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CMH_26-4 내지 광고.indd   3 2020. 9. 24.   오후 2:02



NOW APPROVED:
8-WEEKS DURATION FOR TREATMENT NAIVE COMPENSATED CIRRHOTIC, CHRONIC HCV (GT 1-6) PATIENTS

MAVIRET—8 weeks for treatment-naïve patients*1

AbbVie Ltd. 6th floor, SamTan BIdg, 421 YoungDongDaero, GangNamGu, Seoul. (Tel) +82 2 3429 9300

K
R

-M
AV

I-
20

01
18

-2
0

09
01

The type and severity of adverse reactions in subjects with  
compensated cirrhosis were comparable overall to those  
seen without cirrhosis.

ONCE-DAILY 
DOSING 

3 tablets  
with food1‡

8-WEEKS 
DURATION 
for treatment- 
naïve patients1 

(GT 1-6)*

HIGH CURE†  
RATES (98%)

all genotypes,  
treatment-naïve
(n=335/343, ITT)2

98%

8 WEEKS:

THE SHORTER  
ROUTE TO HCV CURE†

HCV treatment-naive patients  
without compensated cirrhosis

CC=compensated cirrhotic; ITT=intent-to-treat.

MAVIRET is contraindicated in patients with moderate or severe hepatic impairment (Child-Pugh B or C).1
MAVIRET is indicated for the treatment of chronic hepatitis C virus (HCV) infection in adults and adolescents aged 12 to <18 years.

* Refers to GT 1-6 excluding 1) decompensated cirrhotic patients and 2) liver or kidney transplant recipients. MAVIRET is not indicated in decompensated cirrhosis.  
The recommended duration of MAVIRET is 12 weeks, liver or kidney transplant recipients, with or without cirrhosis.

† The marker for cure means sustained virologic response (SVR12), defined as HCV RNA less than the lower limit of quantification at 12 weeks after the end of treatment and was the primary endpoint in all the studies.1
‡ Tablets should be swallowed whole with food and not chewed, crushed, or broken.

References: 1. MAVIRET Product information(2020.07.31). 2. Brown RS, Buti M, Rodrigues L, et al. Glecaprevir/pibrentasvir for 8 weeks in treatment-naive patients with chronic HCV genotypes 1–6 
and compensated cirrhosis: the EXPEDITION-8 trial, Journal of Hepatology 2020 vol. 72 j 441–449

Maviret® INDICATIONS Treatment of adult and adolescents 12 years and older patients with chronic hepatitis C virus (HCV) 
genotype 1, 2, 3, 4, 5, or 6 infection DOSAGE AND ADMINISTRATION MAVIRET is glecaprevir and pibrentasvir fixed-dose 
combination tablets. The recommended oral dosage of MAVIRET is three tablets once daily at the same time with food. 
MAVIRET tablets should be swallowed whole and not chewed, crushed, or broken. Tables 1 and 2 provide the recommended 
MAVIRET treatment duration based on the patient population in HCV mono-infected and HCV/HIV-1 co-infected patients 
with compensated cirrhosis or without cirrhosis and with or without renal impairment including patients receiving dialysis.

Table 1. Recommended Duration for Treatment-Naïve Patients 

Table 2. Recommended Duration for Treatment-Experienced Patients

Hepatic Impairment: No dose adjustment of MAVIRET is required in patients with mild hepatic impairment (Child-Pugh 
A). MAVIRET is contraindicated in patients with moderate or severe hepatic impairment (Child-Pugh B or C) or those with 
any history of prior hepatic decompensation. Renal Impairment: No dose adjustment of MAVIRET is required in patients 
with mild, moderate or severe renal impairment, including those patients on dialysis. Liver or Kidney Transplant Patients: 
MAVIRET may be used for 12 weeks in liver or kidney transplant recipient. A 16-week treatment duration should be 
considered in transplant patients with genotype 1-infection who are NS5A inhibitor-experienced without prior treatment 
with an NS3/4A PI or with genotype 3 infection who are PRS treatment-experienced.  (see Table 2 in DOSAGE AND 
ADMINISTRATION and CLINICAL STUDIES) Missed Dose: If a dose is missed and it is: • Less than 18 hours from the 
usual time that MAVIRET should have been taken - advise the patient to take the dose as soon as possible and then to take 
the next dose at the usual time. • More than 18 hours from the usual time that MAVIRET should have been taken - advise 

the patient not to take the missed dose and to take the next dose at the usual time. MAIN WARNING AND PRECAUTION
1. Warning Risk of Hepatitis B Virus Reactivation: Cases of hepatitis B virus (HBV) reactivation, some resulting in liver 
failure or death, have been reported during treatment with HCV direct-acting antiviral agents in HBV/HCV co-infected 
patients. HBV reactivation is characterized by an abrupt increase in HBV replication manifesting as an increase in serum 
HBV DNA level. In patients with resolved HBV infection (HBsAg negative and anti-HBc positive), reappearance of HBsAg 
can occur. HBV reactivation is often followed by abnormal liver function tests, i.e., increases in aminotransferase and/or 
bilirubin levels and in severe cases liver failure, and death can occur. HBV screening should be performed in all patients 
before initiation of treatment.  Patients with current or prior HBV infection should be periodically monitored with clinical 
and laboratory test (e.g., HBsAg, HBV DNA, ALT, bilirubin, etc.) to confirm no hepatitis flare or reactivation during and 
post-treatment follow up. When HBV reactivation has occurred, consult the physicians. Use in diabetic patients: Diabetics 
may experience improved glucose control, potentially resulting in symptomatic hypoglycemia, after initiating HCV direct 
acting antiviral treatment. Glucose levels of diabetic patients initiating direct acting antiviral therapy should be closely 
monitored, particularly within the first 3 months, and their diabetic medication modified when necessary. The physician in 
charge of the diabetic care of the patient should be informed when direct acting antiviral therapy is initiated. Risk of Hepatic 
Decompensation/ Failure in Patients with Advanced Liver Disease: Post-marketing cases of hepatic decompensation/
failure, including those with fatal outcomes, have been reported in patients treated with HCV NS3/4A protease inhibitor-
containing regimens, including MAVIRET. Because these events are reported voluntarily from a population of uncertain size, 
it is not always possible to reliably estimate their frequency or establish a causal relationship to drug exposure. The majority 
of patients with severe outcomes had evidence of advanced liver disease with moderate or severe hepatic impairment 
(Child-Pugh B or C) prior to initiating therapy with MAVIRET, including some patients reported as having compensated 
cirrhosis with mild liver impairment (Child-Pugh A) at baseline but with a prior decompensation event (i.e., prior history 
of ascites, variceal bleeding, encephalopathy). Rare cases of hepatic decompensation/failure were reported in patients 
without cirrhosis or with compensated cirrhosis (Child-Pugh A); many of these patients had evidence of portal hypertension. 
Events also occurred in patients taking a concomitant medication not recommended for coadministration, or in patients 
with confounding factors such as serious liver-related medical or surgical comorbidities. Cases typically occurred within 
the first 4 weeks of treatment (median of 27 days). In patients with compensated cirrhosis (Child Pugh A) or evidence of 
advanced liver disease such as portal hypertension, perform hepatic laboratory testing as clinically indicated; and monitor 
for signs and symptoms of hepatic decompensation such as the presence of jaundice, ascites, hepatic encephalopathy, and 
variceal hemorrhage. Discontinue MAVIRET in patients who develop evidence of hepatic decompensation/failure. MAVIRET 
is contraindicated in patients with moderate to severe hepatic impairment (Child- Pugh B or C) or those with any history 
of prior hepatic decompensation. 2. Contraindication 1) In patient with hypersensitivity to the active substances or to 
excipient of this medicinal product 2) In patients with moderate or severe hepatic impairment (Child-Pugh B or C) or those 
with any history of prior hepatic decompensation. 3) With atazanavir, atorvastatin, simvastatin, ethinylestradiol containing 
products and strong inducer of P-gp and CYP3A (Rifampin, carbamazepine, St. John’s Wort (hypericum perforatum), 
phenytoin and etc.) 4) Because MAVIRET contains lactose, it should not be given to patients with genetic problem such 
as galactose intolerance, Lapp lactase deficiency, or glucose-galactose malabsorption. [Manufacturer] (MAH) AbbVie 
Deutschland GmbH & Co. KG, Germany, Knollstrasse 67061 Ludwigshafen (Manufacture and Packaging) (Manufacturer) 
Fournier Laboratories Ireland Limited, Ireland, Anngrove Carrigtowhill Co. Cork. [Importer] AbbVie Korea Inc., 6th Floor, 
SamTan Bldg, 421 Yeongdong-daero, Gangnam-gu, Seoul, Phone: (02)-3429-9300 www.abbvie.co.kr [Date of Approval 
Change] 31 July 2020 *Let’s make reporting of side effects of medicines a part of our lives. (1644-6223, www.drugsafe.
or.kr) *Please refer to Product Insert for detailed production information.

HCV genotype
Recommended Treatment Duration

No Cirrhosis Compensated cirrhosis
1, 2, 3, 4, 5, or 6 8 weeks 8 weeks

Recommended Treatment Duration

HCV Genotype Patients Previously Treated With a Regimen Containing: No Cirrhosis Compensated cirrhosis

1, 2, 4, 5, or 6 (Peg)interferon, ribavirin and/or sofosbuvir 8 weeks 12 weeks

1

An NS3/4A protease inhibitor1 without prior 
treatment with an NS5A inhibitor 12 weeks

An NS5A inhibitor2 without prior treatment 
with an NS3/4A protease inhibitor 16 weeks

3 (Peg)interferon, ribavirin and/or sofosbuvir 16 weeks

1. In clinical trials, subjects were treated with prior regimens containing simeprevir and sofosbuvir,
or simeprevir, boceprevir, or telaprevir with (peg)interferon and ribavirin. 

2. In clinical trials, subjects were treated with prior regimens containing ledipasvir and sofosbuvir
or daclatasvir with (peg)interferon and ribavirin. 
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CMH_26-4 내지 광고.indd   9 2020. 9. 24.   오후 2:02





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 4    •   October 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

Section Editor

Autoimmune/cholestatic disease

Atsumasa Komori
Nagasaki Medical Center, Japan

Sook-Hyang Jeong
Seoul National University, Korea

Fatty liver/metabolic liver disease

Byoung Kuk Jang
Keimyung University, Korea

Jian-Gao Fan
Shanghai Jiao Tong University, China

Silvia sookoian
University of Buenos Aires, Argentina

Won Kim
Seoul National University, Korea

Hepatobiliary malignancies

Do Young Kim
Yonsei University, Korea

Ju Dong Yang
Cedars-Sinai Medical Center, USA

Kang Mo Kim
Ulsan University, Korea

Naoshi Nishida
Kindai University, Japan

Takuji Torimura
Kurume University, Japan

Liver biology

Jong-Hoon Kim
Korea University, Korea

Won-Il Jeong
Korea Advanced Institute of Science and Technology, 
Korea

Liver cirrhosis/liver failure/  
portal hypertension

Moon Young Kim
Yonsei University Wonju College of Medicine, Korea

Rakhi Maiwall
Institute of Liver and Biliary Sciences, India

© 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 4    •   October 2020

pISSN 2287-2728
eISSN 2287-285X

http://www.e-cmh.org



Salvatore Piano
University of Padova, Italy

Sang Gyune Kim
Soonchunhyang University, Korea

Yeon Seok Seo
Korea University, Korea

Liver injury/regeneration
Dongho Choi
Hanyang University, Korea

Norifumi Kawada
Osaka City University, Japan

Shuji Terai
Niigata University, Japan

Viral hepatitis
Hyung Joon Yim
Korea University, Korea

Paul Kwo
Stanford University, USA

Sang Hoon Ahn
Yonsei University, Korea

Tai-Chung Tseng
National Taiwan University Hospital, Taiwan

Graphic Editor
Dong Su Jang 
studio MID (Medical Illustration & Design)

Language Editor
Debbie Won
Yonsei University, Office of Research Affairs

International Editorial Board
Alessio Aghemo
Humanitas University, Italy

Ananta Shrestha
Liver Foundation Nepal, Nepal

Gamal Shiha
Mansoura University, Egypt

Han Chu Lee
University of Ulsan, Korea

Hasmik Ghazinyan
Nork Clinical Hospital of Infectious Diseases, Armenia

Jesper Bøje Andersen
University of Copenhagen, Denmark

Ji Dong Jia
Capital Medical University, China

Jia-Horng Kao
National Taiwan University, Taiwan

Jin Mo Yang
St. Vincent’s Hospital, The Catholic University of Korea, Korea

Oidov Baatarkhuu
Mongolian National University, Mongolia

Oronzo Brunetti
Medical Oncology Unit-IRCCS Istituto Tumori “Giovanni Paolo II” of Bari, Italy
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) encompasses a spec-

trum of disorders ranging from simple steatosis to steatohepatitis. 

NAFLD is the most common cause of chronic liver disease world-

wide, affecting approximately 25% of the adult population in the 

Evidence-based clinical advice for nutrition and dietary 
weight loss strategies for the management of NAFLD 
and NASH
Theresa J. Hydes1, Sujan Ravi1, Rohit Loomba2, and Meagan E. Gray1

1Division of Gastroenterology and Hepatology, University of Alabama at Birmingham, Birmingham, AL; 2Division of Gastroenterology, 
University of California, San Diego, La Jolla, CA, USA

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease worldwide and affects 
approximately one third of adults in the United States. The disease is becoming a global epidemic as a result of the rising 
rates of obesity and metabolic disease. Emerging data suggest weight loss of ≥10% overall body weight is beneficial in 
resolving steatosis and reversing fibrosis. Prospective trials comparing various diets are limited by lack of sufficient power 
as well as pre- and post-treatment histopathology, and therefore no specific diet is recommended at this time. In this 
narrative review we examine the pathophysiology behind specific macronutrient components that can either promote 
or reverse NAFLD to help inform more specific dietary recommendations. Overall, the data supports reducing saturated 
fat, refined carbohydrates, and red and processed meats in the diet, and increasing the consumption of plant-based 
foods. Diets that incorporate these recommendations include plant-based diets such as the Dietary Approaches to Stop 
Hypertension, Mediterranean, vegetarian, and vegan diets. (Clin Mol Hepatol 2020;26:383-400)
Keywords: Diet, Vegetarian; Diet, Healthy; Nonalcoholic fatty liver disease; Diet
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United States (US) and globally.1 Approximately 25% of patients 

with NAFLD have nonalcoholic steatohepatitis (NASH), which is 

associated with a 20% risk of progression to cirrhosis.2 It is esti-

mated that NAFLD affects 40–70% of patients with type 2 diabe-

tes mellitus (T2DM),2-4 67% of adults with a body mass index 

(BMI) between 25 and 30 kg/m2, and up to 91% of adults with a 

BMI >30 kg/m.5-9

The diagnosis of NAFLD requires >5% hepatic steatosis with 

lack of secondary cause for hepatic fat accumulation. Steatosis re-

sults from a surplus of free fatty acids (FFAs) either from excessive 

lipolysis (60%), de novo  lipogenesis (DNL, 25%), dietary FFA 

(15%), diminished export by very low-density lipoprotein (VLDL), 

or impaired beta-oxidation (Fig. 1).10 Excess FFAs are stored as  

triglycerides in the hepatocytes. In NAFLD, peripheral lipolysis is 

resistant to suppression by insulin, further increasing serum FFA 

levels.11 Lipotoxicity, along with oxidative stress and a pro-inflam-

matory environment, lead to NASH.12

Due to lack of approved pharmacologic therapy, current treat-

ment recommendations for NASH are for weight loss of ≥10% to-

tal body weight, which is associated with resolution of steatohep-

atitis and fibrosis regression.13-15 Prospective trials comparing 

various diets are limited by lack of sufficient power as well as pre- 

and post-treatment histopathology.13 As a result, the American 

Association for the Study of Liver Disease has not made any spe-

cific dietary recommendation for NAFLD at this time. While guide-

lines from the European Association for the Study of the Liver 

(EASL) recommend exclusion of NAFLD-promoting components 

(processed food, high fructose foods and beverages) in addition 

to a macronutrient composition in line with a Mediterranean diet, 

this recommendation is only supported by evidence graded as 

“moderate” in quality.14 Here we review the pathophysiology be-

hind how the quality of proteins, carbohydrates (CHOs), and fats 

can promote or reverse NAFLD, the available data on specific di-

ets, and discuss ongoing knowledge gaps for future research.

ENERGY AND CALORIC RESTRICTION 

Observational studies

The diabetes, obesity and NAFLD epidemics are products of a 

significant rise in net population energy intake, resulting from en-

ergy-dense foods and a sedentary lifestyle. A high-calorie diet is 

fundamentally linked to obesity and is the initial trigger point for 

NAFLD through adipose tissue expansion, increased inflammation 

and mitochondrial dysfunction. It is often imbalanced with high 

quantities of saturated fatty acids (SFAs), refined CHOs, sugar-

sweetened beverages (SSBs) and alcohol excess. Understanding 

the individual impact of these factors is therefore a challenge for 

clinical trial design, and limits our understanding of the role of 

specific macronutrients outside the context of excess energy intake.

In terms of observational studies, a cohort study of 55 patients 

Lipolysis (60%)
TG → FFAs + glycerol

Insulin resistant
adipose tissue

NAFLD:
↑ import from adipose tissue
↓ export by VLDL
Impaired beta-oxidation
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Figure 1. The pathogenesis of NAFLD. TG, triglycerides; FFAs, free fatty acids; SREBP-1c, sterol regulatory element-binding protein-1c; ChREBP, carbohy-
drate response element-binding protein; NASH, nonalcoholic steatohepatitis; NAFLD, nonalcoholic fatty liver disease; VLDL, very low density lipopro-
tein.
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with NAFLD and 88 healthy controls observed that NAFLD pa-

tients consumed more calories overall (2,739 vs. 2,173 kcal), how-

ever the macronutrient composition (fat, CHO, fructose) was 

largely comparable between groups.16 Given this, energy restric-

tion, and thereby weight loss, plays a crucial role in the treatment 

of these patients. The largest prospective trial to date in this field 

followed 293 patients with biopsy-proven NASH for 52 weeks. 

Patients were advised to follow a low fat, hypocaloric diet which 

contained 750 kcal/day less than their daily energy needs, in addi-

tion to walking 200 minutes per week.15 Overall 19% had fibrosis 

regression, 47% had reduction in NAFLD activity score (NAS) on 

histology and 25% achieved complete resolution of steatohepati-

tis. The highest rates of fibrosis regression, NAS reduction and 

NASH resolution occurred in patients achieving ≥10% weight 

loss, however benefits were also seen for weight loss of ≥5%. Us-

ing nutritional counselling, a small study of 15 patients with biop-

sy-proven NASH and a BMI >25 found histologic improvement to 

be associated with greater weight reduction.17 After 1 year of cal-

orie restriction (mean reduction of 195 kcal/day), nine patients 

had histologic improvement and six had stable NAS. Histological 

improvement was associated with greater changes in weight re-

duction. 

Pathophysiology 

A high-caloric diet leads to adipose tissue expansion, one of the 

sentinel events in the pathogenesis of NAFLD. Visceral adipose 

tissue (VAT) is particularly biological active. Excess accumulation 

of VAT increases the production of FFAs through reduced insulin 

sensitivity, leading to increased fatty acid influx into the liver, DNL 

and insulin resistance. Hypertrophy and hyperplasia of adipocytes 

results in hypoxemia and adipocyte dysfunction.18 This exacer-

bates insulin resistance and dyslipidemia, and creates a pro-in-

flammatory environment within the adipose tissue. The secretion 

of adipokines (adiponectin, resistin, leptin, visfatin) and pro-in-

flammatory cytokines (interleukins and tissue necrosis factor α) 

from VAT induce a state of systemic low-grade chronic inflamma-

tion which can promote the onset of NAFLD and NASH.18-20

Randomized controlled trial data

The findings from key randomized controlled trials (RCT) in this 

field involving lifestyle intervention for NAFLD and NASH are sum-

marized in Table 1.21-24 Weight loss is consistently identified as be-

ing central to the metabolic benefits that result from calorie re-

striction. A meta-analysis of therapeutic options for NAFLD, 

including lifestyle interventions, reported that weight loss of ≥7% 

(achieved by <50% of patients even with intensive multi-disciplin-

ary support) led to improved histological disease activity deter-

mined by NAS, although there was no impact on fibrosis.25 

While guidelines currently recommend continuous energy re-

striction along with physical activity,26 there is increasing popular 

interest in intermittent fasting (IF), i.e., a low calorie period lasting 

less that 24 hours followed by a normal period of feeding. Evi-

dence suggests that intermittent energy restriction results in 

equivalent weight loss compared to continuous energy restriction 

in the short-term, with a lack of long-term data.27 Several RCTs 

have looked at the effectiveness of IF in the setting of NAFLD. An 

8 weeks modified alternate-day calorie restriction was found to 

lead to reductions in BMI, liver enzymes, liver steatosis and liver 

stiffness (based on shear wave elastography) compared to no in-

tervention with adherence rates of 75–83%.28 A larger trial com-

paring alternate-day and time-restricted feeding with a control 

group for 12 weeks revealed that both diets led to significant 

short-term reductions in weight and improvements in dyslipidae-

mia, although no changes were seen for fasting levels of insulin or 

liver stiffness.29

Clinical advice

Calorie restriction with a 500–1,000 kcal daily deficit is an ex-

tremely effective lifestyle intervention for both the prevention of 

NAFLD and histological improvement in patients with established 

disease. The goal of calorie reduction should be to achieve ≥10% 

overall body weight loss.

PROTEIN

Observational studies

The consumption of animal protein, specifically red and pro-

cessed meat, is associated with higher all-cause, cardiovascular 

and cancer-related mortality compared to plant protein.30-41 In a 

large US cohort, red and processed meats were associated with 

nine causes of death, with the strongest correlation being for 

mortality from chronic liver disease.34 High animal protein intake 

is also associated with NAFLD in overweight Caucasians indepen-

dent of sociodemographic, lifestyle and metabolic traits.42 Animal 

protein is positively associated with high fatty liver index (FLI) 
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Table 1. Summary of randomized controlled trial data examining the influence of hypocaloric diets on hepatic steatosis

Study Participant Intervention Result

Ueno et al.23 (1997) Obese adults  
(BMI >25 kg/m2; n=25) 

Randomized to receive the following 
for 3 months: 1) hypocaloric diet 
(ideal weight ×25 kcal/kg; 50% 
carbohydrate, 30% fat) combined 
with physical activity; 2) no 
intervention

The low calorie diet was associated with reductions 
in weight, aminotransferases, albumin, 
cholesterol and fasting glucose, in addition to 
histologically determined levels of steatosis. 
Improvements seen for other histological 
parameters did not reach statistical significance.

Kirk et al.24 (2009) Obese adults (mean 
BMI, 36.5±0.8 kg/m2; 
n=22)

Randomized to receive the following 
for 11 weeks: 1) high carbohydrate 
1,000 kcal daily energy deficit diet; 
2) low carbohydrate 1,000 kcal daily 
energy deficit diet 

IHTG content and insulin-mediated glucose uptake 
were similar in both dietary groups after 7% 
weight loss, i.e., calorie restriction and weight loss 
more important than macronutrient composition 
for these parameters. 

Harrison et 
al.155 (2009)

Obese adults  
(BMI ≥27 kg/m2) with 
biopsy-proven NASH 
(n=50) 

Randomized to receive the following 
for 36 weeks: 1) 1,400 kcal/day + 
vitamin E 800 IU daily; 2) 1,400 
kcal/day + vitamin E 800 IU daily + 
Orlistat 120 mg three times daily

Weight loss (6.0% vs. 8.3%, P=NS), reductions 
in aminotransferases, hepatic steatosis, 
necroinflammation, ballooning, and NAS were 
similar between groups. Overall cohort stratified 
according to weight loss: loss ≥5% body weight 
vs. <5% led to improved insulin sensitivity 
(P=0.001) and steatosis (P=0.015); loss ≥ 9% body 
weight vs. <9% also led to improved ballooning 
(P=0.04), inflammation (P=0.045) and NAS 
(P=0.009).

Lazo et al.21 (2010) Overweight adults 
(BMI ≥25 kg/m2) 
with T2DM who 
underwent proton 
magnetic resonance 
spectroscopy of the 
liver (n=96) 

Ancillary study linked to the “Look 
AHEAD” RCT. Participants had 12 
months of either: 1) intensive lifestyle 
intervention: moderate calorie 
restriction (1,200–1,500 kcal/day 
for individuals weighing <114 kg, 
1,500–1,800 kcal/day for those >114 
kg; <30% calories from fat and <10% 
from SFAs) and increased physical 
activity; 2) general education

Lifestyle intervention group vs. controls: lost on 
average 8.3% of their body weight vs. 0.03% 
(P<0.001), had significant improvements in HbA1c 
(-0.7% vs. -0.2%, P=0.04) and a greater decrease 
in hepatic steatosis (-50.8% vs. -22.8%, P=0.04).

Individuals who lost ≥10% of their body weight 
achieved a 79.5% reduction in steatosis vs. 13.7% 
for those with little weight change (±1%). 

NAFLD incidence was significantly lower in the 
lifestyle intervention group compared to controls.

Promrat et al.22 (2010) Obese adults (BMI 
25–40 kg/m2) with 
biopsy-proven NASH 
(n=31) 

Randomized 2:1 to receive the 
following for 48 weeks: 1) intensive 
lifestyle intervention: moderate 
hypocaloric diet (1,000–1,200 
kcal/day if baseline weight <200 
lb or 1,200–1,500/day if >200 lb), 
with restrictions on fat intake, in 
combination with physical activity;  
2) general education 

Lifestyle intervention group vs controls: lost on 
average 9.3% of their body weight vs. 0.2% 
(P=0.003), had significant improvements in their 
NAS (72% vs. 30%, P=0.03).

% weight reduction correlated significantly with 
improvement in NAS (r=0.497, P=0.007). 

Individuals achieving ≥7% weight loss experienced 
significant improvements in steatosis, lobular 
inflammation, ballooning and NAS vs individuals 
who lost <7%.

Lin et al.156 (2009) Obese (BMI >30 kg/m2)
Taiwanese adults 

(n=132)

Randomized to receive the following 
for 12 weeks: 1) very low calorie diet 
450 kcal/day (VLCD-450); 2) very low 
calorie diet 800 kcal/day (VLCD-800)

Both groups had 2 weeks run in of 
1,200 kcal/day

The percentage change in body weight for the 
groups was -9.1% (VLCD-450) and -9.0% (VLCD-
800) (P=NS). The improvement rate of NAFLD 
as determined by ultrasound was 41.5% in the 
VLCD-450 group and 50.0% in the VLCD-800 
group. No serious adverse events were reported 
in either group. 

BMI, body mass index; IHTG, intrahepatic triglyceride; NASH, nonalcoholic steatohepatitis; NS, not significant; NAS, NASH histological activity score; T2DM, 
type 2 diabetes mellitus; AHEAD, Action for Health in Diabetes; RCT, randomized controlled trial; SFAs, saturated fatty acids; HbA1c, haemoglobin A1C; NAFLD, 
nonalcoholic fatty liver disease; VLCD, very low calorie diet.
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scores, whereas plant protein is inversely related.43 In a cross-sec-

tional study, patients with NAFLD ate 27% more animal protein 

compared to controls (P<0.001), with 46% of those in the highest 

quartile of consumption having NAFLD, compared with only 17% 

in the lowest quartile (P=0.001).44 A follow-up study showed a 

significant association between total (P=0.028), red and/or pro-

cessed meat (P=0.031) consumption with NAFLD and insulin re-

sistance even after adjustment for BMI, physical activity, alcohol, 

energy, SFA and cholesterol intake.45

Pathophysiology 

Red and processed meats likely lead to NAFLD, insulin resis-

tance and T2DM as a result of their high content of SFAs, choles-

terol, heme-iron, nitrates and nitrites, preservatives, advanced-

glycation end-products and branched chain amino acids 

(BCAAs).46 BCAAs, found in higher concentrations in animal pro-

tein, lead to impaired insulin sensitivity by recruiting mammalian 

target of rapamycin (mTOR) and assembling mTOR complex 1 in 

combination with insulin (Fig. 2).47 mTOR complex 1 induces sterol 

regulatory element-binding protein-1c (SREBP-1c) leading to 

DNL.48,49 Diets low in methionine (found predominantly in meat, 

fish and dairy products), can prevent the development of insulin 

resistance in animal models via activation of fibroblast growth 

factor 21 (FGF21), which inhibits SREBP-1, suppressing DNL while 

activating hepatic FFA oxidation;50-55 although it should be noted 

that in addition to methionine-rich diets, methionine-deficient 

and methionine and choline-deficient diets, can also induce 

NAFLD in the animal model as a result of their ability to promote 

lipid dysregulation and oxidative stress.56,57 Red and processed 

meats also contain high levels of phosphatidylcholine and L-carni-

tine, which are metabolized to trimethylamine (TMA) by gut mi-

crobiota (Fig. 2). TMA is oxidized in the liver by hepatic flavin-

containing monooxygenases to form trimethylamine oxide 

(TMAO), which is then released into the circulation. TMAO pro-

motes atherosclerosis via the up-regulation of multiple macro-

phage scavenger receptors,58,59 and high TMAO levels correlate 

with increased incidence of major cardiovascular events.60 It is hy-

pothesized TMAO may promote NAFLD by altering the synthesis 

and transport of bile acids, decreasing the overall bile acid pool 

and reversing the direction of cholesterol transport and glucose 

and energy homeostasis.61 Indeed, plasma TMAO levels correlate 

with the presence and severity of biopsy proven NAFLD in a large 

Chinese adult population.61 Individuals eating a vegan diet have 

an altered intestinal microbiota composition compared to omni-

vores, with reduced capacity to produce TMAO.62

Randomized controlled trial data

It is therefore hypothesized that a vegetarian diet would be su-

perior to an omnivorous diet in reversing NAFLD and metabolic 

parameters.63 This was not borne out, however, in a small ran-

domized prospective study comparing the influence of a 6-week 

isocaloric high-protein diet using either plant or animal protein on 

Figure 2. Potential mechanisms linking the consumption of animal protein with the development of NAFLD. TMA, trimethylamine; mTOR, mammalian 
target of rapamycin; TMAO, trimethylamine oxide; SREBP-1, sterol regulatory element-binding transcription factor 1c; FGF21, fibroblast growth factor 21; 
FFA, free fatty acid; NAFLD, nonalcoholic fatty liver disease.
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liver fat and lipogenic indices in patients with T2DM and NAFLD. 

While the high animal protein diet led to large postprandial in-

creases in BCAA and methionine compared to the plant protein 

group, both groups experienced significant improvements in 

FGF21, reductions in liver fat and down-regulation of lipolysis.64 

The results may have been similar due to small sample size and 

significant weight loss in both groups. Furthermore, the type of 

animal protein consumed (red, processed, lean) was not de-

scribed. 

Clinical advice

While large, prospective, RCTs are lacking to determine the im-

pact of animal protein on the progression of NAFLD, it is reason-

able to advise patients with NAFLD to reduce their intake of red 

and processed meats in light of their increased cardiovascular risk.

CHOS

Observational studies

Studies examining the association between CHOs and NAFLD 

are heterogeneous due to lack of differentiation between refined 

and unrefined CHOs. Low-diets have been associated with higher 

all-cause and cardiovascular mortality despite their benefits on 

initial weight loss, presumably due to reduced intake of unrefined 

CHOs (which are high in fiber, antioxidants, minerals, and vita-

mins), and increased consumption of animal protein, cholesterol 

and SFAs.65 In a small study evaluating intestinal permeability, pa-

tients with NAFLD were found to have significantly higher intake 

of protein and CHOs, specifically mono- and disaccharides, com-

pared to controls.66 Protein and CHO intake correlated to higher 

alanine aminotransferase (ALT) levels in this group. High CHO in-

take (>70% of overall energy intake) has also been associated 

with higher aminotransferases and presence of the metabolic syn-

drome in a large Korean cohort, which persisted after adjustment 

for overall energy intake and BMI.67 The opposite was found in a 

Portugal cohort comparing the diets of 45 patients with NASH to 

856 controls, where lower CHO consumption was seen in patients 

with NASH, although this was accompanied by other differences 

in dietary composition.68 A European cohort of 55 NAFLD patients 

and 88 controls found no significant differences in the relative in-

take of CHOs or fructose, although patients with NAFLD con-

sumed more calories overall.16 In children, total CHO intake has 

also been shown to be significantly higher in obese children with 

NAFLD compared to those without.69 CHO intake has also been 

shown to increase in parallel to the degree of liver fat detected by 

ultrasonography.69

No studies thus far directly compares the impact of refined ver-

sus unrefined CHOs on NAFLD, however there are several studies 

evaluating refined CHOs alone. In two small studies, consumption 

of dietary fructose has been shown to be significantly higher 

among NAFLD patients compared to controls.70,71 SSBs, a surro-

gate for free sugars, have been associated with NAFLD in an Is-

raeli population based study independent of age, gender, BMI 

and total caloric intake.44,72 In the Framingham Heart Study co-

hort, higher consumption of SSBs incrementally increased the 

odds ratio for NAFLD across quartiles of consumption, even after 

adjustment for BMI, energy intake, dietary fiber, fat, protein and 

diet soda.72 SSB consumption was also positively associated with 

ALT levels in this group. After controlling for dietary composition 

and physical activity, SSB consumption has been shown to be an 

independent variable to predict NAFLD with sensitivity of 100%, 

specificity 76%, positive predictive value 57% and negative pre-

dictive of 100%.73

The data on histologic impact of CHO consumption is limited. 

When comparing nutrient intake of 28 patients with biopsy-prov-

en NASH to 18 with simple steatosis, those with NASH had higher 

intake of CHOs, specifically simple CHOs.74 In a bariatric surgery 

cohort, higher CHO intake was significantly associated with in-

flammation, but not fibrosis, on liver biopsy.7 In older adults with 

NAFLD, higher daily fructose consumption has been associated 

with fibrosis, hepatic inflammation and hepatocyte ballooning.75

Pathophysiology 

CHOs induce DNL by activating the CHO responsive transcrip-

tion factor, CHO response element binding protein (Fig. 1).76 Fruc-

tose is metabolized predominantly in the liver where it is convert-

ed into glyceraldehyde-3-phosphate, which can be used for 

gluconeogenesis or acetyl-CoA production.77 The latter can be ox-

idized, or used for lipogenesis. Diets high in fructose contribute to 

NAFLD by increasing DNL and reducing fatty acid oxidation.78-81 

Fructose can also activate fatty acid synthase and stearoyl-CoA-

desaturase-1,82 sensitizing the liver towards inflammation, which 

may promote the development of NASH.83 Although data are 

lacking, unrefined CHOs are likely to be protective against NAFLD 

as a result of their low glycemic index, high fiber content, and role 

in increasing production of short-chain fatty acids in the gut.84
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Randomized controlled trial data

Several RCTs have been performed to evaluate the effects of a 

low CHO diet (<50% of daily calories) on NAFLD. In attempt to 

consolidate the data, a meta-analysis of 10 RCTs was performed, 

however significant heterogeneity was encountered.85 The overall 

conclusion was that a low CHO diet could reduce intrahepatic lip-

id content (IHLC) by over 10%, however significant weight loss 

across all intervention groups limited the ability to isolate the ef-

fects of a low CHO diet alone. Two of the trials evaluated a keto-

genic diet (8% CHO in one, <20 g CHO per day in the other) over 

2 and 24 weeks, respectively.86,87 Despite weight loss in both, 

there was no significant reduction in ALT, however the 2 weeks 

study did show reduction in liver fat content. When low (<60 g/day) 

and high CHO (>180 g/day) diets were compared over an 11 

weeks calorie restriction intervention, reduction in IHLC was com-

parable between both groups after 7% weight loss.24 Further-

more, a direct comparison of hypocaloric diets (30% energy re-

stricted) either low in CHO (and high in fat), or low in fat in 170 

overweight individuals for 6 months, revealed comparable de-

creases in body weight, visceral fat and IHLC.88 A meta-analysis of 

13 trials with a total of 260 participants reported an association 

between a high fructose diet and NAFLD incidence and severity.89 

Only seven of these trials were isocaloric however, and in these 

studies fructose had no significant effect on IHLC or ALT.89 Unfor-

tunately the majority of studies were small, of short duration and 

marred by confounding factors. Similarly a subsequent meta-anal-

ysis of 21 interventional studies found only low levels of evidence 

that a high fructose diet was associated with increased liver fat 

content and transaminases as studies were significantly con-

founded by excess energy intake.90

In adolescent boys, those on a limited free sugar diet (<5% dai-

ly calories) for 8 weeks experienced a significant decrease in he-

patic steatosis and aminotransferases compared to those with no 

dietary intervention, though weight loss was greater in the inter-

vention cohort.91 Focusing specifically on fructose reduction (by 

50%), a small pilot study showed reduction in IHLC and amino-

transferases over 6 months.92 Results are difficult to interpret giv-

en lack of control group as well as significant reduction in weight, 

SFA and sucrose intake. Over-feeding studies further highlight the 

association between SSB and NAFLD. When randomized to 1 L 

daily of sugar sweetened soda, skim milk, diet soda, or water for 

6 months, those consuming the sugar sweetened soda had signif-

icant increases in IHLC, visceral fat, and skeletal muscle fat, com-

pared to no changes in the other groups, despite no significant 

weight changes.93 After overfeeding overweight adults with 1,000 

kcal/day of candy or SSBs for 3 weeks, body weight increased by 

2% accompanied by 27% increase in IHLC.94 IHLC returned to 

baseline once baseline weight was achieved over the following  

6 months. Whole, unrefined CHOs are protective against cardio-

vascular disease, T2DM, colorectal and breast cancer,95 and are 

associated with decreased all-cause mortality,96 however data in 

NAFLD is lacking.

Clinical advice

Clinicians should advise reduction in refined CHOs, specifically 

fructose, in patients with NAFLD. 

FIBER

Observational studies

High fiber consumption is associated with a 15–30% decrease 

in all-cause and cardiovascular-related mortality, lower risk of 

heart disease, stroke, T2DM and gastro-intestinal cancer.95 Epide-

miological studies suggest there may be an association between 

a low fiber diet and the development of NAFLD. In a study of  

45 patients with NASH and over 800 controls, more than one-

third of patients with NASH consumed lower than the recom-

mended requirements of fiber, although this did not reach statisti-

cal significance compared to the controls unless the consumption 

of soluble fiber was considered in isolation (in this case nearly 

90% of patients consumed less than 10 g/day).68 Similarly, in an 

observational study of 55 NAFLD patients and 88 controls, NAFLD 

patients were found to consume less fiber.16 These findings were 

supported by a case-control study from Iran (NAFLD, n=159; con-

trols, n=158),97 however both studies are limited by differing mac-

ronutrient composition compared to controls. Fiber consumption 

has also been shown to be significantly lower in obese children 

with moderate and severe hepatic steatosis, compared to obese 

children without NAFLD.69 In a small uncontrolled pilot study, liver 

enzymes normalized in 75% of NAFLD patients eating 10 g/day of 

soluble fiber for 3 months.98 This study is limited not only by lack 

of a control group, but also reduction in BMI, waist circumference, 

insulin resistance index and cholesterol levels in two thirds of patients.
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Pathophysiology

The majority of studies looking at the benefits of fiber on car-

diovascular risk factors have focused on soluble fiber. Soluble fi-

ber is thought to be protective against NAFLD by reducing serum 

low-density lipoprotein (LDL)-cholesterol levels.99 The mechanism 

for this is unclear, although it has been proposed that soluble fi-

ber may bind to bile acids or cholesterol during the formation of 

micelles, lowering the cholesterol concentration in hepatocytes, 

leading to up-regulation of LDL receptors and clearance of LDL-

cholesterol.100 Soluble fiber can also slow the rate at which CHOs 

are absorbed into the circulation reducing post-prandial hypergly-

cemia, i.e., high fiber foods have a low glycemic index leading to 

improved glucose tolerance.101

Randomized controlled trial data

RCTs studying the effect of fiber intake in isolation on NAFLD 

are lacking, as this usually forms part of a wider dietary interven-

tion. In one study, 70 obese individuals with features of the meta-

bolic syndrome were randomized to two energy-restricted diets 

for 6 months.102 Participants who consumed higher levels of fiber 

from fruit experienced improvements in their FLI, hepatic steatosis 

index, NAFLD liver fat score and liver enzymes, supporting the 

consumption of fiber in the context of energy restriction for pa-

tients with NAFLD. In a small, randomized double-blind crossover 

trial, seven patients with NASH received 16 g/day of oligofructose 

(a prebiotic fiber), or placebo for 8 weeks. Oligofructose led to a 

significant reduction in insulin levels, as well as ALT and aspartate 

aminotransferase after 4 and 8 weeks, respectively, independent 

of a significant effect on plasma lipids.103

Clinical advice 

Increasing fiber intake by increasing intake of fruits, vegetables, 

whole grains and legumes, should be encouraged in patients with 

NAFLD.

FATS

Observational studies

There is a strong degree of concordance between observational 

studies to show that a higher intake of SFAs,68,69,74,97,104 and a low-

er intake of polyunsaturated fatty acids (PUFAs),69,74,104 is associat-

ed with NAFLD and NASH. In a cohort of 25 patients with NASH 

and 25 BMI matched controls, 7-day alimentary records revealed 

that patients with NASH consumed significantly higher propor-

tions of SFAs and a lower percentage of PUFAs, although differ-

ences were also seen between their intake of cholesterol, fiber 

and anti-oxidant vitamins.104 The ratio of PUFAs to SFAs was also 

Figure 3. Mechanisms via which saturated and unsaturated fatty acids influence the pathogenesis of NAFLD. PPAR, peroxisome proliferator-activated 
receptor; FFAs, free fatty acids; VLDL, very low density lipoprotein; SREBP-1c, sterol regulatory element-binding protein-1c; NAFLD, nonalcoholic fatty 
liver disease.
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lower in patients with NASH and NAFLD compared to the general 

population in a Japanese cohort.74 These findings were replicated 

in pediatric cohort in which SFA intake correlated proportionally 

to the degree of hepatic steatosis.69 Furthermore, omega-3 fatty 

acid consumption was lower in pediatric NAFLD patients and this, 

along with insulin resistance, remained the most significant factor 

following multiple regression analysis. Cortez-Pinto et al.68 also 

reported higher total fat consumption in NASH patients compared 

to controls, including higher consumption of omega-6 fatty acids, 

which differs from other studies. This study may have been con-

founded by differences in CHO and fiber consumption between 

groups.

Pathophysiology

SFAs exert their effects on the liver through the promotion of 

insulin resistance and oxidative stress. They induce hepatic steato-

sis by increasing lipolysis as well as DNL, which occurs through 

the promotion of the transcription of peroxisome proliferator-acti-

vated receptor (PPAR) γ coactivator-1β and SREBP-1c (Fig. 3).105 

SFAs also promote lipotoxicity through ceramides and diacylglyc-

erides,106 and can induce hepatocyte apoptosis and increase oxi-

dative stress, which may encourage progression towards NASH.107 

Conversely, monounsaturated fatty acids (MUFAs) activate tran-

scription factors PPARγ and PPARα, promoting safe fatty acid 

storage in adipose tissue and lipid detoxification via fatty acid oxi-

dation, respectively.108 PUFAs increase the transcription of PPARα, 

increasing lipid metabolism and mitochondrial oxidation, thereby 

reducing hepatic FFA concentrations.109,110 They also inhibit SREBP-

1c, reducing fatty acid synthesis.111,112 Omega-3 fatty acids lower 

the hepatic triglyceride content by suppressing hepatic VLDL apo-

lipoprotein B-100,113 and inhibit inflammatory cells involved in 

NASH.114

Table 2. Summary of randomized controlled trial data examining the influence of diets high in saturated fatty acids and poly- and mono-unsaturated 
fatty acids on hepatic steatosis

Study Participant Intervention Result

Bozzetto et al.119 (2012) Adults with T2DM (n=45) 8 weeks diet, either: 1) high-
carbohydrate/high-fiber/low-glycemic 
index diet; 2) high-MUFA diet; 3) high-
carbohydrate/high-fiber/low-glycemic 
index diet plus physical activity; and  
4) high-MUFA diet plus physical activity 

An isocaloric diet high in MUFA led to a 
reduction in liver fat, independent of weight 
loss and exercise compared to patients 
consuming a high-carbohydrate, high-fiber, 
low-glycaemic index diet 

Bjermo et al.117 (2012) Obese adults (sagittal 
abdominal diameter 
>25 cm, or waist 
circumference >88 cm 
[women] or >102 cm 
[men]; n=67) 

10 weeks isocaloric diet high in omega 
6 PUFAs or SFAs (butter); no other 
changes to macronutrients

A modest increase in weight was seen, 
however this did not differ between groups.

The SFA group had significant increases 
in liver fat (assessed using MRI), serum 
triglycerides, total and LDL cholesterol and 
insulin resistance compared to the group 
receiving PUFAs, in which all these markers 
improved.

Rosqvist et al.116 (2014) Young, normal weight 
adults (n=39) 

750 extra kcal/day for 7 weeks from 
muffins high in SFAs vs. muffins high in 
PUFAs 

The SFA group had greater increases in liver 
fat (P=0.033) and a 2-fold increase in VAT 
(P=0.035). The PUFA group had a 3-fold 
increase in lean tissue (P=0.015).

Errazuriz et al.118 (2017) Adults with pre-diabetes 
(n=43)

12 week isocaloric weight-maintaining 
diets: 1) high MUFAs (olive oil), 2) fiber-
rich, and 3) standard US food

Only the MUFA group demonstrated a 
significant decrease in liver fat fraction as 
determined by MRI (P<0.0003), in addition 
to improvements in hepatic and total insulin 
sensitivity.

Luukkonen et al.115 
(2018)

Overweight adults (mean 
BMI, 31±1 kg/m2; n=38) 

1,000 extra kcal/day for 3 weeks from 
either SFAs/unsaturated fat/simple 
sugars 

Overeating 1,000 kcal/day of SFAs increased 
IHTG more than unsaturated fats (55% vs. 
15%, P<0.05).

T2DM, type 2 diabetes mellitus; MUFA, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; SFAs, saturated fatty acids; MRI, magnetic resonance 
imaging; LDL, low-density lipoprotein; VAT, visceral adipose tissue; US, United States; BMI, body mass index; IHTG, intrahepatic triglyceride.
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Randomized controlled trial data

The beneficial effects of PUFAs and MUFAs, and metabolically 

harmful effects of SFAs, are shown in Table 2.115-119 Two meta-

analyses have examined the effects of omega-3 supplementation 

on NAFLD.120,121 The number of eligible studies analysed were nine 

and 10, respectively (335 individuals and 577 individuals with 

NAFLD). Both reported that omega-3 supplementation was bene-

ficial in reducing liver fat (predominantly quantified using ultra-

sound), but did not impact liver biochemistry. The analyses, how-

ever, were limited by poor quality study design and heterogeneity. 

It was not possible to comment on an optimal dose. In terms of 

histology, a trial comparing the effect of a diet high in PUFAs vs. 

placebo for 1 year in individuals with NASH revealed no signifi-

cant difference in NAS (≥2 point reduction) despite a greater re-

duction in liver fat in the treatment group, although participant 

numbers were small (n=34).122

Clinical advice

Clinicians should advise patients with NAFLD to replace dietary 

SFAs with PUFAs or MUFAs. 

DIETS

The Dietary Approaches to Stop Hypertension (DASH) diet is a 

low-glycemic, low energy-dense diet characterized by high intake 

of fruits and vegetables, whole grains, and low fat dairy products, 

with limited SFAs. An RCT comparing patients with NAFLD eating 

the DASH diet versus a control diet for 8 weeks (both of which 

contained 52–55% CHOs, 16–18% protein, 30% fat and approxi-

mately 1,900 kcal/day), showed that the DASH group had signifi-

cantly greater reduction in aminotransferases and metabolic 

markers, including serum triglycerides, total cholesterol, VLDL 

cholesterol, high sensitivity c-reactive protein, insulin and Homeo-

static Model Assessment of Insulin Resistance (HOMA-IR).123 The 

data are confounded by greater weight loss in patients following 

the DASH diet, however the high fiber and antioxidant content, 

and low saturated fat and refined CHOs content, is likely to be 

beneficial for NAFLD.

Soy is also thought to be helpful in NAFLD by inhibiting SREBP-

1c and activating PPARα, reducing lipid deposition and increasing 

antioxidant capacity. A three-arm RCT comparing patients eating 

a low calorie diet to a low-CHO, low calorie diet to a low-CHO, 

low calorie, soy-containing diet, reported that individuals eating 

the soy-containing diet had significantly greater improvements in 

liver tests and serum insulin levels.124

While RCT data is sparse, research suggests that the Mediterra-

nean diet (rich in plant-based foods, legumes and unsaturated 

fats) should prove ideal for patients with NAFLD as a result of its 

effectiveness as a form of primary prevention for components of 

the metabolic syndrome, and ability to reduce insulin resistance, 

liver fat and inflammation.125 An ad libitum Mediterranean diet 

Table 3. Suggested research priorities

Nutrient of interest Research question

Protein 1. Does plant-based protein offer any benefit over lean animal protein (i.e., chicken/fish) in the prevention of NAFLD, 
cirrhosis, HCC, or liver-related mortality?

2. What is the impact of red and processed meat, lean meat, and plant protein on the histologic features of NASH? 

Carbohydrate 1. Does a diet high in whole grains offer any protection against NAFLD and progression to cirrhosis, HCC, or liver-related 
mortality? 

2. What is the impact of refined versus unrefined carbohydrates on the histologic features of NASH? 
3. What is the impact of a diet low in free sugars on the histologic features of NASH?

Fiber 1. Are high fiber diets protective from developing NAFLD, cirrhosis, HCC, or liver-related mortality? 
2. Can increasing fiber in the diet reduce hepatic steatosis and improve histologic features of NASH, with or without 

weight loss? 
3. Is there a difference in the impact of insoluble and soluble fiber on reversing NAFLD?

Fat 1. Can diets high in unsaturated fat prevent fibrosis progression or even reverse fibrosis? 
2. What is the impact of saturated versus unsaturated fat on the histologic features of NASH?

Diets 1. Can a plant-based diet reverse histologic features of NASH without weight loss? 
2. Can any of these diets lead to fibrosis reversal without weight loss? 
3. Are these diets sustainable in this population long term? 

NAFLD, nonalcoholic fatty liver disease; HCC, hepatocellular carcinoma; NASH, nonalcoholic steatohepatitis.
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compared to a low-fat diet showed similar reductions in hepatic 

steatosis over 12 weeks with similar weight loss in both groups. 

The Mediterranean group alone, however, saw improvements in 

cholesterol, triglycerides and hemoglobin A1C.126 Furthermore, 

obese individuals with diabetes asked to follow a modified Medi-

terranean diet for 12 months were found to display lower levels of 

ALT compared to participants allocated to the American Diabetes 

Association diet and a low glycaemic index diet.127 The Mediterra-

nean diet is now recommended by EASL for the management of 

NAFLD.14 

Clinical advice

For patients with NAFLD we recommend diets high in whole, 

unprocessed foods, fiber, and unsaturated fats, with limited quan-

tities of red and processed meats, refined CHOs and saturated fat. 

Example diets include the Mediterranean diet, DASH diet, and 

other plant-based diets. 

