
















Aims and Scope
Clinical and Molecular Hepatology (Clin Mol Hepatol), is an international, peer-reviewed, open- ac-

cess journal published quarterly in English. Clin Mol Hepatol aims to share advanced and latest 

knowledge, trend, and understanding of hepatobiliary diseases, to provide a wide open academ-

ic forum for active debate and discussion among clinical doctors, translational researchers, and 

basic scientists, and to improve public health through a multidisciplinary approach, especially 

in resource-limited Asia-Pacific area with high prevalence of B viral infection and hepatocellular 

carcinoma. In addition, Clin Mol Hepatol gives priority to epidemiological studies of hepatobiliary 

diseases in East Asia, North Asia, Southeast Asia, Central Asia, South Asia, Southwest Asia, Pacific, 

Africa, Central Europe, Eastern Europe, Central America, and South America. 

Clin Mol Hepatol publishes original papers, meta-analysis, letter to editor, case reports, reviews, 

guidelines, editorials, and liver image and pathology on all aspects of the field of hepatology. 

© Copyright 2000-2020 by Korean Association for the Study of the Liver. All rights reserved.

This journal was supported by the Korean Federation of Science and Technology Societies Grant funded by the Korean 

Government (MEST).

Volume 26    •   Number 1    •   January 2020

Subscription info
Current circulation number of print copies is 1500. The KASL members will be listed as subscribers for 

the journal which they can order at the annual subscription price of KW 30,000 by contacting Clinical 

and Molecular Hepatology by email (kasl@kams.or.kr) or by telephone (82-2-703-0051). To order a sub-

scription to CMH, please contact our editorial office.

Open Access
Clinical and Molecular is available free in electronic form at www.e-cmh.org. All articles are dis-

tributed under the terms of the Creative Commons Attribution Non-Commercial License (http://

creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted non-commercial use, dis-

tribution, and reproduction in any medium, provided the original work is properly cited.



Editor-in-Chief
Seung Up Kim
Yonsei University, Korea

Deputy Editor
Edward Wolfgang Lee
David Geffen School of Medicine at UCLA, USA

Grace Lai-Hung Wong 
The Chinese University of Hong Kong, Hong Kong 
SAR, China 

Ju-Seog Lee
The University of Texas MD Anderson Cancer Center, USA

Consulting Editor

Jia Horng Kao 
National Taiwan University Hospital, Taiwan

Masao Omata
University of Tokyo, Japan

Ming-Lung Yu
Kaohsiung Medical University, Taiwan

Samuel S. Lee
Hospital Dr. NW, Canada

Sanjeev Gupta
Albert Einstein College of Medicin, USA

Tawesak Tanwandee
Mahidol University,Thailand

Tim F. Greten
National Institutes of Health, USA 

W. Ray Kim
Stanford University, USA

International Editorial Board
A.Kadir Dokmeci
Ankara University School of Medicine, Turkey

Abduzhappar Gaipov 
National Scientific Medical Research Center, Kazakhstan

Aileen Wee
National University of Singapore, Singapore

Armando Carvalho 
Universitary of Coimbra, Portugal

Arvind Chaturvedi 
Rajiv Gandhi Cancer Institute & Research Centre, India

Ashish Kumar 
Sir Ganga Ram Hospital New Delhi, India

Byung Ihn Choi  
Chung-Ang University, Korea

Catherine Teh 
The Makati Medical Center, Philippines

Daniel Galun 
University of Belgrade, Serbia

Dong Jin Suh  
University of Ulsan, Korea

Essam Mohammed Ahmed Janahi 
University of Bahrain, Bahrain

Fernando Bessone 
University of Rosario School of Medicine, Argentina

Flor H Pujol 
Instituto Venezolano de Investigaciones Cientificas, Venezuela

Han Chu Lee
University of Ulsan, Korea

Hasmik Ghazinyan 
Nork Clinical Hospital of Infectious Diseases, Armenia

Hyo‐Suk Lee  
Seoul National University, Korea

Janus P Ong
University of the Philippines‐Philippine General Hospital, Philippines

Jaques Waisberg 
ABC Medical School, Brazil

Jaw‐Ching Wu 
Taipei Veterans General Hospital, Taiwan

Jidong Jia  
Capital Medical University, China

Jigjidsuren Chinburen 
National Cancer Center, Mongolia

Jin Mo Yang 
Catholic University, Korea

© Copyright 2000-2020 by Korean Association for the Study of the Liver. All rights reserved.

 This paper meets the requirements of KS X ISO 9706, ISO 9706-1994 and ANSI/NISO Z39.48-1992 (Permanence of Paper)

Publisher: Han Chu Lee

Editor-in-Chief: Seung Up Kim

Publishing Office

Korean Association
for the Study of the Liver (KASL)

Room A1210, MapoTrapalace,

53 Mapo-daero, Mapo-gu,

Seoul 04158, Korea

Tel: +82-2-703-0051

Fax: +82-2-703-0071

E-mail: kasl@kams.or.kr

Website: http://www.kasl.org

Volume 26    •   Number 1    •   January 2020

pISSN 2287-2728
eISSN 2287-285X

http://www.e-cmh.org



Jonel Trebicka 
University Hospital Bonn, Germany

Kwan Soo Byun 
Korea University, Korea

Kwang‐Hyub Han  
Yonsei University, Korea

M. Begawan Bestari 
Padjadjaran University ‐ Hasan Sadikin Hospital, Indonesia

Mahamed A Daw 
Tripoli University, Libya

Man‐Fung Yuen 
The University of Hong Kong, Hong Kong

Martin Janicko 
Pavol Jozef Šafárik University, Slovakia

Martin Weltman 
Nepean Hospital, Australia

Masashi Mizokami 
National Center for Global Health and Medicine, Japan

Massimo Roncalli  
University of Milan, Italy

Mihaela Petrova 
Ministry of Interior, Bulgaria

Ngo Le Lam 
Bach Mai University National Hospital, Vietnam

Peter Jarcuska 
Pavol Jozef Šafárik University, Slovakia

Roberto J. Groszmann 
Yale University, USA

Rodrigo Florentino
Federal University of Minas Gerais, Brazil

Sader A. Nayeem 
Japan Bangladesh Friendship Hospital, Bangladesh

Saeed Hamid 
Aga Khan University, Pakistan

Sanju Sobnach 
University of Cape Town, South Africa

Saroj Dhital 
Nepal Model Hospital, Nepal

Tai‐Chung Tseng 
Tzu Chi University, Taiwan

Teerha Piratvisuth 
Prince of Songkla University, Thailand

Vui Heng Chong 
Raja Isteri Pengiran Anak Saleha (RIPAS) Hospital, Brunei

Waleed Al‐hamoudi 
King Saud University, Saudi Arabia

Wei‐Yu Kao 
Taipei Medical University Hospital, Taiwan

Xia Hongping 
Nanjing Medical University, China

Yongjun Tian 
University of Southern California, USA

Zsuzsa Schaff 
Semmelweis University, Hungary

Printed by Jin Publishing Co.

49-2 Chungmu-ro, Jung-gu, Seoul 

04550, Korea

Tel: 82-2-2271-6789

Fax: 82-2-2277-5194

E-mail: jin@ijpnc.com

Website: http://www.ijpnc.co.kr

Printed on December 25 2019

Published on January 1, 2020

Volume 26    •   Number 1    •   January 2020

© Copyright 2000-2020 by Korean Association for the Study of the Liver. All rights reserved.

 This paper meets the requirements of KS X ISO 9706, ISO 9706-1994 and ANSI/NISO Z39.48-1992 (Permanence of Paper)

http://www.e-cmh.org



Reviews

1    Immunologic strategies and outcomes in ABO-incompatible living donor liver transplantation
  Jongwook Oh and Jong Man Kim

7  The fibrogenic process and the unleashing of acute-on-chronic liver failure
  Guillermo Nahúm López-Sánchez, Mayra Dóminguez-Pérez, Misael Uribe, and Natalia Nuño-Lámbarri

16  Extrahepatic manifestations of hepatitis E virus: An overview
  Fotios S. Fousekis, Ioannis V. Mitselos, and Dimitrios K. Christodoulou 

Original Articles

24    A survey on transarterial chemoembolization refractoriness and a real-world treatment pattern for 
hepatocellular carcinoma in Korea

    Jae Seung Lee, Beom Kyung Kim, Seung Up Kim, Jun Yong Park, Sang Hoon Ahn, Jin Sil Seong, Kwang-Hyub Han,  
and Do Young Kim

33    Serum Wisteria floribunda agglutinin-positive human Mac-2 binding protein level predicts recurrence of 
hepatitis B virus-related hepatocellular carcinoma after curative resection

    Hye Soo Kim, Seung Up Kim, Beom Kyung Kim, Jun Yong Park, Do Young Kim, Sang Hoon Ahn, Kwang-Hyub Han, 
Young Nyun Park, Dai Hoon Han, Kyung Sik Kim, Jin Sub Choi, Gi Hong Choi, and Hyon-Suk Kim

45    Vimentin as a potential therapeutic target in sorafenib resistant HepG2, a HCC model cell line
  Ankita Makol, Harpreet Kaur, Sakshi Sharma, Shruthi Kanthaje, Ramanpreet Kaur, and Anuradha Chakraborti

54    Sensitivity of ultrasound in detecting hepatocellular carcinoma in obese patients compared to explant 
pathology as the gold standard

  Jamak Modaresi Esfeh, Kaveh Hajifathalian, and Kianoush Ansari-Gilani

60    Influence of some methylated hepatocarcinogenesis-related genes on the response to antiviral therapy 
and development of fibrosis in chronic hepatitis C patients

    Waleed Seif Eldin Mohamed Mostafa, Mohammed Hassan Saiem Al-Dahr, Dalia Abdel Hamid Omran,  
Zeinab Fathy Abdullah, Suzan Hamdy Elmasry, and Mohamed Nabil Ibrahim

Volume 26    •   Number 1    •   January 2020

pISSN 2287-2728
eISSN 2287-285X



Letters to the Editor

70  The management of polycystic liver disease by tolvaptan
  Tsuneo Takenaka, Soichiro Miura, and Masaki Kitajima

74    Hyperammonemic encephalopathy: An unusual presentation of fibrolamellar hepatocellular carcinoma
  Nimish Thakral and Douglas A. Simonetto

78    Clinical characteristics of portal hypertension complicated by gastroesophageal varices in patients with 
myeloproliferative neoplasms

    Jaejun Lee, Pil Soo Sung, Ki-Seong Eom, Hyun Yang, Soon Kyu Lee, Aung Hlaing Bwa, Angelo Lozada,  
Jeong Won Jang, Si Hyun Bae, Jong Young Choi, and Seung Kew Yoon

Volume 26    •   Number 1    •   January 2020





pISSN 2287-2728      
eISSN 2287-285X

https://doi.org/10.3350/cmh.2019.0023
Clinical and Molecular Hepatology 2020;26:1-6Review

Corresponding author : Jong Man Kim
Department of Surgery, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 06351, 
Korea
Tel: +82-2-3410-1719, Fax: +82-2-3410-0040
E-mail: yjongman21@gmail.com
https://orcid.org/0000-0002-1903-8354

Abbreviations: 
ABO-C LDLT, ABO compatible living donor liver transplantation; ABO-I LDLT, 
ABO incompatible living donor liver transplantation; AMR, antibody mediated 
rejection; DIC, disseminated intravascular coagulation; DIHC, diffuse intrahepatic 
biliary complications; HCC, hepatocellular carcinoma; IgG, immunoglobulin G; 
IgM, immunoglobulin M; IVIG, intravenous immunoglobulin

Received : Feb. 10, 2019 /  Accepted : Feb. 18, 2019

IntroduCtIon

In the past, adult ABO incompatible living donor liver transplan-

tation (ABO-I LDLT) had poor graft survival and low patient sur-

vival due to hyperacute rejection and a high risk of vascular biliary 

complication, and it was considered a contraindication.1-4 Suscep-

tibility to rejection, including severe hepatic necrosis and diffuse 

intravascular coagulation disorder within the graft, appears to be 

due to the blood group antigen expressed in the vascular endo-

thelium and bile ducts after transplantation.5,6 Various desensiti-

zation strategies have been introduced to overcome the barrier of 

ABO incompatibility.7-9 However, desensitization protocols differ 

at each center, and the necessity of local infusion, splenectomy, 

intravenous immunoglobulin (IVIG), and plasmapheresis is contro-

versial. After the rituximab era, the outcome of ABO-I LDLT has 

been reported in many studies to be comparable to ABO compati-

ble living donor liver transplantation (ABO-C LDLT).10-13 Many cen-

ters are now trying to simplify protocols.14-20 We review the past 

and current immune strategies for desensitization and to provide 

outcomes and ABO incompatibility-related complications in ABO-I 

LDLT.

HIstory 

Thomas Starzl introduced liver transplantation (LT) for the ABO 

blood group in 1969. In addition, Thomas Starzl proposed the 

“liver is privileged organ” concept since the liver in contrast to 
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heart or kidney transplantations, resists acute rejection in animal 

experimental studies.9 Therefore, Starzl’s group only reported 11 

ABO-I pediatric LT cases in 1979 because of the difficulty of find-

ing compatible small grafts. However, they had shown no evi-

dence of acute rejection in those patients.21

In the 1980s and in the early 1990s, ABO incompatible liver 

transplantation (ABO-I LT) had extremely poor surgical outcomes; 

severe rejection, hepatic artery thrombosis and intrahepatic bile 

duct injury were common. Demetris et al. reported a pathological 

feature, ‘single organ disseminated intravascular coagulation 

(DIC)’ in a failed ABO-I liver graft.1 In a control matched study 

that included 15 ABO-I LT, Sanchez-Urdazpal et al. confirmed in-

creased incidence of cholangitis, bile leak, cellular rejection, and 

hepatic artery thrombosis in the ABO-I group.22 To overcome 

ABO-incompatibility complications, high dose immunosuppres-

sion, splenectomy and plasmapheresis were implemented, but 

these had little effect on the poor outcomes and increased the 

occurrence of complications, including infection and sepsis.2,3

desensItIzAtIon mAnAgement

Plasmapheresis or total plasma exchange

Anti-ABO antibodies are thought to cause antibody mediated 

rejection (AMR) in ABO-I LT. It has been reported that hepatic ne-

crosis and intrahepatic biliary complications in ABO-I LDLT are 

closely related to high perioperative anti-A or anti-B antibody ti-

ters.6 Plasmapheresis has been reported as rapidly reducing anti-

blood type isoagglutinin titers for ABO-I LDLT.23 Therefore, plas-

mapheresis has been applied prior to LT in order to reduce anti-

blood antibodies to levels considered safe enough to improve the 

outcomes of ABO-I LDLT. However, it has also been reported that 

even if antibody titers are reduced by plasmapheresis prior to 

ABO-I LDLT, isoagglutinin titers can rise again within 3–7 days af-

ter operation. Although plasmapheresis is able to remove anti-

bodies from the peripheral blood prior to ABO-I LT, plasmaphere-

sis cannot suppress the production of new antibodies from the 

preexisting plasma cells. For this reason, repetitive plasmapheresis 

has been considered an efficient therapeutic method in patients 

with a rise in isoagglutinin titers after ABO-I LDLT.16 It has been 

previously reported that the target of pre-transplant antibody 

ABO-titer values following plasmapheresis were less than 1:8, 

1:16, 1:32 or 1:64 to prevent posttransplant AMR.14 The target ti-

ter differs markedly by center and a standard target titer has not 

yet been established.

Splenectomy

Splenectomy has been an important part of the protocol for 

ABO-I LDLT at many centers because the spleen is the body’s ma-

jor antibody producing organ, and contains large amounts of B 

cells and plasma cells. It also fulfils particular functions in blood 

filtration, phagocytosis, erythrocyte destruction, antigen uptake 

and potential hemopoiesis. Splenectomy in ABO-I LDLT carries 

risks for severe post-transplant infection and portal vein thrombo-

sis, pancreatic fistula, and sepsis.20 In addition, splenectomy is 

time-consuming and can cause massive bleeding as a result of 

splenomegaly in patients with severe liver cirrhosis.19 However, 

several studies have reported that splenectomy had not decreased 

the incidence of AMR.13,19 Raut et al. had found no statistically 

significant difference in anti-ABO immunoglobulin M (IgM) and 

immunoglobulin G (IgG) antibody titers between splenectomy and 

non-splenectomy groups.20 Therefore, the omission of splenecto-

my in ABO-I LDLT has recently emerged with the prophylactic use 

of rituximab. 

IVIG

The mechanism of action of IVIG is complex and not completely 

understood. It has been proposed to include the blocking of Fc 

receptors to non-nuclear cells, direct antibody neutralization, sup-

pression of CD19 presentation to activated B cells, suppression of 

complements, and suppression of all porous T cells.17-19 Several 

previous studies have reported on the effectiveness of additional 

IVIG for preventing AMR. Kim et al. had reported that the combi-

nation of rituximab, plasmapheresis, and IVIG had excellent re-

sults.15 However, a Japanese study had reported that AMR inci-

dence does not significantly differ between desensitization 

regimens with or without IVIG.24

Local graft infusion therapy

Local infusion therapy was reported in 1998, and involved 

methylprednisolone, prostaglandin E1, and gabexate mesilate ad-

ministered via a catheter through the portal vein.25 This regimen 

increased survival from 22% to 60%.26 The theoretical basis of 

these local infusion agents is that they inhibit different key reac-

tions in single-organ disseminated intravascular coagulation trig-

gered by preformed antibodies against the donor antigen. Prosta-
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glandin E1 improves microcirculation through vasodilatation and 

the prevention of platelet thrombi.27 Gabexate mesilate is a prote-

ase inhibitor that inhibits platelet aggregation and coagulation 

factors.26 Meanwhile, hepatic artery infusion therapy was intro-

duced to avoid portal vein thrombosis by portal vein infusion ther-

apy.28 However, catheter-related complications, including vascular 

thrombosis, infection, bleeding, and dislocation, have been re-

ported in 37% of patients undergoing portal vein infusion thera-

py, 22% of patients undergoing portal vein and hepatic artery in-

fusion therapy, and 16% of patients underoing hepatic artery 

infusion therapy.8 These complications can be life-threatening. 

Kim et al. showed no difference in liver function tests between 

patients undergoing local infusion therapy and systemic infusion, 

respectively.10 Song et al. also reported that there were no signifi-

cant differences in the incidence of AMR and patient survival be-

tween a “Local infusion group” and a “non-Local infusion group” 

after maintaining the pre-transplant ABO antibody titer within a 

limited range using plasmapheresis.13 

Rituximab

Rituximab is a monoclonal chimeric human-murine anti-CD20 

antibody that depletes B cells by complement-dependent cellular 

cytotoxicity.8,29 It depletes CD20-positive B cells from circulation 

and lymphoid tissues including the spleen.8,29 Thus, rituximab acts 

as a form of chemical splenectomy. Several previous studies have 

shown that rituximab’s effect on B cells in peripheral blood lasts 

for several months, removing cells within 48–72 hours.24,29,30 

Moreover, most data show that a single dose of rituximab is suffi-

cient for suppressing B cells in the peripheral blood. The number 

of B cells in peripheral blood decreased in three days after a single 

dose of rituximab (375 mg/m2), and the number of cells in the pe-

ripheral blood were completely eliminated after more than three 

weeks.31 Regular and multiple rituximab doses increased the inci-

dence of fungi and cytomegalovirus infections.13 Therefore, re-

peated administration of rituximab may be unnecessary and may 

increase the risk of serious infection due to long-term hypoglyce-

mia. Currently, most centers administer a single dose of rituximab 

(300 or 375 mg/m2), two weeks before surgery.

When the outcomes of ABO-I LDLT are divided into before and 

after the rituximab era, a Japanese nationwide survey revealed 

that the 3-year survival rates increased from 30% to 80% after 

the introduction of rituximab.8 In a study that included 381 adult 

patients in the Japanese registry of ABO-I LDLT, only the absence 

of rituximab prophylaxis was a significant risk factor for AMR. 

Thus, rituximab prophylaxis significantly decreased the incidence 

of AMR. In that study, the incidence of AMR decreased from 

23.5% to 6.2% after the introduction of rituximab.24 Since the 

rituximab era, many centers are now trying to simplify the proto-

col, and avoid splenectomy, local graft infusion, IVIG, and plas-

mapheresis.14-20

Desensitization trials without plasmapheresis

The role of preoperative ABO antibody titer in rejection of ABO-I 

LDLT has not yet been established. Several studies have shown no 

significant correlation between ABO antibody titer and AMR, in-

dicating that high preoperative antibody values have no signifi-

cant effect on AMR frequency.8,32 Another study suggested that 

sufficient desensitization could be achieved using rituximab 

alone.16 In addition, another study included a simplified protocol 

using rituximab and IVIG without plasmapheresis for ABO-I LDLT. 

The study reported that the protocol was safe and effective in 

achieving sufficient desensitization and showed comparable out-

comes in patients with titers no higher than 1:64.15 The incidence 

of diffuse intrahepatic biliary complications (DIHC) was 3–5%.11-13 

Considering intraoperative blood loss was much during ABO-I 

LDLT and very low incidence of DIHC, desensitization protocol 

without preoperative plasmapheresis required more search for 

validation.

outComes

Hyperacute rejection has not been reported in most studies 

since the use of rituximab. Kim et al. reported 100% patient and 

graft survivals and no AMR in 22 ABO-I LDLT patients with titers 

adjusted below 1:32 by total plasma exchange.10 They reported 

five biliary complication cases. Song et al. also reported that pa-

tient survival, graft survival, and biopsy proven acute rejection 

were not significantly different between ABO-I LDLT and ABO-C 

LDLT.11 They showed that diffuse intrahepatic bile duct complica-

tions were observed in 12 cases in the ABO-I LDLT group. A re-

cent study showed that 47 ABO-I LDLT patients who were com-

pared to a 1:2 matched 94 ABO-C LDLT group did not show 

significant differences in survival and acute rejection, as well as 

biliary complications.12 However, three DIHC cases occurred in the 

ABO-I LDLT patients and progressed to graft failure. 

It is not known whether rituximab prophylaxis for desensitiza-

tion affects hepatocellular carcinoma (HCC) recurrence in ABO-I 
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LDLT. Kim et al.33 reported that ABO incompatibility was not asso-

ciated with HCC recurrence. The 1-, 2-, and 3-year disease-free 

survival rates in ABO-I LDLT and ABO-C LDLT groups were 90.3%, 

79.7%, and 73.3% and 86.7%, 79.0%, and 75.3%, respectively 

(P=0.96).33 The overall patient survival rates for the same period 

in the ABO-I LDLT and ABO-C LDLT groups were 90.6%, 85.0%, 

and 81.9% and 88.0%, 83.5%, and 82.5%, respectively 

(P=0.77).33 They had shown that AFP, tumor size, encapsulation 

and microcirculation invasion were associated with HCC recur-

rence except in ABO-incompatibility. Propensity score match study 

had shown comparable recurrence-free survival rates and overall 

patient-survival outcomes between ABO-I LDLT and ABO-C LDLT 

groups.34

ComplICAtIons

Egawa et al. reported two types of graft failure in ABO-I LDLT.6 

The first, ‘liver necrosis’ occurred acutely 1–2 weeks after trans-

plantation, leading to massive graft necrosis within a month. The 

second, ‘intrahepatic bile duct injury’ presented more slowly 2–3 

months after transplantation, with development of extensive ir-

regularities of the intrahepatic bile duct, resulting in graft failure. 

These reactions were not observed in children <1 year of age, 

whose ability to produce antibodies against blood group antigens 

had not yet been established. The 5-year survival rate of recipi-

ents younger than 1 year (infants) and 16 years or older (adults) 

was reported as 76% and 22%, respectively. Because of poor 

survival outcomes and high incidence of complications, ABO-I 

LDLT became unpopular and was reserved for emergency trans-

plant surgery only.35,36

Diffuse intrahepatic bile duct complications were significantly 

higher in ABO-I LDLT than in ABO-C LDLT. Because the targets of 

isoagglutinin are the bile duct’s epithelium and vascular endothe-

lium of the graft, microvascular thrombotic occlusion of graft bile 

duct can occur, which causes ischemic cholangiopathy. Although 

the fulminant hepatic necrosis caused by severe AMR in ABO-I 

LDLT has been overcome since the introduction of rituximab, the 

risk of attenuated AMR still remains.11 Attenuated AMR can cause 

DIHC. Unlike fulminant necrosis, DIHC is not always fatal. Howev-

er, DIHC eventually leads to refractory cholangitis, which leads to 

sepsis and graft failure. In most cases, DIHC cannot be treated by 

conventional biliary interventions. The only proven effective treat-

ment is re-transplantation. In addition, DIHC degrades the quality 

of patient life due to frequent recurrent episodes of cholangitis 

and the need for intervention and readmission.11

ConClusIon

In conclusion, ABO-I LDLT is a very effective and safe method 

for extending a raw pool of liver donors. Survival outcomes are 

now comparable with rituximab prophylaxis and plasmapheresis. 

However, there is still concern about the high incidence of biliary 

complication especially DIHC, an intractable form of biliary steno-

sis that can occur regardless of the isoagglutinin titer. Therefore, 

we need to closely follow the patient course over several months 

after ABO-I LDLT even in patients with very low isoagglutinin ti-

ters after ABO-I LDLT. In the future, we need to identify certain 

risks and precautions through studies involving immunology and 

adaptive mechanisms in ABO-I LDLT.  
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INTRODUCTION

Cirrhosis is a progressive chronic liver disease characterized by 

diffuse fibrosis, severe interruption of intrahepatic venous flow, 

portal hypertension and hepatic insufficiency. Epidemiological 

studies indicate the existence of an increase in the prevalence of 

liver cirrhosis worldwide.1 The natural evolution of cirrhosis is di-

vided into two stages; a compensated cirrhosis, which is defined 

as the period between the onset of cirrhosis and the appearance 

of the first major complication of the disease and the decompen-

sated cirrhosis, which defines the period following the develop-

ment of ascites, gastrointestinal hemorrhage due to rupture of 
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esophageal varices and hepatic encephalopathy.

Recent medical studies and the introduction of new and effec-

tive treatments of some etiological forms of cirrhosis, especially 

antivirals, have brought about important changes in our concep-

tion of the disease.2 First, cirrhosis is no longer considered an irre-

versible progressive disease. In fact, decompensated cirrhosis can 

again be compensated cirrhosis or even return to pre-cirrhotic 

stages if the cause of cirrhosis is eliminated. Second, the initial list 

of organismic or systemic insufficiencies (liver, kidneys and brain) 

has been expanded and now includes the immune system, the in-

testine, the heart, the lungs, the adrenal glands, the muscles and 

the thyroid gland. Third, new mechanisms have been recognized 

that are implicated in the pathogenesis of cirrhotic complications, 

such as dysbacteriosis of the microbiota and systemic inflamma-

tion. Finally, it is increasingly clear that patients rarely die as a re-

sult of irreversible and terminal destruction of the liver. On the 

contrary, the cause of death in most patients is an acute deterio-

ration of their clinical situation, favored by a triggering event, a 

syndrome called acute-on-chronic liver failure (ACLF).3 In critically 

ill patients, early diagnosis of ACLF could be important for thera-

peutic decisions.

