal tumors. Hilar tumors represent approximately
60%-70% and distal tumors 20%-30%'""". The most
common pattern of tumor growth is focal infiltration of
the ductal wall or the periductal-infiltrating type, result-
ing in focal strictures. The mass-forming and intraductal-
growing types are less common'”.

The role of MRI is to detect and characterize the
tumor, and determine respectability. On cross-sectional
MRI, the lesion appears ill-defined, and moderately
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hypo- to isointense on T1-weighted images and mildly
iso- to hyperintense on T2-weighted images as compared
to adjacent liver parenchyma.

Hilar bile duct cancers are most commonly of the
infiltrative type and less frequently exophytic or polyp-
oid lesions™"". Many studies have reported that MRI,
including MRCP, is useful in the staging of perihilar bile
duct cancers”™ (Figure 7). MRI cannot assess tumor
in stented ducts"™*. Minimal invasion along the mucosa
and in the perineural space may escape detection if it is
below the limit of resolution®™,

Distal extrahepatic cholangiocarcinomas are most
commonly of the infiltrative type and grow intramurally,
beneath the bile duct epithelium. The accuracy of MRCP
is reported to be comparable to that of ERCP for differ-
entiating extrahepatic bile duct carcinoma from benign

1608592 Although some overlap exists, in general

stricture
the presence of a long segment of extrahepatic bile duct
stricture with irregular margins and asymmetric narrow-
ing is suggestive of cholangiocarcinoma, whereas a short
segment with regular margins and symmetric narrowing
indicates a benign cause™’. The addition of a contrast-
enhanced dynamic study to evaluate the longitudinal
tumor extent of bile duct cancers is controversial. One
report has shown favorable results, but another report
showed no improvement in diagnostic accuracy”",

Several researchers have reported on the utility of
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Figure 8 Distal extrahepatic cholangiocarcinoma in an 83-year-old woman. A: Axial T2-weighted image shows wall thickening and slight high mass of the distal
common bile duct (arrow); B: Diffusion-weighted imaging shows high signal intensity in the lesion (arrow); C: Magnetic resonance cholangiopancreatography shows
occlusion of the distal common bile duct (arrow).

Figure 9 Gallbladder carcinoma in a 56-year-old woman. A: Axial T2-weighted image shows focal wall thickening (arrow); B: Diffusion-weighted imaging shows
high signal intensity in the lesion (arrow); C: Magnetic resonance cholangiopancreatography shows a filling defect in the gallbladder (arrow). Abnormal arrangement

of the pancreato-biliary ductal system is identified.

DWIT in these lesions, and it may play an important role
in the diagnosis of extrahepatic tumors”>" (Figure 8).

Gallbladder cancer

Primary carcinoma of the gallbladder is the most com-
mon malignancy of the biliary tract. Spread of gall-
bladder carcinoma to the liver is common due to the
thinness of the gallbladder’s smooth muscular layer and
the proximity to the liver, allowing spread to lymphatic
channels”"", Gallbladder carcinomas exhibit 3 typical
patterns: polypoid, mural thickening, and diffusely infil-
trative"”. Nearly 70% of gallbladder carcinoma present
as diffusely infiltrative lesions'”.

Usually, US is used as an initial diagnostic modality.
As a second step, CT, MRI with MRCP, and/or tradi-
tional cholangiography is often used for obtaining addi-
tional information. Comparative studies of CT and MRI
with MRCP are desirable.

The role of MRI is to characterize the tumor, and
determine respectability” ™. Gallbladder carcinoma
usually exhibits low to intermediate signal intensity on
T1-weighted sequences and heterogenous hyperintensity
on T2-weighted sequences with a characteristically ill-
defined contour"”. In the polypoid and mural thicken-
ing types, lesion more than 10 mm in diameter or which
enhance after intravenous contrast material, are usually
malignant. The diffusely infiltrative type, the tumor
appears as a large solid mass in the gallbladder fossa,
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obscuring the gallbladder. The presence of gallstones
within the mass may be helpful in making the diagnosis.
In tumor staging, differentiation between stage T1 (le-
sions confined to the muscular layer) and stage T2 (lesions
confined to subserosal or perimuscular connective tissue)
is important, because vastly different operative procedures
used depending on the stage. Yoshimitsu e o/ have re-
ported that submucosal enhancement on a delayed phase
dynamic MRI study is a useful sign for differentiating
between the stages.

Several researchers have showed that DWI may be
useful in the diagnosis of gallbladder carcinoma"'"”
(Figure 9). The sensitivity and specificity of conventional
MRI alone was 74% and 68%-83%, tespectively; these
values increased when DWI was used along with con-
ventional MRI®Y,

Ampullary cancer
Ampullary carcinoma tends to appear as small mass that
causes biliary obstruction. Although CT and MRI are
used to evaluate ampullary catcinoma, it is difficult to di-
agnose because of the small tumors and difficulty of dif-
ferentiating between the tumors and surrounding normal
structure. MRI, including MRCP, has been reported to be
more accurate than CT!""""", MRI in ampullary carcino-
ma has a high sensitivity and low specificity'?. EUS and
ERCP are usually used to identify ampullary carcinoma.
Histologically, most ampullary carcinoma develop
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Figure 10 Ampullary cancer in an 84-year-old woman. A: T2-weighted axial image shows a focal mass in the ampullary region (arrow); B: Diffusion-weighted imag-
ing shows high signal intensity within an ampullary cancer (arrow); C: Magnetic resonance cholangiopancreatography shows marked dilatation of the bile duct and
slight dilatation of the main pancreatic duct.

from 1 of 2 types of epithelium, resulting in an intes-
tinal-type adenocarcinoma arising from the intestinal
epithelium lining the duodenal papilla and pancreatico-
biliary-type adenocarcinoma developing from the biliary
epithelium of the ampullary portion. The subtypes of
ampullary tumors have different prognoses. Chung ef a/'"”
have shown MRI may be helpful in determining the sub-
types of ampullary tumors.

Several studies have reported that DWI has the po-
tential for differentiating malignant ampullary tumors
from benign ampullary tumors' *'"”. Researchers have
reported that malignant tumors have a low ADC value
compared to that of benign tumors (Figure 10).

CONCLUSION

MRI is a promising non-invasive imaging technique for

evaluating biliary lesions. MRI can be used for diagno-
sis, tumor characterization, preoperative planning, and
follow-up of malignant biliary lesions.
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Abstract

Hepatitis D virus (HDV) is a defective RNA virus which
requires the help of hepatitis B virus (HBV) virus for its
replication and assembly of new virions. HDV genome
contains only one actively transcribed open reading
frame which encodes for two isoforms of hepatitis delta
antigen. Post-translational modifications of small and
large delta antigens (S-HDAg and L-HDAg) involving
phosphorylation and isoprenylation respectively con-
fer these antigens their specific properties. S-HDAg is
required for the initiation of the viral genome replica-
tion, whereas L-HDAg serves as a principal inhibitor
of replication and is essential for the assembly of new
virion particles. Immune mediation has usually been
implicated in HDV-associated liver damage. The patho-
genesis of HDV mainly involves interferon-a signaling
inhibition, HDV-specific T-lymphocyte activation and
cytokine responses, and tumor necrosis factor-alpha
and nuclear factor kappa B signaling. Due to limited
protein coding capacity, HDV makes use of host cel-
lular proteins to accomplish their life cycle processes,
including transcription, replication, post-transcriptional
and translational modifications. This intimate host-
pathogen interaction significantly alters cell proteome
and is associated with an augmented expression of
pro-inflammatory, growth and anti-apoptotic factors
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which explains severe necroinflammation and increased
cell survival and an early progression to hepatocellular
carcinoma in HDV patients. The understanding of the
process of viral replication, HBV-HDV interactions, and
etio-pathogenesis of the severe course of HDV infection
is helpful in identifying the potential therapeutic targets
in the virus life cycle for the prophylaxis and treatment
of HDV infection and complications.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatitis B virus; Hepatitis D virus; Hepa-
titis delta antigens; Virus replication; Host-pathogen
interactions; Hepatitis D virus pathogenicity; Interferon-
alpha; Hepatocellular carcinoma

Core tip: A scarcity of literature about the hepatitis
D virus (HDV) life cycle and pathogenesis is clearly
evident. Severity of HDV associated liver disease and
lack of an efficient treatment regime therefore warrant
urgent research into HDV biology. Virus entry inhibi-
tors and isoprenylation inhibitors may play a role in
preventing HDV superinfection and liver cirrhosis. As
inhibition of interferon-a signaling by HDV plays a piv-
otal role in failure to clear the virus, testing interferon-
free treatment regimens should undergo clinical trials.
A low degree of heterogeneity in hepatitis delta antigen
encourages the development of a vaccine using its im-
munogenic sequences.

Abbas Z, Afzal R. Life cycle and pathogenesis of hepatitis D
virus: A review. World J Hepatol 2013; 5(12): 666-675 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v5/112/666.
htm DOI: http://dx.doi.org/10.4254/wjh.v5.112.666

INTRODUCTION

The smallest virus known to infect humans, hepatitis del-
ta virus (HDV), is increasingly again becoming a cause of
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fulminant hepatitis or a more rapid progression of liver
disease in the setting of chronic hepatitis B virus (HBV)
infection!. HDV is a defective satellite RNA virus which
requires the helper function of HBV for its replication
and assembly of new virions™. An estimated 15-20 mil-
lion individuals with HBV wotldwide are found infected
with HDV®, highlighting a need to exactly understand
the pathogenesis and molecular biology of the virus.

GENOMIC STRUCTURE AND
TAXONOMIC CLASSIFICATION

HDV is a small, spherical virus with a diameter of about
36 nm'™”. The viral genome is a circular, single-stranded,

negative sense RNA molecule with an internal core delta
antigen surrounded by an envelope derived from HBV
surface proteins”’ﬂ. The genomic RNA of HDV is com-
posed of approximately 1700 nucleotides, packaged with
about 200 molecules of hepatitis delta antigen (HDAg)M
to form a single viral particle. Due to extensive base-
pairing within the RNA molecule, the genome appears as
a double-stranded rod like structure and thus it remark-
ably resembles viroids (plant pathogens)[1’7]. However,
unlike viroids, the HDV has more nucleotides in its ge-
nome compared to 200-400 nucleotides in a viroid RNA.
Furthermore, viroids lack protein coding ability whereas
HDV codes for its own HDAg and requires HBV for its
propagationm. The envelope surrounds the genome and
HDAg composed of all three HBV envelope proteins,
namely small hepatitis B surface antigen (S-HBsAg), me-
dium HBsAg and large HBsAg, The HDV genome also
exhibits a self-cleavage activity by encoding a ribozyme
domain about 80-100 nucleotides long. HDV seems to be
a unique animal virus because of its high GC nucleotide
content and circle rolling mechanism of replication[sm.
The virus is currently assigned the separate genus delta-
virus and yet awaits a complete taxonomic classification,
including order and family.

Unlike most RNA viruses, HDV does not encode
its own replicase or RNA-dependant RNA polymerase
to replicate its genome. Rather, it makes use of cellular
RNA polymerases which are DNA-dependant RNA
polymerases. Since HDV genomic RNA has negative or
anti-messenger polarity, during replication three different
forms of RNA are being made: circular genomic RNA,
circular complementary anti-genomic RNA and a linear
anti-genomic RNA through a circle rolling mechanism.
The circle rolling mechanism involves unidirectional rep-
lication of nucleic acids to form multiple copies of cir-
cular genome using cellular RNA polymerases'"". Linear
polyadenylated anti-genomic RNA serves as messenger
RNA (mRNA) to produce HDAg,

Since HDV is presented with a limited protein coding
capacity encoding only one HDAg with two isoforms,
it thus makes use of host cellular machinery (cellular
proteins) to accomplish the processes which are essential
for its life cycle, such as transcription, replication, post-

. . . . . 9,12
transcriptional and translational modifications™',
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HDV ANTIGEN

HDV genome has been found to contain several open
reading frames (ORFs)"Y. Out of all the open reading
frames, only one appears to be actively transcribed and
encodes for antigen (HDAg)"”, the function of the rest
of the ORFs is still unknown. There are two isoforms
of HDAg, small HDAg 24 kDa (S-HDAg) composed
of 195 amino acids and large HDAg 27 kDa compris-
ing of 214 amino acids (L-HDAg). The open reading
frame transcribes into a mRNA using host cell RNA
polymerase I[which translates to produce S-HDAg. A
post-transcriptional modification by the cellular enzyme
adenosine deaminase-1 (ADAR 1) replaces the stop
codon (UAG at position 196) on the mRNA by a tryp-
tophan (codon UGG), extending the reading frame by
an additional 19 amino acids leading to the production
of L-HDAg™"""". The nineteen extra amino acids added
at the carboxyl terminal of I-HDAg confer it functional
properties that are different from S-HDAg, S-HDAg is
required for the initiation of the viral genome replica-
tion, whereas I-HDAg which is synthesized in the late
stage of viral replication serves as a principal inhibitor of
replication and is essential for the assembly of new virion
particles™. T-HDAg not only regulates HDV genome
replication but also its own synthesis by inhibiting viral
teplication which prevents editing of amber/W site nec-
essary for the expression of I-HDAg'"”,

The HDAg contains different functional domains,
such as RNA-binding domain, coiled-coil sequence and
nuclear localization sequence. The L-HDAg in addition
contains a few more domains which include virus as-
sembly signal (VAS) and nuclear export signalls’gl. VAS in
the I-HDAg renders it obligate for virion assembly"®.
HDAg may directly activate transcription of the viral
genome by binding to RNA. HDAg may also facilitate
transcription elongation by replacing transcription re-
pressor bound to RNA polymerase 11*”'. In the ab-
sence of HBsAg, both the S-HDAg and L-HDAg tend
to localize in the nucleus as they carry nuclear localiza-
tion signals. Thus, HBsAg is essential for cytoplasmic
translocation of L-HDAg as only L-HDAg bears nuclear

export signal for the purpose of its established role in
[17]

virion assembly

POST-TRANSLATIONAL MODIFICATIONS
OF HDAG

The post-translational modifications of HDAg have been
reported®™'*!
may modulate HDAg function and may lead to progres-
sion of the viral cycle!”. These post-translational modifi-
cations include serine and threonine phosphorylation, ly-
sine acetylation, arginine methylation, lysine sumoylation
and cysteine farnesylation™?, Since HDV is deficient in
enzymes responsible for post-translational modifications,
HDV precisely depends upon cellular proteins to accom-
plish these processes.

and are of immense importance as these
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Phosphorylation occurs at the serine and threonine
residues of S-HDAg, whereas only serine residues are
phosphorylated in L—HDAg[()’w]. Post-translational phos-
phorylation of S-HDAg at serine-177 is crucial for its
interaction with the cellular RNA polymerase I P which
is responsible for genomic HDV RNA synthesis (HDV
antigenome RNA replication). Phosphorylation of
S-HDAg at serine-177 and phosphorylation at serine-2
residue®™! therefore enhances HDV replication. Further-
more, RNA-binding activity of HDAg has found to be
mediated by phosphorylational modification and thus
seems essential for viral replication[zﬂ.