BEVERAGES

Two large systematic reviews have shown that coffee leads to a 

relative risk reduction of cirrhosis and liver-related mortality sec-

ondary to all causes.128,129 In terms of NAFLD, two meta-analysis 

have demonstrated that coffee can reduce the incidence of 

NAFLD, in addition to decreasing the risk of liver fibrosis among 

patients with established NAFLD.130,131 A non-linearity curve rela-

tionship between coffee consumption and the development of 

NAFLD is described, with more than 3 cups per day reducing the 

incidence of NAFLD significantly.130 Several constituents found 

within coffee have been postulated as being mechanistic due to 

their favourable effects on glucose metabolism.132 For example, 

chlorogenic acid inhibits glucose-6-phosphate hydrolysis, leading 

to a reduction in gluconeogenesis and glycogenolysis, and can in-

hibit glucose absorption from the gut.133

Concomitant alcohol consumption is frequently encountered in 

patients with NAFLD. Previous meta-analyses have shown no as-

sociation between alcohol intake (up to 80 g/day) and hepatic 

steatosis,134 and a protective effect for individuals drinking up to 

40 g/day,135 however these studies were largely heterogenous, 

retrospective and subject to selection bias. A cross-sectional study 

concluded that steatosis is present in nearly 95% of obese per-

sons who drink more than 60 g of alcohol per day, however obe-

sity plays the over-arching role.136 There is, however, strong evi-

dence that patients drinking excessively (≥2 drinks/day for 

women and ≥3 drinks/day for men) with NAFLD are at signifi-

cantly increased risk of developing advanced liver fibrosis and this 

should therefore be discouraged.137 Even mild to moderate drink-

ing (<210 g/week) has been found to increase the risk of steato-

hepatitis, fibrosis, decompensated liver disease, mortality and liv-

er cancer among individuals with obesity and diabetes,138-144 

although there is some disagreement among studies.135,145,146 Ab-

stinence has been advocated for patients with NASH cirrhosis in 

order to reduce the risk for decompensation and hepatocellular 

carcinoma (HCC).147

Clinical advice 

Coffee consumption is protective against the development of 

NAFLD and disease progression. Moderate to heavy alcohol con-

sumption should be avoided in the presence of obesity, NAFLD, 

and other metabolic risk factors. Abstinence is advised for pa-

tients with advanced fibrosis. 

LIMITATIONS OF CURRENT DATA

One of the biggest challenges encountered when studying di-

etary determinants of diseases is the confounding effects of other 

dietary components and lifestyle factors. This may not be easily 

handled by multivariable analyses alone and can lead to errone-

ous conclusions. These issues were recently demonstrated in a se-

ries of meta-analyses which concluded that red or processed meat 

may only lead to small differences in the risk of all-cause mortali-

ty, cardiometabolic outcomes and cancer incidence;148-151 in con-

trast to the established medical opinion and public beliefs. Three 

of the reviews were reliant on observational studies for which 

many received low GRADE scores in terms of evidence quality. 

The authors identified fundamental issues inherent to the design 

of many nutritional studies including a lack of a clear hypothesis, 

selective reporting of results, reliance on self-reported food con-

sumption, lack of controls and failure to address confounders.152,153 

A review of RCT data comparing diets with differing amounts of 

red meat consumed for at least 6 months was similarly afflicted 

by poor quality evidence and discordant results.150 These results 

were used to inform guidelines published by the Nutritional Rec-

ommendations (NutriRECS) Consortium, which are the first to 

suggest there is no need for adults to reduce their consumption of 

red and processed meat,154 and have received widespread public 
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criticism. It is vital that we are able to provide the public with ac-

curate information about their dietary choices and maintain the 

integrity of evidence-based medicine. There therefore needs to be 

radical reform in terms of how these studies are undertaken. 

Small, poorly design observational studies are perhaps damaging 

to these field; instead investment is required in high quality large 

RCTs looking at long term outcomes, in addition to the collection 

of longitudinal data on markers of early disease. We have summa-

rized these research priorities in Table 3. 

CONCLUSION 

This review has highlighted a significant lack of high quality 

RCT data in this field, offering a number of research opportunities 

for the future. Although well intentioned, diets focusing specifi-

cally on reducing CHO or fat intake miss out on the benefits of 

whole grains, fiber, and unsaturated fats, which do not need to 

be minimized in the diet. These diets are also not sustainable. In-

stead, the focus should shift to a lifestyle that incorporates 

healthy CHOs and fats, which may be more sustainable long term. 

Overall the current data is supportive of diets low in SFAs, red and 

processed meats, and refined CHOs for NAFLD. Diets that incor-

porate these recommendations include plant-based diets such as 

the DASH, Mediterranean, vegetarian, and vegan diets. 
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INTRODUCTION

Before the introduction of the brain death law, transplant or-

gans were taken from non-heart beating donors, now commonly 

referred to as donation after circulatory death (DCD) donors. Due 

to better outcomes, however, the majority of liver transplantations 

have been performed using donation after brain death (DBD) do-

nors. With an increasing demand for donor organs, a living donor 

option was added to mitigate waitlist mortality. To further expand 

the donor pool, transplant centers were forced to accept donors 

with increased risks. In the 1990s, DCD donors started regaining 

attention as a valuable source of liver grafts. Despite growing ex-

periences of DCD in liver transplantation, increased risks of graft 

failure and ischemic biliary complications remain critical concerns.

The definition of DCD is organ donation from patients who have 

suffered a catastrophic brain injury but do not meet the criteria 

for brain death.1 In 1995, an international workshop to examine 

issues surrounding non-heart beating donors was held in Maas-

tricht, Netherlands. The workshop resulted in the classification of 

DCD donors into four categories: category I (dead on arrival), cat-
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egory II (unsuccessful resuscitation), category III (awaiting cardiac 

arrest), and category IV (cardiac arrest in brain dead donor).2 Cur-

rently, the majority of DCD liver grafts are recovered from catego-

ry III donors under a controlled environment (controlled DCD). 

While uncontrolled DCD donors (category II) have been used in 

some European countries with acceptable outcomes, many trans-

plant centers are reluctant to use them due to unknown warm 

ischemic time.3

Organs recovered from DCD donors inevitably experience warm 

ischemic injury, which is the primary element distinguishing DCD 

from DBD (Fig. 1).1 A progressive drop in blood pressure and oxy-

gen saturation during an extended withdrawal period is detrimen-

tal to graft viability. Since the liver graft is vulnerable to warm 

ischemic injury, DCD liver transplantation is associated with an in-

creased risk of graft failure and surgical complications.4,5 None-

theless, with the need for liver transplantation is increasing world-

wide, DCD donors will continue to be an essential source of 

lifesaving liver grafts. For the best use of DCD donors, it is crucial 

to understand the mechanisms of tissue injury of DCD liver grafts 

and how to maintain graft viability (Table 1). This article reviews 

the current practice of DCD organ recovery as well as DCD donor 

selection, which is essential to achieve successful outcomes in 

DCD liver transplantation. Further, critical advancement in this 

field will be discussed regarding preventive modalities for isch-

emic biliary complications and graft failure.

Figure 1. Timeline of DCD organ recovery. The definition of the agonal phase varies based on each program’s policy regarding its cutoffs of MAP and 
SpO2. Generally, the agonal phase begins when blood pressure or SpO2 drops to certain levels (70–80 mmHg in systolic pressure, 50–60 mmHg in 
MAP, or 60–80% in SpO2). The standoff (no touch) time lasts at least 2 minutes, but not more than 5 minutes, to confirm the irreversibility of circulatory 
death. Time from incision to cross-clamp (*) is the only period that is surgically modifiable to shorten donor warm ischemia. DCD, donation after circu-
latory death; MAP, mean arterial pressure; SpO2, peripheral oxygen saturation. 

Withdrawal of life support

Pre-agonal phase Standoff time

Surgical time

Donor warm ischemia Cold ischemia

Premortem heparin

Agonal phase

Organ retrieval

Asystole

Incision

*

Cross-clamp
Cold flush

Table 1. Factors influencing DCD graft viability

Factor Reference

Donor selection

Donor age 6-10

BMI (graft steatosis) 10

Cold ischemia time 6,11

Organ recovery

Location of withdrawing life support 12

Premortem heparin 16

Preservation solution 17-20

Warm ischemia time

Extubation to cross clamp 6,22-26

Agonal phase 27,28

Asystole to cross clamp 29

Thrombolytic agents 33,39-42

Ex vivo machine perfusion 43-49

DCD, donation after circulatory death; BMI, body mass index.
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DCD DONOR SELECTION

Donor age is one of the most potent indicators of graft survival 

in DCD liver transplantation. According to the Scientific Registry 

of Transplant Recipients data from September 2001 to April 2009 

(n=1,576), donor age of 50–60 years increased the risk of graft 

failure by 39% when compared to younger donors. Moreover, the 

risk jumped to 88% for donors older than 60 years.6 Similarly, 

based on UK national data on risk factors for graft failure 

(n=1,153) from January 2000 to December 2015, donor age has 

been included as an essential element of the DCD donor risk 

score.7

On the other hand, conflicting results have been reported by 

single-center studies from high volume programs. For instance, a 

retrospective study by Mayo Clinic showed that recipients who re-

ceived liver grafts from DCD donors ≥50 years of age achieved 

comparable graft survival to those who received liver grafts from 

younger DCD donors.8 Our experience at Cleveland Clinic also 

demonstrated no significant impact of donor age on graft survival 

with an age cutoff of 45 years.9 However, it should be noted that 

such favorable outcomes could have partly been achieved due to 

stringent donor and recipient selection criteria. Since the use of 

DCD donors per se is an independent risk factor, the coexistence 

of multiple risk factors should be avoided, such as high donor 

body mass index (BMI), graft steatosis, and high Model for End-

Stage Liver Disease (MELD) score in recipients. In the Birmingham 

group’s single-center study, an age cutoff of 60 years failed to 

distinguish recipients with poorer graft and patient survival.10 

However, when donor age was combined with donor BMI  

≥25 kg/m2, graft survival was significantly compromised.10 Since 

high donor BMI is often associated with macrosteatosis in the liv-

er graft, a graft biopsy may be necessary during organ recovery to 

further evaluate the degree of steatosis. Further, cold ischemia 

has a significant impact on outcomes in DCD liver transplanta-

tion.6,11 Indeed, each hour in cold ischemia time increases the risk 

of graft failure by 6%.6 Accordingly, when accepting aged DCD 

livers, careful risk assessment is essential to avoid not only donor- 

and recipient-related risks, but also long warm and cold ischemic 

time. It should also be noted that the use of younger DCD donors 

does not guarantee a promising outcome, particularly when other 

unfavorable factors exist.9

DCD ORGAN RECOVERY

End of life care and withdrawal of life support

After an imminent death is identified, the Organ Procurement 

Organization (OPO) is notified to initiate an evaluation process to 

determine whether a patient is suitable to be an organ donor. If 

the patient does not fulfill the criteria of brain death despite a 

catastrophic brain injury, a discussion takes place with the family 

as to whether they wish to proceed with the withdrawal of life 

support. If the family agrees to proceed, a matched recipient(s) is 

identified, and an organ recovery team(s) arrives at the donor 

hospital. Withdrawal of life-sustaining therapy, which includes 

termination of cardiopulmonary support and all essential medica-

tions, often occurs in the operating room or intensive care unit in 

the presence of the family, depending on the OPO or hospital pol-

icy. The family needs to have as much time as needed to say 

goodbye to their loved one. Generally, the operating room is a 

preferred location to withdraw life support because the time for 

transport can be shortened to minimize warm ischemia. Indeed, 

not only is graft and patient survival better, but the incidence of 

complications is mitigated when life support is withdrawn in the 

operating room.12 With all comfort care measures in place, the 

donor is extubated, and life-sustaining treatments are terminated. 

For the pronouncement of death in DCD organ recovery, the hos-

pital staff must use objective and auditable criteria that are stan-

dardized by the law. If the patient does not expire within the time 

that makes organ donation possible, the process of organ recov-

ery is aborted, and the patient is transferred back to intensive 

care unit. The donor surgical team needs to wait for at least two 

minutes, and not more than five minutes, of “standoff time” be-

fore starting organ recovery, depending on local policy after do-

nor death is declared (Fig. 1).1 This standoff time is vital to confirm 

the irreversibility of circulatory death. It should be noted that op-

erating room personnel who will be involved in organ recovery or 

transplantation must not be present when withdrawal of life sup-

port takes place. 

Organ recovery by super-rapid technique

After the required standoff time, the surgical team begins organ 

recovery with a midline incision from the suprasternal notch to the 

symphysis pubis.13 After placing a Balfour retractor, an assistant 

holds the small intestine upward to expose the sacral promontory. 

At approximately 5 cm superior to the sacral promontory, which 



404 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0072

Volume_26  Number_4  October 2020

may vary based on age, gender, and race, the bifurcation of the 

aorta can be identified in the retroperitoneum.14 It is crucial to 

stay at the midline to avoid inadvertent injury of the ureters. The 

distal aorta is incised to insert a cannula to commence cold perfu-

sion (Fig. 2). Then, the inferior vena cava next to the aorta is in-

cised to vent blood. A pool suction tip is inserted into the vena 

cava to assist venting. Next, the sternum is split, and the thoracic 

aorta is cross-clamped. Finally, the pericardium is opened, and 

the inferior vena cava is incised below the right atrium to decom-

press the transplant organs further. The abdominal cavity is then 

filled with ice slush. If a thoracic team is present, the supraceliac 

aorta, instead of the thoracic aorta, is cross-clamped between the 

esophagus and the caudate lobe of the liver. When the lesser sac 

is opened to gain access to the aorta, special attention should be 

paid to avoid inadvertent injury to the left accessory hepatic ar-

tery. While the inferior mesenteric vein can be cannulated to per-

fuse the portal system, there is no evidence that this improves 

graft quality in DCD. Once core cooling is achieved, the liver is re-

covered using the same technique for DBD organ recovery. With 

an experienced surgical team, the process from skin incision to 

cross-clamp can be done within a few minutes.

Premortem heparin administration

Systemic administration of heparin is universally adopted in DBD 

organ recovery to prevent thrombus formation in transplanted or-

gans. In DCD donors, however, premortem heparin administration 

(30,000 units) is ethically controversial because systemic heparin-

ization may hasten the death of donors due to theoretical con-

cerns of intracranial hemorrhage or worsening of bleeding.15 Ac-

cording to the Scientific Registry of Transplant Recipients data, 

premortem heparin is currently used in >90% of DCD donors as a 

critical component of the DCD protocol.16 When premortem hepa-

rin is prohibited due to a local policy, heparin can be mixed in an 

initial bag of the cold preservation solution. Without premortem 

heparin, the risks of graft failure and primary non-function in-

crease by 18% and 81%, respectively.16 Premortem heparin does 

not improve the discard rate of DCD livers.16

Preservation solution

The selection of preservation solutions may be critical to main-

taining the viability of DCD livers. Conflicting data exists regard-

ing the comparison between University of Wisconsin solution ver-

sus histidine‐tryptophan‐ketoglutarate (HTK) solution in DCD liver 

transplantation.17-19 Early studies failed to demonstrate significant 

differences in graft survival when comparing these solutions, pos-

sibly due to the small sample size. According to data from the 

United Network for Organ Sharing database from July 2004 to 

February 2008, however, the use of HTK solution was associated 

with an increased risk of graft failure by 44% in DCD grafts com-

pared to University of Wisconsin solution (P=0.025), especially 

when cold ischemia time was >8 hours.20 Despite the data, some 

transplant centers prefer HTK solution due to lower viscosity, 

which might be beneficial to prevent biliary complications.17 

QUANTITY AND QUALITY OF DONOR WARM 
ISCHEMIA TIME

In early experience, Feng et al.21 reported that the use of DCD 

donors was one of the most substantial risk factors for liver graft 

failure. Compared to DBD, the inferiority of DCD mainly stems 

from a poorer quality of liver grafts. Donor warm ischemia time 

(dWIT) is generally defined as the time from extubation to cross-

clamp (Fig. 1), the length of which has been considered a potent 

indicator of poor outcomes.22-24 Since early experience has dem-

Figure 2. DCD organ recovery with the super-rapid technique. Aortic 
cannulation is done to commence cold perfusion while the assistant 
holds the small intestine upward to expose the retroperitoneum. DCD, 
donation after circulatory death.
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onstrated that prolonged dWIT is associated with a lower graft 

survival and an increased risk of biliary complications, many trans-

plant centers have adopted 30 minutes of dWIT as a cutoff to ac-

cept DCD livers. Indeed, the Scientific Registry of Transplant Re-

cipients data demonstrated that the risk of graft loss increased by 

84% when dWIT was ≥35 minutes.6 However, many studies have 

shown an equivocal association between dWIT and transplant 

outcomes.25-28 Such conflicting findings are mainly attributable to 

the heterogeneity of dWIT. Namely, from the withdrawal of life 

support to circulatory death, a wide range of hemodynamic per-

turbations is seen among donors. Changes in tissue perfusion and 

oxygenation during the agonal phase are not equal in each donor. 

Therefore, the trajectory of donor hemodynamics should be con-

sidered as an essential parameter to assess DCD liver graft quality. 

During DCD organ recovery, the donor surgical team receives a 

minute-by-minute update of donor hemodynamics, including 

blood pressure, oxygen saturation, and heart rate. Peripheral ar-

terial pressure and peripheral oxygen saturation (SpO2) are closely 

related to graft quality, and are particularly important. It is essen-

tial to understand that the time from withdrawal of life support to 

asystole consists of the pre-agonal and agonal phases (Fig. 1). 

Generally, the agonal phase begins when blood pressure or SpO2 

drops to certain levels (70–80 mmHg in systolic pressure, 50–60 

mmHg in mean arterial pressure [MAP], or 60–80% in SpO2) in 

DCD organ recovery. During the agonal phase, donors become 

progressively hypotensive and hypoxic. However, no donor has an 

identical change of these hemodynamic parameters to others, and 

the exact timing of the onset of liver graft injury is unknown (Fig. 3).

Based on the clinical data of 87 DCD donors at Cleveland Clinic, 

trajectories of MAP were categorized into three clinically mean-

ingful phenotypes (Fig. 4).28 The patient group who had the worst 

graft survival (1-year graft survival, 68.9%) was the group of pa-

tients who received liver grafts from Cluster 1 donors. With mini-

mal or short pre-agonal phase, MAP declined gradually to asysto-

le with a prolonged agonal phase (≥15 minutes, slow decliner) 

(Figs. 4, 5). The median dWIT of Cluster 1 was 27 minutes (inter-

quartile range [IQR], 24–30 minutes). While dWIT was compara-

ble (median, 29 minutes; IQR, 25–32 minutes), Cluster 2 donors 

maintained stable MAP during the pre-agonal phase over 10 min-

utes, which was followed by a rapid decline with a short agonal 

phase (<15 minutes) (Fig. 4). Finally, Cluster 3 donors had the 

shortest dWIT (median, 19 minutes; IQR, 16–22 minutes; P<0.001 

vs. Cluster 1 and 2) with a rapid decline of MAP from withdrawal 

to asystole (agonal phase <15 minutes). Interestingly and despite 

the longer dWIT, recipients who received Cluster 2 liver grafts had 

comparable graft survival to recipients with Cluster 3 donors (1-

year graft survival, 90.9% in Cluster 2 and 91.3% in Cluster 3). 

This favorable outcome in Cluster 2 is probably due to the pre-ag-

onal phase of dWIT, which appears to help maintain adequate 

perfusion and oxygenation of the liver graft. With a similar phe-

notype in the agonal phase, Cluster 2 and 3 donors can be cate-

gorized as the rapid decliner, who has better graft survival than 

the slow decliner (Figs. 4, 5). The difference between these phe-

notypes indicates that both the quantity (length) and quality of 

dWIT play a crucial role in determining graft survival. Similar find-

ings were seen with SpO2 trajectories.28

Taner et al.29 reported that time from asystole to cross-clamp 

was important to determine the viability of DCD liver grafts. This 

Figure 3. Hemodynamic trajectories in DCD donors (n=87) from the time of withdrawal of life support to asystole by (A) MAP and (B) SpO2. Adapted 
from Firl et al.28 with permission. DCD, donation after circulatory death; MAP, mean arterial pressure; SpO2, peripheral oxygen saturation.
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asystole-cross clamp time consists of two critical periods, includ-

ing the first portion as standoff time (2–5 minutes) to confirm the 

irreversibility of circulatory death, and the second portion which is 

the surgical time from incision to cross-clamp (Fig. 1). Both peri-

ods are critical because the liver graft receives no perfusion or ox-

ygenation in the donor body due to stasis of blood. To shorten 

this asystole-cross clamp period, mandatory standoff time can be 

minimized to 2 minutes as recommended by the American Society 

of Transplant Surgeons.1 However, it is also imperative to maintain 

public confidence in the irreversibility of death determination. 

Since the second portion is the only time that is surgically modifi-

able, it is essential for the surgical team to commence cold perfu-

sion and cross-clamp as quickly as possible (Fig. 1).

ISCHEMIC CHOLANGIOPATHY (IC)

Increased risk of biliary complications is the Achilles’ heel of 

DCD liver transplantation. IC causes diffuse or focal intrahepatic 

biliary stricture, liver abscess, and necrosis, resulting in graft fail-

ure and retransplantation. The incidence of IC in DCD liver trans-

plantation has been reported to be as high as 30–50%, and is 

one of the reasons transplant centers hesitate to accept DCD do-

nors.17,22,25,30,31 Patients who develop IC have significantly inferior 

graft survival compared to those who do not, because there is no 

effective therapeutic modality to salvage liver grafts from IC.5 

Therefore, it is vital to prevent the development of IC.

The precise mechanism for the development of IC remains un-

Figure 5. Graft survival of the slow decliner (Cluster 1) and rapid decliner (Cluster 2 and 3) with respect to (A) MAP (P=0.038) and (B) SpO2 (P=0.039). 
The rapid decliner had significantly better graft survival than the slow decliner. Adapted from Firl et al.28 with permission. MAP, mean arterial pressure; 
SpO2, peripheral oxygen saturation.
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known. Interestingly, clinical and radiological presentations of IC 

are similar to those of hepatic artery thrombosis. The peribiliary 

vascular plexus of the human liver receives blood supply only via 

the hepatic artery.32,33 Therefore, a similar ischemic etiology may 

play a role in the development of IC. If microthrombi are formed 

in the peribiliary vascular plexus due to stasis of blood during 

warm ischemia, microcirculation of the intrahepatic bile duct can 

be disturbed. If this is the case, the formation of microthrombi 

causes ischemic biliary necrosis (Fig. 6).33

Study results offer conflicting evidence regarding microthrombi 

formation in DCD livers. An animal model demonstrated an ex-

perimental evidence of microthrombi formation in the peribiliary 

vascular plexus.34 A human study also demonstrated that peribili-

ary vascular injury with microthrombi is more prominent in DCD 

compared with DBD liver grafts, which correlates with the inci-

dence of IC.35 On the other hand, Verhoeven et al.36 reported no 

evidence of increased microthrombi formation in human DCD liver 

grafts.

An early study from the Pittsburgh group demonstrated the 

usefulness of thrombolytic therapy with surgical revascularization 

to rescue liver grafts from hepatic artery thrombosis.37 When such 

urgent intervention is conducted before irreversible tissue damage 

occurs, thrombolytic therapy can help prevent biliary necrosis.38 

According to these clinical findings, the use of thrombolytic 

agents may be of benefit to prevent the development of IC. 

In August 2005, Cleveland Clinic implemented a new DCD pro-

tocol to use tissue plasminogen activator (tPA) to prevent IC. The 

protocol was used in 68 patients until December 2013; 22 pa-

tients in an initial pilot study33 and 46 patients in a following pro-

spective study.39 Assuming the formation of microthrombi is the 

mechanism of IC, tPA (Activase® 1 mg/mL, 0.5 mg per 100 g liver 

weight; Genentech Inc., South San Francisco, CA, USA) was in-

jected into the donor hepatic artery on the back table. After por-

tal reperfusion, the hepatic artery was kept clamped for 10–15 

minutes. To minimize the systemic introduction of tPA, the hepatic 

artery was unclamped before arterial anastomosis to allow excess 

tPA to back-bleed and discard the effluent. In the initial pilot 

study, the protocol dose of tPA was used in 12 grafts. Reduced 

doses (0.2–0.4 mg per 100 g liver weight) were used in 10 grafts 

based on the presence of various risk factors for bleeding such as 

donor age, dWIT, cold ischemia time, MELD score, and previous 

history of major laparotomy in recipients. Among the 22 patients 

in the pilot study, only two recipients (9%) developed IC, includ-

ing one with diffuse necrosis requiring retransplantation and an-

other with focal stricture of the intrahepatic bile duct with a func-

tioning graft.33 However, the randomized prospective study failed 

to demonstrate a preventive effect of tPA for IC (7% [3/46] with 

tPA vs. 3% [1/33] without tPA, P=0.6). Although there was a 

trend toward lower incidence of early allograft dysfunction with 

tPA (17% vs. 34%, P=0.07), there was no difference in the inci-

dence of primary non-function, hepatic artery thrombosis, and re-

transplantation.39 Since 2014, Cleveland Clinic abandoned the 

thrombolytic protocol based on the results of the prospective 

study, as well as the low incidence of IC even without the tPA 

treatment. 

University of Toronto and Ochsner Clinic also adopted a new 

thrombolytic protocol.40,41 With the Ochsner Clinic protocol, 2 mg 

of tPA was injected after 5 mg of verapamil into the donor hepatic 

Figure 6. The postulated mechanism of the development of IC in DCD liver transplantation. (A) The blood supply to the human biliary system de-
pends solely on the hepatic artery via the peribiliary vascular plexus. (B) Formation of microthrombi in the peribiliary vascular plexus during donor 
warm ischemia may contribute to biliary ischemia. Adapted from Hashimoto et al.33 with permission. DCD, donation after circulatory death.
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artery after portal vein anastomosis. The University of Toronto 

protocol injected tPA (100 μg/kg donor body weight) into the do-

nor hepatic artery before portal vein anastomosis. While 21.2% of 

patients at Ochsner Clinic and the University of Toronto experi-

enced IC without tPA (n=33), IC occurred in less than 3.5% of pa-

tients with the tPA protocols (n=56 at Ochsner Clinic, n=29 at 

University of Toronto; P<0.005).40 A subsequent study by Ochsner 

Clinic with 100 DCD liver transplantations demonstrated that the 

tPA protocol achieved comparable graft and patient survival com-

pared with DBD liver transplantation, with an IC incidence of only 

3%.41 Indiana University developed a different thrombolytic pro-

tocol along with a systematic approach, including shorter donor 

and recipient ischemia time, as well as shorter operation time.42 In 

their protocol, 100 mg of tPA was mixed with 1 L of room tem-

perature normal saline, which was administered via the donor 

aorta as an initial flush solution in organ recovery. This protocol 

achieved a zero incidence of IC in 30 patients who received DCD 

liver grafts.

Due to the risk of excessive bleeding, transplant centers are 

generally reluctant to adopt the use of thrombolytic agents. Yet 

results from the Centers that used these existing thrombolytic 

protocols do not support this concern.33,40-42 Still, since coagulopa-

thy, fibrinolysis, and thrombocytopenia are not uncommon in DCD 

liver transplantation, the risk of bleeding should not be underesti-

mated even with the small dose of thrombolytic agents.33

EX VIVO MACHINE PERFUSION

Ex vivo machine perfusion technology has recently gained the 

increased interest in DCD liver transplantation. Several single-cen-

ter studies in the hypothermic setting have demonstrated less 

graft tissue damage, better graft survival, and lower incidence of 

IC, compared with static cold preservation.43-45 On the other hand, 

normothermic machine perfusion, which creates more physiologic 

conditions to preserve, assess, and potentially repair liver grafts, 

is expected to improve outcomes for DCD liver transplantation 

even further. To date, however, clinical data are not available to 

support normothermic machine perfusion as a preventive and 

therapeutic modality.46-48 While a randomized clinical trial of nor-

mothermic machine perfusion achieved a 50% reduction of graft 

injury, the study demonstrated no significant difference in survival 

or IC rates compared to static cold preservation.49 It should be 

noted, however, that normothermic machine perfusion helped de-

crease the organ discard rate, providing an opportunity to in-

crease the donor pool.49 Future studies are necessary to further 

explore the potential of this evolving technology in terms of graft 

viability and ex vivo organ repair.

CONCLUSION

In real practice, the DCD liver graft increases access to lifesav-

ing organs for patients awaiting liver transplantation. While the 

increased risks of graft failure and IC are of concern, outcomes 

after DCD liver transplantation have improved over the last two 

decades with a better understanding of donor selection and or-

gan recovery techniques. It is vital to understand the importance 

of not only the quantity but also the quality of donor warm isch-

emia to determine DCD graft viability because each donor has 

different nature of warm ischemia, which induces various degrees 

of pathophysiologic consequences. Potential interventions, using 

thrombolytic agents and ex vivo  machine perfusion technology, 

are evolving with encouraging reports from major transplant cen-

ters. Continued research is necessary to optimize existing proto-

cols as well as develop new therapeutic approaches. 
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a global health prob-

lem.1 Although several therapeutic agents have been approved 

and used for patients with HBV infection, the disease remains dif-

ficult to cure, and the eradication of chronic infections remains 

challenging.2-5 Current clinical practice guidelines or guidance by 

the American Association for the Study of Liver Diseases (AAS-
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LD),6 European Association for the Study of the Liver (EASL),7 and 

Asian-Pacific Association for the Study of the Liver (APASL) pro-

vides general recommendations for the management of chronic 

hepatitis B (CHB) (Table 1).8 Recently, in 2019, the Korean Associ-

ation for the Study of the Liver (KASL) published new clinical prac-

tice guidelines for the management of CHB in this journal and  

described comprehensive management strategies including pre-

vention, monitoring, treatment, and special considerations.9 Here, 

we compare the Korean guidelines with other international guide-

lines regarding when to start, when to change, and when to stop 

antiviral treatment for CHB.

NATURAL HISTORY 

CHB is a life-long disease that can start at the beginning of life 

by perinatal transmission, especially in Asian countries.3 Five char-

acteristic phases of CHB have been identified according to immu-

nological features, virology, biochemistry, and histology (Table 2).3

The first phase is the CHB immune tolerant phase (immune tol-

erant CHB). It is characterized by very high levels of HBV replica-

tion, persistently normal alanine aminotransferase (ALT) levels, 

and minimal or no necroinflammatory activity. During this phase, 

patients are typically positive and show high titers of hepatitis B 

surface antigen (HBsAg) and hepatitis B e antigen (HBeAg). In-

flammatory activity is assumed to be absent, which prompted the 

EASL to revise the name of the first phase to HBeAg-positive 

chronic HBV infection.7 However, normal ALT levels do not exclude 

the presence of necroinflammation and fibrosis, particularly as 

determined by conventional laboratory criteria.10,11 Therefore, the 

KASL adjusted the cut-off of normal ALT to 34 IU/L for males and 

30 IU/mL for females on the basis of a recent study involving 

12,486 Korean CHB patients.9,12 Experts from the AASLD recom-

mended the use of similar cut-offs of 35 IU/L for males and 25 IU/mL 

for females, whereas the EASL and APASL insist on using tradi-

tional laboratory reference values of 40 IU/mL for both sexes  

(Table 1).6 Another issue differentiating the immune tolerant 

phase from other phases is the cut-off of the very high HBV DNA 

levels. The HBV DNA criterion (≥107 IU/mL) for the immune toler-

ant phase as defined by the KASL and EASL is somewhat different 

from that of the AASLD (>106 IU/mL) and the APASL (>2×106  

IU/mL).6-9 However, given that a decreasing HBV DNA titer sug-

gests immunological interactions between the host and virus, a 

higher cut-off would be suitable to exclude patients in transition 

phases who may need antiviral treatment.13 Indeed, the definition 

of the immune tolerant phase is still under debate,13,14 causing in-

vestigators to continue evaluating the appropriate cut-offs of the 

ALT and HBV DNA levels for the accurate prediction of long-term 

Table 1. Comparison of current clinical practice guidelines for chronic hepatitis B management 

KASL AASLD EASL APASL

Published year June 2019 April 2018 August 2017 January 2016

Journal Clinical Molecular 
Hepatology

Hepatology Journal of Hepatology Hepatology 
International

Type Clinical practice 
guidelines

Guidance incorporated with 
guidelines

Clinical practice 
guidelines

Clinical practice 
guidelines

Listed author(s) KASL An expert panel of the 
AASLD

EASL A panel of Asian experts 
chosen by the APASL

Recommendation GRADE Guidance developed by the 
consensus of an expert 
panel, GRADE (2016)

GRADE GRADE

Interval since the previous update 3 years 2 years 5 years 4 years

Target population Korean American European Asian

Suggested normal ALT (IU/L)

Male <34 <35 <40 <40

Female <30 <25 <40 <40

KASL, Korean Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of 
the Liver; APASL, Asian-Pacific Association for the Study of the Liver; GRADE, Grading of Recommendations Assessment, Development and Evaluation system; 
ALT, alanine aminotransferase.
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prognosis and recommendation of suitable treatment.

The second phase is the HBeAg-positive immune active phase. 

This is also termed the immune reactive or immune clearance 

phase.3 The level of HBV DNA remains high (104–107 IU/mL ac-

cording to the EASL) but may fluctuate.3 Elevated ALT suggests 

the presence of intrahepatic necroinflammation and can be asso-

ciated with liver damage.15 The outcome of this phase varies ac-

cording to the degree of liver injury; thus, prompt antiviral therapy 

is recommended.15

The third phase is the immune inactive phase, previously known 

as the immune controlled phase.3 Other terminologies for this 

phase include HBeAg-negative chronic HBV infection, as proposed 

by the EASL, and low replicative chronic HBV infection or low rep-

licative phase, as proposed by the APASL,7,8 emphasizing the mini-

mal intrahepatic inflammation and low viral replication. The level 

of HBV DNA is typically as low as <2,000 IU/mL, and the ALT lev-

el is within the upper limit of the normal (ULN) range. If patients 

remain in this phase, prognosis is favorable, and the HBsAg levels 

may decrease at 1–3% per year. However, low level persistent vi-

remia can be associated with live disease progression, and a 

number of patients transit to the HBeAg-negative immune-active 

phase of CHB annually.16

The fourth phase is the HBeAg-negative CHB immune active 

phase, which was previously known as the immune escape phase 

or reactivation phase.3,17 The moderate to high levels of HBV repli-

cation (>2,000 IU/mL) and negative HBeAg status in this phase 

are caused by mutations on the pre-core or core promoter regions 

of HBV DNA, blocking HBeAg production.18,19 The prolonged viral 

Table 2. Comparison of terminology and characteristics associated with the natural history of chronic hepatitis B

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

Terminology

KASL Immune tolerant CHB
(CHB, immune 
tolerant phase)

Immune active 
HBeAg-positive CHB 
(HBeAg-positive 
CHB, immune active 
phase)

Immune inactive CHB
(CHB, Immune 
inactive phase)

Immune active HBeAg-
negative CHB 
(HBeAg-negative 
CHB, immune active 
phase)

Resolved CHB, 
(HBsAg loss 
phase)

AASLD Immune tolerant CHB Immune active HBeAg-
positive CHB

Inactive CHB Immune active HBeAg-
negative CHB

Resolved CHB 
(functional cure 
state)

EASL HBeAg-positive 
chronic HBV infection

HBeAg-positive CHB HBeAg-negative 
chronic HBV infection

HBeAg-negative CHB Resolved HBV 
infection

APASL Immune tolerant 
chronic HBV infection 
(immune tolerant 
phase)

HBeAg-positive CHB 
(immune reactive 
phase)

Low replicative chronic 
HBV infection (low 
replicative phase)

HBeAg-negative CHB 
(reactivation phase)

Resolved hepatitis 
B infection

Characteristics

HBsAg High High/intermediate Low Intermediate Negative

HBeAg Positive Positive Negative Negative Negative

HBV DNA level >106–107* IU/mL >2×104 IU/mL
(104–107 IU/mL)‡

<2,000 IU/mL >2,000 IU/mL Undetectable

ALT level Persistently normal Elevated Persistently normal Elevated Normal

Histological activity† None/minimal Moderate/severe Minimal Moderate/severe None

KASL, Korean Association for the Study of the Liver; CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; AASLD, 
American Association for the Study of Liver Diseases; EASL, European Association for the Study of the Liver; APASL, Asian-Pacific Association for the Study of 
the Liver; HBV, hepatitis B virus; ALT, alanine aminotransferase. 
*HBV DNA >106 IU/mL by the AASLD, HBV DNA >107 IU/mL by the KASL and EASL, and no clear cut-off by the APASL although ranges from >2×106–107 IU/mL 
are favored.
†Activity depends on necroinflammation, and fibrosis stage can vary according to the degree of liver injury accumulation.
‡EASL criteria for HBeAg-positive chronic hepatitis B.
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replication and intrahepatic necroinflammation observed during 

this phase are associated with progression to liver cirrhosis or the 

development of hepatocellular carcinoma (HCC).3,20

The last phase is the HBsAg loss phase, in which HBsAg is 

spontaneously cleared.21 Although the incidence of HBsAg loss is 

very low (<0.5% per year), the risk of disease progression sub-

stantially decreases.21,22 However, HCC surveillance should be 

continued if HBsAg loss occurs after age ≥50 years as recom-

mended by the KASL. The AASLD suggests continued HCC sur-

veillance in patients with HBsAg loss after ages >40 years for 

males and >50 years for females.6,9

TREATMENT GOALS AND AIMS

The treatment goals and aims were updated in the KASL guide-

lines.9 The goals of treatment are to decrease mortality due to liv-

er disease and improve survival by preventing the progression of 

liver fibrosis to cirrhosis and preventing HCC, which are consistent 

with other guidelines.7,8 The aims of anti-HBV treatment suggest-

ed by the KASL include ALT normalization, undetectable serum 

HBV DNA, serum HBeAg loss or seroconversion, and serum HB-

sAg loss or seroconversion.9 Specifically, serum HBsAg loss or se-

roconversion is proposed as an ideal endpoint for CHB treatment.9 

The EASL also suggests HBsAg loss with or without anti-HBs se-

roconversion as an optimal endpoint, whereas the APASL consid-

ers HBsAg loss an ideal, although not realistic, endpoint.7,8 Hence, 

the APASL suggests a sustained off-therapy virological response 

in both HBeAg-positive (with HBeAg to anti-HBe seroconversion) 

and HBeAg-negative patients as a satisfactory endpoint.8

WHEN TO START: COMPARISON OF TREAT-
MENT INDICATORS

High level HBV replication is associated with an increased risk 

of liver damage and liver-related complications.23,24 Antiviral ther-

apy using interferons or nucleos(t)ide analogs (NAs) efficiently re-

duces these risks by suppressing HBV replication.25-29 Current 

guidelines recommend treatment initiation with antiviral agents 

before the accumulation of liver injury or progression of fibrosis. 

However, intrahepatic covalently closed circular DNA cannot be 

eradicated, even with long-term treatment.6-9 To determine when 

to initiate antiviral treatment, the level of HBV replication by HBV 

DNA measurement, the degree of liver injury measured by ALT or 

liver biopsy, and the stage of liver fibrosis assessed by noninvasive 

methods or liver biopsy should be considered (Fig. 1).9,30 Addition-

ally, information regarding age, co-morbidity, and family history 

of HCC or liver cirrhosis may be helpful in determining when to 

start treatment.

Figure 1. Nomogram of treatment indicators for chronic hepatitis B without liver cirrhosis for (A) HBeAg-positive patients and (B) HBeAg-negative pa-
tients. Gradation toward dark gray suggests immediate treatment, and gradation toward white suggests observation and monitoring. Intermediate 
gradation suggests the need for fibrosis assessment before determining treatment according to the international guidelines and the Korean Associa-
tion for the Study of Liver Guidelines. The initiation of antiviral therapy is indicated by a noninvasive fibrosis test suggesting evidence of significant fi-
brosis or a liver biopsy showing significant necroinflammation or fibrosis (≥A2 or ≥F2). HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine 
aminotransferase; ULN, upper limit of normal; NA, nucleos(t)ide analog.
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Table 3. Comparison of treatment indicators for chronic hepatitis B

KASL AASLD EASL APASL

Immune 
tolerant 
CHB

1) Monitor
2) Consider

1) Monitor patients with very 
high HBV DNA (≥107 IU/mL) 
and normal ALT (male <34 
IU/mL, female <30 IU/mL)

1) Monitor patients with high 
HBV DNA (≥106 IU/mL) and 
normal ALT (male <35  
IU/mL, female <25 IU/mL) 

1) Monitor patients with high 
HBV DNA (≥107 IU/mL) and 
normal ALT (<40 IU/L)  
if there are no signs of 
chronic hepatitis

1) Monitor patients with high 
HBV DNA (e.g., >2×106–107 

IU/mL) and normal ALT (<40 
IU/L) if age <30 years 

2) Liver biopsy to determine 
treatment if there are risk 
factors (age ≥30–40 years, 
HBV DNA levels <107 IU/mL,  
noninvasive fibrosis tests 
suggesting significant 
hepatic fibrosis, or ALT is 
approaching the ULN)

2) Antiviral therapy is 
suggested in selected 
patients (age >40 years 
with normal ALT and 
elevated HBV DNA 
[1,000,000 IU/mL], liver 
biopsy showing significant 
necroinflammation or 
fibrosis)

2) Antiviral therapy may be 
indicated for patients >30 
years of age, regardless 
of the severity of liver 
histological lesions

Patients with a family history 
of HCC or cirrhosis and 
extrahepatic manifestations 
can be treated

2) Liver biopsy if indicated 
(age is >35 years or there 
is a family history of HCC 
or cirrhosis, noninvasive 
tests suggest evidence 
of significant fibrosis, 
persistently elevated ALT)

Treat if ≥A2 or ≥F2

Immune 
active CHB

1) Treat
2), 3) Consider

1) Treat if HBV DNA ≥20,000 
(for HBeAg-positive CHB) or 
≥2,000 (for HBeAg-negative 
CHB) IU/mL and serum ALT 
level ≥2× ULN

1) Treat if elevated HBV DNA 
(≥20,000 IU/mL for HBeAg-
positive or ≥2,000 IU/mL 
for HBeAg-negative CHB) 
and ALT ≥2× ULN or there 
is evidence of significant 
histological disease

1) Treat if HBV DNA >20,000 
IU/mL and ALT >2× ULN, 
regardless of the degree of 
fibrosis

1) Treat if HBV DNA >20,000  
IU/mL for HBeAg-positive 
or >2,000 IU/mL for HBeAg-
negative CHB and ALT levels 
are elevated >2× ULN

2) Consider liver biopsy if ALT 
is 1–2× ULN and treat if 
there is moderate to severe 
necroinflammation (≥A2) 
or significant fibrosis (≥F2)

3) In HBeAg-negative patients 
with HBV DNA ≥2,000  
IU/mL and normal ALT 
levels, follow-up or liver 
biopsy/noninvasive fibrosis 
tests can be considered

2) Consider the severity of 
liver disease to determine 
treatment for patients with 
ALT >1–2× ULN

2) Treat all patients with 
HBeAg-positive or 
-negative CHB, defined by 
HBV DNA >2,000 IU/mL,  
ALT>ULN (40 IU/L), and/
or at least moderate liver 
necroinflammation or 
fibrosis by biopsy

2) Patients with high HBV DNA 
levels (>20,000 IU/mL for 
HBeAg-positive and >2,000 
IU/mL for HBeAg-negative 
CHB) but ALT <2× ULN 
should depict a noninvasive 
fibrosis assessment

Biopsy should be considered if 
indicated*

Antiviral therapy is 
recommended if ≥A2 or ≥F2 

Immune 
inactive 
CHB

1) Monitor
2) Consider

1) Monitor 1) Monitor 1) Monitor 1) Monitor

2) Patients with HBeAg-
negative chronic HBV 
infection, family history 
of HCC or cirrhosis, and 
extrahepatic manifestations 
can be treated even if  
typical treatment 
indications are not present

2) HBeAg-negative patients 
with HBV DNA <2,000 IU/mL, 
should be evaluated for other 
causes if ALT is elevated and 
obtain a noninvasive fibrosis 
assessment

Biopsy should be considered if 
indicated*

Antiviral therapy is 
recommended if ≥A2 or ≥F2

First-line 
agents

Entecavir, tenofovir DF, 
tenofovir AF, besifovir,  
peg-interferon

Entecavir, tenofovir DF, 
tenofovir AF,  
peg-interferon

Entecavir, tenofovir DF, 
tenofovir AF, peg-interferon

Entecavir, tenofovir DF,  
peg-interferon

KASL, Korean Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study 
of the Liver; APASL, Asian-Pacific Association for the Study of the Liver; CHB, chronic hepatitis B; HBV, hepatitis B virus; ALT, alanine aminotransferase; ULN, 
upper limit of normal; HCC, hepatocellular carcinoma; ≥A2, moderate to severe inflammation; ≥F2, significant fibrosis or more; HBeAg, hepatitis B e antigen; 
tenofovir DF, tenofovir disoproxil fumarate; tenofovir AF, tenofovir alafenamide fumarate; peg-interferon, pegylated interferon.
*APASL recommends the consideration of liver biopsy if noninvasive tests suggest evidence of significant fibrosis, ALT becomes persistently elevated, age is 
>35 years, or there is a family history of HCC or cirrhosis.
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CHB, immune tolerant phase

Previously, most practice guidelines did not recommend antiviral 

therapy for CHB patients in the immune tolerant phase (Table 3).17,31 

Recent data regarding the treatment of CHB patients in the im-

mune tolerant phase suggest that the risk of progression to liver 

cirrhosis and HCC development could be reduced by antiviral 

therapy.13,32 Therefore, patients needing treatment should be dif-

ferentiated from truly immune tolerant CHB patients who do not 

require antiviral therapy. However, initiation of antiviral therapy 

for patients in the immune tolerant phase remains very controver-

sial;6-8 further studies are needed to appropriately define the im-

mune tolerant phase, as discussed above.

The KASL guidelines suggest liver biopsy if the patient is ≥30–

40 years of age, the serum HBV DNA levels are <107 IU/mL, a 

noninvasive fibrosis test shows a range of significant hepatic fi-

brosis, or ALT is at the borderline of the ULN.9 Biopsy findings of 

moderate to severe inflammation (≥A2) or significant fibrosis 

(≥F2) are treatment indicators. Age cut-offs for the consideration 

of liver biopsy or treatment vary among the guidelines and are 

>40 years according to the AASLD, >30 years according to the 

EASL, and >35 years according to the APASL.6-8 The EASL specifi-

cally emphasizes the age; it recommends starting treatment re-

gardless of the severity of histological liver lesions if a patient is 

>30 years of age.7 However, this recommendation requires further 

validation. In other cases, histological criteria should be used to 

determine when to initiate treatment; these values are the same 

among the guidelines (≥A2 or ≥F2).6-9

CHB, immune active phase

Antiviral treatment during the immune active phase decreases 

the risk of liver cirrhosis, hepatic decompensation, and HCC.25-29 

Therefore, antiviral therapy is recommended for patients in this 

phase. The criteria for treatment differ slightly among the guide-

lines (Table 3). Regarding HBV DNA levels, the KASL, AASLD, and 

APASL suggest levels of ≥20,000 IU/mL for HBeAg-positive and 
≥2,000 IU/mL for HBeAg-negative CHB as treatment indicators if 

ALT is elevated >2× ULN.6-9 If the ALT levels are 1–2× ULN, liver 

biopsy or noninvasive fibrosis tests are necessary to determine 

whether treatment should be initiated.6-9 The EASL recommends 

the treatment of patients with HBV DNA >20,000 IU/mL and ALT 

>2× ULN, regardless of the degree of fibrosis, whereas all pa-

tients with HBV DNA >2,000 IU/mL and ALT >1× ULN require fi-

brosis assessment before treatment (≥A2 or F2).7 Previously, a 

3–6 months monitoring period was recommended for HBeAg-

positive immune active CHB patients expecting spontaneous 

HBeAg seroconversion.8,17 However, this is currently not recom-

mended by the KASL and international guidelines, with the excep-

tion of the APASL, owing to an increased risk of liver failure dur-

ing the follow-up period.6-9,33 Additionally, most guidelines 

recommend immediate antiviral therapy for patients with acute 

exacerbation, such as elevation of ALT to ≥5–10× ULN or signs of 

liver failure.6-9,34

On the contrary, for HBeAg-negative patients with elevated 

HBV DNA levels (≥2,000 IU/mL) and normal ALT levels, treatment 

may be delayed or considered after liver biopsy, because these 

patients are considered to be in a gray area or transitional zone.6-9 

The KASL, EASL, and APASL also recommend noninvasive fibrosis 

tests to assess these patients.6,7,9

CHB, immune inactive phase

The KASL suggested that the immune inactive phase, which 

features low HBV DNA levels (<2,000 IU/mL) and normal ALT, is 

not an indicator for antiviral therapy.9 However, the EASL and 

APASL recommend considering treatment if there is a family his-

tory of HCC or liver cirrhosis or significant histological findings 

upon liver biopsy.7,8 Considering that HBsAg loss is an ideal end-

point for therapy, treatment of CHB in this phase may facilitate 

HBsAg clearance;35 thus, the treatment strategy could be changed 

in the future.