FIBROGENIC PROCESS

Liver fibrosis is a healing process after hepatic injury with a dy-

namic and potentially reversible process, involving complex mo-

lecular and cellular mechanisms that lead to chronic activation of 

tissue remodeling and repair, however, if the damage persists, this 

process could advance to cirrhosis even to liver cancer.4

Activated hepatic stellate cells are the main cell type responsible 

for liver fibrogenesis because they express, synthesize and secrete 

a broad spectrum of extracellular matrix proteins (collagen, glyco-

proteins and proteoglycans), during chronic liver injury.5 Addition-

ally, these cells produce pro-fibrogenic and proinflammatory cyto-

kines, chemokines and growth factors, which are vital in the 

onset of fibrogenesis.5

Moreover, activated hepatic stellate cells increase neutrophils 

survival by the production of granulocyte-macrophage-colony-

stimulating factor and interleukin (IL) 15 that exacerbate liver in-

flammation and increases reactive oxygen species, which are gen-

erated by neutrophils that promote hepatocytes damage. Apart 

from the possible effects on hepatocyte function, the increase in 

fibrosis significantly modifies the mechanics of blood flow in the 

liver leading to the formation of collateral vessels and arterial va-

sodilation progress, which eventually generates esophageal vari-

ces and ascites.6 A high fructose and cholesterol diet activates 

early pro-fibrotic pathways before the development of proinflam-

matory signaling or insulin resistance.7 In contrast, activation of 

natural killer cells inhibits hepatic fibrosis through the generation 

of interferon-γ that induces apoptosis and cell-cycle arrest of acti-

vated hepatic stellate cells.8

Human bone marrow-derived mesenchymal stem cells inhibit 

the proliferation of activated hepatic stellate cells by the induction 

of apoptosis through two proteins, antiapoptotic Bcl-2, and pro-

apoptotic Bax, which are key proteins to the mitochondria-medi-

ated intrinsic apoptosis.9 Furthermore, the generation of reactive 

oxygen species is intimately related to the hepatic fibrogenic pro-

cess, where nicotinamide adenine dinucleotide phosphate 

(NADPH) functions as one of the main sources. It is considered 

that p47phox, an active functional component of the NADPH 

complex, plays a crucial role in its activity. The mesenchymal stem 

cells derived from the human bone marrow can restrict the activa-

tion of this oxidase by phosphorylation of p47phox, thus inhibit-

ing its signaling pathway, which promotes peroxisome prolifera-

toractivated receptor γ and inhibits the expressions of collagen α1 

and α-smooth muscle actin.10

Cirrhosis represents the final stage of the fibrogenic process, 

with a transition from an asymptomatic compensated stage, which 

is between cirrhosis appearance and the initial major complication 

to symptomatic decompensated stage.11 Patients with compensat-

ed cirrhosis are characterized by having minor symptoms or not 

having any at all, however, if the etiological factor persists, hepat-

ic damage and portal pressure could worsen. The second phase is 

decompensated cirrhosis, where variceal hemorrhage, jaundice, 

ascites and hepatic encephalopathy may occur, all of which are as-

sociated with poor short-term survival.3 Once liver cirrhosis is 

present, there are several processes get underway like monocytes 

and lymphocytes interaction between the highly specialized sinu-

soidal endothelial cells,12 activation of the inflammasome driven by 

signaling by toll-like receptor (TLR) or interleukin-1 receptor (IL-1R), 

which leads to expression of inflammasome components such as 

NOD-like receptors, pro-caspase-1, pro-interleukin-1β, and pro-

IL18, as well as nitric oxide elevation.13

DIFFERENCE OF ACUTE-ON-CHRONIC LIVER 
FAILURE ACORDING TO GEOGRAPHICAL AREA

In cirrhosis, there is a term called acute decompensation, which 
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is characterized by severe hepatic disease development, being the 

primary cause of hospitalization with a high risk of death in the short-

term. Commonly these patients are usually diagnosed with ACLF.14

There are different definitions of ACLF. The first one was de-

scribed in 2002 by Jalan and Williams to explain how compensat-

ed cirrhotic patients show a severe deterioration in hepatic func-

tion during 2 to 4 weeks, associated with a precipitating event 

which leads to a severe clinical worsening with hepatic encepha-

lopathy, jaundice, bacterial infection, ascites, gastrointestinal 

hemorrhage and/or hepatorenal syndrome.3 There are disparities 

between the different committees that study the liver, according 

to the Asian Pacific Association for the Study of the Liver, ACLF is 

an acute hepatic damage that is manifested as coagulopathy and 

jaundice which gets complicated over a four-week period by asci-

tes and/or encephalopathy in a patient with a chronic liver disease 

or cirrhosis and is associated with high mortality; though, bacteri-

al infections are not considered hepatic insults. Patients with cir-

rhosis and known prior decompensation (jaundice, encephalopa-

thy or ascites) who develop acute deterioration in clinical status 

—related or unrelated to precipitating events—have acute de-

compensation, but not ACLF.15,16

However, the North American Consortium for the Study of End-

Stage Liver Disease, states that patients with decompensated cir-

rhosis and bacterial infections that develop two organ failures: 

hepatic encephalopathy grades III-IV, septic shock, the need for 

mechanical ventilation or renal replacement therapy, present 

ACLF.3,17

The European Association for the Study of the Liver (EASL), 

Chronic Liver Failure Consortium decided to apply a more prag-

matic approach to define ACLF. According to the results of the 

EASL-chronic liver failure (CLIF) Acute-on-Chronic Liver Failure in 

Cirrhosis (CANONIC) study, ACLF is defined as a clinical syndrome 

characterized by acute decompensated cirrhosis that leads to mul-

tiple organ failure and a high mortality rate in the short term 

(mortality rate within 28 days ≥15%). In that study, the multiple 

organ failure was evaluated according to the sequential organ 

failure assessment score, which is widely used in critically ill pa-

tients but with certain modifications to accommodate the clinical 

setting of patients with cirrhosis which was called CLIF-sequential 

organ failure assessment score, with a later simplified version 

Table 1. Comparison between APASL and AASLD/EASL

APASL AASLD/EASL

Definition Acute hepatic insult manifesting as jaundice 
and coagulopathy, complicated within four 
weeks by encephalopathy in a patient with 
previously diagnosed or undiagnosed CLD

Acute deterioration of pre-existing CLD, usually 
related to a precipitating event and associated 
with increased mortality at three months due 
multi-system organ failure

Duration between insult and ACLF 4 weeks Not defined

Duration in which there is higher mortality Not defined 3 months

Diagnostic criteria 1.   Previously diagnosed or undiagnosed CLD
2.   TBil >5 mg/dL and INR >1.5 or PTA <40%
3.   Ascites or encephalopathy in four weeks
4. No grades

ACLF-1: renal failure or a non-renal organ failure 
associated with creatinine 1.5–2 mg/dL and/or 
grades I-II encephalopathy

ACLF-2: two organ failures
ACLF-3: three or more organ failures

What qualifies as precipitants

Alcohol Yes Yes

Infection No Yes

Sepsis No Yes

Viceral bleeding No consensus Yes

Predisposition Compensated liver disease Stable compensated or decompensated cirrho-
sis to date

This table was made by several articles as follows: 
Definition: (APASL) Sarin et al.16, (AASLD) Bajaj et al.17; Duration betweem insult and ACLF: Bajaj19; Duration in which there is higher mortality: Bajaj19; 
Dignostic criteria: (APASL) Sarin et al.16, (AASLD) Arroyo et al.18; What qualifies as precipitants: Bajaj.19; Pedisposition: (APASL) Sarin et al.16, (AASLD) Arroyo et 
al.18

APASL, the Asian Pacific Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, the European Association for 
the Study of the Liver; CLD, chronic liver disease; ACLF, acute-on-chronic liver failure; TBil, total Bilirubin; INR, International Normalized Ratio; PTA, platelets. 
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called CLIF-C organ failure score. This consensus also classified 

ACLF in three subtypes in relation to the chronic liver disease 

stage: Type A ACLF (chronic liver disease without cirrhosis), Type 

B ACLF (compensated cirrhosis) and Type C ACLF (non-compen-

sated cirrhosis) (Table 1).3,14,16-19

This illness is widespread and associated with a very high mor-

tality rate (28-day) compared to cirrhotic patients without ACLF.14 

ACLF has a multifactorial process that includes acute events like 

immune deregulation, atypical plasma cytokine profile and con-

tinuous inflammation, among others. ACLF onset is related with 

events like hepatitis reactivation, alcohol or drug abuse and bac-

terial infection, which represent more than 50% hospitalization, 

being the main cause of decompensation in ACLF,20 therefore re-

sulting in organ injury or multiple organ failure that can lead to 

death.20,21

ACLF etiology is different according to the geographical area in 

which it is studied, for example in Western countries alcohol-re-

lated liver cirrhosis is the first cause of the disease, meanwhile in 

Asian countries 70–80% it is caused by the hepatitis B virus (HBV) 

infection.21 Globally, most young patients with ACLF have alco-

holic cirrhosis.22

TRIGGERING FACTORS AND PATHOGENIC 
mECHANISmS IN ACLF

Commonly, patients with acute decompensation or ACLF show 

an elevation in cell death markers, which increase with clinical se-

verity compared with healthy patients or with stable cirrhosis. Es-

pecially from the pathophysiological point of view, since there is a 

high correlation with the activation of macrophages, the markers 

of inflammation and the oxidative stress; indicating that cell death 

is an important feature in ACLF.23 Furthermore, there is a differ-

ence between the mechanism and the severity according to the 

etiology from which they are derived.23

The process of decompensation itself can induce organ toler-

ance possibly because a previous hepatic lesion could produce 

cellular senescence24 which makes the hepatocytes more resistant 

to apoptosis.25 Patients who previously had not suffered from a 

decompensating event showed to have higher cell death markers 

and high mortality through mechanisms that have not been de-

scribed yet.14,23

ACLF triggers can be categorized into two groups: those that 

directly impact the liver and those that affect it secondarily to a 

non-hepatic lesion. In the first group, viral hepatitis, drugs and 

other hepatotoxic substances such as alcohol stand out. In the 

second group, variceal hemorrhage and bacterial infections show 

up as the main factors.

Cytoskeleton of hepatocytes and biliary tract cells is formed by 

cytokeratin 18 (CK18) filaments; therefore after apoptosis or ne-

crosis CK18 is released to the bloodstream establishing as a cell 

death indicator that can be quantified by enzyme-linked immuno-

sorbent assays, called M65. In apoptotic cells, the CK18 filaments 

are cleaved by caspases into a small polypeptide M30 that can be 

detected in serum by specific antibodies, which predict disease 

severity and survival of patients with ACLF. The rise of M30 and 

M65 were associated with other liver diseases severity such as 

cholestasis and chronic HBV infection. This small increase in poly-

peptides is related to the severity and progression of cirrhosis 

rather than the etiology of the disease.26 Elevation of CK18 im-

pairs liver function as shown in liver biopsies, due to a marked in-

crease in apoptosis observed by terminal deoxynucleotidyl trans-

ferase dUTP nick end labeling staining. There is also an activation 

of neutrophil recruitment signals by IL-8 and anti-inflammatory 

agents that limit the immunological effect of cell death (IL-10, IL-

1RA, sCD163).23,27 The reactivation of HBV has been the major 

cause in which the ACLF is presented in most studies of the Asia-

Pacific region,28 presenting necrosis as the main characteristic.29

Alcohol consumption as an acute precipitant in ACLF is associ-

ated with worse outcomes, such as advanced hepatic encepha-

lopathy, elevation of serum creatinine and the presence of infec-

tion, in addition to high short-term mortality, when compared 

with other etiologies.30 Also, patients with ACLF show a marked 

worsening in the circulatory disturbances present in liver cirrhosis. 

The mechanisms and pathophysiology have not been clearly de-

termined, however, in a study with patients that present severe 

acute alcoholic hepatitis, blocking the tumor necrosis factor α 

(TNF-α) using infliximab produced a marked decrease in both por-

tal pressure and the degree of hyperdynamic circulation.31 On the 

other hand, the elevation of pathogen-associated molecular pat-

terns has been related to liver damage by different pathophysio-

logical mechanisms of decompensation, showing ballooning de-

generation and cell death with a predominance of cholestatic in-

fection.32,33

When the type of organ failure correlates with mortality, cere-

bral and circulatory/pulmonary insufficiency is strongly associated 

in >95% of the cases. However, biliary nephropathy is an impor-

tant toxic injury caused by elevated levels of bile acids and biliru-

bin, which is significantly common in patients with ACLF.22 In ad-

dition, the number of organic failures is also correlated with 
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mortality, increasing abruptly when there are more than two or-

ganic failures to 80% and increase up to 94% when there are 

more than 3 and 4 organic failures.28 Among the available fore-

cast scores, CLIF-C ACLF and Acute Physiology and Chronic 

Health Evaluation (APACHE) II present the best performance.30

The physiopathological mechanisms that characterize the devel-

opment of ACLF are not completely known, but they generally oc-

cur in the context of an intense systemic inflammatory response. 

In the CANONIC study, it was observed that patients with ACLF 

presented a marked elevation of C-reactive protein together with 

a rise of the leukocyte count. These findings led to the hypothesis 

that excessive systemic inflammatory response is a basis to ex-

plain the pathogenesis of ACLF.34

ACLF INFLAmmATORY PROCESS

The majority of the altered cytokines in ACLF are related to che-

motaxis and leukocyte migration, mainly macrophages and mono-

cytes. This disturbance is not just associated with bacterial infec-

tions, given that cytokine levels were different in patients with 

bacterial infections out of ACLF when compared to patients with 

the illness.35

A study conducted by Dr. Barroso shows that patients with 

ACLF had elevated levels of C-reactive protein and leukocytosis, 

because of an inflammatory event such as bacterial infections and 

severe alcoholic hepatitis in 57% of the patients, or to mecha-

nisms that were not identified in the remaining 43%, which sug-

gests an altered immune response that leads to an inadequate in-

flammatory response.22

Patients with alcoholism have a neutrophil dysfunction, which 

increases the reactive oxygen species and alters phagocytosis to-

gether with a deficient bacterial death. Despite being in a proin-

flammatory state, they are more susceptible to infections, having 

a worse prognosis. In some cases, the infections are a conse-

quence of ACLF instead than a cause.28

On the other hand, patients with ACLF show higher levels in se-

rum histone 4 compared to controls and it is not only significantly 

related to liver damage but also to the failure of other organs, dis-

ease severity and overtime mortality. Extracellular histones have 

diverse effects such as coagulation by platelet aggregation, white 

blood cell count and elevation of C-reactive protein in plasma, en-

dothelial damage induction and production of cytokines (IL-1β, IL-6,  

IL-8, IL-10, IL-18 and TNF-α), which indicates an acute inflamma-

tory response that in turn predisposes host to bacterial translocation 

and infection, worsening the inflammatory response.21,34 Also, 

survival decrease in ACLF patients is related to the reduced hu-

man leukocyte antigen-D expression on monocytes, which in-

creases the severity and risk of infection.15 However, interferon-γ, 

transforming growth factor β-1, IL-1β and IL-12 levels are normal.35

Th9 cells are lymphocytes that produce IL-9 and IL-10, which 

migrate to the liver in response to acute damage and regulate the 

duration and the intensity of inflammation. In a study conducted 

by Dr. Zhijun Su’s group, it was found that the percentage of Th9 

cells was lower in patients with ACLF than in healthy patients.27 

However, patients who died showed a significant increase in IL-9 

and IL-10, unlike patients with ACLF who survived and healthy 

controls, suggesting that other immune cells could secrete IL-9 

and IL-10.27

Moreover, patients with ACLF have increased numbers of inmu-

noregulatory monocytes and macrophages that express MER re-

ceptor tyrosine kinase and suppress the innate immune response 

to microbes. The number of these cells correlates with disease se-

verity and the inflammatory response. MER receptor tyrosine ki-

nase expression positively correlates with IL-6, IL-10 and TNF-α, 

which might suggest that these cytokines could be related to the 

induction of this in ACLF, therefore it could be said that it may 

serve as a prognostic marker for ACLF.20

Neutrophil gelatinase-associated lipocalin is a LCN2 gene pro-

tective protein against bacterial infections given that it binds to 

the bacteria siderophores. The neutrophil gelatinase-associated li-

pocalin is another ACLF biomarker in plasma or urine, which can 

be used as a prognostic marker in patients with cirrhosis acute 

decompensation. As well it has been shown that hepatic LCN2 

gene levels are increased in patients with ACLF and the expres-

sion of this gene is correlated with liver function parameters (bili-

rubin, albumin, international normalized ratio and the model for 

end-stage liver disease score).36

GENETICS OF ACLF 

It has been pointed out that the pathogenesis of the ACLF may 

depend on the insult, the immune response, secondary infections 

or organ failure; however, the possibility of developing ACLF could 

be partially genetically predetermined.34,37

In a genetic association study of candidate genes in twins, it 

has been suggested that host genetic factors are critical in deter-

mining the outcome of HBV infection.38,39 The HBV infection de-

pends on the interaction between the virus, the hepatocytes and 
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Table 2. Genetics of ACLF

Gene Relationship with ACLF Gene information Studies Reference

A1846T,  
C1913A/G

Severity of liver disease 
and risk of ACLF

Mutation on HBV 
gene; encodes 
capsid protein;  
pre-capsid protein

438 patients with liver diseases were retrospectively 
reviewed. A1846T was significantly associated with the 
mortality of ACLF patients within six months after the 
disease onset, while C1913A led to a significant decrease 
of core protein expression.

Zang et al.44

rs3129859 Prognostic marker for the 
emergence, severity 
and survival of ACLF

A/C/G single-
nucleotide 
variation on human 
chromosome 6

399 HBV-related ACLFs (cases) and 401 asymptomatic 
HBV carriers (AsCs, as controls). Clinical traits analysis in 
patients with ACLF showed that the risky rs3129859*C 
allele was associated with prolonged prothrombin time, 
faster progression to ascites development and higher 28-
day mortality.

Tan et al.41

rs2910164 of 
miR-146a

Deficient immune 
response and high inci-
dence of infection due 
to lower serum levels of 
TNF-α

C/G single-nucleotide 
variation on human 
chromosome 5

Case-control study including 717 cases of HBV and 251 
cases of ACLF-HBV and 466 cases of chronic hepatitis B. 
Results showed that the GG homozygote was a protec-
tive genotype in terms of susceptibility to ACLF-HBV, 
compared with CC+GC genotypes. 

Jiang et al.37

TLR3 C1234T Inactive response and low 
recognition response to 
viral pathogens

Toll-like receptor 3 
polymorphism on 
human chromo-
some 4

Case-control study including 452 chronic hepatitis B 
patients and 462 healthy controls. Data showed that 
subjects carrying 1234CT genotype and TT genotype 
had 1.42-fold and 2.31-fold increased risk of chronic HBV 
infection compared to those with CC genotype. 

Rong et al.46

TLR3 L412F Lower rejection rate of 
liver transplantation

Toll-like receptor 3 
polymorphism on 
human chromo-
some 4

Single-center study of 100 adult patients who received 
a first whole only liver graft from deceased donors. 
Homozygous mutant TT genotype for TLR3 L412F was 
associated with a lower rate of acute rejection compared 
with the homozygous wild-type genotype.

Citores et 
al.48

Some of the gene polymorphisms that explain individual biological differences and how they affect humans to develop acute-on-chronic liver failure (ACLF).
HBV, hepatitis B virus; A/C/G, adenine/cytosine/guanine; AsCs, surface antigen carriers; C/G, cytosine/guanine; GG, guanine/guanine; CC, cytosine/cytosine; GC, 
guanine/cytosine; TNF-α, tumor necrosis factor α; TT, thymine/thymine.

Figure 1. Pathogenic mechanisms in acute-on-chronic liver failure (ACLF). Cirrhosis is a progressive liver disease characterized by diffuse fibrosis, which 
evolution is divided in compensated and decompensated cirrhosis, where its development shows variceal hemorrhage, jaundice, ascites and hepatic 
encephalopathy. As the disease develops, reactive oxygen species increase as well as inflammation. A second insult is a trigger for ACLF to occur, lead-
ing the patient to multi-organ failure or even death if he does not receive a liver transplant. Upwards arrows indicated ‘an increase’. ROS, reactive oxy-
gen species.
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the host immune response; even the same strains of HBV can lead 

to different levels of pathogenicity and severity, indicating an in-

dividual susceptibility to ACLF.37,40

Although mortality in patients with ACLF-HBV is 30–70%, most 

patients with chronic hepatitis B do not suffer from ACLF through-

out their lives. This may be due to genetic variations in DNA se-

quences such as single-nucleotide polymorphism (SNP), which ex-

plains the individual biological differences and how they affect 

humans to develop a disease.41

Moreover, a few studies showed that mutations of the basal 

core promoter, or in the core promoter of HBV genome may have 

different clinical implications.42,43 In 2018 Zang et al. reported that 

the detection of mutations in the HBV genome in the basal core 

promoter/core promoter region (A1846T and C1913A) is positively 

associated with the severity of liver disease and the risk of ACLF.44 

On the other hand, a genome-wide association study reported 

that 10 SNPs were associated with HBV-related to ACLF. The 

analysis showed that human leukocyte D antigen is related as the 

main locus for susceptibility to ACLF related to HBV. In addition, 

the responses of allelic CD4+ T cells related to human leukocyte D 

antigen may be important for the initiation and progression of 

ACLF related to HBV, which was replicated in four populations. Fi-

nally, it is proposed that one of the variants (rs3129859) could be 

used as a prognostic marker for the appearance, severity and sur-

vival of the ACLF related to HBV in patients with chronic HBV in-

fection.41

SNPs can also modify the immune response and the incidence 

of infections. The innate immune response serves as the first line 

of defense against pathogens and the malfunctioning of this lead 

to an increase in the incidence of bacterial and fungal infections.22 

The SNP rs2910164 of the miR-146a gene is involved in the regu-

lation of innate immunity and is associated with the susceptibility 

to ACLF, therefore, a lower genetic risk of developing ACLF. Ho-

mozygous subjects for the SNP of the miR-146a gene had a higher 

survival rate and lower serum levels of TNF-α, which decrease the 

induction of hepatocytes apoptosis and improve the severity of 

the disease.37

Genetic polymorphisms of TLRs have been associated with an 

increased predisposition to infection in several populations; these 

receptors play a key role in the innate response and the recogni-

tion response to viral pathogens.45 A case-control study (in a Chi-

nese population) analyzed the correlation between TLR3 C1234T 
polymorphism and chronic hepatitis B related with ACLF. This re-

ceptor plays a key role in the inactive response and the recogni-

tion response to viral pathogens. This polymorphism was associ-

ated with increased risk of ACLF in chronic hepatitis B patients 

and may act as a potential marker for the prognosis.46 TLR3 ago-

nism may improve antibacterial responses and reduce infectious 

complications without having a detrimental effect on tissue repair 

processes.47 Furthermore, being homozygous for the polymor-

phism TLR3 L412 was associated with a lower rejection rate for 

liver transplantation.48 As well, increased expression of TLR4 in 

mononuclear cells from ACLF patients rises T cells activation, 

which leads to liver damage, indicating that TLR4 may play a role 

in the aggravation of ACLF disease.49 Previously, the genetic poly-

morphisms of the TLR4 receptor have been particularly associated 

with D299G, however, at the polymorphisms of this receptor may 

not be associated in the predisposition to develop bacterial infec-

tions and therefore in the prognosis of cirrhotic patients with asci-

tes (Table 2).37,41,44,46,48,50

CONCLUSION

Chronic liver diseases and cirrhosis are intricate pathological 

stages with a heterogeneous pathophysiology in which genetic 

factors of the host and external triggers interact and culminate in 

a liver failure that leads to multiple clinical complications with a 

high rate of morbidity and mortality (Fig. 1).

During the last decade several studies have been carried out on 

the progression of liver damage through the interaction between 

hepatic parenchymal cell dysfunction and the immune system in 

the pathological process. These harmful processes can generally 

lead to the development of fibrosis, however, there are some cas-

es where it does not occur in such a way. This point encourages 

us to continue basic and clinical researchs to elucidate the multi-

ple pathways involved in liver damage and ACLF, leading to the 

discovery of new treatments that will make acute decompensation 

preventable and even reduce mortality.
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INTRODUCTION

Hepatitis E virus (HEV) is a single-stranded RNA virus and was 

first discovered in 1983,1 but the viral genome was cloned in 

1990.2 It is estimated that HEV causes 20.1 million infections an-

nually, leading to 3.4 million symptomatic cases with acute hepa-

titis and 70,000 deaths related to acute liver failure.3

HEV has eight genotypes. Genotypes 1 and 2 only infect hu-

mans, are detected mainly in Asia and Mexico, respectively and 

they spread through fecal-oral route. Genotypes 3 and 4 are de-

tected mainly in Europe and North America, circulate in animal 

species such as pigs, wild boars and deer and occasionally infect 

humans via consumption of contaminated meat or direct contact.4 

Also, genotype 3 has been detected in shellfishes in Scotland and 

in southern Italy.5,6 Genotypes 5 and 6 have been only reported in 

wild boar and genotypes 7 and 8 have been identified in camels.7

The diagnostic tests for HEV infection include detection of anti-

bodies against HEV (IgM anti-HEV and IgG anti-HEV) and detec-

tion of HEV RNA. IgM anti-HEV is positive during the first month 

after HEV infection, while IgG anti-HEV represents current or past 

infection.8 Detection of HEV RNA in blood or stool characterizes 

chronic or acute HEV infection. Chronic hepatitis E is defined as 
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HEV RNA being detectable for at least 3 months. In immunosup-

presed patients with chronic HEV infection, antibodies are often 

undetectable.9 HEV infection is usually self-limiting and causes 

acute mild illness. However, HEV infection during pregnancy, es-

pecially in the third trimester may lead to acute liver failure.10 

Chronic HEV infection is rare and may develop in immunocompro-

mised patients, such as organ transplant recipients.11

In addition, HEV has been associated with a range of extrahe-

patic manifestations, including a spectrum of neurological symp-

toms and diseases, hematological disorders, renal diseases, acute 

pancreatitis, myocarditis, arthritis and autoimmune thyroiditis  

(Table 1).12 However, the pathophysiologic mechanism of extrahe-

patic manifestations remains unclear. It seems that viral infections 

trigger a variety of host-defense mechanisms, which may not be 

restricted to the primary location of infection and can cause cross-

reactions between viral epitopes and self-antigens, leading to 

multisystemic manifestations. Another possible explanation is that 

HEV replicates not only in liver, but also in other tissues. HEV has 

been detected in neuronal cells,13 human placenta,14 breast milk,15 

and urine.16

NEUROLOGICAL MANIFESTATIONS 

Several neurological manifestations have been associated with 

HEV infection and include Guillain-Barré syndrome (acute inflam-

matory demyelinating polyradiculoneuropathy), neuralgic amyot-

rophy, encephalitis, myelitis, myositis, vestibular neuritis, periph-

eral neuropathy, Bell’s palsy and mononeuritis multiplex.17 In a 

prospective multicenter study from United Kingdom, France and 

Netherlands it was found that 2.4% (11/464) of patients with 

non-traumatic neurologic injury had evidence of HEV infection.18 

Also, a study from France demonstrated the neurologic disorders 

in patients infected with HEV and found that 16.5% of HEV-in-

fected patients reported neurologic symptoms and neurological 

manifestations were more frequent in immunocompetent patients 

compared to immunosuppressed patients (22.6% vs. 3.2%, 

P<0.001).19 However, a study from China compared the preva-

lence of acute hepatitis E between 1,117 patients diagnosed with 

neurological illness and 1,475 healthy controls and found that 

there was no difference (0.54% vs. 0.68%).20 A possible explana-

tion is the geographical distribution of HEV. The study from China 

was conducted in an area endemic for HEV genotype 4, while the 

European studies reported cases associated with HEV genotype 3. 

Therefore, HEV genotype 4 seems not to contribute to neurologi-

cal disorders.21

Guillain-Barré syndrome

Guillain-Barré syndrome (GBS) is an acute onset immune-medi-

ated disorder of peripheral nervous system and is characterized by 

acute inflammatory demyelinating polyradiculoneuropathy, caus-

ing rapidly progressing symmetric motor paralysis.22 HEV infection 

has been associated with development of GBS. Many studies have 

reported the high prevalence rate of HEV infection among GBS 

patients and several case reports have been documented showing 

the coexistence of acute hepatitis E with GBS. In Netherlands,  

201 patients with GBS were compared with 201 healthy controls 

with a similar distribution in age, sex, and year of sampling and it 

Table 1. Extrahepatic manifestations associated with hepatitis E virus in-
fection 

System Manifestations

Neurological  
system

Guillain-Barré syndrome
Neuralgic amyotrophy
Encephalitis
Myelitis
Myositis
Vestibular neuritis
Peripheral neuropathy
Bell’s palsy
Mononeuritis multiplex
Seizure
Pseudotumor cerebri
Oculomotor palsy
Polyradiculoneuropathy

Hematological 
system

Thrombocytopenia
Monoclonal gammopathy of uncertain  

significance (MGUS) 
Hemolytic anemia
Aplastic anemia
Hemophagocytic syndrome
CD30 (+) cutaneous T cell lymphoproliferative 

disorder
Thrombotic thrombocytopenic purpura 

Kidney Relapse of IgA nephropathy
Cryoglobulinemia
Membranoproliferative glomerulonephritis

Heart Myocarditis

Pancreas Acute pancreatitis

Thyroid Autoimmune thyroiditis
Subacute thyroiditis

Skeletal system Polyarthritis

Vasculitis Henoch-Schönlein purpura 
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was found that the prevalence of acute hepatitis E was higher in 

patients with GBS compared with healthy controls (5% vs. 

0.5%).23 Additionally, in a similar study in Japan, 4.8% (3/63) of 

patients with GBS had acute HEV infection preceding the onset 

illness, while no patients from healthy control group (0/61) suf-

fered from acute hepatitis E. Furthermore, a retrospective cohort 

study in Belgium found that the prevalence of HEV infection in 

patients with GBS was 8% (6/73).24 In all studies, there were no 

differences regarding course and outcomes of GBS between HEV-

related GBS and HEV-unrelated GBS. Also, cases of acute HEV in-

fection have been found in pediatric patients with GBS.25

Neuralgic amyotrophy

Neuralgic amyotrophy (NA), also known as Parsonage-Turner 

syndrome, is an acute and painful unique or multiple mononeu-

ropathy in the upper extremity and is characterized by rapid mul-

tifocal motor weakness, amyotrophy and sensory loss.26 It seems 

that HEV infection can trigger the development of NA and several 

studies have been conducted. A cohort study with 64 patients 

from United Kingdom and Netherlands found that 10% of pa-

tients with NA had acute hepatitis E, but HEV was not related to 

age, sex, severity, disease course or outcome.27 Also, it seems 

that patients with NA and HEV have a distinct phenotype. A mul-

ticenter European study compared 61 HEV-NA patients with 61 NA 

patients and found that, HEV-NA appears more often predomi-

nately bilateral asymmetrical involvement (80.0% vs. 8.6%, 

P<0.001) and more extensive damage to the brachial plexus. In-

volvement outside the brachial plexus is more common in HEV-

NA (58.5% vs. 10.5%, P<0.01).28

Other neurological manifestations

Other neurological cases associated with HEV infection include 

vestibular neuritis,29 Bell’s palsy,30 acute ataxic neuropathy,31 

transverse myelitis,32 acute encephalic Parkinsonism,33 oculomotor 

palsy,34 myositis,35 seizure,36 pseudotumor cerebri,37 bilateral pyra-

midal syndrome,38 polyradiculoneuropathy,39 and mononeuritis 

multiplex.40 In addition, central nervous system infections, such as 

encephalitis and meningitis, with HEV have been reported and 

HEV RNA has been demonstrated in serum and cerebrospinal fluid 

at the time of acute illness. Also, many patients with CNS infec-

tion were immunosuppresed as a result of solid organ transplan-

tation.41

Pathogenic mechanism

The pathogenic mechanism between HEV and neurological dis-

orders has been not clarified, but it seems that HEV is also neuro-

tropic. Shedding of HEV RNA into the cerebrospinal fluid and in-

trathecal production of IgM anti-HEV has been detected in a 

patient with NA and acute HEV infection.42 Additionally, a study 

demonstrated that human neuronal-derived cell lines such as neu-

roepithelioma, desmoplastic cerebellar medulloblastoma, glioblas-

toma multiforme, glioblastoma astrocytoma and oligodendrocytic 

cells can support HEV RNA replication.43

It is recommended that clinicians consider the possibility of HEV 

infection in patients with neurological disorders and concurrent 

liver enzyme alteration, especially those with peripheral nerve in-

volvement.44

RENAL MANIFESTATIONS

Renal disorders have been reported during HEV infection, in-

cluding membranoproliferative glomerulonephritis and cryoglobu-

linemia. A retrospective study assessed kidney function and his-

tology in 51 cases of solid-organ transplant patients during 

genotype 3 HEV infection and they observed statistically but not 

clinically significant decrease in estimated glomerular filtration 

rate (-5 mL/min, P=0.04) during HEV infection. In renal biopsies, 

glomerular diseases were identified. They included relapse of IgA 

nephropathy and membranoproliferative glomerulonephritis. The 

majority of these patients had cryoglobulinemia. After HEV clear-

ance, cryoglobulinemia resolved and proteinuria and renal func-

tion improved.45 Additional cases of HEV-related membranoprolif-

erative glomerulonephritis and membranous nephropathy have 

been reported.46,47 In one case, HEV infection triggered monoclo-

nal gammopathy of renal significance.48

The association between cryoglobulinemia and HEV infection 

has not been fully investigated. In a study with solid organ recipi-

ents, who suffered from HEV infection, the prevalence of cryo-

globulinemia was increased during chronic phase of infection 

(52.9%) compared to acute phase of infection (36.4%) and HEV-

negative solid organ recipients (23.6%) (P<0.01). Also, HEV infec-

tion was identified as an independent predictive factor for cryo-

globulinemia (odds ratio, 2.3).49 Another retrospective study from 

Germany compared the prevalence of IgG anti-HEV between pa-

tients with cryoglobulinemia and healthy controls. They found 

that the anti-HEV seroprevalence rate was significantly higher in 
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patients with essential cryoglobulinemia than in non-essential 

cryoglobulinemia patients (P=0.043), suggesting that previous 

HEV contact might play a role in some cases of cryoglobulinemia 

that are currently classified as essential.50

HEMATOLOGIC MANIFESTATIONS 

Anemia

Different patterns of anemia have been reported during HEV in-

fection, including hemolytic anemia due to glucose-6-phospate 

dehydrogonase (G-6-PD) deficiency, autoimmune hemolytic ane-

mia (AIHA) and aplastic anemia. Hemolytic anemia may be a 

complication of acute viral hepatitis and the frequency rate of he-

molysis has been reported in up to 23% of patients. The preva-

lence of hemolytic anemia may rise up to 70% in patients who 

have G-6-PD deficiency.51 Patients with G-6-PD deficiency have 

low levels of glutathione in red blood cells, leading to accumula-

tion of oxidants during viral hepatitis and resulting in hemolysis. 