Acetylation of lysine residues of both the S-HDAg
and L-HDAg have been reported and are being associ-
ated with modulation of HDV replication. Mu ez al™
found that a substitution of acetylated lysine-72 of
S-HDAg by an alanine re-localized the mutant S-HDAg
into the cytoplasm and was associated with the dimin-
ished viral RNA accumulation and earlier L-HDAg
appearance. Methylation of the arginine residue of
S-HDAg has been observed to influence HDV replica-
tion" """ and thus methylation inhibitors result in an inhi-
bition of HDV replication.

Sumoylation is a newly known post-translational
modification which involves the conjugation of S-HDAg
with a small ubiquitin-related modifier isoform-1 (small
ubiquitin-like protein), results in sumoylation of multiple
lysine residues in S-HDAg and an enhanced genomic
RNA and mRNA synthesis with no effect on anti-
genomic transcriptionl()’z’?’].

Isoprenylation is the most important modification
which results in farnesylation of the cysteine-211 which
resides in the isoprenylation signal sequence located
at the carboxyl terminal of L-HDAg. Farnesylated
L-HDAg inhibits viral RNA replication and facilitates
vition assembly by mediating the direct binding between
L-HDAg and HBV envelope proteinsm. Farnesyl inhibi-
tors, although in their early phase of development, may
improve disease outcome.

CELL ATTACHMENT, ENTRY,
UNCOATING AND REPLICATION

The mechanism of entry of the HDV into the hepato-
cytes is not cleatly understood, however, it is thought to
be similar to HBV. HDV enters hepatocytes by binding
to the carbohydrate side chains of heparin sulphate pro-
teoglycan present on the surface of hepatocytesm. The
N-terminal aminoacids of the pre-S1 domain of I-HB-
sAg are thus obligatory to HDV entry into hepatocytes.
Mutations/deletions in highly consetved pre-S1 sequence
and acetylation or myristoylation of pre-S1 N-terminal
amino acids have been found to inhibit HDV entry into
hepatocytes””. Recently, Yan ez a/*” have identified a pu-
tative receptor for the entry of HBV and HDV into the
hepatocytes. The authors proposed that pre-S1 domain
of 1-HBsAg interacts with sodium-taurocholate cotrans-
porting polypeptide, an integral transmembrane glyco-
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protein involved in enterohepatic circulation, to facilitate
HDYV infection.

After HDV enters the cell, the uncoating of viral
particle occurs and HDAg translocates the viral genome
into the nucleus where RNA polymerases I and II are
employed to replicate the genome (Figure 1). Polymerase
I involves the transcription of antigenome from viral
genome in the nucleolus, while polymerase II catalyzes
genome replication from antigenome and transcription
of mRNA in the nucleoplasm®”,

The process of replication starts with the transcrip-
tion of antigenome using the viral genome through a
circle rolling mechanism which produces an antigenomic
RNA of more than one unit length. The antigenomic
RNA is then self-cleaved by intrinsic ribozyme activity
and ligated to form a circular antigenome using cellular
ligases. The antigenomic RNA is then used to produce
genomic RNA in the nucleoplasm. The mRNA is tran-
scribed using the same genomic transcript and is trans-
lated to produce HDAg. It is therefore evident that HBV
plays no role in HDV replication and it can proceed even
in the absence of the helper virus. It is required only for
cell entry, virion assembly and export.

PATHOGENESIS

HDV replicates only in the hepatocytes. The cellular
damage associated with HDV infection thus involves
mainly the liver. Immune-mediated liver damage is
thought to be implicated in HDV infection™. However,
data from experimental chimpanzees has also suggested
a direct cytopathic effect of HDV on hepatocytes, pat-
ticularly in acute hepatitis settingmm. It is postulated that
in acute HDV infection, infected hepatocytes undergo
degenerative changes characterized by shrunken eosino-
philic cytoplasm and pyknotic nuclei as well as the pres-
ence of minimal inflammatory cells in the liver paren-
chyma, consistent with cytopathic hepatocellular damage.

These findings are also evident from 7 vitro (cell culture
34,35

system)”” and human studies™”. Small delta antigen ex-
pressed by infected hepatocytes is thought to be respon-
sible for this direct cytopathic effect of HDV™), while
large delta antigen per se is non-cytotoxic, promotes
petsistence of HDV (chronicity) and makes hepatocytes
susceptible to immune-mediated damage.

Experimental woodchuck models have proven very
helpful in furthering our knowledge of HDV pathogen-
esis and the chronicity associated with HDV superinfec-
tion”*”", owing to the marked resemblance between the
course of disease in woodchuck models and the out-
come of HDV superinfection in humans. In addition,
these models are also invaluable for testing the efficacy
and protective role of new treatments for HDV, includ-
ing vaccine candidates. Studies on these experimental
models have disclosed that both the protein immuniza-
tion and DNA immunization for HDV are insignificant
in protecting against HDV superinfectionm’”], highlight-
ing the need of adopting different approaches to de-
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Variation in immune-mediated responses during
acute and chronic HDV infection has been noticed”*”,
which may explain the persistence and chronicity of
HDV superinfection. Cytotoxic T lymphocytes are main-
ly responsible for clearing the virus by destroying HDV-
infected cells. Delayed and insufficient immune response
with ability of recognizing only limited viral epitopes has
been implicated in failure to clear the infection coupled
with establishment of chronic infection. Fulminant he-
patic failure has been observed in 1% of HBV/HDV
co-infected patients while in 5% of those superinfected
with HDV. An exaggerated immune response, patticu-
latly a cell-mediated one, is proposed to be involved in
causing massive hepatocyte necrosis and liver damage in
fulminant hepatic failure™*.

The pathogenesis of HDV is also thought to be in-
fluenced by the interaction of HDV with the HBV**
which has not yet been clearly elucidated by investigat-
ing bodies. HDV infection is known to occur either as
a coinfection or a superinfection. A coinfection with
HBV/HDV usually eradicates both the organisms and
often results in complete recovery, while a superinfection
frequently progresses into chronic hepatitis D infection'.
Patients with chronic hepatitis B who develop superinfec-
tion with hepatitis D may also go into acute on chronic
liver failure, leading to ascites and hepatic encephalopathy.
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HBV-HDV INTERACTION

HBV coinfection with other hepatitis viruses is associat-
ed with various patterns of reciprocal inhibition of viral
replication. HDV has been frequently shown to suppress
HBV replicationm]. L-HDAg up-regulates the myxovirus
resistance-A transcription, an interferon-inducible anti-
viral response mediator which is involved in suppression
of HBV replication. It is therefore suggested that the
liver disease in HBV/HDV superinfection is mainly due
to HDV™. Chronic HDV/HBV infection causes a more
severe liver disease than HBV monoinfection alone; the
disease runs a rapidly progressive course, leading to eatly
cirrhosis, decompensation and hepatocellular carcinoma
(HCC), and a shorter 5 year survival™.

Suppression of HBV replication by HDV is not
sustained for an overall period of the disease as the viral
response changes over time”’. One study revealed sig-
nificant HBV replication in about half of the patientsm].
Taken together, three phases of chronic hepatitis D have
been proposed: (1) eatly active phase with active HDV
replication and suppression of HBV; (2) a second mod-
erately active one with decreasing HDV and reactivating
HBYV; and (3) late phase with the development of cir-
rhosis and hepatocellular carcinoma caused by replica-
tion of either virus or with remission resulting from the
marked reduction of both viruses*.
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Figure 2 Depicts hepatitis D virus pathogenesis. HDV: Hepatitis D virus; IL:
Interleukin; IFN: Involves interferon.

INTERFERON-ALPHA SIGNALING
INHIBITION

The pathogenesis of HDV mainly involves interferon-a
(IFN-q) signaling inhibition™, HDV-specific T-lym-
phocyte activation and cytokine responses[il’sz’&ﬂ, tumor
necrosis factor-alpha (TNF-a) and nuclear factor kappa
B signaling154’55j, together with modifications in cell pro-
teome and an associated increased cell survival poten-
tial*” (Figure 2).

IFN-q signaling by the virus-infected cells to warn
their neighboring cells of a viral presence is a first line
of defense of the host to eradicate viruses. IFN-q is
induced by the double-stranded RNA presented during
viral replication””. The TFNs thus produced exert their
effect by binding to o and B-IFN receptors on the cell
surface, resulting in activation of the tyrosine kinases
of the janus kinase (JAK) family which in turn phos-
phorylate tyrosine residues of the cytoplasmic transcrip-
tion factors acting as signal transducer and activator of
transcription (STAT). Activation of JAK/STAT signal-
ing pathway stimulates the expression of IFN-induced
genes. The IFN-q-stimulated genes then code for the
antiviral proteins, namely myxovirus resistance A, dou-
ble-stranded RNA (dsRNA)-activated protein kinase and
2’,5-oligoadenylate synthetase which, in turn, mount an
antiviral response™. The resultant activated non-specific
innate and specific acquired immune responses help
combat the viral infection, but this is not the case in the
setting of HDV infection.

Since HDV is composed of a single-stranded RNA
molecule, it is not expected that it would stimulate
IFN-q release™. On the other hand, interferon-alpha
signaling activation has shown to be inhibited in HDV
infection™. HDV averts tyrosine kinase-2 (tyr-2) activa-
tion preventing phosphorylation of STAT-1 and STAT-2
and their intra-nuclear translocation for the expression
of IFN-induced genes. HDV thus interferes with the
activation of JAK/STAT signaling pathway by IFN-q,
signaling inhibition™” which may be implicated in viral
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persistence and treatment failure (Figure 3).

IFN-q is also known to stimulate the cellular enzyme
ADAR 1 and thus L.-HDAg expression by increased edit-
ing of mRNA™, TFN-¢, signaling failure in HDV infec-
tion may prevent an eatly production of L-HDAg and
cessation of viral replication. From the above descrip-
tion, it could be concluded that inhibition of IFN-q sig-
naling in an HDV infected individual plays a pivotal role
in failure to clear the virus and also confers resistance to
IFN-q treatment. Babiker ¢z a/°" tested an interferon-
sparing antiviral treatment regime consisting of tenofo-
vir disoproxil fumarate and lamivudine in a patient with
severe acute HDV infection. Successful suppression
of HDV RNA was achieved after 16 mo of treatment,
along with significant reductions in HBV DNA and
HBsAg levels. The interferon-sparing regimens should
undergo more clinical trials to establish their efficacy for
the treatment of hepatitis D.

T-CELL RESPONSES

It is already established that the pathogenesis of liver
injury in HDV infection is not directly cytopathic but
immune-mediated mechanisms are known to be involved.
After the entry of virus into hepatocytes, its antigen is
processed in endoplasmic reticulum of cell cytoplasm
and presented on the cell surface in association with
major histocompatibility complex- I (MHC- 1) protein.
CD8" cytotoxic T lymphocytes recognize endogenously
synthesized antigen presented in association with class-
I MHC proteins and kill the virus infected cell by two
mechanisms: release of perforins and granzymes and an
interaction between FAS receptor and FAS ligand. Both
of these mechanisms lead to DNA fragmentation and
apoptosis of the target cells'™,

Secondly, exogenous antigens and noninfectious viral
particles are endocytosed by the surrounding antigen-
presenting cells (APCs) (which include macrophages, B
lymphocytes and dendritic cells) which present the anti-
gens on their surface in association with class I MHC
proteins. CD4" helper T-cells recognize antigens when
they are presented in association with class I MHC
proteins. A virus-specific clone of helper T-cells is thus
activated and starts proliferating to bring about clonal ex-
pansion in order to clear the viral infection. Proliferating
helper T-cells are categorized into three subtypes: type 0
(Th-0), Th-1 and Th-2 T-cells on the basis of their func-
tions and cytokines they produce. Thus, an HDV-specific
activated clone of helper T-cell is the key component
around which the pathogenesis of HDV revolves'™”.

CYTOKINES

The pathogenesis of HDV involves activation of a clone
of HDV-specific helper T-cell which, in turn, expresses
cytokines, mainly interleukin-2 (IL-2), IL-2 receptor,
I1.-10 and TFN-y*"***| T1-2, being a T-cell growth and
differentiation factor, stimulates both HDV-specific help-
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er T-cell and CD8" cytotoxic T-cell to proliferate and un-
dergo clonal expansion. Cytotoxic T-cells destroy virus-
infected cells while the activated helper T-cells under the
influence of IL-12 develop into subtype Th-1 cells and
specifically secrete IFN-y.

In HDV infection, HDV-specific Th-1 and cytotoxic
T-cells have been shown to produce a large amount of
IFN—y[52J which stimulates phagocytosis and killing by
macrophages and up-regulates the expression of class-
I and class-II MHC proteins on cell surfaces. IFN-y
may inhibit viral replication directly or from its immune-
modulatory and immune-stimulatory effects”™". IFN-y
also stimulates the secretion of IFN-y induced protein-10
(CXCL-10), a chemoattractant which recruits natural
killer cells (NK cells), T-cells, macrophages/monocytes
and dendpritic cells to destroy HDV-infected cells with the
consequent viral clearance at the cost of inflammatory
infiltrates causing liver damagelm].

It is also postulated that in chronic hepatitis, pro-
duction of IFN-y by the Th-1 helper T-cells induces
hepatocytes to express class- I MHC protein in addition
to class- I MHC protein in an attempt to increase their
capacity to clear the infection™. This may be associ-
ated with severe liver necrosis and increased severity of
hepatitis in HDV- infected patients as more uninfected
hepatocytes expressing MHC- I protein will also be rec-
ognized and killed by helper T and cytotoxic T-cells.
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Since HDV-specific CD4" T-cell response has been
identified in HDV infected patients in response to
HDAg, there are specific sequences on HDAg identified
which are being recognized and processed by APCs™
and presented on the cell surface in association with
MHC-1I protein to mount an HDV-specific antiviral
response by CD4" helper T-cells. Nisini e# al™ thus em-
ployed synthetic peptides spanning the entire HDAg se-
quence in an attempt to determine HDAg-specific helper
T-cell recognition of specific antigenic determinants.
They studied their fine specificity to identify immuno-
genic epitopes of HDAg that could be used to generate
a vaccine for the prophylaxis and treatment of HDV
infection™. Furthermore, two studies have identified a
low degree of heterogeneity in HDAg which encourage
the development of a vaccine using these immunogenic
sequences of HDAgW’“].