Compensated liver cirrhosis

Most guidelines recommend treating compensated liver cirrho-

sis if the HBV DNA level is ≥2,000 IU/mL, regardless of the ALT 

level.6-9 Furthermore, even patients with detectable but low HBV 

DNA (<2,000 IU/mL) should be considered for treatment (Table 4).6-9 

This approach is supported by recent data regarding the decrease 

in liver-related events induced by NA therapy in cirrhotic patients 

with low level viremia.36

Decompensated liver cirrhosis

Antiviral therapy should be initiated regardless of the ALT level 

if serum HBV DNA is detected in patients with decompensated 

liver cirrhosis.6-9 Preferably, all HBsAg-positive decompensated cir-

rhosis patients should receive antiviral therapy, even if HBV DNA 

is not detected. However, the benefits of NAs for HBV DNA-unde-
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tected patients require further studies. Liver transplantation 

should also be considered (Table 4).8

WHAT TO CHOOSE: SELECTION OF ANTIVIRAL 
AGENTS

Pegylated interferon

Interferons and oral NAs represent the currently available anti-

viral agents.5-9,37 Among interferons, pegylated interferon (peg-in-

terferon) replaced conventional interferon owing to its once-

weekly dosing and improved efficacy.37,38 However, various 

adverse events and the inconvenience associated with the injec-

tion of peg-interferon have limited its use despite its unique im-

mune-modulatory actions.37-39 Nonetheless, peg-interferon should 

be considered for a finite duration of treatment achievable by the 

immune-mediated control of HBV, leading to sustained off-treat-

ment responses.37-39 Peg-interferon is not preferred in patients 

with liver cirrhosis due to safety concerns and is contraindicated 

for decompensated cirrhosis patients by all international guide-

lines.6-9

NAs

Contrary to interferons, NAs are directly acting antiviral agents 

that inhibit HBV replication and have no fixed treatment dura-

tion.6-9 NAs are now widely used for CHB treatment owing to their 

low incidence of adverse effects as well as convenience. Antiviral 

resistance was a major drawback of first-generation NAs (lamivu-

dine and adefovir). Resistance was very rare in second-generation 

NAs (entecavir and tenofovir disoproxil fumarate [tenofovir DF]).40-42 

Additionally, newer generation drugs (besifovir dipivoxil maleate 

[besifovir] and tenofovir alafenamide fumarate [tenofovir AF]) 

have alleviated the safety concerns associated with tenofovir DF 

(renal and bone toxicity), while maintaining a high genetic barrier 

Table 4. Comparison of treatment indicators for patients with liver cirrhosis 

KASL AASLD EASL APASL

Compensated 
cirrhosis

1) Treat
2) Consider

1) Treat if HBV DNA level is 
≥2,000 IU/mL, regardless 
of the ALT level

1) Treat if HBV DNA is 
>2,000 IU/mL, regardless 
of the ALT level

1) Treat for any detectable 
HBV DNA, regardless of 
the ALT levels, in patients 
with compensated or 
decompensated cirrhosis

1) Treat if HBV DNA is >2,000  
IU/mL, even if the ALT levels 
are normal

2) Treatment can be 
considered if HBV DNA 
is detectable but low 
(<2,000 IU/mL), regardless 
of the ALT level

2) Treat patients with 
low level viremia (HBV 
DNA <2,000 IU/mL), 
regardless of the ALT 
level

2) Treatment can be considered 
irrespective of HBV DNA and 
ALT levels

Decompensated 
cirrhosis

1) Treat
2), 3) Consider

1) Treat with a NA if serum 
HBV DNA is detected, 
regardless of the ALT level

1) Treat with antiviral 
therapy indefinitely, 
regardless of the HBV 
DNA level, HBeAg, or 
ALT level

1) Immediately treat with a 
NA with high barrier to 
resistance, irrespective of 
the HBV replication level

1) Immediately treat with a NA 
for patients with detectable 
HBV DNA

2) Consider liver 
transplantation

2) Consider liver 
transplantation

2) Assess for the possibility 
of liver transplantation

2) Consider treatment for 
all patients with hepatic 
decompensation, irrespective 
of HBV DNA levels 

3) Consider liver transplantation

First-line agents* Entecavir, tenofovir DF, 
tenofovir AF,† besifovir†

Entecavir, tenofovir DF, 
tenofovir AF†

Entecavir, tenofovir DF, 
tenofovir AF†

Entecavir, tenofovir DF

KASL, Korean Association for the Study of the Liver; APASL, Asian-Pacific Association for the Study of the Liver; HBV, hepatitis B virus; ALT, alanine 
aminotransferase; NA, nucleos(t)ide analog; HBeAg, hepatitis B e antigen; tenofovir DF, tenofovir disoproxil fumarate; tenofovir AF, tenofovir alafenamide 
fumarate.
*Peg-interferon can only be used, with caution, for compensated cirrhosis, but may not be preferred owing to safety concerns.
†Insufficient data for decompensated cirrhosis.
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to resistance.43-45 Therefore, the KASL recommends NAs with a 

high genetic barrier to resistance, including entecavir, tenofovir 

DF, tenofovir AF, and besifovir, rather than those with a low ge-

netic barrier to resistance (lamivudine, telbivudine, clevudine, and 

adefovir) as first-line agents for CHB treatment.9

Lamivudine and adefovir have been used for extended periods 

but are no longer recommended given their low potency and high 

incidence of resistance.42,46 Telbivudine and clevudine are compa-

rable to entecavir in their antiviral potency but are currently not 

recommended owing to the frequent development of antiviral re-

sistance and serious muscle-related problems.42,46-49

Entecavir and tenofovir DF have been the preferred antiviral 

agents for more than a decade since their approval for CHB treat-

ment. Recently, these drugs were compared in terms of long-term 

treatment outcomes, especially for the prevention of HCC.50-53 The 

initial report using data from the Korean National Health Insur-

ance Service database suggested that tenofovir DF was associated 

with a significantly lower risk of HCC compared to entecavir.50 

However, subsequent reports using multicenter academic teach-

ing hospital data were contradictory and found no difference be-

tween the two therapies regarding the incidence of HCC, all-

cause mortality, and liver transplantation, even after a thorough 

adjustment of baseline characteristics.51,52 The issue remains con-

tentious and requires further longer term and larger scale studies 

with the appropriate adjustment of possible biases to reach a 

consensus.53

Currently, generic and less expensive forms of entecavir and te-

nofovir (tenofovir disoproxil or tenofovir fumarate aspartate) are 

available in Korea and other countries, which can improve the 

cost-effectiveness of antiviral treatment.54,55 Unfortunately, there 

is limited clinical data on the antiviral efficacy of generic antiviral 

drugs for CHB.55

Tenofovir AF is a nucleotide reverse transcriptase inhibitor and a 

novel prodrug of tenofovir. It has greater plasma stability than te-

nofovir DF and efficiently delivers the active form of tenofovir to 

hepatocytes at a lower dose.44,45 In phase 3 clinical trials, tenofo-

vir AF was found to be as effective as tenofovir DF and induced 

significantly smaller decreases in the estimated glomerular filtra-

tion rate and spine/hip bone density than tenofovir DF after up to 

96 weeks of treatment.44,45

Besifovir is an acyclic nucleotide phosphonate developed in Ko-

rea that was approved by the Ministry of Food and Drug Safety in 

2017.43 However, it is still not available outside Korea. The KASL 

guidelines are the first to include besifovir as one of the initial 

choices for CHB treatment.9 The advantage of besifovir over teno-

fovir DF has been well described.43 Briefly, in phase 3 randomized 

controlled trials, besifovir was comparable to tenofovir DF in terms 

of antiviral efficacy after 48 weeks of treatment. Additionally, the 

renal and bone safety profiles of besifovir were superior to those 

of tenofovir DF. The estimated glomerular filtration rate and hip/

spine bone mineral density were significantly higher in the besifo-

vir group than in the tenofovir DF group.43 After 48 weeks, all pa-

tients were rolled over into an open-label extensional study where 

everyone received besifovir. In patients who switched from teno-

fovir DF to besifovir, the estimated glomerular filtration rate and 

hip/spine bone mineral density improved to baseline levels at 96 

weeks.43

Currently, there is limited data regarding the use of besifovir or 

tenofovir AF in patients with decompensated liver cirrhosis or 

HCC. However, there seems to be no reason not to use these 

drugs. In the future, more data regarding besifovir and tenofovir 

AF will be available for CHB patients in various situations. The 

AASLD and EASL recommend entecavir, tenofovir DF, and tenofo-

vir AF monotherapy as the preferred regimens for the treatment of 

CHB and liver cirrhosis patients. The APASL only recommends en-

tecavir and tenofovir DF, likely owing to the limited data available 

at the time of its publication in 2016.6-8

No guidelines recommend a combination of peg-interferon and 

NA or a combination of NAs as initial therapy due to their limited 

benefits.6-9 

WHEN TO CHANGE: TREATMENT MODIFICA-
TIONS 

Partial virological responses (PVR)

Although the antiviral efficacy of drugs has remarkably im-

proved, patients with very high HBV DNA levels may show PVR 

featuring a decreased but still detectable level of HBV DNA after 

at least 48 weeks of continued treatment with high genetic barri-

er drugs. Other causes of PVR include decreased susceptibility 

owing to previous drug exposure, decreased medication compli-

ance, and altered drug metabolism. The clinical significance of 

low level viremia due to PVR is unclear although an increased risk 

of liver-related complications was found in patients with advanced 

liver diseases.36,56

There are slightly different definitions of PVR. They are summa-

rized in Table 5. Briefly, the KASL defines PVR at different time 

points based on the genetic barrier of the drugs, at 48 weeks of 
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therapy for high genetic barrier drugs and at 24 weeks for low 

genetic barrier drugs.9 The APASL defines PVR as detectable HBV 

DNA at 24 weeks of therapy, whereas the EASL and AASLD de-

fine PVR or persistent viremia at 48 weeks and 96 weeks of ente-

cavir or tenofovir treatment, respectively.6-8

Modification of therapy may be considered for PVR, especially 

when using low genetic barrier drugs (Table 5). However, the rec-

ommendations for managing PVR during entecavir or tenofovir DF 

therapy are not consistent across the guidelines (Table 5). All 

guidelines indicate that high genetic barrier drugs can be contin-

ued, with the possibility of switching to another high genetic bar-

rier drug (KASL, EASL) or add-on (EASL), especially in patients 

with advanced liver diseases.6-9 The AASLD argues that there is 

insufficient comparative evidence to advocate the addition of a 

second drug or switching to another drug. However, a recent ran-

domized controlled trial compared switching to tenofovir DF with 

continuation of entecavir for the treatment of CHB with PVR and 

observed a better virological outcome upon switching to tenofovir 

DF.57 Hence, the KASL recommends switching to tenofovir DF for 

patients with entecavir PVR.9

Antiviral resistance

Although antiviral resistance is uncommon in previously treat-

ment-naïve patients receiving high genetic barrier drugs, entecavir 

resistance was found in 1–3% of patients, and variants resistant 

to tenofovir DF have been identified.40,42,58,59 Entecavir resistance 

rates increase up to 50% in the fifth year in treatment-experi-

enced or refractory patients.40,42 Adefovir monotherapy also has a 

high risk of resistance in patients with lamivudine resistance with 

up to 25% resistance at two years of treatment, leading to multi-

drug resistance.60,61 The collective findings highlight the impor-

tance of paying attention to patients’ adherence to medication; 

antiviral resistance testing should be performed in case of virolog-

ical breakthrough.42

After antiviral resistance is confirmed, it is assumed that one of 

two strategies can be applied: switching to another class of anti-

viral monotherapy with a high genetic barrier to resistance or 

adding a second antiviral drug that lacks cross-resistance (Table 6). 

The recent KASL guidelines recommend that patients with resis-

tance to L-nucleoside analogs (lamivudine and telbivudine) be 

Table 5. Comparison of partial virological response management during chronic hepatitis B treatment

KASL AASLD EASL APASL

Definition A decreased but detectable 
level of HBV DNA after at 
least 48 weeks of therapy 
using high genetic barrier 
drugs (24 weeks for low 
genetic barrier drugs) 

Persistent viremia is defined 
as a plateau in the decline 
of HBV DNA and/or failure 
to achieve an undetectable 
HBV DNA level after 96 
weeks of therapy

A decrease in HBV DNA 
level of more than 
1 log10 IU/mL but 
HBV DNA remains 
detectable after at least 
12 months of therapy 

Reduction of serum HBV 
DNA level >1 log IU/mL 
but still detectable at 
24 weeks of therapy

PVR to low genetic barrier 
(e.g., lamivudine or 
telbivudine)

1) Switch

1) Switch: switching to NAs 
with high genetic barriers 
and no cross-resistance is 
recommended

– – 1) Switch: treatment can 
be modified

PVR to high genetic 
barrier (e.g., entecavir or 
tenofovir)

1) Continue
2) Switch/add

1) Continue: treatment can 
be continued 

1) Continue: patients with 
persistent low level viremia 
(HBV DNA <2,000 IU/mL) 
on entecavir or tenofovir 
may continue treatment 

1) Continue: patients 
with declining serum 
HBV DNA levels may 
continue treatment 
with the same agent 

1) Continue: for patients 
with detectable HBV 
DNA after 24 weeks, 
continuation of the 
same treatment is 
recommended

2) Switch: switching 
to tenofovir is 
recommended in the 
case of partial virological 
response to entecavir

2) Switch or add: in 
cases where HBV 
DNA levels plateau, a 
switch to another drug 
or a combination of 
entecavir/tenofovir can 
be considered

KASL, Korean Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of 
the Liver; APASL, Asian-Pacific Association for the Study of the Liver; HBV, hepatitis B virus; PVR, partial virological responses; NA, nucleos(t)ide analog.
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switched to tenofovir DF/AF.9 For adefovir or entecavir resistance, 

switching to tenofovir DF/AF monotherapy or a combination of te-

nofovir DF/AF and entecavir is recommended. For multidrug resis-

tance, switching to a combination of tenofovir DF/AF and enteca-

vir or tenofovir DF/AF monotherapy is recommended.9 Similar 

recommendations were provided by the AASLD, EASL, and APASL 

favoring tenofovir DF/AF monotherapy, except in cases of multi-

drug resistance.6-8 However, considering recent reports of the 

long-term efficacy of tenofovir DF for multidrug resistance, teno-

fovir DF/AF monotherapy could also be a safe option.62,63

There are insufficient data regarding tenofovir resistance, al-

though guidelines recommend adding or switching to entecavir. In 

these cases, it is likely that new antiviral agents other than NAs, 

such as capsid assembly inhibitors, may be needed.58

Adverse effects

NAs are relatively safe drugs, even with long-term use. Howev-

er, all drugs may have side effects. Clinically significant adverse 

effects associated with NA therapy include lactic acidosis (enteca-

vir, tenofovir DF, adefovir, lamivudine, and telbivudine), nephropa-

thy, osteomalacia, Fanconi syndrome (tenofovir DF and adefovir), 

increasing low-density lipoprotein cholesterol (tenofovir AF), car-

nitine depletion (besifovir), pancreatitis (lamivudine), peripheral 

neuropathy, creatinine kinase elevation, and myopathy (telbivu-

dine and clevudine).9 When NA-related adverse effects are sus-

pected, it is essential to confirm the diagnosis. In cases of serious 

complications, immediate cessation of the drug or switching to 

another drug should be considered. For example, switching to en-

tecavir or tenofovir DF is a reasonable option for clevudine- or tel-

bivudine-associated myopathy.48,49,64

Among the high genetic barrier drugs preferred as first-line 

agents for CHB treatment, tenofovir DF has an increased risk of 

renal and bone toxicity.65 The KASL recommends substituting te-

nofovir DF with entecavir, tenofovir AF, or besifovir in such pa-

tients based on previous treatment history.9 The AASLD and EASL 

Table 6. Comparison of antiviral resistance management during chronic hepatitis B treatment

 KASL* AASLD* EASL APASL

Lamivudine/telbivudine 
resistance

1) Switch

1) Switch to tenofovir  
(TDF or TAF)

1) Switch to tenofovir  
(TDF or TAF)

1) Switch to tenofovir  
(TDF or TAF)

1) Switch to TDF

Entecavir resistance
1) Switch
2) Combine

1) Switch to tenofovir  
(TDF or TAF)

1) Switch to tenofovir  
(TDF or TAF)

1) Switch to tenofovir  
(TDF or TAF)

1) Switch to TDF

2) Combine with tenofovir 
(TDF or TAF)

Adefovir resistance
1) Switch
2) Switch/combine

1) Switch to tenofovir  
(TDF or TAF)

1) Switch to ETV or 
tenofovir (TDF or TAF)

1) Switch to ETV or 
tenofovir (TDF or TAF) 
(LAM-naïve)

1) Switch to either ETV 
or TDF (no LAM- 
resistance)

2) Combine ETV plus 
tenofovir (TDF or TAF)

2) Switch to tenofovir (TDF 
or TAF) (LAM-resistance)

If HBV DNA plateaus: 
combine ETV or switch 
to ETV

2) Switch to TDF 
monotherapy (LAM- 
resistance)

Tenofovir resistance
1) Combine/switch
2) Combine

1) Combine with ETV 1) Switch to ETV 1) Switch to ETV (LAM-
naïve)

–

2) Combine with ETV 
(LAM-resistance)

Multidrug resistance
1) Combine
2) Switch

1) Combine ETV and 
tenofovir (TDF or TAF)

1) Combine ETV and 
tenofovir (TDF or TAF)

1) Combine ETV and 
tenofovir (TDF or TAF)

1) Combine ETV and TDF

2) Switch to tenofovir  
(TDF or TAF)

KASL, Korean Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of 
the Liver; APASL, Asian-Pacific Association for the Study of the Liver; TDF, tenofovir disoproxil fumarate; TAF, tenofovir alafenamide fumarate; LAM, lamivudine; 
HBV, hepatitis B virus; ETV, entecavir.
*Preferred treatment was suggested.
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also recommend that patients using tenofovir DF who are at risk 

of developing and/or have underlying renal dysfunction or meta-

bolic bone disease consider switching to entecavir or tenofovir AF, 

depending on their previous lamivudine exposure.6,7 For lamivu-

dine or other NA-experienced or refractory patients, tenofovir AF 

is preferred to entecavir. 

WHEN TO STOP: TREATMENT CESSATION 

The standard duration of peg-interferon therapy is 48 weeks for 

HBeAg-positive or -negative CHB.38,66 Thus, it would be accept-

able to stop treatment after the planned schedule is completed. 

Extending the treatment duration may be more effective for 

HBeAg-negative CHB67,68 but cannot be routinely recommended 

(Table 7).

There is no predefined duration for NA therapy. As such, stop-

ping NAs before achieving the ultimate goal of antiviral therapy, 

which is the improvement of survival by the prevention of liver 

disease progression and HCC development,7-9 may lead to the loss 

of treatment benefits and risk clinical exacerbations. Therefore, 

appropriate biomarkers are needed for proper decision making re-

garding cessation of NA therapy.

HBeAg-positive CHB

Previously, HBeAg loss or seroconversion was considered an in-

dication to stop therapy in HBeAg-positive CHB.17,69 Cessation of 

Table 7. Comparison of cessation criteria for chronic hepatitis B treatment

KASL AASLD EASL APASL

NAs

HBeAg-
postive 
CHB

1) HBsAg loss 1) HBeAg seroconversion 
with 12 months 
consolidation plus 
undetectable HBV DNA

1) HBsAg loss with/without 
anti-HB seroconversion

1) HBeAg seroconversion with 
12 months consolidation 
(preferably 3 years)

2) HBeAg loss/seroconversion 
with 12 months 
consolidation plus 
undetectable HBV DNA

2) Alternatively, treat until 
HBsAg is lost

2) HBeAg seroconversion 
with 12 months 
consolidation plus 
undetectable HBV DNA

2) HBsAg loss or seroconversion

HBeAg-
negative 
CHB

1) HBsAg loss 1) Indefinite 1) HBsAg loss with/without 
seroconversion

1) HBsAg loss or seroconversion

2) May be considered after 
HBsAg loss

2) May be considered after 
long-term (≥3 years) 
virological suppression 
after NA therapy

2) Undetectable HBV DNA for 
at least 2 years on 3 separate 
occasions each 6 months apart

Liver cirrhosis 1) Long-term treatment for 
compensated cirrhosis

1) Indefinite (may be 
considered after HBsAg 
loss)

1) Indefinite 1) NA therapy should be continued 
for life in compensated and 
decompensated cirrhotic 
patients

2) Indefinite for 
decompensated cirrhosis

Peg-Interferon

HBeAg (+) 48 weeks 48 weeks 48 weeks 48 weeks 

HBeAg (-) 48 weeks 48 weeks 1) 48 weeks 48 weeks 

2) Extending treatment 
beyond 48 weeks may be 
beneficial

1) Preferred, 2) alternative.
KASL, Korean Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study 
of the Liver; APASL, Asian-Pacific Association for the Study of the Liver; NA, nucleos(t)ide analog; HBeAg, hepatitis B e antigen; CHB, chronic hepatitis B; HBV, 
hepatitis B virus; HBsAg, hepatitis B surface antigen; peg-interferon, pegylated interferon. 
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antiviral therapy was recommended after 12 months of consolida-

tion therapy. However, most patients experienced virological or 

clinical relapse. On the contrary, HBsAg loss or seroconversion is 

rare during antiviral therapy, but the prognosis of patients who 

cleared HBsAg is much improved; relapse of viral replication is 

very rare, and liver transplant-free survival or HCC-free survival is 

significantly better than for those who did not clear HBsAg.22 

Based on this information, the KASL and EASL guidelines suggest 

that HBsAg loss is the ideal endpoint of therapy and should be 

the primary goal.7,9 Still, the AASLD and APASL consider HBeAg 

seroconversion as a satisfactory endpoint, probably owing to the 

rarity of HBsAg loss (Table 7).6,8

HBeAg-negative CHB 

Relapse is common after stopping antiviral therapy in HBeAg-

negative CHB patients owing to the presence of immune escape 

mutants.70 Therefore, the AASLD suggests that treatment may be 

continued indefinitely or until HBsAg is lost.6 The KASL and EASL 

also suggest the cessation of NAs after HBsAg loss (Table 7).7,9 

However, the EASL also proposed that NA discontinuation may be 

considered in select patients with long-term (≥3 years) virological 

suppression under NAs.7 Similarly, the APASL suggested that 

treatment be withdrawn after HBsAg loss following either anti-HB 

seroconversion or at least 12 months of consolidation therapy. 

Otherwise, at least ≥2 years of consolidation therapy confirming 

undetectable HBV DNA levels on three separate occasions can 

justify the end of treatment (Table 7).8 However, undetectable 

HBV DNA levels cannot likely be the sole factor in determining 

treatment cessation because most patients experience virological 

relapse after stopping therapy in the presence of HBsAg.70,71 Re-

cently, a low HBsAg titer (<2 log IU/mL) was proposed as an indi-

cator of safe cessation of therapy before HBsAg loss, although 

further clinical experience may be necessary.72,73

Liver cirrhosis

For patients with compensated or decompensated cirrhosis, in-

definite therapy is recommended by most guidelines (Table 7).6-9 

However, NA therapy may be discontinued after HBsAg loss or se-

roconversion in cases of compensated cirrhosis. 

CONSIDERATIONS FOR SPECIAL POPULA-
TIONS

CHB patients may face situations requiring special consider-

ation. HCC may develop, accompanying renal or bone abnormalities 

may be detected, and anticancer chemotherapy or immunosup-

pressive therapy may be needed. Table 8 summarizes representa-

tive special conditions and compares international guidelines.

Renal dysfunction or metabolic bone disease

Patients who develop renal dysfunction or decreased bone den-

sity during tenofovir DF or adefovir treatment may need to change 

medication, as described above concerning adverse effects.65 If a 

treatment-naïve patient has pre-existing renal dysfunction (esti-

mated glomerular filtration <60 min/mL/1.73 m2, dipstick protein-

uria, urine albuminuria/creatinine >30 mg/g, or serum phosphate 

<2.5 mg/dL) or metabolic bone disease (chronic steroid use, tak-

ing medication that worsens bone density, or pre-existing osteo-

porosis/osteopenia) before starting the therapy, entecavir, tenofo-

vir AF, and besifovir are preferred for treatment by the KASL. 

Although the AASLD previously suggested that there was no pref-

erence between entecavir or tenofovir DF regarding the potential 

long-term risk of renal and bone complications,74 their updated 

guidance recommends switching to tenofovir AF or entecavir if te-

nofovir DF-associated renal dysfunction or bone disease is sus-

pected.6 The EASL made detailed recommendations regarding re-

nal or bone abnormalities in terms of when to consider entecavir 

or tenofovir AF over tenofovir DF when initiating antiviral therapy.7 

Similar criteria have been proposed by the KASL, as described 

above (Table 8). The EASL also included age >60 years, history of 

fragility fracture, and hemodialysis for similar candidates, but indi-

vidualized approaches are needed.7 These criteria must be clini-

cally validated further.7 The NA doses in all patients with renal 

dysfunction should be adjusted according to their creatinine clear-

ance.9

HCC

Only the KASL and APASL have recommendations for patients 

with HBV-related HCC (Table 8).8,9 Given that HCC is one of the 

most serious complications in CHB patients, appropriate measures 

should be taken. Importantly, antiviral therapy reduces both the 

incidence of de novo HCC and the recurrence of HCC in this popu-

lation.25-29,75-77 Furthermore, the reactivation of HBV can be effec-
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Table 8. Comparison of chronic hepatitis B management for special populations

KASL AASLD EASL APASL

Renal or bone disease
1) Selection
2) Switch

1) Entecavir, TAF, and 
besifovir are preferred

1) No preference between 
entecavir or TDF regarding 
the potential long-term 
risk of renal and bone 
complications
TAF is associated with 
fewer bone and renal 
abnormalities than TDF

1) Entecavir or TAF are 
preferred over TDF for 
patients with increasing 
age (>60 years), bone 
diseases, or renal 
alterations

1) Entecavir or telbivudine 
are the first-line treatment 
options for chronic HBV-
infected patients with any 
level of renal dysfunction 
and renal replacement 
therapy

2) Treatment can be 
switched to TAF, besifovir, 
or entecavir in high risk 
patients

2) TDF should be substituted 
with TAF or entecavir 
for TDF-associated renal 
dysfunction and/or bone 
disease

2) Switching to entecavir or 
TAF should be considered 
for patients on TDF at risk 
of development and/or 
with underlying renal or 
bone disease

2) Renal function and 
bone profiles should be 
monitored at least every 
3 months if TDF or ADV is 
used

HCC
1) Treat
2) Prophylaxis

1) Antiviral therapy should 
be initiated in patients 
with HBV-related HCC 
if serum HBV DNA is 
detected 

2) Prophylactic antiviral 
therapy should be 
considered in patients 
undergoing anticancer 
treatment, regardless of 
serum HBV DNA levels 

– – 1) NA treatment should be 
given to patients with 
HBV-related HCC (at least 
1–2 weeks before, during, 
and after chemotherapy, 
locoregional therapies, 
resection, or liver 
transplantation), if there 
is detectable serum HBV 
DNA

Immunosuppression 
or chemotherapy

1) Prophylaxis 
(HBsAg-positive)

2) Monitor/treat/
prophylaxis 
(HBsAg-negative)

1) If either HBsAg is 
positive or HBV DNA is 
detected, prophylactic 
antiviral therapy should 
be initiated before 
immune-suppression or 
chemotherapy

1) Anti-HBV prophylaxis 
should be initiated in 
HBsAg-positive anti-
HBc-positive patients 
before starting 
immunosuppressive or 
cytotoxic therapy

1) All HBsAg-positive 
patients should receive 
ETV, TDF, or TAF as 
treatment or prophylaxis 

1) Prophylactic antiviral 
therapy should be 
administered in anti-HBc-
positive patients with 
either HBsAg-positive or 
detectable serum HBV 
DNA

2) HBsAg-negative anti-HBc-
positive patients with 
undetectable HBV DNA 
should be monitored 
for serum HBsAg 
and HBV DNA during 
immunosuppression/
chemotherapy and NAs 
should be initiated if HBV 
reactivation occurs 

If rituximab is included, 
initiate antiviral 
therapy at the start of 
immunosuppression or 
chemotherapy

2) HBsAg-negative anti-HBc-
positive patients should 
be carefully monitored for 
ALT, HBV DNA, and HBsAg 
to provide therapy as 
needed

For patients receiving 
anti-CD20 antibody 
therapy (e.g., rituximab) 
or undergoing stem 
cell transplantation, 
anti-HBV prophylaxis is 
recommended

2) HBsAg-negative anti-
HBc-positive patients 
should receive anti-
HBV prophylaxis if they 
are at high risk of HBV 
reactivation

2) HBsAg-negative anti-HBc-
positive patients with 
undetectable serum HBV 
DNA levels who receive 
chemotherapy and/
or immunosuppression 
should be carefully 
monitored and be treated 
with NAs upon HBV 
reactivation
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tively prevented by prophylactic antiviral therapy during anticancer 

treatment.78,79 Therefore, the KASL recommends starting NAs be-

fore and during HCC treatment if HBV DNA is detected or prophy-

lactically, even if HBV DNA is not detected.9 All HBsAg-positive 

patients should receive NAs after HCC diagnosis, regardless of 

HBV DNA detection, but this requires confirmation in future studies.

Immunosuppression or chemotherapy

Patients with chronic HBV infection are at an increased risk of 

hematological and solid malignancies.80,81 Therefore, the chance 

of receiving immunosuppression or anticancer chemotherapy is 

relatively high in CHB patients. If the immune system is sup-

pressed by immunosuppression or chemotherapy, HBV can reacti-

vate and lead to severe hepatic injury via the acute exacerbation 

of chronic HBV infection in HBsAg-positive patients or relapse of 

past HBV infection in HBsAg-negative/anti-HBc-positive pa-

tients.82-84 HBV reactivation during anticancer chemotherapy has 

occurred in 41–53% of HBsAg-positive anti-HBc-positive patients 

and in 8–18% of HBsAg-negative anti-HBc-positive patients.6,85,86 

If reactivation occurs, dose reduction or discontinuation of anti-

cancer therapy is necessary, which adversely affects the outcomes 

of cancer treatment. As such, HBsAg and anti-HBc testing should 

be performed in all patients before initiating any immunosuppres-

sive or cytotoxic chemotherapy.6-9 Additionally, particular caution 

should be exercised with high risk (>10% of reactivation) treat-

ments using B cell-depleting agents (rituximab, ofatumumab, na-

talizumab, alemtuzumab, and ibritumomab), high-dose corticoste-

KASL AASLD EASL APASL

Pregnant women
1) Treat/switch
2) Prevention
3) Lactation

1) Initiate or switch to TDF if 
treatment is needed

1) TDF is preferred 1) TDF should be continued, 
whereas ETV or other NAs 
should be switched to 
TDF

1) TDF is the drug of choice 
for mothers requiring 
antiviral treatment 

2) For pregnant women 
with serum HBV DNA 
levels >200,000 IU/mL, 
TDF administration is 
recommended to prevent 
MTCT, beginning at 24–32 
weeks of gestation and 
stopping 2–12 weeks after 
delivery

2) If HBV DNA >200,000 
IU/mL at 28–32 weeks 
of gestation, antiviral 
therapy is recommended 
to reduce the risk of 
perinatal transmission 

2) In all pregnant women 
with high HBV DNA levels 
(>200,000 IU/mL) or 
HBsAg levels >4 log10  
IU/mL, antiviral 
prophylaxis with TDF 
should begin at 24–28 
weeks of gestation and 
continue for up to 12 
weeks after delivery

2) For pregnant women 
with HBV DNA >6–7 
log10 IU/mL, short-term 
maternal NA therapy with 
tenofovir or telbivudine is 
recommended beginning 
at 28–32 weeks of 
gestation

3) TDF, which is relatively 
safe for the fetus and 
pregnant women, is not 
contraindicated during 
breastfeeding

3) Breastfeeding is not 
contraindicated, but there 
are insufficient long-term 
safety data in infants born 
to mothers who received 
antiviral agents during 
pregnancy and while 
breastfeeding

3) Breast feeding is not 
contraindicated in HBsAg-
positive untreated 
women or on TDF-based 
treatment or prophylaxis

3) Breast feeding is 
discouraged during 
maternal NA treatment

Acute hepatitis B
1) Treat

1) In patients with severe 
acute hepatitis B (e.g., 
coagulopathy, severe 
jaundice, liver failure), NA 
therapy can be initiated

1) Indicators for antiviral 
therapy are total bilirubin 
>3 mg/dL, international 
normalized ratio >1.5, 
encephalopathy, or 
ascites

1) Patients with severe acute 
hepatitis B, characterized 
by coagulopathy or 
protracted course, should 
be treated with NAs 
and considered for liver 
transplantation

1) Treatment is only 
indicated for patients 
with fulminant hepatitis B 
or for those with severe or 
protracted acute hepatitis 
B

KASL, Korean Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of 
the Liver; APASL, Asian-Pacific Association for the Study of the Liver; TAF, tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate; HBV, hepatitis B 
virus; ADV, adefovir; HCC, hepatocellular carcinoma; NA, nucleos(t)ide analog; HBeAg, hepatitis B e antigen; anti-HBc, antibody to hepatitis B core antigen; 
ALT, alanine aminotransferase; ETV, entecavir; MTCT, mother-to-child transmission.

Table 8. Continued
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roids (prednisone ≥20 mg/day, ≥4 weeks), anthracyclines 

(doxorubicin and epirubicin), potent tumor necrosis factor-alpha 

inhibitors (infliximab, adalimumab, certolizumab, and golimumab), 

and local therapy for HCC (transcatheter arterial chemoemboliza-

tion).9,87 High (>10%), moderate (1–10%), and low (<1%) risk of 

HBV reactivation in response to immunosuppressive or anticancer 

chemotherapy is well described in the KASL guidelines.9 Currently, 

most guidelines, including the KASL, AASLD, ESAL, and APASL, 

recommend the initiation of NAs (entecavir or tenofovir DF/AF) 

before immunosuppression or chemotherapy in HBsAg-positive or 

HBV DNA-detected patients (Table 8).6-9 Not all patients who are 

exclusively anti-HBc-positive (HBsAg-negative and HBV DNA-un-

detectable) require routine administration of NAs before immuno-

suppression or chemotherapy. However, NA therapy should be 

initiated promptly if there is a high risk of reactivation (e.g., treat-

ed with a rituximab-containing regimen) or detectable HBV DNA 

and/or reversion of HBsAg during follow-ups. NAs should be con-

tinued during and at least 6 months (or 12 months for rituximab 

therapy) after the cessation of immunosuppressive therapy or 

chemotherapy.6-9

Pregnant women

Immunological changes occur during pregnancy, and HBV may 

replicate more actively.88 Immune responses are restored at the 

late phase of pregnancy or after delivery, leading to ALT flares. 

Hence, NA therapy may need to be initiated in patients during or 

after pregnancy.89,90 Moreover, a high level of HBV DNA is related 

to an increased risk of mother-to-child viral transmission despite 

vaccine administration and hepatitis B immune globulin prophy-

laxis.88 Currently, the NAs evaluated for safety and efficacy during 

pregnancy include lamivudine,91 telbivudine,92 and tenofovir DF.93-95 

Among these, tenofovir DF is the preferred NA owing to its excel-

lent potency and high genetic barrier to resistance. Most guide-

lines recommend using tenofovir DF over other NAs for CHB 

treatment during pregnancy (Table 8). Additionally, the prophylac-

tic use of tenofovir DF is recommended to prevent mother-to-child 

transmission beginning at 24–32 weeks of pregnancy (24–28 

weeks by the EASL, 28–32 weeks by the AASLD and APASL, and 

24–32 weeks by the KASL) and continuing until 2–12 weeks after 

delivery if pregnant women show serum HBV DNA levels 

>200,000 IU/mL.6-9

The KASL, AASLD, and EASL agree that breastfeeding is gener-

ally not contraindicated, even if tenofovir DF is being administered 

to the mother, based on previous studies.6,7,9,96 However, the 

AASLD is somewhat cautious about this issue, suggesting there 

are insufficient long-term safety data.6 The APASL discourages 

breastfeeding during maternal NA treatment, which may need to 

be updated.8

Acute hepatitis B

Although acute hepatitis B is generally a self-limiting disease, 

severe cases resulting in hepatic failure, liver transplantation, or 

even death have been reported, albeit uncommonly.97 The use of 

antivirals in severely ill patients has been debated. While NA ther-

apy might delay HBsAg sero-clearance, NA therapy can signifi-

cantly reduce the mortality rate in patients with severe acute hep-

atitis B.98 Considering this, the KASL guidelines recommend 

initiating NA therapy in patients with severe acute hepatitis B 

(e.g., coagulopathy, severe jaundice, or liver failure) in agreement 

with other guidelines.9

The AASLD recommends using entecavir or tenofovir DF/AF, 

whereas the EASL refrains from recommending tenofovir AF ow-

ing to a lack of data.6,7 The APASL includes lamivudine, telbivu-

dine, or adefovir for severe acute hepatitis B considering their rel-

atively short therapy duration.8 They also recommend initiating 

NA treatment when it is difficult to distinguish between true se-

vere acute hepatitis B and spontaneous reactivation of chronic 

HBV infection.8

CONCLUSIONS

The KASL clinical practice guidelines for the management of 

CHB were recently revised, given the emergence of new NAs and 

continuously updated data regarding treatment initiation, modifi-

cation, and cessation. Considering the 4- to 5-year interval of 

guideline revisions, other international guidelines are expected to 

be updated soon. Through a thorough and systematic approach 

for the management of CHB based on clinical practice guidelines, 

the cure of chronic HBV infection is expected to be a real treat-

ment endpoint in the near future.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is associated with liver-

related morbidity, including progression to nonalcoholic steato-

hepatitis (NASH), advanced fibrosis, and hepatocellular carcinoma 

(HCC). NAFLD is the fastest growing cause of HCC in liver trans-

plant candidates,1 and it is projected that NAFLD is becoming the 

leading cause of liver transplantation.2 NAFLD can be coexistent 
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Nonalcoholic fatty liver disease (NAFLD) is the most common liver disorder and is associated with various metabolic 
diseases, including type 2 diabetes mellitus. There are no approved drugs for NAFLD, and the only approved treatment 
option is weight reduction. As insulin resistance plays an important role in the development of NAFLD, many anti-
diabetic drugs have been evaluated for the treatment of NAFLD. Improvement of liver enzymes has been demonstrated 
by many anti-diabetic drugs, but histological assessment still remains insufficient. Pioglitazone could become the first-
line therapy for T2DM patients with NAFLD, based on evidence of histological improvement in patients with biopsy-
proven nonalcoholic steatohepatitis (NASH). Liraglutide, another promising alternative, is not yet recommended in 
patients with NAFLD/NASH due to limited evidence. Therefore, well-designed randomized controlled trials should be 
performed in the near future to demonstrate if and how anti-diabetic drugs can play a role in the treatment of NAFLD. (Clin 
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with type 2 diabetes mellitus (T2DM), and this combination re-

sults in the undesirable consequence of cardiovascular (CV) 

events, which underscores the need for lifestyle modification in 

the management of NAFLD regardless of diabetes.3,4 NAFLD is the 

one of the most common liver disorders, affecting approximately 

20–40% of the population worldwide, with different burdens ac-

cording to age, sex, ethnicity, and diagnostic tools.5,6 The pres-

ence of diabetes is closely associated with the severity of NAFLD, 

progression to NASH, advanced fibrosis, cirrhosis, and even HCC,7-9 

independently of liver enzymes.10,11 Studies on South Korean pa-

tients with T2DM who underwent ultrasonography in a university 

and a private clinic-based diabetes care facility showed 63.3% 

and 72.7% prevalence of NAFLD, respectively.12,13 A recent meta-

analysis reported that the global prevalence of NAFLD and NASH 

among patients with T2DM is 55.5% and 37.3%, respectively.14 

The European Association for the Study of the Liver, the European 

Figure 1. Mechanism of action and effects of anti-diabetic drugs on glucose metabolism. DPP-4, dipeptidyl peptidase-4; GLP-1 RA, glucagon-like 
peptide-1 receptor agonist; SGLT2, sodium-glucose cotransporter 2.
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Association for the Study of Diabetes, and the European Associa-

tion for the Study of Obesity, in their joint clinical practice guide-

lines for the management of NAFLD recommend screening for 

NAFLD in T2DM patients and vice versa.15 Although weight reduc-

tion is the cornerstone of therapy among the various treatments 

for NAFLD,16 pharmacotherapy should be administered since suffi-

cient weight reduction can be difficult to achieve and maintain. In 

subjects with T2DM and NAFLD, management with anti-diabetic 

drugs is more effective than lifestyle modification in controlling 

glucose level (Fig. 1). Moreover, lifestyle changes, together with 

anti-diabetic medications, are likely to have an additive effect on 

reducing the risk factors associated with CV diseases, decreasing 

hepatic fat accumulation, and delaying progression to NASH and 

fibrosis. Although there is no approved drug of choice for manag-

ing NAFLD, many anti-diabetic drugs have been tested in patients 

with NAFLD due to the shared epidemiological and pathophysio-

logical features between NAFLD and T2DM. The aim of this re-

view is to summarize the beneficial effects of anti-diabetic drugs 

for NAFLD.

METFORMIN

Metformin has been derived from the guanidine-rich Galega of-
ficinalis  (goat’s rue or French lilac), and is a kind of general insulin 

sensitizer.17 Although its molecular mechanisms of action are com-

plex and not completely understood, metformin has been shown 

to act via both adenosine monophosphate-activated protein ki-

nase (AMPK)-dependent and AMPK-independent mechanisms, by 

the inhibition of mitochondrial respiration but also perhaps by the 

inhibition of mitochondrial glycerophosphate dehydrogenase and 

a mechanism involving lysosomes at the molecular level (Table 1).18 

Physiologically, metformin reduces blood glucose level by domi-

nantly inhibiting hepatic glucose production via AMPK activation, 

stimulation of muscle glucose uptake, and decrease of intestinal 

glucose absorption.18 All current guidelines recommend metformin 

as the first-line agent for T2DM.19,20

Since metformin improves insulin resistance, which is the major 

pathogenesis of NAFLD, it has been widely tested in both animal 

NAFLD models and human clinical trials. In the insulin-resistant 

ob/ob mouse model with hepatic steatosis, metformin improved 

fatty liver disease and reversed the hepatomegaly, steatosis, and 

alanine aminotransferase (ALT) level by decreasing the expression 

of tumor necrosis factor-alpha (TNF-α) and TNF-inducible factors 

that promote hepatic lipid accumulation and adenosine triphos-

phate depletion21 or autophagy activation.22 In a pilot study of  

20 non-diabetic patients with NAFLD, metformin treatment for  

4 months reduced liver enzymes and improved insulin sensitivity 

and liver volume as detected by ultrasound.23 However, among 

well-designed randomized controlled trials (RCTs), the TONIC trial, 

which recruited 173 non-diabetic patients aged 8–17 years with 

biopsy-proven NAFLD and persistent increase in ALT, did not dem-

onstrate reduced ALT level and improved liver histology with met-

formin compared to placebo.24 To date, meta-analyses have 

shown that metformin could improve liver function, insulin resis-

tance, and body mass index (BMI) to some extent, but does not 

impact histological response in NAFLD patients.25-27 In this regard, 

current guidelines do not recommend metformin for treating 

NASH in adult patients.15,28 Despite the lack of known benefits to 

treat NAFLD, metformin aids in reducing CV risks related to dia-

betes. Furthermore, a meta-analysis of case-control studies found 

that metformin use was associated with a reduced risk of HCC, 

which is the final sequence of NAFLD, and it may be a relevant 

factor in preventing HCC in diabetic patients.29 Based on these 

studies, metformin could be beneficial for NAFLD patients with 

T2DM.

THIAZOLIDINEDIONES

Thiazolidinediones (TZDs) are peroxisome proliferator-activated 

receptor-γ (PPAR-γ) agonists that act as insulin sensitizers on adi-

pose tissue, muscle, and liver. TZDs improve insulin and glucose 

parameters, modulate adipose tissue distribution while decreasing 

visceral fat and increasing subcutaneous fat, and reduce lipotoxic-

ity in the liver. In addition, TZDs have demonstrated anti-inflam-

matory and antioxidant properties.

Pioglitazone

Pioglitazone was widely evaluated for the treatment of NAFLD. 

Many RCTs have shown histological improvement in steatosis and 

lobular inflammation after pioglitazone treatment. In a pilot study, 

pioglitazone treatment for 48 weeks showed histological improve-

ment (steatosis, parenchymal inflammation, cellular injury, and 

Mallory bodies) in 18 non-diabetic patients with biopsy-proven 

NASH.30 In 55 patients with impaired glucose tolerance or T2DM 

(mean HbA1c 6.2%), pioglitazone treatment (45 mg daily) with a 

hypocaloric diet for 6 months resulted in improvements in insulin 

sensitivity, ALT levels, steatosis, ballooning necrosis, and inflam-
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Table 1. Molecular mechanisms of anti-diabetic drugs and their effects on nonalcoholic fatty liver disease

Anti-diabetic drugs Molecular mechanisms Weight change Effects on NAFLD

Metformin AMPK-dependent mechanisms
-   Inhibits the mitochondrial respiratory chain in the liver, leading 

to activation of AMPK, enhancing insulin sensitivity (via effects 
on fat metabolism), and lowering cAMP, and thereby reducing 
the expression of gluconeogenic enzymes

AMPK-independent mechanisms
- Inhibits fructose-1,6-bisphosphatase by AMP

Neutral (potential 
modest loss)

- Improvement of liver enzymes 
and liver fat content

Thiazolidinediones Activation of the transcription factor PPAR-γ involved in the 
transcription of genes regulating glucose and fat metabolism 
→  When activated by a ligand, PPAR-γ binds to the retinoid X 

receptor (RXR) to form a heterodimer. 
→  This binds to DNA to regulate the genetic transcription 

and translation of various proteins involved in cellular 
differentiation as well as glucose and lipid metabolism.

Gain Pioglitazone
- Improvement of liver enzymes 

and liver fat content
- Some improvement on 

histological features of NASH
Rosiglitazone and lobeglitazone
- Improvement of liver enzymes 

and liver fat content

GLP1-RAs Binding of GLP-1 receptor (pancreatic β-cells)
→  Elicits its effects via acute elevation in cAMP levels
→ Subsequent protein kinase(s) activation
→ Elevated Ca2+ and ATP
→ Stimulates insulin secretion

Loss Liraglutide
- Improvement of liver enzymes 

and liver fat content
- Potential beneficial effect on 

histological features of NASH
Exenatide and dulaglutide
- Improvement of liver enzymes 

and liver fat content
Lixisenatide and semaglutide
- Improvement of liver enzymes

DPP-4 inhibitors Competitively inhibits the enzyme DPP-4; this enzyme breaks 
down the incretin GLP-1 and GIP, which are released in 
response to a meal 
(DPP-4 is a 766 amino acid amino peptidase, and is a tetramer 
with each subunit consisting of two domains: N-terminal 
β-propeller domain & C-terminal catalytic domain).

Neutral Sitagliptin and vildagliptin
- Improvement of liver enzymes 

and liver fat content

SGLT2 inhibitors Inhibits SGLT2 action and causes reduction in renal glucose 
reabsorption 
(SGLT2 is expressed in the luminal membrane of the proximal 
tubule [mainly S1 and S2 segment]. It reabsorbs ~97% of 
filtered glucose under normoglycemic conditions).

Loss Dapagliflozin, canagliflozin, 
empagliflozin, ipragliflozin, and 
luseogliflozin

- Improvement of liver enzymes 
and liver fat content

α-glucosidase 
inhibitors

Inhibits intestinal α-glucosidase 
(Enzyme α-glucosidase is located in the brush border of the 
enterocytes of the jejunum in the small intestine, and happens 
to be a key enzyme in carbohydrate synthesis and breakdown. 
It is an exo-type carbohydrolase, which cleaves glycosidic 
bonds in complex carbohydrate to release absorbable 
monosaccharides).

Neutral No study in human

Sulfonylureas Binds to sulfonylurea receptors and causes closing of KATP 

channels on β-cell plasma membranes, influx of Ca2+, and 
stimulation of insulin release

Gain No study in human

Meglitinides Binds to sulfonylurea receptors, but at different binding sites to 
sulfonylurea causes closing of KATP channels on b-cell plasma 
membranes, influx of Ca2+, and stimulation of insulin release

Gain No study in human

NAFLD, nonalcoholic fatty liver disease; AMPK, adenosine monophosphate-activated protein kinase; cAMP, cyclic adenosine monophosphate; PPAR-γ, 
peroxisome proliferator-activated receptor-γ; NASH, nonalcoholic steatohepatitis; ATP, adenosine triphosphate; GLP1-RAs, GLP-1 receptor agonists; DPP-4, 
dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; GIP, glucose-dependent insulinotropic polypeptide; SGLT2, sodium-glucose cotransporter 2.
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mation of liver biopsy-confirmed NASH patients.31 Meta-analyses 

agreed with the beneficial effects of pioglitazone on lobular in-

flammation.26,32,33 However, there were conflicting results for he-

patic fibrosis. The landmark phase 3 PIVENS (Pioglitazone versus 

Vitamin E versus Placebo for the Treatment of Nondiabetic Pa-

tients with NASH) trial was conducted as a multicenter, random-

ized, placebo-controlled, double-blind clinical trial of pioglitazone 

compared to vitamin E in the treatment of NASH, by enrolling 247 

adults without diabetes who had biopsy-confirmed NASH.34 After 

a 96-week treatment period, 45 mg/day pioglitazone treatment 

was associated with reductions in serum ALT levels (P<0.001), 

hepatic steatosis (P<0.001), and lobular inflammation (P=0.004), 

but there was no improvement in fibrosis scores. On the contrary, 

another RCT was conducted in 101 patients with biopsy-proven 

NASH to investigate whether 45 mg/day pioglitazone treatment 

for 18 months could achieve the primary outcome with an im-

provement of at least two points in NAFLD activity score (NAS) 

and no worsening of fibrosis.35 Pioglitazone treatment showed 

58% achievement in the primary outcome and 51% resolution of 

NASH (P<0.001 for each). Pioglitazone treatment also was associ-

ated with improvement in individual histologic scores, including 

fibrosis score (P=0.039); reduced hepatic triglyceride content from 

19% to 7% (P<0.001); and improved adipose tissue, hepatic, and 

muscle insulin sensitivity (P<0.001 vs. placebo for all). In ad-

vanced fibrosis (stages F3–F4), meta-analysis showed that piogli-

tazone use improved fibrosis in patients with NASH and T2DM, as 

well as in patients without diabetes.36 Therefore, pioglitazone 

could be a first-line therapy for patients with NASH and T2DM. 

However, due to limited evidence, pioglitazone should be cau-

tiously used in subjects without T2DM to treat NAFLD without bi-

opsy-proven NASH.28 It is important to remember that weight 

gain, fluid retention, and bone loss are common side effects of pi-

oglitazone treatment. In this regard, the risks and benefits should 

be considered before starting therapy. 

Rosiglitazone

Rosiglitazone was once a popular TZD, but it was withdrawn 

from some markets in 2010 due to a high risk of myocardial in-

farction. In many RCTs, rosiglitazone demonstrated a biochemical 

improvement in liver enzymes and glycemic control in both dia-

betic and nondiabetic patients with NAFLD, whereas evidence of 

histological improvement was less clear.37 Although no firm asso-

ciation was found after an extensive review of all evidence by the 

United States Food and Drug Administration, rosiglitazone is no 

longer available in most countries, and its prescribing remains se-

verely restricted in the United States.

Lobeglitazone

Lobeglitazone is a novel PPAR-γ agonist developed in South Ko-

rea, and it has been used for patients with T2DM in several coun-

tries. It exhibited similar beneficial effects to other TZDs, such as 

glucose-lowering, anti-inflammatory, and antioxidant actions.38 

Regarding NAFLD, lobeglitazone treatment has limited evidence. 

In high-fat diet-induced obese mice, lobeglitazone decreased he-

patic steatosis, attenuated lipogenesis-induced oxidative liver in-

jury, and reversed hepatic lipid dysregulation.39,40 In a multicenter, 

prospective, open-label, exploratory clinical trial, 43 patients with 

NAFLD and T2DM who were treated daily with 0.5 mg lobegli-

tazone for 24 weeks experienced improved liver enzymes and 

ameliorated hepatic fat content, as assessed by vibration-con-

trolled transient elastography, with controlled attenuation param-

eters.41 Recommendations for the use of lobeglitazone are similar 

to those of pioglitazone.

GLUCAGON-LIKE PEPTIDE-1 (GLP-1) RECEPTOR 
AGONISTS

GLP-1 is released from intestinal epithelial L-cells in response to 

meals and secreted into circulation.42 Circulating active GLP-1 in-

duces insulin secretion in pancreatic β-cells and reduces glucagon 

secretion in pancreatic α-cells in a glucose-dependent manner. 

Since GLP-1 has a very short half-life, GLP-1 receptor agonists 

(GLP-1 RAs) were developed, and they showed a glucose-lower-

ing effect by stimulating GLP-1 receptors. In addition to the glu-

cose-lowering effect, GLP-1 RAs decrease appetite, delay gastric 

emptying, and induce weight loss. Therefore, GLP-1 RAs are an 

attractive candidate for the treatment of NAFLD, as they can re-

duce weight and enhance insulin action. However, according to 

the American Association for the Study of Liver Disease 2018 

practice guideline, it is premature to consider GLP-1 RA for the 

treatment of liver disease in patients with NAFLD or NASH, due to 

limited evidence.28 However, several meta-analyses showed that 

GLP-1 RAs have additional roles in reducing the risk of major ad-

verse CV events and CV deaths in high-risk patients with T2DM, 

especially in the Asian population.43
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Exenatide

Exenatide is a synthetic form of a hormone isolated from Gila 

monster saliva, and the first agent of GLP-1 RA to be approved 

for the treatment of T2DM. In an observational pilot study, exena-

tide showed more qualitative ultrasonographic improvements in 

patients with NAFLD and T2DM compared with gliclazide, piogli-

tazone, sitagliptin, and liraglutide, although these differences 

were not significant.44 Several RCTs have found that exenatide 

alone or combined with other anti-diabetic drugs reduced liver 

enzymes, hepatic content, hepatic triglycerides, and epicardial 

fat.45-48 However, no well-designed placebo-controlled, double-

blind study with histology-proven outcomes has evaluated the ef-

fect of exenatide on NAFLD.