Several cases of hemolysis in patients with G-6-PD deficiency and 

acute HEV infection have been reported.52-54 In some cases of he-

molysis in patients with acute HEV infection and G-6-PD deficien-

cy, there was development of renal failure, as a result of possible 

obstruction of renal tubules due to hemoglobulin and bilirubin.55,56

Autoimmune hemolytic anemia has been described in associa-

tion with a variety of hepatotropic viruses, such as cytomegalovi-

rus, hepatitis A virus (HAV) and hepatitis B virus (HBV).57 AIHA is 

diagnosed based on clinical presentation, spherocytosis, labora-

tory findings and positive direct antiglobulin test (DAT). However, 

DAT was negative up to 15% of AIHA cases. In four published 

cases of AIHA-related with hepatitis E, the treatment was sup-

portive and their outcomes were favorable.58-61

Hepatitis-associated aplastic anemia is an uncommon but dis-

tinct variant of aplastic in which pancytopenia appears 2 or 3 

months after an acute attack of viral hepatitis. Several viruses, 

such as parvovirus B19, cytomegalovirus, Epstein-Barr virus, HAV 

and HBV, have been associated with aplastic anemia.62 Three cas-

es of HEV-related aplastic anemia have been reported. In one 

case there was no response to treatment with cyclosporine and in 

the second case, the patient expired due to sepsis and in the third 

case, the patient was treated with thymoglobulin, cyclosporine, 

corticosteroids, filgastrim and transfusions.63-65

Thrombocytopenia

Thrombocytopenia is a well-recognized complication of infec-

tions, including those from hepatotropic viruses. A variety of pos-

sible mechanisms of thrombocytopenia have been reported and 

includes hypersplenism, reduced hepatic production of thrombo-

poietin, bone marrow suppression by hepatotropic virus or treat-

ment and development of anti-platelet autoantibodies and plate-

let-associated immune complexes.66 Several cases of HEV-

associated thrombocytopenia have been documented. In most 

cases, thrombocytopenia was self-limited, while in other cases, 

the patients needed to receive platelet transfusion, intravenous 

globulin and/ or corticosteroid. It is worth mentioning that, anti-

platelet antibodies were detected in some cases of HEV-related 

thrombocytopenia.44,61,67,68

Other hematological diseases

HEV infection has been related with other less common hema-

tological disorders. Few cases of HEV-related hemophagocytic 

syndrome have been documented.69-71 Also, HEV infection has 

been detected in patients with CD30 (+) cutaneous T cell lympho-

proliferative disorder72 and monoclonal gammopathy of undeter-

mined significance (MGUS). However, the relation between MGUS 

and HEV remains uncertain.73 Additionally in one case, thrombotic 

thrombocytopenic purpura relapse induced by acute hepatitis 

E transmitted by cryosupernatant plasma. HEV infection treated 

with ribavirin and thrombotic thrombocytopenic purpura remitted 

with remission of HEV infection.74

ACUTE PANCREATITIS 

A wide variety of infectious agents has been associated with 

acute pancreatitis and these include viruses, bacteria and para-

sites. The association between acute pancreatitis and viral hepati-

tis is well known and HAV, HBV, and hepatitis C virus have been 

implicated most often.75,76 A proposed pathogenetic mechanism is 

the development of edema of the ambulla of Vater, causing ob-

struction of pancreatic fluid flow.77 Several cases of HEV-induced 

acute pancreatitis have been reported.78,79 In a single-center study 

from France, 2.1% (16/790) of patients with acute pancreatitis 

had serological evidence of recent HEV infection with no other 

discernible cause of pancreatitis.80 The typical profile of a patient 

is a young male from an endemic area or having recently travelled 
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to that area, who develops mild to moderate acute pancreatitis.81 

However, life-threatening complications, such as, acute necrotiz-

ing pancreatitis, pseudocyst bleeding and multiorgan failure, have 

been reported.82-84

OTHER MANIFESTATIONS

Development of many other diseases has been reported during 

HEV infection, but further studies are needed to establish the as-

sociation. In previous literatures, three cases of HEV-associated 

myocarditis have been reported.85 Furthermore, HEV infection has 

been correlated with thyroid diseases. These include autoimmune 

thyroiditis, subacute thyroiditis and Grave’s thyrotoxicosis.86-88 In 

addition, a case of Henoch-Schönlein purpura triggered by 

acute HEV infection89 and another case of HEV-induced myasthe-

nia Gravis have been described.90 Lastly, HEV infection may cause 

acute polyarthritis.91,92

CONCLUSION

Several extrahepatic manifestations and diseases have been 

documented during acute and chronic HEV infection. Neurologic 

diseases are demonstrated to be the most common extrahepatic 

manifestations of HEV infection, followed by hematological disor-

ders and kidney injury. However, the pathophysiology of these 

manifestations and the causal relation with HEV infection remain 

ambiguous. Therefore, further studies are needed to estimate the 

epidemiological characteristics of HEV-related extrahepatic mani-

festations and to elucidate their underlying pathogenetic mecha-

nisms. 
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Background/Aims: Transarterial chemoembolization (TACE) is a standard treatment for intermediate-stage 
hepatocellular carcinoma (HCC), but there is much controversy about TACE refractoriness. The aim of this study was to 
identify trends in the actual clinical application of TACE and recognition of TACE refractoriness by Korean experts.
Methods: In total, 17 questionnaires on TACE refractoriness were administered to 161 clinicians via an online survey. 
Multiple answers were allowed for some questions.
Results: Most clinicians agreed that there is a need for standardization of TACE application through  specific scoring 
systems (n=124, 77.0%). TACE refractoriness was predominantly expected by participants when recurrences were 
detected within 1 month (n=70, 43.5%), there were 4 to 6 tumors (n=77, 47.8%), the maximal tumor size was 3–5 cm 
(n=49, 30.4%), and when there was insufficient tumor necrosis despite TACE being repeated more than three times (n=78, 
48.4%). Overall, sorafenib therapy (n=137) and radiotherapy (n=114) were preferred when repeated TACE was considered 
ineffective.
Conclusions: Treatment of HCC is often based on the clinical judgment of clinicians because of the heterogeneity 
among individuals. Experts need to continue discussions on the standardization and sub-classification of HCC treatment 
guidelines in Korea. (Clin Mol Hepatol 2020;26:24-32)
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Study Highlights
This survey focused to investigate the transarterial chemoembolization (TACE) treatment strategy of Korean clinicians for liver cancer. There were 
various opinions and differences of domestic medical staff about TACE refractoriness according to hospital size and location, but most of them 
showed convergence pattern. These results would help to establish the definition of TACE refractoriness and assist in the liver cancer treatment 
strategies in Korea.
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IntroduCtIon

Transarterial chemoembolization (TACE) is being widely used as 

a non-surgical therapy for the simultaneous treatment of chemo-

therapy and selective ischemia for hepatocellular carcinoma (HCC). 

On the basis of a higher level of evidence, TACE has been proven 

to improve the survival rate for patients with intermediate-stage 

HCC, defined as Barcelona-clinic liver cancer (BCLC) stage B HCC, 

for which patients are not candidates for curative strategies such 

as surgical resection, liver transplantation, and local ablative ther-

apies.1-4

Depending on the nature of the tumor, including size, number, 

growth pattern, and anatomical location, the treatment response 

is not always easy to obtain from a single session, showing differ-

ences in outcomes between reports.5,6 Thus, repeated TACEs are 

often performed to achieve a sufficient outcome. However, the 

method for predicting “TACE refractoriness” that does not show 

a therapeutic response even after repeated TACE treatments is 

still unclear. Enhanced criteria of TACE refractoriness were pro-

posed by Japanese experts, which considered insufficient treat-

ment response, increase in tumor number, new structural invasion 

or metastasis, and change in tumor markers.7 In the recent Korean 

guideline,8-10 sorafenib treatment was recommended if the stage 

progressed despite more than three repeated TACE treatments 

within 6 months.

However, in practice, there are too many heterogeneous situa-

tions to select a consistent treatment strategy; therefore, the clini-

cal decision of the primary physician often plays a larger role than 

the formal guidelines in determining the appropriate time to try or 

switch to other therapies including radiotherapy, radiofrequency 

ablation, and sorafenib.

Therefore, we conducted an online survey and summarized the 

results below to identify the trends in the actual clinical applica-

tion of TACE and the recognition of TACE refractoriness among 

the clinicians treating HCC in Korea.

MAtErIALS And MEtHodS

From November 9, 2017 to December 16, 2017, a total of 161 

liver cancer clinicians in Korea were enrolled, including 121 gas-

troenterologists, 15 surgeons, five radiation oncologists, one he-

matologist, and 19 medical doctors of other fields (Table 1). All par-

ticipants were working in tertiary medical centers where treatment 

procedures were performed via an intra-arterial route. Each indi-

vidual accessed the online survey and selected his/her desired an-

swers among the 17 multiple-choice questions. For 11 of the 17 

questions, the participants were allowed to select multiple an-

swers. All participants had worked in their fields for more than 10 

years.

To compare practice patterns according to the size of the hospi-

tal, participants were divided into two groups: the five highest-

volume centers and the lower volume centers. Clinical practice 

patterns according to the location of the hospitals were also com-

pared by dividing participants into two groups: who were located 

in metropolitan areas (Seoul and Gyeonggi provinces) that had 

chance to easily access to the five high-volume centers, and who 

were located in other provinces.

The General Rules for the Clinical and Pathological Study of Pri-

mary liver cancer, developed by the Liver Cancer Study Group of 

Japan, were used to classify portal vein tumor thrombosis.10 Ac-

cording to these rules, the definition of Vp3 was the presence of a 

tumor thrombus in the first branches of the portal vein, and the 

definition of Vp4 was the presence a tumor thrombus in the main 

trunk of the portal vein and/or the contra‐lateral portal vein 

branch to the primarily involved lobe.

Statistical analyses were conducted using the IBM SPSS Statis-

tics software, version 23.0 (IBM Corp., Armonk, NY, USA), and a 

two-sided P-value of <0.05 was considered significant. The Chi-

square test and Fisher’s exact test, as appropriate, were applied 

to compare qualitative variables.

rESuLtS

Baseline information of the participants are summarized in Table 1. 

table 1. Baseline information of the participants (n=161)

Variable Value

Male sex 128 (79.5)

Clinicians working in the high-volume centers 42 (26.1)

Clinicians working in Seoul and Gyeonggi province 120 (74.5)

Specialty

Gastroenterology and hepatology 121 (75.2)

Surgery 15 (9.3)

Radiation oncology 5 (3.1)

Hemato-oncology 1 (0.6)

Others 19 (11.8)

Variables are presented as n (%).
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Of 128 (79.5%) male and 33 (20.5%) female participants, 42 

(26.1%) clinicians were working in the five high-volume centers, 

and 120 (74.5%) clinicians were working in the medical centers 

located in Seoul and Gyeonggi provinces.

Questions about the overall perception of TACE

The survey asked participants the following three yes/no ques-

tions.

Q1. Standardization of TACE application in Korea is necessary 

through specific scoring systems such as the Hepatoma Arterial-

embolization Prognostic score (HAP score) and assessment for re-

treatment with TACE score (ART score).

Q2. The effect of TACE would be different depending on indi-

vidual and tumor characteristics.

Q3. Sub-classification of the intermediate stage is necessary 

where TACE is recommended as a standard therapy.

Most of the clinicians agreed that there are needs for the stan-

dardization of TACE application through specific scoring systems 

(n=124, 77.0%) and the sub-classification of the intermediate 

stage HCC where TACE is recommended as standard therapy 

(n=148, 91.9%). Moreover, most of the respondents (n=157, 

97.5%) expected that the effect of TACE would be different de-

pending on individual and tumor characteristics. There was no 

difference in the answers to the questions depending on the size 

and location of the hospital, except that the clinicians working far 

outside of Seoul more strongly raised the need for scoring systems 

(Fig. 1, Table 2).

Factors affecting TACE treatment response

The survey asked participants the following three questions that 

allowed multiple answers (Fig. 2, Table 3).

Q4. The patient characteristics affecting the response to TACE. 

Many clinicians responded that many variables would affect TACE 

response, especially the tumor size (n=145, 90.1%), number of tu-

mors (n=111, 68.9%), and tumor shape, such as a nodular or infil-

trating type (n=116, 72.0%) (Fig. 2A). Clinicians working in the 

high-volume centers showed a significant tendency to respond 

table 2. Responses to three questions (n=161)

Question Answer No. 
High-volume centers (n=42) Centers in metropolitan (n=120)

Yes No P-value Yes No P-value

Q1 Yes 124 (77.0) 32 (76.2) 92 (77.3) 0.882 86 (71.7) 38 (92.7) 0.005

No 37 (23.0) 10 (23.8) 27 (22.7) 34 (28.3) 3 (7.3)

Q2 Yes 157 (97.5) 40 (95.2) 117 (98.3) 0.279 116 (96.7) 41 (100) 0.573

Not certain 4 (2.5) 2 (4.8) 2 (1.7) 4 (3.3) 0 (0.0)

Q3 Yes 148 (91.9) 39 (92.9) 109 (91.6) 0.962 108 (90.0) 40 (97.6) 0.123

No 2 (1.2) 1 (2.4) 1 (0.8) 2 (1.7) 0 (0.0)

Not certain 11 (6.8) 2 (4.8) 9 (7.6) 10 (8.3) 1 (2.4)

Values are presented as n (%) unless otherwise indicated. ‘Q1’ is ‘standardization of transarterial chemoembolization (TACE) application in Korea is necessary 
through the specific scoring systems such as the Hepatoma Arterial-embolization Prognostic score (HAP score) and, the Assessment for Retreatment with 
TACE score (ART score)’. ‘Q2’ is ‘the effect of TACE would be different depending on individual and tumor characteristics’. ‘Q3’ is ‘sub-classification of the 
intermediate stage is necessary where TACE is recommended as a standard therapy’. P-value was calculated using chi-square test and Fisher’s exact test.

Figure 1. Voting results for three questions for (A) the standardization 
of transarterial chemoembolization (TACE) application, (B) the possibility 
of different TACE effects, and (C) the need for sub-classification for ef-
fective TACE. HAP score, the Hepatoma Arterial-embolization Prognostic 
score; ART score, the Assessment for Retreatment with Transarterial che-
moembolization score.  

A

B

C

Standardization of TACE application in Korea is necessary 
through specific scoring systems such as the HAP score and 
ART score.

The effect of TACE would be different depending on 
individual and tumor characteristics.

Sub-classification of the intermediate stage is necessary 
where TACE is recommended as a standard therapy.

Yes
124 (77.0%)

Yes, 157
(97.5%)

Yes, 148
(91.9%)

No
37 (23.0%)

Not certain
4 (2.5%)

Not certain
11 (6.8%)

No
2 (1.2%)
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that the tumor marker (50.0% vs. 27.7%, P=0.013) and tumor 

shape (88.1% vs. 66.4%, P=0.009) were important (Table 3).

Q5. Preferred treatment, based on each clinician’s experience, 

for the patients thought to be poor responders to TACE treatment. 

Sorafenib therapy (n=113, 70.2%) and radiotherapy (n=109, 

67.7%) were predominantly considered when TACE was not ex-

pected to be effective and there were also many responses to 

consider TACE anyway (n=66, 41.0%) or hepatic arterial infusion 

chemotherapy (HAIC) (n=58, 36.0%) (Fig. 2B). Sorafenib was pre-

ferred by clinicians working far outside of Seoul (65.8% vs. 82.9, 

P=0.039) (Table 3).

Q6. The features that cause repeated TACE to be ineffective 

when used in patients with tumors localized in the liver. When 

performing TACE in a patient with a localized HCC in the liver, 

they suggested that TACE was unlikely to be effective in cases 

with a higher number of larger sized of tumors (n=92, 57.1%), re-

current tumors, new lesions within a few months after the previous 

TACE treatment (n=89, 55.3% and n=79, 49.1%, respectively), 

and insufficient lipiodol uptake after TACE (n=77, 47.8%) (Fig. 2C). 

The response to tumor marker elevation (n=46, 28.6%) was sig-

nificantly higher in high-volume centers (40.5% vs 24.4%) (Table 3).

Expectations for TACE refractoriness

There were four questions regarding the situations where TACE 

refractoriness was expected (Fig. 3, Supplementary Table 1).

Q7. How long do you think it would take to detect new lesions 

or recurrences after TACE in TACE refractoriness?

Q8. If new lesions appear after TACE, how many tumors do you 

think are maladaptive for repeated TACE?

Q9. If local recurrences occur after TACE, how large is the maxi-

mal size of a tumor considered for TACE refractoriness?

Q10. How many times should there be insufficient necrosis or 

recurrences after repeated TACE for consideration as TACE refrac-

toriness?

Participants replied as follows; TACE refractoriness was pre-

dominantly expected when new lesions or recurrence were de-

tected at 1 month (n=70, 43.5%), 3 months (n=43, 26.7%), and 

2 months (n=29, 18.0%) after the procedure, respectively. Clini-

cians working in high-volume centers (66.7% vs. 35.3% for 1 

month, P=0.002) or centers near Seoul (50.0% vs. 24.4% for 1 

month, P=0.045) preferred to determine TACE refractoriness at 

an earlier time point (Fig. 3A, Supplementary Table 1). Regarding 

the number of lesions, 4 to 6 lesions (n=77, 47.8%), below 3 le-

sions (n=28, 17.4%), and 7 to 10 lesions (n=21, 13.0%) were fre-

quently selected (Fig. 3B). Regarding the size of the largest lesion, 

3–5 cm (n=49, 30.4%) and 5–7 cm (n=40, 24.8%) were mostly 

chosen (Fig. 3C). Regarding the number of insufficient TACE or re-

peated new lesions, 3 times (n=78, 48.4%) and 2 times (n=62, 

38.5%) were mostly selected (Fig. 3D).

Figure 2. Clinical responses to three questions allowing multiple an-
swers for (A) individual characteristics that affect the response to trans-
arterial chemoembolization (TACE) treatment, (B) subsequent treat-
ments after insufficient TACE, (C) and the possible features that make 
TACE treatment ineffective. HAIC, hepatic arterial infusion chemothera-
py; CTx, chemotherapy.

A

B

C

Which of the following patient characteristics do you think 
the response to TACE is affected by? (multiple answers is allowed)

Based on your experience, which treatment have you chosen 
for the cases thought to be poor responders to TACE treatment? 
(multiple answers is allowed)

What features do you think that make repeat TACE ineffective 
when performed in patients with localized masses? 
(multiple answers is allowed)

Number of tumor

Size of tumor

Tumor marker

Residual liver function

Tumor shape
(nodular or infiltrating)

Sorafenib

HAIC

Still perform TACE

Beads TACE

Other systemic CTx

Radiotherapy

Insufficient necrosis
(lipiodol deposition)

New lesions
within a few months

Local recurrences
within a few months

Multiple or large sized
tumor

Tumor marker elevation

Short interval
between TACE

Other

111 (68.9%)

145 (90.1%)

54 (33.5%)

91 (56.5%)

116 (72.0%)

113 (70.2%)

58 (36.0%)

66 (41.0%)

22 (13.7%)

16 (9.9%)

109 (67.7%)

77 (47.8%)

79 (49.1%)

89 (55.3%)

92 (57.1%)

46 (28.6%)

36 (22.4%)

15 (9.3%)
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Preferred treatment strategies after TACE in specific 
situations

Participants replied to the questions that allowed multiple an-

swers about the preferred treatment strategies after TACE in the 

following seven situations; Q11, suspicious TACE failure or refrac-

toriness; Q12, multiple local recurrences with Child-Pugh class A; 

Q13, Vp3/4 portal vein thrombosis; Q14, main portal vein inva-

sion; Q15, extrahepatic metastasis with Child-Pugh class A; Q16, 

extrahepatic metastasis with Child-Pugh class B; Q17, insufficient 

necrosis after at least two treatments of TACE with Child-Pugh 

class A (Fig. 4, Supplementary Table 2).

Overall, sorafenib (n=137, 85.1%), radiotherapy (n=114, 70.8%) 

and HAIC (n=62, 38.5%) were preferred when repeated TACE 

was considered ineffective. Preferred treatment methods in the 

specific conditions after performing TACE were reported as fol-

lows: Repeat TACE (n=111, 68.9%) and sorafenib (n=97, 60.2%) 

for multiple intrahepatic recurrences with Child-Pugh class A. For 

Vp3/4 thrombosis and main portal vein invasion, radiotherapy 

(n=127, 78.9% and n=138, 85.7%, respectively) and sorafenib 

(n=93, 57.8% and n=106, 65.8%, respectively) were preferred. 

Sorafenib (n=153, 95.0%) was preferred for extrahepatic recur-

rence with Child-Pugh class A. In the case of extrahepatic recur-

rence with Child-Pugh class B, hospice care (n=74, 46.0%) was 

preferred with other concurrent therapies (sorafenib [n=65, 

40.4%], radiotherapy [n=61, 37.9%] and other systemic chemo-

therapy [n=51, 31.7%], respectively). When the necrosis of tumors 

with Child-Pugh class A were insufficient after performing more 

than 2 treatments of TACE, radiotherapy (n=113, 70.2%), sorafenib 

(n=94, 58.4%) and repeat TACE (n=75, 46.6%) were preferred 

(Fig. 4). For local control of HCC with advanced stage and Child-

Pugh class A liver function, radiotherapy was preferred over re-

peated trials of TACE treatment in the high-volume centers (Q13, 

P=0.008; Q14, P=0.009; Q17, P=0.011) or centers in the metro-

politan areas (Q14, P=0.032; Q17, P=0.022) (Supplementary Table 2).

table 3. Responses to three questions allowing multiple answers 

Question Answer No.
High-volume centers (n=42)  Centers in metropolitan (n=120)

Yes No P-value  Yes No P-value

Q4 Number of tumor 111 (68.9) 29 (69.0) 82 (68.9) 0.987 81 (67.5) 30 (73.2) 0.498

Size of tumor 145 (90.1) 39 (92.9) 106 (89.1) 0.565 106 (88.3) 39 (95.1) 0.363

Tumor marker 54 (33.5) 21 (50.0) 33 (27.7) 0.013 44 (36.7) 10 (24.4) 0.151

Residual liver function 91 (56.5) 24 (57.1) 67 (56.3) 0.925 71 (59.2) 20 (48.8) 0.247

Tumor shape (nodular or infiltrating) 116 (72.0) 37 (88.1) 79 (66.4) 0.009 91 (75.8) 25 (61.0) 0.067

Q5 Sorafenib 113 (70.2) 32 (76.2) 81 (68.1) 0.322 79 (65.8) 34 (82.9) 0.039

HAIC 58 (36.0) 13 (31.0) 45 (37.8) 0.426 44 (36.7) 14 (34.1) 0.772

Still perform TACE 66 (41.0) 13 (31.0) 53 (44.5) 0.124 52 (43.3) 14 (34.1) 0.302

Beads TACE 22 (13.7) 7 (16.7) 15 (12.6) 0.602 18 (15.0) 4 (9.8) 0.599

Other systemic chemotherapy 16 (9.9) 3 (7.1) 13 (10.9) 0.565 11 (9.2) 5 (12.2) 0.556

Radiotherapy 109 (67.7) 33 (78.6) 76 (63.9) 0.087 83 (69.2) 26 (63.4) 0.497

Q6 Insufficient necrotic area 77 (47.8) 16 (38.1) 61 (51.3) 0.142 61 (50.8) 16 (39.0) 0.191

New lesions within a few months 79 (49.1) 23 (54.8) 56 (47.1) 0.391 53 (44.2) 26 (63.4) 0.033

Local recurrences within a few months 89 (55.3) 22 (52.4) 67 (56.3) 0.660 62 (51.7) 27 (65.9) 0.115

Tumor size or number 92 (57.1) 24 (57.1) 68 (57.1) 1.000 68 (56.7) 24 (58.8) 0.835

Tumor marker elevation 46 (28.6) 17 (40.5) 29 (24.4) 0.047 36 (30.0) 10 (24.4) 0.492

Short interval between repeated TACE 36 (22.4) 10 (23.8) 26 (21.8) 0.793 23 (19.2) 13 (31.7) 0.096

Others 15 (9.3) 6 (14.3) 9 (7.6) 0.221 11 (9.2) 4 (9.8) 1.000

Values are presented as n (%) unless otherwise indicated. ‘Q4’ is ‘the patient characteristics affecting the response to transarterial chemoembolization 
(TACE)’. ‘Q5’ is ‘preferred treatment based on each clinicians’ experience for the cases thought to be poor responders to TACE’. ‘Q6’ is ‘the features that make 
repeated TACE ineffective when performed with tumors localized in the liver.’ P-value was calculated using chi-square test and Fisher’s exact test.
HAIC, hepatic arterial infusion chemotherapy. 



29

Jae Seung Lee, et al. 
Survey on TACE refractoriness for HCC

http://www.e-cmh.org https://doi.org/10.3350/cmh.2018.0065

dISCuSSIon

The effects of TACE on HCC and the changes in survival pat-

terns may vary depending on the patient’s residual liver function 

and the characteristics of the tumor itself, so it is often necessary 

to repeatedly perform TACE because a single trial does not obtain 

sufficient results in many cases.11,12 It is still controversial whether 

treatment should be changed during repeated TACE or whether 

the effect obtained at some time point will help predict a patient’s 

survival.5,13 Although the recent HCC guideline by the Korean Liver 

Cancer Association suggested that progression of the disease af-

ter multiple trials of TACE treatment could be regarded as TACE 

refractoriness,14 there has been no actual definition of TACE re-

fractoriness that can help further establish a treatment plan.

Therefore, the survey was conducted to see how medical staff 

in Korea were actually applying TACE in their work fields. In this 

survey, tumor number, size, and shape (nodular or infiltrative 

type) were considered as factors to affect the response to TACE 

treatment. A short period (about 1–3 months) until the appear-

ance of the new lesions or recurrences, the maximum size of 3–7 

cm of local recurrence, and the insufficient necrosis or recurrences 

after 2–3 times of repeated TACE treatments were considered to 

be suitable for TACE refractoriness. For multiple local recurrence, 

participants responded that repeated TACE treatment could be 

performed. However, for patients with advanced stage or sus-

pected TACE refractoriness, clinicians selected sorafenib and lo-

calized radiotherapy more frequently. Radiotherapy was more pre-

ferred to be performed by the clinicians in the large medical 

centers or centers with good accessibility to the larger centers, 

probably because the high-volume centers had sufficient experi-

ence and appropriate facilities to perform radiation therapy.

TACE is useful because it can minimize impairment of hepatic 

function while improving treatment response and survival rate. 

However, at a certain point in time, repeated TACE treatments 

could show refractory patterns that diminish its usefulness and 

result in necrosis of multifocal lesions, which could lead to aggra-

vation of liver function and worse patient survival.7 Therefore, it is 

important to determine a precise definition of TACE refractoriness 

to maximize the effectiveness of TACE itself and other therapies.

Many efforts have been made to subclassify the intermediate 

stage or provide prediction models through other scoring systems. 

Sub-classification by applying the Milan criteria and up to 7 crite-

ria had been proposed, while classifying HCC patients in the inter-

mediate stage into B1, B2, B3, B4, and Quasi-C groups according 

to basal liver function and the presence of marginal portal throm-

bus.6 The HAP score began as a predictive model for the effec-

tiveness of the first TACE by scoring serum albumin, serum total 

bilirubin, serum alpha-fetoprotein, and maximum tumor size.15 

Moreover, the modified HAP-II scoring system, which additionally 

evaluated the presence of multiple tumors, showed efficacy in 

280 patients with HCC in Korea.16 The ART score system, includ-

ing the Child-Pugh score, serum aspartate aminotransperase, and 

response evaluation after the first TACE,17 has not shown efficacy 

in other studies of HCC patients with chronic hepatitis C in Ja-

pan,18 Italy,19 and France20 and chronic hepatitis B in Taiwan,21 and 

it was also ineffective in evaluating the efficacy of repeated drug-

eluting bead TACE for HCC patients in a Spanish multicenter 

study.22 However, combined application of the ART score after 

classification with the HAP score showed a significant efficacy in 

predicting TACE refractoriness in a recent multicenter study, and 

an algorithm for performing repeat TACE in early- and intermedi-

ate-stage HCC was suggested, and repeated TACE could be per-

formed for patients with an ART score less than 2.5 after the first 

TACE.23

Some recent studies have shown that obtaining a complete re-

Figure 3. Answers to questions about transarterial chemoembolization 
(TACE) refractoriness. (A) Q7, how long do you think it would take to de-
tect new lesions or recurrences after TACE in TACE refractoriness? (B) Q8, 
if new lesions appear after TACE, how many tumors do you think are 
maladaptive for repeated TACE? (C) Q9, if local recurrences occur after 
TACE, how large is the maximal size of tumors considered for TACE re-
fractoriness? (D) Q10, how many times should there be insufficient ne-
crosis or recurrences after repeated TACE for consideration as TACE re-
fractoriness?

A

C

B

D
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sponse at an earlier time strongly predicted a favorable survival 

outcome in patients with HCC.13,24,25 Moreover, BCLC stage, pre-

treatment alpha-fetoprotein level, and tumor number were also 

independent risk factors for overall survival along these stud-

ies.13,24 Regarding this, not only the on-treatment response but 

also baseline tumor characteristics and laboratory data could be 

used as official predictors for TACE refractoriness in the guideline. 

Assessing TACE refractoriness as quickly as possible could provide 

clinicians with the opportunity to make treatment strategies easier 

(such as localized radiotherapy, TACE, and concurrent therapies) 

and to increase the effectiveness of these next treatment strate-

gies.

According to the results of this survey, the treatment of HCC fa-

vored by participants were not significantly different from the 

treatments recommended in the BCLC stage or proposed by the 

various scoring systems or sub-classifications as mentioned 

above. Of course, the management of HCC is difficult to simply 

standardize and the clinical judgment of the primary care physi-

cian considering individual tumor characteristics, economic situa-

tion, and the familial environment is still important, but is difficult 

without sufficient clinical experience. Therefore, standardization 

of treatments that many physicians can use is still necessary. 

There is also a need for experts to continue to discuss the subdivi-

sion of guidelines for the treatment of HCC in Korea.

Authors’ contribution
JS Lee and DY Kim: Data acquisition, analysis and interpreta-

tion, drafting of manuscript, and statistical analysis.

DY Kim: Study concept and design, data analysis and interpreta-

tion, drafting and critical revision of manuscript, and study super-

vision.

BK Kim, SU Kim, JY Park, SH Ahn, JS Seong, and KH Han: Criti-

cal revision of the manuscript.

All authors approved the final version of manuscript.

Figure 4. Voting results for questions about the treatment strategies after transarterial chemoembolization (TACE) for the participants considered in 
the following situations. CTx, chemotherapy; HAIC, hepatic arterial infusion chemotherapy; HCC, hepatocellular carcinoma; CP, Child-Pugh classifica-
tion.



31

Jae Seung Lee, et al. 
Survey on TACE refractoriness for HCC

http://www.e-cmh.org https://doi.org/10.3350/cmh.2018.0065

Conflicts of Interest
Bayer supported the on-line survey (http://tacenow.com/sur-

vey).

SuPPLEMEntArY MAtErIALS

Supplementary materials are available at Clinical and Molecular 

Hepatology website (http://www.e-cmh.org).

rEFErEnCES

  1. Korean Liver Cancer Association, National Cancer Center. 2018 Ko-

rean Liver Cancer Association-National Cancer Center Korea Prac-

tice Guidelines for the management of hepatocellular carcinoma. 