The study results of Nisini ez al”? also suggested
that HDAg-specific T-cell response in peripheral blood
of HDV-infected individuals is associated with reduced
HDV replication and anti-HD IgM disappearance with
the consequent reduced activity of HDV-induced liver
disease™

A vigorous immune response involving HDAg-
specific T-cell response and cytotoxic killing of HDV-
infected cells following HDV infection thus results in
both viral clearance and augmented liver damage.
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CELL PROTEOME MODIFICATIONS AND
ROLE OF CELLULAR PROTEINS

Since HDV lacks essential enzymes to carry out its own
replication and cell cycle, host cell proteins and compo-
nents are thus intimately involved in the HDV pathogen-
esis "7,

There are a number of cellular proteins identified
to date which interact with HDV RNA and HDAg to
accomplish HDV life cycle processes. The interaction
of cellular proteins with HDV RNA and HDAg signifi-
cantly alters cell proteome. Cellular RNA polymerase
subunits, helicases, RNA-binding proteins, heteroge-
neous ribonucleoproteins (hnRNPs) and transcriptional
and splicing factors have been known to interact with
S-HDAg to facilitate HDV RNA transcription and trans-
lation. Host transcription factors interacting with HDAg
may remarkably alter cellular gene expression resulting in
enhanced cytokines, inflammatory enzymes, growth fac-

tors and anti-apoptotic proteins”, which may suggest severe
necroinflammation, amplified liver damage and a concomi-
tent increased cell survival in HDV infected patients.

Cellular proteins involved in pathways, such as regula-
tion of cell metabolism and enetgy pathways, nucleic acid
and protein metabolism, apoptosis and cell growth and
maintenance, demonstrate a significantly altered expres-
sion profile in the presence of HDV components.

HDV AND CIRRHOSIS

Progression of liver disease in HDV infection has been
demonstrated to be influenced by many factors, includ-
ing mode of infection (ie., coinfection or superinfec-
tion), specific HDAg variants™ and HDV"") and HBV'*”
genotypes. Superinfection with HDV in chronic HBV is
associated with a more severe form of liver disease ow-
ing to its exacerbation of pre-existing liver damage due
to HBV'”, HBV genotypes have much less convincing
evidence of directly influencing liver pathology, rather it

regulates HDV viral loads which adversely affect disease
[70]

outcome

Since HDV infection causes fulminant hepatitis
and liver cirrhosis, L-HDAg has been shown to stimu-
late transforming growth factor-f§ (TGF-B) and c-Jun-
induced signaling cascades which in turn may induce
epithelial-mesenchymal transition and fibrogenesis'"".
Chronic HDV may thus induce liver cirrhosis by up-
regulating the expression of TGF-f. This process is spe-
cifically accomplished by the isoprenylation ( farnesyl-
ationn) of L—HDAng. Isoprenylation inhibitors, which
are still in their early phase of development, may play a
key role in preventing these undesirable outcomes fol-
lowing HDV infection.

HDV AND HEPATOCELLULAR
CARCINOMA

It has already been mentioned that cells infected with
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HDV appear to have altered gene expression and cellular
responses, which is also evident from augmented expres-
sion of pro-inflammatory, growth and anti-apoptotic fac-
tors. It is thus explanatory that severe liver damage and
a concomitant increased hepatic cell survival in HDV-
infected patients may lead to HCC.

It is well known that nuclear factor kappa B (NF-kB)
dysregulation is associated with inflammation and can-
cer™. L-HDAg has been shown to activate nicotinamide
adenosine denucleotide hydro-phosphoric acid oxidase-4
which in turn induces oxidative stress. L-HDAg is there-
fore able to activate the signal transducer and activator
of transcription-3 and the NF-kB through the oxidative
stress pathwayml. L-HDAg may also stimulate TNF-q
induced NF-xB, probably »z TNF receptor-associated
factor 2 (TRAF2), a protein involved in the early signal

P This may underscore a possible

transduction events
underlying cause of severe necroinflammation in HDV
infection and its progression to HCC. A clinical study
has also suggested that HCC in HDV infection may be
a secondary effect of the necroinflammation and cirrho-
sis”™. In this study, decreased liver size was noticed more
in cases of HDV HCC compared to HBV monoinfec-
tion group where the liver size was normal or increased.
HDV patients had lower platelets and larger varices on
endoscopy.

Both L-HDAg and S-HDAg have been shown to
enhance clusterin gene expression[sm which is found
up-regulated in tumor cells and evidently implicated in
tumorigenesism. HDAg amplifies the expression of
clusterin gene by enhanced acetylation of histone H3 in
clusterin gene promoter region. The similar modification
has also been observed in several oncogenic viruses as-
sociated with the expression of specific proteins, such
as the adenovirus protein E1A" the simian virus 40T
antigen"and the E7 protein of the human papilloma
virus'?. An increased histone acetylation and clusterin
protein production are associated with increased survival
of HDV-infected cells””. This may reliably be implicated
in the development of HCC in HDV-infected patients.

RELEVANCE OF GENOTYPES
To date, there are eight genotypes of HDV which have

been reported with unexplained variations in their patho-
genecity. Furthermore, HDV genotypes have a distinct
geographical distribution, apart from HDV genotype 1
which has been observed universally™*”.

The available literature is apparently unable to outline
a specific HDV genotype associated with the disease se-
verity in HDV infection as different genotypes are prev-
alent in different parts of the world and none could be
correlated with more severe disease outcome with cet-
tainty. Any geographical area which reports HDV associ-
ated disease severity primarily belongs to the genotypes
prevalent in that area. This entity thus requires further
research to establish an association between disease se-
verity and different HDV genotype infections. However,
Su ¢ al™ have reported genotype I HDV and older age
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associated with adverse outcomes in HDV/HBV infec-
tion. There are patterns of disease suggesting cytopathic
viral illness, as was indicated by outbreaks of severe hep-
atitis in the northern part of South America”™. These
cases were mostly caused by HDV genotype 3.

CONCLUSION

Although a global decline in HDV prevalence has now
been observed due to better prevention practices, mass

awareness and expanded HBV vaccination in industrial-
ized countries, it is still a major health concern in the
Asia-Pacific region where circumstances favor the spread
of hepatitis B and related infections. A scarcity of litera-
ture about the HDV life cycle and pathogenesis is cleatly
evident. Furthermore, severity of HDV-associated liver
disease with its adverse outcomes and lack of an efficient
treatment regime encourage research into HDV biology.
A better understanding of the viral pathogenesis will cer-
tainly help the investigating bodies to develop new treat-
ment approaches which would be able to cope with both
disease severity and outcome. An innovative approach
towards generating a vaccine against HDV is also needed.
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Abstract

Aging is characterized by the loss of homeostasis that
leads to changes in the biochemical composition of
tissues, reduced ability to respond adaptively to en-
vironmental stimuli, and increased susceptibility and
vulnerability to diseases including coronary artery dis-
eases, carotid artery disease and brain vessel disease.
Hypercholesterolemia is one of the primary risk factors
for these pathologies, whose incidence is highly related
to aging. Almost 25% of men and 42% of women
older than 65 years have a serum total cholesterol
level greater than 240 mg/dL. The mechanisms behind
this age-related increase in plasma cholesterol are still
incompletely understood, thus, the control of plasma
cholesterol content in aged people is more challenging
than in adults. In this review the different pharmaco-
logical approaches to reduce plasma cholesterol levels,
particularly in aged people, will be discussed. In brief,
current therapies are mostly based on the prescription
of statins (3-hydroxy-3-methylglutaryl-CoA reductase
inhibitors) that are pretty effective but that exert sev-
eral side effects. More attention should be given to po-
tential drug interactions, potential age-related changes
in drug pharmacokinetics, adverse effects such as my-
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opathy and competing risks when statins are prescribed
to old patients. In combination or in alternative to sta-
tin therapy, other agents might be required to reduce
low density lipoprotein (LDL) cholesterol levels. Among
the available drugs, the most commonly prescribed are
those addressed to reduce cholesterol absorption, to
modulate lipoprotein lipase activity and bile acid se-
questrants: even these pharmacological interventions
are not exempt from side effects. The use of antioxi-
dants or organoselenium compounds and the discovery
of new proteins able to modulate exclusively LDL re-
ceptor recycling such as Proprotein convertase subtilisin
kexin 9 and SEC24 offer new pharmacological approaches
to selectively reduce the main causes of dyslipidemia.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Aging; Cholesterol; Hypercholesterolemia

Core tip: The strategies used to reduce plasma choles-
terol levels in elderly people are mainly addressed to
the inhibition of the rate limiting enzyme of cholesterol
biosynthetic pathway, 3-hydroxy-3-methylglutaryl-CoA
reductase (HMGR), in order to increase low density li-
poprotein (LDL) receptor membrane exposure and LDL
clearance from the circulation. Indeed current therapies
are mostly based on the prescription of statins (HMGR
inhibitors) that are pretty effective but that exert side
effects. More attention should be given to potential
drug interactions, potential age-related changes in drug
pharmacokinetics, adverse effects such as myopathy
and competing risks when statins are prescribed to eld-
erly. Thus, new therapeutic agents should be taken into
account.

Trapani L, Segatto M, Pallottini V. New compounds able to
control hepatic cholesterol metabolism: Is it possible to avoid
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statin treatment in aged people? World J Hepatol 2013; 5(12):
676-684 Available from: URL: http://www.wjgnet.com/1948-5182/
full/v5/i12/676.htm DOI: http://dx.doi.org/10.4254/wjh.v5.112.676

INTRODUCTION

Aging is characterized by the loss of homeostasis that
leads to changes in the biochemical composition of tis-
sues, reduced ability to respond adaptively to environ-
mental stimuli, and increased susceptibility and vulnera-
bility to diseases including coronary artery, carotid artery,
and brain vessel diseases' .

Hypetcholesterolemia is one of the primary risk fac-
tors for these pathologies, whose incidence is highly re-
lated to aging, Almost 25% of men and 42% of women
older than 65 years have a serum total cholesterol level
greater than 240 mg/dL". The mechanisms behind
this age-related increase in plasma cholesterol are still
incompletely understood. Of particular interest are the
findings that indicate a gradual decline in the fractional
clearance of low density lipoprotein (LDL) from the
circulation”” and a reduced expression of hepatic LDL
receptor (LDLr) with increasing age in some species™.
Experimental data show that aging significantly rises
secretion rates of biliary lipids (bile salt, cholesterol and
phospholipid), and bile cholesterol content as well as
sizes and hydrophobicity indices of the bile salt pool"”.,
The age-related disruption of cholesterol metabolism
could be caused by the progressive decline and perturba-
tion in homeostasis maintenance that occur in aging" .

Cholesterol biosynthesis is a tightly regulated meta-
bolic pathway that employs multiple feedback mecha-
nisms to maintain homeostasis. Over the past several
decades, much work has focused on the regulation of
3-hydroxy-3-methylglutaryl-CoA reductase (HMGR),
which catalyzes the conversion of HMG-CoA to meval-
onate through a four-clectron oxidoreduction. This reac-
tion is the rate-limiting step in the synthesis of choles-
terol and other isoprenoids such as dolichol, ubiquinone,
and prenyls'”,

HMGR is highly regulated. Short-term regulation is
achieved by phosphorylation/dephosphorylation reac-
tions exerted by adenosine monophosphate (AMP)-
activated kinase (AMPK) and protein phosphatase 2A
(PP2A), respectively. Long-term regulation concerns the
modulation of HMGR protein levels by several factors,
among others Sterol Regulatory Element Binding Protein
(SREBP) and Insulin- induced genes (Insigs), which can affect
enzyme transctiption, degradation and cholesterol uptake by

LDLr as a function of an intracellular sterol amount' .

CHOLESTEROL HOMEOSTASIS
REGULATION DURING AGING

Experimental studies on aged rats revealed an increased
plasma cholesterol and a sustained hepatic cholesterol
biosynthesis, with a full activation of HMGR which re-
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sults to be completely dephosphorylatedml. The mecha-
nisms underlying this dysregulation appear to be gender-
dependent.

In aged-male rats, the full activation of HMGR ob-
served in aging has been associated with a rise in reactive
oxygen species (ROS)". The proposed model is that
high ROS levels induce both p38 and AMPK activation.
In turn, p38 causes an increased association between
PP2A and HMGR, leading to HMGR dephosphoryla-
tion and full activation. AMPK phosphorylating activity
on HMGR is impaired by the enhanced association of
PP2A and HMGR. H20z-treatment confirms that the
effect induced by ROS on HMGR dephosphorylation is
mediated by the activation of the p38/MAPK pathway
in HepG2 cell line"".

On the contrary, studies petformed on estropausal
rats, in which estrogen levels are decreased, suggest that
the menopause-related increase in HMGR activity is
caused by the dectreased activation of AMPK observed
upon estrogen deficiency™".

HMGR is an attractive target for the treatment of
hypercholesterolemia. Indeed a decrease of intracellular
cholesterol synthesis leads to a homeostatic response
which induces the up-regulation of cell-surface recep-
tors that bind atherogenic lipoproteins such as LDL and
VLDL. The reduction of plasma lipoproteins accounts
for the clinical utility of HMGR inhibitors, such as
statins. Despite their wotldwide use and their beneficial
effects, statins can cause myopathy characterized by
weakness, pain, elevated serum creatine phosphokinase
(CK) and, to a lesser extent, rthabdomyolysis, which is a
life-threatening condition” Elderly patients are especial-
ly vulnerable to side effects of statins: this issue as well
as the lack of certainty about their efficacy in aging, can
affect the prescription of these medications.

Indeed the Heart Protection Study, PROSPER, and
SAGE illustrate the benefit of statin treatment on
coronary or surrogate end points in higher-risk elderly
patients, although the data is still somewhat controver-
sial, particularly for individuals = 80 years of age. An
observational study of acute-care hospitals in the United
States identified no association between statin use at
discharge and improved survival rate in acute myocardial
infarction patients = 80 years of age, although it did
find benefit in patients < 80 years of age'™’.

Thus an optimal management of cholesterol should
take into account the mechanisms at the root of choles-
terol metabolism disruption in elderly people, the risk-
benefit ratio of statin use and the effects exerted by al-
ternative medications prescribed to reduce hypercholes-
terolemia. These different pharmacological approaches
will be examined in the review.

INHIBITORS OF CHOLESTEROL
SYNTHESIS:

Statins
Statins inhibit competitively HMGR activity impairing
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HMG-CoA binding. The bulky hydrophobic statins oc-
cupy the HMG-binding pocket and part of the CoA
cleft®”. On HMGR inhibition, statins reduce intracellular
hepatic cholesterol biosynthesis and decrease intracellular
cholesterol accumulation. The reduction of the intracel-
lular cholesterol levels stimulates, 772z SREBP activation,
the synthesis of LDLr and their expression on the cell
surface. These receptors are responsible for the uptake
of LDL and of their precursors, the very LDLs (VLDL)
and VLDL remnants, whose hydrolysis produces LDL.
The effect of statins on VLDL also explains their role in
reducing triglyceride levels™. Moreover, hyperlipidemic
patients show an increase of Na' /Li" countertransport
activity which is rescued by statin treatment™ ). As
mentioned above, although the statin therapy is generally
well tolerated, the most frequent adverse effect is repre-
sented by myopathy. To avoid statin side effects, studies
have been performed on genetic polymorphisms that can
change statin tolerance and efﬁcacyps’zg].
Statin-associated myopathy is characterized by a
broad spectrum of symptoms, ranging from benign

P a syn-

myalgia up to life-threatening rhabdomyolysis
drome characterized by massive muscle necrosis, with
the subsequent release of potassium and other ions into
the plasma compartment, and severe myoglobinuria,
which may cause damages to kidneys and other organs.
Rhabdomyolysis may be accompanied by arrhythmias,
acute renal failure, and cardiac arrest. These side effects
could be ascribable to statins themselves or to the inhibi-
tion of some HMGR end products such as prenyls and
ubiquinone[z()’w.