Liraglutide

Liraglutide is a long-acting GLP-1 RA, and is used for T2DM 

therapy at doses of up to 1.8 mg daily. It has also been approved 

for obesity management at the dose of 3 mg daily, and has been 

included in the largest number of studies on NAFLD among the 

GLP-1 RAs. Many studies showed that liraglutide reduced liver 

enzymes.49,50 In a meta-analysis of six RCTs conducted by the “Li-

raglutide Effect and Action in Diabetes (LEAD)” program, 26 

weeks of liraglutide treatment (1.8 mg/day) improved ALT and he-

patic steatosis in 4,442 patients with T2DM.49 However, these ef-

fects were likely mediated by weight loss and glycemic control, 

since they were lost after adjustment for weight reduction and 

HbA1c. In a prospective, single-center study (LIRA-NAFLD), lira-

glutide treatment (1.2 mg/day) for 6 months decreased liver fat 

content, as measured by proton magnetic resonance spectroscopy 

(MRS), in 68 patients with uncontrolled T2DM.51 The study also 

concluded that the effect of liver fat content reduction was mainly 

driven by body weight reduction. In a randomized trial which de-

fined NAFLD as liver fat fraction >5% on magnetic resonance im-

aging (MRI), liraglutide (3 mg/day) improved hepatic steatosis and 

hepatocellular apoptosis after 26 weeks in 30 obese patients; 

however, the benefits were not sustained after discontinuation, in 

contrast to lifestyle modification.52 Histological features were 

evaluated in two trials, LEAN (Liraglutide Safety and Efficacy in 

Patients With Non-Alcoholic Steatohepatitis) and LEAN-J (Liraglu-

tide Effects in Non-Alcoholic Steatohepatitis and Non-Alcoholic 

Fatty Liver Disease With Glucose Intolerance in Japanese Pa-

tients). In the LEAN study, which was a randomized, placebo-con-

trolled phase 2 trial consisting of 52 patients with biopsy-proven 

NASH, 48 weeks of liraglutide (1.8 mg daily) was reported to re-

solve biopsy-proven NASH in nine out of 23 patients, whereas 

this was observed in only two out of 22 patients in the placebo 

group.53 In the LEAN-J study, which enrolled 19 Japanese patients 

with biopsy-proven NASH, repeated liver biopsy was performed in 

10 subjects who continued liraglutide therapy (0.9 mg/day) for 96 

weeks. Seven subjects showed improved histological inflamma-

tion, six showed reduced liver fibrosis, and eight had improved 

NAS.54 As expected, in both LEAN and LEAN-J studies, liraglutide 

was associated with significant reductions in body weight and 

BMI compared with placebo. However, their effects for NASH are 

not solely explained by the improvements in weight and metabolic 

phenotype. Liraglutide seems to be the most promising GLP-1 RA 

for NAFLD/NASH prevention and/or treatment, although large 

RCTs are needed to confirm its effects.

Lixisenatide

Similar to exenatide, lixsisenatide is based on exendin-4 with an 

addition of six lysines and deletion of a proline at the C-terminus. 

To date, there has been no RCT on lixisenatide for patients with 

NAFLD. In a meta-analysis of 12 RCTs on lixisenatide versus pla-

cebo and three RCTs with the active comparators, lixisenatide in-

creased the proportion of patients with normalization of ALT 

compared with placebo or active comparators.55

Dulaglutide

Dulaglutide is a once-weekly GLP-1 RA and has some advan-

tages, such as weekly injection, disposable and prefilled devices, 

as well as safety profiles similar to those of other GLP-1 RAs. The 

effect of dulaglutide on NAFLD is not well-known, as only a few 

studies have been conducted. In a post hoc  analysis of AWARD 

(Assessment of Weekly Administration of LY2189265 [dulaglutide] 

in Diabetes) trials, dulaglutide (1.5 mg once weekly) improved liv-

er enzymes compared with placebo in a pattern consistent with 

liver fat reduction.56 In a Japanese retrospective study, dulaglutide 

(0.75 mg once weekly) significantly improved liver enzymes and 

liver stiffness, as measured by transient elastography after 12 

weeks of therapy in T2DM patients with biopsy-proven NASH.57 

Semaglutide

Semaglutide is a human GLP-1 RA and has two forms, a once-

weekly injectable agent and a once-daily oral agent. Currently, 
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there is limited evidence regarding the effect of semaglutide on 

NAFLD. In a sub-analysis of the 104-week CV outcomes trial of 

T2DM (semaglutide 0.5 or 1.0 mg/week) and a 52-week weight 

management trial (semaglutide 0.05–0.4 mg/day), semaglutide 

significantly reduced ALT in subjects with T2DM.58 To investigate 

the safety and efficacy of semaglutide (once-daily subcutaneous 

injection) on NASH (stage 1–3 fibrosis), a phase 2, randomized, 

double-blind, placebo-controlled trial (SEMA-NASH study, 

NCT02970942) was initiated, the final results of which are cur-

rently pending. However, there is no existing data regarding the 

effects of an oral form of semaglutide on NAFLD.

Tirzepatide

Tirzepatide is a novel unimolecular, multi-functional peptide 

that combines GLP-1 and glucose-dependent insulinotropic poly-

peptide (GIP) receptor agonist activities. GIP is an incretin secret-

ed from K cells in the upper small intestine in response to food. 

Unlike GLP-1, GIP is both glucagonotropic and insulinotropic in a 

glucose-dependent manner, dose-dependently stimulating gluca-

gon secretion under hypoglycemic conditions and insulin under 

hyperglycemic conditions.59 The number of studies conducted to 

demonstrate the effect of tirzepatide on NAFLD is very limited. 

Patients with T2DM received either once weekly tirzepatide (1, 5, 

10, or 15 mg), dulaglutide (1.5 mg), or placebo for 26 weeks. In 

post hoc analyses, significant (P<0.05) reductions from baseline 

in ALT (all groups), aspartate aminotransferase (AST) (all groups 

except tirzepatide 10 mg), keratin-18 (tirzepatide 5, 10, 15 mg), 

and procollagen III (tirzepatide 15 mg) were observed at 26 

weeks.60 Although one study cannot provide sufficient evidence 

of efficacy for tirzepatide in subjects with NASH, weight reduction 

along with changes in NASH biomarker suggest the need for fur-

ther trials of tirzepatide in subjects with NASH.

DIPEPTIDYL PEPTIDASE-4 (DPP-4) INHIBITORS

DPP-4 inhibitors demonstrate a glucose-lowering effect by in-

creasing the incretin effect through the delay of quick inactivation 

of GLP-1 in plasma. Several studies found that serum DPP-4 level 

was elevated in NASH patients, and also correlated with hepatic 

steatosis, fibrosis, and hepatocyte apoptosis.61,62 These findings 

support the notion that DPP-4 inhibitors may improve the histo-

logical features of NAFLD/NASH; however, there has been only a 

few studies demonstrating the significant efficacy of DPP-4 inhibi-

tors in patients with NAFLD. DPP-4 inhibitors are not yet believed 

to have a beneficial effect on NAFLD.

Sitagliptin

As a first-in-class DPP-4 inhibitor, sitagliptin has been most 

widely studied to evaluate its efficacy on NAFLD/NASH. However, 

sitagliptin has shown conflicting evidence regarding its effects on 

NAFLD. Sitagliptin treatment (50 mg/day) for 4 months improved 

liver enzymes in patients with NAFLD (n=30) diagnosed by ultra-

sound.63 In an observational pilot study of 15 T2DM patients with 

biopsy-proven NASH, sitagliptin treatment (100 mg/day) for  

1 year ameliorated liver enzymes, hepatocyte ballooning, and 

NASH scores.64 In a prospective, 24-week, single-center, open-la-

bel comparative study that enrolled 20 Japanese patients with 

T2DM and NAFLD, sitagliptin significantly reduced intrahepatic 

lipid content, as assessed by 1) H-MRS, and total body fat mass 

after 24 weeks.65 On the other hand, in 44 patients with T2DM 

and biopsy-proven NAFLD, sitagliptin treatment (50 mg/day) for 

12 months did not reduce liver enzymes, although HbA1c was re-

duced by 0.7%.66 In a RCT that enrolled 50 NAFLD patients, liver 

enzymes and magnetic resonance elastography-derived liver stiff-

ness were not improved by 24 weeks of sitagliptin treatment (100 

mg/day).67 Moreover, in many existing studies, sitagliptin treat-

ment failed to produce any reduction in liver fat content and liver 

enzymes.68,69 Based on previous clinical trials, sitagliptin is not yet 

believed to have a beneficial effect on NAFLD.

Vildagliptin

A few trials have demonstrated that vildagliptin has an effect 

on NAFLD. In 44 patients with T2DM and hepatic steatosis, vilda-

gliptin treatment (50 mg twice daily) for 6 months decreased liver 

enzymes and intrahepatic triglyceride content, as assessed by 

MRI.70 In a RCT conducted in Pakistan, vildagliptin (50 mg twice 

daily) for 12 weeks improved liver enzymes and steatosis grading, 

as assessed by ultrasound.71

Other DPP-4 inhibitors

Not many studies have been conducted to evaluate the efficacy 

of other DPP-4 inhibitors, including gemigliptin, alogliptin, teneli-

gliptin, saxagliptin, anagliptin, and linagliptin, on NAFLD. In an 

animal model, many DPP-4 inhibitors, including gemigliptin, alo-

gliptin, teneligliptin, and linagliptin, were able to alleviate hepatic 
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steatosis and hepatic lipogenesis.72-75 In human clinical trials, 12 

months of alogliptin treatment (25 mg/day) in NAFLD patients 

with T2DM yielded a decrease in NAFLD progression.76 With saxa-

gliptin, liver enzymes and hepatic steatosis were improved after 

treatment for 24 weeks in 95 patients with NAFLD and T2DM.77

SODIUM-GLUCOSE COTRANSPORTER 2 
(SGLT2) INHIBITORS

SGLT2 is responsible for a majority of the glucose reabsorption 

that occurs in proximal renal tubules. SGLT2 inhibitors are a novel 

class of anti-diabetic drugs that improve hyperglycemia by inhibit-

ing urinary glucose reabsorption from the kidney.78 In addition to 

a glucose-lowering effect, SGLT2 inhibitors exert several cardiore-

nal and metabolic benefits, including weight loss; therefore, they 

are thought to be promising therapeutic agents for patients with 

NAFLD.79 Although beneficial effects continue to be reported, 

SGLT2 inhibitors are not yet generally recommended for the treat-

ment of NAFLD.

Dapagliflozin

Many small-scale studies have shown that dapagliflozin treat-

ment improved liver enzymes, liver fat content, or liver stiffness in 

patients with NAFLD.80,81 In a single-arm, nonrandomized, open-

label study, dapagliflozin treatment (5 mg/day) for 24 weeks re-

duced liver enzymes and metabolic parameters in 11 patients with 

biopsy-proven NASH.82 The Effects of Omega-3 Carboxylic Acids 

and Dapagliflozin on Liver Fat Content in Diabetic Patients (EF-

FECT-II) study found that dapagliflozin (10 mg/day) combined with 

omega-3 carboxylic acids reduced liver fat content, as assessed by 

MRI-derived proton density fat fraction (MRI-PDFF), and dapa-

gliflozin monotherapy reduced all measured hepatocyte injury 

markers in patients with T2DM and NAFLD.83 In a randomized, 

active-controlled, open-label trial, dapagliflozin treatment (5  

mg/day) for 24 weeks improved liver enzymes, steatosis, and fi-

brosis, as measured by transient elastography (FibroScan), in 57 

patients with T2DM and NAFLD, as defined by ultrasound.84 Fur-

thermore, the Dapagliflozin Efficacy and Action in NASH (DEAN) 

study (NCT03723252) is still ongoing, with the objective to assess 

the efficacy and safety of dapagliflozin for improving biopsy-prov-

en NASH and metabolic risk factors. This study is a phase 3, mul-

ticenter, randomized, double-blind, placebo-controlled trial, and 

will enroll 100 participants until November 2021.

Canagliflozin

Several studies have evaluated the efficacy of canagliflozin on 

NAFLD.85-88 A meta-analysis of 11 trials with a total of 6,745 

T2DM patients reported that canagliflozin significantly decreased 

liver enzymes.85 In a RCT, canagliflozin (300 mg/day) for 24 weeks 

reduced liver enzymes and intrahepatic triglyceride content, as 

measured by proton-MRS, in 37 patients with T2DM and NAFLD.86 

Likewise, in a small (n=20), prospective, non-randomized, open-

label, single-arm study, canagliflozin (100 mg daily) treatment for 

12 months significantly reduced hepatic fat fraction, as measured 

by MRI, in patients with T2DM and NAFLD.87 In nine patients with 

T2DM and biopsy-proven NASH, canagliflozin treatment (100  

mg/day) for 24 weeks improved the histological features of NASH, 

including steatosis, lobular inflammation, ballooning, and fibrosis 

stage.88 

Empagliflozin

Only a few studies have evaluated the efficacy of empagliflozin 

on NAFLD. In the Empagliflozin Cardiovascular Outcome Event 

Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME), 

empagliflozin reduced liver enzymes (ALT>AST) in patients with 

T2DM.89 A single-center, retrospective, observational study found 

that empagliflozin (5 mg/day) for 6 months significantly improved 

liver enzymes in 46 patients with T2DM.90 The Effect of Empa-

gliflozin on Liver Fat Content in Patients With Type 2 Diabetes (E-

LIFT) trial, an investigator-initiated, prospective, open-label, ran-

domized clinical study involving 50 patients with T2DM and 

NAFLD, showed that empagliflozin (10 mg daily) for 20 weeks 

significantly reduced liver enzymes and liver fat, as measured by 

MRI-PDFF.91

Ipragliflozin

Ipragliflozin is used in several countries, including South Korea 

and Japan. In 43 patients with T2DM and NAFLD, ipragliflozin 

treatment for 24 weeks (50 mg daily) reduced liver enzymes.92 

Despite the small number of studies, ipragliflozin showed similar 

beneficial effects to pioglitazone on NAFLD. The open-label, ran-

domized, active-controlled trial compared the efficacy of ipra-

gliflozin (50 mg daily) versus pioglitazone (15–30 mg daily) in 66 

patients with T2DM and NAFLD. At week 24, ipragliflozin exerted 

equally beneficial effects on NAFLD compared with pioglitazone.93 

Furthermore, ipragliflozin (50 mg daily) treatment for 24 weeks 
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significantly ameliorated liver steatosis and reduced excessive fat 

in 44 euglycemic patients with T2DM and NAFLD who were tak-

ing metformin and pioglitazone at baseline.94

Other SGLT2 inhibitors

Several pre-clinical studies conducted with animal experimental 

models have shown that luseogliflozin and remogliflozin could be 

associated with improvement in hepatic steatosis.95,96 In 32 pa-

tients with T2DM and NAFLD diagnosed by abdominal computed 

tomography or ultrasound, luseogliflozin treatment (2.5 mg daily) 

for 6 months reduced liver fat deposition compared to metfor-

min.97 A prospective, single-arm trial (LEAD trial) showed that 

luseogliflozin treatment (2.5 mg daily) for 24 weeks reduced he-

patic fat content, as evaluated by MRI, in patients with T2DM and 

NAFLD.98

α–GLUCOSIDASE INHIBITORS

α-glucosidase inhibitors, including acarbose, miglitol, and vogli-

bose, are oral glucose-lowering agents that specifically inhibit 

α-glucosidases in the brush border of the small intestine to pre-

vent digestion of carbohydrates, such as starch and sugar. To 

date, only a limited number of studies have investigated the effect 

of α-glucosidase inhibitors on NAFLD. In a mouse model of 

NAFLD, combination therapy with ezetimibe and acarbose for 24 

weeks improved the histopathological findings.99 Administration 

of miglitol (150 mg/day) for 12 months in 17 T2DM patients with 

histologically-confirmed NASH showed significantly decreased 

BMI and serum ALT.100 Post-treatment liver biopsy of 11 patients 

revealed significant improvements in steatosis, lobular inflamma-

tion, portal inflammation scores, and NAFLD activity scores (from 

5.5±1.5 to 3.9±1.4, P=0.012). However, fibrosis and hepatocyte 

ballooning scores remained unchanged.

SULFONYLUREAS AND MEGLITINIDES

Insulin resistance with hyperinsulinemia might be deleterious to 

the liver and associated with high intrahepatic triglyceride con-

tent.101 Sulfonylureas and meglitinides are insulin secretagogues 

that lower glucose level by enhancing insulin secretion from pan-

creatic β-cells. Metformin and pioglitazone may be safely used in 

patients with NAFLD, whereas sulfonylureas and insulin itself 

have been associated with NAFLD progression and adverse out-

comes.102 This class of drugs has rarely been studied regarding its 

impact on NAFLD.

DRUGS UNDER INVESTIGATION

Various types of promising therapeutic targets for T2DM are 

under investigation. Protein tyrosine phosphatase 1B inhibitor, 

free fatty acid receptors 1, aldose reductase, glycogen phosphory-

lase, fructose-1, 6-bisphosphatase, glucagon receptor antagonist, 

and phosphoenolpyruvate carboxykinase are currently being as-

sessed.103 Among them, drugs that show weight reduction can be 

effective in the treatment of NAFLD. Further studies are warrant-

ed to evaluate the efficacy of novel anti-diabetic drugs for NAFLD.

CONCLUSIONS

To this day, the only approved treatment option for NAFLD is 

weight reduction, although much progress has been made in the 

understanding, diagnosis, and treatment of NAFLD over past de-

cades. Since T2DM and NAFLD have a partly shared pathophysiol-

ogy that includes insulin resistance even genetically,104-106 anti-dia-

betic drugs are a good candidate for the treatment of NAFLD. 

Most anti-diabetic drugs showed an improvement in liver en-

zymes, but there is limited evidence of any beneficial effect on 

histological outcomes. Among anti-diabetic drugs, pioglitazone 

has the strongest evidence for a role in NAFLD treatment, and it 

has shown improvement in liver histology for patients with biop-

sy-proven NASH. Liraglutide has also shown promising evidence, 

although it is premature to consider a GLP-1 RA for the treatment 

of liver disease in patients with NAFLD. Further well-designed 

RCTs should be conducted to determine the role of these anti-dia-

betic drugs in NAFLD treatment.
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INTRODUCTION

Liver cirrhosis (LC) is still a challenging problem in clinical prac-

tice as it comprises many complications due to portal hyperten-

sion (PH), such as the presence of varices, variceal bleeding, asci-

tes, hepatic encephalopathy, coagulation dysfunction, hepatorenal 

syndrome, and even cardiac and pulmonary complications. It has 

been defined as a liver condition characterized by liver scar tissue 

or tissue fibrosis and the conversion of normal liver architecture 

into abnormal nodules due to long-term inflammation process of 
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chronic liver diseases.1 Common etiologies of LC are chronic hepa-

titis B and C virus infection, alcoholic liver disease, non-alcoholic 

fatty liver disease, autoimmune liver disease, and drug induced 

liver injury. Hepatitis virus infection, alcohol-related liver disease, 

and non-alcoholic steatohepatitis are common causes of cirrhosis 

deaths globally.2,3 Acute variceal bleeding (AVB) is a complication 

of LC considered to be the most feared due to its high mortality, 

especially in the presence of gastric varices (GV). Therefore, we 

would like to review guidelines and real experiences on managing 

LC complications, focusing on esophageal varices (EV) and GV. 

NATURAL HISTORY AND COMPLICATIONS OF 
LC

The Global Burden of Disease 2017 Study reported 1.32 million 

(1.27 to 1.45 million) deaths in 2017 due to LC which constituted 

2.4% of total deaths globally in 2017.3 These numbers have in-

creased from the previous Global Burden of Disease 2010 Study 

which reported 1.02 million (670,216 to 1.55 million) deaths, con-

stituting 1.9% of all deaths globally, in 2010.2 

LC can be considered as the end-stage of every chronic liver 

disease. The course of LC can be divided into an asymptomatic 

phase termed compensated cirrhosis and a phase where compli-

cations, such as variceal bleeding, develop termed decompensat-

ed cirrhosis. Transition of compensated cirrhosis to decompensat-

ed cirrhosis occurs at a rate of approximately 5–7% every year. As 

LC progresses, other complications may arise. At any phase of LC, 

hepatocellular carcinoma (HCC) may develop and accelerate 

course of the disease leading to a worse outcome. The rate of 

HCC development is approximately 3% per year.4 As there is no 

clear definition to differentiate between severe fibrosis and com-

pensated cirrhosis, the Baveno VI consensus recommends that 

this transition phase be termed compensated advanced chronic 

liver disease. Both terms, compensated advanced chronic liver 

disease and compensated cirrhosis, can be used interchangeably.5

The survival of patients with compensated LC is significantly 

longer than patients with decompensated LC. Median survival 

times were estimated to be around 12 years in compensated LC 

patients and around 2 years in decompensated LC patients. A co-

hort study reported that median survival time of compensated LC 

patients was 9.5 years and that of decompensated LC patients 

was 4.5 years. Median time to decompensation was 5 years. Vari-

ceal bleeding is one of the most commonly reported causes of 

death in LC patients. Age, Child-Pugh (CP) score and its compo-

nents, model for end-stage liver disease score, hepatic vein pres-

sure gradient (HVPG), and presence of HCC were independent 

predictors of death in patients with LC.4,6

DEVELOPMENT OF PH

Persistent inflammation in chronic liver injury leads to two con-

ditions: fibrogenesis and pathological angiogenesis. Fibrogenesis 

is actually part of the liver’s healing response to injury. Damaged 

hepatocytes in liver injury release inflammatory mediators, recruit-

ing leukocytes to site of injury which releases pro-inflammatory 

mediators such as cytokines (tumour necrosis factor, interleukin 

[IL]-6, and IL-1β), metalloproteinases, platelet-derived growth factor, 

connective tissue growth factor, transforming growth factor-β, fi-

broblast growth factor, and vascular endothelial growth factor. 

These cytokines and growth factors are involved in fibrogenesis 

and angiogenesis. Hepatic stellate cells which differentiate into 

myofibroblasts, mediated by cytokines and growth factors, pro-

duces liver scar tissue high in type I collagen which protects hepa-

tocytes against further injury. However, accumulation of tissue fi-

brosis leads to tissue stiffness.7 

Another mechanism, i.e., progressive liver tissue hypoxia, also 

induces liver fibrogenesis and angiogenesis. Liver angiogenesis is 

closely related to the progression of liver fibrosis. Accumulation of 

inflammatory cells and tissue fibrosis increases resistance of the 

damaged cells to blood flow and oxygen supply, hence contribut-

ing to hypoxia. As a response to hypoxia, hepatic stellate cells re-

lease vascular endothelial growth factor and angiopoietin-1 which 

induce angiogenesis. Hypoxia also stimulates further inflamma-

tion leading to further fibrosis.8

Structural hepatic changes due to tissue fibrosis and changes in 

hepatic microcirculation due to pathological angiogenesis increase 

intrahepatic vascular resistance. This phenomenon increases por-

tal pressure and leads to PH in LC. Other factors contributing to 

increased intrahepatic vascular resistance include decreased he-

patic production and/or bioavailability of nitric oxide, a potent va-

sodilator, and increased hepatic production of vasoconstrictors, 

such as thromboxane A2. This condition leads to intrahepatic va-

soconstriction.9,10 

PH is defined as an increase in the pressure of the portal vein 

and its branches.10 Portal pressure can be measured accurately 

through direct and indirect measurement. Direct measurement of 

portal pressure is no longer performed due to its high invasive-

ness. HVPG measurement, an indirect measure of portal pressure, 



446 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0022

Volume_26  Number_4  October 2020

is now considered as a gold standard tool to measure portal pres-

sure. HVPG is the gradient between the portal vein and the he-

patic vein calculated by subtracting free hepatic venous pressure 

from wedge hepatic venous pressure. PH is diagnosed when 

HVPG is above 5 mmHg, whereas clinically significant PH (CSPH) 

is diagnosed when HVPG is above 10 mmHg (Table 1). This mea-

surement is very important in managing LC patients because com-

plications of PH begin to appear when CSPH is diagnosed.11,12 

There have been several non-invasive and minimally invasive tools 

developed in clinical practice to replace the use of HVPG, such as 

doppler ultrasound, contrast-enhanced ultrasound, and transient 

elastography (TE)/Fibroscan®. However, studies on doppler ultra-

sound did not show high sensitivity for detection of CSPH even 

though it showed high specificity.13 Meanwhile, study on contrast-

enhanced ultrasound in assessing hepatic vein arrival time to pre-

dict CSPH in patients with compensated cirrhosis showed that 

there have been major concerns regarding its use in clinical prac-

tice due to high failure rate, poor echo window in patients with 

obesity, respiratory disturbances, or atrophic right liver lobe.14 TE 

has been considered as the simplest and easiest tool to be used in 

daily practice. Bureau et al found that HVPG was correlated with 

liver stiffness measurement by TE (P<0.001) and the cut-off value 

of 21 kPa accurately predicted CSPH in patients with chronic liver 

disease.15 The Baveno VI consensus workshop recommends that 

liver stiffness measurement by TE ≥20–25 kPa alone or combined 

with platelet count and spleen size may be used to rule-in CSPH 

Table 1. Correlation of portal pressure and clinical end-points in patients with liver cirrhosis

Portal pressure Clinical end-points

<5 mmHg Normal

5–10 mmHg Mild portal hypertension

>10 mmHg Clinically significant portal hypertension

>10 mmHg Esophageal varices development, ascites, decompensation, hepatocellular carcinoma occurrence

>12 mmHg Variceal bleeding

>16 mmHg High mortality

>20 mmHg Early rebleeding or failure to control bleeding

Figure 1. Relationship of portal hypertension and risk of varices development. HVPG, hepatic vein pressure gradient; EV, esophageal varices; GV, gas-
tric varices; CSPH, clinically significant portal hypertension.
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in patients with viral LC.5

DEVELOPMENT OF ESOPHAGOGASTRIC VARI-
CES (EGV)

EV and GV are complications of PH present in approximately 

50% and 20% of patients with LC, respectively.10,16 EV was first 

described by Richard Schatzki, a renowned radiologist, in 1940 as 

“dilated veins that bulge into the lumen, producing uneven worm-

like surface of the inside of esophagus”.17,18 Varices develop when 

HVPG is above 10 mmHg and variceal bleeding potentially occurs 

when HVPG is above 12 mmHg (Table 1, Fig. 1).11,16 

Varices usually arise at a rate of 7–8% every year and progress 

from small to large varices at a rate of 10–12% every year.19 In-

crease in portal pressure stimulates the release of angiogenic fac-

tors such as vascular endothelial growth factor and placental 

growth factor from the vascular beds of the splanchnic circulation, 

which promotes angiogenesis leading to formation of portosys-

temic collaterals. Portosystemic collaterals also formed by the 

opening, dilatation, and hypertrophy of existing blood vessels in 

the setting of increased portal pressure. As a result, blood from 

the splanchnic circulation is diverted into the collateral circulation, 

stimulating compensatory mechanisms known as splanchnic vaso-

dilatation. The aforementioned compensatory mechanisms include 

increased production of the nitric oxide vasodilator in the splanch-

nic circulation, decreased contractility of arteries in the splanchnic 

circulation, and sympathetic nerve atrophy/regression in arteries 

of the splanchnic circulation; all of it causes increased blood flow 

into the portal vein, which further increases portal pressure and 

leads to the development of portosystemic collaterals.9,16 Porto-

systemic collaterals of the anterior branch of left gastric vein, 

which dilates more than 7 mm in the presence of PH, cause dila-

tion of veins located within the lower esophageal wall termed EV. 

Meanwhile, GV arises from portosystemic collaterals of the anteri-

or branch of the left gastric vein, short gastric vein, or posterior 

gastric vein.20 

LC patients also have a hyperdynamic circulation defined as 

high blood volume/high cardiac output but low effective blood 

volume due to low systemic vascular resistance caused by system-

ic vasodilatation. This hyperdynamic circulation further aggravates 

PH and variceal development.21 

AVB occurs in 16–75.6% of patients not previously treated for 

EV and 25% of patients not previously treated for GV. Isolated 

gastric varices (IGV) is the most severe and is associated with the G
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highest mortality rate compared to variceal bleeding due to EV or 

gastroesophageal varices (GOV). Risk factors for EV bleeding in-

clude varices located in critical area (EV bleeding commonly occurs 

at 3 cm proximal to the gastroesophageal junction), high portal 

pressure (decreasing HVPG to 12 mmHg or less lowers the risk of 

variceal bleeding), large size varices, blue coloration, and the pres-

ence of red-color signs.22 GV, on the other hand, can be present in 

the setting of lower portal pressure compared to EV. Large size 

varices (more than 5 mm in diameter), red-color signs, and ad-

vanced stage of liver disease (CP class B or C) are considered as 

the most important risk factors for GV bleeding. Other risk factors 

for GV bleeding are mucosal erosions and/or gastric ulcers over 

varices and use of oral non-steroidal anti inflammatory drugs.22,23

MANAGEMENT OF EGV: CURRENT GUIDELINES 
AND RECENT UPDATES

Various clinical practice guidelines and guidance have been 

published on the management of EGV with recommendations re-

garding prevention and management of variceal bleeding. In this 

review, we will address three guidelines and one guidance put 

forward by four notable hepatology societies, i.e., the American 

Association for the Study of Liver Diseases (AASLD),24 the Asian 

Pacific Association for the Study of the Liver (APASL),25,26 the Eu-

ropean Association for the Study of the Liver (EASL),27 and the 

Korean Association for the Study of the Liver (KASL)28 (Table 2). 

The most recent of these is the clinical practice guidelines by 

KASL published earlier this year.

Screening and monitoring of EGV

Until today, esophagogastroduodenoscopy (EGD) has been con-

sidered as the gold standard for diagnosis and screening of vari-

ces in patients with LC. AASLD recommends EGD screening for 

diagnosis of varices in patients with TE of ≥20 kPa and platelet 

count ≤150,000/mm3 when the diagnosis of cirrhosis is made.24 

Meanwhile, EASL recommends EGD screening for all decompen-

sated cirrhosis patients, APASL and KASL for all diagnosed LC pa-

tients.25,27,28 Based on EGD procedure, varices can be uniformly 

described according to the general rules for recording endoscopic 

findings of EGV proposed by the Japan Society for Portal Hyper-

tension (Table 3).29 EASL, APASL, and KASL recommend recording 

the presence and size of EGV and the presence of red-color 

signs.25,27,28

Classification for EV has been developed since 1964 by Brick 

and Palmer,30 since then many classifications have been proposed 

such as Dagradi classification, Soehendra classification, Conn’s 

classification, Paquet’s classification, Westaby classification, and 

Calès classification.18 However, in clinical practice, EV can be sim-

ply classified as high risk or low risk. High-risk EV has higher risk 

of bleeding and is associated with higher mortality. Low-risk EV is 

defined as small varices (≤5 mm) without red-color signs; mean-

while, high-risk EV is defined as medium-large varices (>5 mm), 

small varices with red-color signs, or small varices in patients with 

CP class C (Table 4).27 Red-color signs are reddish changes be-

Table 3. General rules for recording endoscopic findings of esophago-
gastric varices by the Japan Society for Portal Hypertension

Category Endoscopic finding

Location Ls: Locus superior
Lm: Locus medialis
Li: Locus inferior
Lg-c: Adjacent to the cardiac orifice
Lg-cf: Extension from the cardiac orifice to 

the fornix
Lg-f: Isolated in the fornix
Lg-b: Located in the gastric body
Lg-a: Located in the gastric antrum

Form F0: No varicose appearance
F1: Straight, small-caliber varices
F2: Moderately enlarged, beady varices
F3: Markedly enlarged, nodular or tumor-

shaped varices

Color Cw: White varices
Cb: Blue varices
Cw-Th: Thrombosed white varices
Cb-Th: Thrombosed blue varices

Red-color signs RWM: Red wale markings
CRS: Cherry red spots
HCS: Hematocystic spots
Te: Telangiectasia

Bleeding signs Gushing bleeding
Spurting bleeding
Oozing bleeding
Red plug
White plug

Mucosal findings E: Erosion
Ul: Ulcer
S: Scar

Portal hypertensive 
gastropathy

Snakeskin/mosaic appearance with:
Grade 1: Erythematous flecks or maculae
Grade 2: Red spots and/or diffuse redness
Grade 3: Intramucosal or intraluminal 

hemorrhage
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neath the esophageal submucosa classified into red wale mark-

ings, cherry-red spots, and hematocytic spots (Fig. 2). Red wale 

markings are wale or whip marks oriented longitudinally on the 

surface of EV. Cherry-red spots are small red spots on the surface 

of EV. Hematocytic spots are large, round, crimson-red projections 

on the surface of EV which looks like blood blisters.29

The most widely used classification for GV was developed by 

Sarin et al, classifying GV into four distinct types, i.e., type 1 GOV 

(GOV1), type 2 GOV (GOV2), type 1 IGV (IGV1), and type 2 IGV 

(IGV2) (Table 5). GOV1 are the most common of all GV. GOV2 

and IGV1 (Fig. 3) are associated with higher incidence of variceal 

bleeding. Mortality is higher in patients with GOV2.31 Other clas-

Table 4. Classification of esophageal varices

Classification

Low-risk varices Small varices without red-color signs

High-risk varices Medium-large varices
Small varices with red-color signs
Small varices in Child-Pugh class C cirrhotic 

patients

Figure 2. High-risk esophageal varices with red-color signs: (A) red wale markings, (B) cherry-red spots, and (C) hematocytic spots.

A B C

Table 5. Sarin’s classification of gastric varices

Classification

GOV Gastric varices are continuous with esophageal varices

Type 1 GOV Extend 2–5 cm below the gastroesophageal junction along the lesser curve of the stomach
Mildly tortuous

Type 2 GOV Extend beyond the gastroesophageal junction into the fundus of the stomach and along the 
greater curve of the stomach

Long, nodular, and tortuous

IGV Gastric varices in the absence of esophageal varices

Type 1 IGV/fundal varices Located in the fundus and fall short of the cardia by a few centimeters
Nodular and tortuous often with red color signs

Type 2 IGV/isolated ectopic varices Located in the body, antrum, or pylorus

GOV, gastroesophageal varices; IGV, isolated gastric varices.

Figure 3. IGV1 (A, B) and high-risk gastric varices with red-color sign (C). IGV, isolated gastric varices.

A B C
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sifications of GV include Hoskins and Johnson’s classification, 

Mathur’s classification, and Hashizume’s classification.18 

Repeat EGD is recommended by the AASLD when decompensa-

tion occurs, every year for compensated LC patients with small 

varices on screening and ongoing liver injury, every 2 years for 

compensated LC patients with small varices and inactive liver in-

jury (after viral elimination or alcohol abstinence) or no varices 

and ongoing liver injury, and every 3 years for compensated LC 

patients with no varices and inactive liver injury.24 On the other 

hand, EASL recommends repeat EGD every year for patients with 

no varices and ongoing liver injury or decompensation; APASL 

recommends EGD every two years for patients with no varices on 

screening; and KASL recommends EGD every 1–2 years for pa-

tients with decompensated LC and 2–3 years for patients with 

compensated LC according to severity of underlying disease.25,27,28

Even though EGD is the recommended examination for screen-

ing of varices, most patients resist undergoing EGD due to its in-

vasiveness. Non-invasive modalities have also been developed to 

detect the presence of varices, such as TE/Fibroscan®, portal vein 

doppler ultrasound, and capsule endoscopy. Non-invasive meth-

ods for detection of varices (Fig. 4) warrants further studies as 

cut-off values for detection of varices varies among different stud-

ies.32 Recently, the Baveno VI consensus reported that combining 

liver stiffness less than 20 kPa and platelet count more than 

150,000/mm3 can rule out high-risk varices in compensated ad-

vanced chronic liver disease patients.5 Using the Baveno VI crite-

ria, a study of 1,218 patients with compensated advanced chronic 

liver disease showed that the varices-needing-treatment miss rate 

was 1.9% with a 25.7% saved endoscopy rate. However, in these 

patients, the optimal criteria of liver stiffness and platelet count 

for predicting varices-needing-treatment varied according to un-

derlying liver disease. The study also suggested the use of liver 

stiffness measurement-spleen diameter to platelet index (cut-off 

1.47) as predictor of varices-needing-treatment as it is not affect-

ed by underlying liver disease.33

Endoscopic ultrasound (EUS) is another minimally invasive mo-

dality that has been developed to screen for varices. Studies re-

garding the role of EUS in management of varices showed that 

though EUS was inferior to EGD in detecting and classifying EV, it 

was superior to EGD in detecting GV, paraesophageal varices, and 

paragastric varices. This is because EUS has the advantage to ob-

serve veins located under or outside the wall of the esophagus 

and stomach. Paraesophageal and paragastric varices are corre-

lated with higher portal pressure and are risk factors for AVB.34 

Figure 4. Non-invasive methods for detection of esophagogastric varices.32
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Pre-primary prophylaxis of EV

Pre-primary prophylaxis is a term referring to therapies given to 

prevent development of varices.25 AASLD recommends elimination 

of etiologic agent such as hepatitis virus, alcohol, or iron as the 

mainstay of therapy and does not recommend the use of non-se-

lective beta blocker (NSBB) for pre-primary prophylaxis. APASL 

and KASL echo these recommendations while EASL has made no 

recommendations regarding pre-primary prophylaxis.24,25,27,28 Re-

cent studies show that the use of NSBB in early cirrhosis is inef-

fective and may be associated with increased adverse events.35

Early primary prophylaxis of EV

Early primary prophylaxis refers to therapies aimed at prevent-

ing enlargement of varices from small to large or variceal bleed in 

small varices.25 All the aforementioned guidelines and guidance 

recommend NSBB for high-risk small EV to prevent first variceal 

bleed. However, only APASL and KASL recommend NSBB for low-

risk EV to prevent progression of small to large varices. KASL also 

recommends carvedilol for low-risk EV.24,25,27,28 However, Grosz-

mann et al.36 found that there was no significant difference be-

tween patients receiving timolol versus patients receiving placebo 

in the development of varices. Furthermore, adverse events in pa-

tients receiving timolol were significantly higher than patients re-

ceiving placebo (18% vs. 6%, P=0.006).36 A prospective, single-

blind randomized controlled trial (RCT) by Sarin et al.37 of 150 

subjects also failed to show that propranolol was able to prevent 

the growth of small EV when compared to placebo. In this study, 

the 2-year risk of variceal growth was 11% in the propranolol 

group and 16% in the placebo group (P=0.786).37 Similarly, two 

meta-analysis of four studies involving 730 patients with no or 

small varices and three studies involving 438 patients with small 

varices, respectively, found that incidence of developing large var-

ices and first variceal bleeding were similar between the NSBB 

group and the placebo group. Both studies also showed that inci-

dence of adverse effects were significantly higher in the NSBB 

group compared to the placebo group.38,39 Meanwhile, an RCT of 

140 patients by Bhardwaj et al.40 showed that carvedilol is safe 

and effective in delaying the progression of small to large EV. 

Compared to placebo, carvedilol was associated with a signifi-

cantly higher proportion of patients not progressing to large EV 

(79.4% vs. 61.4%, P=0.04). Carvedilol also significantly slowed 

the progression of small to large EV when compared with placebo 

(mean time of progression was 18.7 months in the placebo group 

and 20.8 months in the carvedilol group, P=0.04).40 

Primary prophylaxis of EGV

Primary prophylaxis refers to therapies aimed to prevent first 

variceal bleed in medium-large EV or GV.25 AASLD recommends 

NSBB, carvedilol, or endoscopic variceal ligation (EVL) and does 

not recommend combination therapy of NSBB and EVL for primary 

prevention of EV.24 EASL recommends NSBB or EVL for primary 

prophylaxis of EV (with preference to NSBB as it can lower portal 

pressure). EVL is the preferred therapy for patients intolerant to 

NSBB or with contraindications to NSBB.27 APASL also recom-

mends NSBB with HVPG monitoring or EVL for primary prophylax-

is of EV. EVL should be offered to patients who are intolerant or 

nonresponsive to NSBB.25 KASL recommends NSBB, carvedilol, 

EVL, or combination of NSBB and EVL for primary prophylaxis of 

EV.28 Propranolol (20–40 mg twice a day) or nadolol (20–40 mg 

once a day) can be given with dose adjustments every 2–3 days 

until treatment goal (resting heart rate of 55–60 beats per min-

ute) is achieved. The maximum dose for propranolol is 320 mg per 

day for patients without ascites and 160 mg per day for patients 

with ascites. The maximum dose for nadolol is 160 mg per day for 

patients without ascites and 80 mg per day for patients with asci-

tes. On the other hand, dose for carvedilol is easier to adjust be-

cause it is not guided by heart rate, starting with 6.25 mg once a 

day or 3.125 mg twice a day and later increased to 6.25 mg twice 

a day after 3 days. The maximum dose of carvedilol is 12.5 mg 

per day. Systolic blood pressure should not be lower than 90 

mmHg with NSBB or carvedilol therapy.24,28 Studies on NSBB have 

been conflicting with earlier studies supporting NSBB use and 

more recent studies suggesting potential harm from NSBB usage. 

Adverse effects of NSBB therapy may be cardiac related as a re-

sult of decreased cardiac output and chronotropy associated with 

beta-1 antagonism (exacerbation of heart failure, symptomatic 

bradycardia, heart block, or fatigue) or non-cardiac related due to 

non-selective beta-adrenergic blockade (bronchospasm, exacer-

bation of peripheral artery disease, or sexual dysfunction). NSBB 

should be tapered and discontinued in decompensated LC pa-

tients with refractory ascites. In these group of patients, the use 

of NSBB may reduce survival of patients due to its negative im-

pact on cardiac output which decreases perfusion to vital organs. 

Furthermore, NSBB should be used with caution in patients with 

poor adherence to follow-up or poor medical compliance.35 De-

spite this, a recently published systematic review, with network 

meta-analysis of 32 RCTs involving 3,362 LC patients with large 
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EV and no prior history of bleeding, suggests that NSBB is the 

preferred initial approach for primary prophylaxis of EV bleeding. 

This meta-analysis found that NSBB monotherapy decreases mor-

tality (odds ratio [OR], 0.70; 95% confidence interval [CI], 0.49–

1.00) and prevents first variceal bleed (OR, 0.64; 95% CI, 0.38–

1.07). Combination therapy of NSBB and EVL also decreased 

mortality (OR, 0.49; 95% CI, 0.23–1.02) and prevented first vari-

ceal bleed (OR, 0.34; 95% CI, 0.14–0.86) but carried a higher risk 

of serious adverse events. Carvedilol and EVL monotherapy were 

also effective in preventing first variceal bleed, OR 0.21 (95% CI, 

0.08–0.56) and 0.33 (95% CI, 0.19–0.55), respectively, but did 

not reduce mortality.41 Another systematic review and meta-anal-

ysis showed that carvedilol, a potent beta-blocker with intrinsic 

anti-alpha-1 receptor activity, is as effective as propranolol (3 

RCTs; relative risk [RR], 0.76; 95% CI, 0.27–2.14) and EVL (4 

RCTs; RR, 0.74; 95% CI, 0.37–1.49) for primary prophylaxis of EV 

bleeding. This study also showed that there was no difference in 

the incidence of all-cause mortality between carvedilol and EVL 

or propranolol.42 Hence, carvedilol is an effective and safe alter-

native for primary prophylaxis of EV bleeding. Evidence also rec-

ommends EVL as an effective alternative. A meta-analysis of 19 

RCTs including 1,438 patients comparing NSBB and EVL in prima-

ry prophylaxis of EV bleeding found that overall bleeding rates 

were significantly lower for the EVL group (OR, 2.06; 95% CI, 

1.55–2.73) compared to the NSBB group. However, after inclusion 

of high-quality trials, no difference was found in regard to bleed-

ing rate and mortality between the two groups. EVL was associ-

ated with more fatal adverse events.43 For primary prophylaxis, 

EVL (Fig. 5) should be done every 2–8 weeks until variceal eradi-

cation is achieved.24

Until now there is still a lack of studies on primary prophylaxis 

of GV bleeding. As GOV1 is closely related to EV, primary prophy-

laxis of GOV1 follows recommendations for EV. Meanwhile, for 

primary prophylaxis of GOV2 and IGV1, AASLD and EASL recom-

mend the use of NSBB.24,27 APASL also recommends NSBB for pri-

mary prophylaxis of GV bleeding in high-risk GOV2 and IGV1 

(more than 5 mm in diameter, with red-color signs, and in CP 

class B or C LC). For APASL, balloon-occluded retrograde transve-

nous obliteration (BRTO) may also be considered in centres able 

to perform this procedure even though this procedure may in-

crease size of EV.25 KASL is the only one that does not recommend 

NSBB use for primary prophylaxis of GOV2 or IGV1. Instead, KASL 

recommends BRTO, vascular plug-assisted retrograde transvenous 

obliteration, or endoscopic variceal obturation (EVO).28 EVO is an 

endoscopic procedure involving the injection of tissue adhesives 

such as N-butyl-2-cyanoacrylate into GV.12 Mishra et al showed 

that EVO is more effective than NSBB or no therapy in preventing 

first variceal bleeding in 89 LC patients with GOV2 or IGV1. Size 

of GV >20 mm, Model for End-Stage Liver Disease score ≥17, and 

the presence of gastropathy are factors predicting high risk of first 

bleeding from GV. Primary prophylaxis should be given in patients 

with these factors.44

AVB

AVB, defined as hematemesis and/or ongoing melena within 

the last 24 hours in a known or suspected case of PH, is a medical 

emergency in LC patients responsible for about one-third of all 

cirrhosis-related deaths and 70% of all upper gastrointestinal 

bleeding episodes in patients with PH.26,45 To lower mortality, AVB 

should be managed promptly by a multidisciplinary team of expe-

rienced medical staff. Modalities of AVB management include ini-

tial resuscitation, pharmacotherapy, endoscopic therapy, and res-

cue therapy (Fig. 6). Treatment of bleeding from EV and GV is 

similar except for endoscopic therapy. The immediate goal of ther-

apy is to control bleeding and prevent rebleeding.45 Close moni-

toring of patients is recommended by EASL.27

Initial resuscitation of patients with variceal bleeding follows 

the airway, breathing, and circulation scheme. APASL recom-

mends airway elective intubation in patients with severe uncon-

trolled bleeding, hepatic encephalopathy grade III and IV, aspira-

tion pneumonia, and difficulty in maintaining oxygen saturation 

above 90%.26 All patients should have intravenous access for fluid Figure 5. Endoscopic variceal band ligation.
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volume resuscitation and transfusion of blood products to restore 

and maintain hemodynamic stability. EASL recommends colloids 

and/or crystalloid for volume resuscitation, meanwhile APASL rec-

ommends colloids for resuscitation. Target of volume resuscitation 

is maintenance of systolic blood pressure above 100 mmHg, heart 

rate below 100 beat per minute, central venous pressure 1–5 

mmHg, and diuresis of 40 mL per hour.26,27 All four guidelines/

guidance recommend conservative or restrictive packed red blood 

cell transfusion suggesting a transfusion threshold of 7 g/dL and a 

transfusion target of 7–9 g/dL.24,26-28 Over-transfusion can in-

crease portal pressure and result in rebleeding. Restrictive trans-

fusion is associated with lower risk of mortality (RR, 0.65; 95% 

CI, 0.44–0.97; P=0.03) and rebleeding (RR, 0.58; 95% CI, 0.40–

0.84; P=0.004) compared to liberal transfusion.46

Antibiotic prophylaxis and vasoconstrictors should be adminis-

tered in all LC patients with AVB. Short term antibiotic prophylaxis 

(5–7 days) is recommended by all four guidelines/guidance. Intra-

venous ceftriaxone is the antibiotic of choice. For EASL, intrave-

nous ceftriaxone is indicated in decompensated cirrhosis, patients 

on quinolone, and in hospitals with high-prevalence of resistance, 

while oral quinolones is indicated in the remaining patients.24,26-28 

Antibiotic prophylaxis significantly reduces bacterial infections, 

mortality, rebleeding, and hospitalization length when compared 

to no antibiotic prophylaxis.47 Vasoconstrictors should be adminis-

tered as soon as AVB is suspected and continued until 3–5 days 

after endoscopic therapy as recommended by all four hepatology 

societies.24,26-28 A recent review, however, suggests that vasocon-

strictor therapy can be shortened to 24 hours or discontinued 

soon after successful control of bleeding by means of EVL; this 

warrants further studies.48 Terlipressin, somatostatin, and octreo-

Figure 6. Management of patients with acute variceal bleeding. AVB, acute variceal bleeding; EGD, esophagogastroduodenoscopy; EV, esophageal 
varices; GOV1, type 1 gastroesophageal varices; GOV2, type 2 gastroesophageal varices; IGV, isolated gastric varices; EVL, endoscopic variceal ligation; 
EVO, endoscopic variceal obturation; TIPS, transjugular intrahepatic portosystemic shunt; BRTO, balloon-occluded retrograde transvenous obliteration.
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tide are vasoconstrictors that can be chosen for treatment of AVB. 

APASL recommends terlipressin as first-line option due to studies 

which showed terlipressin to be the only vasoconstrictor that re-

duces mortality when compared to placebo.26,49 However, a more 

recent study showed that there was no significant difference be-

tween terlipressin, somatostatin, and octreotide in the control of 

AVB, rebleeding rates, and mortality.50 Another meta-analysis 

showed that terlipressin had a significantly higher risk of compli-

cations when compared to somatostatin and a significantly inferi-

or control of bleeding within 24 hours when compared to octreo-

tide.51 Recommended dosage of vasoconstrictors are as follows: 

terlipressin 2 mg every 4 hours intravenously, somatostatin 250 

mcg every hour intravenously, and octreotide 50 mcg every hour 

intravenously.28

EGD should be performed as soon as possible (within 12 hours 

according to AASLD and EASL; within 6 hours according to 

APASL) to confirm a variceal bleed and perform endoscopic thera-

py.24,26,27 AVB is confirmed when active bleeding from a varix 

(spurting or oozing) or sign of recent bleeding (white nipple sign 

or overlying clot) is seen.26 AASLD, EASL, APASL, and KASL agree 

that EVL is the endoscopic therapy of choice for acute EV bleed-

ing. Meanwhile, EVL and/or EVO are the endoscopic therapy of 

choice for bleeding from GOV1 and EVO for bleeding from GOV2 

or IGV1.24,26-28 EVO has been considered as the preferred method 

for managing acute bleeding from GOV2 and IGV1 when com-

pared to endoscopic sclerotherapy injection or EVL.52 A prospec-

tive study showed that even though EVL and cyanoacrylate injec-

tion have the same efficacy in controlling active bleeding, 

rebleeding rate is significantly lower in patients receiving cyano-

acrylate injection (P=0.044).53 Apart from endoscopic therapy, 

transjugular intrahepatic portosystemic shunt (TIPS) and BRTO 

(also modified BRTO techniques such as vascular plug-assisted 

retrograde transvenous obliteration and balloon-occluded ante-

grade transvenous obliteration) are recommended therapies for 

controlling bleeding from GOV2 or IGV1. Only AASLD recom-

mends TIPS as treatment of choice over EVO; meanwhile EASL, 

APASL, and KASL recommend that EVO be considered first before 

TIPS or transvenous obliteration.24,26-28 A retrospective cohort 

analysis of 169 patients with GOV2 showed that TIPS and EVO 

are equally effective in bleeding control and treatment outcomes, 

which include re-bleeding within 30 days, median length of stay 

in the hospital, and in-hospital mortality.54 Due to lack of data, 

treatment choice for fundal varices should be individualized.

Rescue therapy is therapy given when bleeding control is inade-

quate or bleeding recurs despite receiving standard pharmacologi-

cal and endoscopic therapy. Up to 10–20% of patients with 

bleeding from EV experienced persistent bleeding or early re-

bleeding. AASLD, EASL, APASL, and KASL recommend TIPS as 

the rescue therapy of choice for these patients. Early TIPS is also 

recommended by these guidelines in selected patients. AASLD 

suggests early TIPS (within 72 hours after EVL) for patients of CP 

class C or patient of CP class B with active bleeding on EGD. EASL 

suggests early TIPS (within 24–72 hours) in patients of CP class C 

with score less than 14. APASL suggests early TIPS (within 24 

hours of bleeding) in patients with HVPG more than 20 mmHg. 