Gut Liver 2019;13:227-299.

  2. Burrel M, Reig M, Forner A, Barrufet M, de Lope CR, Tremosini S, 

et al. Survival of patients with hepatocellular carcinoma treated 

by transarterial chemoembolisation (TACE) using Drug Eluting 

Beads. Implications for clinical practice and trial design. J Hepatol 

2012;56:1330-1335.

  3. Bruix J, Sherman M; American Association for the Study of Liver 

Diseases. Management of hepatocellular carcinoma: an update. 

Hepatology 2011;53:1020-1022.

  4. Kim BK, Kim SU, Park JY, Kim DY, Ahn SH, Park MS, et al. Applica-

bility of BCLC stage for prognostic stratification in comparison with 

other staging systems: single centre experience from long-term clini-

cal outcomes of 1717 treatment-naïve patients with hepatocellular 

carcinoma. Liver Int 2012;32:1120-1127.

  5. Terzi E, Golfieri R, Piscaglia F, Galassi M, Dazzi A, Leoni S, et al. 

Response rate and clinical outcome of HCC after first and repeated 

cTACE performed “on demand”. J Hepatol 2012;57:1258-1267.

  6. Bolondi L, Burroughs A, Dufour JF, Galle PR, Mazzaferro V, Piscaglia 

F, et al. Heterogeneity of patients with intermediate (BCLC B) He-

patocellular Carcinoma: proposal for a subclassification to facilitate 

treatment decisions. Semin Liver Dis 2012;32:348-359.

  7. Kudo M, Matsui O, Izumi N, Kadoya M, Okusaka T, Miyayama S, 

et al. Transarterial chemoembolization failure/refractoriness: JSH-

LCSGJ criteria 2014 update. Oncology 2014;87 Suppl 1:22-31.

  8. McGlynn KA, Petrick JL, London WT. Global epidemiology of he-

patocellular carcinoma: an emphasis on demographic and regional 

variability. Clin Liver Dis 2015;19:223-238.

  9. Kim HY, Park JW, Joo J, Jung SJ, An S, Woo SM, et al. Severity and 

timing of progression predict refractoriness to transarterial chemo-

embolization in hepatocellular carcinoma. J Gastroenterol Hepatol 

2012;27:1051-1056.

10. Kudo M, Izumi N, Ichida T, Ku Y, Kokudo N, Sakamoto M, et al. 

Report of the 19th follow-up survey of primary liver cancer in Japan. 

Hepatol Res 2016;46:372-390.

11. Kim DY, Ryu HJ, Choi JY, Park JY, Lee DY, Kim BK, et al. Radiological 

response predicts survival following transarterial chemoembolisa-

tion in patients with unresectable hepatocellular carcinoma. Aliment 

Pharmacol Ther 2012;35:1343-1350.

12. Georgiades C, Geschwind JF, Harrison N, Hines-Peralta A, Liapi E, 

Hong K, et al. Lack of response after initial chemoembolization for 

hepatocellular carcinoma: does it predict failure of subsequent treat-

ment? Radiology 2012;265:115-123.

13. Jung ES, Kim JH, Yoon EL, Lee HJ, Lee SJ, Suh SJ, et al. Comparison 

of the methods for tumor response assessment in patients with he-

patocellular carcinoma undergoing transarterial chemoembolization. 

J Hepatol 2013;58:1181-1187.

14. Korean Liver Cancer Study Group (KLCSG); National Cancer Center, 

Korea (NCC). 2014 KLCSG-NCC Korea Practice Guideline for the 

management of hepatocellular carcinoma. Gut Liver 2015;9:267-317.

15. Kadalayil L, Benini R, Pallan L, O’Beirne J, Marelli L, Yu D, et al. A 

simple prognostic scoring system for patients receiving transarterial 

embolisation for hepatocellular cancer. Ann Oncol 2013;24:2565-

2570.

16. Park Y, Kim SU, Kim BK, Park JY, Kim DY, Ahn SH, et al. Addition of 

tumor multiplicity improves the prognostic performance of the hepa-

toma arterial-embolization prognostic score. Liver Int 2016;36:100-107.

17. Sieghart W, Hucke F, Pinter M, Graziadei I, Vogel W, Müller C, et al. 

The ART of decision making: retreatment with transarterial chemo-

embolization in patients with hepatocellular carcinoma. Hepatology 

2013;57:2261-2273.

18. Kudo M, Arizumi T, Ueshima K. Assessment for retreatment (ART) 

score for repeated transarterial chemoembolization in patients with 

hepatocellular carcinoma. Hepatology 2014;59:2424-2425.

19. Terzi E, Terenzi L, Venerandi L, Croci L, Renzulli M, Mosconi C, et 

al. The ART score is not effective to select patients for transarte-

rial chemoembolization retreatment in an Italian series. Dig Dis 

2014;32:711-716.

20. Adhoute X, Penaranda G, Naude S, Raoul JL, Perrier H, Bayle O, et 

al. Retreatment with TACE: the ABCR SCORE, an aid to the decision-

making process. J Hepatol 2015;62:855-862.

21. Tseng CL, Lai WJ, Huang CJ, Huang YH, Su CW, Lee IC, et al. The 

effectiveness of ART score in selecting patients for transarterial 

chemoembolization retreatment: a cohort study in Taiwan. Medicine 

(Baltimore) 2015;94:e1659.

22. Pipa-Muñiz M, Castells L, Pascual S, Fernández-Castroagudín J, 

Díez-Miranda I, Irurzun J, et al. The ART-SCORE is not an effective 

tool for optimizing patient selection for DEB-TACE retreatment. A 

multicentre Spanish study. Gastroenterol Hepatol 2017;40:515-524.

23. Pinato DJ, Arizumi T, Jang JW, Allara E, Suppiah PI, Smirne C, et al. 

Combined sequential use of HAP and ART scores to predict survival 



32 http://www.e-cmh.org

Clin Mol Hepatol
Volume_26  Number_1  January 2020

https://doi.org/10.3350/cmh.2018.0065

outcome and treatment failure following chemoembolization in 

hepatocellular carcinoma: a multi-center comparative study. Onco-

target 2016;7:44705-44718.

24. Kim BK, Kim KA, Park JY, Ahn SH, Chon CY, Han KH, et al. Pro-

spective comparison of prognostic values of modified Response 

Evaluation Criteria in Solid Tumours with European Association for 

the Study of the Liver criteria in hepatocellular carcinoma following 

chemoembolisation. Eur J Cancer 2013;49:826-834.

25. Gillmore R, Stuart S, Kirkwood A, Hameeduddin A, Woodward N, 

Burroughs AK, et al. EASL and mRECIST responses are independent 

prognostic factors for survival in hepatocellular cancer patients 

treated with transarterial embolization. J Hepatol 2011;55:1309-

1316.



pISSN 2287-2728      
eISSN 2287-285X

https://doi.org/10.3350/cmh.2018.0073
Clinical and Molecular Hepatology 2020;26:33-44Original Article

Corresponding author : Gi Hong Choi
Department of Surgery, Yonsei University College of Medicine, 50-1 
Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea
Tel: +82-2-2228-2099, Fax: +82-2-313-8289
E–mail: choigh@yuhs.ac
https://orcid.org/0000-0002-1593-3773

Hyon-Suk Kim
Department of Laboratory Medicine, Yonsei University College of 
Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea
Tel: +82-2-2228-2443, Fax: +82-2-313-0956
E–mail: kimhs54@yuhs.ac
https://orcid.org/0000-0001-5662-7740

Abbreviations: 
AFP, alpha-fetoprotein; AUC, area under receiver operating characteristic curve; 
BCLC, Barcelona Clinic Liver Cancer; CHB, chronic hepatits B; CI, confidence 
interval; COI, cutoff index; DCP, des-gamma carboxy prothrombin; HBV, hepatitis 
B virus; HCC, hepatocellular carcinoma; HR, hazard ratio; ICG R15, indocyanine 
green retention rate at 15 minutes; INR, international normalized ratio; IQR, 
interquartile range; PHLF, posthepatectomy liver failure; ROC, receiver operating 
characteristic; WFA+-M2BP, Wisteria floribunda agglutinin-positive human Mac-2 
binding protein

*Hye Soo Kim and Seung Up Kim contributed equally to this work.

Received : Aug. 22, 2018 /  Revised : Nov. 17, 2018 /  Accepted : Apr. 10, 2019  

Serum Wisteria floribunda agglutinin-positive human 
Mac-2 binding protein level predicts recurrence of  
hepatitis B virus-related hepatocellular carcinoma after 
curative resection
Hye Soo Kim1,*, Seung Up Kim1,2,*, Beom Kyung Kim1,2, Jun Yong Park1,2, Do Young Kim1,2, Sang Hoon Ahn1,2,  
Kwang-Hyub Han1,2, Young Nyun Park3, Dai Hoon Han4, Kyung Sik Kim4, Jin Sub Choi4, Gi Hong Choi4, and Hyon-Suk Kim5

1Department of Internal Medicine, 2Institute of Gastroenterology, 3Department of Pathology, 4Department of Surgery, 5Department of 
Laboratory Medicine, Yonsei University College of Medicine, Seoul, Korea

Background/Aims: To investigate whether serum Wisteria floribunda agglutinin-positive human Mac-2-binding protein 
(WFA+-M2BP) can predict the recurrence of hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) after curative 
resection. 
Methods: Patients with chronic hepatitis B (CHB) who underwent curative resection for HCC between 2004 and 2015 
were eligible for the study. Recurrence was sub-classified as early (<2 years) or late (≥2 years).
Results: A total of 170 patients with CHB were selected. During the follow-up period (median, 22.6 months), 64 
(37.6%) patients developed recurrence. In multivariate analyses, WFA+-M2BP level was an independent predictor of 
overall (hazard ratio [HR]=1.490), early (HR=1.667), and late recurrence (HR=1.416), together with male sex, des-gamma 
carboxyprothrombin level, maximal tumor size, portal vein invasion, and satellite nodules (all P<0.05). However, WFA+-
M2BP level was not predictive of grade B-C posthepatectomy liver failure. The cutoff value that maximized the sum of 
sensitivity (30.2%) and specificity (90.6%) was 2.14 (area under receiver operating characteristic curve=0.632, P=0.010). 
Patients with a WFA+-M2BP level >2.14 experienced recurrence more frequently than those with a WFA+-M2BP level 
≤2.14 (P=0.011 by log-rank test), and had poorer postoperative outcomes than those with a WFA+-M2BP level ≤2.14 in 
terms of overall recurrence (56.0 vs. 34.5%, P=0.047) and early recurrence (52.0 vs. 20.7%, P=0.001). 
Conclusions: WFA+-M2BP level is an independent predictive factor of HBV-related HCC recurrence after curative 
resection. Further studies should investigate incorporation of WFA+-M2BP level into tailored postoperative surveillance 
strategies for patients with CHB. (Clin Mol Hepatol 2020;26:33-44)
Keywords: Hepatitis B; Liver fibrosis; Biomarkers; Hepatocellular carcinoma; Prognosis
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IntroduCtIon

If hepatocellular carcinoma (HCC) is detected in an early stage 

during surveillance, hepatic resection is strongly recommended for 

non-cirrhotic patients and is considered the mainstay of treatment 

in cirrhotic patients with well-preserved liver function.1 Although 

recent advances in the selection of candidates for resection, opti-

mization of surgical techniques, and perioperative management 

have improved the postoperative outcomes of patients with HCC, 

recurrence remains the main cause of an unsatisfactory long-term 

prognosis after HCC resection.2 Thus, identification of risk factors 

for recurrence after curative resection is of paramount impor-

tance.

Postoperative recurrence can be divided into early (<2 years) 

and late (≥2 years) recurrence, which have different underlying 

mechanisms.3 Advanced liver fibrosis or cirrhosis is a risk factor 

for late recurrence, as it contributes to multicentric recurrence in 

the remnant liver.4 In addition, advanced liver fibrosis or cirrhosis 

is closely correlated with short-term poor postoperative outcomes 

such as postoperative mortality or complications (e.g., liver failure 

and hepatic decompensation).5,6 Thus, preoperative assessment of 

the fibrotic burden can improve long-term outcomes by enabling 

selection of patients who will benefit from curative resection. Al-

ternatively, other treatment modalities, such as liver transplanta-

tion, can be recommended to patients at greater risk for postop-

erative recurrence after curative resection.

Efforts have been made to expand the role of noninvasive sur-

rogates for liver biopsy into the surgical setting, beyond simple 

assessment of the fibrotic burden. Indeed, preoperative liver stiff-

ness values determined by transient elastography are reportedly 

predictive of the risk of the development of hepatic insufficiency, 

recurrence, and survival after curative HCC resection.7-9 Recently, 

a glycan-based immunoassay has been introduced; the assay tar-

gets Wisteria floribunda agglutinin-positive human Mac-2 binding 

protein (WFA+-M2BP) as a noninvasive biomarker of liver fibrosis 

and predictor of HCC.10,11 Although a recent Japanese study found 

that WFA+-M2BP was predictive of recurrence and survival in pa-

tients with early-stage HCC who underwent curative resection,12 

the clinical role of WFA+-M2BP in surgical settings is still unclear.

Therefore, we conducted this single-center, retrospective cohort 

study to investigate the longitudinal prognostic performance of 

WFA+-M2BP in predicting HCC recurrence in patients with hepati-

tis B virus (HBV)-related HCC who underwent curative resection. 

PAtIents And Methods

Patients

Between 2004 and 2015, 492 patients who underwent curative 

resection for HBV-related HCC were considered eligible. Chronic 

hepatitis B (CHB) was defined as persistence of serum HBV sur-

face antigen for >6 months. The exclusion criteria were no or an 

insufficient stored serum sample for WFA+-M2BP assays, serum 

sample collected after resection, insufficient clinical data for sta-

tistical analysis, positive resection margin for HCC, co-infection 

with hepatitis C virus or HIV, and alcohol ingestion of >40 g/day 

for >5 years. 

This study was performed in accordance with the ethical guide-

lines of the 1975 Declaration of Helsinki and was approved by the 

Institutional Review Board of Severance Hospital. Given its retro-

spective nature, written informed consent for clinical data was 

not required.

WFA+-M2BP assay

Serum WFA+-M2BP was quantified preoperatively through a 

lectin-Ab sandwich immunoassay using a fully automated immu-

noanalyzer (HISCL-2000i; Sysmex Co, Hyogo, Japan).13 For WFA+-

M2BP assays, the remaining serum samples after HBV DNA quan-

tification during the study period which have been stored at 

–70°C, were used. Measured levels of analyte conjugated with 

Wisteria floribunda agglutinin were indexed using the following 

equation:

Cutoff index (COI)=([WFA1+-M2BP]sample–[WFA1+-M2BP]NC)/

study highlights
Wisteria floribunda agglutinin-positive human Mac-2 binding protein (WFA+-M2BP) level is an independent predictive factor of hepatitis B virus-relat-
ed posthepatectomy carcinoma recurrence after curative resection. However, we found that WFA+-M2BP level was not predictive of grade B-C pos-
thepatecomy liver failure or major complications. Patients with WFA+-M2BP levels >2.14 were at significantly higher risk of overall recurrence and ear-
ly recurrence than patients with WFA+-M2BP levels ≤2.14. Further studies are needed to confirm whether current strategies used to select optimal 
candidates for resection can be optimized according to preoperative WFA+-M2BP values.
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([WFA1+-M2BP]PC)–[WFA1+-M2BP]NC

Where [WFA1+-M2BP]sample is the serum WFA+-M2BP level, PC is 

the positive control, and NC is the negative control. The positive 

control was supplied as a calibration solution preliminarily stan-

dardized to yield a COI of 1.0.

Preoperative work-up, surgery, and follow-up

Diagnosis of HCC was based on the guidelines proposed by the 

Korea Liver Cancer Study Group.14 Preoperative HCC staging was 

assessed using the Barcelona Clinic Liver Cancer (BCLC) staging 

system.15 During follow-up, antiviral therapy was administered in 

accordance with the guidelines of the Korean Association for the 

Study of the Liver.16

As described in our previous study,7 all resections were per-

formed by four experienced surgeons (DH Han, GH Choi, KS Kim, 

and JS Choi). The type and extent of resections were determined 

according to tumor size, location, and liver reserve function esti-

mated by the Child-Pugh score and indocyanine green retention 

rate at 15 minutes (ICG R15). Liver resection was defined as minor 

when two or fewer liver segments were resected, whereas major 

hepatectomy was defined as the resection of three or more liver 

segments. Intraoperative ultrasonography was performed rou-

tinely to determine tumor location and extent and to exclude the 

presence of additional lesions in the residual liver. Curative resec-

tion was defined as a negative pathological surgical margin and 

the absence of residual tumor. After discharge, patients were fol-

lowed up every 3 months with tumor markers (alpha-fetoprotein 

[AFP] and des-gamma carboxy prothrombin [DCP]) and imaging 

studies, including abdominal computed tomography or magnetic 

resonance imaging.

Definition of outcomes 

Posthepatectomy liver failure (PHLF) was defined and graded by 

the recommendations of the International Study Group of Liver 

Surgery (ISGLS).17 PHLF is defined as an increased international 

normalized ratio (INR) and hyperbilirubinemia on or after postop-

erative day 5. Grade A PHLF does not require deviations from reg-

ular clinical management, whereas grades B and C PHLF require 

noninvasive (grade B) or invasive treatment (grade C). If the INR 

or serum bilirubin concentration is increased preoperatively, PHLF 

is defined as an increasing serum bilirubin concentration on or af-

ter postoperative day 5 (compared to the values of the previous 

day). Postoperative complications were categorized according to 

the modified Clavien-Dindo classification (Supplementary Table 1).18 

A major complication was defined as grade 3 or above. Recur-

rence was diagnosed based on the combined findings of the clini-

cal examinations and sub-classified as early (<2 years) or late (≥2 

years) recurrence.3

Histological assessment of tumor and non-tumor 
liver tissue

As described in our previous study,7 a histological evaluation of 

the extracted liver specimens was performed by one experienced 

pathologist (YN Park) who was blinded to the patients’ clinical in-

formation. Gross tumor classification, tumor size and number, 

vascular invasion, satellite nodule, and Edmondson-Steiner grade 

were determined. Liver fibrosis was evaluated semiquantitatively 

in non-cancerous tissues according to the Batts system.19 Fibrosis 

was staged on a 0–4 scale: F0, no fibrosis; F1, portal fibrosis 

without septa; F2, portal fibrosis and a few septa; F3, numerous 

septa without cirrhosis; and F4, cirrhosis.

Statistical analysis

Data are expressed as medians (interquartile range [IQR]) or n 

(%), as appropriate. Differences among continuous and categori-

cal variables were examined using Student’s t -tests (or Mann-

Whitney tests) and chi-square tests (or Fisher’s exact tests), re-

spectively. 

For longitudinal analysis, patients were followed up until the 

date of HCC recurrence or the last visit. Cumulative HCC recur-

rence rates were estimated using the Kaplan-Meier method and 

compared using log-rank tests. To identify independent risk fac-

tors for recurrence, univariate and multivariate Cox regression 

analyses were performed. In analyses of predictors of early recur-

rence (<2 years), the analytic population included patients with-

out recurrence during the study period, patients with recurrence 

after 2 years who were considered to not have had recurrence un-

til the time of recurrence and censored at the same time, and pa-

tients with recurrence within 2 years. In analyses of predictors of 

late recurrence (≥2 years), the analytic population included pa-

tients without recurrence, only if their follow-up period was more 

than 2 years, and patients with recurrence irrespective of follow-

up time. To identify independent risk factors for developing grade 

B-C PHLF, univariate and multivariate binary regression analyses 

were performed. Hazard ratios (HRs) and corresponding 95% 
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confidence intervals (CIs) were calculated. 

The diagnostic performance of WFA+-M2BP was determined us-

ing receiver operating characteristic (ROC) curves and the area 

under ROC curve (AUC). In addition, the cutoff values for predict-

ing recurrence that maximized the sum of sensitivity (Se) and 

specificity (Sp) (Cutoffse+sp), the cutoff values that showed positive 

predictive value (PPV) >80% (Cutoffhigh-risk), and the cutoff values 

that showed negative predictive value (NVP) >80% (Cutofflow-risk) 

were also calculated. All statistical analyses were performed using 

SPSS software (v20.0; IBM Corp., Armonk, NY, USA). A P-value 

<0.05 in two-tailed tests was considered to indicate statistical 

significance.

results

Baseline characteristics

After excluding 322 patients according to the exclusion criteria, 

170 patients with HBV-related HCC were selected for statistical 

analyses (Supplementary Fig. 1). The baseline characteristics of 

the study population before curative resection are summarized in 

Table 1. The median age of the entire cohort (132 males and 38 

females) was 55 years. Most patients had well-preserved liver 

function of Child-Pugh class A (n=168, 98.8%).

The median AFP, DCP, ICG R15, and WFA+-M2BP levels were 

13.0 ng/mL, 44 mAU/mL, 8.4%, and 1.02 COI, respectively. HCC 

in BCLC stage 0 and A were identified in 41 (24.1%) and 122 

(71.8%) patients, respectively. Of the patients, 126 (74.1%) were 

receiving antiviral therapy at the time of resection.

Perioperative outcomes and pathological 
information

Perioperative outcomes and pathological information are sum-

marized in Table 2. A total of 51 (30.0%) patients underwent ma-

jor hepatectomy. Most patients received open surgery (n=113, 

66.5%). The median amount of blood loss was 250 mL and blood 

table 1. Baseline characteristics of the study population (n=170)

Variable Value

Demographical variables

Age (years) 55 (51–61)

Male sex 132 (77.6)

Body mass index (kg/m2) 23.6 (21.8–25.5)

Child-Pugh class A/B 168 (98.8)/2 (1.2)

Laboratory variables

Aspartate aminotransferase (IU/L) 27 (23–35)

Alanine aminotransferase (IU/L) 28 (19–43)

Platelet count (109/L) 157 (126–200)

HBV-DNA levels (log10 IU/mL) 2.26 (1.00–3.99)

Alpha-fetoprotein (ng/mL) 13.0 (3.3–97.5)

Des-gamma carboxyprothrombin 
(mAU/mL)

44 (26–188)

ICG R15 (%) 8.4 (6.3–11.8)

WFA+-M2BP (COI) 1.02 (0.70–1.55)

Tumor stage

BCLC stage 0/A/B 41 (24.1)/122 (71.8)/7 (4.1)

On-going antiviral therapy 126 (74.1)

Variables are expressed as median (interquartile range) or n (%).
HBV, hepatitis B virus; ICG R15, indocyanine green retention rate at 15 
minutes; WFA+-M2BP, Wisteria floribunda agglutinin-positive human Mac-2 
binding protein; BCLC, Barcelona Clinic Liver Cancer.

table 2. Perioperative outcomes and pathological characteristics

Variable Value

Operative variables

Type of hepatectomy (major/minor) 51 (30.0)/119 (70.0)

Surgical approach (open/laparascop-
ic/robot) 

113 (66.5)/46 (27.1)/11 (6.5)

Blood loss (mL) 250 (125–513)

Transfusion 12 (7.1)

Postoperative variables 

PHLF grading (0-A/B–C) 158 (95.2)/8 (4.8)

Complications (I-II/IIIa-b/IV-V) 163 (95.9)/7 (4.1)/0 (0)

Tumor pathology

Maximal tumor size (cm) 2.4 (1.9–3.2)

Single/multiple tumors 152 (89.4)/18 (10.6)

Portal vein invasion 15 (8.9)

Microscopic vascular invasion 78 (46.2)

Satellite nodule 12 (7.1)

Edmondson-Steiner grade III-V 91 (55.2)

Non-tumor pathology 

F0-3/F4 fibrosis 71 (41.8)/99 (58.2)

A1-2/A3 activity grade 162 (95.3)/8 (4.7)

Variables are expressed as median (interquartile range) or n (%).
PHLF, posthepatectomy liver failure.
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transfusion was required in 12 (7.1%) patients. Grade B-C PHLF 

developed in eight (4.8%) patients. Seven (4.1%) patients experi-

enced major postoperative complications; the most common was 

pleural effusion (n=4). In addition, bile leakage, ascites, and an 

umbilical incisional hernia developed in one patient each. 

The median maximal tumor size was 2.4 cm, and 18 (10.6%) 

patients had multiple tumors. Portal vein invasion, microscopic 

vascular invasion, and satellite nodules were identified in 15 

(8.9%), 78 (46.2%), and 12 (7.1%) patients, respectively. Regard-

ing non-tumor pathology, 99 (58.2%) patients had F4 fibrosis. 

The WFA+-M2BP level was significantly higher in patients with F4 

than those with F0–3 fibrosis (median 1.18 [IQR 0.79–1.86] vs. 

0.91 [0.67–1.31]; P=0.045).

Comparison between patients with and without HCC 
recurrence

During the follow-up period (median 22.6 [IQR 13.3–61.0] 

months), HCC recurred in 64 (37.6%) patients. The cumulative in-

cidence of HCC recurrence at 1, 2, 3, 4, and 5 years was 15.8%, 

25.3%, 30.0%, 32.9%, and 34.1%, respectively (Supplementary 

Fig. 2). The most common site of recurrence was the liver (n=58, 

90.6%).

A comparison of baseline characteristics between patients who 

developed recurrence and those who did not is shown in Table 3. 

Patients who developed recurrence had a higher HBV-DNA level 

(median 2.92 vs. 2.16 log10IU/mL), higher WFA+-M2BP level (me-

dian 1.22 vs. 0.91, COI), higher blood loss (median 330 vs. 250 

mL), greater maximal tumor size (median 2.6 vs. 2.2 cm), and 

higher proportions of portal vein invasion (17.5 vs. 3.8%), micro-

scopic vascular invasion (58.7 vs. 38.7%), and satellite nodules 

(12.9 vs. 3.8%) than patients who did not experience recurrence 

(all P<0.05).

Independent predictors of overall, early, and late 
recurrence

Among the 64 patients with recurrence, 43 (67.2%) experi-

enced early recurrence and 21 (32.8%) experienced late recur-

rence. We evaluated independent predictors of overall, early, and 

late recurrence (Table 4).

In univariate analyses, male sex, AFP level, DCP level, WFA+-

M2BP level, maximal tumor size, multiple tumors, portal vein in-

vasion, microscopic vascular invasion, and the presence of satel-

lite nodules were significantly predictive of overall, early, and late 

recurrence (all P<0.05), with the exception of borderline signifi-

cance between multiple tumors and early recurrence (P=0.051). In 

multivariate analyses, WFA+-M2BP was an independent predictor 

of overall, early, and late recurrence (HR=1.490, 1.667, and 1.416, 

respectively; all P<0.05), together with other factors such as male 

sex, DCP, maximal tumor size, portal vein invasion, and satellite 

nodules.

Independent predictor of grade B-C PHLF

Univariate analyses identified aspartate aminotransferase level 

and major hepatectomy as significantly predictive of grade B-C 

PHLF (all P<0.05). In subsequent multivariate analyses, major 

hepatectomy was the only independent predictor of grade B-C 

PHLF (HR=4.254, 95% CI 1.824–9.919; P=0.001) (Supplementary 

Table 2). 

Optimal cutoff values of WFA+-M2BP to predict 
recurrence

Considering the median follow-up period (22.6 months), cutoff 

values for predicting 2-year recurrence in the whole study popula-

tion and several subgroups were calculated based on ROC curve 

analyses (Table 5).

The WFA+-M2BP cutoff value that maximized the sum of sensi-

tivity (30.2%) and specificity (90.6%) was 2.14 COI (AUC=0.632, 

P=0.010). Patients with a WFA+-M2BP level >2.14 COI had a sig-

nificantly higher cumulative recurrence rate than those with a 

WFA+-M2BP level ≤2.14 COI (P=0.011 by log-rank test) (Fig. 1). 

The cumulative incidences of HCC recurrence at 1, 2, 3, 4, and 5 

years in patients with WFA+-M2BP levels >2.14 COI were 32.0%, 

52.0%, 56.0%, 56.0%, and 56.0%, respectively, whereas those 

in patients with WFA+-M2BP levels ≤2.14 COI were 13.1%, 

20.7%, 25.5%, 29.0%, and 30.0%, respectively. Using cutoff val-

ues for low and high risks of recurrence of 0.57 COI (negative pre-

dictive value 89.4) and 3.88 (PPV 89.9%), respectively (Table 5), 

only 1 (6.2%) of 16 patients with a low risk of recurrence experi-

enced recurrence, whereas 5 (83.3%) of 6 patients with a high 

risk of recurrence experienced recurrence.

In patients with histological cirrhosis (n=99, 58.2%), the cutoff 

value of WFA+-M2BP that maximized the sum of sensitivity 

(88.9%) and specificity (50.0%) was 0.94 COI (AUC=0.720, 

P=0.001), compared to 2.31 COI (sensitivity 45.5% and specificity 

97.5%, AUC=0.706, P=0.038) in patients who had undergone 

major hepatectomy (n=51, 30.0%).
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table 3. Comparison between patients who did and did not experience hepatocellular carcinoma (HCC) recurrence

Variable
Patients who developed  

HCC recurrence
(n=64, 37.6%)

Patients who did not develop 
HCC recurrence
(n=106, 62.4%)

P-value

Demographical variables

Age (years) 55 (51–59) 55 (51–62) 0.273

Male sex 55 (85.9) 77 (72.6) 0.057

Body mass index (kg/m2) 23.3 (21.6–25.9) 23.6 (21.9–25.0) 0.766

Child-Pugh class A/B 63 (98.4)/1 (1.6) 105 (99.1)/1 (0.9) 0.717

Laboratory variables

Aspartate aminotransferase (IU/L) 28 (24–39) 27 (22–34) 0.814

Alanine aminotransferase (IU/L) 30 (20–43) 27 (18–43) 0.739

Platelet count (109/L) 164 (126–204) 153 (236–196) 0.626

HBV-DNA levels (log10 IU/mL) 2.92 (1.00–5.01) 2.16 (0.50–3.47) 0.016

Alpha-fetoprotein (ng/mL) 27.4 (5.0–221.3) 8.1 (2.9–82.9) 0.275

Des-gamma carboxyprothrombin (mAU/mL) 55 (27–239) 40 (26–134) 0.341

ICG R15 (%) 9.4 (6.3–12.2) 8.0 (6.3–11.7) 0.924

WFA+-M2BP (COI) 1.22 (0.79–1.79) 0.91 (0.68–1.41) 0.017

Tumor stage 

BCLC stage 0-A/B 59 (92.2)/5 (7.8) 104 (98.1)/2 (1.9) 0.060

On-going antiviral therapy 48 (75.0) 78 (73.6) 0.838

Operative variables

Type of hepatectomy (major/minor) 49 (76.6)/15 (23.4) 36 (34.0)/70 (66.0) 0.147

Surgical approach (open/laparascopic+robot) 42 (65.6)/22 (34.3) 71 (67.0)/35 (33.0) 0.868

Transfusion 5 (7.8) 7 (6.6) 0.766

Blood loss (mL) 330 (150–750) 250 (100–450) 0.018

Postoperative variables

PHLF grading (0-A/B-C) 59 (96.7)/2 (3.3) 99 (94.3)/6 (5.7) 0.480

Complications (I-II/IIIa-b) 62 (96.9)/2 (3.1) 101 (95.3)/5 (4.7) 0.613

Tumor pathology

Maximal tumor size (cm) 2.6 (2.0–3.8) 2.2 (1.8–3.0) 0.038

Multiple tumors 10 (15.6) 8 (7.5) 0.097

Portal vein invasion 11 (17.5) 4 (3.8) 0.003

Microscopic vascular invasion 37 (58.7) 41 (38.7) 0.016

Satellite nodule 8 (12.9) 4 (3.8) 0.033

Edmondson-Steiner grade III-V 34 (56.7) 57 (54.3) 0.767

Non-tumor pathology 

F4 fibrosis 40 (62.5) 59 (55.7) 0.381

A3 activity grade 40 (62.5) 5 (4.7) 0.993

Variables are expressed as median (interquartile range) or n (%) unless otherwise indicated.
HBV, hepatitis B virus; ICG R15, indocyanine green retention rate at 15 minutes; WFA+-M2BP, Wisteria floribunda agglutinin-positive human Mac-2 binding 
protein; BCLC, Barcelona Clinic Liver Cancer; PHLF, posthepatectomy liver failure.
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Postoperative outcomes according to WFA+-M2BP 
cutoff value

Postoperative outcomes according to preoperative WFA+-M2BP 

value are shown in Table 6. Patients with WFA+-M2BP levels 

>2.14 (n=25, 14.7%) had a significantly higher risk of overall re-

currence (56.0% vs. 34.5%) and early recurrence (52.0% vs. 