In order to avoid statin side effects that older people
are more likely to develop, new compounds have been
tested to reduce cholesterol synthesis through the inhibi-
tion of enzymes (squalene synthase, squalene epoxidase,
and oxidosqualene cyclase) downstream the farnesyl
pyrophosphate branch point of cholesterol biosynthetic
pathwaym]. Nevertheless no compounds have yet en-
tered clinical trials.

ANTIOXIDANTS
-3 fatty acids

Martini and coworkers demonstrated that a diet supple-
mented with w-3 fatty acids completely prevents the
age-related hypercholesterolemia in 24-mo old rats by
exerting a powerful antioxidant activity: the reduction of
intracellular ROS content due to the supplementation of
w-3 fatty acids totally prevented the activation of p38/
MAPK responsible for PP2A association with HMGR
and the consequent activation of the enzyme. The proper
HMGR activation state promotes plasma cholesterol
maintenance at physiological levels by completely pre-
venting age-related hypercholesterolemia“6‘3”.

Resveratrol

Resveratrol (#rans-3,5,4’-trihydroxystilbene) is a naturally
occurring polyphenol present in red wine and berries™
In vivo studies have revealed that red wine polyphenols
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are able to inhibit atherosclerotic progression. Cho ez
al” demonstrated that resveratrol reduces cholesterol
synthesis inhibiting both the activity of hepatic HMGR
similatly to atorvastatin, and the expression of HMGR
mRNAPY,

Flavonoids

Flavonoids are ubiquitous compounds, occurring in vari-
ous plants and their derivatives such as tea, herbs, citrus
fruits and red wine; many of them have been shown to
be strong free radical scavengers and antioxidants. Several
epidemiological studies have supported the hypothesis
that the antioxidant actions of flavonoids may reduce the
risk of developing cardiovascular diseases"™.

Punithavati and Prince reported a significant in-
crease in the activity of HMGR in plasma and liver of
isoproterenol treated rats. The increased lipid peroxida-
tion induced by the treatment, enhanced the activity of
HMGR, which in turn led to an excessive production
and accumulation of cholesterol. Pre-treatment with
the flavonoids quercetin and a-tocopherol (vitamin E)
normalized the activity of HMGR. Thus, the observed
decrease in HMGR after quercetin and a-tocopherol
administration in rats might be due to the inhibition of
lipid peroxidation™.

Naringenin is the aglycone of naringin, a naturally
occurring flavanone glycoside obtained from citrus fruits
and grapefruit. Naringenin hypocholesterolemic effect
is due to the reduction of both HMGR and acyl CoA:
cholesterol O-acyltransferase activities””

Discovery of isoflavones as HMGR inhibitors in
soy food is very intriguing. Kinetic studies showed that
1soflavones inhibit HMGR by binding the enzyme active
site. Therefore isoflavones may exert steric hindrance
between HMGR and its substrates through hydrophobic
interactions"”

Tocochromanols

Tocochromanols are a group of amphipathic, lipid-
soluble organic molecules composed of a polar moiety
derived from tyrosine and a hydrophobic polyprenyl side
chain originating from the isoprenoid pathway. Toco-
chromanols with a phytyl-derived side chain are termed
tocopherols whereas those with a geranylgeranyl derived
side chain are termed tocotrienols. Some studies clearly
demonstrate that tocotrienols are able to inhibit HMGR
activity in guinea pigs and chickens. Moreover y and & to-
cotrienols stimulate HMGR ubiquitination and degrada-
tion and inhibit SREBP processingps’”].

Coumarins

Coumarins are an elite class of oxygen heterocycles that
show a wide variety of biological effects. They are present
in many plants, fungi and bacteria and have found for
centuries application in the traditional medicine”. Cou-
marins are extremely variable in structure; their biological
activities are influenced by the various types of substitu-
tions in their basic structure which consists of fused ben-
zene and a-pyrone rings. Coumarins and their detivatives
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have attracted intense interest in recent years because of
their diverse pharmacological properties: many coumarin
derivatives have the special ability to scavenge reactive
ROS and to influence processes involving free radical
injury. In particular both esculetin and a novel synthetic
4-methylcoumarin, 4-methylesculetin (ESC), possess two
hydroxyl moieties on their benzene rings, and these were
the two most effective radical scavengers among the cou-
marins selected for a structure-activity relationship study
in cell culture™. Beyond its antioxidant activity, ESC is
able to lower HMGR activity reducing PP2A protein
levels leading to HMGR hyperphosphorylation. ESC was
demonstrated to lower HMGR protein levels through re-
duced transcriptional and increased degradational events
in HepG2 cells™.

Organoselenium compounds: Diphenyl diselenide’s
case

Besides enhancing memory in a menopause model in
rats™>* and decreasing the depressive-like behavior in
ovariectomized mice submitted to subchronic stress'*,
diphenyl diselenide [(PhSe)2]|, an organoselenium com-
pound, has been reported to reduce hypercholesterolemia
in cholesterol-fed rabbits™ and in hyperlipidemic Triton
WR-1339-induced mice!"”. Moreover, (PhSe)2 was shown
to inhibit human LDL oxidation i »itro"”, to reduce
foam atherosclerotic lesion in hypercholesterolemic LDL
receptor knockout (LDLr -/-) mice, to decrease infiltra-
tion of inflammatory cells in vessel-wall, and to prevent
the upregulation of the proatherogenic monocyte che-
moattractant protein—1[47]. Recent results demonstrated
that (PhSe):2 is able to increase HMGR phosphorylation/
inactivation and LDLr protein levels without directly in-
hibiting HMGR activity'".

The lack of any evidence in literature about the po-
tential side effects of antioxidant compounds in elderly
people, and the abundance of data highlighting their
beneficial effects on ROS production and, as a conse-
quence on lipid profile, make the above mentioned com-
pounds eligible for therapeutical interventions addressed
to inhibit the mechanisms underlying hypercholesterol-
emia in the elderly.

INHIBITORS OF CHOLESTEROL
ABSORPTION: FOCUS ON EZETIMIBE

An alternative approach to the inhibition of cholesterol
biosynthesis consists on the limitation of cholesterol ab-
sorption: to this aim the compound Ezetimide was and
is currently used in treatments against hypercholesterol-
emia.

Ezetimide, or 1-(4-fluorophenyl)-(3R)-[3-(4-fluorophenyl)-
(3S)-hydroxyprophyl]-(4S)-(4-hydroxyphenyl)-(2-azetidino
ne), inhibits intestinal cholesterol absorption by selectively
blocking in the jejunal brush border the Niemann-Pick
Cl-like 1 protein (NPC1L1), the human sterol transport
protein that was expressed at the enterocyte/gut lumen
(apical) as well as in the hepatobiliary (canalicular) intet-
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face™. Current evidence points to the NPCI1L1 protein
working in conjunction with the adaptor protein 2 (AP2)
complex and clathrin to facilitate internalization of
free cholesterol into the enterocyte. Cholesterol in the
gut lumen or bile incorporates into the cell membrane,
where it can bind to NPC1L1. The NPC1L1/cholesterol
complex is internalized or endocytosed by joining to
AP2 clathrin, creating a vesicle complex that then trans-
locates with the help of myosin along microfilaments in
the cytosol to a storage endosome called the endocytic
recycling compartment. When intracellular cholesterol
becomes low, NPC1L1 is released from the endocytic
recycling compartment and traffics back along microfila-
ments to the cell membrane!””

A meta-analysis of eight randomized placebo con-
trolled trials showed that monotherapy with ezetimibe in
hypercholesterolemic subjects was associated with a sig-
nificant reduction of LDL-cholesterol (LDL-C), of total
cholesterol, of triglycerides, and with an increase of high
density lipoprotein (HDL) compared to placebo™.

In terms of elevations in liver function tests, ezeti-
mibe appears to cause similar elevations in transaminases
as compared to placebo when given as monotherapy.
Also, as combination therapy with statins, ezetimibe does
not significantly cause an increase in liver enzymes more
than it is observed with statin therapy alone. The addi-
tion of ezetimibe to statin therapy does not appear to
increase the incidence of elevated creatine kinase levels
and was not associated to an increased risk of myositis
beyond what is noted intreatment with statin alone”".
Ezetimibe is well tolerated also by eldetly individuals and
no substantial differences have been observed between
young and old people in the drug effects™. Among the
inhibitors of cholesterol absorption is worth mentioning
Orlistat which is prescribed in obese patients improving
plasma lipid profile™. No studies have been performed
on elderly people treated with orlistat™,

NIACIN

Nicotinic acid and nicotinamide (collectively termed nia-
cin) serve as precursors of co-enzymes nicotinamide ad-
enine dinucleotide and nicotinamide adenine dinucleotide
phosphate NAD" and NADP") and are water-soluble
vitamins of the vitamin B complex. Niacin was one of
the first drugs used to treat hyperlipidemia™

Several clinical trials have demonstrated that niacin
administration, either alone or combined with other lipid
lowering agents, significantly reduces total mortality and
coronary events, retards progression, and induces regres-
sion of coronary atherosclerosis. Following administra-
tion, niacin rapidly inhibits adipocyte lipolysis appat-
ently through the inhibition of hepatic diacylglycerol
acyltransferase 2: it leads to the inhibition of triglyceride
synthesis and to the decrease of apolipoprotein B-con-
taining lipoproteins; this is accompanied by a similatly
rapid drop in plasma levels of free fatty acids™. The net
effect is a reduced catabolism of HDL and a decreased
accumulation of cholesterol esters in LDL particles. It
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has also been suggested that niacin may directly inhibit
the uptake and catabolism of apolipoprotein Al-contain-
ing HDL particles, thus acting to further increase plasma
levels of HDLP.

The main problem with the use of niacin is connect-
ed to its side effects: administration of pharmacological
doses of niacin is accompanied by unwanted effects,
primarily a cutaneous reaction called flushing, which oc-
curs in up to 90% of patients. Niacin-induced flushing is
mediated primarily by the production of prostaglandins
D2 and E2 by dermal/epidermal immune cells, lead-
ing to vasodilation of blood vessels and resulting in the
symptoms of redness, warmth, tingling and itchingﬁ(’l.
Several gastrointestinal adverse effects, such as nausea,
vomiting, dyspepsia and abdominal pain, can also occur.
Moreover, the most severe niacin-induced side effect is
hepatotoxicity, which is accompanied by an increase in
hepatic transaminase levels"".

Despite evidence for an atheroprotective effect of
niacin from previous small clinical studies, the large out-
come trials, AIM-HIGH and HPS2-THRIVE did not
reveal additional beneficial effects of niacin on top of
statin treatment””. Thus the administration of this medi-
cation especially in elderly people would deserve more
attention.

FIBRATES

Fibrates have been used in clinical practice for about half
century due to their ability to substantially decrease tri-

glyceride levels and increase HDL, less effects are exert-
ed as LDL lowering agents. All fibrates are peroxisome
proliferators-activated receptors (PPARs)a agonists.
Fibrates enhance the oxidation of fatty acids in liver and
muscle and reduce the rate of hepatic lipogenesis, there-
by decreasing the secretion of VLDL. The increased
uptake of triglyceride-derived fatty acids in muscle cells
results from an increase in lipoprotein lipase (LPL) activ-
ity in adjacent capillaries and a decrease in the amount
of apolipoprotein CIll (Apo CIII), which is transcrip-
tionally mediated by PPARq. The decrease in Apo CIII
reduces the inhibition of LPL activity. The enhanced
catabolism of VLDL generates surface remnants, which
are transferred to HDL. HDL concentrations are further
augmented by an increase in PPARq, - mediated tran-
scription of apolipoprotein A I (Apo A 1) and Apo ATI.
Ultimately, the rate of HDL-mediated reverse choles-
terol transport may increase™. Although the beneficial
effects of fibrates, their use is associated with a slightly
increased risk (< 0.0%) for myopathy, cholelithiasis, and
venous thrombosis”™”, A study in which a subgroup anal-
ysis by age was performed showed a significant decrease
in total cardiovascular disease events in patients aged <
5 years, but not in patients aged = 5 years. Furthermore,
in a study of 1568 men with lower extremity arterial dis-
ease, bezafibrate had no significant effects on cardiovas-
cular events in patients aged = 5 years, compared with
placebo[m].
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APOB100 ANTISENSE
OLIGONUCLEOTIDES

The recent development of antisense oligonucleotides
(ASOs) that can target a specific mRNA and suppress
the translation of its protein in the liver has opened up
a novel therapeutic window for reducing levels of ath-
erogenic lipoproteins. Mipomersen (ISIS 301012) an
antisense inhibitor directed to human apoB-100, was
recently documented in phase 2 clinical trials to lower
plasma apoB-100 and LDL cholesterol levels in humans.
The side effects exerted by ASOs are mainly associated
to transaminase’®’. No studies have been performed to
understand if differences exist in the efficacy or in the
side-effects exerted by these molecules in adults and aged

people.

BILE ACID SEQUESTRANTS

Bile acids are amphiphilic molecules synthesized from
cholesterol in the liver; in their transit through the intes-
tinal lumen they emulsify diet fats, aiding in their absorp-
tion. Bile acids are then reabsorbed by active ileal uptake
and recycled through the enterohepatic circulation. Bile
acid sequestrants, such as colestipol, colestyramine and
colesevelam, are anion exchange resins being similar in
mechanism of binding bile acids in the intestinal lumen.
They interrupt enterohepatic circulation of choles-
terol-rich bile acids and increase their fecal excretion,
leading to the depletion of intrahepatic cholesterol,
which causes LDLr upregulation[ﬁz]. Hepatic LDL uptake
is thereby raised, resulting in augmented LDL particle
clearance and in the reduction of plasma LDL-C by
15% around. However, the side effects of gastrointesti-
nal intolerance including bloating, abdominal pain and
constipation, as well as the inhibition of the absorption
of medications like levothyroxine or warfarin, reduce
patient compliance. Therefore, bile acid sequestrants are
often prescribed with other lipid-regulating agents, most
commonly statins®’. None overall differences in safety
or effectiveness of bile acid sequestrant administration
between aged and young subjects were observed™.