Meanwhile, KASL also suggests early TIPS in patients with high-

risk of rebleeding but have no recommendations on timing or cri-

teria of high-risk patients.24,26-28 One hundred thirty-two patients 

with CP class B or C less than 14 and AVB were randomly as-

signed to receive early TIPS (within 72 hours after endoscopy) or 

standard treatment (vasoconstrictor up to 5 days followed by pro-

pranolol plus EVL with TIPS as rescue therapy). Transplant-free 

survival was significantly higher in the early TIPS group than in 

the control group (hazard ratio [HR], 0.50; 95% CI, 0.25–0.98; 

P=0.04).55 There is currently no recommendation for rescue thera-

py for GV bleeding; however, TIPS and BRTO may be considered if 

EVO fails to control bleeding.

In uncontrolled bleeding, a temporary bridge therapy may be 

given before definitive treatment. Balloon tamponade is the 

bridge therapy recommended by all four guidelines/guidance. Bal-

loon tamponade, with a Sengstaken Blakemore tube compressing 

varices at the esophagogastric junction, enables temporary con-

trol of bleeding in up to 80% of patients but should not exceed 

24 hours. Endoscopically placed self-expanding metal stents can 

be used as an alternative to balloon tamponade in cases of un-

controlled bleeding. Endoscopic metallic stent placement tampon-

ade varices to stop bleeding and can be left until 2 weeks.24,26-28 A 

meta-analysis of 12 studies show that pooled clinical success rate 

of self-expanding metal stents in achieving hemostasis was 96% 

with only 36% of patients experiencing adverse events (rebleed-

ing after 48 hours, ulceration, or stent migration).56

New modalities have also been studied for bleeding control in 

AVB, such as BRTO, endoscopic hemospray/hemostatic powder, 

and EUS-assisted therapy. BRTO is a procedure where the left re-

nal vein is cannulated through the jugular or femoral vein fol-

lowed by balloon occlusion and slow infusion of sclerosant to 

obliterate gastro-renal or splenorenal collateral of fundal GV. A 

retrospective data analysis showed that technical success of BRTO 

was achieved in 96.7% of patients with GV bleeding, even 

though only 72.8% achieved GV size reduction and only 52.3% 
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achieved GV eradication.57 BRTO did not have a negative impact 

on prognosis in CP class C and end-stage LC patients.58 In a re-

cent meta-analysis, BRTO was also found to be superior to TIPS 

for fundal GV in terms of higher overall survival rate and lower re-

bleeding rates.59 Endoscopic hemospray is another innovation in 

the management of AVB. TC-325 is a hemostatic powder which 

adheres to bleeding site and achieves rapid hemostasis when it 

came into contact with blood or tissue in the gastrointestinal 

tract. The advantage of this modality is that a precise target loca-

tion is not needed for administration of spray. Early endoscopic 

hemospray application within 2 hours followed by subsequent en-

doscopic therapy the next day significantly improves hemostasis 

and survival at 6 weeks when compared with endoscopic therapy 

only and may be considered in centres with minimal endoscopic 

expertise.60,61 Recently, EUS has also been used to assist endo-

scopic therapy, such as injection of sclerosant into EV or injection 

of glue into GV. The advantage of using EUS are detailed evalua-

tion of varices and paraesophageal varices for treatment predic-

tion and precise real-time confirmation of drug injection into vari-

ceal lumen, especially IGV.34 EUS-guided coil embolization can 

also be done for GV. Embolization coils can be deployed directly 

over the varix after puncturing GV with a 19-gauge EUS needle. A 

successful case of GV treated with EUS-guided coil embolization 

and injection of absorbable gelatin sponge demonstrated com-

plete obliteration of GV 4 months after procedure.62

Secondary prophylaxis of EGV

Secondary prophylaxis are therapies given to prevent rebleeding 

in patients who have recovered from an episode of AVB. These 

patients have a high rebleeding risk up to 60% in the first 

year.24,27 Rebleeding can be defined as new hematemesis or mele-

na occurring 48 hours after the first hematemesis or melena. It 

can be further classified as very early rebleeding (48–120 hours), 

early rebleeding (6–42 days), and late rebleeding (>42 days). 

High HVPG greater than 20 mmHg (Fig. 1), alcoholic liver disease, 

and infection are predictors of early rebleeding. Fundal GV are as-

sociated with higher rates of rebleeding.26 To decrease mortality 

and increase survival, secondary prophylaxis should be instituted 

in all patients recovering from AVB.

AASLD, EASL, and KASL recommend combination therapy of 

NSBB and EVL for patients after EV bleeding.24,27,28 Combination 

therapy is more effective than NSBB or EVL alone;63 however, if 

difficult, NSBB or EVL alone is recommended by KASL.28 Dosing 

and goal of NSBB therapy follows that of primary prophylaxis. EVL 

should be done every 1–4 weeks (as opposed to every 2–8 weeks 

in primary prophylaxis) until eradication of varices.24 A meta-anal-

ysis of five studies found that combination therapy of EVL plus 

NSBB and/or isosorbide mononitrate has the same efficacy as 

NSBB and isosorbide mononitrate alone in prevention of rebleed-

ing. Hence, isosorbide mononitrate may be added as an alterna-

tive when EVL is not possible to perform.64 Patients receiving early 

TIPS should undergo ultrasound to assess TIPS patency every 6 

months and do not require specific therapy. TIPS is recommended 

as rescue therapy by AASLD and KASL and as an alternative in 

cases of NSBB intolerance by EASL.24,27,28 TIPS was superior to 

combination therapy of NSBB and EVL for reduction of variceal re-

bleeding but did not improve survival of patients and was associ-

ated with higher incidence of hepatic encephalopathy.65,66

Risk of rebleeding among patients treated with cyanoacrylate 

injection for GV varies from 15–72%.67,68 After recovery from 

GOV1 bleeding, AASLD recommends combination therapy of 

NSBB and EVL or EVO as secondary prophylaxis.24 Meanwhile 

KASL recommends repeated EVO or EVL as secondary prophylax-

is.28 As there is a lack of study in GOV1 patients, secondary pro-

phylaxis of GOV1 is in principle similar to that of EV. GOV1 pa-

tients treated with EVO experienced significantly lower rates of 

GV recurrence (P=0.007) and variceal bleeding (P=0.034) when 

compared with GOV2 patients treated with EVO.69 In patients 

who have recovered from GOV2 or IGV1 bleeding, AASLD recom-

mends TIPS or BRTO as secondary prophylaxis, while KASL recom-

mends EVO or BRTO.24,28 NSBBs are not recommended as they are 

not effective in prevention of rebleeding from fundal GV. An RCT 

of 67 patients with GOV2 or IGV1 showed that even though re-

duction in HVPG was only seen in the NSBB group, risk of re-

bleeding and mortality rate after a median follow-up of 26 

months was significantly lower in the EVO group than the NSBB 

group (15% vs. 55%, P=0.004 and 3% vs. 25%, P=0.026, re-

spectively).70 However, when compared with TIPS, incidence of re-

bleeding from GV was significantly higher in the EVO group (38% 

vs. 11%, P=0.014). Meanwhile, variceal obliteration was signifi-

cantly higher in the EVO group (51% vs. 20%, P<0.02). TIPS was 

more effective than EVO in preventing rebleeding from GV.71 Stud-

ies comparing BRTO with TIPS or EVO for secondary prophylaxis 

have yet to be published.

MANAGING EGV IN CLINICAL PRACTICE

Based on studies of LC patients in the largest referral public 
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hospital in Indonesia, Dr. Cipto Mangunkusumo National General 

Hospital, hepatitis B virus infection is still the most common etiol-

ogy of LC in the Indonesian population, followed by hepatitis C vi-

rus infection. EGD was performed in approximately 300 cirrhotic 

patients each year in our hospital. The majority of patients under-

going EGD for screening had CP class A. Indications for EGD eval-

uation are screening for varices, evaluation of previous EVL, and 

AVB.72-74

Challenges we face in managing EGV in Indonesia include lack 

of endoscopic facility/expertise and patients’ reluctance to under-

go EGD and/or HVPG due to its invasiveness. In resource-limited 

settings, non-invasive modalities to assess portal pressure or de-

tect varices, such as TE, are also not available. Platelet count and 

bipolar spleen diameter measurement may be done to detect 

high-risk varices in our population. In compensated LC patients 

without history of AVB, low platelet count (≤100,000/mm3), in-

creased bipolar spleen diameter (≥135 mm), and platelet count/

bipolar spleen diameter ratio ≤847 were associated with high-

risk varices based on univariate analysis. Only platelet count/bipo-

lar spleen diameter ratio ≤847 was associated with high-risk vari-

ces based on multivariate analysis. The use of platelet count/

bipolar spleen diameter ratio for detection of high-risk varices in 

compensated cirrhotic patients had area under the receiver oper-

ating characteristic curve of 0.77, sensitivity of 90.6%, and speci-

ficity of 58.3%.74

A recent study by Lesmana et al.72 showed that EV was found in 

73.20% of LC patients; meanwhile GOV and IGV were only found 

in 18.30% and 8.49%, respectively. Although GV is less prevalent 

than EV, patients with GV, particularly GOV, were associated with 

a greater risk for AVB. Multivariate analysis showed that CP class 

C and the presence of GOV are risk factors associated with 1-year 

variceal bleeding in cirrhotic patients (HR, 12.49; 95% CI, 4.95–

31.54, P=0.001 and HR, 2.95; 95% CI, 1.40–6.19; P=0.004, re-

spectively). CP class C was the only one found to be a risk factor 

for 1-year mortality in cirrhotic patients through multivariate anal-

ysis (HR, 26.77; 95% CI, 6.01–119.34; P=0.001).72 Consistent 

with the previous study, the presence of high-risk varices was 

80.60% in patients with CP class C, significantly higher compared 

to patients with CP class A (47.50%). EVL was done in 46.7% of 

patients; 33.6% of EVL during screening of varices, 39% after 

evaluation of previous EVL, and 27.4% due to AVB. In patients 

presenting with AVB, 32.7% had previous EVL, 13.5% were con-

suming NSBB, meanwhile 53.8% had no history of EVL or NSBB 

consumption reinforcing the importance of primary prophylaxis in 

the management of variceal bleeding.73

Our studies suggest that halting the progress of LC by manag-

ing underlying liver disease is important in decreasing mortality 

rate of CSPH patients. Even though new modalities and tech-

niques have been developed to manage varices and AVB, such as 

contrast-enhanced ultrasound and EUS, the development of vari-

ces should be seen as a continuum from underlying chronic liver 

disease to LC, PH, and consequently CSPH. Hence, management 

of underlying liver disease should not be overlooked when man-

aging patients with EGV.

CONCLUSION

EV and GV are important complications of LC due to its high 

mortality when AVB occurs. PH and hyperdynamic circulation in 

cirrhotic patients are underlying mechanisms of variceal develop-

ment. HVPG is currently the gold standard for measurement of 

portal pressure. Meanwhile, EGD is currently the gold standard for 

detection of varices in patients with LC. Non-invasive methods to 

assess portal pressure and detect varices have been developed. In 

resource-limited settings, platelet count, bipolar spleen diameter, 

and liver stiffness measurement with TE/Fibroscan® may be useful 

in evaluating patients with LC. NSBBs are currently recommended 

to prevent AVB. However, NSBBs should be used with caution in 

decompensated cirrhotic patients. The presence of GOV should 

not be overlooked as they are associated with higher risk of 

1-year variceal bleeding. Pharmacological therapy, endoscopic 

therapy (EVL or EVO), radiologic interventions (TIPS, BRTO, and 

modified BRTO techniques), and other innovative interventions 

are available for the prevention and management of variceal 

bleeding. Further studies should be done to validate the available 

non-invasive methods for measuring portal pressure and detect-

ing varices and to discover more effective therapies to prevent 

variceal development and to manage AVB. The management of 

underlying liver disease might be the most important and should 

not be overlooked when managing patients with EGV.
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Despite more than two decades of extensive research focusing on nonalcoholic fatty liver disease (NAFLD), no approved 
therapy for steatohepatitis—the severe histological form of the disease—presently exists. More importantly, new drugs 
and small molecules with diverse molecular targets on the pathways of hepatocyte injury, inflammation, and fibrosis 
cannot achieve the primary efficacy endpoints. Precision medicine can potentially overcome this issue, as it is founded 
on extensive knowledge of the druggable genome/proteome. Hence, this review summarizes significant trends and 
developments in precision medicine with a particular focus on new potential therapeutic discoveries modeled via 
systems biology approaches. In addition, we computed and simulated the potential utility of the NAFLD polygenic risk 
score, which could be conceptually very advantageous not only for early disease detection but also for implementing 
actionable measures. Incomplete knowledge of the druggable NAFLD genome severely impedes the drug discovery 
process and limits the likelihood of identifying robust and safe drug candidates. Thus, we close this article with some 
insights into emerging disciplines, such as chemical genetics, that may accelerate accurate identification of the druggable 
NAFLD genome/proteome.  (Clin Mol Hepatol 2020;26:461-475)
Keywords: Nonalcoholic fatty liver disease; Genetics; Steatohepatitis; Precision medicine; Complex traits

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.



462 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0136

Volume_26  Number_4  October 2020

INTRODUCTION 

Nonalcoholic fatty liver disease (NAFLD) is a complex disorder 

that affects a large proportion of the world population of all 

ages.1 The disease pathogenesis involves a myriad of factors, in-

cluding genetic susceptibility and predisposing metabolic comor-

bidities, such as obesity and type 2 diabetes, as well as environ-

mental exposure and lifestyle, which jointly shape the NAFLD 

epigenome.2-4

Yet, despite more than two decades of extensive research in the 

field of NAFLD, there is currently no approved therapy for nonal-

coholic steatohepatitis (NASH)—the severe histological form of 

the disease. Moreover, none of the new drugs or small molecules 

with diverse molecular targets on the pathways of hepatocyte in-

jury, inflammation, and fibrosis can achieve primary efficacy end-

points.5-10 Diverse factors have been postulated to contribute to 

the low success rate in NAFLD/NASH drug discovery, including 

lack of robust animal models needed for preclinical studies, insuf-

ficient target engagement or target modulation by the novel 

drugs, absence or insufficient demonstration of a proof-of-con-

cept in early trials, and/or high false discovery rate (FDR) in phase 

2 trials.11 

Likewise, it has been hypothesized that, as data on the candi-

date drugs are not only insufficient but are also not corroborated 

by genetic inactivation, pharmacological inhibition, antisense oli-

gonucleotides, and/or small interfering RNAs, this poses an addi-

tional obstacle to achieve consistent and sustained effects on se-

vere histological outcomes, including improvement in fibrosis 

scores.11

The aforementioned pitfalls could potentially be overcome 

through systems biology analysis, aiming to integrate knowledge 

of signaling pathways,12 the genetic information of susceptibility 

genes,4 and multiple tissue-specific OMICs-related experiments 

that include large-scale transcriptomic, proteomic, and metabolo-

mic profiles,13,14 and more recently metagenomics of the liver tis-

sue.15 

Furthermore, the approach founded on precision medicine is 

expected to enhance the effectiveness of novel therapies, includ-

ing elucidation of predictors of drug response. Hence, this review 

summarizes significant trends and developments in precision 

medicine with focus on new potential therapeutic discoveries 

modeled by systems biology approaches.

THE PATH TOWARDS PRECISION MEDICINE: A 
SHORT CONCEPTUAL APPRAISAL 

The ultimate goal of precision medicine is to develop precision 

treatment strategies that rely upon a holistic understanding of dif-

ferences in genetic and underlying molecular pathogenic factors, 

as well as responses to environmental stressors, among patients. 

Figure 1 describes milestones in the path towards precision medi-

cine, which include the integration of big data, comprising infor-

mation from electronic health records of thousands of patients 

and machine learning strategies, such as artificial intelligence, to 

assist with the development of algorithms for combining and de-

coding such complex information. In addition, collections of bio-

logical samples in large biobanks linked to patient data increase 

the likelihood of finding robust disease pathogenesis signatures 

derived from OMICs state-of-the-art approaches. Knowledge in-

tegration and data modeling and analysis are vital processes at 

the interface with drug discovery. It should be emphasized that 

time and cost are presently the key limiting factors at these stag-

es. However, as the technological advances progress further, it is 

expected that, in the near future, the gap between the discovery 

of potential drugs and clinical validation will be considerably nar-

rowed. Still, even when complex algorithms aimed at multi-scale 

modeling of OMICs data succeed in identifying a potential drug 

target, only some of these medications will eventually be included 

into primary or secondary therapeutic protocols for treating the 

target disease. At this stage, at least three clinical scenarios will 

likely emerge. One possibility is that a putative drug “x” demon-

strates not only a good safety profile but also succeeds in achiev-

ing the objective endpoints in a large group of patients (Fig. 1). 

Another possibility is that, in a small group of patients, “x” would 

be contraindicated for diverse reasons, including safety concerns 

in some vulnerable groups, such as children, pregnant women, or 

patients suffering from chronic kidney disease, advanced cardio-

vascular disease, etc. It is also possible that certain patients will 

require a different kind of drug because their underlying molecu-

lar and/or genetic profile does not align with the molecular profile 

of the drug “x” (Fig. 1).

In addition, pathway-derived drugs may emerge from drug re-

purposing. A comprehensive algorithm for drug repurposing or re-

positioning in NASH, which primarily relies on identifying and de-

veloping new uses for existing drugs, was recently published.16 In 

fact, drugs which had an acceptable safety profile, but failed in 

achieving the expected response for some diseases, could be used 

to treat a different condition. It is also noteworthy that a large 
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number of discovered drugs fail and never pass preclinical testing. 

Hence, the ultimate role of precision therapy relies on defining ap-

propriate prediction strategies for implementing patient-based 

therapies. 

PRECISION MEDICINE AND LARGE-SCALE GE-
NOME AND EXOME SEQUENCING DATA 

Extant studies on the genetic component of NAFLD indicate 

that, after 12 years following the discovery that an allele in a pa-

tatin-like phospholipase domain containing 3 (PNPLA3) variant 

(rs738409 [G], encoding 148M) was associated with increased 

hepatic fat17 and NAFLD disease severity,18 knowledge of the dis-

ease heritability is still incomplete.3,4,12 The correlation between 

rs738409 and the risk of developing fatty liver, NASH, and fibro-

sis is perhaps one of the strongest worldwide-replicated effects 

for a common variant modifying the individual susceptibility of 

NAFLD and NASH (explaining ~5.3% of the total variance).3,4,18,19 

Indeed, available evidence indicates that homozygous carriers 

with the G-risk allele of rs738409 present 3.24-fold greater risk of 

higher liver necroinflammatory scores and 3.2-fold greater risk of 

developing fibrosis when compared with homozygous CC carri-

ers.19

Findings yielded by genome-wide association studies (GWAS) 

as a part of which the heritability of hepatic steatosis was ex-

plored at the population level and/or NASH was examined in pa-

tients with liver biopsy, consistently show that at least four loci 

(PNPLA3, transmembrane 6 superfamily member 2 [TM6SF2], 

glucokinase regulator [GCKR], and hydroxysteroid 17-beta dehy-

drogenase 13 [HSD17B13])17,20-22 are involved in the genetic sus-

ceptibility of the disease (Fig. 2). Conflicting results have been 

published regarding the rs641738 C/T located in transmembrane 

channel-like 4 (TMC4) exon 1 (p.Gly17Glu) and 500 bases down-

stream of the membrane bound O-acyltransferase domain con-

taining 7 (MBOAT7; TMC4/MBOAT7 ), which were initially de-

Figure 1. Milestones in the path towards precision medicine. The path involves the integration of knowledge derived from big data, electronic health 
records, large collections of biological samples in biobanks, and machine learning strategies that are linked to high-throughput OMICs experiments. 
Strategies pertaining to personalized medicine are also highlighted. 
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scribed in Italian population23 but could not be replicated in other 

populations around the world,24-26 including a large cohort of Eu-

ropean patients partaking in a GWAS, for whom NAFLD was di-

agnosed by liver biopsy.27 

Targeting disease-associated genes has been proven successful 

in the treatment of numerous human diseases, cancers in particu-

lar. In this field, target drugs are associated with the effect of a 

mutant protein and/or are designed to interfere at the gene or 

protein level. However, for this goal to be fully realized, full 

knowledge of the target genes/proteins is required, not only at all 

molecular levels, but also at the level of chemical-gene/protein in-

teractions, which would ultimately allow identification of potential 

active ligands. 

Likewise, drug discovery and precision medicine require com-

plete understanding of new technologies as well as gene and pro-

tein biology of the selected target. Radar plots depicted in Figure 

2 show the discrepancy in the level of knowledge on the four loci 

reproducibly implicated in the biology of NAFLD and the disease 

severity. For example, the plots show that, while extensive knowl-

edge on PNPLA3 at different levels already exists, ranging from 

metabolic aspects to epigenetic information and traits associa-

tions, that pertaining to HSD17B13 —the newly discovered gene 

with a putative loss-of-function variant implicated in protective 

effects against NASH and severe histological stages20,28—is limited 

Figure 2. Illumination graph of major genetic modifiers of NAFLD and NASH. Radar plot and knowledge table depicting the variety of information 
obtained by Pharos (https://pharos.nih.gov/) for PNPLA3, TM6SF2, GCKR, and HSD17B13. These radial plots summarize the level of accumulated knowl-
edge about each target. The greater the number of spikes in the plot, the greater the variety, with spike length indicating the quantity of that particu-
lar knowledge. The radar chart allows gene-attribute associations as recorded by the Harmonizome57 to be visualized. The tables below the charts 
represent the top five knowledge attributes in the illumination graph. The knowledge value property is on a 0–1 scale. PNPLA3, patatin-like phospholi-
pase domain containing 3; TM6SF2, transmembrane 6 superfamily member 2; GCKR, glucokinase regulator; HSD17B13, hydroxysteroid 17-beta dehydro-
genase 13; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; SNPs, single nucleotide polymorphisms; NASH, nonalcoholic steatohepatitis.
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at all levels of gene and protein biology (Fig. 2). The rs72613567 

insertion/deletion variant, the functional consequence of which is 

a splice donor variant of the HSD17B13,20 represents an interest-

ing model of a candidate molecule for treating NASH and fibro-

sis.29 In fact, although the information about druggable binding 

domains in HSD17B13 is scarce due to the lack of an experimental 

3D structure, other members of the protein family, such as HS-

D17B11 with high homology, present putative binding pockets for 

small molecules.30

As indicated in the PNPLA3 illumination graph, considerable 

knowledge has been accumulated on the gene and protein, in-

cluding gene-attributed associations, protein interactions, and 

high PubMed score; yet, no information on the active ligands of 

the protein is currently available (Fig. 2).

The protein encoded by PNPLA3 is a triacylglycerol lipase that 

mediates triacylglycerol hydrolysis, mostly in adipocytes.12 The en-

coded protein, which appears to be membrane-bound, may be in-

volved in the energy usage/storage balance in adipocytes.12 Figure 3A 

shows area under the receiver operating characteristics (AUROC; 

0.951) for predicted functional processes linked to PNPLA3, in-

Figure 3. PNPLA3 predicted functional associations. Predicted biological processes (GO) (A) and upstream transcription factors (ChEA) (B) assessed by 
the Harmonizome (http://amp.pharm.mssm.edu/Harmonizome/gene/PNPLA3).57 Tables show the top 10 predictions (the number provided in the first 
column). Table explanation: If a gene (gene set) shares high correlation with known members of a gene set, it is assigned a high z-score. Known func-
tions/gene set associations are highlighted in green. AUROC is provided by the algorithm available in the ARCHS4 (massive mining of publicly available 
RNA-seq data from human and mouse)58 accessible at https://amp.pharm.mssm.edu/archs4/. Specifically, AUROC shows how well-known annotations 
are recovered by the ARCHS4 algorithm. GO, gene ontology; PNPLA3, patatin-like phospholipase domain containing 3; AUROC, area under the receiver 
operating characteristics; ChEA, ChIP enrichment analysis. *From published ChIP-chip, ChIP-seq, and other transcription factor binding site profiling 
studies.59
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cluding triglyceride catabolic process (gene ontology [GO]: 

0019433) and triglyceride biosynthetic process (GO: 0019432) 

(prediction was done by the Harmonizome). Importantly, exten-

sive mining of publicly available RNA-seq data acquired through 

human and mouse experiments (https://amp.pharm.mssm.edu/

archs4/) uncovered interesting upstream transcription factors 

(AUROC, 0.666) in Figure 3B, including RXR (retinoid x receptor), 

LXR (liver x receptor, nuclear receptor subfamily 1 group H mem-

ber 3), and CLOCK (circadian locomotor output cycles protein ka-

put, formally known as circadian clock regulator). The protein en-

coded by the CLOCK  plays a central role in the regulation of 

circadian rhythms. In our previous publications, we reported for 

the first time that CLOCK genetic variation is associated with obesity 

and NAFLD.31,32 The haplotype of rs1554483G and rs4864548A 

was found to be associated with a 1.8-fold risk of overweight sta-

tus or obesity,32 whereas rs1554483 was shown to be associated 

with all histological traits of NASH, including fibrosis.31 Consid-

ered jointly, this body of evidence suggests that the putative 

cross-talk between PNPLA3 and CLOCK could explain the link 

among NAFLD genetic susceptibility, the environment, and the 

circadian regulation of liver metabolism. However, further experi-

ments are required to prove this hypothesis. 

TM6SF2, of which rs58542926 C/T (E167K) was initially associ-

ated with liver fat accumulation and aminotransferase levels in a 

large GWAS study21 and further replicated in subsequent stud-

ies,21,33-35 encodes for a protein involved in lipid metabolism.12 Di-

verse areas of molecular knowledge gained on this gene/protein 

are presented in Figure 2.

Radar plot of GCKR presented in Figure 2, of which rs780094 

presents a very modest36 effect (odds ratio [OR], 1.2) on NAFLD 

biology,3,12 and shows that considerable gene/protein knowledge, 

including at least 64 putative ligands, has been already acquired 

in this domain.4 

Precision medicine has emerged as a result of comprehensive 

knowledge of the druggable genome/proteome. Thus, advancing 

the chemical genetics research, which is based on the screening 

of low-molecular weight compounds that act by binding to specif-

ic receptors/proteins, is crucial to move this promising research 

domain forward in the right direction. It is worth mentioning that 

the incomplete knowledge on the druggable genome of NAFLD/

NASH severely undermines the drug discovery progress and re-

duces the chances of having robust and safe drug candidates. 

Therefore, the substantial gap between the knowledge of NAFLD-

predisposing genes and that related to putative protein ligands 

needs to be urgently addressed. 

NAFLD AND THE PUTATIVE CLINICAL BENEFITS 
OF POLYGENIC RISK SCORES (PRSs)

Estimating the susceptibility risk of a given patient to develop a 

particular disease and/or to progress into severe disease stages is 

the ultimate aim of precision medicine. Most researchers concur 

that the PRS distribution, which is based on the sum of all inde-

pendent risk single nucleotide polymorphisms (SNPs; ideally 

weighted by their size effects in a given population), could be ap-

proximated by the Gaussian (normal) curve (Fig. 4). PRSs are theo-

retically designed to explain the relative risk of a disease, as these 

scores provide information on how a person compares with others 

with different genetic susceptibility background. However, PRSs 

do not necessarily follow normal distribution, due to several fac-

tors, including differences in the population structure or admix-

ture.

In the case of NAFLD and NASH, PRSs could be conceptually 

very advantageous not only for allowing early disease detection, 

but also for implementing timely actionable measures (Fig. 4). For 

example, invasive diagnostic approaches, such as liver biopsy, as 

well as early pharmacological intervention, would be advised for 

high-risk populations (those at the right-tail of the PRS distribu-

tion curve pertaining to the relevant population) whereas low-risk 

individuals (i.e., those on the left-tail of the curve) would be moni-

tored until clinical risk becomes evident (Fig. 4). For those deemed 

at low or medium risk, which probably applies to the large majori-

ty of the affected patients, lifestyle changes would be advised, in-

cluding regular physical activity and dietary modifications aimed 

at optimizing body weight and controlling the key metabolic risk 

factors (lipid traits and glucose metabolism).  

Despite these benefits, several important concerns related to 

the clinical implementation of PRSs also exist, as noted in Figure 

4. In particular, use of PRSs in clinical settings will remain imprac-

tical until the heritability of NAFLD is fully elucidated, and rare 

and familial forms of the disease are revealed. Inclusion of addi-

tional genetic information will certainly aid in overcoming these 

issues as the predictive power of PRSs improves and the propor-

tion of individuals at risk diminishes. 

For instance, early detection of a rare nonsense GCKR mutation 

(rs149847328, p.Arg227Ter) in a NAFLD patient with associated 

comorbidities, including morbid obesity and type 2 diabetes, 

when combined with prompt pharmacological intervention, could 

potentially prevent or even reverse the disease progression into 

liver cirrhosis.37

Furthermore, the currently available knowledge on the repro-
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ducibility and replication of genetic variants of NAFLD across di-

verse populations around the world is insufficient (Fig. 4), and the 

effect sizes of most of the variants are yet to be established. In-

deed, in the large majority of GWAS focusing on NAFLD, the ge-

netic susceptibility in patients of European ancestry has been ex-

amined. This creates a considerable gap in extant knowledge, as 

SNP-based information on Caucasian and/or people of European 

descent may not be relevant for inferring the relative risk of 

NAFLD in non-European populations. Significant efforts have 

been made, however, to overcome this limitation. For example, 

Kawaguchi and coworkers conducted a GWAS in Japanese popu-

lation and demonstrated that patients with NASH are genetically 

and clinically different from other population subgroups.38 In ad-

dition, as a part of a large population-based GWAS that involved 

1,593 patients and 2,816 controls, Chung and coworkers charac-

terized the genetic profile of Korean NAFLD patients.39 With the 

exception of these remarkable examples from Asia, the percent-

age of non-European ancestry population in NAFLD GWAS stud-

ies, including those of African descent and/or other ethnic minori-

ties, is dramatically low.

In addition to these shortcomings, certain technical issues, such 

as model calibration and calculation algorithms, must be over-

come to fully benefit from the PRS implementation. 

Genetic markers are already being used as tools for personaliz-

ing clinical practice, including treatment decisions.4 Nevertheless, 

the utility of genetic variants in NAFLD risk estimation remains in-

ferior to classical predictive or imaging approaches, as explained 

earlier,4 In fact, knowledge of population structure and global 

heterogeneity of variants implicated in the disease progression is 

rather limited. 

Thus, to simulate the potential utility of a NAFLD-PRS we used 

population-specific distribution information on the four aforemen-

Figure 4. Polygenic risk score in NAFLD: Advantages and challenges. Theoretical frame for a PRS for NAFLD, showing advantages and potential cave-
ats. The figure shows a typical bell-shaped distribution, in which scores pertaining to most individuals will be in the middle, indicating average risk of 
developing the disease. Those with scores located at the left and right tail of the distribution curve will respectively carry very low and very high risk. 
NAFLD, nonalcoholic fatty liver disease; PRS, polygenic risk score; OR, odds ratio; GWAS, genome-wide association study.
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tioned SNPs (PNPLA3-rs738409, TM6SF2-58542926, HSD17B13-

rs72613567, and GCKR-780094) and the intergenic variant LY-
PLAL1- rs12137855.22 To compute the NAFLD-PRS, we used the 

GlobAl Distribution of GEnetic Traits (GADGET) web server avail-

able at https://gadget.biosci.gatech.edu/compute/; the formula 

used to compute the score is based on the original description of 

Chande et al.40 The GADGET web server provides access to pub-

licly available genotype data sourced from the 1000 Genomes 

Project (1KGP) Phase 3 data release and individual trait SNP sets 

parsed directly from the NHGRI-EBI GWAS Catalog annotations 

(https://www.ebi.ac.uk/gwas/).40 Box plots representing NAFLD-

PRS distribution by five major continental groups (Africa, Europe, 

South and East Asia, and America) are shown in Figure 5. Accord-

ing to this information, the overall predicted risk to individuals en-

tailed by the presence of NAFLD-implicated variants in their ge-

nomes is about ~0.20. Nevertheless, the PRS or genetic risk score 

(GRS) reflects disparities in NAFLD risk levels across different pop-

ulations (Fig. 5), which may be due to the disparities in genetic 

knowledge or may indicate real differences in the genetic risk. 

Thus, our analysis emphasizes the potential caveats of implement-

ing this strategy globally. Of course, our simulation-based ap-

proach, which is based on information available in public data-

bases, did not allow us to control for all possible effects, including 

demographic variables and/or other population risk estimates. 

Nonetheless, the GRS presented here provides a good starting 

point for illustrating the current situation, as well as for further in-

vestigations aimed at closing the gap in the knowledge needed to 

generate valuable advances in this field. It is worth noting that, as 

is the case for almost all human traits, variance in the NAFLD ge-

netic risk within each population is much greater than among 

continental groups. This fact does not, however, imply that there 

is no continental group-specific risk profile. Available evidence in-

dicates that certain trends exist at the global level, whereby the 

lowest GRS is associated with African population, intermediate 

GRS relates to European and Southeast Asian, and the highest 

GRS to East Asian and Admixed American groups. 

Figure 5. NAFLD PRSs (GRS) across the five major continental population groups. Box plots show population-specific distributions of genetic variants 
that have been associated with NAFLD in the literature (PNPLA3-rs738409, TM6SF2-58542926, HSD17B13-rs72613567, GCKR-780094, and the intergenic 
variant LYPLAL1-rs12137855), as well as medians and standard deviations. Admixed American (n=347, 0.0857±0.0387), African (n=661, 0.0306±0.0265), 
East Asian (n=504, 0.0837±0.0386), European (n=503, 0.0589±0.0351), Southeast Asian (n=489, 0.0589±0.0364). GRS: the relative risk of developing 
NAFLD based on the total number of variants associated with the disease the individual carries. The relative genetic risk of NAFLD within the popula-
tion is shown as log ORs, with F and P denoting summarized linear regression. The formula by which the GRS was calculated can be found in the origi-
nal contribution of Chande et al.40 NAFLD, nonalcoholic fatty liver disease; PRS, polygenic risk score; OR, odds ratio; GRS, genetic risk score; PNPLA3, pa-
tatin-like phospholipase domain containing 3; TM6SF2, transmembrane 6 superfamily member 2; HSD17B13, hydroxysteroid 17-beta dehydrogenase 13; 
GCKR, glucokinase regulator. 
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NAFLD GENES, PLEIOTROPIC RELATIONSHIPS, 
AND PRECISION MEDICINE

Available evidence suggests that genetic factors associated with 

NAFLD exhibit similar patterns of correlation with genetic factors 

related to other complex diseases.4 For instance, findings yielded 

by large GWAS studies indicate that PNPLA3 -r738409 and 

TM6SF2-rs58542926 are associated with extra-hepatic traits, in-

cluding hematological (plateletcrit and count) and lipid traits, and 

some other interesting pharmacogenetic associations (http://

www.phenoscanner.medschl.cam.ac.uk/) (Fig. 6). Importantly, the 

minor allele frequency of these two variants across different pop-

ulations supports the prevalent view that the major genetic modi-

fiers of NAFLD are likely ancestry-specific. Therefore, this observa-

tion should be specifically examined when designing precision 

medicine strategies. 

The genetic pleiotropy between the aforementioned variants 

and non-liver related traits includes known NAFLD-associated co-

morbidities, such as cardiovascular risk. Phenotypic covariation 

presents not only significant challenges in clinical practice but 

also imposes tremendous constraints on identifying novel thera-

peutic targets. The clinical paradox of TM6SF2‐ rs58542926 C>T 

is a clear example of that. The C (Glu167) allele has been consis-

tently associated with increased cardiovascular risk,41 and the T 

allele (Lys167) is known to be associated with a higher risk for 

NAFLD and NASH.21,33,42,43 These opposite effects are dependent 

Figure 6. PNPLA3, TM6SF2, and pleiotropic relationships. Pleiotropic associations with rs738409 (PNPLA3) and rs58542925 (TM6SF2) variants, explored 
by the PhenoScanner web tool available at http://www.phenoscanner.medschl.cam.ac.uk, a database of human genotype-phenotype associations. 
Associations are based on publicly available results from large-scale genetic association studies; Phenoscanner collated >5,000 genotype-phenotype 
association datasets. PNPLA3, patatin-like phospholipase domain containing 3; EAS, East Asian; EUR, European; AFR, African; SAS, South Asian; AMR, 
American; n, sample size; ALT, alanine aminotransferase; NAFLD, nonalcoholic fatty liver disease; CT, computed tomography; TM6SF2, transmembrane 
6 superfamily member 2.
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on circulating and liver triglyceride levels, respectively. Conse-

quently, TM6SF2 does not seem to be a useful drug target be-

cause any impact on the protein would eventually lower blood lip-

ids, which will in turn reduce the risk of myocardial infarction, 

while simultaneously increasing the risk of developing NAFLD.42

As explained in previous paragraphs, drug development is a 

long process characterized by highly uncertain outcomes. At pres-

ent, 10–15 years typically elapse between target discovery and 

clinical application. Hence, some computational solutions, includ-

ing modeling and over-representation analysis grounded in sys-

tems biology, may assist with more accurate prediction of drug 

candidates based on disease-associated genes/proteins. To illus-

trate this concept, we employed two different strategies. First, we 

leveraged existing information on the molecular targets (genes/

proteins) involved in NAFLD/NASH pathogenesis and performed 

over-representation analysis using a drug-related functional data-

base. The training set of genes/proteins was obtained by litera-

ture-data mining offered by the Genie web server (http://cbdm-

01.zdv.uni-mainz.de/~jfontain/cms/?page_id=281)—a tool that 

computes associations of genes with diseases using biomedical 

Figure 7. Prediction of genetic-drug/chemical interaction profiles. (A) Over-representation analysis using a drug-related functional database (drug_
GLAD4U). The training set of genes/proteins was obtained by literature-data mining offered by the Genie web server. Cut-offs used: P<0.01 for ab-
stracts and P<0.01 for FDR for genes. The list of retrieved genes/proteins was used to perform over-representation analysis in the web server WebGe-
stalt (WEB-based Gene SeT AnaLysis Toolkit). The bar chart shows ten categories that passed the FDR <0.05, with the gene number denoting the 
number of genes in the training list that belong to each of the drug categories. (B) Gene-chemical interactions. Gene target prediction was performed 
using the Comparative Toxicogenomics Database available at (http://ctdbase.org). The list of chemicals was manually curated to restrict interactions 
based on human data. According to the Comparative Toxicogenomics Database available, chemical-gene and protein interactions are curated from 
the published literature. Interactions may be retrieved by chemical, interaction type, gene, organism, or Gene Ontology annotation. Tutorial and algo-
rithms by which the list of gene-chemical interactions was done are available at http://ctdbase.org and http://ctdbase.org/documents/ctd_resource_
guide.pdf. FDR, false discovery rate; PNPLA3, patatin-like phospholipase domain containing 3; TM6SF2, transmembrane 6 superfamily member 2; GCKR, 
glucokinase regulator; HSD17B13, hydroxysteroid 17-beta dehydrogenase 13; DEET, N,N-diethyl-3-methylbenzamide; NAD, nicotinamide adenine dinu-
cleotide.

A

B

 0 1 2 3 4 5 6 7 8 9 10 11
Enrichment ratio

Over-representation analysis: Enrichment Categories: drug_GLAD4U

FDR ≤0.05 FDR >0.05

Biguanides

Biguanides and amidines

Cardiac therapy

Bioflavonoids

Antiinflammatory agents

Antineovascularisation agents

Cardiovascular system

Analgesics

Alimentary tract and metabolism

Antiinfectives

62 genes

62 genes

263 genes

132 genes

214 genes

315 genes

591 genes

269 genes

424 genes

529 genes



471

Silvia Sookoian, et al. 
NAFLD and precision medicine

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0136

literature annotations. Using this approach, 901 abstracts from 

PubMed were retrieved using the search terms “fatty liver” and 

“human” (taxonomic identifier 9606; no literature extension by 

orthology) with the abstracts from the all PubMed database serv-

ing as the background set. Supplementary Table 1, intended for 

online publication only, shows the final ranked list comprising of 

938 genes/proteins. 

The aforementioned list of retrieved genes/proteins was used to 

perform over-representation analysis in the webserver WebGestalt 

(WEB-based Gene SeT AnaLysis Toolkit)—a functional enrichment 

analysis tool available at http://www.webgestalt.org/. Drug terms 

were downloaded from ParmGKB by the WebGestalt, and individ-

ual drug terms associated with genes were inferred using the 

GLAD4U option. Accordingly, the drug enrichment results based 

on the NAFLD training set are shown in Figure 7A. The bar chart 

shows ten categories that passed the FDR <0.05, whereby cardiac 

therapy and cardiovascular system were overrepresented by the 

largest number of genes (263 and 591, respectively). Other ex-

pected drug categories are anti-inflammatory agents and bigua-

nides, which are probably justified by the significant enrichment 

of genes/proteins associated with inflammation and glucose me-

tabolism in the training set. In fact, the top ten genes/proteins of 

the training list were ADIPOQ (adiponectin), PNPLA3, PPARG and 

PPARA (peroxisome proliferator-activated receptor gamma and 

alpha), FGF21 (fibroblast growth factor 21), RBP4 (retinol binding 

protein 4), GPT  (glutamic-pyruvic transaminase), SREBF1 (sterol 

regulatory element binding transcription factor 1), LEP  (leptin), 

and NR1H3 (nuclear receptor subfamily 1 group H member 3, also 

known as liver X receptor alpha). Lastly, the analysis revealed sev-

eral anti-infection drugs, which were also expected because the 

training set presents several genes/proteins associated with im-

mune response. Hence, the chart may be useful for inferring drug 

classes or drug compounds that could be repurposed for the 

treatment of NASH.  

Our second strategy was based on using the four genes largely 

and reproducibly associated with NAFLD and NASH (PNPLA3, 

TM6SF2 , GCKR , and HSD17B13) to predict curated chemical–

gene/protein interactions in the Comparative Toxicogenomics Da-

tabase available at (http://ctdbase.org) (Fig. 7B). The aim of this 

approach was to infer and/or uncover potential associated disease 

mechanisms from genetic predisposing factors that can yield bio-

logically informative insights. Notably, some drugs were consis-

tently found to interact with three of the loci, for example valproic 

acid (valproate) (Fig. 7B). 

Valproate appears to impact on fatty acid metabolism, and the 

use of valproate has been linked to the development of obesity 

and probably NAFLD.44 Furthermore, valproate acts as a direct 

histone deactylase (HDAC) inhibitor.45 While tissue-specific DNA 

methylation in NAFLD and NASH, including 5-hydroxymethylcyto-

sine (5-hmC) has been previously studied,46-48 the role of other 

epigenetic mechanisms, including acetylation and deacetylation 

Table 1. Prediction of valproic acid pathways

KEGG pathway ID* Pathway name

hsa:00071 Fatty acid metabolism

hsa:00140 C21-Steroid hormone metabolism

hsa:00232 Caffeine metabolism

hsa:00250 Alanine, aspartate and glutamate 
metabolism

hsa:00280 Valine, leucine and isoleucine degradation

hsa:00380 Tryptophan metabolism

hsa:00410 Beta-alanine metabolism

hsa:00590 Arachidonic acid metabolism

hsa:00591 Linoleic acid metabolism

hsa:00640/hsa:00650 Propanoate metabolism/butanoate 
metabolism

hsa:00830 Retinol metabolism

hsa:00980 Metabolism of xenobiotics by cytochrome 
P450

hsa:00982/hsa:00983 Drug metabolism

hsa:03320 PPAR signaling pathway

hsa:04012 ErbB signaling pathway

hsa:04062 Chemokine signaling pathway

hsa:04080 Neuroactive ligand-receptor interaction

hsa:04110 Cell cycle

hsa:04270 Vascular smooth muscle contraction

hsa:04310 Wnt signaling pathway

hsa:04340 Hedgehog signaling pathway

hsa:04510 Focal adhesion

hsa:04610 Complement and coagulation cascades

hsa:04660/hsa:04662 T cell receptor signaling pathway/B cell 
receptor signaling pathway

hsa:04722 Neurotrophin signaling pathway

hsa:04810 Regulation of actin cytoskeleton

hsa:04910 Insulin signaling pathway

Prediction was performed by the Supertarget tool available at http://
bioinformatics.charite.de/supertarget/index.php?site=drugs.
KEGG, Kyoto Encyclopedia of Genes and Genomes; PPAR, peroxisome 
proliferator-activated receptor gamma and alpha.
*Pathway IDs correspond to KEGG.
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of histones, remains to be fully ascertained.2 Likewise, the use of 

valproate has been associated with the inhibition of mitochondrial 

beta-oxidation and peroxisomal stimulation in rodent livers,49 

which reinforces the concept that the progression of NAFLD into 

severe clinical and histological forms involves mitochondrial dys-

function.48,50-52 Table 1 provides a complete list of predicted val-

proic acid-KEGG pathways, which involve alanine, aspartate and 

glutamate metabolism, arachidonic acid metabolism, retinol me-

tabolism, PPAR and insulin signaling pathway, regulation of actin 

cytoskeleton, and hedgehog signaling pathway, among many 

other pathways relevant to the NAFLD pathogenesis.12 In addition, 

the list of valproate-linked pathways contains propanoate and bu-

tanoate metabolism that has been linked to the NASH-associated 

tissue microbiome.12 

Another compound that appears to be linked to three of the 

genes (PNPLA3, TM6SF2, and GCKR) is quercetin, an antioxidant 

phenolic heterocyclic compound that is a specific quinone reduc-

tase 2 (QR2) inhibitor (Fig. 7B). Collectively, these genetic-chemi-

cal interactions provide valuable information about cellular and 

biological mechanisms of disease, suggesting that this strategy 

may be used as a complement in the target-based drug develop-

ment as well.

LIMITATIONS OF THE SYSTEMS BIOLOGY AP-
PROACH 

Some limitations of the systems biology approach must be high-

lighted, including the restricted possibility of adequately address-

ing the gender dimension of the disease. Sexual dimorphism is 

observed not only in the prevalence of NAFLD but also in the dis-

ease pathogenesis and diverse histological outcomes.53,54 Al-

though sex differences substantially contribute to the biology of 

NAFLD, there is limited information on the sex-specific genetic ar-

chitecture of the disease. We have addressed this aspect by meta-

regression analysis of studies that assessed the effect of rs738409 

on NAFLD, and we found a negative correlation between the 

male proportion in the studied populations and the effect of the 

SNP on liver fat content,19 suggesting that sexual dimorphism 

might be involved in the impact of the variant on NAFLD develop-

ment. Likewise, a recent study that involved large-scale analysis 

of transcriptomic profiles from human livers suggested the sexual-

ly dimorphic nature of NASH and its link with fibrosis and re-

sponses to drugs.55 

Unrevealing the genetic mechanisms that contribute to sex-spe-

cific NAFLD risk should be urgently addressed in further candidate 

gene association or GWAS studies of NAFLD. Elucidating the sex-

specific genetic architecture of NAFLD represents an important 

area for future research. Besides, there are many other important 

genetic and epigenetic factors,2,46,48 including mitochondrial ge-

netics,51,56 that play a substantial role in the disease biology, and 

that deserve a more detailed analysis. 

CONCLUSIONS

The utility of the systems biology approach for accelerating the 

NASH drug discovery process remains to be established. Still, to 

attain its full potential, refined genomic strategies must be imple-

mented to increase knowledge of genetic susceptibility across all 

ancestry groups. Although theoretically powerful, PRSs need to 

be validated and built, not only on validated GWAS-variants but 

also on robust and global genetic information, preferably specific 

to each ethnic group. Finally, disciplines such as chemical genetics 

must be used in tandem with traditional drug discovery approach-

es to accelerate the progress of precision medicine in NASH and 

to reveal the druggable NASH genome/proteome. 
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Sarcopenia is defined as the progressive and generalized loss of 

skeletal muscle mass, strength, and function.1,2 It primarily occurs 

in relation to the normal aging process, but is also described with 

various medical illnesses, including liver cirrhosis (LC) and hepato-

cellular carcinoma (HCC).1-3 Sarcopenia in patients with LC is clas-

sified as secondary sarcopenia associated with disease (cirrhosis), 

low physical activity (e.g., disuse), and/or malnutrition (e.g., pro-

tein deficiency).1,4 Sarcopenia is a common feature of malnutrition 

among patients with LC or HCC, and has been widely recognized 

as an independent predictor of clinical outcomes in patients with 

LC and as a prognostic factor in patients with HCC.1,5-8

In the current issue of Clinical and Molecular Hepatology, Choi 

and colleagues9 presented a study demonstrating serum levels of 

three myokines (myostatin, follistatin, and interleukin-6 [IL-6]) and 

their correlation with sarcopenia and survival in HCC patients. 

This article is timely, and it also covers critical topics on sarcope-

nia and its impact on survival in patients with HCC. The strength 

of this study relies on the novel approach used to identify the pre-

dictive biomarker of sarcopenia and survival in patients with HCC 

by using serum myokine levels. The authors evaluated sarcopenia 

using the psoas muscle index (PMI) measured at the third lumbar 

level on computed tomography, and reported an overall sarcope-

nia prevalence of 56.4% in 238 ethnically homogenous South Ko-

rean patients with HCC.9

Myokines are cytokines produced and secreted by muscle fibers, 

and they are known to exert autocrine or paracrine effect.10 Myo-

kines take part in immune responses, and have anti-inflammatory 

or immunoprotective effects.11 Therefore, sarcopenia may facilitate 

the proinflammatory state of cirrhosis and further potentiate the 

progression of liver fibrosis and development of HCC.1,12 In the 

present study, Choi et al.9 reported that the serum levels of the 

three myokines were differently correlated with PMI in patients 

with HCC. The median levels of the three myokines in the patients 

with HCC were all significantly higher than those in healthy con-

trols, and the serum follistatin level was an independent factor of 
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poor survival in the patients with HCC.9 In a recent Japanese 

study, Nishikawa et al.13 found that higher serum myostatin levels 

were correlated with sarcopenia, hyperammonemia, and impaired 

protein synthesis, as reflected by the lower serum albumin levels 

in patients with LC. They suggested the use of serum myostatin 

level as a potential biomarker, and demonstrated the association 

of high myostatin levels with both sarcopenia and worse survival 

in patients with LC.13 In contrast, the report by Choi et al.9 indicat-

ed an inverse correlation between serum myostatin level and sar-

copenia in patients with HCC. In their study, serum myostatin lev-

els showed a positive correlation with PMI (ρ=0.356, P<0.001),  

and the overall survival rate was not significantly different between 

the high and low myostatin groups.9 In contrast, the serum IL-6 

level showed a weak negative correlation with PMI (ρ=-0.174, 

P=0.009), and serum follistatin level approached statistical signif-

icance towards a negative correlation (ρ=-0.124, P =0.055). 