20.7%) than patients with WFA+-M2BP levels ≤2.14 (all P<0.05). 

Although the risk of late recurrence was higher in patients with 

WFA+-M2BP levels >2.14 compared to those with WFA+-M2BP 

levels ≤2.14, the association was of marginal significance 

(P=0.072). The risks of grade B-C PHLF and major complications 

were statistically similar (all P>0.05) (Table 6).

dIsCussIon

Serum levels of WFA+-M2BP may be useful as a marker of the 

degree of liver fibrosis. WFA+-M2BP is secreted by hepatic stellate 

cells and enhances synthesis of Mac-2 by Kupffer cells, which ren-

ders hepatic stellate cells fibrogenic.20 WFA+-M2BP is a “dough-

nut-shaped” glycoprotein, changes in the N -glycan structure of 

which mirror the extent of liver fibrosis.21 Automated rapid assays 

for these changes have been developed for noninvasive assess-

ment of fibrotic burden. Indeed, the diagnostic accuracy of WFA+-

M2BP for assessing the degree of liver fibrosis has been demon-

strated in patients with CHB, chronic hepatitis C, non-alcoholic 

fatty liver disease, and biliary atresia.21-26 In addition, WFA+-M2BP 

levels are predictive of the risk of development of HBV- and HCV-

related HCC.11,23

Our study has several strengths. First, because the significant 

table 5. WFA+-M2BP cutoff values for 2-year recurrence and corresponding diagnostic indices

Patient group Cutoff values AUC 95% CI P-value Se (%) Sp (%) PPV (%) NPV (%)

Entire population 0.632 0.534–0.730 0.010

Cutoffse+sp 2.14 30.2 90.6 65.9 68.3

Cutofflow-risk 0.57 97.7 11.8 40.1 89.4

Cutoffhigh-risk 3.88 11.6 99.2 89.9 65.0

Histological cirrhosis 0.720 0.608–0.833 0.001

Cutoffse+sp 0.94 88.9 50.0 54.7 86.9

Cutofflow-risk 0.94 88.9 50.0 54.7 86.9

Cutoffhigh-risk 3.88 11.1 98.6 84.4 62.1

Major hepatectomy 0.706 0.513–0.898 0.038

Cutoffse+sp 2.31 45.5 97.5 88.3 81.1

Cutofflow-risk 0.69 90.9 37.5 37.7 90.8

Cutoffhigh-risk 2.31 45.5 97.5 88.3 81.1

WFA+-M2BP, Wisteria floribunda agglutinin-positive human Mac-2 binding protein; AUC, area under receiver operating characteristic curve; CI, confidence 
interval; Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value.

Figure 1. Cumulative incidence of hepatocellular carcinoma (HCC) re-
currence according to WFA+-M2BP level. The cumulative incidence in-
creased significantly in patients with WFA+-M2BP levels >2.14 than in 
those with WFA+-M2BP levels ≤2.14 (log-rank test, P=0.011). WFA+-M2BP, 
Wisteria floribunda agglutinin-positive human Mac-2-binding protein.
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correlation between fibrotic burden assessed using WFA+-M2BP 

and the risk of HCC development was confirmed in previous stud-

ies,11,23 the ability of WFA+-M2BP to predict the risk of HCC recur-

rence due to remnant fibrotic liver after curative resection should 

be investigated. Although serum levels of WFA+-M2BP measured 

at the time of curative resection are reportedly an independent 

predictor of HCC recurrence and survival in patients undergoing 

curative resection of HCC,12 most of the patients in the study had 

HCV-related HCC (68.8%).11 Because the natural course of disease 

and the antiviral treatment strategy for HCV and HBV differ, it is 

important to validate the role of WFA+-M2BP in patients with 

HBV-related HCC undergoing resection. The recent reports that 

WFA+-M2BP levels are lower in patients with CHB than in those 

with CHC22,27 also support the need for validation of WFA+-M2BP 

in patients with HBV-related HCC. To the best of our knowledge, 

this is the first report to focus on the prognostic value of WFA+-

M2BP for HBV-related HCC recurrence and survival in patients un-

dergoing curative resection.

Second, we comprehensively investigated the role of WFA+-

M2BP in predicting overall, early, and late recurrence as well as 

PHLF; the results suggested that WFA+-M2BP is predictive of all 

types of recurrence. Although early recurrence is generally associ-

ated with tumor factors, not those of the background liver,28 

WFA+-M2BP levels were independently associated with the risk of 

early recurrence in our study, together with several tumor factors 

such as AFP, DCP, maximal tumor size, portal vein invasion, and 

the presence of satellite nodules. However, the ability of WFA+-

M2BP levels to predict early recurrence warrants further investiga-

tion.

Third, fibrosis stage (F0–3 vs. F4) was not predictive of recur-

rence in this study. This may be because the overall sample size 

was not sufficient to evaluate the prognostic accuracy of histolog-

ical stage in terms of recurrence. In addition, more than half of 

the patients had histological cirrhosis (58.2%). These factors 

might cause spectrum bias and potentially false-negative results. 
Also, it can be postulated that the linear expression of WFA+-

M2BP with using the best cutoff values to predict recurrence 

might be better in predicting recurrence than histological informa-

tion with step-wise crude expression. Furthermore, previous stud-

ies have reported other surrogates for liver fibrosis (such as tran-

sient elastography) to be predictive of HCC recurrence after 

curative resection in patients with CHB,7,29 not histologic fibrosis 

stage.29 However, because the predictive accuracy of histological 

stage has been reported,4,28 our results warrant further investiga-

tion.

Fourth, we determined the optimal cutoff level of WFA+-M2BP 

for predicting overall recurrence. This value (2.14) stratified sub-

groups with different risks of overall recurrence. Interestingly, our 

cutoff was lower than that of a previous study involving patients 

with HCV-related HCC undergoing curative resection (vs. 3.0).12 

This is likely because over half of the study population had F4 

stage fibrosis, and because HBV-related cirrhosis tends to be mac-

ronodular, leading to a lesser fibrotic burden than HCV-related 

cirrhosis. A lower cutoff WFA+-M2BP level in patients with HBV 

has been reported by others.27 In addition, a lower fibrotic burden 

in each fibrosis stage among patients with HBV-related chronic 

liver disease has been reported by previous studies of other surro-

gates for liver fibrosis (e.g., transient elastography).30 We also pro-

posed clinically relevant cutoff values to enable identification of 

low- and high-risk patients. Only 6.2% of low-risk patients expe-

rienced recurrence, compared to >80% of high-risk patients. 

These cutoff values might facilitate development of improved fol-

low-up and management strategies.

This study also had several weaknesses. First, due to the insuf-

ficient sample size, a binary risk stratification of the study popula-

tion using the calculated cutoff values was adopted. However, be-

cause a certain proportion of patients experienced recurrence of 

HCC despite a WFA+-M2BP level lower than the cutoff value, fu-

table 6. Postoperative outcomes according to preoperative WFA+-M2BP

Variable
Patients with preoperative WFA+-M2BP ≤2.14

(n=145, 85.3%)
Patients with preoperative WFA+-M2BP >2.14

(n=25, 14.7%)
P-value

Overall recurrence 50 (34.5) 14 (56.0) 0.047

Early recurrence 30 (20.7) 13 (52.0) 0.001

Late recurrence 20 (13.8) 1 (4.0) 0.072

Grade B-C PHLF 6 (4.1) 2 (8.0) 0.420

Major complications 5 (3.4) 2 (8.0) 0.290

Variables are expressed as n (%) unless otherwise indicated.
WFA+-M2BP, Wisteria floribunda agglutinin-positive human Mac-2 binding protein; PHLF, posthepatectomy liver failure.
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ture large-scale studies should involve multi-stage detailed risk 

stratification. Second, the effect of WFA+-M2BP levels at the time 

of resection on overall survival could not be investigated because 

of the relatively short follow-up period (median, 22.6 months) and 

low mortality rate (n=17, 10.0%). Further studies with long-term 

follow-up are required to resolve this issue. Third, because this 

was a retrospective study and more than half of the participants 

were excluded, which might have caused selection bias, the re-

sults should be interpreted with caution. In addition, the distribu-

tion of each fibrosis stage was skewed (F1 in 1 [0.6%] patient, F2 

in 25 [14.7%] patients, F3 in 45 [26.5%] patients, and F4 in 99 

[58.2%] patients), which might resulted in the statistically non-

significant prognostic value of F4 vs. F0–3. Probably due to the 

similar reason, fibrosis grade as an ordinal variable and different 

binary stratification such as F3–4 vs. F0–2 were significant nei-

ther. Finally, noninvasive surrogates for liver fibrosis, including 

WFA+-M2BP level, can predict the risk of developing PHLF after 

curative resection.31,32 However, we could not demonstrate that 

WFA+-M2BP was predictive of grade B-C PHLF in patients with 

HBV-related HCC undergoing curative resection. Major hepatecto-

my was the only independent predictor of grade B-C PHLF in this 

study. 

In conclusion, our findings indicate a significant association be-

tween WFA+-M2BP level and the risk of HBV-related HCC recur-

rence after curative resection in this population. However, it 

should be validated in further studies whether current strategies 

to select optimal candidates for resection and to evaluate the risk 

of postoperative recurrence can be optimized according to preop-

erative WFA+-M2BP values.
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Vimentin as a potential therapeutic target in sorafenib 
resistant HepG2, a HCC model cell line
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Background/Aims: Hepatocellular carcinoma (HCC) is the most common liver cancer with high mortality rate in patients 
suffering from liver diseases. The drug of choice used in advanced-stage of HCC is sorafenib. However, adaptive resistance 
has been observed in HCC patients undergoing long-term sorafenib treatment, lowering its effectiveness. Hence, it is 
important to overcome drug resistance to improve overall management of HCC. Here, we have identified a candidate 
biomarker for sorafenib resistance in a HCC model cell line, HepG2.
Methods: Initially, comparative proteomic profiling of parental HepG2 [HepG2 (P)] and sorafenib-resistant HepG2 
[HepG2 (R)] cells was performed via MALDI (matrix-assisted laser desorption/ionization) which revealed the deregulation 
of vimentin in HepG2 (R) cells. Gene and protein level expression of vimentin was also observed through quantitative 
real-time polymerase chain reaction (qRT PCR) and fluorescence-activated cell sorting (FACS), respectively. Furthermore, 
withaferin A was used to study regulation of vimentin expression and its significance in sorafenib resistance.
Results: Both gene and protein level of vimentin expression was found to be downregulated in HepG2 (R) in comparison 
to HepG2 (P). Interestingly, the study demonstrated that withaferin A further lowered the expression of vimentin in 
HepG2 (R) cells in a dose-dependent manner. Also, inhibition of vimentin lowered ABCG2 expression and decreased cell 
viability in parental as well as sorafenib resistant HepG2 cells.
Conclusions: Hence, our study for the first time highlighted the probable therapeutic potential of vimentin in sorafenib 
resistant HepG2, a HCC model cell line. (Clin Mol Hepatol 2020;26:45-53)
Keywords: Carcinoma, Hepatocellular; Sorafenib resistance; Vimentin; Withaferin A
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Study Highlights
The present study highlights the significance of vimentin as potential therapeutic target as its inhibition with withaferin A results to overcome 
sorafenib resistance as well as reduces cancer cells viability.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the second leading cause of 

cancer-related deaths globally. HCC, the primary liver cancer, is 

regarded as the third most common malignancy worldwide.1,2 The 

major risk factors of HCC includes hepatitis C and B viral infec-

tions, fungal metabolite aflatoxin A1 exposure, alcohol intake, 

obesity, and non-alcoholic fatty liver diseases.3,4 HCC is generally 

asymptomatic in nature and hence, is mainly diagnosed in the ad-

vanced stage.5 The lack of primary screening leads to an increased 

mortality to incidence ratio. Furthermore, sorafenib, an orally ac-

tive multikinase inhibitor, is the first-line of therapy showing a sig-

nificant survival benefit in patients with advanced HCC. Sorafenib 

has a direct effect on the components of tyrosine kinase cell sig-

nalling pathways which are generally deregulated in HCC.6,7 

Sorafenib remarkably prolonged the survival rates in advanced 

HCC patients as illustrated by randomized controlled clinical trials. 

However, the management of HCC is still debatable.8 The reason 

behind this, is the development of adaptive drug resistance 

against sorafenib therapy.9,10 Global analysis of the expressed cel-

lular proteins may aid to identify the differentially expressed pro-

teins between parental cells and drug resistant cancer cells. Be-

sides, malignant cell culture models are also suitable for 

application of proteomic techniques in order to recognize particu-

lar protein that might be associated with a characterized pheno-

type of the malignant cells.11

Recent studies have demonstrated that various alterations in 

the cytoskeletal proteins may be one of the important mecha-

nisms involved in the development of drug resistance in cancer 

cells that may in turn be associated with altered drug efflux 

pumps.12 Among them, vimentin is the cytoskeletal protein which 

belongs to the family of intermediate filament and is one of the 

markers of epithelial-mesenchymal transition (EMT).13 The vimen-

tin expression in cancers is associated with increased tumor inva-

sion and proliferation. Deregulation of vimentin expression and its 

relation to tumor metastasis has been discussed in various can-

cers such as gastrointestinal tumors,14,15 prostate carcinoma,16,17 

and breast cancer.18,19 A relation between vimentin expression and 

drug resistance has been demonstrated in ovarian cancer as the 

downregulation of vimentin is associated with acquired drug re-

sistance to cisplatin.20 Sorafenib-resistant cancer cells may under-

go EMT, however, various studies have shown that sorafenib 

downregulate this process in HCC cells. During the exposure of 

mouse primary hepatocytes to sorafenib, EMT gets diminished 

due to decrease in transforming growth factor β signalling.21 A 

study by van Malenstein et al.10 in 2013, also have shown that 

long term exposure of sorafenib to HepG2 cells leads to develop-

ment of resistance due to activation of EMT. But no such study 

has yet been revealed EMT cytoskeleton proteins as a potential 

target for treatment along with sorafenib. Further, the exact role 

of vimentin is not well established in sorafenib-resistant HCC.

In this study, we have unveiled the expression pattern of vimen-

tin in parental as well as sorafenib-resistant HepG2 cells and fur-

ther, highlighted the significance of vimentin as a plausible thera-

peutic target in sorafenib resistant HCC model cell line, HepG2.

MATERIALS AND METHODS

Cell lines and cell culture

This study was performed on HepG2 cell line that procured from 

cell repository of National Centre for Cell Sciences, Pune, India. 

HepG2 cells were then cultured in minimum essential media 

(MEM) supplemented with 10% (v/v) heat-inactivated fetal bovine 

serum (FBS), 0.15% (v/v) sodium bicarbonate, 1 mM sodium pyru-

vate and 2 mM L-glutamine. HepG2 cells were maintained at 37ºC 

in 5% CO2 and 95% humidity in a CO2 incubator (Thermo Heraeus 

HERAcell® 240; Thermo Scientific, Waltham, MA, USA). Antibiot-

ics streptomycin (100 μg/mL) and penicillin (100 U/mL) were sup-

plemented in the media for maintenance of the cultures.

Chemicals

The media and antibiotics for cell culture were procured from 

HiMedia (Chandigarh, India), Sigma-Aldrich (St. Louis, MO, USA), 

and ThermoFisher Scientific. Sorafenib was procured from Santa-

cruz Biotechnology, Inc. (Dallas, TX, USA). Withaferin A was pro-

cured from Cayman Chemicals Co-USA (Cayman Chemical, Ann 

Arbor, MI, USA). Both sorafenib and withaferin A were dissolved 

in dimethyl sulfoxide (DMSO) to prepare 1 mM stock and 20 mM 

stocks respectively for further use in cell lines.

Samples preparation for matrix-assisted laser 
desorption/ionization (MALDI)

The total protein isolated from both HepG2 parental [HepG2 (P)] 

and HepG2 sorafenib-resistant [HepG2 (R)] cells was estimated 

following bicinchonic acid method (Sigma-Aldrich). The proteins 

were separated by sodium dodecyl sulfate polyacrylamide gel 
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electrophoresis (SDS-PAGE) according to the method of Laemmeli 

(1970). After washing the gel with water, the spot of interest was 

excised and 200 μL of distaining solution was added to the gel, 

vortexed and incubated for 5 minutes and then the supernatant 

was discarded in order to destain the gel. Gel particles were then 

treated with 10 mM dithiotreitol/50 mM NH4HCO3 (freshly pre-

pared), followed by incubation for 45 minutes at 56ºC and then 

immediate cooling of tubes at room temperature. The gel pieces 

were treated with light sensitive 55 mM idoacetamide prepared in 

freshly prepared 50 mM NH4HCO3 for 30 minutes at room tem-

perature and then washed with wash buffer. Freshly prepared 

trypsin enzyme solution (30 ng) was added to the gel, incubated 

at 37ºC overnight. Following overnight incubation, the superna-

tant was collected and 5 μL of extraction buffer containing 60% 

ACN+ 0.1% TFA in 25 mM NH4HCO3 was added to the gel, vor-

texed and incubated for 10 minutes. Supernatant was collected 

into the same tube in which supernatant collected from trypsin 

digestion was added. The above process was then repeated first 

with extraction buffer containing 70% ACN+ 0.1 TFA in 25 mM 

NH4HCO3 and then with 90% ACN+ 0.1% TFA in 25 mM NH4H-

CO3. The extracted peptides were stored at –20ºC for MALDI 

analysis.

MALDI-time of flight (TOF) mass spectroscopy

MALDI spectra were acquired using an Ultraflex TOF/TOF mass 

spectrometer (BrukerDaltonic, Hamburg, Germany). The resulting 

peaks were subjected to MASCOT search (www.matrixscience.

com) and parameters were set as carbamidomethyl modification 

of cysteine, one missed cleavage was allowed for trypsin (Sigma-

Aldrich). Once protein was identified it was further fragmented 

and subjected to MS-MS analysis. Protein MASCOT score, se-

quence coverage, and number of peptides matched were used to 

confirm the protein using SwissProt database (www.uniprot.org).

RNA isolation, cDNA synthesis and quantitative real-
time polymerase chain reaction (qRT PCR) analysis

Total RNA was isolated from both HepG2 (P) as well as HepG2 

(R) cells using the Trizol reagent (Invitrogen, Carlsbad, CA, USA). 

Finally, RNA concentration was quantified and processed for 

cDNA synthesis. cDNA synthesis was carried out from the intact 

RNA by using Verso cDNA Synthesis Kit (Thermofischer). qRT PCR 

was performed on Lightcycler® 96 (Roche, Bremen, Germany) 

using SYBR Green I master (Roche) detection method to check 

relative expression of target genes using specific primers for glyc-

eraldehyde 3-phosphate dehydrogenase (GAPDH), vimentin and 

ABCG2 genes. The relative mRNA levels were calculated using the 

formula 2-∆∆Ct, where ∆Ct = (Ct target gene - Ct internal control). 

Each set of primers were designed to target specifically exon-exon 

junction in cDNA and was commercially synthesized by Sigma-Al-

drich, USA. The gene expression was normalized using GAPDH 

acting as internal control. The primer sequences are: 

ABCG2 (F)-GTGGCCTTGGCTTGTATGAT (R)-GATGGCAAGGGAA-

CAGAAAA

GAPDH (F ) -CCATCT TCCAGGAGCGAGA (R) -GGTCAT-

GAGTCCTTCCACGAT

Vimentin (F)-CCGGTGCAATCGTGATCTCTGGG (R)-ATTCAAGTCT-

CAGCGGGCTC

Protein expression: flow cytometry

HepG2 (P) and HepG2 (R) cells were cultured in a 12-well plate. 

After 24 hours of treatment, cells were trypsinized and washed 

twice with phosphate-buffered saline (PBS) in dark and cell pellet 

was resuspended in PBS. The cells were then fixed using 4% 

paraformaldehyde solution and again washed using PBS. After 

washing, the cells were permeabilized using permeabilizing buffer 

(1% BSA + 0.01% Triton X 100 + 0.01% Sodium azide in 1X PBS) 

and washed with PBS. Then blocking buffer (5% BSA in 1X PBS) 

was used to blocking the cells. Antibody solution was added after 

blocking to cells and incubated for 1 hour at room temperature. 

The expression of vimentin was then analyzed using flow cytome-

try.

MTT assay

HepG2 (P) and HepG2 (R) cells were seeded in a 96-wells plate 

(Corning Inc, Corning, NY, USA) with density of 5,000 cells per 

well in MEM with 10% FBS. After 24 hours of incubation, various 

concentrations (conc.) of withaferin A and sorafenib were added 

to MEM with 0.5% FBS, a total volume of 200 μL per well. After  

24 hours, sterile 20 μL MTT solution was added to each well and 

plates were incubated for 4 hours at 37ºC, 5% CO2. Media con-

taining MTT was then removed from the each well and formazan 

crystals formed were dissolved in DMSO (200 μL) and incubated 

for 5 to 15 minutes at room temperature in dark. The absorbance 

was then measured at 570 nm using a microtiter plate reader by 

infiniteM200PRO microplate reader (Tecan, Männedorf, Switzerland). 
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Crystal violet assay

This analysis was done to assess the growth inhibition pattern 

of HepG2 (P) and HepG2 (R) cells under different conditions. 

HepG2 cells (2,000 per well) were seeded in a 24-well plate in 

triplicate. After 24 hours of treatment, the cells were washed with 

PBS (1X) and later fixed using 4% paraformaldehyde in PBS (1X) 

for 15 minutes (200 μL per 12-well). Then, the cells were stained 

with 0.1% crystal violet (50 mg crystal violet powder in 5 mL eth-

anol/45 mL water) for 20 minutes (100 μL per 12-well). Subse-

quently, after washing with PBS, 500 μL 10% acetic acid was 

added to each well and incubated for 20 minutes on shaker. Fi-

nally, out 0.5–1 mL of stain was taken out and absorbance was 

checked at 590 nm.

Statistical analysis

For the statistical analysis the experimental group differences 

were calculated by Student’s t-test or one-way ANOVA with Bon-

ferroni’s correction for multiple comparisons. Drug concentrations 

effect in two cell types were assessed by two-way ANOVA with 

Sidak’s correction. All data were analyzed by GraphPad Prism 

(v.4.00; GraphPad Software, San Diego, CA, USA). Data were 

presented as the mean and standard error of the mean. Signifi-

cance level was set at 0.05.

RESULTS

Stored HepG2 (P) and HepG2 (R) cells were recultured to per-

form the present experiments. As earlier (Ankita Makol, Ph.D. 

thesis, 2017) the HepG2 cell line was treated with minimal con-

centrations of sorafenib inhibitory concentration (IC)-20 dissolved 

in DMSO, continuously for long period followed by further frac-

tional dose elevation to mimic the clinical settings. As a result, 

sorafenib-resistant HepG2 cell line was established.22 The chemo-

resistance nature of HepG2 cells was characterized in view of mi-

croscopic analysis (Fig. 1A) and dose-response assessment (IC-50) 

in presence of different doses of the sorafenib (Fig. 1B). The IC-50 

value of resistant cells was 2.25 fold higher than parental cells.

Protein profiling and identification of differentially 
expressed proteins in HepG2 cells

In order to detect candidate protein marker which may have 

role in development of resistance against sorafenib, the compara-

tive protein profiling of HepG2 (P) and HepG2 (R) cells was done 

using SDS-PAGE followed by coomassie staining (Fig. 2A). The six 

fragments (1, 2, 3, 4, 5, and 6) on the coomassie stained gel (Fig. 

2B) were selected for MALDI-TOF-MS analysis. Among them pep-

tide mass fingerprinting (PMF) of each in-gel digested four sam-

ples along with the respective theoretical weight, protein cover-

age, peptide matches which were documented from Swiss-Prot 

for each samples (Supplementary Table 1). The identified proteins 

were further confirmed by MS analysis. The analysis resulted in 

the identification of four proteins which were differentially ex-

pressed in HepG2 (P) and HepG2 (R) cells. 

According to PMF analysis, sample 1 (excised protein band) was 

identified to be glucose regulated protein 78 (GRP78)  which is 

highly expressed in HepG2 (R) as compared to HepG2 (P) cells 

whereas sample 2 was identified to be actin, highly expressed in 

HepG2 (R) in comparison to HepG2 (P) cells. On the contrary, 

Figure 1. (A) Morphological analysis of HepG2 (P) and HepG2 (R) cells. (B) Sorafenib dose response curve [IC50 HepG2 (P) = 1.6 µM; IC50 HepG2 (R) = 
3.6 µM; fold resistance = 2.25]. HepG2 (P), HepG2 parental; HepG2 (R), HepG2 sorafenib-resistant; Conc., concentrations.
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sample 3 was identified to be TRAP1 that was highly expressed in 

HepG2 (P) cells as compared to HepG2 (R) cells. Sample 4 was 

identified to be vimentin with theoretical mass 50 kDa which was 

similar to observed molecular weight (53,676 Da), protein cover-

age 44%, peptide matches 31. Vimentin was further confirmed by 

MS-MS analysis. Two peptides of molecular weight 1,572 Da and 

1,094 Da were analysed which showed the identification with 

peptides of vimentin which was highly expressed in HepG2 (P) 

cells in comparison to HepG2 (R) cells (Supplementary Fig. 1).

Expression of vimentin in HepG2 (P) and HepG2 (R) 
cells 

The expression level of vimentin was examined in both HepG2 

(P) and HepG2 (R) cells at mRNA levels by qRT-PCR. Vimentin 

gene expression was resulted to be downregulated in HepG2 (R) 

cells in comparison to HepG2 (P) (Fig. 3C). These results were fur-

ther confirmed at protein level through analysis of vimentin by 

flow cytometry. The protein expression analysis using phycoery-

Figure 2. (A) Protein profile of HepG2 (P) and (R) cells on 10% SDS-PAGE 
stained with Coomassie brilliant blue. (B) Excision of protein bands from 
HepG2 cells [lanes: 1-HepG2 (P); 2-HepG2 (R); M-BLUelf Prestained Pro-
tein Ladder]. HepG2 (P), HepG2 parental; HepG2 (R), HepG2 sorafenib-re-
sistant; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electro-
phoresis.
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Figure 3. (A) Representative FACS plots of: (i) HepG2 (P) cells without antibody (control), (ii) HepG2 (P) cells with anti-vimentin antibody, (iii) HepG2 (R) 
cells without antibody (control), and (iv) HepG2 (R) cells with anti-vimentin antibody. (B) Protein level expression of vimentin in HepG2 (P) and HepG2 
(R) cells. (C) Vimentin expression in HepG2 (P) and HepG2 (R) cells. HepG2 (P), HepG2 parental; HepG2 (R), HepG2 sorafenib-resistant; FACS, fluores-
cence-activated cell sorting.
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therin labelled anti-vimentin antibodies (mouse anti-human anti-

bodies) revealed higher expression of vimentin in HepG2 (P) cells 

as compared to HepG2 (R) cells (Fig. 3A, B).

Vimentin expression in response to sorafenib 

In the presence, of different concentrations of sorafenib (1.0, 

2.5, 5.0, and 7.5 μM), the relative expression levels of vimentin in 

HepG2 (P) and HepG2 (R) cells has shown deregulated behaviour. 

Moreover, at sorafenib conc. 5 μM, vimentin expression was sig-

nificantly decreased in HepG2 (R) cells. Therefore, this concentra-

tion was selected for further experiments (Fig. 4).

Vimentin expression in relation to withaferin A and 
its combination with sorafenib 

Withaferin A is a steroidal lactone found in the restorative plant, 

Withania somnifera (Ashwagandha). It is reported as a potent in-

hibitor of vimentin, as it is known to cause the aggregation of tet-

rameric form of vimentin.23 We found that gene expression levels 

of vimentin was downregulated in the HepG2 (R) cells when 

treated with increasing concentrations of withaferin A. In HepG2 

(R) cells, the vimentin expression was significantly decreased at 

withaferin A drug concentration of 0.25 μM (IC-50 value; >6 fold 

decrease). 

Further, we also examined the gene expression of vimentin in 

HepG2 (R) cells in response to the combination of withaferin A 

and sorafenib as compared to the untreated ones. It was observed 

that when HepG2 (R) cells were treated with the combination of 

sorafenib (5 μM) and withaferin A (0.25 μM; IC-50 value), the 

gene expression of vimentin showed a significant decrease in 

comparison to untreated cells (Fig. 5).

Effect of vimentin inhibition on sorafenib resistance: 
expression analysis of ABCG2 

ABCG2 transporters are known to be commonly associated with 

the development of drug resistance in majority of cancers.24 Eluci-

dating the targeted effect of withaferin A on the ABCG2 gene ex-

pression in HCC cells, we analyzed the effects of its incremented 

doses as well as in combination with sorafenib.

As expected, the ABCG2 gene expression was higher in HepG2 

(R) cells as compared to HepG2 (P) cells (Fig. 6A). Further, the lev-

els of ABCG2 gene were observed to decrease with 0.25 μM (IC-

50 value) withaferin A treatment in HepG2 (R) cells and at drug 

concentrations of 0.5 μM, the levels of ABCG2 were observed to 

decrease significantly (Fig. 6B).

Effect of vimentin inhibition on cell viability of 
HepG2 cells

The effect on cell viability via withaferin A treatment and com-

bination of withaferin A with sorafenib was assayed through crys-

tal violet staining. This analysis depicted the dose dependent cy-

totoxic effect of withaferin A and combination of withaferin A 

with sorafenib. The cell number significantly decreased with in-

creasing concentration of withaferin A as well as with the combi-

nation of sorafenib and withaferin A (Fig. 7A).