INHIBITION OF PCSK9

Proprotein convertase subtilisin kexin 9 (PCSK9), is a
72-kDa protease, highly expressed in the liver™. nce se-
creted, PCSK9 binds LDLr inducing the redistribution of
the receptor from the cell surface to lysosomes: indeed
PCSKY9 appears to change the itinerary of the LDLut,
diverting internalized LDLr to degradation in lysosomes
and preventing them from recycling to the cell surface™.

PCSKY inhibition is considered an attractive target
for therapy against hypercholesterolemia. The current
drug approaches tested to pharmacologically inhibit
PCSKY9 in humans are mainly focused on gene silencing
that targets both PCSKY9 intra- and extra-cellular func-
tions, and on mimetic peptides and monoclonal antibod-
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ies that exclusively target circulating PCSK9 and there-
fore its extracellular function. Other approaches such as
orally active cell permeable small molecules that target
PCSK9 processing have not reached preclinical develop-
ment”!. The subcutaneous administration of the PCSK9
ASO produced by different pharmaceutical companies
led to an increase of LDLr hepatic expression and to
a concomitant reduction in circulating total cholesterol
levels in mice®™ and in non-human primatesm. Peptides
mimicking the epidermal growth factor A (EGFA) do-
main of the LDLr interacting with PCSK?9 at the plasma
membrane have also been developed to inhibit PCSK9
function. A synthetic EGFA peptide reduced in a dose-
dependent manner the cellular degradation of the LDLr
induced by exogenously added recombinant PCSK9"Y,
Duff et o/ were able to reverse the PCSK9 mediated
effect on cell surface LDLr by using antibodies that rec-
ognize epitopes on PCSKY in the vicinity of the region
within the catalytic domain interacting with the LDLr.
Evaluation of treatments over the long term will deter-
mine whether the beneficial effects of PCSK9 inhibition
on LDL-C levels will directly translate into coronary at-
tery disease risk reduction ",

Chen ez a/™ identified PCSK9 as a specific SEC24A-
dependent COPII cargo: indeed as trans-membrane and
soluble proteins co-translationally inserted into the endo-
plasmic reticulum (ER), it is packaged into transport vesicles
coated with coat protein complex II (COPII) for the ex-
port from the ER and the delivery to the Golgi for further
processingm].

Chen et al™ reported that complete deficiency of
SEC24A is compatible with normal development and
survival in mice. However, these animals exhibit mark-
edly reduced plasma cholesterol and increased hepatic
LDLr levels due to selective blockade in the secretion
of PCSKY. Consistent with these genetic data, hepatic
LDLyr levels are up-regulated in SEC24A deficient mice
as a consequence of a specific dependence of PCSK9
on SEC24A for efficient exit from the ER.

The loss of SEC24A disrupts PCSK9 secretion with-
out affecting other COP I -dependent processes such as
SREBP activation. PCSK9 represents the first example
of a soluble vertebrate cargo that is differentially regu-
lated by specific interaction with selective components
of the COPII machinery. Although complete deficiency
of SEC24A in mice is compatible with embryonic devel-
opment or survival to adulthood, no human patients
have yet been identified with genetic deficiencies in any
of the four SEC24 paralogous genes. The SEC24A-
deficient phenotype suggests a potential role for genetic
variation at the SEC24A locus in the control of plasma
cholesterol in humans, a key determinant of risk for
myocardial infarction and stroke.

Complete deficiency of SEC24A is compatible with
survival and normal development in mice, suggesting
that pharmacologic inhibition of hepatic SEC24A ex-
pression/function to achieve reduction in plasma cho-
lesterol may be well tolerated as a potential approach to
inhibit PCSK9 secretion””.

(4 9

A
JBaishideng®

WJH | www.wjgnet.com

Trapani L et a/. Hypocholesterolemic treatment in elderly

681

CONCLUSION

Atherosclerosis is the major cause of heart disease,
stroke, and death during aging in both developed and de-
veloping countries, for which the rise of lipid levels into
the bloodstream represents a primary risk factor. Epi-
demiological data have indicated that dyslipidemia and
coagulation disturbances are among the most remark-
able functional alterations leading to the development of
atherosclerotic condition.

Oxidative stress has recently been involved in the
pathogenesis of several diseases such as atherosclerosis.
The production of free radicals has been found to be
a major causative factor for the peroxidative damage to
plasma lipoprotein which are responsible for the initia-
tion and progression of atherosclerosis in hyperlipidem-
ic subjectsm]. Both the conditions predisposing to artery
diseases occur in the elderly which is defined as the
series of the deteriorative changes occurring during the
adult period of life that underlie increased vulnerability
to challenges and decreased survival?.

The strategies used to reduce plasma cholesterol
levels in elderly people are mainly addressed to the in-
hibition of the rate limiting enzyme of cholesterol bio-
synthetic pathway, HMGR, in order to increase LDLr
membrane exposure and LDL clearance from the cir-
culation. Indeed current therapies are mostly based on
the prescription of statins (HMGR inhibitors) that are
pretty effective but that exert several side effects. More
attention should be given to potential drug interactions,
potential age-related changes in drug pharmacokinetics,
adverse effects such as myopathy and competing risks
when statins are prescribed to old patients. In combi-
nation or in alternative to statin therapy, other agents
might be required to reduce LDL-C levels. Among the
available drugs, the most commonly prescribed are those
addressed to reduce cholesterol absorption, to modulate
lipoprotein lipase activity and bile acid sequestrants: even
these pharmacological interventions are not exempt
from side effects. As an example, the efficacy, safety, and
tolerability of a nutraceutical-based protocol (contain-
ing berberine 500 mg, policosanol 10 mg, red yeast rice
200 mg, folic acid 0.2 mg, coenzyme Q10 2.0 mg, and
astaxanthin 0.5 mg) in elderly hypercholesterolemic pa-
tients previously intolerant to statins have been recently
demonstrated”.

The use of antioxidants or organoselenium com-
pounds (PhSe)2 and the discovery of new proteins able
to modulate exclusively LDLr recycling such as PCSK9
and SEC24 offer new pharmacological approaches to
selectively reduce the main causes of dyslipidemia. In or-
der to be effective, pharmacological interventions should
be aimed at deleting the causes of hypercholesterolemia
considering their age and gender dependence. Indeed,
very few research studies are dedicated to elderly (Table 1).

Thus, the selectivity of the different pharmacologi-
cal targets according to the causes at the root of the
pathology could increase the risk/benefit ratio of the
prescribed medications. If on one hand elderly people
entered epidemiological studies assessing the tolerability
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Table 1 Percentage of studies performed on hypocholester-
olemic drugs and elderly

Drugs Number of PubMed papers key word

Hypercholesterolemia Hypercholesterolemia

and ageing

Statins 5980 89 1.48%
Omega3 fatty acids 246 14 6%
Resveratrol 35 2 6%
Flavonoids 229 6 3%
Coumarins 40 0 0%
Organioselenium 4 0 0%
compounds
Ezetimibe 658 6 1%
Niacin 397 8 2%
Fibrates 860 9 1%
Bile acid seques- 117 0 0%
trants
PCSK9 283 2 1%

and the effectiveness of drugs in this physiological con-
dition, on the other hand researches aimed at evaluating
the efficacy of medications in women, and in particular
in elderly women are still missing. Thus further studies
aimed at evaluating the putative efficacy and safety of
the therapeutic approaches in alternative to statin treat-
ment to lower hypercholesterolemia and in turn artery
disease risks in elderly people are needed.
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Abstract

AIM: To investigate clinical and biochemical features of
hepatorenal syndrome (HRS), to assess short and long-
term survival evaluating potential predictors of early
mortality.

METHODS: Sixty-two patients with liver cirrhosis and
renal failure, defined as a serum creatinine value >
1.5 mg/dL on at least two measurements within 48
h, admitted to our tertiary referral Unit from 2001 to
201, were retrospectively reviewed. Among them, 33
patients (53.2%) fulfilled the revised criteria of the
International Ascites Club for the diagnosis of HRS.
Twenty-eight patients were treated with combinations
of terlipressin and albumin, two with dopamine and al-
bumin, and three with albumin alone. No patients were
suitable for liver transplantation. Complete response
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was defined as normalization of creatinine levels to less
than 1.5 mg/dL, partial response as a decrease of at
least 50% but not to less than 1.5 mg/dL, no response
as no reduction in creatinine or a decrease of less 50%
compared to pre-treatment values. All of the patients
were followed up for at least 1 year until January 2013.

RESULTS: HRS type 1 was diagnosed in 15 patients
(45.5%). Hepatitis C virus infection was the primary
etiology (69.6%), followed by alcohol (15.2%), and
cryptogenesis (15.2%). Complete response to therapy
was obtained in only 3 cases (9.1%) and partial re-
sponse in 7 patients (21.2%). Median survival was 30
d (range: 10-274) without significant differences be-
tween type 1 and type 2 HRS. By univariate analysis,
Child-Pugh class C (P = 0.009), presence of hepatocel-
lular carcinoma (P = 0.04), low serum sodium (P =
0.02), high bilirubin values (P = 0.009) and high Model
for End-stage Liver Disease (MELD) score (P = 0.03)
were predictive factors of 30-d mortality. By multivari-
ate analysis, only serum sodium < 132 mEg/L (OR =
31.39; P = 0.02) and MELD score > 27 (OR = 18.72; P
= 0.01) were independently associated with a survival
of less than one month.

CONCLUSION: HRS still has a poor prognosis, even
when vasoactive drug therapies are extensively used.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatorenal syndrome; Liver cirrhosis;
Hepatitis C virus; Vasoactive drugs; Mortality

Core tip: Hepatorenal syndrome (HRS) is a life-threat-
ening complication of advanced liver disease. The aims
of this study were to investigate the clinical and bio-
chemical features of HRS, to assess short- and long-
term survival, and to evaluate the presence of potential
predictors of early mortality. Thirty-three patients with
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liver cirrhosis and HRS were retrospectively reviewed.
Median survival was 30 d. By univariate analysis Child-
Pugh class C, hepatocellular carcinoma, low serum so-
dium, high bilirubin and high Model for End-stage Liver
Disease (MELD) score were predictive factors of 30-d
mortality. By multivariate analysis, only serum sodium
< 132 mEg/L and MELD score > 27 were independently
associated with survival of less than one month.

Licata A, Maida M, Bonaccorso A, Macaluso FS, Cappello M,
Craxi A, Almasio PL. Clinical course and prognostic factors
of hepatorenal syndrome: A retrospective single-center cohort
study. World J Hepatol 2013; 5(12): 685-691 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v5/i12/685.htm
DOI: http://dx.doi.org/10.4254/wjh.v5.i12.685

INTRODUCTION

Hepatorenal syndrome (HRS) is a life-threatening com-
plication of advanced liver cirrhosis. It is characterized
by functional renal failure, which develops as a result
of portal hypertension, splanchnic vasodilatation and
consequential deterioration of all systemic circulatory
function", Tts incidence is approximately 8% per year in
cirrhotic patients with ascites, but its incidence is greater
in patients with advanced Child-Pugh scores”. The devel-
opment of portal hypertension is associated with vascular
arterial vasodilation in the splanchnic district, as a result
of increased local production of nitric oxide and other
vasodilators™. In the early stages of liver cirrhosis, the re-
duction of vascular resistance is compensated for by the
development of hyperdynamic circulation, characterized
by increased cardiac output and heart rate”, HRS usually
develops during the terminal stages of liver disease, as
soon as the hyperdynamic circulation is no longer able
to compensate for the relative hypovolemia caused by
splanchnic storage of blood'.

Some recent studies have shown a marked reduction
of cardiac output in patients with cirrhosis and HRS,
in comparison to patients with cirrhosis without HRS,
thus reappraising reduction in cardiac function as an im-
portant cofactor in the pathogenesis of HRS'". Several
lines of evidence have finally proved that the results of
systemic vasoconstriction can also cause significant hy-
poperfusion in other organs, such as the skin, muscles,
brain and the liver itself. HRS can therefore be better
considered a complex syndrome with systemic involve-
ment'”,

There are two well-recognized types of HRS". Type-1
HRS is characterized by rapid progression of renal fail-
ure, with doubling of serum creatinine values to greater
than 2.5 mg/dL in less than 2 wk. It is often triggered by
a precipitating event, mainly bacterial infections, and it is
associated with rapid deterioration of circulatory status,
with arterial hypotension and multiorgan failure. Type-1
HRS has a poor prognosis, with median survival of
only 2 wk, and its main consequence is represented by
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hepato-renal failure and death. In contrast, type-2 HRS
is characterized by gradual renal failure, with a moder-
ate increase in serum creatinine to between 1.5 and 2.5
mg/dL. It represents the natural functional renal failure
that develops in patients with End-stage Liver Disease,
as a result of the natural history of portal hypertension,
and it often does not recognize a specific trigger. Type-2
HRS has a better prognosis compared to type-1, with a
median survival of 6 mo, and its principal consequence
1s represented by refractory ascites' .

According to the European Association for the
Study of the Liver (EASL) Clinical Practice Guidelines,
pharmacological therapy with terlipressin plus albumin
should be considered as the first-line therapym. How-
ever, the prognosis remains poor even when pharmaco-
logical therapy is extensively used, and orthotopic liver
transplant (OLT) remains the best treatment for HRS.

The aims of our study were to investigate the clinical
and biochemical features of HRS, to assess short-term
and long-term survival, and to evaluate potential predic-
tors of early mortality.

MATERIALS AND METHODS

All patients with liver cirthosis and renal failure, defined
as a serum creatinine value > 1.5 mg/dL on at least two

measurements within 48 h, admitted to our tertiary refer-
ral unit from 2001 to 2012, were retrospectively reviewed.
Among them, we selected those who fulfilled the revised
criteria of the International Ascites Club for the diagno-
sis of HRS"?. The criteria were: (1) cirrhosis with ascites;
(2) serum creatinine > 1.5 mg/dL; (3) no improvement in
serum creatinine (decrease to a level < 1.5 mg/dL) after
two days of diuretics withdrawal and volume expansion
with albumin (1 g/kg of body weight up to a maximum
of 100 g/d); (4) absence of shock; (5) no current or re-
cent treatment with nephrotoxic drugs; and (6) absence
of parenchymal kidney disease, as indicated by a urinary
protein concentration < 500 mg/d, a urinary red blood
cell count < 50 cells per high power field, and normal
renal ultrasonography. Type-1 HRS was defined by a
large and rapid increase in serum creatinine to final val-
ues greater than 2.5 within 2 wk, while type-2 HRS was
defined by a slower and more moderate increase in serum
creatinine. The following were considered precipitating
factors for type-1 HRS: spontaneous bacterial peritonitis
and other infections diagnosed by standard methods;
gastrointestinal bleeding; acute hepatitis superimposed on
cirrhosis; and major surgical procedures.