Moreover, HCC patients with high levels of follistatin or IL-6 had a 

significantly lower 5-year overall survival rate.9

Myostatin is a cytokine belonging to the transforming growth 

factor beta (TGF-β) family. As a negative regulator of muscle pro-

tein synthesis, it strongly suppresses skeletal muscle growth.1,14 

Hyperammonemia, as a possible mediator in the liver-muscle axis, 

and the related upregulation of myostatin are regarded as mecha-

nisms of the impaired protein synthesis and increased autophagy, 

which is linked to the development of sarcopenia in LC pa-

tients.13,15 Protein synthesis is biochemically upregulated by the 

mammalian target of rapamycin complex 1 (mTORC1), which is 

counterbalanced by an inhibitor, myostatin (Fig. 1).1,16 Increased 

serum myostatin expression level in patients with LC is believed to 

be associated with anabolic resistance, and can represent an ad-

verse predictor of patients with LC.13,17 In view of the results from 

the study by Nishikawa et al.,13 serum myostatin levels appeared 

to be closely related to the hepatic functional reserve. In their 

study, serum myostatin level was significantly correlated with se-

rum ammonia level, and this result can support the hypothesis 

that skeletal muscle mass depletion can occur via impaired am-

monia detoxification and its related higher myostatin expres-

sion.13,18 However, in the study by Choi et al.,9 serum myostatin 

level showed a positive correlation with PMI and had no signifi-

cant association with the overall survival in South Korean patients 

Figure 1. The signaling pathways involved in the control of muscle protein synthesis and breakdown. Green boxes contain promoters of muscle pro-
tein synthesis or hypertrophy. Purple boxes contain promoters of muscle protein breakdown or atrophy. Green arrows: activating pathways; red ar-
rows: inhibitory pathways. Asterisks (*) indicate potential therapeutic targets for reversing sarcopenia in cirrhosis. Modified from Anand.1 IGF-1, insulin-
like growth factor 1; Smad2/3, SMAD family member 2/3; AKT/PKB, serine/threonine-specific protein kinase B; FOXO, forkhead transcription factors of 
the O class; TNF-α, tumor necrosis factor-α; mTOR, mammalian target of rapamycin; NF-κB, nuclear factor kappa B; p70S6K, ribosomal protein S6 kinase 
B1; MAFbx, muscle atrophy F-box; MuRF1, muscle ring finger 1. 
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with HCC. This discrepancy may have resulted from the difference 

in the study population, LC vs. HCC patients. Although the exact 

mechanism is yet to be defined, the authors suspect that the de-

velopment of HCC might change the regulatory pathway of myo-

statin metabolism, which leads to decreased bioavailability of 

myostatin.9 In addition, in the study of patients with LC by Ni-

shikawa et al.,13 serum myostatin level did not influence the sur-

vival of patients with hepatitis C virus (HCV)-related LC. However, 

in the subjects with non-viral hepatitis-related LC, the influence of 

serum myostatin level on survival was prominent.13 This difference 

might be attributed to the different causes of death for the sub-

jects with HCV-related and non-virus-related LC. Most of the pa-

tients with non-virus-related LC died from liver failure, which was 

in line with the association between serum myostatin level and 

liver functional reserve. However, the patients with HCV-related 

LC or HCC tended to die from tumor progression rather than from 

liver failure, as compared to the patients with non-virus-related 

LC.13 Choi et al.9 also revealed that serum follistatin and IL-6 levels 

remarkably increased according to tumor progression by Barcelo-

na Clinic Liver Cancer (BCLC) or tumor, nodes, metastasis (TNM) 

tumor stage in patients with HCC. Meanwhile, serum myostatin 

level did not correlate well with the TNM or BCLC tumor stage, 

but correlated well with the Child-Pugh class or liver functional 

reserve.9

Myostatin antagonists, such as follistatin, and mTORC1 activa-

tors have the potential to reverse sarcopenia in cirrhosis.13 Howev-

er, the influence of such agents on clinical outcomes has not been 

fully studied yet, and additional investigations are needed.14,19 Fol-

listatin is a secreted glycoprotein and a strong inhibitor of the 

TGF-β superfamily, which includes myostatin and activin.9,20 Thus, 

follistatin inhibits myostatin-mediated sarcopenia and has been 

proven in animal studies to improve skeletal muscle mass, but it 

should not yet be used for patients with LC or HCC-related sarco-

penia.1 Nevertheless, the follistatin expression level was increased 

in approximately 60% of tumor tissues and also in human liver 

cancer.20 This was consistent with the results reported by Choi et 

al.,9 where the follistatin level increased with the tumor stage and 

size, suggesting an oncogenic role of follistatin overexpression in 

hepatocarcinogenesis. Future studies are needed to address and 

clarify the roles of these myokines (e.g., myostatin, activin, and 

follistatin) during liver fibrosis and carcinogenesis in LC and HCC 

experimental models. In addition, several novel studies using anti-

oxidants, mitochondrial protective agents, and new myostatin in-

hibitors for sarcopenic patients with LC or HCC are now being 

recognized.1 Further studies are required to confirm whether anti-

sarcopenia treatment prolongs the survival and reverses the mo-

lecular abnormalities underlying sarcopenia in patients with LC 

and HCC.3
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Hepatocellular carcinoma (HCC) is one of the most common 

cancer and leading cause of related mortalities worldwide. Re-

ceiving curative treatment such as radiofrequency ablation (RFA), 

hepatic resection, and liver transplantation is crucial for long-term 

survival of HCC patients; however, compared to other cancer 

types, recurrence after curative treatment is quite common in HCC 

cases,1 thereby having an adverse impact on survival. Therefore, 

identifying a subset of HCC that carries a high risk of recurrence 

and development of adjuvant therapy for such cases is clinically 

important for improving prognosis in the HCC patients.

Notably, HCC recurrence is of two types, metastatic recurrence 

of the primary lesion and de novo emergence of HCC that attri-

butes to the multicentric occurrence of tumors occurring due to 

prolonged liver damage such as chronic infection of hepatitis B vi-

rus (HBV) and hepatitis C virus (HCV).1 Compared to other cancer 

types, late recurrence after curative treatment, which is more 

common for multicentric occurrence, is one of the characteristics 

of HCC, which should be attributed to the field of carcinogenesis, 

where the genetic and epigenetic changes occur in hepatocytes of 

damaged liver. Reportedly, 5- and 10-year distant recurrence rates 

were 74.8% and 80.8%, respectively, in the Japanese HCC cohort 

who underwent RFA.2 Moreover, even after controlling hepatitis 

virus by eliminating HCV and suppressing HBV replication via an-

tiviral therapy, the liver is prone to damage that mainly attributes 

to the metabolic and life style factors, including alcohol intake, 

steatosis of the liver due to diabetes mellitus, and obesity.3 Thus, 

long-term monitoring of HCC recurrence is essential even after 

curative treatment.

Kim et al.4 examined the recurrence rate of HCC for more than 5 

years after RFA or resection for early-stage HCC by Barcelona 

Clinic Liver Cancer Staging system using the large data set from 

the HCC registry in Korea. They presented a high recurrence rate; 

the cumulative recurrence rates increased to 39.7%, 60.3%, and 

71.0% at 2, 5, and 10 years, respectively, and did not reach a pla-

teau, suggesting that patients were required to continue HCC sur-

veillance even after 5 recurrence-free years. Moreover, they re-

ported that male sex, higher fibrosis-4 (FIB-4) scores, and 

α-fetoprotein (AFP) levels at 5 years were associated with late 

HCC recurrence among patients who did not experience recur-

Long-term prognosis and management of  
hepatocellular carcinoma after curative treatment
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rence for more than 5 years.4

For effective monitoring of HCC recurrence, it is crucial to iden-

tify the high-risk groups. In general, it is considered that early re-

currence is a consequence of primary tumor metastasis, where the 

aggressive tumor characteristics and treatment modality are criti-

cal. Indeed, Kim et al.4 presented certain factors related to the risk 

of tumor metastasis, such as tumor burden and initial treatment 

modality, as independent factors for recurrence within 5 years af-

ter curative treatment. Moreover, our group reported that accul-

turation of genetic and epigenetic alterations in primary tumor, 

which are generally related to tumor aggressiveness, efficiently 

predicts the recurrence after liver transplantation,5 thereby sug-

gesting that the primary tumor characteristics are essential for 

emergence of metastatic recurrence. In contrast, late recurrence is 

known to reflect the background condition of carcinogenic poten-

tial of the liver, where chronic inflammation and tissue damage 

lead to genetic and epigenetic alterations and HCC recurrence.6 

For example, oxidative DNA damage caused by chronic inflamma-

tion could induce such alterations in the hepatocyte and trigger 

malignant transformation.7,8 Kim et al.4 also identified the sub-

group that carries high risk of recurrence after 5 recurrence-free 

years using the factors that reflect the condition of background 

liver, which include male sex, high FIB-4 score, and AFP levels 

above 10 ng/mL; accumulation of these risk factors is related to 

the late-recurrence of HCC. Therefore, type and duration of recur-

rence should be considered for the surveillance strategy.

To predict the emergence of HCC, our group performed longitu-

dinal discriminant analysis of serial AFP measurements and devel-

oped a model to determine the risk of HCC using a large cohort of 

chronic liver disease undergoing surveillance using ultrasonogra-

phy. Interestingly, average AFP levels tend to be elevated in those 

who had a history of HCC, more than 15 years before diagnosis.9 

Therefore, the model can be used to assign patients to high and 

low-risk groups for late recurrence, and be further used to select 

patients for intensive surveillance after curative treatment.

In contrast, metabolic factors can also act in concert and con-

tribute to the development of recurrent tumors.3,8 In this setting, 

recent knowledge regarding the mutational profiling of primary 

cancer and non-cancerous livers provides a clue to find the specif-

ic risk factors responsible for recurrence in each patient.10 Further-

more, a previous study has reported that viral exposure signature 

can predict the emergence of HCC among at-risk patients prior to 

a clinical diagnosis. Thus, exposure to both hepatitis virus and 

other viruses can affect hepatocarcinogenesis.11 For example, ker-

atin strains of influenza virus trigger the emergence of HCC, 

whereas human respiratory syncytial virus and human rhinovirus 

23 are depleted in the HCC cohort.11 This might be useful in se-

lecting patients with risk for late recurrence after curative treat-

Table 1. Phase 2 or 3 clinical trials of immune modulators in adjuvant setting after curative resection or radiofrequency ablation of HCC

Setting Trial identifier* Agents (generic name) Agents (type) Number of participants†

Monotherapy

Phase 3 NCT00149565 Interferon alfa-2b IFNα-2b 268

Phase 3 NCT03383458 (CheckMate 9DX) Nivolumab Anti-PD-1 antibody 530

Phase 3 NCT03867084 (KEYNOTE-937) Pembrolizumab Anti-PD-1 antibody 950

Phase 2/3 NCT03859128 (JUPITER 04) Toripalimab Anti-PD-1 antibody 402

Phase 2 UMIN000026648 (NIVOLVE) Nivolumab Anti-PD-1 antibody 55

Combinations

Phase 3 NCT03847428 (EMERALD-2) Durvalumab±bevacizumab Anti-PD-L1 antibody±anti-
VEGFR2 antibody

888

Phase 3 NCT04102098 (IMbrave050) Atezolizumab±bevacizumab Anti-PD-L1 antibody±anti-
VEGFR2 antibody

662

Phase 2 NCT03222076‡ Nivolumab+ipilimumab Anti-PD-1 antibody+anti-
CTLA-4 antibody

30

HCC, hepatocellular carcinoma; IFN, interferon; PD-1, programmed cell death-1; PD-L1, programmed cell death-ligand 1; VEGFR2, vascular endothelial growth 
factor receptor 2 ; CTLA-4, cytotoxic T-lymphocyte antigen-4.
*The adjuvant IFNα-2b did not reduce the postoperative recurrence of viral hepatitis-related HCC (NCT00149565). Other trials including immune checkpoint 
inhibitors are currently ongoing.
†Number of estimated enrollments.
‡Inclusion criteria show resectable hepatocellular carcinoma.
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ment of HCC.

For adjuvant therapy after curative treatment, several trials have 

been conducted to date and a few are still in process (Table 1). 

The result of phase 3 clinical trial that examines the efficacy of 

sorafenib in adjuvant setting revealed no difference in the recur-

rence-free survival between sorafenib and placebo groups.12 Other 

adjuvant agents, including interferon α-2b and vitamin-K2, also 

failed to show promising results.13,14 Several reasons may contrib-

ute to the failure of developing adjuvant therapy in HCC cases. 

First, diversity in terms of molecular change may cause molecular 

heterogeneity in the recurrent tumors,15 which could induce refrac-

toriness in specific agents even in the adjuvant setting. As afore-

mentioned, patterns of molecular alterations completely differ 

among the metastatic recurrences of the primary lesion and de 
novo multicentric occurrences. Moreover, often these two recur-

rence types are hard to differentiate each other; these can co-exist 

in the same patients in the real clinical setting. Therefore, the het-

erogeneity of molecular alterations can be observed among differ-

ent tumors in the same patients,15 which make it difficult to identi-

fy the suitable agents in adjuvant therapy, particularly for 

molecular targeted agents, because molecular heterogeneity in-

duces tolerance for eliminating cancer cells.16 Second, notably, 

chronic inflammation, which is generally observed as a back-

ground condition of HCC, could induce immune tolerance in the 

liver. It is conceivable that induction of immune suppressive micro-

environment will lead to high recurrence rate of HCC due to dys-

function of immune surveillance to cancer cells.17,18 Contentious in-

duction of inter feron-γ could induce immune checkpoint 

molecules, and recruitment of regulatory T cell, polarization of 

macrophages to immune suppressive M2 phenotype during heal-

ing process, and shifting the balance of helper T cell to immuno-

suppressive T-helper 2 phenotype occur during the progression of 

chronic inflammations.19,20 Collectively, these processes can con-

tribute to the high recurrence rate of HCC after curative treat-

ments compared to other cancers.

Because of the genetic heterogeneity of the recurrent tumor 

and background condition of immune tolerance that can result in 

the dysfunction of immune surveillance, immune modulators 

could be more suitable for adjuvant therapy compared to molecu-

lar targeted agents.20 From this point of view, currently, several 

phase 3 clinical trials for adjuvant therapy of HCC using immune 

checkpoint inhibitors are ongoing (Table 1).

Several risk factors can act in accordance and contribute to re-

currence of HCC; these risk factors may be hard to eliminate be-

cause some may relate to the metabolic condition and others may 

be associated with environmental carcinogens and viral exposure, 

including non-hepatotropic virus. These conditions hamper the 

identification of subgroups related to recurrence, particularly for 

late recurrence, and development of adjuvant therapy after cura-

tive treatment. Nevertheless, recent comprehensive molecular and 

immunological knowledge may act as a powerful tool for devel-

oping effective surveillance system and adjuvant treatment in 

HCC after curative treatment.
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In this issue of Clinical and Molecular Hepatology, Lee and col-

leagues1 publish an article entitled inhibition of phosphoinositide 

3-kinase (PI3K)/protein kinase B (AKT) signaling suppresses epi-

thelial-mesenchymal transition (EMT) in hepatocellular carcinoma 

(HCC) through the Snail/glycogen synthase kinase 3/betacatenin 

pathway, which describes a therapeutic approach to suppress the 

development of HCC employing PI3K inhibitors, which specifically 

target EMT. EMT is a highly dynamic process that occurs during 

normal embryonic development and cancer metastasis.2,3 It re-

quires key drivers for mesenchymal transition, which include EMT-

activating transcription factors (EMT-TFs), such as members of the 

Snail, Twist, and Zeb families. While EMT-TFs are known to partic-

ipate in cancer metastasis, they also play roles in cancer initiation 

and chemoresistance, because of which they are associated with 

poor clinical outcomes.4 The pleiotropic roles of EMT-TFs in tu-

morigenesis result from their association with multiple cancer sig-

naling pathways, including Wnt/β-catenin, growth factor, trans-

forming growth factor-β, Notch, inflammation, and hypoxia 

pathways, which can lead to the stimulation of these transcription 

factors and partial EMT of cancer cells. As a result of the induc-

tion of one or a combination of the abovementioned pathways, 

the hallmarks of EMT are exposed, which can be detected by pro-

tein markers.5 For example, there is a decreased expression of epi-

thelial cadherin (E-cadherin), which is involved in mediating cell-

cell contact. This process is accompanied by the expression of 

vimentin, N-cadherin, and fibronectin, which are major mesen-

chymal markers.

HCC is ranked the fourth most common cause of cancer-related 

death worldwide.6 While local ablation, surgical resection, and 

liver transplantation can be applied for curative treatment of HCC 

in the early stages, kinase and immune checkpoint inhibitors have 

been applied for treatment at intermediate and advanced stages.7 

In particular, because of the well-known association of the pro-

gression of EMT with liver fibrosis, cancer stemness, and invasion, 

drugs targeting the EMT pathways could be employed for thera-

peutic applications as well.8 In line with this notion, Lee and col-

leagues employed PI3K inhibitors, idelalisib and LY294002, to 

suppress the progression of EMT in HCC.

The rationale for using PI3K inhibitors lies in the induction of 

EMT-TFs by well-known signaling pathways. The binding of Wnt 

to Frizzled induces the suppression of glycogen synthase kinase 

Targeting epithelial-mesenchymal transition pathway 
in hepatocellular carcinoma
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3β (GSK3β) through the formation of complexes with APC, Axin, 

Dvl and other proteins. This leads to stabilization of β-catenin, 

and thereby, stimulates EMT-TFs (Fig. 1).9,10 Inhibition of GSK3β 

could also be accomplished by activation of the epidermal growth 

factor receptor (EGFR)/PI3K/AKT pathway. The recruitment of 

growth factors to their receptors activates the cell growth path-

way involving PI3K and AKT. AKT, in turn, phosphorylates GSK3β, 

which is blocked from destabilizing Snail. The stabilized Snail en-

ters the nucleus prompting the expression of factors-related to 

EMT (Fig. 1).11 Lee and colleagues1 employed idelalisib because 

this drug was approved by the Food and Drug Administration in 

2013 to treat different types of leukemia. In recent years, this 

drug has been clinically tested for solid tumors, such as metastatic 

pancreatic ductal adenocarcinoma and lung cancer.12,13 Idelalisib is 

an ATP-competitive kinase inhibitor that targets the PI3K p110 

isoform δ with high selectivity. In addition to idelalisib, Lee and 

colleagues1 employed LY294002, which is a well-known chemical 

inhibitor of PI3K.14

Treatment of HCC cell lines, Huh-BAT and HepG2, with idelalisib 

or LY294002 resulted in distinct changes in the morphology of 

cells from the epithelial to the mesenchymal state and retardation 

of cell growth. Furthermore, cell cycle was arrested at G0/G1 

phase, with concomitant decrease in the levels of cyclin D, E, and 

cyclin-dependent kinase 6. Transwell assays showed that treat-

ment with idelalisib or LY294002 suppressed cell invasion and ex-

pression of E-cadherin, a hallmark of EMT. Mechanistically, both 

Figure 1. Regulation of EMT transcription factors by Wnt/GSK3β/β-catenin/Snail and PI3K/AKT/GSK3β/Snail signaling. Activation of Wnt/β-catenin 
and PI3K/AKT pathways stimulates EMT pathway by suppressing GSK3β, which in turn is inhibited from destabilizing Snail. Suppression of GSK3β also 
stabilizes β-catenin, which in turn involved in the expression of EMT genes such as vimentin and EMT-TFs. Idelalisib and LY294002 are PI3K inhibitors, 
which prevent AKT activation. This leads to the release of GSK3 β from PI3K/AKT-mediated suppression. The active GSK3β then phosphorylates Snail, 
leading to its degradation. LRP, low-density-lipoprotein-related protein; GSK3β, glycogen synthase kinase 3β; TCF, T-cell factor; LEF, lymphoid enhanc-
ing factor; EMT-TFs, epithelial-mesenchymal transition-activating transcription factors; EGF, epidermal growth factor; EGFR, epidermal growth factor 
receptor; IRS1, insulin receptor substrate 1; PI3K, phosphoinositide 3-kinase; EMT, epithelial-to-mesenchymal transition.
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the drugs induced destabilization of Snail, and caused an increase 

in the levels of dephosphorylated GSK3β in HCC cell lines, possi-

bly due to the inhibition of the EGFR/PI3K/AKT pathway. These 

results were supported by the observations that GSK3β localized 

to the nucleus with the decrease in the levels of Snail and 

β-catenin. While this study unambiguously reveals the mechanism 

of action of idelalisib and LY294002, the importance of transloca-

tion of GSK3β to the nucleus upon treatment is not clearly de-

fined, warranting further studies. Although the PI3K/AKT pathway 

is known to be a major pathway affecting GSK3β, the inhibitory 

effects of other pathways on GSK3β would also be interesting to 

investigate.

The application of idelalisib or LY294002 for treatment of HCC 

is important in several aspects. First, there is an aberrant activa-

tion of PI3K/AKT in HCC, which makes these signaling molecules 

meaningful targets.15,16 Second, GSK3β has been reported to play 

critical roles in the development of HCC.17 In particular, recent 

studies have indicated that GSK3β is associated with various sig-

naling pathways, including Wnt, Notch, and Hedgehog, in addi-

tion to the PI3K/AKT pathway.17 As an extension to these studies, 

it would be interesting and necessary to target GSK3β with com-

binations of inhibitors of the related pathways.

It would be eventually required to perform studies employing 

genetically modified mice or orthotopic xenograft models for as-

sessing the effects of treatment with various inhibitors, such as 

idelalisib and LY294002. In the former case, conditional knockout 

of GSK3β or other EMT-TFs, including Snail, in HCC mouse model 

would provide more definitive answers to the necessity of EMT in 

the development of HCC. For the latter case, it would be interest-

ing to question whether idelalisib or LY294002 could work on an 

orthotopically xenografted cell line with aberrant activation of 

PI3K/AKT pathways. Overall, this manuscript provides an interest-

ing perspective on the correlation between the development of 

HCC and EMT and offers a plausible alternative treatment for ad-

vanced HCC in future.
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Acute-on-chronic liver failure (ACLF) is a dangerous condition 

defined by organ failure and increased short-term mortality. 

Therefore, it is not surprising that ACLF is associated with higher 

mortality after variceal bleeding in cirrhotic patients. However, 

limited direct data are available regarding this issue.

In this issue of Clinical and Molecular Hepatology, Shin et al.1 

investigated whether the diagnosis of ACLF after variceal bleeding 

was associated with subsequent survival. The prevalence of ACLF 

was 13% among patients with acute deterioration of chronic liver 

disease following acute variceal bleeding. The overall survival of 

patients with ACLF was lower compared to those without ACLF, 

and a higher ACLF grade was related to lower overall survival. Re-

cently, Trebicka et al.2 first reported that 17.8% of 2,138 patients 

with acute variceal bleeding had ACLF at admission, and that the 

presence of ACLF was independently related to rebleeding and 

mortality. Therefore, we assumed that 10–20% of cases involving 

acute variceal bleeding may experience ACLF at admission or dur-

ing hospitalization, suggesting the need for careful evaluation of 

patients with variceal bleeding. The diagnosis of ACLF requires 

adequate management by physicians to reverse the clinical course.

According to Shin et al.,1 the 28-day cumulative mortality was 

as high as 41% in patients with variceal bleeding and ACLF, which 

indicates a very high risk of mortality in this group. However, the 

mortality of patients with variceal bleeding in case of decompen-

sated cirrhosis might be higher than that in the former. In the 

study population of Shin et al.,1 these patients were excluded. 

Therefore, we could not compare the mortality between the two 

groups. Based on a clinical perspective, it is sometimes difficult to 

differentiate ACLF from aggravation of decompensated cirrhosis. 

Although ACLF is defined by acute aggravation in patients with 

reversible liver function, the prognosis of ACLF grade 3 is poor 

and may be irreversible. In this study, patients with variceal bleed-

ing and ACLF grade 3 showed very poor overall survival (<10% in 

90 days). Therefore, liver transplantation is imperative in such 

cases similar to aggravated decompensated cirrhosis.

Unfortunately, this study did not suggest the optimal treatment 

option for variceal bleeding in ACLF patients in their cohort due to 

Acute-on-chronic liver failure: A predictor of poor  
prognosis in patients with variceal bleeding or a risk 
factor for variceal bleeding? 
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limited database. The clinical course may be changed if early tran-

sjugular intrahepatic portosystemic shunt (TIPS) is used to control 

active variceal bleeding or secondary prevention of rebleeding. 

Several studies showed that patients with early or pre-emptive 

TIPS had a lower rebleeding risk and higher overall survival, even 

in ACLF patients.2-4 However, the aggravation of liver failure in se-

vere decompensated cirrhosis still remains a concern. Lv et al.4 re-

ported that early TIPS with covered stents improved transplanta-

tion-free survival in selected patients with advanced cirrhosis 

(Child B or C) and acute variceal bleeding compared to standard 

treatments, such as endoscopic band ligation and beta-blockers 

following salvage TIPS as needed. The proportion of ACLF cases 

in their study is unknown. Therefore, further studies are needed 

to determine the indications for early TIPS in ACLF patients.

Finally, it is unclear whether ACLF induces variceal bleeding or 

vice versa in each case. In patients with ACLF, hepatic venous 

pressure gradient was elevated, which increases the risk of varice-

al bleeding. Also, in case of variceal bleeding, subsequent hypoxic 

hepatitis may induce liver and renal failure and hepatic encepha-

lopathy in chronic liver disease.5 According to Joshi et al.,6 variceal 

bleeding was the most frequent morbidity accompanying ACLF 

among 30% of the patients in their cohort. Both studies by Shin 

et al.1 and Trebicka et al.2 did not reveal the temporal relationship 

between variceal bleeding and ACLF. Therefore, we could not 

compare the survival according to the order of the two pathologic 

conditions. Generally, the baseline characteristics of patients with 

underlying ACLF followed by variceal bleeding might be poorer 

than those of patients manifesting ACLF after variceal bleeding. 

However, the precise prognosis of both groups remains unknown, 

and requires further analysis.

The greatest limitation of Shin’s study was the lack of informa-

tion related to technical issues involving endoscopic treatment. 

Due to coagulopathy and cytopenia, variceal bleeding is some-

times difficult to control via endoscopic approach. Hemodynamic 

instability in ACLF may interfere with endoscopy due to hypoten-

sion. Early access and advances in endoscopic approach might re-

duce the risk of mortality in ACLF associated with variceal bleed-

ing.

ACLF is probably a predictive factor of poor prognosis after vari-

ceal bleeding, based on the results of recent and current studies. 

Regardless of the order of events, it is possible that ACLF and var-

iceal bleeding may influence each other with negative synergism, 

which facilitates the clinical monitoring of patients for possible 

multi-organ failure or bleeding events.
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Chronic hepatitis C virus (HCV) infection has an estimated prev-

alence of 1%, affecting 71 million people worldwide.1 Multiple 

extrahepatic manifestations of hepatitis C have been reported in-

cluding renal disease. Those infected with chronic hepatitis C are 

70% more likely to develop chronic kidney disease (CKD) as com-

pared to HCV seronegative patients. In addition, the presence of 

hepatitis C is associated with more rapid progression to end stage 

renal disease.2,3 Hepatitis C has also been shown to increase all-

cause mortality for those on dialysis, and in the kidney transplant 

population, HCV also accelerates graft loss.4

While the introduction of direct acting antiviral (DAA) agents 

has changed the treatment landscape of HCV, with highly effica-

cious treatment and few difficult to treat populations, patients 

with advanced renal disease were not among those who initially 

benefitted from these therapeutic options.5 At first, sofosbuvir-

containing regimens were not recommended for patients with ad-

vanced renal disease due to concern regarding renal clearance of 

the drug’s active metabolite, GS-331007.6 Combination therapies 

requiring co-administration of ribavirin were also suboptimal due 

to the side effect profile of ribavirin, which is renally cleared and 

associated with significant hemolysis in an already vulnerable 

population.

There are multiple recent trials that have since highlighted the 

success of DAAs in treating those with CKD. The C-SURFER trial 

was a randomized phase 3 study that showed that the efficacy 

and safety of elbasvir/grazoprevir in the treatment of genotype  

1 patients with stage 4 and 5 CKD was similar to those with hep-

atitis C infection without CKD with a sustained virological re-

sponse (SVR) rate of 99%.7,8 Similar results were demonstrated in 

the EXPEDITION-4 trial, a phase 3 trial that evaluated efficacy of 

the 12 weeks pangenotypic regimen glecaprevir/pibrentasvir 

which showed a SVR rate of 98%, again similar to what is 

achieved in those without CKD.9 Both of these combinations of 

DAAs are approved for treatment of hepatitis C in the CKD popu-

lation. Two recent phase 2 trials have now demonstrated the 

safety and efficacy of sofosbuvir alone and in combination with 

other DAAs in the advanced kidney disease population.10,11 Both 
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studies demonstrated that sofosbuvir was well tolerated and had 

a favorable safety profile without significant change in creatinine 

clearance despite exposure to higher levels of the active sofosbu-

vir metabolite GS-331007. Sustained response rates were again 

not different than what is achieved in non-CKD populations, 95–

100% in both studies. In November 2019, the U.S. Food and Drug 

Administration approved the usage of sofosbuvir based therapy in 

patients with CKD stage 4 and 5 and in those on dialysis.

While these studies provide important insights into the treat-

ment of hepatitis C in CKD, they also either excluded or had limit-

ed enrollment (<10%) of CKD patients receiving peritoneal dialy-

sis (PD). Thus, much of the data on pharmacokinetics, efficacy 

and safety profile is extrapolated from the hemodialysis popula-

tion receiving DAA therapy. However, in the real world setting, PD 

is an increasingly popular mode of dialysis encompassing 11% of 

the total dialysis population worldwide.12 The rates of PD are in-

creasing in Asia and the United States where it is recognized as a 

more cost-effective option.12 In this issue of Clinical and Molecular 
Hepatology, Yap et al.13 provide additional data regarding the 

safety and efficacy of DAA therapy in CKD patients which in-

cludes a cohort of PD patients with advanced liver disease.

This prospective study identified patients from Hong Kong and 

Taiwan with well compensated HCV-related cirrhosis and CKD 

stage 4 or 5 (estimated glomerular filtration rate <30 mL/min) 

who then received treatment with glecaprevir/pibrentasvir for 12 

weeks. A total of 21 patients with cirrhosis were included in the 

study with 33% of patients on PD, 43% on hemodialysis and 24% 

of patients not on dialysis. During the study, one patient died of a 

PD related peritonitis complication 3 months after completion of 

glecaprevir/pibrentasvir and two subjects were lost to follow up. 

Of the remaining 18 patients, 100% achieved SVR at 12 weeks. 

Treatment was well tolerated and renal function remained stable 

in treated patients who were followed for up to 24 weeks after 

therapy including those not on dialysis. One patient stopped ther-

apy after 4 weeks due to personal preference, SVR was still 

achieved.

This study demonstrates that dialysis patients including those 

on PD with cirrhosis can be successfully treated, though the num-

ber of patients included in this study is still low and additional 

data is needed to understand the unique risks of treating patients 

who have underlying cirrhosis with PD. In any patient with com-

pensated cirrhosis, there is a risk of subsequent hepatic decom-

pensation, and in the population studied by Yap and colleagues13 

who also had advanced renal disease careful follow up is required 

when treating with DAA therapy. Differentiating between the de-

velopment of ascites, which would indicate decompensation, and 

the dialysate used for PD may not be straightforward. The authors 

of this study did address these concerns by monitoring for liver 

decompensation the number of exchanges, net ultrafiltration and 

residual urine volume before and after antiviral treatment and 

documented these parameters in the PD patients. Moreover, 

these results highlight the need for these patients to be treated by 

specialists trained to recognize these potential decompensation 

events. It is important to note that in this small study there was a 

death of a PD patient due to fungal peritonitis, though this oc-

curred 3 months after successful HCV treatment. This was attrib-

uted to a PD-related complication and highlights that those with 

cirrhosis and CKD represent a patient population that is at risk for 

infection and other complications. Fortunately, despite the signifi-

cant comorbidities in this population, the combination of glecap-

revir/pibrentasvir was both effective and generally well tolerated.

Efficacious, well tolerated pan-genotypic DAA therapy is now 

available to patients with advanced renal disease and HCV, in-

cluding those who require hemodialysis and PD. Longer term fol-

low up is needed to determine if successful treatment in this pop-

ulation may prevent development of further co-morbidities and 

prolonged life, as has been demonstrated in other populations 

achieving SVR.14,15 Currently, data in those with advanced liver 

disease on PD remains extremely limited. The study by Yap and 

colleagues13 does show that treatment can be successful in this 

particular population and a follow up report regarding longer 

term outcomes in this population will be valuable as well as future 

studies with larger PD populations. Given that PD is a modality 

that has gained significant traction in both Asia and in the USA 

over the years with comparable outcomes to hemodialysis, it is 

imperative to better understand the efficacy of DAAs and treat-

ment risk in this population.
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INTRODUCTION

Sarcopenia, defined as a decline in skeletal muscle mass and 

strength, is increasingly important in the aging society. Currently, 

the measurement of appendicular lean mass using bioelectrical 

impedance analysis (BIA) or dual energy X-ray absorptiometry is 

the standard diagnostic modality of sarcopenia, which is stratified 

by gender. Evaluation of hand grip strength or gait speed provides 

additional accuracy for the diagnosis of sarcopenia.1,2

However, diagnosis of sarcopenia is not simple. The cut-off for 

those diagnostic criteria varies according to the race or country 

because of different physiques. Usually, the cut-off value has been 

set as below 2 standard deviations (SD) from the mean for young 

adults or as being in the bottom quintile, resulting in different 

cut-off values among various populations.3,4 Moreover, BIA may 

not be accurate for the diagnosis of sarcopenia in patients with 

chronic liver disease with ascites or edema, such as liver cirrhosis, 

hepatocellular carcinoma (HCC), and liver transplantation.5,6 In 

those patients, diagnosis of sarcopenia is important because of its 

deleterious role in the outcomes, which can be intervened upon 

by reinforcement of nutrition and exercise.7

Aside from the measurement of muscle mass and muscle 

strength, several serum biomarkers related to sarcopenia are be-

ing developed. There are many adipomyokines, secreted by skele-

tal myocytes or adipocytes, including muscle growth inhibitors 

(interleukin-6 [IL-6], myostatin, activins A/B, growth and differen-

tiation factor 15) and muscle growth promoters (follistatin, irisin, 

bone morphogenetic protein [BMPs], and brain-derived neuro-

trophic factor).8-11 A recent study from Japan suggested the use of 

the serum myostatin level as a potential biomarker, showing that 

a high myostatin level was associated with sarcopenia and a re-

duced survival rate in liver cirrhosis patients.12

However, there have been no studies that have measured the 

serum levels of those adipomyokines among HCC patients, al-

though sarcopenia is an independent factor for poor survival in 

HCC regardless of the stage of the tumor, degree of liver function, 

or cirrhotic status.7 The aim of this study was to investigate the 

serum levels of myostatin, follistatin, and IL-6, and to evaluate 

Background/Aims: The role of serum myokine levels in sarcopenia and the outcome of hepatocellular carcinoma (HCC) 
patients are not clear. This study investigated the serum levels of myostatin, follistatin, and interleukin-6 (IL-6) in HCC 
patients and their association with sarcopenia and survival.
Methods: Using prospectively collected pretreatment samples from 238 HCC patients in a hospital from 2012 to 2015, 
the serum levels of 3 myokines were determined and compared to 50 samples from age and sex-matched healthy 
controls. Sarcopenia was evaluated using the psoas muscle index (PMI) measured at the third lumbar level in the 
computed tomography, and clinical data were collected until 2017.
Results: The median levels of the 3 myokines for the male and female HCC patients were as follow: myostatin (3,979.3 
and 2,976.3 pg/mL), follistatin (2,118.5 and 2,174.6 pg/mL), and IL-6 (2.5 and 2.7 pg/mL), respectively. Those in the HCC 
patients were all significantly higher than in the healthy controls. In the HCC patient, the median PMI was 4.43 (males) 
and 2.17 cm2/m2 (females) with a sarcopenic prevalence of 56.4%. The serum levels of myostatin, IL-6 and follistatin in the 
HCC patients showed a positive, negative, and no correlation with PMI, respectively. The serum follistatin level was an 
independent factor for poor survival in HCC patients.
Conclusions: The serum levels of myostatin, follistatin, and IL-6 and their correlation with sarcopenia and survival were 
presented in HCC patients for the first time. The role of the serum follistatin level as a poor prognostic biomarker warrants 
further study. (Clin Mol Hepatol 2020;26:492-505)
Keywords: Hepatocellular carcinoma; Myostatin; Follistatin; Interleukin 6; Sarcopenia

Study Highlights
· The association between the serum levels of myostatin, follistatin, and IL-6 and PMI in HCC patients were presented for the first time. 
· The median levels of the 3 myokines for the male and female HCC patients were all significantly higher than in the healthy controls.
· The serum levels of myostatin, IL-6 and follistatin in the HCC patients showed a positive, negative, and no correlation with PMI, respectively.
· The serum follistatin level was an independent factor for poor survival in HCC patients.
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their association with sarcopenia and survival in HCC patients.

PATIENTS AND METHODS

HCC patients and healthy controls

We prospectively enrolled 258 newly diagnosed HCC patients 

at Seoul National University Bundang Hospital from January 2012 

to December 2015, and followed them up until December 2017. 

After the exclusion of 20 patients whose serum samples were not 

available, 238 patients with HCC were the final subjects of this 

study. HCC was diagnosed according to histological findings or 

typical imaging characteristics as defined by the Korean Liver 

Cancer Study Group and National Cancer Center guidelines, which 

are similar to international guidelines.13 All of the subjects provided 

written informed consent, and this study was approved by the In-

stitutional Review Board (IRB) of Seoul National University Bun-

dang Hospital (B-1810-497-301). All methods were performed in 

accordance with national guidelines and regulation. Plasma samples 

from 50 healthy controls, which were matched for age and sex to 

the HCC patients, were obtained from a repository that included 

anonymized clinical data after IRB approval (B-1307/210-006).

Clinical data collection and follow up of the subjects 

The clinical data at the diagnosis of HCC were entered into a 

predefined electronic case report form, which included age, sex, 

height, weight, alcohol intake, smoking history, performance sta-

tus, etiology of HCC, comorbidities, blood levels of alpha-fetopro-

tein (AFP), albumin, serum aspartate aminotransferase (AST), ala-

nine aminotransferase, total bilirubin, prothrombin time expressed 

as international normalized ratio, platelet count, creatinine, sodi-

um, Child-Pugh score and class, model for end stage liver disease 

(MELD) score, tumor size, number, vascular invasion, TNM stage 

based on American Joint Committee on Cancer, 7th edition,14 and 

Barcelona Clinic Liver Cancer (BCLC) stage.15

The patients were prospectively followed for a median duration 

of 31.8 months until December 2017. The assessment of tumor re-

sponse after treatment followed the modified Response Evalua-

tion Criteria in Solid Tumors criteria using dynamic contrast en-

hanced computed tomography (CT) or magnetic resonance 

imaging (MRI), and complete remission was defined as disappear-

ance of any intratumoral arterial enhancement in all target le-

sions. Recurrence of HCC was defined as the development of any 

new lesions or a new enhancing portion in the treated target le-

sion, and confirmed by medical records and CT or MRI images. 

The death of each patient was confirmed by a request to the Sta-

tistics Korea, and the cause of death was confirmed through a re-

view of the medical records.

Measurement of the psoas muscle area, calculation 
of the psoas muscle index (PMI) and determination 
of the cut-off for sarcopenia in HCC patients

Multiphase CT scans were performed within 60 days of the di-

agnosis. We used a multidetector-row CT machine (Brilliance 64 

or iCT256; Philips Medical Systems, Cleveland, OH, USA) for con-

trast enhancement CT examinations. Using a power injector (Stel-

lant D, Medrad, Indianola, PA, USA), an intravenous non-ionic 

contrast material (2 mL/kg, iomeprol; 350 mg iodine/mL, Iomeron 

350; Bracco, Milano, Italy) was administered through the antecu-

bital vein. 

The 2-dimensional cross-sectional area of the bilateral psoas 

muscles on the pre-contrast enhanced phase image was mea-

sured at the middle level of the third lumbar vertebra (L3). We 

used the Rapidia 3D software (v2.8; INFINITT Healthcare, Seoul, 

Korea) to outline the psoas muscle boundary. The borders of the 

psoas muscles were manually outlined at a setting from 31 to 100 

Hounsfield Units to exclude more strictly the vasculature and ar-

eas of fatty infiltration.16-19 The measured psoas muscle area was 

divided by the patient height squared for the calculation of the 

PMI (cm2/m2). For the measurement of the PMI, one fellow re-

searcher (HYJ) and one research nurse (SHH) independently mea-

sured the same group of CT images from 20 randomly selected 

patients and compared the results. The interobserver agreement 

was 97%, and then, the research nurse completed the measure-

ment of the whole series of CT images from the subjects.

To determine the sex-specific cut-offs of the PMI for defining 

sarcopenia, we used the R software package (version 3.3.2; R 

Foundation for statistical Computing, Vienna, Austria; http://

www.R-project.org/) for optimum stratification which found the 

most significant value by using the log-rank chi-square statis-

tic.20,21 The cut-off values for the PMI were set at 4.98 cm2/m2 for 

male patients, and 1.17 cm2/m2 for female patients.

Blood sample storage and measurement of the 
serum levels of myostatin, follistatin, and IL-6

Blood samples were collected from the HCC patients before 
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treatment, and serum aliquots were stored at -70°C until the time 

of the measurement. Serum or plasma levels of myostatin, fol-

listatin and IL-6 in the healthy controls and HCC patients were as-

sessed using the commercial Quantikine ELISA Immunoassays 

(R&D Systems, Inc., Minneapolis, MN, USA) following the manu-

facturer’s instructions and done in duplicates by an experienced 

researcher (YSC).

Statistical analysis
The data were presented as the mean±SD or the median with 

the interquartile range for continuous variables, and as a number 

and percentage for categorical variables. Student’s independent t-
test (continuous parametric variables) and Pearson’s chi-square 

(categorical variables) were used to compare the two groups. A 

two-tailed P-value of <0.05 was considered statistically signifi-

cant. Spearman’s rank correlation was used to find the correlation 

between the PMI and the level of myostatin, follistatin and IL-6, 

Table 1. Clinical characteristics of 238 patients with hepatocellular carcinoma and 50 healthy controls

Variable HCC patients (n=238) Healthy controls (n=50)

Age (years) 59 (53–69) 64 (53–71)

≥65 93 (39.1) 16 (32.0)

Male 193 (81.1) 40 (80.0)

Body mass index (kg/m2) 23.7 (21.8–25.8) 23.5 (21.7–25.4)

>25 80 (33.6) 16 (32.0)

HBV/HCV/non-viral 177/ 22/ 39 (69.7/ 9.2/ 21.1)

Platelet (103/µL) 131 (92–184) 228 (161–296)

Albumin (g/dL) 4.0 (3.5–4.3) 4.5 (4.3–4.6)

Total bilirubin (mg/dL) 0.8 (0.5–1.1) 1.0 (0.8–1.3)

AST (U/L) 44 (32–72) 21 (19–29)

ALT (U/L) 37 (23–55) 21 (18–27)

Prothrombin time (INR) 1.02 (1.0–1.14) 1.01 (0.88–1.15)

Sodium (mmol/L) 138 (136–140) 142 (139–144)

Creatinine (mg/dL) 0.8 (0.67–0.96) 1.1 (1.0–1.2)

Child-Pugh class A/B 204 (85.7)/34 (14.3)

MELD score 4 (2–6)

Presence of cirrhosis 171 (71.8)

Alpha-fetoprotein (ng/mL) 21.7 (4.0–837.4)

Tumor size (cm) 3.5 (2–7.3)

TNM stage I/II/III/IV 111 (46.6)/43 (18.1)/80 (33.6)/4 (1.7)

BCLC stage 0/A/B/C 43 (18.1)/95 (39.9)/43 (18.1)/57 (23.9)

Initial therapy

Resection/RFA 8 (3.4)/38 (16.0)

TACE/systemic therapy 187 (78.6)/3 (1.3)

Follow-up (months) 31.9±9.2

Number of deaths 45 (18.9)

Recurrence free survival (months) 19.5 (0.7–66.4)

Overall survival (months) 31.9 (1.1–67.9)

Values are presented as median (interquartile range), mean±standard deviation, or number (%).
HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, 
international normalized ratio; MELD, model for end-stage liver disease; BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency ablation; TACE, transarterial 
chemoembolization.
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and the coefficient of the correlation was indicated as Spearman’s 

rho (ρ).

Overall survival and recurrence-free survival were analyzed with 

Kaplan-Meier curves, and the log-rank test was used to compare 

the survival between the two groups. To determine the indepen-

dent factors for the overall survival of the HCC patients, univariate 

and multivariate analyses were performed. For the multivariable 

analyses using the Cox proportional hazard model, we put the 

variables, that had P<0.1 for the correlation with mortality in the 

univariable analysis and selected the most fitted final multivari-

able model. All statistical analyses were performed using SPSS 

Statistics (version 22.0; SPSS Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics of the HCC patients and 
healthy controls

The baseline characteristics of the 238 HCC patients and 50 

healthy controls are summarized in Table 1. There were no miss-

ing data for any variables among the HCC patients in Table 1. The 

HCC patients had a median age of 59 years; 81% were male; 

70% had hepatitis B virus (HBV) surface antigen positivity, and 

the median body mass index (BMI) was 23.7 kg/m2. The Child-

Pugh class was A in 85.7% and B in 14.3%, and there was no 

class C in this study. The median tumor size was 3.5 cm in diame-

ter, and the BCLC stage 0, A, B, and C were 18.1%, 39.9%, 

18.1%, and 23.9%, respectively. The high proportion of HCC pa-

tients receiving transarterial chemoembolization (TACE) could be 

explained as the availability of superselective TACE experts in this 

center, and as such, physicians and patients tended to prefer 

TACE to resection as the first treatment with curative intention, 

especially in the case of old age, marginal liver function or more 

than one lesion number.

During a median follow-up of 31.9 months, 45 patients died 

(18.9%). The median overall survival was 31.9 months (range, 

1.1–67.9), and the median recurrence-free survival was 19.5 

months (range, 0.7–66.4).

The 50 plasma samples were obtained from a remote repository 

of health check examinees showing normal laboratory results and 

diagnosed as healthy persons; their median age was 64 years, 

and the male proportion was 80%.

Serum levels of myostatin, follistatin and IL-6 and 
their relationship with the PMI according to gender 
in the HCC patients

The median serum levels of myostatin, follistatin and IL-6 in the 

50 healthy controls (3,150.8, 1,248.4, and 0.81 pg/mL, respec-

tively) and 238 HCC patients (3,816.3, 2,131.2, and 2.52 pg/mL, 

respectively) are summarized in Table 2. The serum levels of the 

above 3 cytokines were all significantly higher in the HCC patients 

than in the healthy controls. Moreover, the serum median levels 

of myostatin were higher in the male (3,979.3 pg/mL) than in the 

female HCC patients (2,976.3 pg/mL) (P<0.001), while both the 

follistatin and IL-6 levels were not significantly different between 

the male and female HCC patients. All the serum levels of the 3 

myokines of the HCC patients and healthy controls are plotted in 

Supplementary Figure 1.

Table 2. Serum levels of myostatin, follistatin, IL-6, and psoas muscle index in the healthy control group and patients with hepatocellular carcinoma

Variable Healthy control (n=50)
HCC patients (n=238)

Total (n=238) Male (n=193) Female (n=45)

Myostatin (pg/mL) 3,150.8*
(1,168.3–8,916.4)

3,816.3
(2,612.5–5,395.1)

3,979.3
(2,768.7–5,679.8)

2,976.3
(1,963.2–3,901.4)

Follistatin (pg/mL) 1,248.4*
(473.9–2,637.0)

2,131.2
(1,572.3–2,886.1)

2,118.5
(1,554.6–2,964.7)

2,174.6
(1,697.9–2,760.3)

IL-6 (pg/mL) 0.81†

(0.06–5.75)
2.52

(1.40–4.99)
2.50

(1.41–4.86)
2.75

(1.38–5.05)

PMI (cm2/m2) 4.12
(2.98–5.04)

4.43
(3.54–5.31)

2.17
(1.64–2.67)

Values are presented as median (interquartile range).
IL-6, interleukin-6; HCC, hepatocellular carcinoma; PMI, psoas muscle index.
*P<0.001 vs. patients with HCC.
†P<0.05 vs. patients with HCC.
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The median level of PMI was 4.43 cm2/m2 in the male and 2.17 

cm2/m2 in the female HCC patients (Table 2). According to the op-

timized cut-off of 4.98 cm2/m2 for male patients and 1.17 cm2/m2 

for female patients, the prevalence of sarcopenia was 56.4% 

overall (135/238), 67.4% in the male and 11.2% in the female pa-

tients, showing a remarkably high prevalence in the male HCC pa-

tients. Compared to the non-sarcopenic group, the sarcopenic 

group had a higher proportion of male patients, a lower BMI, a 

higher proportion of smoking and larger tumor size (Table 3).

The relationship between myostatin, follistatin and IL-6 each 

with PMI is shown in Figure 1. The serum myostatin levels showed 

a positive correlation with the PMI (ρ=0.356, P<0.001), suggest-

Table 3. Comparison of characteristics between sarcopenia and no sarcopenia group

Variable No Sarcopenia (n=103) Sarcopenia (n=135) P-value

Age (years) 58 (50–67) 68 (59–77) 0.177

≥65 37 (35.9) 56 (41.5) 0.384

Male sex 63 (61.2) 130 (96.3) <0.001

Body mass index (kg/m2) 24.1 (22.0–26.1) 22.6 (20.6–24.5) 0.004

Smoking 16 (15.5) 36 (26.7) 0.039

Alcohol intake 42 (41.1) 96 (71.1) 0.102

Etiology

HBV/HCV/non-viral 76 (73.8)/13 (12.6)/14 (13.6) 91 (67.4)/10 (7.4)/34 (25.2) 0.090

Hypertension 32 (31.1) 52 (38.5) 0.233

Diabetes 23 (22.3) 37 (27.4) 0.371

Platelet (103/µL) 130 (89–178) 139 (95–195) 0.002

Albumin (g/dL) 4.0 (3.5–4.3) 3.9 (3.2–4.1) 0.883

Total bilirubin (mg/dL) 0.8 (0.5–1.1) 0.8 (0.5–1.2) 0.187

AST (U/L) 43 (33–72) 47 (28–73) 0.105

ALT (U/L) 38 (24–56) 28 (19–52) 0.459

Prothrombin time (INR) 1.01 (1.00–1.13) 1.02 (1.00–1.14) 0.822

Creatinine (mg/dL) 0.81 (0.68–0.96) 0.75 (0.61–0.94) 0.193

Myostatin (pg/mL) 3,990.1 (2,824.5–5,630.1) 2,785.9 (1,963.2–4,446.9) 0.077

Follistatin (pg/mL) 2,124.2 (1,551.0–2,903.0) 2,139.6 (1,689.0–2,816.9) 0.107

IL-6 (pg/mL) 2.39 (1.27–4.38) 3.22 (1.76–7.75) 0.040

Child-Pugh score 5 (5–6) 5 (5–6) 0.226

Child-Pugh class A/B 91 (88.3)/12 (11.7) 113 (83.7)/22 (16.3) 0.310

MELD score 4 (2–6) 4 (1–6) 0.201

MELD score ≥6 73 (70.9) 95 (70.4) 0.933

Liver cirrhosis (%) 74 (71.8) 97 (71.9) 0.999

Alpha-fetoprotein (ng/mL) 19.1 (4.1–735) 23.2 (3–1,269) 0.190

Tumor size (cm) 3.3 (2.0–7.2) 4.1 (2.3–9.0) <0.001

TNM stage I/II/III 54 (52.4)/22 (21.4)/27 (26.2) 57 (42.2)/21 (15.6)/57 (42.3) 0.062

BCLC stage 0/A/B/C 25 (24.3)/43 (41.7)/18 (17.5)/17 (16.5) 18 (13.3)/52 (38.5)/25 (18.5)/40 (29.6) 0.041

Psoas muscle index (cm2/m2) 4.6 (3.8–5.4) 2.4 (1.8–2.9) <0.001

Overall survival (months) 32.3 (12.7–43.6) 29.6 (8.7–48.6) 0.076

Recurrence free survival (months) 13.3 (6.6–28.2) 17.0 (3.8–32.7) 0.621

Values are presented as median (interquartile range) or number (%).
HBV, hepatitis B virus; HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio; IL-6, 
interleukin-6; MELD, model for end-stage liver disease; BCLC, Barcelona Clinic Liver Cancer.
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ing that the myostatin level increased with increasing muscle 

mass, though the correlation was weak. In contrast, the serum 

IL-6 levels showed a weakly negative correlation with the PMI 

(ρ=-0.174, P=0.009), such that the IL-6 levels increased with pro-

gressive sarcopenia. The serum follistatin levels tended to be neg-

atively correlated with the PMI (ρ=-0.124, P=0.055) with border-

line statistical significance, but it was significantly correlated in 

female patients (ρ=-0.316, P=0.034; Supplementary Table 1).