Figure 4. Vimentin expression in response to different concentrations 
of sorafenib (S) in HepG2 cells. HepG2 (P), HepG2 parental; HepG2 (R), 
HepG2 sorafenib-resistant. *P=0.263.
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The cell viability of HepG2 (P) and HepG2 (R) cells was also con-

firmed through the MTT assay. On treating the cells with different 

concentrations of withaferin A as well as in combination with 

sorafenib (5 μM), the cell viability was found to decrease signifi-

cantly in both HepG2 (P) and HepG2 (R) cells (Fig. 7B).

As increasing concentration of withaferin A as well as its combi-

nation with sorafenib, the only first-line therapy for advanced HCC 

has a direct effect on cell viability of both HepG2 (P) and HepG2 

(R) cells.

Hence, inhibition of vimentin might involve modulating 

sorafenib resistance as well as proliferation of HCC.

DISCUSSION

HCC is the primary cancer of liver and the leading cause of 

death in patients with liver diseases. The first-line systemic thera-

py of choice for advanced HCC is sorafenib that is known to ex-

tend the median survival time moderately by 2–3 months. How-

ever, long-term exposure of sorafenib has been reported to induce 

adaptive resistance in patients. The main processes which are 

known to have a role in sorafenib resistance broadly include hy-

poxic microenvironment, autophagy and EMT etc. EMT is a pro-

cess of acquiring more metastatic and invasive properties similar 

to mesenchymal cells and is stated as losing the normal epithelial 

properties, like cellular polarity and cell-cell contact by the epithe-

lial cells. Vimentin, a cytoskeleton protein of 57 kDa, is a highly 

conserved and broadly expressed protein of the type III Intermedi-

ate Filament protein family. Vimentin expression is restricted to 

mesenchymal cells. Vimentin has gained much attention in cancer 

biology as a sanctioned marker of EMT, lately. EMT is a cellular re-

programming process in which the epithelial cells lose their cellu-

Figure 6. Effect of vimentin inhibition on sorafenib resistance: (A) ABCG2 expression in HepG2 cells. (B) In response to withaferin A (WA) in HepG2 (R) 
cells. HepG2 (P), HepG2 parental; HepG2 (R), HepG2 sorafenib-resistant. *P=0.021.
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lar polarity, downregulation of the epithelial markers like E-cad-

herins and keratin, and acquires a mesenchymal phenotype that 

results in change of shape and shows increased motility of cells. 

The process of EMT is related to the development of resistance 

against certain chemotherapeutic drugs and vimentin expression 

has been observed to be upregulated in various tumor cell lines 

and tissues. Thus, we would like to study the role of vimentin in 

proliferation as well as sorafenib resistance in hepatocellular car-

cinoma. 

In present study, the proteomic profiling of parental [HepG2 (P)] 

and sorafenib-resistant [HepG2 (R)] cells revealed the downregu-

lation of vimentin in HepG2 (R) cells as compared to HepG2 (P) 

cells. This result was further confirmed at mRNA level by qRT PCR 

and at protein level by flow cytometry analysis. A study in 2016 

by Yi Huo et al. also reported the similar pattern of downregula-

tion of vimentin in cisplatin resistant ovarian cancer cells. Then, 

we investigated the effect of different doses of sorafenib on gene 

expression of vimentin and at 5 μM sorafenib conc. there is signif-

icant downregulation of vimentin expression. Further, to evaluate 

significance of vimentin inhibition in sorafenib resistance, a well 

known inhibitor of vimentin was used that mediates its aggrega-

tion and disassembly. Withaferin A successfully lowered down the 

levels of vimentin in HepG2 (R) cells. 

In HCC sorafenib resistance, ABCG2 is one of the prominent ef-

flux pumps belonging to the family of ABC (ATP binding cassette) 

transporters, involved in efflux of sorafenib out of resistant cancer 

cells.25,26 We analyzed the effect of withaferin A on ABCG2 ex-

pression in HepG2 (R) cells to understand its targeted action. In 

our study, withaferin A significantly decreased the levels of 

ABCG2 gene in HepG2 (R) cells which indicated towards the prob-

able role of vimentin in the establishment of sorafenib resistance 

in HCC cells. 

Studies reported about the cytotoxic effect of Withaferin A in 

cancer cells.27 To evaluate its cytotoxic nature our both crystal vio-

let as well as MTT assays has demonstrated that using increasing 

dose of withaferin A as well as in combination with sorafenib 

both resulted to decrease cell viability of both HepG2 (P) and 

HepG2 (R) cells significantly. 

Thus, the modulation of vimentin may result in the shift in pro-

liferation as well as sorafenib resistance in HCC. Hence, our re-

sults demonstrated that vimentin is an eminent marker as well as 

its significance as a potential therapeutic target to treat sorafenib 

resistance in HCC.

This study connotes that vimentin is crucial for cell survival as 

its inhibition resulted in cell cytotoxicity in both HepG2 (P) and 

HepG2 (R) cells. Nonetheless, vimentin expression in resistant 

HCC cells was observed to be lowered, the inhibition further has 

proved detrimental to the resistant cells. Further, deciphering the 

specific resistance mediators, the effect of withaferin A was 

checked on ABC transporter gene. For the first time, the present 

study suggesting that withaferin A leads to a decrease in the ex-

pression of ABCG2 gene in sorafenib-resistant HCC [HepG2 (R)] 

cells. The inhibitor, withaferin A, mediating its anti-cancer action 

through cell apoptosis significantly decreased the expression of 

vimentin as well as cell viability in a dose dependent manner. This 

observed shift in resistant cells towards a parental-cell profile fur-

ther hints the effect of vimentin in sorafenib resistance as its inhi-

bition with withaferin A as a combination therapy along with only 

current targeted drug, sorafenib.

However, our study has some limitations. All experiments were 

performed using only one human HCC cell line (HepG2) and it 

was not possible to perform in vivo experiments. Thus, future re-

search in this area is required to completely understand the mech-

anism and validate this study.
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Background/Aims: The American Association for the Study of Liver Diseases recommends ultrasound (US) screening 
for hepatocellular carcinoma (HCC) among cirrhotic patients, regardless of body mass index (BMI), every 6 months. We 
examined US sensitivity for diagnosis of HCC in obese patients.
Methods: Liver transplant patients data with HCC in explant was used (January 2012-December 2017). All patients 
underwent liver US within 3 months of diagnosis of HCC. Number/size of HCC lesions were extracted from radiologic and 
pathologic reports. Obesity was defined as BMI ≥30 kg/m2.
Results: One hundred sixteen patients were included. 80% were male, with mean BMI of 31 kg/m2. The most common 
underlying liver disease was hepatitis C virus (62%). At the time of diagnosis, median number of HCC lesions was 2 
(interquartile range [IQR], 1–3), and median size of the largest lesion was 2.5 cm (IQR, 1.75–3.9). Overall sensitivity of US 
study for detection of HCC was 33% (95% confidence interval [CI], 29–48%). Sensitivity was 77% (95% CI, 62–93%) in 
patients with BMI<30 and 21% (95% CI, 11–30%) in patients with BMI≥30 (P<0.001). Size of the largest HCC lesion (P=0.290) 
and number of lesions (P=0.505) were not different between groups. Computed tomography (CT) scan detected HCC in 
98% of the obese patients with negative US.
Conclusions: Sensitivity of US for detection of HCC is significantly lower among obese patients compared to overweight 
and normal weight patients. These patients may benefit from alternating between US and a different imaging modality.
(Clin Mol Hepatol 2020;26:54-59)
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Study Highlights
The American Association for the Study of Liver Diseases (AASLD) recommends ultrasound (US) screening for hepatocellular carcinoma (HCC) 
among patients with cirrhosis, regardless of body mass index (BMI), every 6 months. However based on this study sensitivity of US for detection of 
HCC is significantly lower among obese patients compared to overweight and normal weight patients. These patients may benefit from alternating 
between US and a different imaging modality, i.e., computed tomography or magnetic resonance imaging.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fourth leading cause of 

cancer-related death in the world.1 HCC usually happens in the 

context of pre-existing chronic liver disease, and its clinical diag-

nosis is difficult, commonly necessitating using an imaging modal-

ity for diagnosis.2 As cirrhosis is the single most important risk 

factor for HCC in North America, national and international clini-

cal guidelines recommend surveillance of all patients with cirrho-

sis for HCC.2-5 Imaging the liver or using blood levels of biomark-

ers have been studied as potential surveillance strategies. 

Measuring the plasma levels of alfa-fetoprotein (AFP) for screen-

ing of HCC has poor accuracy,6,7 and its use for surveillance, espe-

cially as a stand-alone test is discouraged by current practice 

guidelines.2 Although contrast-enhanced liver computed tomogra-

phy (CT) or magnetic resonance imaging (MRI) have been validat-

ed as accurate diagnostic tests for HCC.8,9 their use for surveil-

lance is costly and accumulating radiation exposure over time in 

case of CT is problematic. Therefore currently a liver ultrasound 

(US) every 6 months is recommended as the surveillance strategy 

of choice for patients with cirrhosis.2-4

Use of ultrasound for HCC surveillance in obese patients has 

been reported to be controversial due to potentially decreased ac-

curacy.5,10,11 Prevalence of obesity has been increasing both in 

United States and globally.12 Moreover, obesity is a major risk fac-

tor for non-alcoholic fatty liver disease (NAFLD)13-15 and recent 

studies show an increase in prevalence of NAFLD and non-alcoholic  

steatohepatitis (NASH) cirrhosis, as well as an increase in NAFLD 

as the underlying liver disease in patients with HCC.16-20 Given 

these trends which lead to increasing frequency of obesity among 

patients with cirrhosis and HCC,21,22 it is important to evaluate the 

impact of obesity on the accuracy of US for surveillance of HCC.

In this retrospective study, we evaluated the accuracy of US for 

surveillance of HCC among liver transplant patients, using patho-

logic examination of the explant as the gold standard for diagno-

sis of HCC. The effect of patients’ body mass index (BMI) on the 

accuracy of US for HCC surveillance was assessed and compared 

to the results of MRI and CT in such population. 

MATERIALS AND METHODS

Study population and data collection

The study protocol was approved by the Cleveland Clinic Insti-

tutional Review Board. Between January 2012 and December 

2017, consecutive liver transplant patients who were diagnosed 

with HCC based on the pathologic examination of their explant 

entered the study. In each explant, the number of HCC lesions, 

their diameter, and the histological differentiation of the tumor 

were recorded. For each liver transplant, patient’s gender, age, 

BMI at the time of transplant, underlying liver disease, and date 

of transplant were recorded. Obesity was defined as BMI ≥30. 

Electronic medical records of these patients were reviewed and 

data was extracted on the date of diagnosis of HCC. Also, the 

method of HCC diagnosis was recorded (i.e., US, CT, MRI, or diag-

nosed during the examination of the explant).

For patients whose HCC was first diagnosed based on a screen-

ing US, data was extracted from the US findings, including date 

of US, number of HCC lesions, and size of the largest lesion. For 

patients whose HCC was diagnosed based on a diagnostic test 

other than US, same data was extracted from a screening US 

within a 3-month period prior from the date of diagnosis of HCC. 

Similar data on presence or absence of HCC and characteristics of 

lesions were collected on CT and MRI findings when applicable.

Sensitivity of US for diagnosis of HCC was calculated and com-

pared to the gold standard which was diagnosis of HCC in explant 

pathology. US sensitivity in diagnosis of HCC was compared be-

tween different BMI subgroups. Additionally, diagnostic utility of 

CT and MRI imaging was evaluated for diagnosis of HCC.

Statistical analysis

All analysis was done with stata data analysis and statistical 

software (version 11.2 SE; StataCorp LLC, College Station, TX, 

USA). Variables are reported as number (percentage), mean (stan-

dard deviation) or median (interquartile range, IQR). Categorical 

variables are compared between groups with chi-square test. In-

terval variables are compared between groups with Wilcoxon 

rank-sum and t-tests. Confidence intervals (CIs) for proportions 

are calculated using normal distribution approximation. P -value 

less than 5% was defined as clinically significant. All P-values are 

two-sided. 

RESULTS

Patient characteristics

Between January 2012 and December 2017, 169 consecutive 
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liver transplantations were confirmed to have HCC in pathological 

examination of the explant. One hundred and sixteen patients 

had at least one screening US within the 3-month period of the 

date of diagnosis of HCC and were included in the study. Main 

risk factor for HCC in all these patients was known diagnosis of 

cirrhosis. AFP was elevated in 83% of the patients (mean of 

48±12). In all cases HCC was identified in the background of cir-

rhosis. On pathology exam, 66% of the patients had well-differ-

entiated HCC, 30 had moderately-differentiated HCC, 4% had 

poorly-differentiated HCC.

73% of these patients received at least one type of locoregional 

therapy prior to liver transplant (including radiofrequency abla-

tion/micro wave ablation in 41%, transarterial chemoembolization 

and bland embolization in 25% and transarterial radioembloiza-

tion in 7% of the patients). The majority of study population was 

male and obese (80% and 65%, respectively). Mean BMI was  

31 kg/m2 (range, 20–43). Overall 62% of the patients had a BMI 

≥30 kg/m2 and 38% of the patients had BMI <30 kg/m2. The 

most common underlying liver disease was chronic hepatitis C vi-

rus infection in 72 patients (65.0%), followed by alcoholic cirrho-

sis in 16 (13.7%), and NASH in eight patients (6.8%). Less com-

mon etiologies for cirrhosis were cryptogenic cirrhosis, chronic 

hepatitis B virus infection, primary biliary cholangitis, hemochro-

matosis and alpha 1 antitrypsin deficiency, in order of frequency. 

The mean Model for End-Stage Liver Disease Na score at the 

time of transplant was 18. 13% of the patients were Child-Tur-

cotte-Pugh class A, 34% class B and 53% class C at the time of 

transplant. On average patients had 2.0 (IQR, 1–3) HCC lesions 

on pathologic examination with the average size of the largest le-

sion being 2.5 cm (IQR, 1.75–3.9) (Table 1). In all patients, post 

transplantation immunosuppression regimen consisted of different 

combinations of tacrolimus, or cyclosporine, and mycophenolate 

mofetil and prednisone.

Diagnosis of HCC and sensitivity of US

Among the 116 patients, 38 (32.7%) had their HCC diagnosed 

by US. Sixty-five (56.0%) were diagnosed by CT, three (2.6%) 

with MRI, and 10 (8.6%) were diagnosed after transplant by ex-

amination of the explant. The method of HCC diagnosis was sig-

nificantly different depending on patient’s body habitus and 

weight. While in the majority of patients (59%) with BMI <30, 

Table 1. Charactersitics of patients with HCC

Variable Value

Total 116

Male 93 (80)

Age, mean (range) 58 (48–71)

BMI 31±4.4

BMI ≥30 75 (65)

Hypertension 42 (7)

Diabetes mellitus 15 (17)

MELD 18±5

CTP score (%)

A 13

B 34

C 53

Number of HCC lesions* 2 (1–3)

Size of largest HCC lesion* (cm) 2.5 (1.75–3.9)

Values are presented as mean±standard deviation, number (%), or median 
(interquartile range).
HCC, hepatocellular carcinoma; BMI, body mass index; MELD, Model for 
End-Stage Liver Disease; CTP, Child-Turcotte-Pugh.
*Based on pathological examination of the explant.

Table 2. Characteristic of HCC lesions

Characteristics of patients 
and their HCC lesions

BMI
P-value

<30 ≥30

Number 41 (35) 75 (65) NA

Mean BMI 26±2.5 33±2.9 NA

Mean age 57±9 59±7 0.152

Male 33 (81) 60 (80) 0.950

HCC first diagnosed by <0.001

US 24 (59) 14 (19)

CT 15 (37) 50 (67)

MRI 1 (2) 2 (3)

Pathology 1 (2) 9 (12)

Number of HCC lesions at 
diagnosis*

1 (1–2) 1 (1–2) 0.734

Size of largest HCC lesion at 
diagnosis* (cm)

2.2 (1.8–4) 2 (1.8–3) 0.373

Number of HCC lesions in  
the explant† 2 (1–3) 1 (1–3) 0.545

Sensitivity of US (CI) (%) 77 (62–93) 21 (11–30) <0.001

Values are presented as mean±standard deviation, number (%), or median 
(interquartile range) unless otherwise indicated.
HCC, hepatocellular carcinoma; BMI, body mass index; NA, not applicable; 
US, ultrasound; CT, computed tomography; MRI, magnetic resonance 
imaging.
*As reported at diagnosis with US, CT, MRI or pathological exam of explant.
†As reported on pathological exam of the explant.
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the diagnosis was made with US; in the majority of patient (67%) 

with BMI ≥30, HCC diagnosis was made with CT scan (P-value 

<0.001) (Table 2).

Overall sensitivity of a single US for detection of HCC was 33% 

(95% CI, 24–41%) in the study population. When sensitivity of 

US was calculated for each subgroup of patients based on their 

BMI, the sensitivity was 59% (95% CI, 43–74%) in non-obese 

patients, as compared to sensitivity of 19% (95% CI, 10–28%) in 

obese patients (P-value <0.001). Age, gender, number and size of 

largest HCC lesion at diagnosis were not significantly different be-

tween non-obese and obese patients (Table 2).

Seventeen non-obese patients (41%) and 61 obese patients 

(81%) had falsely negative US within 6 months of HCC diagnosis 

detected by another diagnostic method. Sixteen out of 17 non-

obese patients (94%) and 52 out of 61 obese patients (85%) with 

falsely negative US had been evaluated for HCC with either CT or 

MRI. Alternate imaging with either CT or MRI had a sensitivity of 

100% in both groups for diagnosis of HCC. 

DISCUSSION

American Association for the Study of Liver Diseases (AASLD) 

recommends screening for HCC in cirrhotic patients using ultra-

sound every 6 months.23 The reported sensitivity of unenhanced 

ultrasound for detection of HCC varies significantly based on dif-

ferent studies (between 34% and 100%).24 However, it has been 

shown that sensitivity of ultrasound drops significantly in obese 

patients.25 AASLD recommendations regarding HCC screening has 

been made regardless of the BMI of the patient. Considering the 

lower sensitivity of US in detecting HCC in obese patients, current 

HCC recommendations can potentially cause a delay in diagnosis 

of HCC in this patient population. This can be one of the reasons 

for the worse prognosis and larger tumor size in patients with 

NASH induced HCC.25

This needs extra attention given the high prevalence and grow-

ing number of obese population in the United States. Based on 

the report form Centers for Disease Control and Prevention, the 

prevalence of obesity was 36.5% (crude estimate) among United 

States adult population during 2011–2014, which is more than 

one-third of this population. From 1999–2000 through 2013–

2014, a significant increase in obesity was observed in adults.26 

Lower sensitivity of ultrasound in obese patients and risk of delay 

in timely diagnosis of HCC, has a significant effect on prognosis, 

treatment options (cure vs. palliative measures) as well as on 

long-term survival post liver transplant. Mazzaferro et al.27 

showed a higher post transplantation recurrence rates in patients 

with single lesion larger than 5 cm or multiple nodules any of 

which exceeds 3 cm. This is the rationale behind Milan criteria, 

used by United Network for Organ Sharing.

In a study done by Chalasani et al.28 in 1999, 84% of the 473 

members of AASLD indicated use of some form of surveillance 

practice, with majority (69%) using ultrasound as the only imag-

ing modality. In our study, ultrasound sensitivity in detecting HCC 

was assessed in the entire studied population as well as in differ-

ent BMI sub-groups. Overall sensitivity of a single US for detec-

tion of HCC was 33% (95% CI, 24–41%) in the study population. 

It was shown that, sensitivity of ultrasound drops significantly as 

BMI increases. US sensitivity in detecting HCC was 59% (95% CI, 

43–74%) in non-obese patients with BMI <30, as compared to 

sensitivity of 19% (95% CI, 10–28%) in obese patients with BM 

≥30 (P-value <0.001).

This study has some limitations. First, this is a retrospective 

study with all its inherent limitations. Second, liver ultrasound 

was performed by different radiologists and therefore prone to in-

terobserver variability. The other limitation of this study is possi-

bility of missed sub centimeter HCCs on the explants which can 

be missed on 5–10 mm sectioning.

Theoretically, using an alternative method of imaging for HCC 

screening, CT scan or MRI, can potentially decrease the rate of 

missed cases of HCC and reduce the delay in diagnosis and treat-

ment of this cancer. However, performing CT scan every 6 months 

(as recommended by AASLD), imposes a significant accumulative 

radiation dose over years. One option would be applying different 

methods of imaging, i.e., alternating ultrasound and CT scan or 

MRI every 6 months.

Based on this study, and due to the concern with US sensitivity 

in detecting HCC –especially in obese patients– and given the 

prognostic significance of earlier diagnosis; a more sensitive imag-

ing modality especially in obese population appears to be a ne-

cessity.
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Influence of some methylated hepatocarcinogenesis-
related genes on the response to antiviral therapy and 
development of fibrosis in chronic hepatitis C patients
Waleed Seif Eldin Mohamed Mostafa1,2, Mohammed Hassan Saiem Al-Dahr2, Dalia Abdel Hamid Omran3,  
Zeinab Fathy Abdullah1, Suzan Hamdy Elmasry4, and Mohamed Nabil Ibrahim2

1Virology and Immunology Unit, Department of Cancer Biology, National Cancer Institute, Cairo University, Cairo, Egypt; 2Department 
of Clinical Laboratory Sciences, College of Applied Medical Sciences, Jouf University, Al-Qurayyate, Kingdom of Saudi Arabia; 3De-
partment of Endemic Medicine and Hepatogastroenterology, Faculty of Medicine, Cairo University, Cairo, Egypt; 4Department of 
Biochemistry, Ibn Sina National College for Medical Studies, Jeddah, Kingdom of Saudi Arabia

Background/Aims: Epigenetics involved in multiple normal cellular processes. Previous research have revealed the role 
of hepatitis C virus infection in accelerating methylation process and affecting response to treatment in chronic hepatitis 
patients. This work aimed to elucidate the role of promoter methylation (PM) in response to antiviral therapy, and its 
contribution to the development of fibrosis through hepatocarcinogenesis-related genes. 
Methods: A total of 159 chronic hepatitis Egyptian patients versus 100 healthy control group were included. The 
methylation profile of a panel 9 genes (SFRP1, p14, p73, APC, DAPK, RASSF1A, LINE1, O6MGMT, and p16) was detected in 
patients’ plasma using methylation-specific polymerase chain reaction (MSP). 
Results: Clinical and laboratory findings were gathered for patients with combined pegylated interferon and ribavirin 
antiviral therapy. Regarding the patients’ response to antiviral therapy, the percentage of non-responders for APC, 
O6MGMT, RASSF1A, SFRP1, and p16 methylated genes were significantly higher versus responders (P<0.05). Of the 159 
included patients, the most frequent methylated genes were SFRP1 (102/159), followed by p16 (100/159), RASSF1A (98/159), 
then LINE1 (81/159), P73 (81/159), APC (78/159), DAPK (66/159), O6MGMT (66/159), and p14 (54/159). A total of 67/98 (68.4%) 
cases of RASSF1A methylated gene (P=0.0.024), and 62/100 (62%) cases of P16 methylated gene (P=0.03) were associated 
with mild-degree fibrosis. 
Conclusions: To recapitulate, the PM of SFRP1, APC, RASSF1A, O6MGMT, and p16 genes increases in chronic hepatitis 
C patients, and can affect patients’ response to antiviral therapy. The RASSF1A and P16 genes might have a role in the 
distinction between mild and marked fibrosis. (Clin Mol Hepatol 2020;26:60-69)
Keywords: Peginterferon alfa-2b; Ribavirin; Fibrosis; Hepatitis C, Chronic

Copyright © 2020 by Korean Association for the Study of the Liver
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Study Highlights
• We detected 9 hepatocarcinogenesis-related genes in chronic HCV cases.
• SFRP1, APC, RASSF1A, O6MGMT & P16 genes can be used as predictors of antiviral response.
• RASSF1A & p16 methylated genes might be helpful in predicting fibrosis stage.
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INTRODUCTION

Chronic liver disease may be defined as a disease of the liver 

that lasts over a period of 6 months. It comprises liver pathologies 

such as chronic hepatitis, liver cirrhosis, and hepatocellular carci-

noma.1 Hepatitis C virus (HCV) infection is one of the causes that 

associated with chronic liver diseases. Infections with the HCV are 

pandemic, and the World Health Organization (WHO) estimates a 

world-wide prevalence of 3%. In Middle Europe, about 1% of the 

population is infected, mostly with genotype 1 (85% in Austria). 

In developing countries, chronic hepatitis C (CHC) is the most 

prominent cause for liver cirrhosis, hepatocellular carcinoma and 

liver transplantation.2

Ribavirin/pegylated-interferon combination therapy is currently 

the most effective treatment for hepatitis C infection. Clearance 

of this HCV can be predicted by a sustained virological response 

(SVR).3 The main predictors of SVR are HCV genotype, stage of fi-

brosis, baseline HCV RNA levels, the dose and duration of thera-

py, IL28B polymorphism, body mass index (BMI), age, insulin re-

sistance, gender, the levels of alanine aminotransferase (ALT), 

gamma glutamyl-transferase (GGT), and co-infection with human 

immunodeficiency virus (HIV) or other hepatotropic virus.4 Many 

authors have found that different types of cancer, including hepa-

tocellular carcinoma (HCC), show distinct DNA methylation pro-

files; suggesting the existence of cancer-type specific methylation 

signatures.5 Others have shown that the presence of hepatitis vi-

ruses, especially HCV, could play a role in accelerating the methyl-

ation process which is involved in HCC development, potentiate 

the progression of HCV related liver disease and affect its re-

sponse to treatment.6,7

Molecular pathogenesis of hepatocarcinogenesis still unclear. 

However, it has been revealed that epigenetic changes, especially 

global DNA hypomethylation concomitant with locus-specific 

DNA hypermethylation in gene promoters, plays vital roles in car-

cinoma progression.8,9 DNA methylation markers could be utilized 

to detect human cancers in blood, plasma, secretion, or exfoliated 

cytology specimens and predict the risk of cancer develop-

ment.10,11 Thus, cell free DNA circulating in plasma of chronic liver 

disease patients may represent a promising non-invasive alterna-

tive for HCC screening and monitoring. Progression from chronic 

hepatic inflammation to the fibrotic/cirrhotic stage is supported by 

numerous core pathways, observed in other fibrotic diseases, as 

well as tissue- or injury-specific pathways that are only activated 

in particular conditions.12,13

Therefore, the present work was applied to verify the previous 

results,7,14 and elucidate the role of promoter methylation (PM) in 

the response to antiviral therapy, and its contribution to the de-

velopment of fibrosis using some hepatocarcinogenesis-related 

genes such as SFRP1, p14, p73, APC, DAPK, RASSF1A, LINE1, 

O6MGMT, and p16.

MATERIALS AND METHODS

Patient specimens

This study was done on 159 Egyptian patients with chronic gen-

otype 4 hepatitis C in addition to 100 healthy control group. 

These patients were eligible for ribavirin/pegylated interferon 

combination therapy. Selection of patients was based on clinical 

and histological examinations. Inclusion criteria were morphologic 

evidence of chronic hepatitis, normal renal function (normal creat-

inine level), normal prothrombin time, elevated hepatic function 

(elevated bilirubin, aspartate aminotransferase and ALT levels), 

normal cardiac enzymes, HIV-antibody (Ab) negative by ELISA, 

hepatitis B surface antigen (HBsAg) negative by ELISA and hepati-

tis B virus (HBV) DNA negative by polymerase chain reaction 

(PCR), and anti-HCV positive by ELISA. Informed consents were 

obtained from all the participants enrolled in the study, which 

was performed in accordance with the declaration of Helsinki, lo-

cal and national laws.

Laboratory investigations

They were done, and HCV RNA was quantified using quantita-

tive real time PCR15 at baseline, after 12, 24, 48, and 72 weeks of 

anti-viral therapy. Histological examination was done on core 

needle biopsies to determine the grade of necro-inflammation 

and the stage of fibrosis according to the Metavir scoring system 

prior to treatment. For the steatosis assessment tool, it was con-

firmed histologically, and expressed as % values of fatty changed. 

Also, it was checked by abdominal ultrasonography, each criterion 

of none, minimal, mild, and moderate steatosis was demonstrated 

in Table 1. Clinical and laboratory follow up were done for every 

patient to report any adverse side effects and treatment response 

according to interferon treatment guidelines.

DNA extraction

DNA was extracted from patient’s plasma before receiving riba-
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virin/pegylated interferon combination therapy, according to the 

previously published protocol.16 DNA was extracted through a 

phenol/chloroform treatment. Briefly, equal volume of buffer 

equilibrated phenol (pH 7.0–7.5) was added to samples and vor-

texed. The upper aqueous layer was removed with a “cut down” 

pipette tip, and an equal volume of phenol/chloroform (1:1) was 

then added to the aqueous supernatant and vortexed. The upper 

aqueous layer was removed again in a similar fashion, and an 

equal volume of chloroform/isoamyl (24:1) was then added and 

vortexed. Sodium acetate (3 M) (pH 4.7–5.2) was added to the 

aqueous supernatant, followed with ice-cold ethanol. Samples 

were then incubated overnight at -8°C. After decantation of the 

liquid, the DNA pellet was recovered and dissolved in sterile wa-

ter. The purity and integrity of the DNA was confirmed by carrying 

out β-actin gene amplification.

Bisulphate conversion and methylation-specific 
polymerase chain reaction (MSP)

After DNA extraction, it was subjected to bisulfite treatment us-

ing EZ DNA methylation kit that uses 300 ng of the extracted nu-

cleic acid. This was followed by MSP using the primer sequences 

and the methylation-specific PCR conditions illustrated in Table 2. 

DNA methylation of CpG islands for SFRP1, p14, p73, APC, DAPK, 

RASSF1A, LINE1, O6MGMT, and p16 genes was determined using 

specific primers for methylated (M) and unmethylated (UM) DNA. 