Terlipressin was administered at a starting dose of
between 0.5 and 1 mg every 4 h, increased to a maximum
dose of 2 mg every 4 h if there was no reduction in serum
creatinine compared to the baseline value by day 3 of thera-
py. Albumin was administered at an average dose of 40 g/d.

All of the patients were followed up for at least 1
year until January 2013. No patients were suitable for
liver transplantation. Complete response was defined as
normalization of cteatinine levels to less than 1.5 mg/dL,
partial response as a decrease of at least 50% but not to less
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Table 1 Demographic and clinical features of 33 patients
with hepatorenal syndrome 7 (%)
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Table 2 Laboratory features of patients with hepatorenal
syndrome at diagnosis

Age (yr), (mean + SD) 65.9+9.6
Sex

Male 17 (51.5)

Female 16 (48.5)
Etiology

HCV 23 (69.6)

Alcohol 5(15.2)

Cryptogenic 5(15.2)
Child-Pugh

B 18 (54.5)

C 15 (45.5)
Esophageal varices

Absent 4 (14.3)

F1 17 (60.7)

F2 7 (25.0)
Diabetes mellitus 13 (39.4)
Hepatocellular carcinoma 12 (36.4)
Portal Vein Thrombosis 7(21.2)
HRS

Type-1 15 (45.5)

Type-2 18 (54.5)

HRS: Hepatorenal syndrome; HCV: Hepatitis C virus.

than 1.5 mg/dL, and no response as no reduction in creati-
nine or a decrease of less 50% compared to pre-treatment
values.

Statistical analysis

The results are reported as frequencies, medians or
means and standard deviations. Student’s #test, the
Mann-Whitney and the (Xz test were used to compare
continuous or categorical variables. Multivariate analysis,
including all of the significant baseline variables (P <
0.05), was also performed, using binary logistic regres-
sion to identify independent predictors of outcomes. For
this analysis, continuous variables were categorized using
receiver operating characteristic curves. Survival analysis
was conducted using the Kaplan-Meier method. The log-
rank test was used to compare survival between type-1
and type-2 HRS. All of the statistical analysis was pet-
formed using SPSS software, version 20.0 for Macintosh
(SPSS Inc., Chicago, 1L, United States).

RESULTS

Among 62 patients with liver cirrhosis and acute renal
failure, 33 patients (53.2%) fulfilled the revised criteria
of the International Ascites Club for the diagnosis of
HRS". The main clinical and laboratory characteristics
are summarized in Tables 1 and 2. The mean age of the
patients was 65.9 years old (range: 39-83), with a compa-
rable sex distribution. Chronic hepatitis C virus infection
was the main etiology, and approximately one third of
patients were affected by hepatocellular carcinoma (HCC).
Type-1 HRS was diagnosed in 15 patients (45.5%).
Twenty-eight patients (84.8%) were treated with ter-
lipressin plus albumin, 2 patients (6.1%) with dopamine
and albumin, and 3 patients (9.1%) with albumin alone.
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Hemoglobin (g/dL) 103+22
White blood cells (x 10°/mmc) 85+5.7
Platelets (x 10°/ mmc) 104.8 + 85.2
BUN (mg/dL) 145.17 + 61.82
Creatinine (mg/dL) 3.29+£1.09
Creatinine clearance 19 (8-25.25)
Sodium (mEq/L) 130.7 £5.5
Potassium (mEq/L) 4.94 +0.85
Urinary sodium (mEq/L) 6.5 (2-14)
Urinary potassium (mEq/L) 17.5 (11-29)

Total bilirubin (mg/dL) 3.63 (1.63-13.2)
INR 1.47 (1.2-1.62)
MELD score 26 (22-32)

Data are expressed as absolute mean + SD or median (IQR). IQR: Interquar-
tile range; INR: International normalized ratio; BUN: Blood urea nitrogen; INR:
International normalized ratio; MELD: Model for End stage liver disease.

The median duration of therapy was 7 d (range: 3-14).
All of the patients with partial or no response discontin-
ued treatment within 14 d. No significant adverse events
occurred during vasoactive therapy. At the end of treat-
ment, a complete response was obtained in 3 cases (9.1%),
one with type-1 and two with type-2 HRS, and partial
response was obtained in 7 patients (21.2%), four with
type-1 and three with type-2 HRS.

The overall median survival was 30 d (range: 10-274)
(Figure 1) without significant differences between type-1
and type-2 HRS (P = 0.2 by log-rank test) (Figure 2).
Between the two groups of type-1 and type-2 HRS pa-
tients, there were no statistically significant differences
except for serum creatinine, creatinine clearance, inter-
national normalized ratio (INR) values and End-stage
Liver Disease (MELD) score (Table 3) (Figure 3).

Comparing the two groups of patients according to
30-d mortality, the variables associated with poorer prog-
nosis were Child-Pugh class C (P = 0.009), presence of
HCC (P = 0.04), low serum sodium (P = 0.02), high bili-
rubin values (P = 0.009) and high MELD score (P = 0.03)
(Table 4). By multivariate analysis, only serum sodium <
132 mEq/L (OR = 31.39; P = 0.02) and MELD score
> 27 (OR = 18.72; P = 0.01) were independently associ-
ated with survival of less than one month (Table 5).

DISCUSSION

HRS is a life-threatening complication in patients with
advanced liver cirrhosis, and it should always be distin-
guished from other causes of renal failure. It is not always
easy to recognize because there are no specific clinical or
laboratory parameters that clearly allow for its diagnosis,
so diagnosis is mainly based on the exclusion of other
causes of renal failure. Currently, the new criteria of the
International Ascites Club are regarded as the gold stan-
dard for HRS diagnosis'”. Nonetheless, a recent study by
Salerno ¢f al™ showed that these criteria allow for a cor-
rect diagnosis in only two thirds of cases.

According to the EASL Clinical Practice Guidelines,
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Figure 1 Overall survival of 33 patients with hepatorenal syndrome.
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Figure 2 Overall survival of patients according to type-1 and type-2 hepa-
torenal syndrome (P = 0.2 by Log-rank test). HRS: Hepatorenal syndrome.

pharmacological therapy with terlipressin plus albumin
should be considered the first-line therapy'", even if
terlipressin is not available in some countries, such as in
the United States, and where it is available, there is not
a standardized dose, due to the absence of dose-finding
studies. However, prognosis remains poor even when
pharmacological therapy is extensively used, and OLT
remains the best treatment for both type-1 and type-2
HRS.

In our cohort, the prevalence of HRS among pa-
tients with liver cirrthosis and renal failure was 53.2%,
similar to the incidences found by Salerno ez al” (45.8%)
and Martin-Llahi ez o/ (43%). However, in contrast to
above-cited studies, we found an equal prevalence of
type-1 and type-2 HRS (45.5% s 54.5%, respectively).
This difference might have been due to the small sample
size and to the elevated number of patients with end-
stage cirrhosis who are followed in our Unit, who tend
to develop mainly type-2 HRS.

Comparing type-1 and type-2 HRS patients, there
were no statistically significant differences between the
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Figure 3 Box plot of distribution of model for end-stage liver disease
scores in patients with type-1 and type-2 hepatorenal syndrome at diag-
nosis. HRS: Hepatorenal syndrome; MELD: Model for end stage liver disease.

Table 3 Comparison between type-1 and type-2 hepatorenal

syndrome
Type-1 HRS  Type-2 HRS P value
(n = 15) (n=18)

Age (yr) 63385 68.2+10.2 0.150
Sex

Male 8(53.3) 9 (50.0) 0.800

Female 7 (46.7) 9 (50.0)
Etiology

HCV 9 (60.0) 14 (77.8) 0.500

Alcohol 3 (20.0) 2 (11.1)

Cryptogenic 3 (20.0) 2 (11.1)
Child-Pugh

B 8 (53.3) 10 (55.6) 0.900

C 7 (46.7) 8 (44.4)
Diabetes mellitus 5(33.3) 8 (44.4) 0.500
Hepatocellular carcinoma 6 (40.0) 6 (33.3) 0.700
Portal vein thrombosis 4(26.7) 3 (16.7) 0.500
Platelets (x 10°/mmc) 108.7 + 96.6 101.6+7711  0.800
BUN (mg/dL) 152+73.4 139.5+51.7 0.500
Creatinine (mg/dL) 3.95+1.13 2.75+0.71 0.001
Creatinine clearance 8 (5.2-17) 24.5 (15-26) 0.030
Sodium (mEq/L) 130.8 +4.24 130.7 + 6.47 0.900
Potassium (mEq/L) 4.9+0.96 497 +0.78 0.800
Urinary sodium (mEq/L) 11 (2.0-17.7) 6 (2-11) 0.700
Urinary potassium (mEq/L) 19 (7.2-38.2) 16 (11-27.75)  0.900
Total bilirubin (mg/dL) 637 (1.6-271)  2.62(1.3-13.2)  0.200
INR 151 (1.3-2.2) 1.29(1.18-1.6)  0.040
MELD score 31 (26-33) 23 (20-26) 0.010

Data are expressed as absolute mean + SD or median (IQR). IQR: Inter-
quartile range; BUN: Blood urea nitrogen; INR: International normalized
ratio; MELD: Model for End stage liver disease.

two groups, except for serum creatinine, creatinine clear-
ance, INR values and MELD score. Similatly, we found
no differences in survival at 30 d between the groups.
A difference in favor of patients with type-2 HRS was
observed over 30 d, but the number of patients with
survival longer than 30 d was very low, and the differ-
ence was not significant. Interestingly, we observed a
poor rate of response to vasoactive therapy, although
this drug was administered at effective doses and for an
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Table 4 Comparison of patients according to 30-d mortality

< 30-d = 30-d P value
mortality mortality
n =16) (n=17)

Age (yr) 629+114 68.7 6.6 0.080
Sex
Male 8 (50.0) 9 (52.9) 0.800

Female 8 (50.0) 8 (47.1)

Etiology

HCV 10 (62.5) 13 (76.5) 0.600

Alcohol 3(18.8) 2 (11.8)

Cryptogenic 3(18.8) 2 (11.8)
Child-Pugh

B 5(31.3) 13 (76.5) 0.009

C 11 (68.8 4(23.5)
Esophageal varices

Absent 2(14.3) 2 (14.3) 0.900

F1 8(57.1) 9 (64.3)

F2 4 (28.6) 3 (21.4)
Diabetes mellitus 6 (37.5) 7 (41.2) 0.800
Hepatocellular carcinoma 3 (18.8) 9 (52.9) 0.040
Portal vein thrombosis 2 (12.5) 5(29.4) 0.200
Platelets (x 10°/mmc) 103.4 +87.9 106.1+85.2  0.900
BUN (mg/dL) 134.8 +40.5 154.8+76.8  0.300
Creatinine (mg/dL) 3.14£08 344+1.32 0400
Creatinine clearance 26 (20-37) 13 (8-24) 0.050
Sodium (mEq/L) 1285+4.6 132855  0.020
Potassium (mEq/L) 4.77 £0.87 51+0.82 0.200
Urinary sodium (mEq/L) 11 (7-18) 4 (2-13) 0.200
Urinary potassium (mEq/L) 25 (19-29) 15 (10-27) 0.200
Total bilirubin (mg/dL) 10.8 (3.2-21.2) 1.8(1.5-3.6) 0.009
INR 16 (1.3-1.7) 1.2(1.2-15) 0.560
MELD score 31 (26-33) 23 (20-26) 0.030
HRS

Type-1 8 (50) 7 (41.2) 0.600

Type-2 8 (50) 10 (58.8)

Data are expressed as absolute 1 (%), mean + SD or median (IQR). IQR:
Interquartile range; BUN: Blood urea nitrogen; INR: International normal-
ized ratio; MELD: Model for End stage liver disease; HRS: Hepatorenal
syndrome.

adequate period of time. In particular, a response was
observed in only 30.3% of cases (complete response:
9.1%; partial response: 21.2%). These results were lower
compared to those observed in the literature ™", Tn a re-
cent study, Salerno ez /" achieved a response in 50% of
cases, with a higher percentage of complete than partial
response (30% s 20%, respectively). This finding might
be secondary to the differences between the patients in
our cohort and those recruited for prospective studies,
particularly for randomized controlled trials. In addition,
the numbers of patients with hepatocellular carcinoma
and with portal vein thrombosis were not specified in
Salerno and colleagues’ paper; however, patients with ad-
vanced HCC and advanced cirrhosis did not receive any
treatment. In our cohort, 36.4% of patients had HCC,
most of whom were in advanced stages, and 21.2% had
a portal vein thrombosis, none of whom were suitable
for liver transplantation. Consequently, we likely ob-
tained a worse response to therapy because of the worse
pre-treatment prognosis of our patients.

Comparing the two groups of patients with survival
shorter and longer than 30 d, Child-Pugh class C, pres-
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Table 5 Risk factors associated with 30-d mortality in pa-

tients with hepatorenal syndrome

Variable < 30-d =30-d Crude OR Adjusted P value
mortality mortality (95%CI) OR
n (%) n (%) (95%CI)
Age, (yr)
<65 7 (43.8) 4(23.5) 1 -
=65 9(56.2) 13 (76.5) 255}
(0.57-11.26)
Child-Pugh class
B 5(31.2) 13(76.5) 1 11.98 0.053
(0.97-148.23)
C 11 (68.8)  4(23.5) 7.15
(1.53-33.37)
Sodium
>132mEq/L 3 (18.8) 10(58.8) 1
<132mEq/L 13 (812) 7 (41.2) 6.19 31.39 0.020
(1.27-30.17) (1.54-641.83)
Total bilirubin
<3.6mg/dL 4(25.0) 12(70.6) 1
>3.6mg/dL 12(75.0) 5(29.4) 7.20 0.69 0.800
(1.55-33.56) (0.17-28.06)
Hepatocellular carcinoma
Absent
Present 13 (81.2) 8(47.1) 1
3(188) 9(52.9) 4.88 1.37 0.700
(1.01-23.57) (0.13-14.91)
MELD score
<27 4(25.0) 14 (824) 1
>27 12 (75.0) 3 (17.6) 14.0 18.72 0.010

(2.60-75.41) (1.63-214.56)

Crude and adjusted odds ratio (OR) deriving from multiple logistic regres-
sion analysis. CI: Confidence interval; MELD: Model for End stage liver
disease.

ence of HCC, low serum sodium, high bilirubin values
and high MELD scores were associated with lower sur-
vival (Table 4). By multivariate analysis, only serum so-
dium less than 132 mEq/L, and MELD score greater than
27 were independently associated with 30-d mortality.

Overall, these results confirm that prognosis was
negatively influenced by the severe impairment of liver
function, highlighting the role of MELD score as a
prognostic factor in patients with cirrhosis and renal fail-
ure, as already described in other studies” ",

This study had several limitations. First, the sample
size was small. Second, there were a relatively large
number of patients with co-morbidities that adversely
affected the prognosis, such as hepatocellular carcinoma,
as confirmed by the ineligibility of any patients for OLT.
Third, none of the patients included were treated with a
combination of midodrine and octreotide. This combi-
nation would have been useful to compare the outcomes
of patients treated with terlipressin to those treated with
midodrine and octreotide. Finally, none of the patients
underwent liver transplantation, so we were not able to
evaluate the impact of vasoactive therapy as a bridge to
OLT in our cohort.