Among the 3 myokines, the IL-6 levels showed a negative cor-

relation with the myostatin (ρ=-0.288, P<0.0001) and a positive 

correlation with the follistatin level (ρ=0.422, P<0.0001). The se-

rum myostatin level was negatively correlated with the follistatin 

level significantly (ρ=-0.218, P=0.0007, Supplementary Fig. 2).

Serum levels of myostatin, follistatin and IL-6 and 
their relationship with liver function and tumor 
extent in HCC patients

The serum levels of those 3 cytokines according to the liver 

function in terms of the Child-Pugh class and tumor stage are 

summarized in Figure 2. Compared to the patients with Child 

Pugh class A, the patients with Child Pugh class B had a signifi-

cantly increased level of follistatin (P=0.002), IL-6 (P=0.002), and 

myostatin (P=0.006).

According to tumor progression by TNM stage or BCLC stage, 

the serum follistatin and IL-6 levels remarkably increased, espe-

cially for TNM stage 4 or BCLC stage C. However, the serum level 

of myostatin decreased in TNM stage 4 or BCLC stage C, showing 

that the trend was not clearly defined.

Serum levels of myostatin, follistatin and IL-6 and 
their relationship with survival in HCC patients

When the HCC patients were divided into two groups (high- 

and low-level groups) based on the median serum level of myo-

statin, follistatin, and IL-6, the overall survival curves between the 

high- or low-level group are summarized in Figure 3. While the 

overall 5-year survival rate was not different between the high 

(74.8%) and low myostatin (68.0%) group (P=0.062), the high 

follistatin group had a significantly lower 5-year overall survival 

Figure 1. Relationship between the PMI and serum cytokine levels, (A) 
serum myostatin levels, (B) serum follistatin levels, (C) serum IL-6 levels. 
Spearman’s rank correlation was used to find the correlation between 
the PMI and the level of myostatin, follistatin and IL-6, and the coefficient 
of the correlation was indicated as Spearman’s rho (ρ). Serum myostatin 
levels showed a positive and linear correlation with PMI, though the cor-
relation was weak (ρ=0.356, P<0.001). In contrast, the serum IL-6 levels 
showed a negative association with the PMI, which was also a weak cor-
relation (ρ=-0.174, P=0.009). The serum follistatin levels were not corre-
lated with the PMI. PMI, psoas muscle index; IL-6, interleukin-6.
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rate (78.4%) than that of the low follistatin group (89.6%, 

P<0.001). Likewise, the high IL-6 group had a significantly shorter 

5-year overall survival rate (78.4%) than that of the low IL-6 

group (85.8%, P=0.018).

For the recurrence-free survival, the high follistatin group 

showed a significantly poor survival than that of the low follistatin 

group, while the myostatin and IL-6 levels did not show a signifi-

cant difference (Supplementary Fig. 3).

Univariate and multivariate analyses of the 
parameters contributing to the overall survival

The results of the univariable and multivariable analyses are 

summarized in Table 4. In the univariable analysis, current alcohol 

intake (P=0.047), serum AFP (P=0.033), albumin (P=0.002), fol-

listatin (P =0.034), and IL-6 (P =0.021) levels, MELD score 

(P =0.005), ECOG performance stage (P =0.001), TNM stage 

(P<0.001), and presence of sarcopenia (P=0.012) were signifi-

cantly associated with the overall survival. The overall survival be-

tween sarcopenic group and non-sarcopenic group is shown in 

Figure 4. 

Multivariable analysis showed that the follistatin level (hazard 

ratio [HR], 2.21; 95% confidence interval [CI], 1.13 to 4.30; 

P=0.020) and the presence of sarcopenia (HR, 2.11; 95% CI, 1.07 

to 4.17; P=0.031) remained statistically significant along with the 

MELD score (HR, 2.17; 95% CI, 1.17 to 4.01; P=0.013), and TNM 

stage (HR, 9.46; 95% CI, 3.33 to 26.9; P<0.001). Therefore, the 

serum follistatin level was an independent factor associated with 

the overall survival. However, it was not independently associated 

with recurrence-free survival (data not shown).

Figure 2. Relationship between the serum levels of (A) myostatin, (B) 
follistatin, and (C) IL-6 and liver function or tumor extent. Compared to 
the patients with Child Pugh class A, the patients with Child Pugh class B 
had a significantly increased level of (A) myostatin (P=0.006), (B) fol-
listatin (P=0.002), and (C) IL-6 (P=0.002). The serum levels of both fol-
listatin and IL-6 increased according to the advanced tumor stage by 
TNM or BCLC stage, especially in TNM stage 4 or BCLC stage C. However, 
the serum level of myostatin decreased in TNM stage 4 or BCLC stage C, 
but the trend was not clearly defined. BCLC, Barcelona Clinic Liver Can-
cer; IL-6, interleukin-6.
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DISCUSSION 

This study evaluated the serum levels of myostatin, follistatin 

and IL-6 among HCC patients, and they all were significantly 

higher than in the healthy controls. The sarcopenic prevalence in 

terms of a low PMI using a gender-specific cut-off was 56% in 

the Korean HCC patients at our center, where HBV is the major 

cause of HCC. Unexpectedly, the serum myostatin levels increased 

with increasing muscle mass, while serum IL-6 levels increased 

with progressive sarcopenia, suggesting that myostatin may not 

have a role in inducing sarcopenia, while IL-6 did, and myostatin 

may be downregulated in response to sarcopenia in HCC patients. 

Both the follistatin and IL-6 levels increased with the tumor stage 

(TNM and BCLC staging systems), while the serum myostatin level 

did not. Interestingly, the serum follistatin level was an indepen-

dent factor for the overall survival of the HCC patients, while the 

myostatin or IL-6 level was not.

Myostatin is a member of the transforming growth factor beta 

(TGF-beta) family and the first known cytokine to be a negative 

regulator of muscles.22-24 In mice, an increased serum level of 

myostatin caused muscle atrophy, and a prolonged absence of 

myostatin reduces sarcopenia. However, a study that included 66 

Scottish men showed that the serum myostatin level was not sig-

nificantly different among young subjects, mildly sarcopenic and 

severely sarcopenic elderly subjects. Moreover, low serum myo-

statin levels were associated with a low skeletal muscle mass in 

healthy community-living older men, but not in women.25

In Japanese cirrhosis patients (median age of 68 years; 55% 

males; 62% Child-Pugh class A, 20% HCC patients included), 

higher serum myostatin levels showed a negative correlation with 

Figure 3. Overall survival rate in regards to the serum levels of (A) myo-
statin, (B) follistatin, and (C) serum IL-6. In Kaplan-Meier survival analysis, 
the overall 5-year survival rate was not different between the high 
(74.8%) and low myostatin (68.0%) group (P=0.062) (A). However, the 
high follistatin group had a significantly shorter 5-year overall survival 
rate (78.4%) than that of the low follistatin group (89.6%, P<0.001) (B). 
Likewise, the high IL-6 group had a significantly shorter 5-year overall 
survival rate (78.4%) than that of the low IL-6 group (85.8%, P=0.018) (C). 
IL-6, interleukin-6.
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the PMI and were associated with a reduced overall survival 

rate.12 In a rat portacaval anastomosis model that reproduces a 

similar metabolic change to liver cirrhosis, sarcopenia was associ-

ated with portosystemic shunting. In this model, sarcopenia was 

caused by increased myostatin expression, impaired muscle pro-

tein synthesis and satellite cell (myocyte precursor) dysfunction, 

which was reversed by follistatin.26

However, in these Korean HCC patients (median age of 59 

Table 4. Univariate and multivariate analysis of factors related to the mortality

Variable
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Age (years)

≥65 (n=93) 0.62 (0.33–1.19) 0.151

Sex

Male (n=193) 1.37 (0.58–3.25) 0.469

BMI (kg/m2)

≥25 (n=80) 0.81 (0.43–1.53) 0.524

Alcoholics

Yes (n=48) 1.92 (1.01–3.67) 0.047

Smoking PY

≥10 PY (n=104) 1.06 (0.59–1.90) 0.839

Etiology

Viral (n=191) 0.87 (0.42–1.82) 0.716

AFP (ng/mL)

≥20 (n=121) 4.5 (2.2–9.13) <0.001 2.09 (0.99–4.45) 0.055

PLT (103/µL)

≥105 (n=164) 1.39 (0.71–2.68) 0.338

Albumin (g/dL)

≥3.5 (n=173) 0.39 (0.22–0.72) 0.002

Myostatin (pg/mL)

≥3,800 (n=119) 0.57 (0.32–1.04) 0.065

Follistatin (pg/mL)

≥2,100 (n=119) 3.54 (1.87–6.70) <0.001 2.21 (1.13–4.30) 0.020

IL-6 (pg/mL)

≥2.5 (n=116) 2.04 (1.12–3.74) 0.021

MELD score

≥8 (n=68) 2.07 (1.14–3.75) 0.017 2.17 (1.17–4.01) 0.013

ECOG PS

1, 2 (n=85) 2.78 (1.54–4.99) 0.001 1.54 (0.83–2.88) 0.174

TNM stage

Stage II, III, IV 13.3 (4.75–37.22) <0.001 9.46 (3.33–26.9) <0.001

Sarcopenia

Yes (n=135) 2.33 (1.21–4.53) 0.012 2.11 (1.07–4.17) 0.031

PMI (cm2/m2) 0.95 (0.78–0.17) 0.640

HR, hazard ratio; CI, confidence interval; BMI, body mass index; PY, pack year; AFP, alpha-fetoprotein; PLT, platelet; IL-6, interleukin-6; MELD, model for end-
stage liver disease; ECOG PS, Eastern Cooperative Oncology Group Performance Status Scale; TNM, tumor-node-metastasis; PMI, psoas muscle index.
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years; 81% male; 85% Child-Pugh class A), the serum myostatin 

levels showed a positive correlation with the PMI and were not a 

significant factor for overall survival. The mechanism of this dis-

crepancy between cirrhosis and HCC is not clear, but the develop-

ment of HCC may change the regulatory pathway of myostatin se-

cretion. In agreement with our results, the serum myostatin level 

was decreased in various cancer cachexia showing a positive cor-

relation with muscle mass.27,28 Cancer is a chronic state of energy 

malnutrition, which may increase the expression of a splice variant 

of myostatin leading to decreased bioavailability of myostatin and 

protection from sarcopenia.29

Likewise, in Japanese heart-failure patients (n=41), the serum 

myostatin levels were significantly lower than in the healthy con-

trols and again showed a positive correlation with muscle mass, 

suggesting that myostatin may have a compensatory action for 

maintaining skeletal muscle mass.30 In the murine model of cancer 

cachexia, myostatin expression was upregulated in the muscle of 

the animals, and blocking of the shared receptor of myostatin and 

activin, activin type II receptor B, prevented muscle atrophy and 

increased survival.31 However, the regulation of myostatin expres-

sion in humans is so complex that further investigation is needed.32

Follistatin is a multifunctional regulatory protein, mainly secret-

ed from the liver. The primary function of follistatin is the antago-

nism effect on the TGF-beta superfamily, including myostatin, ac-

tivin and BMPs.33-35 It is a strong inhibitor of myostatin-mediated 

sarcopenia, and follistatin-overexpressing transgenic mice exhibit 

a significant increase in muscle mass. Therefore, follistatin or fol-

listatin mimetics have been tried in preclinical use for treating 

muscle injury, atrophy or sarcopenia.36 Moreover, overexpression 

of follistatin was found in rodent and human HCC tumors, and 

experimentally administered follistatin has a role in tumor growth 

promotion and escaping from the tumor suppressive effect of ac-

tivin or TGF-beta signaling pathways.37-39 TGF-beta signaling 

showed a tumor suppressive effect in the early stages of carcino-

genesis, while it later contributes to tumor progression, showing a 

contextual regulation in HCC.40 Myeloid-derived suppressor cells 

can produce TGF-beta and IL-10, which lead to immunosuppres-

sive milieu in HCC tissues and the development of the immune es-

cape of HCC cells.41 The deregulation of the activin/follistatin sys-

tem may be important during hepatocarcinogenesis. In this study, 

the follistatin level increased with the tumor stage, higher AFP 

levels and tumor size, suggesting an oncogenic role of follistatin 

overexpression according to the HCC progression. It is supported 

by several studies showing that follistatin regulates tumor angio-

genesis, metastasis, and cell apoptosis.42

Moreover, the serum follistatin level was an independent factor 

for poor survival in the HCC patients, which was compatible with 

the results of Tomoda et al.42 who reported that the serum fol-

listatin level in HCC patients was independently correlated with a 

poor prognosis. Meanwhile, follistatin serves as a stress respon-

sive protein, having a protective role under oxidative stress, physi-

cal stress, and cellular energy deficiency such as prolonged fast-

ing, acute exercise, or solid cancers. Solid cancers including HCC 

are exposed to glucose deficiency and a hypoxic microenviron-

ment, which results in a compensatory high expression of fol-

listatin, which may be related to our findings. The overwhelming 

excretion of follistatin may exert a suppression of myostatin, lead-

ing to a protective effect on sarcopenia in the HCC patients.

IL-6 mediated signal transducer and activator of transcription 3 

activation promote hepatocarcinogenesis, and IL-6 is a determi-

nant of gender disparity for HCC development because estrogen 

inhibits the release of IL-6 from Kupffer cells, showing a reduced 

risk of HCC development in women compared to men.43 The cellu-

lar sources of IL-6 in HCC are the tumor-associated macrophages 

and HCC cells. IL-6 is a marker of inflammation with catabolic ef-

fects on muscle proteins, and contributes to the progression of 

sarcopenia.44,45 According to a recent meta-analysis, the serum 

levels for IL-6 correlates negatively with muscle strength in healthy 

elderly populations.46 Moreover, many studies have consistently 

reported that IL-6 has an important effect on the development of 

sarcopenia and cachexia and promoting tumor growth and me-

tastasis in cancer patients including HCC. In this study, the serum 

levels of IL-6 showed a significant negative correlation with the 

Figure 4. Overall survival rate in the patients with sarcopenia and non-
sarcopenia. In Kaplan-Meier survival analysis, the hepatocellular carcino-
ma patients with sarcopenia showed a significantly lower survival than 
the patients with non-sarcopenia.
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PMI and a progressive increase with increasing cancer stage. 

Therefore, IL-6 may have a major role in the sarcopenia of HCC 

patients. Whether therapeutic trials aimed at the reduction of the 

IL-6 activity, such as endurance exercise or anti-IL-6 antibodies, 

may be beneficial for cancer associated sarcopenia in humans 

need to be studied further.47 In the aspect of HCC as the ultimate 

outcome of liver fibrosis, IL-6 has a profibrogenic role, and myo-

statin seems to be fibrogenic,48 while follistatin may attenuate fi-

brosis,37 which warrants further studies.

There are some limitations in this study. First, it was a single 

center study with the measurement of only 3 myokines at one sin-

gle time of the HCC diagnosis. The serum ammonia level was 

closely linked to the development of sarcopenia, however, the se-

rum ammonia level was not measured in this study. Second, only 

the amount of muscle but not the function or quality of the mus-

cle was evaluated. It would be interesting to explore the associa-

tion between muscle strength and the 3 myokines. Third, we de-

termined the optimal cut-offs for defining prognostic sarcopenia 

from our own cohort; thus, the cut-off may overestimate the 

prognostic separation. It would be necessary to validate the cut-

off values in an independent cohort. Lastly, total skeletal muscle 

index was not measured, which remains a possible underestima-

tion of mortality risk by using PMI, as shown in cirrhosis pa-

tients.49 Sarcopenia is already a well-known factor for poor survival 

in HCC; therefore, our study mainly focused on the simultaneous 

measurement of the 3 myokines and the PMI in HCC patients for 

the first time to the best of our knowledge. Moreover, by compari-

son of those 3 myokines to the age and sex-matched healthy con-

trols, the higher levels of the 3 myokines in HCC patients were 

clearly demonstrated.

In conclusion, the serum levels of myostatin, follistatin, and IL-6 

in association with the PMI in HCC patients were presented. The 

serum myostatin level was negatively, and the IL-6 level was posi-

tively correlated with sarcopenia, while the serum follistatin level 

showed no correlation. The serum follistatin level was an inde-

pendent factor for poor survival in HCC patients, which warrants 

further study.
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IntroduCtIon

Liver cancer is the second leading cause of cancer-related mor-

tality, and hepatocellular carcinoma (HCC) accounts for approxi-

mately 90% of primary liver cancers at diagnosis.1,2 Moreover, the 

incidence of liver cancer worldwide is predicted to increase until 

2030, although viral hepatitis-related liver cancer rates are ex-

pected to decrease.3 According to the current treatment guide-

lines for HCC, hepatic resection, liver transplantation, and radio-

frequency ablation (RFA) are used as curative treatments for very 

early and early stage HCCs;1,4,5 however, these curative treatments 

cannot be applied in all patients with early stage HCCs consider-

ing the baseline liver function, availability of donor organs, and 

tumor location. Therefore, stereotactic body radiation therapy 

(SBRT) has been used as an alternative, non-invasive local abla-

tive treatment in patients with very early or early stage HCCs for 

which these curative treatments cannot be applied.6-10 Owing to 

recent advances in radiotherapy techniques and radiosensitive 

characteristics of HCC, SBRT has shown excellent local tumor con-

trol rates as well as minimal treatment-related toxicity, especially 

for small (≤5 cm) HCCs that are not suitable for curative treat-

ments.8,9,11-13 As a result of these promising outcomes, SBRT was 

regarded as an alternative treatment to thermal ablation for pa-

tients with Barcelona Clinic Liver Cancer stage A according to the 

recently updated practice guidance by the American Association 

for the Study of Liver Disease (AASLD).5

Several prospective clinical trials have been conducted to assess 

the efficacy of SBRT in patients with HCC; however, the eligibility 

criteria of those studies varied, especially regarding the stage of 

HCC and tumor size.6,7,9,14,15 Considering the powerful ablative ef-

fect of SBRT in patients with HCC, a more focused prospective 

study is needed to support the clinical benefits of SBRT. Thus, we 

conducted a phase II clinical trial to assess the clinical outcomes 

of SBRT in patients with small (≤5 cm) HCCs that are not suitable 

for curative treatments.

MAterIAls And Methods

Study outline and participants

This was a single-arm, phase II clinical trial conducted at Asan 

Background/Aims: Stereotactic body radiation therapy (SBRT) is used as an alternative ablative treatment in patients 
with hepatocellular carcinoma (HCC) not suitable for curative treatments. The purpose of this prospective study was to 
evaluate the long-term efficacy of SBRT for small (≤5 cm) HCCs. 
Methods: A phase II, single-arm clinical trial on SBRT for small HCCs was conducted at an academic tertiary care center. 
The planned SBRT dose was 45 Gy with a fraction size of 15-Gy over 3 consecutive days. The primary endpoint was 2-year 
local control rate. Radiologic responses were assessed according to the Response Evaluation Criteria in Solid Tumors 
(RECIST, version 1.1) and the modified RECIST criteria.
Results: Between 2013 and 2016, 50 patients (53 lesions) were enrolled, with a median follow-up period of 47.8 months 
(range, 2.9–70.6). Patients’ age ranged from 41 to 74 years, and 80% were male. Median tumor size was 1.3 cm (range, 
0.7–3.1). The 2- and 5-year local control rates were 100% and 97.1%, respectively. The 5-year overall survival rate was 
77.6%. Six months after SBRT, radiologic responses were evident in 44 lesions (83%) according to the RECIST criteria and 
49 (92.4%) according to the modified RECIST criteria. None of the patients showed grade ≥3 adverse events.
Conclusions: SBRT showed excellent results as an ablative treatment for patients with small HCCs while showing 
minimal toxicities. SBRT can be a good alternative for both curative and salvage intents in patients with HCCs that are 
unsuitable for curative treatments. (Clin Mol Hepatol 2020;26:506-515)
Keywords: Carcinoma, Hepatocellular; Radiotherapy; Prospective studies; Neoplasm recurrence, Local; Survival rate

study highlights
This phase II clinical trial on SBRT for small (≤5 cm) HCCs resulted in a 5-year local control rate of 97.1% and a 5-year overall survival rate of 77.6% while 
showing minimal treatment-related toxicity. Radiologic response was observed in about 90% of treated lesions at 6 months after SBRT completion. 
Considering that none of the tumors included in this study could be treated by surgery or percutaneous ablative therapies, SBRT can be a viable al-
ternative for both curative and salvage intents in patients with HCCs that are unsuitable for curative treatments.
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Medical Center, Seoul, Republic of Korea, and registered at the 

Clinical Research Information Service (registration number: 

KCT0000625). Patients aged 20 years or older with a diagnosis of 

HCC were eligible. HCC was diagnosed by pathologic confirma-

tion and/or typical findings on 4-phase dynamic computed to-

mography (CT) or magnetic resonance images (MRI) using a he-

patocyte-specific contrast agent according to the AASLD criteria.16 

The study protocol was approved by the Institutional Review 

Board of Asan Medical Center (2012-0768), and written informed 

consent was obtained from all patients prior to enrollment.

The inclusion criteria were as follows: primary or recurrent HCC 

with a Child-Pugh class A hepatic function; an Eastern Coopera-

tive Oncology Group performance status score of 0 or 1; HCCs 

with longest diameter of ≤5 cm, and ≤3 lesions with a sum of di-

ameter ≤5 cm; not suitable for surgery because of liver cirrhosis, 

insufficient remnant liver for resection, or patient refusal to un-

dergo surgery; not suitable for RFA due to the size (>3 cm in the 

longest diameter) or location (e.g., liver surface, near to the bile 

duct or large vessels, near the dome or pericardium) of HCC, un-

detectable HCC on ultrasonography, or bleeding tendency of pa-

tients; lesion non-visibility on hepatic angiogram for transarterial 

chemoembolization (TACE) or an incomplete response after TACE 

according to the modified Response Evaluation Criteria in Solid 

Tumors (RECIST); a sufficient distance (>2 cm) between HCC and 

radiosensitive organs such as the stomach, duodenum, esopha-

gus, and large bowel; and evidence of an adequate residual func-

tional liver volume (>700 mL).

Patients were excluded if they had macroscopic vascular inva-

sions, extrahepatic metastasis, uncontrolled ascites, hepatic en-

cephalopathy, transaminase level >200 IU/L, history of liver trans-

plantation or radiotherapy, an active gastric or duodenal ulcer, 

other uncontrolled comorbidities, or malignant tumors.

Intervention

The simulation and target volume delineation for SBRT were 

identical to those used in our previous studies.10,17,18 All patients 

were immobilized with a vacuum cushion in the supine position. 

Four-dimensional (4D) CT scanning was performed using a 

16-slice CT system (GE LightSpeed RT 16; GE Healthcare, Wauke-

sha, WI, USA). The 4D-CT images, synchronized with the respira-

tory data, were sorted into 10 CT series according to the respira-

tory phase (Advantage 4D version 4.2; GE Healthcare). Patients’ 

respiratory data were analyzed using a Real-time Position Man-

agement gating system (Varian Medical Systems, Palo Alto, CA, 

USA). Three gold seeds (CIVICO Medical Solutions, Kalona, IA, 

USA) were implanted in the hepatic parenchyma around the tu-

mor prior to CT simulation. The gold seeds were not implanted in 

patients who had surgical clips or compact iodized oil around the 

viable HCC after prior treatments, or those with uncontrollable 

bleeding tendencies.19

The gross tumor volume (GTV), as determined by dynamic en-

hanced CT or MRI, included an enhanced HCC at the end-expira-

tory phase of the 4D-CT image. The clinical target volume was 

equal to the GTV. The internal target volume (ITV) was deter-

mined as the sum of the individual GTVs as defined within the 

gated phases of respiration. The planning target volume (PTV) 

was added with a 0.5-cm margin from the ITV.10

SBRT planning was performed using a 3-dimensional radiother-

apy planning system (Eclipse; Varian Medical Systems) that used 

the two arcs of volumetric-modulated arc therapy technique using 

a 10-MV flattening filter-free beam using a linear accelerator 

(TrueBeam STx; Varian Medical Systems).18 A total dose of 45 Gy 

was prescribed using 15 Gy per fraction over 3 consecutive days. 

The total dose was determined based on our prescription guide-

lines including the following: 1) the maximum dose allowed to 

700 mL of normal liver was estimated to be 15 Gy in three frac-

tions and 2) the mean dose to normal liver did not exceed 13 Gy 

in three fractions. The dose constraints to adjacent critical normal 

organs were as follows: 1) 2 mL of the esophagus or large bowel 

were limited to a total dose of <21 Gy; 2) 2 mL of the stomach or 

duodenum were limited to <18 Gy; and 3) 2 mL of the spinal cord 

were limited to 18 Gy.10 The beam delivery was performed with an 

image-guidance and a respiratory-gated beam delivery technique 

using an On-Board Imager (Varian Medical Systems).

Outcomes and evaluation

The primary endpoint of this study was 2-year local control rate. 

Local control was defined as no evidence of tumor progression of 

the treated lesion. Local tumor progression was defined as recur-

rence within the PTV, intrahepatic recurrence was defined as re-

currence within the liver outside the PTV, and extrahepatic metas-

tasis was defined as recurrent disease at any site other than the 

liver. Secondary endpoints were radiologic response rates, recur-

rence-free survival, and overall patient survival.

Tumor measurements and response evaluation were conducted 

by a radiologist (SYK) with more than 10 years of experience in 

HCC imaging. Radiologic response was defined as the combined 

number of complete response and partial response and evaluated 
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by liver dynamic CT at 2-, 4-, and 6-months after SBRT comple-

tion according to both the RECIST version 1.1 and the modified 

RECIST criteria.20,21 After 6 months, regular follow-up examina-

tions were performed at 3-month intervals. After completion of 

the 2-year study period, patients continued to receive treatment 

and were followed-up for disease status and survival until March 

31, 2019. Laboratory tests were performed at every visit, includ-

ing blood counts, chemical profiles, prothrombin time, alpha-feto-

protein, and protein induced by vitamin K absence or antagonists-

II levels. Adverse events were graded using the National Cancer 

Institute Common Terminology Criteria for Adverse Events (NCI-

CTCAE; version 4.03). Radiation-induced liver disease was also 

graded according to CTCAE or any decline in liver function using 

the worsening of Child-Pugh score ≥2 in the absence of progres-

sive disease within 3 months after SBRT.

Statistical analysis

The primary data set for efficacy analyses comprised all enrolled 

patients (intention-to-treat analysis). For sample size calculation, 

we assumed that the 2-year local control rate would be >90%, in 

contrast to <75% reported in previous studies on SBRT.15,22 Con-

sidering a 10% of drop-out rate, according to the Simpson’s 

phase 2 single-stage design, a total of 50 patients was required 

in this study for a two-sided test with 5% significance level and 

Figure 1. Flow diagram of the patients. SBRT, stereotactic body radia-
tion therapy.

53 patients screened

1 screen failure

2 withdrew consent

3 withdrew consent
1 death

1 withdrew consent
1 death

52 patients enrolled

50 received SBRT
(intention-to-treat population)

48 evaluated for treatment response 
according to study protocol

44 completed follow-up evaluation

table 1. Patient characteristics (n=50)

Variable Value 

Age (years) 64 (41–74)

Sex

Male 40 (80.0)

Female 10 (20.0)

ECOG performance status

0 49 (98.0)

1 1 (2.0)

Cause of disease

Hepatitis B virus infection 41 (82.0)

Hepatitis C virus infection 4 (8.0)

Others 5 (10.0)

Child-Pugh score

5 40 (80.0)

6 10 (20.0)

Albumin (g/dL) 3.9 (3.2–4.8)

Total bilirubin (mg/dL) 0.8 (0.3–2.3)

Aspartate aminotransferase (IU/L) 28 (18–67)

Alanine aminotransferase (IU/L) 23 (8–70)

Tumor size (n=53)* (cm) 1.3 (0.7–3.1)

Alpha-fetoprotein (ng/mL) 5.4 (1.5–1,648.9)

PIVKA-II (mAU/mL) 20 (10–379)

Bile duct invasion (n=53)

No 52 (98.1)

Yes 1 (1.9)

Prior treatments

No 2 (4.0)

Yes 48 (96.0)

Session No. of prior treatments 3 (1–10)

Resection 1 (2.1)

Resection, TACE 4 (8.3)

Resection, RFA, TACE 3 (6.3)

RFA, TACE 18 (37.5)

RFA 5 (10.4)

TACE 17 (35.4)

Values are presented as median (range) or number (%).
ECOG, Eastern Cooperative Oncology Group; PIVKA, protein induced by 
vitamin K absence or antagonist; TACE, transarterial chemoembolization; 
RFA, radiofrequency ablation.
*Median tumor size and range are the same according either the Response 
Evaluation Criteria in Solid Tumors (RECIST) or the modified RECIST 
measurements.
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90% power to detect a difference in local control rate of 15%.

Overall and recurrence-free survival rates were estimated from 

the SBRT start date to the date of death, the last follow-up exami-

nation, or to the date of tumor recurrence. The probability of cu-

mulative survival was calculated using the Kaplan-Meier method. 

Univariate and multivariate analyses were performed to evaluate 

the association of covariates with overall and recurrence-free sur-

vivals. Cox proportional hazards model with backward elimination 

was used to identify risk factors in the multivariate model. All sta-

tistical analyses were performed using the SPSS software (version 

21; IBM SPSS Statistics, Armonk, NY, USA).

results

Study population

Between April 4, 2013 and August 19, 2016, 50 patients were 

included in the intention-to-treat analysis (Fig. 1). Given that each 

of three patients had two viable HCCs that were simultaneously 

treated with SBRT, a total of 53 lesions were included in this 

study. Table 1 summarizes the patient characteristics. The study 

population was mostly males (80%), with a median age of 64 

years (range, 41–74). Chronic hepatitis B virus (HBV) infection was 

the main cause of background liver disease. Median tumor size 

was 1.3 cm (range, 0.7–3.1) using either the RECIST or the modi-

fied RECIST measurements, and one patient had HCC with a seg-

mental bile duct invasion prior to SBRT. The locations of the HCC 

lesions were as follows: subcapsular area (26, 49.1%), perivascu-

lar area (15, 28.3%), near the dome (10, 18.8%), and previous 

RFA margin (2, 3.8%). All patients received a planned dose of 45 

Gy in three fractions (prescription, 91–100% of isodose line) for 

target lesions. Only two patients (4%) were treatment-naïve, and 

all other patients had received various courses of locoregional 

therapies before receiving SBRT (median, 3 courses). However, 

additional locoregional treatments were not performed on recur-

rent or residual viable HCCs if SBRT was considered according to 

the study protocol.

Figure 2. (A) Local control rates of all lesions after stereotactic body radiation therapy, (B) overall survival rates of all patients, (C) intrahepatic recur-
rence-free survival rates of all patients, (D) distant metastasis-free survival rates of all patients, and (E) recurrence-free survival rates of all patients.
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Local control rates and radiologic response

At the completion of the 2-year study period, 44 patients (47 

lesions) completed the follow-up evaluations according to the 

study protocol (Fig. 1). During the follow-up period, local recur-

rence was observed in one (1.8%) out of the 53 lesions, resulting 

in 2- and 5-year local control rates of 100% and 97.1%, respec-

tively (Fig. 2A; estimated local recurrence-free survival in Supple-

mentary Fig. 1).

At 2 months after completion of SBRT, all lesions underwent re-

sponse evaluation; radiologic responses were observed in 19 

(35.8%) and 24 (45.3%) lesions according to the RECIST and the 

modified RECIST criteria, respectively. At 4 months, 37 (69.8%) 

and 43 (81.1%) lesions showed responses according to the RECIST 

and the modified RECIST criteria, respectively. At the final re-

sponse evaluation of 6 months after completion of SBRT, 44 

(83.0%) and 49 (92.4%) lesions had achieved radiologic respons-

es according to the RECIST and the modified RECIST criteria, re-

spectively (Table 2). A representative case is shown in Supplemen-

tary Figure 2.

Overall and recurrence-free survival rates 

The median follow-up period of participants was 47.8 months 

(range, 2.9–70.6). By the last follow-up, 40 patients were alive. 

The 2- and 5-year overall survival rates were 96.0% and 77.6%, 

respectively (Fig. 2B). Thirty-six patients were diagnosed as hav-

ing tumor recurrences on follow-up imaging studies (CT, 26 pa-

tients; both CT and MRI, 10 patients). Among them, intrahepatic 

(i.e., outside the PTV) HCC recurrence was the main cause of fail-

ure (33 of 50 patients), and distant metastasis also developed in 

eight patients during follow-up. The rates of 5-year intrahepatic 

recurrence-free survival, distant metastasis-free survival, and re-

currence-free survival were 32.0%, 83.9%, and 26.8%, respec-

tively (Fig. 2C-E). Multivariate analysis revealed that tumor size 

was significantly associated with overall survival (hazard ratio 

[HR], 2.504; 95% confidence interval [CI], 1.031–6.084; P=0.043) 

and recurrence-free survival rates (HR, 2.791; 95% CI, 1.604–

4.858; P<0.001) (Supplementary Tables 1, 2).

Treatment-related toxicity 

SBRT-related toxicities are summarized in Table 3. All patients 

received the planned SBRT without any interruptions due to intol-

erable side effects. Fatigue and anorexia were the most common 

acute toxicities, which were mostly mild (NCI-CTCAE grade 1)  

(Table 3).

Two patients (4%) experienced elevations in the Child-Pugh 

score to ≥2. Of these, one patient had a Child-Pugh score 8 he-

patic function and also showed peritoneal seeding nodules at 

2 months after completion of SBRT; this patient died due to he-

patic failure at 2.9 months after SBRT. Serious adverse events 

were reported in seven patients, including compression fracture in 

lumbar spine, variceal bleeding, cholangitis, fungal sinusitis, dys-

pnea, abdominal pain, and gallbladder stone (all n=1), all of 

which were regarded as unrelated to SBRT.

There were no gastrointestinal complications such as bleeding 

or perforation during follow-up. Five patients (10%) developed rib 

fractures, which did not require any specific treatment and im-

proved spontaneously. Four patients (8%) developed grade 1 or 2 

biliary strictures, and six patients (12%) experienced grade 1 radi-

ation pneumonitis in the right lower lung fields (Table 3).

table 2. Radiologic responses after stereotactic body radiation therapy according to the timing of evaluation

RECIST mRECIST

At 2 months At 4 months At 6 months At 2 months At 4 months At 6 months

Overall response rates* 19 (35.8) 37 (69.8) 44 (83.0) 24 (45.3) 43 (81.1) 49 (92.4)

Complete response 6 (11.3) 18 (34.0) 29 (54.7) 16 (30.2) 34 (64.1) 45 (84.9)

Partial response 13 (24.5) 19 (35.8) 15 (28.3) 8 (15.1) 9 (17.0) 4 (7.5)

Stable disease 33 (62.3) 13 (24.5) 8 (15.1) 29 (54.7) 8 (15.1) 3 (5.7)

Progressive disease 1 (1.9) 1 (1.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Not evaluable† 0 (0.0) 2 (3.8) 1 (1.9) 0 (0.0) 2 (3.8) 1 (1.9)

Values are presented as number (%).
RECIST, Response Evaluation Criteria in Solid Tumors; mRECIST, modified RECIST.
*Defined as the proportion of lesions who had complete or partial responses.
†Due to failure to make scheduled visits for computed tomography in some patients.
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dIsCussIon

In this phase II clinical trial of patients with small (≤5 cm) HCCs, 

SBRT was associated with high rates of local tumor control (100% 

at 2 years and 97.1% at 5 years), radiologic response (92.4% at 6 

months by the modified RECIST criteria), and overall survival 

(77.6% at 5 years) while showing minimal treatment-related tox-

icity. One patient experienced hepatic failure 2 months after SBRT, 

the cause of which was unclear. These results show clinical bene-

fits of using SBRT as an ablative treatment for small HCCs that are 

not amenable to hepatic resection, RFA, or even TACE.

Multiple prospective and retrospective studies have been con-

ducted to evaluate the efficacy of SBRT for HCC, with many show-

ing promising outcomes. However, the indications for SBRT varied, 

with some trials including patients with portal vein tumor throm-

bus6,7,15 and others including patients with extrahepatic metasta-

sis.15 Moreover, a wide range of tumor sizes, from 1.0 cm to 23.1 

cm, was included.6,7,9,14,15 Thus, it was difficult to draw a consistent 

conclusion on the use of SBRT for HCC. As SBRT can be used for 

various clinical purposes from curative to palliative aims at the 

physician’s discretion, the results of curative intent SBRT on pa-

tients with early stage HCCs should be analyzed if the ablative ef-

fect of SBRT is the primary endpoint. Therefore, we designed the 

current trial by including patients with liver-confined, small (≤5 

cm) HCCs without macroscopic vascular invasion. Similarly, Takeda 

et al.9 conducted a phase II study on SBRT for early stage or small 

(≤4 cm) HCCs and reported favorable outcomes in terms of 3-year 

local control (96.3%) and 3-year liver-related cause-specific sur-

vival (72.5%). Other retrospective studies using ≤5–6 cm of max-

imum HCC tumor diameter as inclusion criteria also showed high 

local control rates.8,10-13,18

In this study, 2- and 5-year local control rates were as high as 

100% and 97.1%, respectively. Such high local control rates could 

be explained as follows. First, participants of this study had rela-

tively smaller HCCs (range, 0.7–3.1 cm) than those of previous 

studies. With the exception of two patients, 48 (51 lesions) were 

enrolled with recurrent HCC after prior locoregional treatments. 

Hence, we decided to perform salvage therapies when typical re-

currence was observed on regular follow-up images even if the le-

sion was small. As tumor size is one of the most important factors 

for local tumor control after SBRT,8,10,23-25 this may have led to the 

high local control rate in this study. Second, the established SBRT 

procedures and techniques at our institution, including 4D-CT, tu-

mor localization on planning CT, respiratory-gated delivery, and a 

thorough image-guidance on each fraction, may have contributed 

to the improved clinical outcomes. We recently evaluated the tar-

geting accuracy of our image-guided SBRT for HCC using post-ra-

diotherapy MRI with hepatocyte-specific contrast agent and 

found that the set-up errors were less than 5 mm in cranio-cau-

dal, right-left, and anterior-posterior directions with or without 

internal fiducial markers.19 This high local tumor control could not 

be observed in early phase follow-up images. The timing of treat-

ment response was evaluated by an experienced abdominal radi-

ologist at regular intervals (2-, 4-, 6-month after SBRT) according 

table 3. Adverse events after stereotactic body radiation therapy

NCI-CTCAE grade

Grade 1 Grade 2 Grade 3 Grade 4

Acute events

Fatigue 2 (4.0) 0 (0.0) 0 (0.0) 0 (0.0)

Nausea 2 (4.0) 0 (0.0) 0 (0.0) 0 (0.0)

Dyspepsia 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0)

AST/ALT elevation 16 (32.0) 1 (2.0) 0 (0.0) 0 (0.0)

Alkaline phosphatase elevation 7 (14.0) 0 (0.0) 0 (0.0) 0 (0.0)

Bilirubin elevation 0 (0.0) 2 (4.0) 0 (0.0) 0 (0.0)

Late events

Radiation pneumonitis 6 (12.0) 0 (0.0) 0 (0.0) 0 (0.0)

Biliary stricture 3 (6.0) 1 (2.0) 0 (0.0) 0 (0.0)

Rib fracture 4 (8.0) 1 (2.0) 0 (0.0) 0 (0.0)

Values are presented as number (%).
NCI-CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events version 4.03; AST, aspartate transaminase; ALT, alanine transaminase.
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to the study protocol. Response rates were less than 50% at  

2 months; however, at 6 months after completion of SBRT, they 

were around 90% according to both the RECIST and modified RE-

CIST criteria. This delayed response trend after SBRT is a poten-

tially valuable finding that may aid decision-making processes for 

the management of HCC.

Although most of the enrolled patients had recurrent HCCs with 

a history of locoregional treatments, the overall survival rate in 

this study was as high as 77.6% at 5 years. The most likely reason 

for this promising result was that all patients had preserved liver 

functions according to the eligibility criteria. The main failure pat-

tern was intrahepatic recurrence, with a cumulative intrahepatic 

recurrence of about 70%, which is similar to that of previous re-

ports. Given that multicentric carcinogenesis in the context of 

chronic liver disease is considered as an important cause of intra-

hepatic recurrence, similar outcomes were observed after SBRT for 

solitary HCC or after RFA.9,26,27 Therefore, a regular follow-up and 

an active decision of salvage therapies are necessary to control 

recurrent HCCs after SBRT.

Based on the encouraging outcomes of SBRT for HCC, some 

studies have compared the outcomes of locoregional therapies 

(e.g., hepatectomy, RFA, and TACE) with those of SBRT.28-31 Of 

these, Hara et al. compared these two modalities in patients with 

small (≤3 cm) HCCs who received curative intent treatment and 

reported that the 3-year local recurrence rates in the SBRT and 

the RFA groups were 5.3% and 12.9% (P<0.01), respectively; 

these differences were more notable if the HCCs were attached to 

vessels (≤1 mm) (5.2% in the SBRT group, 25.5% in the RFA 

group; P<0.01).28 After propensity score matching, overall survival 

rates, cancer-specific mortality rates, and liver failure mortality 

rates were not significantly different between the two groups; 

and the authors concluded that SBRT was an acceptable alterna-

tive option for patients who were not candidates for RFA.28 Al-

though these studies had retrospective designs, their results war-

rant the need for well-designed clinical trials to delineate the 

clinical benefits of using SBRT as an ablative treatment for pa-

tients with HCC, especially for those with early stage diseases.

This study has the following limitations. First, the number of en-

rolled patients was relatively small, and the number of events (lo-

cal recurrence: 1, death: 10) that occurred during follow-up was 

not enough to perform statistical analysis. Therefore, it was diffi-

cult to find novel results on the use of SBRT for HCC, compared 

with the previous reports. Second, HBV infection was the main 

cause (82%) of background liver disease; thus, the results of this 

study should be further confirmed in patients with HCCs unasso-

ciated with HBV. Finally, most of the enrolled patients had recur-

rent HCCs with a history of prior locoregional treatments; thus, 

further studies on SBRT in treatment-naïve patients with small 

HCCs are needed to confirm the role of SBRT as a curative treat-

ment option. Nevertheless, focusing on the ablative effect of SBRT 

in patients with liver-confined, small (≤5 cm) HCCs, presenting 

the trends of radiologic response rates after SBRT measured at 

regular intervals, and long-term follow-up data could be consid-

ered valuable to report our prospective trial.

In conclusion, this phase II clinical trial demonstrated that SBRT 

was well-tolerated and resulted in high local control rates and 

promising overall survival rates in patients with small (≤5 cm) 

HCCs. Considering that tumors included in this study could not be 

treated by curative treatment modalities, SBRT can be considered 

a good alternative treatment option when hepatic resection or 

RFA cannot be applied.
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INTRODUCTION

Hepatocellular carcinoma (HCC) generally develops in the set-

ting of underlying chronic liver disease and carries high clinical 

and economic global burdens.1,2 HCC is notorious for its high re-

currence rate, experienced by approximately two-thirds of patients 

within 5 years of curative treatment with resection or radiofre-

quency ablation (RFA).3-8 Nonetheless, some patients do not ex-

perience recurrence for more than 5 years after resection or RFA 

for early-stage HCC. In certain types of cancer (e.g., stomach or 

colon), 5 recurrence-free years suggests that the risk of recurrence 

is minimal. Hence, clinicians may stop routine secondary surveil-

lance for tumor recurrence.9-13 However, patients with HCC usually 

have an underlying chronic disease, which may progress over time 

and de novo HCC may develop even after a long recurrence-free 

period.14 This indicates that continued secondary surveillance for 

HCC may be needed even for those with long recurrence-free pe-

riods.

As cancer surveillance is costly and is not free from the risk of 

complications, false positivity, and/or radiation hazard,15 whether 

continued secondary surveillance for HCC after a long tumor re-

currence-free period is required warrants further evaluation. With 

advances in HCC treatment and the management of underlying 

chronic liver disease, the number of long-term cancer survivors is 

also increasing,16 giving rise to unmet needs in clinical practice. To 

the best of our knowledge, limited information is available regard-

ing the risk and risk factors for HCC recurrence in patients who do 

not experience HCC recurrence for long periods (e.g., 5 years) af-

ter curative treatment with resection or RFA for early-stage HCC. 

This study aimed to identify the risk and risk factors for recurrence 

in early-stage HCC patients initially treated with resection or RFA, 

with special attention to those who did not experience recurrence 

for 5 years.

Background/Aims: Although hepatocellular carcinoma (HCC) is notorious for its high recurrence rate, some patients do 
not experience recurrence for more than 5 years after resection or radiofrequency ablation for early-stage HCC. For those 
with five recurrence-free period, the risk of HCC recurrence within the next 5 years remains unknown.
Methods: A total of 1,451 consecutive patients (median, 55 years old; males, 79.0%; hepatitis B virus-related, 79.3%) with 
good liver function (Child-Pugh class A) diagnosed with early-stage HCC by Barcelona Clinic Liver Cancer Staging and 
received radiofrequency ablation or resection as an initial treatment between 2005 and 2010 were analyzed.
Results: During a median follow-up period of 8.1 years, 961 patients (66.2%) experienced HCC recurrence. The 
cumulative recurrence rates increased to 39.7%, 60.3%, and 71.0% at 2, 5, and 10 years, respectively, and did not reach a 
plateau. Five years after HCC diagnosis, 487 patients were alive without experiencing a recurrence. Among them, during 
a median of 3.9 additional years of follow-up (range, 0.1–9.0 years), 127 patients (26.1%) experienced recurrence. The next 
5-year cumulative recurrence rate (5–10 years from initial diagnosis) was 27.0%. Male sex, higher fibrosis-4 scores, and 
alpha-fetoprotein levels at 5 years were associated with later HCC recurrence among patients who did not experience 
recurrence for more than 5 years.
Conclusions: The HCC recurrence rate following 5 recurrence-free years after HCC treatment was high, indicating that 
HCC patients warrant continued HCC surveillance, even after 5 recurrence-free years. (Clin Mol Hepatol 2020;26:516-
528)
Keywords: Carcinoma, Hepatocellular; Treatment; Long-term; Recurrence

Study Highlights
•   The recurrence rate of HCC in early-stage patients who received curative treatment was high, even after 5 recurrence-free years.
•   Male sex, high fibrosis-4 scores, and alpha-fetoprotein levels were associated with later HCC recurrence, but even those without the above risk fac-

tors showed substantial recurrence rates.
• HCC patients warrant continued secondary HCC surveillance, even after 5 recurrence-free years.



518 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0016

Volume_26  Number_4  October 2020

PATIENTS AND METHODS 

Study design, setting, and participants 

This study was a single-center, retrospective cohort study per-

formed at Samsung Medical Center, Seoul, South Korea, using an 

HCC registry. The HCC registry is an electronic registry that re-

cords baseline clinical characteristics, tumor variables, and the ini-

tial treatment modalities of every newly-diagnosed HCC patient 

aged 18 years or older who received care at the Samsung Medical 

Center, Seoul, South Korea, in a prospective manner. A diagnosis 

of HCC was established either histologically or clinically, according 

to the regional HCC guidelines.17,18 We screened a total of 4,151 

patients in the HCC registry and included patients with 1) early or 

very early-stage HCC (Barcelona Clinic Liver Cancer [BCLC] stage 

0 or A), 2) who received resection and/or RFA as an initial treat-

ment, and 3) had preserved liver function represented as Child-

Pugh class A. Finally, 1,451 consecutive, treatment-naïve, BCLC 

stage 0 or A HCC patients who were initially treated with resec-

tion and/or RFA were analyzed (Fig. 1). The study protocol was re-

viewed and approved by the Institutional Review Board at Sam-

sung Medical Center (IRB No. 2019-05-101). As the study used 

only de-identified data routinely collected during hospital visits, 

the requirement to obtain informed patient consent was waived.

Variables, data sources, and measurements

The primary outcome variable was tumor recurrence during fol-

low-up. Tumor recurrence was diagnosed histologically or clinical-

ly using dynamic computed tomography (CT) and/or magnetic res-

onance imaging (MRI). After initial treatment with RFA or resection, 

the patients were usually monitored at 3 to 6-month intervals us-

ing dynamic liver CT or MRI and/or tumor markers at the discre-

tion of the physician in charge of the patient.

Data for the following baseline variables were collected from 

the Samsung Medical Center HCC registry recorded by trained ab-

stractors: age at diagnosis, sex, comorbidities such as diabetes 

and receiving dialysis, etiology of the liver disease, Child-Pugh 

score, albumin-bilirubin (ALBI) grade, alanine aminotransferase 

(ALT) levels, aspartate aminotransferase (AST) levels, platelet 

Figure 1. Study flow chart. HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency ablation.

Newly diagnosed HCC between  
2005–2010 (n=4,151)

617 did not experience recurrence
within 5 years

834 developed recurrence
within 5 years

127 experienced recurrence
after 5 years

130 were
censored

72 were lost to
follow-up

58 died within
5 years

487 survived at least
5 recurrence-free years

360 remained recurrence-free until
the end of follow-up

Early-stage (BCLC 0, A) HCC patients
with preserved liver function (Child-
Pugh class A) who received RFA or
resection as initial therapy (n=1,451)

Exclusions (n=2,700)
1,587 had advanced stage (BCLC B–D)
2,151 underwent therapy other than  

RFA/resection
729 had impaired hepatic funcion 

(Child-Pugh class B–C)
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Table 1. Baseline characteristics of the study population

Variable Overall (n=1,451)
Patients without recurrence 

up to 5 years (n=617)
Patients with recurrence 

within 5 years (n=834)
P-value

Age (years) 55 (49–63) 54 (48–62) 56 (50–63) 0.010§

<60 945 (65.1) 420 (68.1) 525 (62.9) 0.045‖

≥60 506 (34.9) 197 (31.9) 309 (37.1)

Male 1,147 (79.0) 472 (76.5) 675 (80.9) 0.040

Diabetes 282 (19.4) 113 (18.3) 169 (20.3) 0.383

Etiology 0.326

HBV* 1,150 (79.3) 497 (80.6) 653 (78.3)

Others† 301 (20.7) 120 (19.4) 181 (21.7)

Liver cirrhosis 692 (47.7) 243 (39.4) 449 (53.8) <0.001

Child-Pugh score 0.008

5 1,132 (78.0) 502 (81.4) 630 (75.5)

6 319 (22.0) 115 (18.6) 204 (24.5)

ALBI grade <0.001

1 838 (57.8) 392 (63.5) 446 (53.5)

2 613 (42.2) 225 (36.5) 388 (46.5)

FIB-4 score <0.001

<1.45 248 (17.1) 137 (22.2) 111 (13.3)

≥1.45 and <3.25 632 (43.6) 286 (46.4) 346 (41.5)

≥3.25 571 (39.4) 194 (31.4) 377 (45.2)

APRI <0.001

<0.7 643 (44.3) 324 (52.5) 319 (38.2)

≥0.7 808 (55.7) 293 (47.5) 515 (61.8)

MELD 0.023

≤9 1,141 (78.6) 503 (81.5) 638 (76.5)

≥10 310 (21.4) 114 (18.5) 196 (23.5)

AFP (ng/mL) 18.9 (6.0–140.0) 13.0 (4.6–161.3) 23.9 (7.0–134.0) 0.003

<10 574 (39.6) 279 (45.2) 295 (35.4) <0.001

≥10 877 (60.4) 338 (54.8) 539 (64.6)

PIVKA-II‡ (mAU/mL) 0.354

<40 924 (66.8) 394 (68.3) 530 (65.8)

≥40 459 (33.2) 183 (31.7) 276 (34.2)

Tumor number 0.029

Single 1,330 (91.7) 577 (93.5) 753 (90.3)

Two 107 (7.4) 38 (6.2) 69 (8.3)

Three 14 (1.0) 2 (0.3) 12 (1.4)

Maximal tumor size (cm) 0.985

≤2 627 (43.2) 265 (42.9) 362 (43.4)

>2 and ≤5 695 (47.9) 297 (48.1) 398 (47.7)

>5 129 (8.9) 55 (8.9) 74 (8.9)
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counts, serum creatinine levels, alpha-fetoprotein (AFP) levels, 

protein induced by vitamin K absence or antagonist-II levels (PIV-

KA-II), tumor number, maximal tumor size, BCLC stage, and the 

initial treatment modality. We additionally collected the presence 

of liver cirrhosis at baseline and serum AST, ALT, platelet, and AFP 

levels at 5 years for patients who did not experience tumor recur-

rence for the first 5 years, using the electronic medical records of 

each patient at the Samsung Medical Center. Information on the 

use of antiviral agents before HCC diagnosis and during follow-up 

was collected. Liver cirrhosis was defined based on a combination 

of histology, imaging studies, and clinical features. The ALBI 

grades, fibrosis-4 (FIB-4) scores, AST to platelet ratio index (APRI), 

and the model for end-stage liver disease (MELD) scores were cal-

culated using the original formulas (for the first three variables) or 

an updated formula (for MELD).19-22 The index visit was defined as 

the visit when the initial HCC diagnosis was made. The follow-up 

period was defined as the time from the index visit to tumor re-

currence or the last follow-up, whichever came first (reference 

date: March 31, 2019). Death without tumor recurrence was cen-

sored at the time of the last follow-up.