Table 1. Clinico-pathological features of 159 Egyptian patients with chronic genotype 4 hepatitis C 

Variable Responders (n=81) Non-responders (n=78) Total P-value

Age (years) 37.8±6.8 40.8±9.0 38.1±8.9 0.462

Sex, M/F 75/12 60/12 135/24 0.805

BMI (kg/m2) 26.51±3.86 70.06 ±11.79 49.7 ± 8.9 0.03*

WBC (2.5–30.0×103/mm3) 6.5±2.4 6.3±1.7 6.4 ± 2.1 0.149

Hemoglobin (9–17 gm/dL) 14.2±1.5 14.2±1.7 14.2±1.6 0.641

Platelets (100–600×103/mm3) 188.1±63.6 209.3±65.7 197.7± 64.8 0.683

Albumin (3.5–5.5 gm/dL) 4.2 ± 0.4 4.1 ± 0.3 4.2 ± 0.5 0.207

Total bilirubin (0.1–1.2 mg/dL) 0.78±0.21 0.80±0.33 0.79±0.27 0.116

ALT (0–42 IU/L) 101.11±181.11 121.35±401.73 118.11±231.11 0.617

AST (0–42 IU/L) 52.30±30.23 62.35±32.73 57.23±31.59 0.155

ALP (0–290 IU/L) 124.81±72.43 107.81±64.30 116.47±68.45 0.406

AFP (0–10 ng/mL) 5.3 ± 7.3 7.2 ± 10.4 10.1±1.5 0.346

HCV viral load (IU/mL) 193.000±108.000 338.000±237.000 244.231±101.000 0.789

Fibrosis

Mild to moderate (F1 & F2) 63 (77.7) 57 (73.1) 120 (75.5) 0.03*
(F1 & F2 vs. F3 & F4)

Marked (F3 & F4) 18 (22.3) 21 (26.9) 39 (24.5)

Necroinflammatory activity 0.01* (A1 & A2 vs. A3 & A4)

A1 & A2 69 (85.1) 72 (92.3) 141 (88.6)

A3 & A4 12 (14.9) 6 (7.7) 18 (11.4)

Steatosis 0.459

None 18 (66.7) 9 (33.3) 27 (17)

Minimal 9 (42.9) 12 (57.1) 21 (13.2)

Mild 47 (54) 39 (44.8) 87 (54.7)

Moderate 12 (50) 12 (50) 24 (15.1)

Values are presented as mean±standard deviation or number (%).
M, male; F, female; BMI, body mass index; WBC, white blood cells; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; 
AFP, α-fetoprotein; HCV, hepatitis C virus.
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Table 2. Primers sequences and conditions of the methylation specific PCR

Gene Primer sequence AT (°C) MgCl2 (mM) No. of cycles

SFRP117

MF TTT AGT AAA TCG AAT TCG TTC GC 60 4.5 40

MR TAA AAT ACG CGA AAC TCC TAC G

UF TTT TAG TAA ATT GAA TTT GTT TGT GA 60 4.5 40

UR TAA AAT ACA CAA AAC TCC TAC AAC

p1418

MF GTGTTAAAGGGCGGCGTAGC 54 4.5 35

MR AAAACCCTCACTCGCGACGA

UF TTTTTGGTGTTAAAGGGTGGTGTAGT 56 4.5 35

UR CACAAAAACCCTCACTCACAACAA

p7318

MF GGACGTAGCGAAATCGGGGTTC 62 4.5 35

MR ACCCCGAACATCGACGTCCG

UF AGGGGATGTAGTGAAATTGGGGTTT 62 4.5 35

UR ATCACAACCCCAAACATCAACATCCA

APC19

MF TATTGCGGAGTGCGGGTC 62 4.5 35

MR TCAACGAACTCCCGACGA

UF GTGTTTTATTGTGGAGTGTGGGTT 59.2 4.5 35

UR CCAATCAACAAACTCCCAACAA

DAPK18

MF GGATAGTCGGATCGAGTTAACGTC 59 4.5 35

MR CCCTCCCAAACGCCGA

UF GGAGGATAGTTGGATTGAGTTAATGTT 59 4.5 35

UR CAAATCCCTCCCAAACACCAA

RASSF1A19

MF TTCGTCGTTTAGTTTGGATTTTG 54.4 4.5 35

MR CCGATTAAACCCGTACTTCG

UF TGTTGTTTAGTTTGGATTTTGG 52 4.5 35

UR TACAACCCTTCCCAACACAC

LINE127,28

MF GCGCGAGTCGAAGTAGGGC 60 4.5 40

MR CTCCGACCAAATATAAAATATAATCTCG

UF ATTTTAGTATTTTGGGAGGTCGAGGC 60 4.5 40

UR GCAATCTCGACTCACTACAAA CTCCG

O6MGMT18

MF TTTCGACGTTCGTAGGTTTTCGC 56 3.5 35

MR GCACTCTTCCGAAAACGAAACG

UF TTTGTGTTTTGATGTTTGTAGGTTTTTGT 56 4.5 35

UR AACTCCACACTCTTCCAAAAACAAAACA
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Negative control specimens (without DNA) were included in each 

PCR set. PCR products were analysed on 4% ethidium bromide-

stained agarose gel and visualized under UV.17-19

Statistical analysis

Statistical analysis was done using IBM SPSS Statistics 21.0 (In-

ternational Business Machines Corporation Company, New York, 

NY, USA). For categorical variables, percentages were calculated, 

and differences were analysed with chi square tests and Fisher’s 

exact test when appropriate. Continuous variables were analysed 

as mean±standard deviation or median and range as appropriate. 

Differences among continuous variables with normal distribution 

were analysed by Student’s t -test; comparison between three 

groups was done using Kruskel-Wallis test (non-parametric ana-

logue for analysis of variance). P-value which is less than (0.05) 

was considered statistically significant.

RESULTS

Clinico-pathological features of the patients

The demographic, laboratory, and histopathological data of the 

159 patients (81 responders and 78 non-responders) are illustrat-

ed in Table 1. No significant difference was observed between the 

two groups (responders and non-responders) regarding age, sex, 

haematological parameters, liver profile, HCV viral load. However, 

a significant difference was found in other variables such as BMI, 

Fibrosis, necroinflammatory activity, and steatosis (Table 1).

HCV RNA results

For HCV RNA levels by RT-PCR technique, there was no signifi-

cant difference (P=0.789) between responders (193.000±108) 

and non-responders (338.000±237) for the 159 CHC patients be-

fore treatment (Table 1). HCV RNA results at different treatment 

end points and follow up of our patients were done to detect 

treatment response as shown in Table 3.

Methylation frequency of the studied genes in 
plasma samples

The methylation frequency of SFRP1, p14, p73, APC, DAPK, 

RASSF1A, LINE1, 6MGMT, and p16 genes for chronic HCV-4 Egyptian 

patients and healthy control group is shown in Table 4, Figure 1, 2. 

Regarding the patients’ response to antiviral therapy, the percent-

age of non-responders for APC, O6MGMT, RASSF1A, SFRP1, and 

p16 methylated genes were significantly (P<0.05) higher versus 

responders (Table 4, Fig. 2), where it was 75.6%, 75.8%, 69.4%, 

63.7%, and 65% versus 24.4%, 24.2%, 30.6%, 36.3%, and 35% 

for APC, O6MGMT, RASSF1A, SFRP1, and p16 methylated genes 

respectively.

Of the 159 included patients, the most frequent methylated 

genes were SFRP1 (102/159), followed by p16 (100/159), RASSF1A 

(98/159), then LINE1 (81/159), P73 (81/159), APC (78/159), DAPK 

(66/159), O6MGMT (66/159), and p14 (54/159) (Fig. 1). 

Promotor methylation index

It defined as the ratio between the number of methylated genes 
and the total number of the studied genes for each sample was 

calculated for all patients.19 For methylation index, no significant 

difference was found between responders and non‐responders 

(2.65±1.31 and 2.71±1.23; P=0.67) respectively. Also, there is no 

significant difference between mild fibrosis (F1 and F2) and 

marked fibrosis (F3 and F4) except for RASSF1A (P=0.024) and 

p16 (P=0.03) methylated genes (Table 5).

Gene Primer sequence AT (°C) MgCl2 (mM) No. of cycles

p1618

MF TTATTAGAGGGTGGGGCGGATCGC 68 1.5 33

MR GACCCCGAACCGCGACCGTAA

UF TTATTAGAGGGTGGGGTGGATTGT 58 4.5 33

UR CAACCCCAAACCACAACCATAA

PCR, polymerase chain reaction; AT, annealing temperature; MF, methylated forward; MR, methylated reverse; UF, unmethylated forward; UR, unmethylated 
reverse.

Table 2. Continued
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DISCUSSION

The foremost predictors of response to interferon-based HCV 

therapy included both patient and viral factors. Patient factors 

that were associated with worse response to interferon-based 

therapy included male gender, older age, high BMI, advanced liver 

fibrosis, history of failed treatment, black race, non-CC IL28B 

genotype, and the presence of certain comorbid conditions, such 

as HIV coinfection, insulin resistance, or diabetes. Viral factors 

that were associated with worse response included non-geno-

type-2 infection, high viral load, and unfavourable viral kinetics 

during treatment.4,20

Some authors have revealed that hepatitis viruses infection 

might play a role in fast-tracking the methylation process which is 

involved in HCC development, and affect its response to treat-

ment.6,19,21,22 Progression from chronic hepatic inflammation to the 

fibrotic/cirrhotic stage is supported by numerous core pathways, 

observed in other fibrotic diseases, as well as tissue- or injury-

specific pathways that are only activated in particular condi-

tions.12,13

In an early work done by our group,16 detection of APC, FHIT, 

p15, p16 and E-cadherin-PM (range, 67.9–89.2%) had been done 

in the plasma and tissues of 28 chronic HCV and/or HBV-associat-

ed HCC patients, with a high concordance for all studied genes. 

However, no significant association was found, in this study, be-

tween the methylation status of any gene and the presence of 

hepatitis virus infection. This was partially attributed to the small 

sample size in this study. Then, we assessed the contribution of 

methylation status to the development and progression of HCV-

associated HCC and CH in Egyptian patients using a specific panel 

of genes (APC, FHIT, p15, p73, p14, p16, DAPK1, CDH1, RARb, 

RASSF1A, O6MGMT).19 We found that HCV infection may contrib-

ute to hepatocarcinogenesis through enhancing PM of certain 

genes. A panel of 4 genes (APC, p73, p14, O6MGMT) out of 

11 tested genes successfully classified cases into HCC or CH with 

high accuracy (89.9%), sensitivity (83.9%) and specificity (94.7%). 

A more extended confirmatory study, including 516 Egyptian pa-

tients with HCV-related liver disease (208 HCC, 108 liver cirrhosis, 

100 CHC, and 100 controls), was then performed to detect PM of 

P14, P15, P73 and Mismatch repair gene (O6MGMT) in patient’s 

plasma by using EpiTect Methyl qPCR Array technology.23 The 

candidate genes selection (SFRP1, p14, p73, APC, DAPK, RASS-

F1A, LINE1, O6MGMT, and p16) of the present work was analyzed 

by the Gene Expression Profiling Interactive Analysis database.

Table 3. HCV RNA of the 159 CHC patients at different treatment end points

HCV RNA (+/-) by RT-PCR after weeks Non-responder (n=78) Responder (n=81) Total P-value

PCR-W12

Negative 69 (46.0) 81 (54.1) 150 (100.0)

Positive 9 (100.0) 0 (0.0) 9 (100.0) 0.032*

Total 78 (49.1) 81 (50.9) 159 (100.0)

PCR-W24

Negative 66 (44.9) 81 (55.1) 147 (100.0)

Positive 12 (100.0) 0 (0.0) 12 (100.0) 0.022*

Total 78 (49.1) 81 (50.9) 159 (100.0)

PCR-W48

Negative 27 (25.0) 81 (75) 108 (100.0)

Positive 51 (100.0) 0 (0.0) 51 (100.0) <0.001*

Total 78 (49.1) 81 (50.9) 159 (100.0)

PCR-W72

Negative 6 (6.9) 81 (93.1) 87 (100.0)

Positive 72 (100.0) 0 (0.0) 72 (100.0) <0.001*

Total 78 (49.1) 81 (50.9) 159 (100.0)

Values are presented as number (%).
HCV, hepatitis C virus; CHC, chronic hepatitis C; RT-PCR, reverse transcription-polymerase chain reaction; W, weeks.
*P-value <0.05 is considered significant.
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In the current study, significant efforts had been done to eluci-

date the role of PM to the response to antiviral therapy and its 

contribution to the development of fibrosis using some hepatocar-

cinogenesis-related genes. Percentage of non-responders for APC, 

O6MGMT, RASSF1A, SFRP1, and p16 methylated genes were sig-

nificantly (P<0.05) higher than those in responders. The most fre-

quent methylated genes in the 159 CHC patients was SFRP1 

(102/159), followed by p16 (100/159), RASSF1A (98/159), then 

LINE1 (81/159), P73 (81/159), APC (78/159), DAPK (66/159), 

O6MGMT (66/159), and p14 (54/159). In a previous study done by 

Iyer et al.16, they detected a high frequency of 5 methylated genes 

(APC, FHIT, p15, p16 and E-cadherin) which ranged from 67.9% 

to 89.2% in the plasma and tissues of 28 chronic HCV and/or 

HBV-associated HCC patients. Although, no significant associa-

tion was found in his study between the methylation status of any 

gene and the presence of hepatitis virus infection which could be 

attributed to the small sample size. Also, in a previous study done 

by our group,7 we assessed the contribution of methylation status 

Table 4. Methylation frequency of the studied genes for 159 Egyptian patients with chronic genotype 4 hepatitis C in relation to treatment response

Methylation status
Response to treatment

Total (n=159) Control (n=100) P-valueNon-responders  
(n=78; 49.1%)

Responders  
(n=81; 50.9%)

SFRP1

M 65 (63.7) 37 (36.3) 102 (64.2) 5 (5.0) 0.043*

U 13 (22.8) 44 (77.2) 57 (35.8) 95 (95.0)

p14

M 27 (50.0) 27 (50.0) 54 (34.0) 6 (6.0) 0.930

U 51 (48.6) 54 (51.4) 105 (66.0) 94 (94.0)

p73

M 45 (55.6) 36 (44.4) 81 (50.9) 4 (4.0) 0.328

U 33 (42.3) 45 (57.7) 78 (49.1) 96 (96.0)

APC

M 59 (75.6) 19 (24.4) 78 (49.1) 5 (5.0) 0.02*

U 19 (23.5) 62 (76.5) 81 (50.9) 95 (95.0)

DAPK

M 24 (36.4) 42 (63.6) 66 (41.5) 7 (7.0) 0.097

U 54 (58.1) 39 (41.9) 93 (58.5) 93 (93.0)

RASSF1A

M 68 (69.4) 30 (30.6) 98 (61.6) 5 (5.0) 0.031*

U 10 (22.0) 51 (78.0) 61 (38.4) 94 (94.0)

LINE1

M 46 (56.8) 35 (43.2) 81 (50.9) 4 (4.0) 0.37

U 32 (41.0) 46 (59.0) 78 (49.1) 96 (96.0)

O6MGMT

M 50 (75.8) 16 (24.2) 66 (41.5) 7 (7.0) 0.021*

U 28 (23.7) 65 (76.3) 93 (58.5) 93 (93.0)

p16

M 65 (65.0) 35 (35.0) 100 (62.9) 6 (6.0) 0.04*

U 13 (22.0) 46 (78.0) 59 (37.1) 94 (94.0)

Values are presented as number (%).
M, methylated; UM, unmethylated.
*P-value <0.05 is considered significant.
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to the development and progression of HCV-associated HCC and 

CH in Egyptian patients using a specific panel of genes (APC, 

FHIT, p15, p73, p14, p16, DAPK1, CDH1, RARb, RASSF1A, O6MG-

MT). We found that HCV infection may contribute to hepatocar-

cinogenesis through enhancing the promotor methylation of cer-

tain genes. On the other hand, Huang et al.,14 determined whether 

methylation status in plasma could be employed for monitoring 

the multistep carcinogenesis, multiplex MSP was applied to assay 

the methylation status for p16, SFRP1, and LINE1 in plasma speci-

mens of 119 HCC patients, 105 LC patients, 52 patients with be-

nign lesions and 50 healthy people. Therefore, Huang et al.14 

found that the modification in the expression of p16, SFRP1, and 

LINE1 genes might be involved in the process of hepatocarcino-

genesis. 

The present work has shown that the most frequent methylated 

genes in the 159 CHC patients were SFRP1, p16, RASSF1A, APC, 

and O6MGMT, where they were 102 (64.2%), 100 (62.9%), 98 

(61.6%), 78 (49.1%), and 66 (41.5%), respectively. This finding 

does not go well with the previous study done by Zekri et al.7 

where they found that 06MGMT had the highest methylation fre-

quency among HCV infected patients (64.2%) followed by p73 

(50.9%), APC (49.1%), RASSF1A/DAP-kinase (41.5%), and p14 

(34%). This discrepancies in results might be attributed to a small 

sample size of his study, where it was done on 53 CHC cases 

comparing to 159 chronic HCV patients and 100 healthy controls 

of the current work.

For the PM of the studied genes and degree of fibrosis, 67/98 

(68.4%) cases of RASSF1A methylated gene (P=0.0.024) and 

62/100 (62%) cases of p16 methylated gene (P=0.03) were asso-

ciated with mild fibrosis. This finding was close to the results that 

found by Zekri et al.7 where they stated that only PM of the RASS-

F1A gene was significantly associated with mild fibrosis in the 

studied patients (P=0.0.019). However, his study was done on six 

genes (p14, p73, APC, DAPK, RASSF1A, and O6MGMT) of 53 

chronic HCV patients while our study was applied on nine genes 

(SFRP1, p14, p73, APC, DAPK, RASSF1A, LINE1, O6MGMT, and 

p16) of 159 CHC patients. This finding might be explained by the 

fact that DNA methylation modification is played by the HCV core 

protein which inhibit the expression of the CDKN2A gene, that 

encodes for p16INK (inhibitor of cell proliferation) by up-regulat-

Table 5. Correlation between methylation of the studied genes and degree of fibrosis

Methylated gene Mild fibrosis (F1 & F2) (n=120; 75.5%) Marked fibrosis (F3 & F4) (n=39; 24.5%) P-value

SFRP1 47/102 (46.0%) 55/102 (54.0%) 0.68

p14 26/54 (48.2%) 28/54 (51.8%) 0.73

p73 36/81 (44.5%) 45/81 (55.5%) 0.69

APC 36/78 (46.2%) 42/78 (53.8%) 0.45

DAPK 29/66 (43.9%) 37/66 (56.1%) 0.36

RASSF1A 67/98 (68.4%) 31/98 (31.6%) 0.024*

LINE1 35/81 (43.2%) 46/81 (56.8%) 0.35

O6MGMT 36/66 (54.4%) 30/66 (45.6%) 0.68

p16 62/100 (62.0%) 38/100 (38.0%) 0.03*

*P-value <0.05 is considered significant.

120
100

80
60
40
20

0

102

5 6 5 4 4 5 7 7 6

100 98
81 81 78

66 66
54

Chronic HCV patients Control group

SFR
P1

p16

RASSF1A LIN
E1 p73

APC
DAPK

O6MGMT
p14

Figure 1. Frequency of the methylated genes in chronic hepatitis C pa-
tients and healthy control group. HCV, hepatitis C virus.
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methylated genes in chronic hepatitis c patient. 
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ing the methyltransferases DNMT1 and DNMT3b.24,25 Moreover, 

HCV core protein also increases the methylation of RASSF1A pro-

moter, a negative regulator of the Ras pathway, by inducing the 

histone methyltransferase SMYD3.25,26 Therefore, our results pro-

vide an evidence for the role of RASSF1A, and p16 genes in the 

induction of fibrogenesis in chronic HCV patients.

In conclusion, the PM of SFRP1, APC, RASSF1A, O6MGMT, and 

p16 genes increases in CHC patients. These methylated genes can 

significantly affect patients’ response to antiviral treatment, 

whereas RASSF1A and p16 genes are involved in the process of fi-

brogenesis and possibly will have a role in the distinction between 

mild and marked fibrosis in those patients.
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Dear Editor,

Polycystic liver disease is a genetically heterogeneous disorder, 

involving derangements on at least three different chromo-

somes.1,2 Some patients with polycystic liver disease may develop 

complications as the result of massive hepatomegaly or progress 

to advanced liver disease. In the symptomatic polycystic liver dis-

ease patient, surgical therapy and/or liver transplantation remain 

the mainstay of therapy.2,3 Although the benefits of tolvaptan, an 

inhibitor of vasopressin type 2 (V2) receptor, on the progression 

of renal dysfunction in autosomal dominant polycystic kidney dis-

ease (ADPKD) are well established,4 the influences on liver cysts 

have not been well delineated. Indeed, only one report was seen 

until now.5 We recently experienced a case suggesting the effica-

cy of tolvaptan to manage polycystic liver disease. The present 

case indicated that tolvaptan reduced liver as well as kidney vol-

ume in ADPKD, presumably by shrinking cysts. 

A 37-year-old woman with family history of ADPKD complained 

abdominal fullness. Figure 1 showed her clinical course. Physical 

examination blood pressure of 144/102 mmHg and hepatomeg-

aly, the liver and kidney function were normal (Table 1, prothrom-

bin time-international normalized ratio: 1.02). Abdominal comput-

ed tomography (CT) showed polycystic liver and kidneys (Fig. 2). 

The liver and the total kidney volume were 8,674 and 1,024 mL, 

respectively (Fig. 3). The CT scan data were transferred to the 

workstation (Ziostation system 610, Amin Co., Ltd., Tokyo, Japan) 

to generate 3D image and assess organ volume. Left and right 

kidney volumes were combined to calculate the total kidney vol-

ume. Since she preferred medical management, irbesartan (200 

mg/day) was first prescribed after counselling on family planning.6 

A year later, her blood pressure dropped to 115/84 mmHg. Al-

though her liver volume was essentially unchanged to 8,781 mL, 

kidney volume was increased to 1,194 mL. 

She started to take tolvaptan (60 mg/day) to limit the growth of 

renal cysts.4 Of note, Japanese Ministry of Health, Labour and 

Welfare approved to apply large doses of tolvaptan (up to 120 

mg/day) for the patients with progressive ADPKD. Since then, she 

has been visiting our office once a month (Fig. 1). No adverse re-

actions including hepatic events were found at any visits (Table 1). 

Another year later, her kidney and liver volume were reduced to 

1,047 and 7,846 mL (Fig. 3), suggesting that cysts in both kidneys 

and liver were shrunk. Notably, her abdominal fullness was im-

proved, and abdominal CT revealed near-complete disappearance 

of a large hepatic cyst (74 mm in diameter) in the S6 segment (Fig. 

2). She neither complained abdominal pain or discomfort, nor ex-

hibited abnormal liver function test at any visits, implicating that 

hepatic cyst rupture was unlikely. She is still taking irbesartan (200 

mg/day) and tolvaptan (60 mg/day) without any side effects. 

Recent studies show that cholangiocyte autophagy, which is as-

sociated with activation of the cyclic adenosine monophosphate 

(cAMP)-protein kinase A and of cAMP response element-binding 

The management of polycystic liver disease by tolvaptan
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protein signaling pathway, contributes to cystogenesis in polycys-

tic liver disease.7 Further, follicle-stimulating hormone (FSH) recep-

tors are seen in biliary epithelial cells from normal and ADPKD pa-

tients.8 FSH increases c-AMP in cholangiocytes, inducing biliary 

growth via ERK. In addition, Mancinelli et al. have demonstrated 

that cholangiocytes express V2 receptors that are upregulated in 

the liver of ADPKD patients, and that vasopressin causes an in-

crease in the proliferation and cAMP, a second messenger of V2 

receptor, in human cholangiocytes from the cystic epithelium.9 In-

deed, tolvaptan inhibits the vasopressin-induced increase in 

cAMP in cholangiocytes. 

Clinically, somatostatin analogues can be used for medical man-

agement of polycystic liver disease.10 Lanreotide (120 mg) reduced 

liver volume by 3% in 6 months. Somatostatin analogues are now 

mainly used for endocrine diseases as they exhibit severe adverse 

effects such as gallstone. An aberrant relation between intracellu-

lar calcium and c-AMP is proposed as the mechanism of liver cyst 

formation.3,7 As discussed, tolvaptan reduces c-AMP in cholangio-

cytes.9 Although 14 out of 135 ADPKD patients experienced he-

patic events in Tolvaptan Efficacy and Safety in Management of 

Autosomal Dominant Polycystic Kidney Disease and its Outcomes 

(TEMPO) extension Japan trial, they recovered after the interrup-

tion of tolvaptan.11,12

Collectively, our case is consistent with the notion that tolvap-

tan suppresses liver cyst growth by reducing cAMP to inhibit au-

tophagy and proliferation of cholangiocytes in polycystic liver dis-

1st CT scan 2nd CT scan 3rd CT scan

Admission

Irbesartan
200 mg/day

Tolvaptan
60 mg/day

Before one year

Office visit

After one year0 year

1st visit

Figure 1. Timeline of the case. We asked the patient to admit when starting tolvaptan to circumvent severe adverse reactions such as dehydration 
and liver dysfunction, and advised her to take the amount of fluid similar to urine volume. The administration of tolvaptan increased urine volume 
from 1,250 to 3,700 mL/day. CT, computed tomography.

Table 1. Time course of blood biochemical profile

Time (months)

Before 12 Before 6 0 3 6 9 12

Alb (g/dL) 4.6 4.5 4.6 4.5 4.6 4.8 4.5

TB (mg/dL) 0.6 0.9 0.8 0.7 0.9 1.0 0.7

LDL-C (mg/dL) 88 109 108 103 91 107 104

HDL-C (mg/dL) 56 66 65 69 60 71 69

AST (U/L) 14 20 28 19 21 23 19

ALT (U/L) 12 15 24 14 15 22 13

GGT (U/L) 28 27 36 36 38 40 37

Cr (mg/dL) 0.76 0.74 0.72 0.72 0.73 0.73 0.71

Na (mEq/L) 140 142 140 139 139 139 140

Tolvalpan was started after measurements at time 0.
Alb, albumin; TB, total bilirubin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; GGT, gamma glutamyl transpeptidase; Cr, creatinine; Na, sodium.
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Figure 2. Abdominal computed tomography scan was obtained at her first visit (before one year), prior to administration of tolvaptan (0 year) and a 
year after tolvaptan treatment (after one year), in a patient with polycystic liver disease. The scan shows disappearance of the previously visualised liver 
cyst in the S6 segment. R, right; L, left.

Figure 3. Time course of the liver and the total kidney volume. Tolvaptan was started at 0 year. Tolvaptan treatment for a year induced approximately 
10% reductions in liver (A) and kidney (B) volume.
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ease,7,9 and suggests that tolvaptan treatment can be performed 

safely in patients with polycystic liver disease. These provide po-

tential applicability of tolvaptan for polycystic liver disease pa-

tients with normal liver function to manage hepatomegaly, and 

warrant further clinical investigations to examine the effects of 

tolvaptan as a novel agent militating against liver cyst progres-

sion.3 
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Dear Editor,

Fibrolamellar hepatocellular carcinoma (FLHCC) is a rare tumor, 

historically thought to be a form of primary hepatocellular carcinoma 

(HCC). FLHCC affects primarily younger individuals (5–35 years of 

age), however there appears to be a double peak of incidence at 

ages 5–30 and 70–79.1 In contrast to primary HCC, the individu-

als affected with FLHCC classically lack a history of underlying liv-

er disease or cirrhosis.1 The incidence of this rare entity varies 

geographically, while it represents less than 1% of primary liver 

tumors in the United States, in Mexico it represents 5.8% of all 

primary liver cancers.1

Currently, curative surgical resection remains the primary treat-

ment modality for FLHCC. Unfortunately, there are limited thera-

peutic options for patients who are afflicted with unresectable or 

metastatic disease. From a clinical standpoint there has been lim-

ited success in the management of advanced unresectable can-

cers with cytotoxic chemotherapeutic regimens and the outcomes 

remain poor.1,2

Similar to other abdominal tumors, FLHCC may present with 

nausea, abdominal fullness, abdominal pain and/or weight loss. A 

distinguishing feature however, is the increased rate of paraneo-

plastic manifestations. There have been reports of FLHCC present-

ing with tumoral hormone production, such as androgen aromati-

zation resulting in gynecomastia, thyroid hormone and β-HCG 

production.3,4

Hyperammonemia is a rare and dreaded complication of che-

motherapy for certain malignancies, including gastrointestinal 

stromal tumors, neuroendocrine tumors and myeloma. Several 

cases have been recently reported of hyperammonemia associated 

with FLHCC, even in the absence of recent chemotherapy. Here 

we present a case of aggressive FLHCC presenting with hyperam-

monemic encephalopathy, in the absence of underlying liver dys-

function.

A 32-year-old female with metastatic FLHCC presented with 

elevated transaminases thought to be secondary to nivolumab-

associated hepatitis. She was diagnosed with FLHCC at the age of 

26 and initially treated with 2 stages of chemoembolization, 

followed by surgical removal of her remaining cancer 6 months 

later. Given recurrent metastatic disease, involving the gallbladder, 

mediastinal lymph nodes and pleura (Fig. 1), the patient received 

dif ferent regimens of systemic chemotherapy. Sorafenib, 

Ponatinib, Gemcitabine, Oxiplatin and Folfox were administered 

sequentially in the listed order, starting 4 years prior to presenta-

tion and discontinued about a year before symptoms started. The 

last chemotherapeutic intervention was nivolumab given every  

2 weeks at a standard dose for 3 months and discontinued  

2 months prior to presentation. The patient had mild to moderate 

transaminitis in the setting of Nivolumab use and this was discon-

Hyperammonemic encephalopathy: An unusual  
presentation of fibrolamellar hepatocellular carcinoma
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tinued. Additionally, interval cross-sectional imaging revealed that 

disease progression. The patient received dexamethasone around 

this time for transaminitis and persistent nausea.

Approximately 10 days later, patient was hospitalized at a local 

hospital for acute confusion with an elevated ammonia level of 

204 µmol/L. Lactulose was initiated with improvement. Her liver 

enzymes remained elevated although her bilirubin, alkaline phos-

phatase, prothrombin time and serum albumin levels remained 

within normal limits, indicating preserved synthetic liver function. 

Approximately a month later, her symptoms recurred and she was 

transferred to our facility. Lactulose was continued and Rifaximin 

was added (Fig. 2). Viral hepatitis serologies, CMV PCR and HSV 

were negative. An ultrasound guided liver biopsy was performed 

and it was negative for drug induced hepatitis or other etiologies, 

but it revealed mild steatosis, presumably secondary to the gluco-

corticoid treatment. Repeat contrast-enhanced abdominal imag-

ing was negative for portosystemic shunts or additional findings.  

Plasma amino acids elevated glutamine with significant decrease 

A B

Figure 1. (A, B) Contrast enhanced chest computed tomography imaging showing the tumor (white arrow) and pleural metastasis (black arrow). 

Figure 2. Time-course of ammonia levels during treatment and associated interventions. PO, per os.
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in her essential amino acids which was reflective of hyperammo-

nemia and severe catabolic stress. However, arginine and citrul-

line were not significantly decreased, ruling out primary inborn 

error of urea metabolism. Furthermore, genetic testing was ob-

tained and it was negative for urea cycle disorders.

Unfortunately, the patient’s mental status continued to deterio-

rate and it progressed to West Haven grade 4 encephalopathy, re-

quiring intubation for airway protection. Her ammonia level at this 

point was  300 µmol/L, despite lactulose and rifaximin, and a de-

cision was then made to commence ammonia scavenging therapy 

with sodium phenylacetate 55 mL/m2 along with 120 mL arginine 

and start D10W continuous infusion to avoid protein catabolism. 

Repeat embolization of the largest hepatic tumor was performed 

for possible intratumoral portosystemic shunting, but with no 

benefit. Subsequently to the patient was transitioned to glycerol 

phenyl butyrate 2.5 mL TID and 3 g citrulline q.i.d. The ammonia 

levels decreased, reaching a nadir of 57 µmol/L, but rose again 

following a single dose of prednisone for a truncal rash. Steroids 

were withheld as they were thought to be contributing to the ele-

vated ammonia levels by inducing a catabolic state. The ammonia 

level further decreased and her mental status returned to base-

line. Patient was dismissed home on L-citrulline, glycerol phenyl-

butyrate, lactulose and rifaximin. Unfortunately her course contin-

ued to fluctuate with multiple readmissions for recurrent 

encephalopathy. Given progression of her malignancy and ex-

tremely poor quality of life, the patient and the family opted to 

transition to comfort measures and hospice. The patient deceased 

several weeks later.