HRS still has a poor prognosis, even when drug ther-
apy is extensively used. The impact of vasoactive drugs
is poor, and the true effectiveness of these drugs is in
prolonging short-term survival, as a bridge to transplan-

December 27,2013 | Volume 5 | Issue 12 |
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tation, in patients suitable for OLT. In this setting, the
use of TIPS has been limited by the absence of large,
prospective studies and by restricted use in patients with
end-stage cirrhosis”*". Prognostic factors for short-
term mortality (low serum sodium and high MELD
score) could be used to choose candidate patients for
OLT as soon as possible after the onset of HRS.
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Abstract

Acute cytomegalovirus (CMV) infection is a commonly
encountered complication in the post liver transplant
setting. We present a case of a 71-year-old male with
acute CMV infection, initially presenting with a gastro-
intestinal bleed due to acute CMV gastritis and later on
complicated by acute venous thromboembolism occur-
ring as an unprovoked event in the post liver transplant
period. Traditional risk factors for venous thromboem-
bolism have been well described in the medical litera-
ture. Sporadic cases of thromboembolism due to CMV
infection in the immune compromised patients have
been described, especially in the post kidney transplant
patients. Liver transplant recipients are equally prone
to CMV infection particularly in the first year after suc-
cessful transplantation. Venous thromboembolism in
this special population is particularly challenging due to
the fact that these patients may have persistent throm-
bocytopenia and anticoagulation may be a challenge
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for the treating physician. Since liver transplantation
is severely and universally limited by the availability of
donor organs, we feel that this case report will provide
valuable knowledge in the day to day management
of these patients, whose clinical needs are complex
and require a multidisciplinary approach in their care
and management. Evidence and pathophysiology link-
ing both the conditions is presented along with a brief
discussion on the management, common scenarios en-
countered and potential impact in this special group of
patients.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Cytomegalovirus; Venous thromboembo-
lism; Orthotopic liver transplantation; Thrombocytope-
nia; Hypersplenism

Core tip: Liver transplant recipients are a special group
of individuals whose clinical needs are complex due to
the use of immunosuppressive agents. They are prone
to several opportunistic infections which are not com-
monly encountered in regular clinical practice. Cyto-
megalovirus (CMV) infection is a well-recognized com-
plication in the post-transplant setting which can affect
the graft function and increase morbidity and mortality.
Venous thromboembolism occurring in the setting of
acute CMV infection in this group of patients is an im-
portant complication and we attempt to delineate the
pathophysiology, discuss evidence linking both the con-
ditions and provide practical points in the management
of these complex individuals.

Edula RGR, Qureshi K, Khallafi H. Acute cytomegalovirus in-
fection in liver transplant recipients: An independent risk for ve-
nous thromboembolism. World J Hepatol 2013; 5(12): 692-695
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INTRODUCTION

Liver transplantation is a complex surgical procedure
requiring extensive evaluation of these patients in the
pre-transplant period and specialized care in the post-
transplant petiod. Immunosuppression in these patients
is extremely important to prevent graft loss as a result of
rejection. Various complications can occur in these pa-
tients, especially in the immediate post-operative period
and can include technical complications from surgery,
rejection of the graft, metabolic derangements, bacterial
infections and viral infections from profound immuno-
supptession. Cytomegalovirus (CMYV) infection in the
post-transplant setting is a well-recognized complication
that can affect graft function and can also predispose
these patients to venous thromboembolism. Here we
present a case of acute CMV infection, complicated by
unprovoked deep vein thrombosis and discuss the evi-
dence, pathophysiology and practical aspects of manage-
ment.

PRESENTATION OF CASE

A 71-year-old Caucasian male presented to our post
transplant clinic at 6 mo post orthotopic liver transplan-
tation (OLT) for follow up. He complained of swell-
ing of the right lower extremity for the last three days.
There was no history of trauma. Physical exam revealed
swelling of the right leg below knee, ankle edema and
warmth with some discomfort to palpation. Acute deep
vein thrombosis was suspected and venous doppler
confirmed extensive deep vein thrombosis involving the
profunda femoris, femoral, popliteal, anterior and poste-
rior tibial and peroneal veins. Patient was admitted to the
hospital for further management.

Three weeks prior to this event he was admitted to
the hospital with fever, malaise, diarrhea and melena
requiting blood transfusion. Upper gastrointestinal en-
doscopy at that time revealed a clean based gastric ulcer
with antral gastritis. Biopsies revealed acute gastritis with
CMYV inclusion bodies consistent with acute CMV infec-
tion (Figure 1). Serologies confirmed CMV IgM positive
titres. He was recently taken off valacyclovir prophylaxis
for CMV in the post transplant setting per protocol.
Thrombophilia work up revealed increased factor VI
levels and decreased protein S activity at 28%. He did
not have any risk factors for venous thromboembolism
except for recent hospitalization due to gastrointestinal
bleed. During that time he did not receive standard ve-
nous thromboembolism prophylaxis other than subcuta-
neous compression devices due to obvious bleeding. We
concluded that he most likely had an unprovoked deep
vein thrombosis event precipitated by acute CMV infec-
tion and performed a literature search to support our

hypothesis.

EVIDENCE

A recent large prospective study reported that CMV
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IgM seropositivity was independently associated with
increased short term risk venous thromboembolism
(VTE), following adjustment for age and other con-
founding factors (P = 0.003). There was no clinically signifi-
cant association with arterial thrombosis in the same study!".

A case control study of immunocompetent patients
with VTE revealed CMV IgG antibodies were found
more frequently in patients with VI'E as compared to
controls (P = 0.016). The overall rate of CMV IgM an-
tibodies detection was low but they were more often de-
tected in cases as compated to controls. The difference
was noted to be statistically significant in patients with
an unprovoked VTE event (P = 0.017). With the excep-
tion of age no association was found between CMV
seropositivity and established VIE risk!.

VTE in renal transplant patients has been reported in
a case series of seven patients with simultaneous acute
CMYV infection with no other obvious risk factors for
the same'. Sporadic cases of venous and arterial throm-
boembolism in the setting of acute CMV infection have
been reported in both immunocompromised and immu-

nocompetent patientsm.

PATHOPHYSIOLOGY

CMYV infection a frequent complication in the post solid
organ transplantation setting is known to modify endo-

thelial phenotype from anticoagulant to procoagulant
state'”. Various potential causative mechanisms that may
act directly on the vessel wall or indirectly by triggering
thrombosis, have been proposed as the reason for CMV
associated thrombosis. [E84 a gene product of CMV
binds to and inhibits P53 mediated apoptosis, increas-
ing smooth muscle proliferation and increased risk for
thromboembolism". Other mechanisms involve CMV
enhanced platelets and leukocyte adhesion to infected
endothelial cells, effects mediated by activating factor
X, factor VIl and triggering thrombin generationm. The
most accepted theory supported by several n-vitrio stud-
ies conclude that CMV transiently induces production
of anti-phospholipid antibodies which is a well known
tisk factor for venous and arterial thromboembolism!”.
The possible role of other factors associating infection
with VTE as an independent risk, decreased physical
activity and prolonged fever following acute CMV in-
fection leading to dehydration can explain this observa-
tion!. CMV IgG positive serostatus was linked to an
unexplained factor VI elevation and other procoagulant
factors like fibrinogen, which again can trigger thrombo-

embolism™”,

CASE CONTINUED

Due to a recent history of upper gastrointestinal bleed

from a pyloric channel ulcer and risk for rebleeding with
anticoagulation our patient underwent inferior vena cava
filter placement. Repeat endoscopy as a follow up for
recently diagnosed gastric ulcer due to the need for anti-
coagulation revealed normal mucosa with complete heal-
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Figure 1 Gastric antral biopsy showing cytomegalovirus. A: High power view, inclusion body (arrow); B: Low power view of cytomegalovirus body.

ing of the pyloric channel ulcer. Due to the extent and
severity of VTE, after weighing the risks and benefits of
anticoagulation, he was initiated on anticoagulation with
warfarin and low molecular weight heparin overlap per
standard protocol. For his acute CMV infection he was
initiated on oral valacyclovir after initial diagnosis and is
symptom free at follow up.

DISCUSSION

Acute CMV infection in the post OLT setting is a well-
known complication. It can be asymptomatic or mani-
fest at 2-12 mo post OLT with features that may include
fever, malaise, diarrhea, increase in aminotransferases,
cytopenias, retinitis and pneumonitis™. High risk pa-
tients include those who are CMV recipient negative and
receive a CMV positive donor liver. It can also result
from reactivation of prior infection in a recipient”.

Patients with end stage liver disease who undergo
OLT have severe coagulopathy and thrombocytopenia
prior to and in the immediate post-operative period.
This usually recovers within the next few days to weeks
post transplantation. Thrombocytopenia may persist for
several months or may never recover due to severe pre-
transplant hypersplenism. Immunosuppressive agents
and prophylactic medications for opportunistic infec-
tions may contribute to cytopenias, which include per-
sistent thrombocytopenia in the post-transplant period.
VTE prophylaxis in these patients with low molecular
weight heparin is usually contraindicated due to the high
risk for bleeding complications that may affect graft
survival and increase morbidity and mortality. These pa-
tients are at high risk for hospitalization in the first few
months post-transplant due to complications that may
include rejection of transplanted organ, surgical, infec-
tious and metabolic complications.

Acute CMV infection in the post OLT setting is rou-
tinely encountered and its clear association with VIE
should always be considered when the clinical presenta-
tion favors or is suspicious for the same. Based on the
data provided above and pathophysiological mechanisms
that may be involved, thete seems to be a clear associa-
tion between acute CMV infection and the risk for VTE.
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Several other factors including hospitalization and im-
mobilization may increase the risk of thromboembolic
events in this group of patients. Appropriate prophylaxis
for VIE with low molecular weight heparin combined
with subcutaneous compression devices should be uti-
lized in these patients. Especially during the time of
hospitalization in the post OLT period, providing there
are no contraindications. Confirmed diagnosis of VIE
should be treated aggressively with appropriate antico-
agulation and if contraindicated use of vena caval filters
is recommended, to prevent the potentially fatal and
dreaded complication of pulmonary embolism. Cyto-
megalovirus infection if confirmed should be treated
appropriately using standard guidelines.

CONCLUSION

Liver transplantation is severely limited by the availability
of donor livers and the financial burden associated with
the whole process is enormous. Transplant hepatologists
and surgeons should be vigilant in providing care for
this special group of individuals, whose clinical needs
are complex and require a multi-disciplinary approach in
their management. A high degree of suspicion for com-
mon and not so common complications like VIE occur-
ring simultaneously with acute CMV infection should be
maintained. Appropriate diagnostic and therapeutic mea-
sures should be undertaken in a timely manner so as to
prevent the loss of a vital and scarce treatment modality.
Future studies looking into the incidence and prevalence
of VTE in the post OLT patients, their associations with
CMV status before transplant and at the time of occur-
rence of VTE are warranted to better define the risk and
their association.
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Abstract

A 68-year-old Caucasian man with hepatitis C virus-
related cirrhosis was admitted to our Unit in February
2010 for a diagnostic evaluation of three centimetric
hypoechoic focal liver lesions detected by regular sur-
veillance ultrasound. The subsequent computer tomog-
raphy (CT) led to a diagnosis of unifocal hepatocellular
carcinoma (HCC) in VI hepatic segment, defined the
other two nodules in the VI and VI segment as sus-
pected metastases, and showed a luminal narrowing
with marked segmental circumferential thickening of
the hepatic flexure of the colon. Colonoscopy detected
an ulcerated, bleeding and stricturing lesion at the
hepatic flexure, which was subsequently defined as ad-
enocarcinoma with a moderate degree of differentiation
at histological examination. Finally, ultrasound-guided
liver biopsy of the three focal liver lesions confirmed
the diagnosis of HCC for the nodule in the VI segment,
and characterized the other two lesions as metastases
from colorectal cancer. The patient underwent laparo-
tomic right hemicolectomy with removal of thirty-nine
regional lymph nodes (three of them tested positive for
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metastasis at histological examination), and simulta-
neous laparotomic radio-frequency ablation of both
nodule of HCC and metastases. The option of adju-
vant chemotherapy was excluded because of the post-
surgical onset of ascites. Abdomen CT and positron
emission tomography/CT scans performed after 1, 6
and 12 mo highlighted a complete response to treat-
ments without any radiotracer accumulation. After 18
mo, the patient died due to progressive liver failure.
Our experience emphasizes the potential coexistence
of two different neoplasms in a cirrhotic liver and the
complexity in the proper diagnosis and management of
the two tumours.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatocellular carcinoma; Colorectal can-
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Core tip: A 68-year-old man with hepatitis C virus-
related cirrhosis was admitted to our Unit for a diag-
nostic evaluation of three focal liver lesions detected by
regular surveillance ultrasound. Computer tomography
scans of abdomen allowed a diagnosis of single nod-
ule hepatocellular carcinoma (HCC) and showed two
centimetric liver nodules suspected for metastases and
a luminal narrowing with thickening of the colon. The
subsequent colonoscopy and ultrasound-guided biopsy
of the three focal liver lesions confirmed a diagnosis of
colorectal cancer with liver metastases together with a
single nodule HCC. Our experience highlights the po-
tential coexistence of two different neoplasms in a cir-
rhotic liver and the complexity in the proper diagnosis
and management of the two tumours.

Maida M, Macaluso FS, Galia M, Cabibbo G. Hepatocellular
carcinoma and synchronous liver metastases from colorectal cancer
in cirrhosis: A case report. World J Hepatol 2013; 5(12): 696-700
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INTRODUCTION

The incidence of hepatocellular carcinoma (HCC) is
currently increasing worldwide, being the leading cause
of death in patients with cirrhosis'™?, Despite intensive
surveillance programs, considerable recent therapeutic

advances and the use of potentially radical treatments,
prognosis and life expectancy remain poor in this set-
tingm. Curative treatments are applicable for early stage
tumors only, and include resection, liver transplantation
and percutancous ablation, whereas transarterial chemo-
embolization and sorafenib are regarded as non-curative
treatments able to improve survival in intermediate and
advanced stages, respectivelym.

The burden of colorectal cancer (CRC) is huge,
since it is the third most common diagnosed cancer in
men and the second in women and it is the third leading
cause of cancer death in the United States”. The liver is
the most frequent metastatic site for patients with CRC:
up to 50% of patients develop hepatic metastases dur-
ing the course of the disease'. However, few data can
be retrieved from the literature about the incidence and
management of liver metastases from CRC in patients
with cirrhosis.

We describe the coexistence of HCC and liver me-
tastases from CRC in a patient with hepatitis C virus
(HCV)-telated cirrhosis.

CASE REPORT

A 68-yeat-old Caucasian man with HCV-related cirrhosis
was admitted to our Unit in February 2010 for a diagnos-
tic evaluation of three centimetric hypoechoic focal liver

lesions in VI and VI segment, detected by surveillance
ultrasound. His medical history included type 2 diabetes
mellitus requiring insulin treatment and chronic obstruc-
tive pulmonary disease diagnosed few years before.

Upon admission the patient was asymptomatic and
there was no evidence of hepatic encephalopathy, ascites
or peripheral edema. Physical examination was unre-
markable, except for hepatosplenomegaly and palmar
erythema. Laboratory tests showed microcytic anemia
(haemoglobin 9.1 g/dL, haematocrit 30%, mean cot-
puscular volume 70 fL) and mild hypoalbuminemia (3.2
g/dL), while all other liver function tests wete normal.
The Child-Pugh score was A6 showing a good residual
liver function.

Esophagogastroduodenoscopy detected the presence
of medium-size (F2) oesophageal varices and portal hy-
pertensive gastropathy without signs of active bleeding;
The subsequent dynamic computer tomography (CT) led
to a diagnosis of unifocal HCC in VI hepatic segment
(Figure 1), defined the other two nodules in VI and VI
segment as suspected metastases (Figure 2), and showed
a luminal narrowing with marked segmental circum-
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ferential thickening of the hepatic flexure of the colon
(Figure 3). Colonoscopy revealed an ulcerated, bleeding
and stricturing lesion at the hepatic flexure, which was
defined as adenocarcinoma with a moderate degree of
differentiation at histological examination. The levels
of carcinoembryonic antigen (CEA) and a-fetoprotein
were 21.5 ng/mL (NV < 5) and 3.2 ng/mL NV < 5),
respectively.

Ultrasound-guided liver biopsy of the three focal liv-
er lesions confirmed the diagnosis of HCC (grading G2
according to Edmondson-Steiner System) for the nodule
in the VI segment and characterized the other two le-
sions as metastases from CRC. Finally, CT scans of the
chest did not show metastasis. On one hand, considering
the good performance status (PS 0), the preserved liver
function (Child-Pugh score A6), and the tumour stage
(single nodule < 3 cm, absence of vascular invasion),
our patient could be allocated in stage A according to
Barcelona Clinical Liver Cancer staging system; on the
other hand, tumour stage of colon cancer was [Va (T3,
Nx, M1) according to Tumor-Node-Metastasis Classifica-
tion of Malignant Tumours.

The patient underwent right hemicolectomy with
removal of thirty-nine regional lymph nodes (three of
them tested positive for metastasis at histological exami-
nation), and simultaneous laparotomic radio-frequency
ablation (RFA) of either nodule of HCC and metastasis.
No operative complications occurred. As a probable
consequence of surgery, the patient developed hepatic
decompensation after about 2 wk, with onset of mod-
erate degree ascites. Consequently, the option of adju-
vant chemotherapy was excluded and the patient began
oral diuretic treatment with furosemide and canrenone
with complete clinical response. Abdomen CT and
positron emission tomogtraphy/computerized tomog-
raphy (PET/CT) scans petformed after 1, 6 and 12 mo
showed a complete response to treatments according to
mRECIST™ for HCC, and RECIST 1.1 criteria for
measurable target lesion of colon cancer, without any ra-
diotracer accumulation. Finally, determinations of CEA
were repeatedly negative.

After 18 mo, the patient died due to hepatic decom-
pensation and progressive liver failure.

DISCUSSION

Multiple primary cancers are quite rare. Their incidence
ranges from 0.73% to 11.7%" even if it is steadily rising
as a result of the continuous improvement of treatments
and the consequent increased cancer survival. Coexis-
tence of multiple primary tumors is defined by Warren
and Gates Criteria, ze., demonstrating that (1) each tumor
1s distinct, (2) each tumor is clearly malignant on histolog-
ical examination, and (3) one of the two tumors is not a
metastasis of the other one. In addition, multiple primary
tumors are classified into synchronous and metachronous
according to Moertel classification ! if they occur within
or after 6 mo since the diagnosis of the first tumor, re-
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Figure 1 Computer tomography scans of the abdomen performed on admission. A: Arterial phase computer tomography (CT) scan shows small hepatocellular
carcinoma nodule with mild enhancement (arrow) in right liver lobe; B: Hepatic venous phase; and C: Delayed phase CT scan at same level shows isoattenuation of
lesion to liver parenchyma.

Figure 2 Computer tomography scans of the abdomen performed on admission. A: Arterial phase computer tomography (CT) scan shows intense heteroge-
neous rim hyperenhancement of two round metastatic lesions in right liver lobe (arrows); B: Hepatic venous phase; and C: Delayed phase and CT scan show persis-
tent rim enhancement around lesions (arrows). Diagnosis was confirmed at biopsy.

ranging from 66% for nodules between 1 and 2 cm, to
80% for nodules between 2 and 3 cm in size and up to
95% for nodules larger than 3 cm"”. Nevertheless, it is
possible to find metastases from tumors aroused from
extra-hepatic sites in a cirthotic liver, although unlikely;
consequently, an accurate and complete characterization
of the focal liver lesions is mandatory in this setting. In
our case, we reached the diagnosis through dynamic CT
scans and subsequent histological confirmation.

The presence of liver cirthosis, if the disease is com-
pensated, does not change per se the therapeutic indica-
tions for non-hepatic tumors'”. In view of the good
residual function of the liver disease, and after screening
Figure 3 Computer tomography scans of the abdomen performed on ad- for portal hypertension and fluid retention, our patient
mislsion. Cont'rast material-enhanced axial Icomputer tgmography scan shows was surgically treated with laparotomic right colectomy,
luminal narrowing and marked segmental circumferential thickening of the he- . . .
patic colon flexure. Adenocarcinoma was confirmed at colonoscopy and biopsy. without opetative comp hcatlons.' .

The standard of care for patients with colorectal he-

patic metastases (CRHM) is the systemic chemotherapy

spectively. with or without biologic agents. When metastasis are

We described a case of synchronous HCC and CRC confined to liver and there is no vascular invasion or
with liver metastases. As already mentioned, the pres- regional lymph node involvement, surgical resection is
ence of multiple primary tumors is rare, and even rarer the standard of care. In patients with cirrhosis, as in non
the presence of synchronous neoplasms. In addition to surgical candidates, loco-regional therapies as RFA may
the rarity of the case, the complexity in distinguishing be regarded as one of the best options for both cura-
the simultaneous presence of HCC nodules and metas- tive and palliative approachesm. In our patient, the single
tases in a cirrhotic liver must be emphasized. Indeed, nodule of HCC, as well as the two CRHM, were simul-
the baseline probability of a new focal liver lesion to be taneously treated during the laparotomic session with
a HCC in cirrhosis increases according to nodule size, RFA.
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Finally, adjuvant chemotherapy was excluded be-
cause of the post-surgical onset of ascites, whereas CT
and PET scans performed after six and twelve months
showed a complete response to treatments.

Our experience highlights the possible coexistence
of two different neoplasms in a cirrhotic liver, although
rare, and the complexity in the proper diagnosis and
management of the two tumors. Even if dynamic CT or
MR play a key role in the diagnosis of HCC, the identi-
fication of synchronous metastasis may be difficult, due
to the inherent morphological characteristics of the cir-
thotic liver and to the high pre-test probability of a new
lesion to be a HCC. Therefore, despite the potential risk
of tumour seeding in this setting, ranging from 10% to
19% according to several reportsm], liver biopsy remains
a critical diagnostic tool recommended in doubtful
cases and/or when hepatic metastases are suspected, in
order to confirm the histological origin of the primary
neoplasm and to provide the best therapeutic algorithm
based on the correct diagnosis.

In absence of recommendations regarding the best
combined therapeutic approach, it is desirable to carry
out the best available therapy for each tumor, when
feasible. In this line, RFA can be regarded as one of the
best options for both curative and palliative approaches

of CRHM in compensated cirrhosis.

COMMENTS

Case characteristics

Upon admission the patient was asymptomatic, and physical examination was
unremarkable, except for hepatosplenomegaly and palmar erythema.
Clinical diagnosis

The patient presented with microcytic anemia and imaging evidence of three
hepatic focal lesions on a background of liver cirrhosis.

Differential diagnosis

Differential diagnosis was performed between hepatocellular carcinoma and he-
patic metastases from colorectal cancer, using dynamic computer tomography
(CT) and histology of the primary lesion and the three hepatic nodules.

Laboratory diagnosis

Laboratory tests showed microcytic anemia (haemoglobin 9.1 g/dL, haematocrit
30%, mean corpuscular volume 70 fL) and mild hypoalbuminemia (3.2 g/dL);
all other liver function tests were normal, whereas levels of carcinoembryonic
antigen and o-fetoprotein were 21.5 ng/mL (NV < 5) and 3.2 ng/mL (NV < 5),
respectively.

Imaging diagnosis

Dynamic CT showed a unifocal hepatocellular carcinoma in VI hepatic segment
and other two nodules suspected for metastases, and it pointed out a luminal
narrowing with marked thickening of the hepatic flexure of the colon. This latter
was further detected by colonoscopy as an ulcerated, bleeding and stricturing
lesion at the hepatic flexure.

Pathological diagnosis

Histological examination defined the stricturing lesion of the colon as adenocar-
cinoma with a moderate degree of differentiation, whereas biopsy of the three
focal liver lesions confirmed a diagnosis of single nodule hepatocellular carci-
noma (HCC) together with two liver metastases from colorectal cancer.
Treatment

The patient underwent laparotomic right hemicolectomy with removal of thirty-
nine regional lymph nodes, and simultaneous laparotomic radio-frequency abla-
tion of both nodule of HCC and metastases.

Related reports

This case report emphasizes the possible coexistence of two different neo-
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plasms in a cirrhotic liver, although rare, and the complexity in the proper diag-
nosis and management of the two tumors.

Experiences and lessons

Even if dynamic CT or colorectal cancer play a key role in the diagnosis of
HCC, the identification of synchronous metastasis may be difficult, due to the
inherent characteristics of the cirrhotic liver and to the high pre-test probability
of a new lesion to be a HCC. Therefore, liver biopsy remains a critical diagnos-
tic tool recommended in doubtful cases and it is mandatory when a liver metas-
tasis from another primary tumour is suspected.

Peer review

This manuscript is interesting and presents a careful observation and discus-
sion regarding diagnosis and management of primary HCC and liver metastasis
from colorectal cancer.
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ganization|. [Name of individual] owns stocks and shares in [name of
organization|. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated cleatly in the text that all persons gave their informed
consent ptior to their inclusion in the study. Details that might disclose
the identity of the subjects under study should be omitted. Authors
should also draw attention to the Code of Ethics of the World Med-
ical Association (Declaration of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from expetiments, authors should follow
the highest standards and the trial should conform to Good Clinical
Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the World Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional teview boatd.
If human participants were involved, manuscripts must be accom-
panied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page,
Abstract, Introduction, Materials and Methods, Results, Discus-
sion, Acknowledgements, References, Tables, Figures, and Figure
Legends. Neither the editors nor the publisher are responsible for
the opinions expressed by contributors. Manuscripts formally ac-
cepted for publication become the permanent property of Baish-
ideng Publishing Group Co., Limited, and may not be reproduced
by any means, in whole or in part, without the written permission
of both the authors and the publisher. We reserve the right to copy-
edit and put onto our website accepted manusctipts. Authors should
follow the relevant guidelines for the care and use of laboratory ani-
mals of their institution or national animal welfare committee. For
the sake of transparency in regard to the performance and report-
ing of clinical trials, we endorse the policy of the ICMJE to refuse
to publish papers on clinical trial results if the trial was not recorded
in a publicly-accessible registry at its outset. The only register now
available, to our knowledge, is http://www.clinicaltrials.gov spon-
sored by the United States National Library of Medicine and we en-
courage all potential contributors to register with it. However, in the
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case that other registers become available you will be duly notified.
Aletter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions

Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/1948-5182/
g info_20100316080002.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wijgnet.com, ot by telephone: +86-10-85381892. If you
submit your manuscript online, do not make a postal contribution.
Repeated online submission for the same manuscript is strictly pro-
hibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde Med-
ical College, Chengde 067000, Hebei Province, China. One author
may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JE Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang I and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
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email address. For example, Montgomery Bissell, MD, Professor
of Medicine, Chief, Liver Center, Gastroenterology Division, Uni-
versity of California, Box 0538, San Francisco, CA 94143, United
States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Abstract

There are unstructured abstracts (no less than 200 words) and struc-
tured abstracts. The specific requirements for structured abstracts
are as follows:

An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be struc-
tured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write the
Aim in the form of “To investigate/study/...”), METHODS (no
less than 140 words for Original Articles; and no less than 80 words
for Brief Articles), RESULTS (no less than 150 words for Original
Articles and no less than 120 words for Brief Articles; You should
present P values where appropriate and must provide relevant data
to illustrate how they were obtained, e.g., 6.92  3.86 »s 3.61 £ 1.67,
P < 0.001), and CONCLUSION (no mote than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Core tip

Please write a summary of less than 100 wotds to outline the
most innovative and important arguments and core contents in
your paper to attract readets.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both.

Illustrations

Figures should be numbered as 1, 2, 3, ez, and mentioned clearly in
the main text. Provide a brief title for each figure on a separate page.
Detailed legends should not be provided under the figures. This part
should be added into the text whete the figures are applicable. Keep-
ing all elements compiled is necessary in line-art image. Scale bars
should be used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself. File names
should identify the figure and panel. Avoid layering type directly over
shaded or textured areas. Please use uniform legends for the same
subjects. For example: Figure 1 Pathological changes in atrophic gas-
tritis after treatment. A: ...; B: .; C: s D: s B L Bl G Lt Tt s
our principle to publish high resolution-figures for the E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and mentioned
cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.
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Notes in tables and illustrations

Data that ate not statistically significant should not be noted. ‘P < 0.05,
"P < 0.01 should be noted (P > 0.05 should not be noted). If there
ate other series of P values, ‘P < 0.05 and ‘P < 0.01 are used. A third
series of P values can be expressed as ‘P < 0.05 and P < 0.01. Other
notes in tables or under illustrations should be expressed as 'E, °E
’F; or sometimes as other symbols with a superscript (Arabic nume-
als) in the upper left corner. In a multi-curve illustration, each curve
should be labeled with @, 0, m, 0, A, A\, ez, in a certain sequence.
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italics).

Units
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numerals such as 23, 243, 641 should be read 23243641.

The format for how to accurately write common units and
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Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
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m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.
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link: http:/ /www.wignet.com/esps/NavigatonInfo.aspxrid=15
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revised version, along with the signed copyright transfer agreement,
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comments can be found at: http://www.wignet.com/1948-5182/
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