Although most frequently seen in advanced liver disease, porto-

systemic shunting and urea cycle disorders, the potential causes 

of hyperammonemic encephalopathy (HAE) are many. As such, a 

thorough evaluation and avoiding premature closure are impor-

tant.

There have been reports of HAE occurring as a complication or 

rather in conjunction with FLHCC. Only nine such cases have been 

published in the literature to this date.5-12  The hypothesized mech-

anisms of hyperammonemia in FLHCC are similar to other tumors, 

including chemotherapy-induced tissue necrosis leading to in-

creased nitrogen levels and overloading the urea cycle.7,11 Addi-

tionally, a recent hypothesis has been proposed by Sulaiman and 

colleagues suggesting HAE as a paraneoplastic manifestation of 

FLHCC.11 They speculate that FLHCC might release an inhibitor of 

the ornithine transcarbamylase (OTC) enzyme or that there might 

be increased activity of ornithine decarboxylase. An experimental 

study in animal models has demonstrated an inverse relationship 

between OTC activity and rate of growth of hepatomas. An inter-

esting phenomenon observed in this study was a significant de-

crease in OTC activity with induced starvation of hepatomas.13 

Another study has also demonstrated significant metabolic 

changes on FLHCC tumor cells, including upregulation of glycoly-

sis and suppression of Kreb’s cycle.14 These findings might be a 

step toward elucidating the possible mechanisms involved in FL-

HCC-related paraneoplastic phenomena. Furthermore, it is likely 

that the pre-existing hyperammonemia has been exacerbated by 

the development of a catabolic state induced by chemotherapy 

and the use of steroids.

Currently, there are no standard guidelines for the treatment of 

hyperammonemia in the setting of FLHCC. Treatment focuses on 

management of the acute crisis and prevention of future recur-

rences. A three step approach is recommended: reduction of ni-

trogen load by avoiding catabolic states, removing excess ammo-

nia and correcting precipitating causes. Chapuy et al.8 have 

proposed an algorithm for the diagnosis and treatment of hyper-

ammonemia in the setting of FLHCC. However, further research is 

required to validate these recommendations in the management 

of this condition.

In summary, we report a severe case of FLHCC-related hyperam-

monemic encephalopathy exacerbated by corticosteroid use, with 

only partial response to standard therapy, including ammonia 

scavengers. We hope with this case to increase awareness of this 

severe complication in patients with FLHCC.
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Dear Editor,

Philadelphia chromosome-negative myeloproliferative neo-

plasms (MPNs) which include polycythemia vera (PV), essential 

thrombocythemia (ET), and primary myelofibrosis (PMF) are char-

acterized by erythrocytosis, leukocytosis, thrombocytosis, bone 

marrow hypercellularity, splenomegaly, and extramedullary hema-

topoiesis.1 A rare complication of Philadelphia-negative MPNs is 

portal hypertension (PHT). Previous reports have indicated that 

the incidence of PHT in patients with MPN is approximately 7% to 

18%.2 The first manifestation of the disease may be complications 

of PHT, such as bleeding gastroesophageal varices (GEVs).3 Typi-

cally, endoscopic variceal ligation and sclerotherapy is used to 

control GEVs, and a transjugular intrahepatic portosystemic shunt 

(TIPS) is applied for variceal bleeding or refractory ascites.4

MPNs are often associated with Janus kinase 2 (JAK2) V617F 

mutations.5 JAK2 is a nonreceptor tyrosine kinase expressed by all 

hematopoietic stem cells; it relays the signal to induce cell prolif-

eration when cells are stimulated by external cytokines or growth 

factors.5,6 The JAK2 V617F mutation leads to the constitutive 

phosphorylation of JAK2 and stimulates the cell proliferation cas-

cade and the clonal proliferation of hematopoietic cells.6 The 

JAK2 V617 mutation may be a risk factor for splanchnic circulation 

thrombosis in patients with MPN and subclinical MPN, although 

the detailed mechanism has not been elucidated.2 An increased 
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JAK2 mutation frequency in splanchnic circulation thrombosis or 

extramedullary hematopoiesis is associated with a high PHT inci-

dence in patients with MPN. However, it is not clear whether spe-

cific subgroups of patients with MPN are more susceptible to the 

development of PHT or whether the JAK2 V617F mutation is as-

sociated with PHT in patients with MPN. 

In this retrospective study with a large cohort of MPNs, we 

evaluated the clinical characteristics of patients with PHT compli-

cated by GEVs and Philadelphia-negative MPNs. Most previous 

reports of PHT in MPN are case reports or case series, and de-

tailed clinical characteristics of patients are generally lacking.1,6-8 

The mechanisms underlying PHT in MPNs are still unclear. In-

creased blood flow into the portal system through the enlarged 

spleen is one of the primary causes of the development of PHT. 

The intrahepatic obstruction of the portal system due to myeloid 

metaplasia or sinusoidal change also increases portal pressure.9 

Thrombosis of the portal vein due to blood vessel endothelium 

damage also induce PHT.10

We designed a retrospective single-center study. This study was 

approved by the Institutional Review Board of Seoul St. Mary’s 

Hospital (KC19RESI0476). The medical records of all patients di-

agnosed with MPNs at Seoul St. Mary’s Hospital between January 

2009 and December 2018 were reviewed. BCR-ABL1-negative 

MPNs primarily include PV, ET, PMF, and myeloproliferative neo-

plasm unclassified (MPN-U). The clinical diagnosis of PV, ET, PMF, 

and MPN-U was conducted in accordance with the 2016 WHO 

classifications.11

Normal hepatic venous pressure gradient (HVPG) is typically 1 

to 5 mmHg, and significant PHT is considered as an increase in 

HVPG ≥10 mmHg, leading to the development of complications of 

PHT.12 Owing to the inability to measure HVPG or to perform en-

doscopy, PHT was evaluated by the existence of GEVs, as verified 

by abdominal computed tomography (CT). An esophageal varix 

was radiologically defined as an enhancing nodular tubular struc-

ture protruding into the esophageal lumen. A previous report 

demonstrated that CT showed a 90% sensitivity in the detection 

of large (>5 mm in diameter) GEVs.13 In our study, to increase the 

specificity of clinically significant GEV detection, the threshold di-

ameter for esophageal varix was set as 5 mm on abdominal CT. 

Data were collected at the time of the abdominal CT. Quantitative 

variables are expressed as medians (interquartile range), whereas 

percentages are reported for qualitative data. Comparisons be-

tween groups were performed using the Mann-Whitney test. Val-

ues of P<0.05 were considered statistically significant. 

Two hundred and twenty eight patients with MPN underwent 

contrast-enhanced abdominal CT at least once between January 

2009 and December 2018 (Table 1, 2). Among these 228 pa-

tients, 50 (21.9%) were diagnosed with PV, 72 patients (31.6%) 

had ET, 84 patients (36.8%) had PMF, and 22 patients (9.7%) did 

Table 1. Baseline patient characteristics

 
Total patients (n=228)

PV ET PMF MPN-U

Patients 50 (21.9) 72 (31.6) 84 (36.8) 22 (9.7)

PHT by GEVs 5 (10.0) 2 (2.8) 3 (3.6) 1 (4.5)

JAK2 V617F mutation 130 (57.0)

Positive 34 (68.0) 37 (51.4) 47 (56.0) 10 (45.5)

Negative 16 34 37 12

Not available 0 1 0 0

Values are presented as number (%).
PV, polycythemia vera; ET, essential thrombocythemia; PMF, primary 
myelofibrosis; MPN-U, myeloproliferative neoplasms-unclassified; PHT, portal 
hypertension; GEV, gastroesophageal varices.

Table 2. Clinical characteristics of patients with PHT

Value

Patients with PHT by GEVs  
(n=11, 5% of total patients)

PV 5 (45.5)

ET 2 (18.2)

PMF 3 (27.3)

MPN-U 1 (9.1)

Median age 60

Male 5 (45.5)

Anti-HCV positivity 0 (0)

HBsAg positivity 0 (0)

Portal vein thrombosis 3 (27.3)

JAK2 V617F mutation 11 (100)

Median total bilirubin (mg/dL) 1.54 (0.68–2.53)

Median albumin (g/dL) 4.3 (3.6–4.8)

Median INR 1.25 (1.15–1.60)

Treatment

Ruxolitinib 2

Hydroxyurea 7

Values are presented as median (range) or number (%).
PHT, portal hypertension; GEV, gastroesophageal varices; PV, polycythemia 
vera; ET, essential thrombocythemia; PMF, primary myelofibrosis; MPN-U, 
myeloproliferative neoplasms-unclassified; HCV, hepatitis C virus; HBsAg, 
hepatitis B surface antigen; JAK2, Janus kinase 2; INR, international 
normalized ratio.
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not meet the criteria for these three diseases and were classified 

as MPN-U. A total of 11 patients among 228 patients had GEVs, 

as confirmed by abdominal CT. A total of 130 out of 228 patients 

had the JAK2 V617F mutation and all patients with GEV had the 

JAK2 V617F mutation (57% vs. 100%, P=0.003). The incidence 

of the JAK2 V617F mutation in each group was as follows: 68% 

(34/50), PV; 52% (37/72), ET; 56% (47/84) PMF; 45% (10/22), 

MPN-U.

Among 11 patients having GEVs, five had PV, two had ET, three 

had PMF, and the remainder were classified as having MPN-U. 

The median age was 60, and five subjects were male. The median 

spleen size was 16.9 cm. No patients had chronic viral hepatitis or 

other chronic liver diseases such as hemochromatosis or autoim-

mune hepatitis (Table 1, 2). Three had portal vein thrombosis 

without abnormalities in coagulation factor assays. All these pa-

tients were evaluated for the liver function (international normal-

ized ratio, albumin, total bilirubin, presence of ascites, and pres-

ence of hepatic encephalopathy), and were categorized into Child-

Pugh class A, indicating that the liver function was well-preserved 

(Table 1, 2). Three patients had variceal bleeding, which had not 

been lethal and controlled by endoscopic ligation. Seven patients 

received hydroxyurea and two patients received ruxolitinib (a 

JAK1, 2 inhibitor), but both of the medication resulted in no 

changes in variceal size by CT imaging.

A 53-year-old patient was diagnosed with PMF in 2016 at Seoul 

St. Mary’s Hospital. Ruxolitinib treatment was started after the di-

agnosis. On August 4, 2017, he visited the emergency room pre-

senting with hematemesis, and esophageal varix bleeding was 

documented. The bleeding was successfully stopped by endo-

scopic ligation. Prominent varix formation (F3) was detected and 

TIPS was performed on August 10, 2017. In September of 2017, 

he developed hepatic encephalopathy and visited the hospital 

again. He and his family decided to undo the shunt and TIPS clo-

sure was performed on September 25, 2017. Within 1 month of 

the procedure, the patient presented with recurrent hematemesis. 

Esophageal varix bleeding was noted again and successfully ligat-

ed by endoscopy. The disease activity of PMF was stable, and the 

patient underwent successful living donor liver transplantation 

(LDLT) on November 24, 2017.

About 1 month after LDLT, in December of 2018, endoscopy re-

vealed that varices were nearly resolved (Fig. 1A, B). We reviewed 

histologic findings of the recipient liver (Fig. 1C). We detected dif-

Figure 1. Regression of GEVs after liver transplantation in a patient with PMF. (A) Images of esophago-gastroduodenoscopy. Left panel represents the 
lumen of esophagus before LDLT and right panel represents after LDLT. (B) Contrast-enhanced CT scan of the abdomen. Left panel is an axial view of 
GEV before LDLT. Right panel is an axial view of GEV after LDLT. Arrowheads depict GEVs on CT scan. (C) H&E stained histopathological images of ex-
plant liver. Left image is a low-power view of H&E sections of the explant (H&E, ×10). Right image is a high-power field image (H&E, ×240). Scale bar 
100 μm (arrowheads: myeloid metaplasia at sinusoids). GEV, gastroesophageal varices; PMF, primary myelofibrosis; LDLT, living donor liver transplanta-
tion; CT, computed tomography; H&E, Hematoxylin and eosin.
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fuse myeloid metaplasia at sinusoids, verifying the previous hy-

pothesis based on pathophysiology that extramedullary myeloid 

metaplasia plays an important role in PHT of MPNs. By Masson’s 

trichrome staining, we found a lack of fibrotic changes in the liver 

parenchyma, indicating that liver parenchymal injury is not the 

main pathophysiological factor.

Our analysis shows that about 5% of patients with MPN who 

underwent abdominal CT exhibited PHT, and three among 11 pa-

tients with PHT had variceal bleeding. Interestingly, our present 

study showed a strong correlation between the JAK2 V617F mu-

tation and PHT. In our study, however, ruxolitinib did not have 

promising results for the treatment of variceal bleeding. One pa-

tient had recurrent variceal bleeding and underwent LDLT, which 

dramatically decreased portal pressure.

Several previous studies have demonstrated an association be-

tween the JAK2 V617F mutation and PHT and/or portal vein 

thrombosis.1,14 It is possible that the blood flow velocity in portal 

venous systems is slow, leading to prolonged interactions be-

tween blood and endothelial cells. Increased blood cells due to 

the clonal expansion by JAK2 V617F mutation could provoke 

thrombosis in the portal venous system. Hydroxyurea and JAK in-

hibitors are primary treatment options in MPNs. In a previous re-

port on a patient who received ruxolitinib for PMF, PHT improved 

significantly, allowing discontinuation of all medications for asci-

tes and GEVs.9 However, another report showed no effect of hy-

droxyurea and ruxolitinib on regression of PHT.2 Our data also 

showed no effect of these drugs on the size change of GEVs. The 

discrepancy may stem from the degree of PHT. In our study, we 

defined PHT as having GEVs more than 5 mm on CT, which may 

reflect severe PHT by MPNs.

Our study had some limitations, including the retrospective de-

sign and the use of abdominal CT to detect PHT, rather than 

HVPG measurement. However, owing to the inconvenience and 

invasiveness of the procedure, we could not recommend it for ev-

ery patient.

In summary, patients with MPN can develop PHT and life-

threatening events such as variceal bleeding, particularly when 

the patient has JAK2 V617F mutation. In one patient, LDLT re-

solved PHT, suggesting that liver transplantation, rather than JAK 

inhibitors alone, is a therapeutic candidate when MPNs are well-

controlled. Our findings also suggest that gastrointestinal endos-

copy or abdominal CT should be performed to evaluate PHT in 

patients with Philadelphia-negative MPNs.
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All investigations involving human participants must be conducted according to the ethical guidelines of the Declaration 
of Helsinki, and be approved by the institutional review board. For studies involving animal experimentation, author(s) 
must provide assurance that all the animals received humane care according to the criteria outlined in the NIH “Guide 
for the Care and Use of Laboratory Animals”. The author must state that the use of animals (means all mammals and 
birds) in the manuscript was approved by the institutional Animal Ethical Committee (AEC) in accordance to the article 
14th of Korean Animal Protection Law, or equivalent, in the paper. It must be clearly stated that animal use has com-
plied to the article 13th of Korean Animal Protection Law (The principles of animal use) and the relevant institutional 
polices in the manuscript. Copies of the protocol approved by institutional AEC or equivalents, must be available for 
review by the editor if necessary. 
The corresponding author must give writ ten assurance that neither the submitted material nor portions thereof have 
been published previously or are under consideration for publication elsewhere. Any material that could constitute 
prior or concurrent publication of similar data by any one of the authors should be submitted with the manuscript. It is 
assumed that the corresponding author speaks for his or her co-authors and certif ies that all the listed authors mean-
ingfully participated in the study and that they have seen and approved the f inal manuscript. 
Authors should acknowledge any commercial af f iliation or consultancy that could be constructed as potential conflicts 
of interest under a heading “Conflict of Interest statement” prior to the references. 
For the policies on the research and publication ethics not stated in this instruc tions, ‘Good Publication Practice 
Guidelines for Medical Journals (https://www.kamje.or.kr/board/view?b_name=bo_publication&bo_id=7&per_page=)’ 
or ‘Guidelines on good publication (http://www.publicationethics. org.uk/guidelines)’ can be applied. 
Ensure correct use of the terms sex (when reporting biological factors) and gender (Identity, psychosocial or cultureral 
factors), and, unless inappropriate, report the sex and/or gender of study participants, the sex of animals or cells, and 
describe the methods used to determine sex and gender.
If the study was done involving an exclusive population, for example in only one sex, authors should justify why, ex-
cept in obvious cases, (e.g., prostate cancer).
Authors should define how they determined race or ethnicity and justify their relevance.
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Organization of the Manuscript

The manuscript should be written in A4 (21×30 cm) paper in double space texts by leaving 3 cm space in the right, left, top and bottom sides 
at 10 point fonts.

Original manuscripts

Original manuscripts describing clinical and basic studies in the field of hepatology. Manuscripts are expected to be well-organized and clearly 
written. They should not exceed 6,000 words, including the abstract, references, tables, and figure legends. No more than 8 figures and 
tables, with a maximum of 6 panels per figure. It is permitted for you to submit additional methodological details, non-essential figures or 
portions of your manuscript as supplementary material for online publication only. References cited in the main text may not be listed in the 
supplementary materials. The only references be listed in the supplement are those cited exclusively in the supplement. References should not 
exceed a maximum of 50.
Original article must arranged as follows: (1) title page (2) abstract (250 words or less with a list of 5 or less key words), (3) introduction, (4) 
materials and methods (or patients and methods), (5) results, (6) discussion, (7) acknowledgements, (8) conflict of interest statement (9) refer-
ences, (10) tables, and (11) figure legends. 

Review articles

Review articles on selected topics of interest for the readers of the Clinical and Molecular Hepatology and will be solicited by the Editors. Re-
view articles are expected to be clear, concise and updated. The maximum length is 5,000 words. The inclusion of a maximum of 8 high qual-
ity tables and/or colored figures to summarize critical points is highly desirable. 

Editorials

This section consists of invited brief editorial comments on articles published in the Clinical and Molecular Hepatology. The length of an edito-
rial should not exceed 1,500 words and 1 table or 1 figure is allowed. References should not exceed a maximum of 20.

Case reports

Case reports are not encouraged and will only be accepted if they represent an outstanding contribution to the etiology, pathogenesis or treat-
ment of a specific liver disease. The length of a case report should not exceed 3,000 words. A total number of 2 tables or figures is allowed. 
References should not exceed a maximum of 10. 
Case reports consist of (1) title page, (2) abstract (150 words or less with a list of 5 or less key words) (3) introduction, (4) cases, (5) discussion, (6) 
references (20 or less), (7) tables and figure legends and (8) figures (5 or less) on separate pages.

Letters to the editor 

Letters to the editor should be related to a recent article published in the Clinical and Molecular Hepatology within previous two years, or inter-
esting case report that author wants to report. Letters to the editor must arranged as follows: (1) title page, (2) body (3) references (maximum 
of 15), and (4) a maximum number of 4 tables or figures is allowed. There are no word limits, but authors are encouraged to report within 2,500 
words. Abstract is not required.

Special topics 

Special topics should be no longer than 3,000 words (including references) and 10 or less references.

1. Title page
Provide a concise title. List the full names of all authors and their institutional affiliation. In a multi-authored work involv-
ing more than a single institution, indicate individual affiliation by means of superscript Arabic numbers. Indicate a change 
of address in a similar fashion. List the footnotes to the title page. Provide the contact information for the corresponding 
author (name, address, telephone number, fax number, e-mail address and Orcid ID), and running title (Less than 50 charac-
ters). All abbreviations should be explained in this page (e.g. AFP, alpha fetoprotein; ALT, alanine aminotransferase). Clinical 
and Molecular Hepatology employs a system to screen plagiarism (CrossRef). When submitting your manuscript to this jour-
nal, you accept that your manuscript may be screened for plagiarism against previously published material.
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2. Abstract
Abstract of original ar ticles must contain 250 words or less and must be organized as follows: Background/Aims, 
Methods, Results, and Conclusions. Five or less keywords from MeSH terms (http://www.nlm.nih.gov/mesh/meshhome.
html) should be provided at the end of the abstract.
Abstract of case reports must contain 150 words or less in unstructured form. 

3. Highlight
Authors of original articles are requested to include “Highlights” which consist of three to four sentences summarizing 
the originality and main findings of the article. “Highlights” should not exceed 100 words in total. Highlights must be orga-
nized in a box and placed after the end of the abstract. The authors are encouraged to include the “Highlights” with initial 
article submission. When submitting a revised manuscript, the submission of the “Highlights” is mandatory.

4. Introduction 
Provide the minimum background information that will orient the general reader. Do not engage in a literature review.

5. Methods 
Provide a level of detail such that another investigator could repeat the work. For methods that are used without sig-
nif icant modif ication, citation of the original work will suf f ice. Identify and provide references for all the statistical 
methods used. 

6. Results and discussion 
Present the major f indings of the study in graphical form if practicable. Do not illustrate minor details if their message 
is adequately conveyed by simple descriptive text. Mention all the tables and figures. In the discussion, concisely pres-
ent the implications of the new findings for the f ield as a whole, minimizing any reiteration of the results and avoid 
repetition of material in the introduction; keeping a close focus on the specif ic topic of the paper. 

7. Acknowledgements
An acknowledgement of persons who made a genuine assistance and provided special reagents may be included. 
Grant and financial support related with the work should be specif ically stated.

8. Authors’ contribution
Based on the ICMJE guidelines for authorship criteria, how each author has contributed to the paper should be clari-
f ied (e.g, Conception or design of the work, Data collection, Data analysis and interpretation, Draf ting the ar ticle, 
Critical revision of the article, and Final approval of the version to be published).

9. References 
References should be numbered in the order they are cited, and the number of reference should be marked in the text 
by means of a superscript Arabic numerical. Only literature that is published or in press (with the name of the publica-
tion) may be numbered and listed; abstracts and letters to the editor may be cited, but they must be less than 3 years 
old and identif ied as such. Cite the names of all authors when there are six or less; when seven or more list the f irst 
six followed by et al.
 
Articles in journals

1.  Kim YS, Jung ES, Hur W, Bae SH, Choi JY, Song MJ, et al. Noninvasive predictors of nonalcoholic steatohepatitis in 
Korean patients with histologically proven nonalcoholic fatty liver disease. Clin Mol Hepatol 2013;19:120-130. 

2.  Chung C, Iwakiri Y. The lymphatic vascular system in liver diseases: its role in ascites formation. Clin Mol Hepatol 
2013;19:99-104. 
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Literature in press

An online article that has not yet been published in an issue can be cited by its Digital Object Identif ier (DOI). The DOI 
will remain valid and allow an article to be tracked even after its allocation to an issue.
Wong GL. Management of chronic hepatitis B patients in immunetolerant phase: what latestguidelines recommend. 
Clin Mol Hepatol. 2018 Jan 22. doi: 10.3350/cmh.2017.0068.

Book chapters

1.  Gumucio JJ, Berkowitz CM. Structural organization of the liver and function of the hepatic acinus. In: Kaplowitz N, 
ed. Liver and Biliary Diseases. Vol I. 2nd ed. Baltimore: Williams & Wilkins, 1992:2-17. 

Abstract or Article in a supplement

1.  Cho YJ, Lee SH, Kim BH, Yang SK, Jo YH, Lee DH. Characteristics of hepatocellular carcinoma with reference to ages 
in Korean patients [Abstract]. Hepatology 1998;28:246A. 

2.  Bellentani S, Marino M. Epidemiology and natural history of non-alcoholic fatty liver disease (NAFLD). Ann Hepatol 
2009;8(Suppl 1):S4-S8. 

Websites

1.  Ontario Chronic Disease Prevention Alliance (OCDPA). Economic cost of chronic disease in Canada 1995-2003. 
OCDPA web site, <http://www.ocdpa.on.ca/OCDPA/docs/OCDPA_EconomicCosts.pdf>. Accessed 7 Sep 2011.

10. Permissions 
Direct quotations, tables or illustrations taken from copy-righted material must be accompanied by writ ten permis-
sion for their use from the publisher. The permission is presented as a footnote or addition to the legend and it must 
provide complete information as to the source. Photographs of identif iable persons must be accompanied by a signed 
release that indicates their informed consent. 

11. Abbreviations 
Standard abbreviations not requiring definition are those listed in the Journal of Clinical Investigation. Otherwise, do 
not abbreviate unless a term is used more than five times in a paper. In this case, the abbreviation should be spelled 
out, in its f irst use in the text with the abbreviated form in parentheses, and it should also be listed on the footnote 
page (see above). Abbreviations used in f igures or tables should be defined in the legend. Radiation measurements 
and laboratory values should be in accordance with the International System of Units (SI) (resources: “SI Units in Ra-
diation Protection and Measurements, NCRP Report no. 82” [August 1985]; “Now Read This: The SI Units Are Here,” 
JAMA 1986;255:2329-2339).

12. Drug names
Use generic names. The proprietary name may be mentioned in parenthesis. The names and locations (city and state or 
country) of manufacturers should be included in parentheses when mentioning proprietary drugs, tools, instruments, 
software, etc. 

13. Tables 
Prepare tables on individual sheets of paper, double spaced and numbered consecutively with Arabic numerals in the 
order of their appearance in the text. The title of tables should be writ ten concisely in clauses and phrases. The first 
letter of the table title starts with a capital letter. Explain all abbreviations and symbols such as *, †, ‡, §,∥, **, ††, 
‡‡, §§. Do not duplicate the material presented in a f igure. 
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14. Figure legends
Number the f igures with Arabic numerals in the order they are mentioned in the text. Provide a title (this should not 
appear on the f igure itself ) and suf f icient explanation to render the f igure intelligible without reference to the text. 
For any copyrighted material, indicate that permission has been obtained (see Permissions, above). Figure legends 
should be typed consecutively on a separate sheet of paper. 

15. Figures
Illustrations should be sharp and clear. Figure f iles can be uploaded in the PPT, JPG, or TIFF formats which authors 
prefer at a f inal resolution of not less than 300 dpi. They should be less than 10 MB in size for electronic upload. 
Please provide an image file on CD or Web hard with the assistance of the Editorial Office when it is larger than 10 
MB. Microscopic pictures should be explained according to the staining method and scaled by the power of magnifica-
tion. Authors are charged for color f igures.

Peer Review and Publishing 

The journal utilizes blind peer-review in evaluating manuscripts for publication. Submitted papers will be reviewed by 
at least two referees, and decisions will be available in approximately one months. With respect to the revision and 
resubmission of manuscripts, it is the journal’s policy to allow a couple of resubmission only, which should be received 
within 2 months from the time of receipt of the initial review letter. In general, a manuscript requiring more than a 
couple of revision or returned beyond 2 months will be handled as a new submission. The journal does not have article 
submission charges. Only when the articles are accepted for publication, domestic corresponding authors are charged 
for their original articles, brief communications and clinical case reports, which is 6,000 Won (Korean Currency) per 
page. Page charge is waived for international contributors (corresponding author from outside of Korea), and is reim-
bursed for domestic contributors.

Copyright Transfer

Copyright for all material published in Clinical and Molecular Hepatology  is vested in Korean Association for the Study 
of the Liver. In accordance with the Copyright Act, all manuscripts must be accompanied by a copyright transfer form 
signed by all authors and that follows these guidelines. Statements and opinions expressed in the articles and commu-
nications in Clinical and Molecular Hepatology  are those of the author(s) and do not necessarily reflect the opinions of 
the Editor(s) or publisher, and the Editor(s) and publisher disclaim any responsibility or liability for such material. Nei-
ther the Editor(s) nor the publisher guarantees, warrants or endorses any product or service advertised in the journal; 
nor do they guarantee any claim made by the manufacturer of such product or service.
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Copyight Transfer and Conflict of Interest Disclosure Form

Manuscript No.                                                                                                               Date.                                                                

Manuscript Title.                                                                                                                                                                                

                                                                                                                                                                                                              

Copyright Transfer Form

In consideration of editors and publisher’s ef for t in reviewing and editing our/my Article, the undersigned authors 
hereby transfer, convey, and assign all copyrights in the Article to Korean Association for the Study of the Liver (KASL). 
The copyright transfer covers the right to print, publish, distribute and sell throughout the world the said contribution 
and parts thereof, including all revisions or versions and future editions, in all forms and media.  
The authors cer tif y that I have participated in the intellectual content, the analysis of data, and the writing of the 
Article, to take public responsibility for it. The authors reviewed the f inal version of the Article, believe it represents 
valid work and approve it for publication. The authors certif y that none of the material in the manuscript has been 
published previously, is included in another manuscript. The authors also certify that the Article has not been accepted 
for publication elsewhere, nor have they assigned any right or interest in the Article to any third party. The authors 
will obtain and include with the manuscript writ ten permission from any respective copyright owners for the use of 
any text, f igures, and tables that have been previously published. The authors agree that it is their responsibility to 
pay fees charged for permissions.

Conflict of Interest Disclosure Form

The authors certify that I have reviewed conflict of interest form, defined by the International Committee of Medical 
Journal Editors (ICJME) found at the following URL: http://www.icmje.org/, and attached separate ICMJE Form for Dis-
closure of Potential Conflicts of Interest that might pose a conflict of interest in connection with the submitted Article. 

Author (Print) Affiliation Position Signature

Position indicate current status at your af f iliation; professor, fellow, resident, student, post doc. 
The copyright transfer agreement and conflict of interest disclosure form should be signed and faxed or submitted by e-mail 
to the Editorial Office of Clinical and Molecular Hepatology  at Fax: 82-2-703-0071, E-mail: kasl@kams.or.kr. Manuscript can 
not be published until the completed form of copyright transfer form has received by the Editorial Office.
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Clinical and Molecular Hepatology Submission Checklist

Please read this checklist carefully to ensure that your manuscript is complete and in compliance with the 
CMH Guide for Authors.

1)  General Format Yes No

[1]  Did you have the title page, abstract, the text (introduction, materials and methods, results, and discussion), 
acknowledgements, conflict of interest statement, references, tables, and legends for figures? □ □

[2]  Is the manuscript double-spaced in an A4-size paper? □ □
[3]  The manuscript of special topics should not be longer than 3,000 words (including references) □ □

2)  Abstract Yes No

[1]  Abstract must contain 250 words or less and must be organized as follows: Backgrounds/Aims, Methods, 
Results, and Conclusions. (case reports: 150 words or less) □ □

[2]  Five or less key words should be provided at the end of the abstract. □ □

3)  Introduction, Methods, Results, Discussion, Acknowledgements, Conflict of Interest 
Statement, References 

Yes No

[1]  Identify the committee(s) approving the study protocol and include a statement of compliance with ethical 
regulations. □ □

[2]  An acknowledgement of persons who made a assistance and provided special reagents may be included. 
Grant and financial support related with the work should be specifically stated. □ □

[3]  Please state any conflicts of interest. □ □
[4]  All citations in the paper have a complete and accurate reference in the reference list. The number of 

references in case reports should be 20 or less, and 10 or less in special topics. □ □

4)  Tables and Figures Yes No

[1]  Prepare tables on individual sheets of paper, double spaced and numbered consecutively with Arabic 
numerals in the order of their appearance in the text. □ □

[2]  Explain all abbreviations and symbols. □ □
[3]  Figure legends should be typed consecutively on a separate sheet of paper. □ □
[4]  Figures should be supplied in the JPG or TIFF format at a final resolution of 600 dpi or higher. The number of 

figures in case reports should be 5 or less. □ □
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