Statistical analyses

The data are expressed as the median (interquartile range) for 

continuous variables and as the number (%) of patients for cate-

gorical variables. The chi-squared test, Fisher’s exact test, and 

Mann-Whitney test were used to compare variables between the 

two groups. The factors associated with recurrence were tested 

using Cox regression analyses. Multivariable Cox regression analy-

sis was performed to identify independent factors associated with 

tumor recurrence using variables with P -values less than 0.1 in 

univariable analysis. The analysis was performed for all included 

patients and for patients who did not have tumor recurrence for 5 

years after HCC diagnosis. The cumulative HCC incidence was es-

timated using Kaplan-Meier methods and differences in the 

groups were compared using log-rank tests. All analyses involved 

two-sided tests of significance with P-values less than 0.05 con-

sidered statistically significant.

RESULTS

Incidence and risk factors related to recurrence 
within 5 years

The baseline characteristics of the study population and com-

parison between patients with and without recurrence for 5 years 

are shown in Table 1. The initial treatment included RFA in 649 

patients (44.7%), resection in 789 patients (54.4%), and resec-

tion with intraoperative RFA in 13 patients (0.9%). During a medi-

an follow-up period of 8.1 years, 961 patients (66.2%) experi-

enced HCC recurrence. Recurrence within the first 5 years of 

Variable Overall (n=1,451)
Patients without recurrence 

up to 5 years (n=617)
Patients with recurrence 

within 5 years (n=834)
P-value

BCLC stage 0.246

0 442 (30.5) 198 (32.1) 244 (29.3)

A 1,009 (69.5) 419 (67.9) 590 (70.7)

Initial treatment <0.001

RFA 649 (44.7) 199 (32.3) 450 (54.0)

Resection 789 (54.4) 412 (66.8) 377 (45.2)

RFA and resection 13 (0.9) 6 (1.0) 7 (0.8)

Values are presented as median (quartile) or number (%).
HBV, hepatitis B virus; ALBI, albumin-bilirubin; FIB-4 score, fibrosis-4 score; APRI, aspartate aminotransferase to platelet ratio; MELD, model for end-stage liver 
disease; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonist-II; BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency 
ablation.
*Eight cases had both HBV and hepatitis C virus infection.
†Includes hepatitis C, alcohol, and non-B non-C.
‡PIVKA-II results were missing in 68 patients.
§Derived by the Mann-Whitney test using age as a continuous variable.
‖Derived by the chi-squared test using age as a categorical variable. 

Table 1. Continued
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Figure 2. Cumulative recurrence rate in early-stage hepatocellular carcinoma patients treated with resection or radiofrequency ablation (dotted lines, 
95% confidence intervals). (A) Whole study population. (B) Comparison of the next 5-year cumulative recurrence rate (5–10 years) among patients with 
5 recurrence-free years (the dashed line) and the first 5-year cumulative recurrence rate in the total patients (the solid line). The index date was the 
time of diagnosis for a total of 1,451 patients (indicated by the solid line), and 5 years after diagnosis the 487 survivors at 5-year follow-up without re-
currence (indicated by the dashed line).

A B

 0 1 2 3 4 5 6 7 8 9 10
Years since diagnosis

Number at risk 1,451 1,097 831 676 574 487 411 364 310 239 151

Cu
m

ul
at

iv
e 

re
cu

rre
nc

e 
ra

te

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
 0  1  2  3  4  5

Years since index date
Number at risk
Total patients 1,451  1,097  831  676  574  487
5-year survivors 487  411  364  310  239  151

Cu
m

ul
at

iv
e 

re
cu

rre
nc

e 
ra

te

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Total patients (follow-up years since diagnosis)
5-year survivors (follow-up years after 5 years)

Table 2. Risk factors for recurrence within 5 years (overall patients, n=1,451)

Variable
Unadjusted Multivariable

HR (95% CI) P-value HR (95% CI) P-value

Age ≥60 vs. <60 (years) 1.18 (1.02–1.35) 0.025 1.14 (0.97–1.34) 0.108

Male vs. female 1.21 (1.02–1.44) 0.032 1.41 (1.18–1.68) <0.001

Diabetes 1.01 (0.85–1.20) 0.893

HBV vs. others 0.87 (0.74–1.02) 0.089 0.98 (0.81–1.17) 0.795

ALBI grade 2 vs. 1 1.32 (1.16–1.52) <0.001 1.23 (1.06–1.42) 0.007

FIB-4 ≥3.25 vs. <3.25 1.46 (1.28–1.68) <0.001 1.14 (0.97–1.33) 0.116

AFP ≥10 vs. <10 (ng/mL) 1.39 (1.21–1.60) <0.001 1.49 (1.28–1.72) <0.001

Tumor number

Single Reference Reference

Two 1.44 (1.12–1.84) 0.004 1.30 (1.01–1.66) 0.041

Three 2.56 (1.45–4.54) 0.001 2.17 (1.22–3.85) 0.008

Maximal tumor diameter (cm)

≤2 Reference

>2 and ≤5 1.01 (0.88–1.17) 0.877

>5 1.13 (0.88–1.45) 0.336

Initial treatment modality

Resection Reference Reference

RFA* 1.78 (1.55–2.04) <0.001 1.68 (1.45–1.94) <0.001

HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; ALBI, albumin-bilirubin; FIB-4 score, fibrosis-4 score; AFP, alpha-fetoprotein; RFA, radiofrequency 
ablation.
*Thirteen patients who received resection and radiofrequency ablation simultaneously were included in this category.
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follow-up was observed in 57.5% (834/1,451) of the patients. The 

cumulative recurrence rates at 2, 5, and 10 years were 39.7%, 

60.3%, and 71.0%, respectively (Fig. 2A), without reaching a pla-

teau. Patients experiencing recurrence within the first 5 years 

were older, more frequently male, and showed a higher propor-

tion of liver cirrhosis, higher Child-Pugh scores, higher ALBI 

Table 3. Comparison between patients with or without further recurrence after 5 recurrence-free years (n=487)

Variable
No recurrence until end of  

follow-up (n=360)
Recurrence after 5 years  

(n=127)
P-value

At baseline

Male 268 (74.4) 106 (83.5) 0.038

Diabetes 60 (16.7) 23 (18.1) 0.784

Etiology 0.303

HBV* 312 (86.7) 105 (82.7)

Others† 48 (13.3) 22 (17.3)

Tumor number 0.874

Single 338 (93.9) 119 (93.7)

Two 21 (5.8) 8 (6.3)

Three 1 (0.3) 0 (0.0)

Maximal tumor size (cm) 0.758

≤2 156 (43.3) 57 (44.9)

>2 and ≤5 174 (48.3) 62 (48.8)

>5 30 (8.3) 8 (6.3)

Initial treatment 0.001

RFA 94 (26.1) 44 (34.6)

Resection 265 (73.6) 78 (61.4)

RFA and resection 1 (0.3) 5 (3.9)

At 5 years since diagnosis

Age at 5-year 58 (53–65) 59 (54–66) 0.270

<60 197 (54.7) 66 (52.0) 0.592

≥60 163 (45.3) 61 (48.0)

5-year ALBI grade 0.054

1 340 (94.4) 113 (89.0)

2 19 (5.3) 14 (11.0)

3 1 (0.3) 0 (0.0)

5-year FIB-4 score <0.001

<1.45 73 (20.3) 16 (12.6)

≥1.45 and <3.25 221 (61.4) 66 (52.0)

≥3.25 66 (18.3) 45 (35.4)

5-year AFP (ng/mL) 2.3 (1.7–3.5) 3.4 (2.6–5.8) <0.001

<10 350 (97.2) 108 (85.0) <0.001

≥10 10 (2.8) 19 (15.0)

Values are presented as median (quartile) or number (%).
HBV, hepatitis B virus; RFA, radiofrequency ablation; ALBI, albumin-bilirubin; FIB-4 score, fibrosis-4 score; AFP, alpha-fetoprotein.
*One case had both HBV and hepatitis C virus infection.
†Includes hepatitis C, alcohol, and non-B non-C.
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grades, higher FIB-4 scores, higher APRI scores, higher MELD 

scores, and higher AFP levels. The proportion of multiple tumors 

and patients receiving RFA as initial treatment was also higher in 

patients with recurrence within 5 years than in patients who did 

not experience recurrence within 5 years (Table 1). In Cox regres-

sion analysis with multivariable adjustment, HCC recurrence with-

in 5 years was significantly associated with male sex, higher ALBI 

grades, higher AFP levels (≥10 ng/mL), multiple tumors, and treat-

ment modality (Table 2). Even in the analysis with BCLC instead of 

tumor number and size, the results were consistent (Supplemen-

tary Table 1).

Incidence and risk factors related to recurrence after 
5 years 

There were 487 patients who were alive, had no recurrence, 

and were not lost to follow-up 5 years after HCC diagnosis. They 

received a median of 3.9 additional years of follow-up (range, 

0.1–9.0 years). The cumulative recurrence rate between 5 and 10 

years after HCC diagnosis was 27.0% (95% confidence interval, 

22.7–31.8%). The surveillance interval and modality for patients 

with 5 recurrence-free years varied. The most frequent surveil-

lance interval was 6 months (49.4%) with CT as the surveillance 

modality (77.1%) at the time of recurrence. The HCC status at the 

time of recurrence was BCLC 0 stage in 55.4% and A stage in 

Table 4. Risk factors for further recurrence among patients without recurrence within 5 years (n=487)

Variable
Unadjusted Multivariable

HR (95% CI) P-value HR (95% CI) P-value

Age at 5-year ≥60 vs. <60 (years) 1.27 (0.89–1.80) 0.187

Male vs. female 1.70 (1.06–2.71) 0.027 2.01 (1.24–3.24) 0.004

Diabetes 1.06 (0.68–1.67) 0.794

HBV vs. others 0.70 (0.44–1.10) 0.124

Tumor number

Single Reference

Two or three 1.38 (0.67–2.83) 0.377

Maximal tumor diameter (cm)

≤ 2 (n=213) Reference

>2 and ≤5 (n=236) 1.07 (0.75–1.53) 0.714

>5 (n=38) 0.67 (0.32–1.41) 0.290

Initial treatment modality

Resection (n=343) Reference Reference

RFA* (n=144) 1.59 (1.11–2.27) 0.011 1.32 (0.91–1.92) 0.142

5-year ALBI grade

1 (n=453) Reference Reference

≥2 (n=34) 2.08 (1.19–3.64) 0.010 0.99 (0.51–1.92) 0.981

5-year FIB-4

<3.25 (n=376) Reference Reference

≥3.25 (n=111) 1.97 (1.37–2.84) <0.001 1.69 (1.12–2.54) 0.012

5-year AFP (ng/mL)

<10 (n=458) Reference Reference

≥10 (n=29) 4.28 (2.62–6.98) <0.001 3.37 (1.92–5.93) <0.001

HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; RFA, radiofrequency ablation; ALBI, albumin-bilirubin; FIB-4 score, fibrosis-4 score; AFP, alpha-
fetoprotein.
*This category includes patients who received resection and radiofrequency ablation simultaneously.
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37.3% of the patients. Patients whose disease did not recur until 

the last follow-up differed by sex, initial treatment modality, FIB-4 

scores, and AFP levels at five years compared to patients who ex-

perienced recurrence (Table 3). In multivariable regression analy-

sis, HCC recurrence among those without recurrence for the first 

5 years was associated with male sex, FIB-4 scores above 3.25, 

and elevated AFP levels above 10 ng/mL at 5-year follow-up  

(Table 4).

The cumulative HCC recurrence rate at each year was higher 

within the first 5 years than within the 5–10 years period after 

HCC diagnosis (Fig. 2B). When the 487 patients who survived be-

yond 5 years without recurrence were classified according to a 

number of identified risk factors (male sex, FIB-4 scores above 

3.25, and AFP levels above 10 ng/mL at 5-year), the cumulative 

HCC recurrence rates over the next 5 years (5–10 years after HCC 

diagnosis) were 71.4%, 45.0%, 24.5%, and 10.3% in patients 

with three risk factors, two risk factors, one risk factor, and no 

risk factors, respectively (P<0.001, Fig. 3).

Among the studied population, 100 patients (6.9%) did not 

have hepatitis B virus (HBV), hepatitis C virus (HCV) or cirrhosis of 

any etiology. Forty-two patients experienced HCC recurrence 

within the first 5 years, and 37 patients survived 5 years or more 

without recurrence. Among 37 patients with a recurrence-free 

survival of 5 years or more, six patients experienced recurrence 

5.7 to 8.0 years after the initial diagnosis with a 5-year cumula-

tive incidence rate of 20.0%.

DISCUSSION

In this study, the 5-year recurrence rate was high (60.3%) in 

early-stage (BCLC 0 or A) HCC patients initially treated with resec-

tion and/or RFA. Although the HCC recurrence rate gradually de-

creased with increasing follow-up time, the cumulative HCC recur-

rence did not reach a plateau in 10 years of follow-up (Fig. 2A). 

Among patients who did not experience HCC recurrence within 

the first 5 years, the next 5-year (5–10 years) cumulative recur-

rence rate was not low (27.0%). The independent risk factors for 

recurrence within the first 5 years were male sex, higher ALBI 

grades, higher AFP levels, multiple tumors, and treatment with 

RFA. In patients with 5-year recurrence-free survival, the indepen-

dent risk factors for future recurrence were male sex and higher 

FIB-4 scores and AFP levels at 5 years. Among the patients with-

out recurrence for 5 years, the risk of recurrence within the next 5 

years (5–10 years) was very high for patients with three risk fac-

tors (male, high FIB-4 score, and high AFP level; 71.4%), and was 

not low for patients without risk factors (female, low FIB-4 score, 

and low AFP level; 10.3%).

The high recurrence rates found in this study differed from those 

of other common gastrointestinal cancers. The cumulative inci-

dence rate of gastric cancer following curative resection (3.7% at 

10 years and 5.4% at 20 years) is similar to the incidence of pri-

mary gastric cancer (1.3% per year worldwide).23,24 In a study of 

1,058 patients receiving curative intent gastrectomy for T1-2N0 

gastric adenocarcinoma in the United States and China, 7% of the 

patients experienced recurrences during a median follow-up of 

over 5 years, almost all of which occurred between 6 months and 

3 years postoperatively.25 There is no available evidence support-

ing routine surveillance for asymptomatic cancer recurrence after 

curative gastrectomy. Hence, routine intensive radiological evalu-

ation or endoscopy for secondary cancer surveillance is not rec-

ommended, especially after 5 recurrence-free years.12,26 Colon 

cancer patients resected with curative-intent showed low recur-

rence rates 5 to 10 years after initial surgery (2.9% for local recur-

rence and 4.3% for distant metastasis), compared to the 1-year 

cumulative incidence of primary colon cancer worldwide 

(2.3%).27,28 Therefore, long-term intensive secondary surveillance 

for colorectal cancer is not recommended and colonoscopies at 

5-year intervals are recommended starting 4 years after sur-

gery.13,29,30

However, in the case of HCC, the long-term recurrence rates re-

ported after curative treatment were quite high, as in this study. 

In a Western study focusing on actual 10-year survivors after cu-
Figure 3. HCC recurrence after 5 recurrence-free years according to the 
number of verified risk factors (n=487). HCC, hepatocellular carcinoma.
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rative-intent resection for HCC, 11 out of 50 patients (22%) de-

veloped recurrence after the first 5 years while 62% experienced 

recurrence within 5 years.31 Among 1,294 Japanese patients 

treated with RFA for primary HCC, the 5- and 10-year distant re-

currence rates were 74.8% and 80.8%, respectively.32 Currently, 

in Korea, once a person receives a cancer diagnosis, he/she is reg-

istered to the National Cancer Registry with a C-code that pro-

vides additional insurance benefits to cancer patients for the first 

5 years. Considering the high recurrence rate, HCC patients need 

continued surveillance even after a 5-year recurrence-free period. 

This needs to be considered for HCC patients in terms of the na-

tional insurance policy in Korea.

Because the early detection of recurrence allows the possibility 

of the reapplying curative treatment modalities, post-treatment 

monitoring is recommended frequently enough to detect recur-

rence as early as possible.33 The risk of HCC was lower after five 

recurrence-free years, compared to the first 5-years, indicating 

that a different surveillance strategy might be needed for those 

with long-term recurrence-free periods. In this study, the selection 

of 5 recurrence-free years was arbitrary, considering the current 

insurance policy in Korea, and the time point was not selected 

based on recurrence risk. The exact time point (e.g., after 2 years, 

4 years or 6 years after treatment) when different surveillance 

strategy is needed is not known. Additionally, the surveillance in-

terval and the surveillance modality after five recurrence-free 

years are important issues as well. In this study, the surveillance 

intervals and methods were at the discretion of the physician in 

charge of the patient. Hence, further analysis of these factors 

could not be performed. Thus, the proper surveillance strategies 

for those with 5 recurrence-free years warrants further evaluation.

In previous studies assessing the risk factors for HCC recurrence, 

late recurrence (usually defined as tumor recurrence after 24 

months) was related to underlying chronic liver disease, whereas 

early recurrence (usually defined as tumor recurrence within first 

24 months) was associated with tumor-related factors (i.e., tumor 

size, tumor number, serum tumor marker, peripheral invasion, and 

vascular invasion) and treatment modality.34-40 Consistent with 

those findings, our study also found that tumor factors or treat-

ment modality were no longer independent factors for future HCC 

recurrence in HCC patients with 5 recurrence-free years while they 

were independent risk factors for HCC recurrence in the first 5 

years. 

Although RFA and resection are considered curative-intent 

treatments for early-stage HCC, the baseline characteristics of the 

patients in our study differed significantly between those receiv-

ing RFA and resection (Supplementary Table 2), and these two 

groups showed different risks of tumor recurrence (Supplementary 

Fig. 1). In the multivariable-adjusted analysis, the risk of recur-

rence was different for the first 5 years according to the treatment 

but did not differ after 5 years in this study. However, considering 

the study size (138 patients who received RFA and survived more 

than 5 years without recurrence), this finding needs further evalu-

ation in a larger sample.

Notably, the FIB-4 score at 5 years, which was developed and 

validated as a noninvasive marker for predicting liver fibrosis and 

cirrhosis,41-43 was an independent factor for HCC recurrence. FIB-4 

is considered a promising prognostic factor for monitoring HCC 

patient survival and recurrence after treatment.44 Although the 

patients had significantly different recurrence rates according to 

the presence of liver cirrhosis (Supplementary Fig. 2), we used 

FIB-4 to estimate the fibrosis burden in the overall cohort, as his-

tological information was missing for patients who received RFA. 

When the analysis was limited to 802 patients who underwent 

resection and had histologic information, advanced fibrosis de-

fined by histology was a risk factor for recurrence within 5 years 

(Supplementary Table 3). Advanced fibrosis was also a risk factor 

for later recurrence among 349 patients with 5 recurrence-free 

years (Supplementary Table 4).

Using these risk factors, we wanted to determine if there was 

any specific population with an extremely low risk for recurrence 

after 5 years, for whom secondary surveillance may not be neces-

sary. However, there were no subgroups with extremely low risk 

of future recurrence among early-stage HCC patients treated with 

resection or RFA. Even in patients with 5 recurrence-free years, 

and without any identified risk factors for HCC recurrence, the risk 

of later HCC development was substantial (5-year cumulative re-

currence rate of 10.3% for the next 5 years). Although direct 

comparison is difficult, this rate was lower than the annual inci-

dence rate of HCC in cirrhotic patients (3–7%),45-47 but was higher 

than the yearly incidence rate of HCC (0.7–1.7%) in chronic hepa-

titis B patients who received antiviral therapy (AVT) for 5 

years.48,49 For those with any risk factors, the HCC recurrence risk 

for the next 5 years (5–10 years) was substantial (24.5–71.4%). 

We also noticed that the HCC recurrence risk was substantial 

among 100 patients without HBV, HCV, or cirrhosis, even after 5 

recurrence-free years. Although the studied sample size was 

small, this finding indicates that continued HCC surveillance is 

warranted for long-term survivors of HCC even if they do not have 

HBV, HCV, or cirrhosis. Our findings indicate that secondary sur-

veillance is necessary for all patients, including patients with 5 re-
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currence-free years, initially treated with resection or RFA for ear-

ly-stage HCC.

There were several limitations to this study. Several factors that 

might be associated with future HCC recurrence were not ana-

lyzed in this study. HBV was the most common etiology (79.3%) 

in the studied population, and AVT for HBV can modify the risk of 

HCC recurrence.50 In this study, 514 patients (44.7%) were using 

or started AVT at HCC diagnosis. Among 636 patients who were 

not using AVT at HCC diagnosis, 190 started AVT during follow-

up at different times before HCC recurrence. As the study cohort 

was not comprised of HBV patients only, and AVT was started at 

different times with different virological outcomes, the impact of 

AVT could not be assessed in this study. Smoking status, alcohol 

use, and AVT for HCV infection were also not analyzed. Some of 

these variables had high rates of missing data and the measure-

ment methods used were not standardized during the follow-up 

periods. Hence, there is a possibility that unidentified factors 

could be associated with later HCC recurrence. This study was 

conducted in a single referral center in a high HBV endemic area, 

limiting the generalizability to other areas where the major etiolo-

gy of HCC is different. In addition, although high recurrence rates 

indicate that secondary HCC surveillance may be cost-effective 

and may lead to mortality reduction compared to non-surveil-

lance, the actual risk and benefit of secondary HCC surveillance 

have not been studied in controlled trials. Therefore, the optimal 

intervals and methods for secondary HCC surveillance also remain 

to be determined.

In summary, the HCC recurrence rates were high, even after 5 

recurrence-free years following HCC treatment. Therefore, HCC 

patients warrant continued HCC surveillance, even after 5 recur-

rence-free years, especially in men with high FIB-4 scores and ele-

vated AFP levels at 5-year follow-up. Studies to determine the op-

timal secondary surveillance methods for these long-term cancer 

survivors are needed. 
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third-leading cause of 

cancer-related death worldwide.1,2 Although curative treatment 

options such as surgical resection and liver transplantation are 

feasible for patients with early-stage HCC, the overall survival re-

mains rather low because of frequent tumor recurrence and me-

tastasis after curative treatments.3 Therefore, it is important to 

elucidate the mechanisms underlying HCC invasion and metasta-

sis to establish new therapeutic targets to improve the prognosis 

of HCC.

The importance of epithelial-to-mesenchymal transition (EMT) 

in tumor metastasis has been recognized in many cancers, includ-

ing HCC.4 EMT is a key initiating step in cancer invasion and me-

tastasis,5-7 during which epithelial cells lose intercellular adhesion 

ability and acquire mesenchymal characteristics, resulting in an 

increase in their migratory and invasive properties.8 Among the 

mechanisms controlling the EMT process, transcriptional regula-

tion by Snail plays an important role.9 Snail, a zinc-finger tran-

scription factor, shuttles between the cytoplasm and nucleus, 

where it binds to an E-box site in the promoter of the E-cadherin-

encoding gene10 and inhibits E-cadherin transcription, thereby 

triggering EMT.11-13 Another factor involved in EMT regulation is 

glycogen synthase kinase-3 (GSK-3). Although the role of GSK-3 in 

cancer progression is ambiguous, it has been shown that this ki-

nase could act as a tumor suppressor through phosphorylation of 

β-catenin and inhibition of the Wnt/β-catenin pathway, which re-

sults in preventing EMT, cancer development, and metastasis.14 

Furthermore, GSK-3 is known to participate in the ubiquitination 

and degradation of β-catenin and Snail.15

The phosphorylation-dependent activation of GSK-3 is con-

trolled through the phosphatidylinositol 3-kinase (PI3K)/Akt path-

way, which is established to play a critical role in EMT, in particu-

lar by directly upregulating the expression of Snail.16 When the 

PI3K/Akt pathway is activated through stimulation of receptor ty-

rosine kinases, the p85-p110 complex is recruited to the mem-

brane, where it generates second messengers, which trigger a 

signaling cascade resulting in the activation of AKT, which phos-

Background/Aims: Patients with advanced hepatocellular carcinoma (HCC) have a poor prognosis due to the lack of 
effective systemic therapies. Epithelial-to-mesenchymal transition (EMT) is a pivotal event in tumor progression, during 
which cancer cells acquire invasive properties. In this study, we investigated the effects of phosphatidylinositol 3-kinase 
(PI3K) inhibitors, including LY294002 and idelalisib, on the EMT features of HCC cells in vitro.
Methods: Human HCC cell lines, including Huh-BAT and HepG2, were used in this study. Cell proliferation was measured 
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide, and cell cycle distributions were evaluated using a 
flow cytometer by propidium iodide staining. Immunofluorescence staining, quantitative real-time polymerase chain 
reaction, and immunoblotting were performed to detect EMT-associated changes.
Results: PI3K inhibitors suppressed the proliferation and invasion of HCC cells and deregulated the expression of 
EMT markers, as indicated by increased expression of E-cadherin, an epithelial marker, and decreased expression 
of N-cadherin, a mesenchymal marker, and Snail, a transcription factor implicated in EMT regulation. Furthermore, 
LY294002 and idelalisib inhibited the phosphorylation of GSK-3β and induced the nuclear translocation of GSK-3β, which 
corresponded to the downregulation of Snail and β-catenin expressions in Huh-BAT and HepG2 cells.
Conclusions: The inhibition of PI3K/Akt signaling decreases Snail expression by enhancing the nuclear translocation 
of GSK-3β, which suppresses EMT in HCC cells, suggesting the potential clinical application of PI3K inhibitors for HCC 
treatment. (Clin Mol Hepatol 2020;26:529-539)
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phorylates GSK-3.17 The PI3K p110-encoding gene (PIK3CA) is ab-

errantly expressed in many cancers, such as breast, digestive 

tract, ovarian, and thyroid cancers and lymphomas, which have 

high metastatic capacity.18 Therefore, PI3K inhibitors have been 

extensively investigated for their anticancer activity in multiple 

clinical trials. Among such inhibitors, idelalisib (also known as 

CAL-101), which specifically downregulates p110δ expression that 

is increased in metastatic tumors,19,20 has been approved by the 

US Food and Drug Administration for the treatment of chronic 

lymphocytic leukemia and various lymphomas. However, there 

have been no studies about the therapeutic effect of idelalisib on 

HCC. LY294002, another PI3K inhibitor, acts by suppressing PI3K 

enzymatic activity, blocking cell proliferation and promoting 

apoptosis in HCC cells.21 Because of their activity in cancer cells, 

idelalisib and LY294002 have attracted attention as potential 

agents for the treatment of metastatic tumors.22,23

In this study, we examined whether PI3K inhibitors suppress 

EMT in HCC cells through deactivation of Snail.

MATERIALS AND METHODS

Cell culture and drug treatment

Huh-BAT and HepG2 human HCC cells were obtained from the 

Korean Cell Line Bank (Seoul, Korea). HCC cells were cultured in 

Dulbecco’s modified Eagle’s medium (Thermo Fisher Scientific, 

Inc., Waltham, MA, USA) supplemented with 10% fetal bovine 

serum (FBS) (Thermo Fisher Scientific, Inc.), 100 U/mL penicillin 

and 100 mg/mL streptomycin. They were cultured in fresh medium 

for 24 hours at 37°C in a humidified atmosphere containing 5% 

CO2 and then treated with different concentrations of LY294002 

(Calbiochem, La Jolla, CA, USA) or idelalisib (LC Laboratories, 

Woburn, MA, USA). Control cells were cultured in medium with 

10% FBS without any additional treatments.

Cell proliferation assay

Huh-BAT and HepG2 cells were plated in 96-well plates (5×103 

cells/well), and 24 hours later, they were incubated with 

LY294002 or idelalisib for 2, 6, 24, or 48 hours. Cell viability was 

assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 

bromide assay following the manufacturer’s protocols. The cells 

were incubated with 0.5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (Amresco Inc., Solon, OH, USA) at 

37°C for 3 hours. Dimethyl sulfoxide (Sigma-Aldrich, St. Louis, 

MO, USA) was added to each well. The absorbance was detected 

at 540 nm using a plate reader. Each experiment was repeated 

three times.

Cell cycle analysis

Huh-BAT and HepG2 cells were collected by trypsinization and 

then fixed in precooled 70% ethanol at 4°C for 20 minutes. After 

washing with phosphate-buffered saline (PBS), they were incu-

bated with 100 μg/mL RNase A (Amresco Inc.) at 37°C for 50 

minutes. Each sample was stained with 1 mg/mL propidium io-

dide (Sigma-Aldrich). Cell cycle distributions were detected using 

a FACS Calibur flow cytometer and BD CellQuestTM Pro software 

version 5.2.1 (BD Biosciences, San Jose, CA, USA).

Invasion assay

The invasion assay was performed using 24-well Transwell 

plates (Millipore, Billerica, MA, USA). Briefly, Huh-BAT and HepG2 

cells were seeded in the upper chamber in serum-free medium in 

the presence or absence of 20 μM LY294002 or idelalisib for 24 

hours at 37°C, after which 500 μL media containing 10% FBS 

was added to the lower chamber. Then, cells invading through the 

membrane were stained with crystal violet (Sigma-Aldrich) for 10 

minutes. Three random fields of the air-dried membrane were 

photographed under the microscope.

Immunofluorescence assay

Cells were grown on coverslips in 12-well culture plates and 

then exposed to 20 μM LY294002 or idelalisib for 24 hours. Fol-

lowing fixation with 4% paraformaldehyde for 20 minutes at 

room temperature, the cells were permeabilized with 0.5% Triton 

X-100 for 15 minutes. After blocking with 10% normal goat se-

rum (Vector Laboratories, Ltd., Peterborough, UK) for 1 hour at 

room temperature (23.8±6.3°C), cells were incubated with E-cad-

herin (1:50; cat. no. 3195; Cell Signaling Technology, Inc., Dan-

vers, MA, USA) and GSK-3β (1:50; cat. no. 610202; BD Bioscienc-

es) at 4°C overnight. Alexa Fluor 488-conjugated antibody (1:50; 

cat. no. ab150113; Abcam, Cambridge, UK) was applied for 1 

hour at room temperature. The cell nuclei were stained with 

4’,6-diamidino-2-phenylindole, and the images were viewed un-

der a confocal microscope.
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Quantitative real-time polymerase chain reaction 
(RT-PCR)

Total RNA of HCC cells was extracted after treatment for 24 

hours using the RNA extraction reagent TRIzol (Life Technologies, 

Carlsbad, CA, USA). PCR primers were synthesized by Bioneer 

(Daejeon, Korea). The following primers were used: SNAI1 (Snail) 

forward 5’-GCGAGCTGCAGGACTCTAAT-3’ and reverse 5’-GGA-

CAGAGTCCCAGATGAGCC-3’; CTNNB1  (β-catenin) forward 

5’-GCTTGGTTCACCAGTGGATT-3’ and reverse 5’-GTTGAG-

CAAGGCAACCATTT–3’; and GAPDH forward 5’-CAGCCTCAA-

GATCATCAGCA-3’ and reverse 5’-TGGAAGGACTCATGACCA-

CA-3’. Reverse transcription reagents (Enzynomics, Daejeon, 

Korea) were used for cDNA reverse transcription. PCR amplifica-

tion was conducted using a 7500 Real Time PCR system (Thermo 

Fisher Scientific, Inc.) using SYBR green-containing AccuPower 2X 

GreenStarq PCR Master Mix (Bioneer) with synthesized cDNA ac-

cording to the manufacturer’s protocol. The following thermocy-

cling conditions were used: 95°C for 10 minutes, followed by 40 

PCR amplification cycles at 95, 60, and 95°C for 60 seconds at 

each temperature, and extension at 60°C for another 1 minute. 

Relative expression of the target genes was calculated after nor-

malizing to GAPDH expression using the 2-ΔΔCTq method.24 All 

reactions were performed in triplicate.

Nuclear protein extraction and immunoblotting

Cells were lysed in hypotonic buffer (10 mM HEPES, pH 7.9, 10 

mM KCl, 100 μM EDTA, 1 mM DTT) containing a cocktail of pro-

tease inhibitors (Sigma-Aldrich) on ice for 5 minutes. Lysates were 

homogenized gently and centrifuged at 12,000 RPM for 30 sec-

onds at 4°C; supernatants containing the cytosolic fraction were 

collected, whereas nuclear pellets were washed with ice-cold PBS 

and extracted with hypotonic buffer containing 400 mM NaCl 

and protease inhibitors. After centrifugation at 12,000 RPM, su-

pernatants were collected and used as nuclear extracts. Protein 

concentration in whole cell lysates and nuclear extracts was de-

termined using the bicinchoninic acid assay (Thermo Fisher Scien-

tific, Inc.). The protein samples (25 μg) were separated by 10% 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Pro-

teins were electrotransferred onto polyvinylidene fluoride mem-

branes (Millipore) that were subsequently booked in 5% skim milk 

in tris-buffered saline with tween 20 buffer for 1 hour and then 

incubated overnight at 4°C with primary antibodies against the 

following proteins: β-actin (1:2,000 dilution, cat. no. sc-47778; 

Santa Cruz Biotechnology, Inc., Dallas, TX, USA), HDAC1 (1:1,000 

dilution, cat. no. sc-81598; Santa Cruz Biotechnology, Inc.), 

α-tubulin (1:2,000 dilution, cat. no. sc-8035; Santa Cruz Biotech-

nology, Inc.), E-cadherin (1:1,000 dilution), N-cadherin (1:1,000 

dilution, cat. no. 13116; Cell Signaling Technology, Inc.), β-catenin 

(1:2,000 dilution, cat. no. 610154, BD Biosciences), GSK-3β 

(1:2,000 dilution), Snail (1:1,000 dilution, cat. no. 3879; Cell Sig-

naling Technology, Inc.), Akt (1:4,000 dilution, cat. no. 4691; Cell 

Signaling Technology, Inc.), and phospho-Akt (1:2,000 dilution, 

cat. no. 4060; Cell Signaling Technology, Inc.). Then, either goat 

anti-rabbit horseradish peroxidase (HRP)-conjugated secondary 

antibody (1:2,000 dilution, cat. no. sc-2357; Santa Cruz Biotech-

nology, Inc.) or goat anti-mouse HRP-conjugated secondary anti-

body (1:4,000 dilution, cat. no. 31430; Thermo Fisher Scientific, 

Inc.) was applied to the membranes. The blots were developed 

using enhanced chemiluminescence detection reagents (Promega 

Corporation, Madison WI, USA). The densitometry of the protein 

bands was performed using Image J software version 1.51 (Na-

tional Institutes of Health, Bethesda, MD, USA). All western blot-

ting experiments were performed in triplicate.

Statistical analysis

All analyses were performed using three independent experi-

ments. Statistical analyses were performed using IBM SPSS for 

Windows version 22.0 (IBM Corp., Armonk, NY, USA), and Stu-

dent’s t-tests were carried out for statistical comparisons. P-values 

<0.05 were considered statistically significant.

RESULTS

Inhibition of PI3K reduced HCC proliferation and 
induced cell cycle arrest

Microscopic analysis of LY294002- and idelalisib-treated cells 

revealed that the inhibitors markedly altered cell morphology and 

reduced the number and size of cell colonies (Fig. 1A). These ob-

servations were confirmed by the results of the cell viability assay 

conducted at different drug concentrations, which indicated that 

treatment with LY294002 or idelalisib decreased the viability of 

Huh-BAT and HepG2 cells in a concentration-dependent manner 

(Fig. 1B). Furthermore, cell cycle analysis revealed a significant in-

crease in cells arrested at the G0/G1 phase after treatment with 

LY294002 or idelalisib (Fig. 1C, D; *P<0.05 and †P<0.01, respec-
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Figure 1. LY294002 and idelalisib reduce cellular proliferation and induce cell cycle arrest at the G0/G1 phase. (A) Huh-BAT and HepG2 cells were treat-
ed with 20 μM LY294002 or idelalisib for 48 hours. Cell morphology was observed by phase-contrast microscopy. Scale bar, 100 μm. (B) Huh-BAT and 
HepG2 cells were treated with different concentrations of LY294002 or idelalisib (5, 10, and 20 μM) for 2, 6, 24, and 48 hours. Cell viability was measured 
using the MTT assay. Flow cytometry analysis were monitored to measure cell cycle distributions (C, D). Cells were treated with 20 μM LY294002 or 
idelalisib for 48 hours. The percentage of cell cycle progression was evaluated from three independent experiments. (E) The protein expression of cy-
clin D, cyclin E and CDK6, total Akt, and phosphor-Akt was detected by immunoblotting, and quantifications are shown. Data are presented as the 
mean±standard deviation. *P<0.05 and †P<0.01 compared with untreated control cells.
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tively). To address the mechanisms underlying cell cycle arrest in-

duced by PI3K inhibitors, we examined the expression of cyclin D, 

cyclin E, and CDK6 and found that they were decreased in 

LY294002- and idelalisib-treated cells compared to untreated 

control cells. Akt signaling was blocked only in the HepG2 cell line 

(Fig. 1E). Collectively, these findings suggest that LY294002 and 

idelalisib induced Huh-BAT and HepG2 cell death through G0/G1 

phase arrest.

Figure 2. LY294002 and idelalisib suppress the epithelial-mesenchymal transition. (A, B) Huh-BAT and HepG2 cells were treated with 20 μM LY294002 
or idelalisib, for 48 hours, and invasion capability was measured with an invasion assay. The resulting colonies were stained and quantified. All data are 
expressed as the mean±standard deviation. *P<0.05. (C) Huh-BAT and HepG2 cells were treated with 20 μM LY294002 or idelalisib, for 48 hours. E-cad-
herin expression was measured by confocal fluorescence microscopy (magnification, ×400). (D) Changes in the protein levels of E-cadherin and  
N-cadherin were analyzed by immunoblotting following 48 hours of treatment with 20 μM LY294002 or idelalisib. DAPI, 4',6-diamidino-2-phenylindole.
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PI3K inhibitors suppressed EMT

The invasion ability of HCC cells treated with PI3K inhibitors 

was measured by the Transwell invasion assay. The results dem-

onstrated that exposure to LY294002 or idelalisib decreased cell 

invasion compared to that in the control (Fig. 2A, B). At the same 

time, immunocytochemistry analysis showed upregulation of E-

cadherin expressions (Fig. 2C) in PI3K inhibitor-treated cells. Im-

munoblotting experiments confirmed these results and revealed a 

decrease in the expressions of N-cadherin (Fig. 2D). These find-

ings suggest that LY294002 and idelalisib decreased HCC cell in-

vasion by inhibiting EMT through maintaining cellular epithelial 

characteristics.
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PI3K inhibitors downregulated Snail expression

To investigate whether the PI3K/Akt pathway was involved in 

the regulation of EMT and Snail expression in HCC cells, we ex-

amined the protein and mRNA levels of Snail and β-catenin in 

Huh-BAT and HepG2 cells treated with PI3K inhibitors. The PI3K 

inhibitors decreased the transcription of Snail (Fig. 3A) but in-

creased the transcription of β-catenin (Fig. 3B). Consistent with 

these results, Snail protein expression was significantly decreased 

in LY294002- and idelalisib-treated cells in a time-dependent 

manner (Fig. 3C, D).

GSK-3β is a downstream target of Akt kinase that is responsible 

for Snail protein stability.25 To determine whether the decrease in 

Snail expression was mediated by GSK-3β, we assessed GSK-3β 

protein levels in whole lysates of HCC cells treated with PI3K in-

hibitors for different time points. Immunoblotting analysis re-

vealed a decrease in the phosphorylation of GSK-3β (Fig. 3E, F). 

These results imply that inhibition of the PI3K pathway results in 

the downregulation of Snail expression via dephosphorylation of 

GSK-3β in HCC cells.

PI3K inhibitors prevent EMT by downregulating Snail 
expression via the nuclear translocation of GSK-3β

Immunoblotting analysis of nuclear extracts revealed that the 

nuclear expression of GSK-3β was increased, whereas that of 

Snail and β-catenin was decreased in LY294002- and idelalisib-

treated Huh-BAT and HepG2 cells (Fig. 4A). Immunocytochemistry 

staining also showed that GSK-3β was mostly translocated to the 

nucleus after treatment with LY294002 and idelalisib (Fig. 4B). 

These results indicated that PI3K inhibition prevented EMT by re-

ducing the expression of Snail via the nuclear translocation of 

GSK-3β.

DISCUSSION

EMT is an essential physiological process during cancer metas-

tasis and invasion. Although EMT-related signal transduction 

pathways and transcription factors involved in tumor cell invasion 

and metastasis have been studied as targets in HCC prevention 

and treatment,26 the underlying mechanisms are not fully under-

stood. In this study, we showed that the inhibition of the PI3K 

pathway by LY294002 and idelalisib downregulates Snail and 

β-catenin expression by increasing GSK-3β nuclear translocation, 

ultimately suppressing EMT and HCC cell proliferation.

Aberrant activation of the PI3K/Akt pathway is often observed 

during the EMT process and correlates with the progression of 

different types of human cancer, including HCC.27,28 Therefore, 

PI3K/Akt inhibitors have been examined as a chemotherapeutic 

approach against malignant tumors.29 In this study, we showed 

that the inhibition of the PI3K pathway by LY294002 and idelalisib 

suppressed HCC cell proliferation and invasion, and reversed the 

activation of EMT markers, probably through downregulation of 
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Snail expression at both the mRNA and protein levels. These re-

sults are consistent with those of a previous study showing that a 

PI3K inhibitor reduced Snail expression at the transcriptional and 

translational levels and promoted the acquisition of the epithelial 

phenotype in oral cancer cells.26

To investigate the molecular mechanism underlying PI3K/Akt-

mediated Snail inhibition, we analyzed the expression level of 

GSK-3β, a downstream effector of Akt, in whole cell lysates, as 

well as in the nuclear and cytosolic compartments. GSK-3β plays 

an important role in suppressing tumor development by phos-

phorylating β-catenin and Snail, which promotes their ubiquitina-

tion and subsequent degradation and is regulated through PI3K/

Akt signaling. Our results indicate that the levels of GSK-3β in the 

nuclei were markedly increased by PI3K inhibitors in HCC cells, 

suggesting that nuclear translocation of GSK-3β may be the cause 

of the reduction in Snail expression and inhibition of the EMT pro-

cess.30,31 These findings are consistent with a previous study 

showing that GSK-3β localized to the nucleus decreased Snail 

protein expression, whereas a GSK-3β mutant localized to the cy-

tosol increased Snail nuclear levels and are in line with the notion 

that subcellular localization of GSK-3β is a key element in the 

pathway regulating Snail and β-catenin activity.32

Molecular interactions defining nuclear or cytosolic GSK-3β lo-

calization have not been fully clarified, and further studies are 

needed to investigate the detailed mechanism underlying GSK-3β 

nuclear translocation and its association with Snail, which is sug-

gested by the results of this and other studies. Although de-

creased phosphorylation of GSK-3β can lead to Snail downregula-

tion and promote β-catenin protein degradation, PI3K inhibitors 

decreased the transcription of Snail and increased the transcrip-

tion of β-catenin in this study. This contradictory phenomenon 

could be explained by the fact that many factors might be associ-

ated with the nuclear localization of β-catenin.33 Among them, 

MUC-1 promotes nuclear translocation and blocks GSK-3β-

mediated phosphorylation and degradation of β-catenin.34 Thus, 

disruption of the MUC-1 binding site or nuclear localization signals 

(NLSs) on β-catenin or stimulation of nuclear export pathway pro-

teins, such as APC/AXIN, can prevent nuclear localization of 

β-catenin. These dephosphorylated (active state) GSK-3β can 

translocate into the nucleus via mammalian target of rapamycin 

complex 1 (mTORC1) and NLS and downregulate Snail and 

β-catenin expression. However, degradation of β-catenin can be 

blocked by MUC-1, since it can inhibit phosphorylation of 

β-catenin by GSK-3β. mTORC1 has been reported as a regulator 

of GSK-3β nuclear localization.35,36 Inhibition of the mechanistic 

target of mTORC1 leads to a partial redistribution of GSK-3β from 

the cytosol to the nucleus and a GSK-3β-dependent reduction in 

the expression of c-Myc and Snail. Snail is a substrate of GSK-3β. 

Thus, it can be controlled by mutations in the localization se-

quence of GSK-3β or suppression of mTORC1. A recent report in-

dicates that Axin2, a GSK-3β scaffolding protein, is involved in 

shuttling GSK-3β from the nucleus, which results in the activation 

of the Wnt signaling cascade, whereas Axin2 silencing promotes 

the nuclear localization of GSK-3β.37 It would be interesting to ex-

amine whether manipulation of Axin2 expression would confirm 

the inverse correlation between nuclear GSK-3β levels and Snail 

protein stability.

In conclusion, the current study demonstrates that PI3K inhibi-

tors, including LY294002 and idelalisib, suppress the proliferation 

and invasion of HCC cells in vitro by promoting the nuclear trans-

location of GSK-3β, which results in the downregulation of Snail 

and β-catenin expression. These results suggest that PI3K/Akt 

pathway might be a promising target for HCC treatment.
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INTRODUCTION 

Variceal bleeding is a critical complication in patients with liver 

cirrhosis (LC),1 and accounts for one-third of all mortalities in this 

patient population.2-4 Patients hospitalized with variceal bleeding 

appear to have poor prognoses because variceal bleeding is likely 

to be accompanied by multi-organ damage due to blood supply 

insufficiency. Furthermore, it was reported that variceal bleeding 

associated organ damages were main causes of death in patients 

with variceal bleeding, even in those that recover completely from 

variceal bleeding.5-7 Therefore, in order to investigate the 

prognoses of these patients, dysfunctions of organs related to 

variceal bleeding should be considered carefully in addition to 

hepatic dysfunction.

Several factors, such as hepatic venous pressure gradient 

(HVPG), presence of portal vein thrombosis, cause of underlying 

Background/Aims: This study examined the risk factors associated with mortality in cirrhotic patients hospitalized with 
variceal bleeding, and evaluated the effects of acute-on-chronic liver failure (ACLF) on the prognosis of these patients.
Methods: This study was retrospectively conducted on patients registered in the Korean acute-on-chronic liver failure 
study cohort, and on 474 consecutive cirrhotic patients hospitalized with variceal bleeding from January 2013 to 
December 2013 at 21 university hospitals. ACLF was defined as described by the European Association for the Study of 
Liver-Chronic Liver Failure Consortium.
Results: Among a total of 474 patients, 61 patients were diagnosed with ACLF. The cumulative overall survival (OS) 
rate was lower in the patients with ACLF than in those without (P<0.001), and patients with higher ACLF grades had a 
lower OS rate (P<0.001). The chronic liver failure-sequential organ failure assessment (CLIF-SOFA) score was identified 
as a significant prognostic factor in patients hospitalized with variceal bleeding (hazard ratio [HR], 1.40; 95% confidence 
interval [CI], 1.30–1.50; P<0.001), even in ACLF patients with variceal bleeding (HR, 1.32; 95% CI, 1.19–1.46, P<0.001). 
Concerning the prediction of the mortality risk at 28- and 90-day using CLIF-SOFA scores, c-statistics were 0.895 (95% CI, 
0.829–0.962) and 0.897 (95% CI, 0.842–0.951), respectively, and the optimal cut-off values were 6.5 and 6.5, respectively.
Conclusions: In cirrhotic patients hospitalized with variceal bleeding, the prognosis was poor when accompanied by 
ACLF, especially depending upon CLIF-SOFA score. CLIF-SOFA model well predicted the 28-day or 90-day mortality for 
cirrhotic patients who experienced variceal bleeding. (Clin Mol Hepatol 2020;26:540-553)
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chronic liver disease, hepatic encephalopathy (HE), and presence 

of hepatocellular carcinoma (HCC), have been reported to be as-

sociated with the prognosis of patients that have experienced an 

episode of variceal bleeding.8,9 Studies in these patients using risk 

assessment models such as the Child-Turcotte-Pugh (CTP), Model 

for End-Stage Liver Disease (MELD), and the MELD-sodium (Na) 

model have been conducted,10-12 but, studies that place focus 

solely on the liver itself may not sufficiently reflect the prognoses 

of patients with variceal bleeding.

A recent study concluded upper gastrointestinal bleeding was 

not a significant risk factor of mortality in cirrhotic patients with 

acute deterioration or acute-on-chronic liver failure (ACLF),13 but 

did not compare the survival outcomes of study subjects with or 

without ACLF. In addition, the proportion of ACLF patients with 

upper gastrointestinal bleeding was small as 15 (8.8%), and the 

study was conducted at a single center. Moreover, of the upper 

gastrointestinal bleeding, variceal bleeding needs to be differently 

approached and treated because it is resulted by increased portal 

hypertension, unlike peptic ulcer bleeding.14

Therefore, in this multicenter cohort study, we investigated risk 

factors associated with mortality in cirrhotic patients hospitalized 

with variceal bleeding, and also evaluated the effect of the pres-

ence of ACLF on prognosis in these patients. In addition, we tried 

to identify a more reliable model for predicting mortality in cir-

rhotic patients with variceal bleeding based on the use of CTP, 

MELD, MELD-Na, or the chronic liver failure-sequential organ fail-

ure assessment (CLIF-SOFA) scores.

PATIENTS AND METHODS

Study subjects 

Between January and December 2013, a total of 1,861 consecu-

tive adult patients admitted due to the acute deterioration of 

cirrhosis at 21 hospitals, were enrolled in this study. The definition 

of acute deterioration was previously described as follows: acute 

development of overt ascites, HE, gastrointestinal bleeding, infec-

tion, or liver dysfunction,15,16 and except for liver dysfunction, this 

definition was adopted from the European Association for the 

Study of the Liver-Chronic Liver Failure (EASL-CLIF) Consortium 

Acute-on-Chronic Liver Failure in Cirrhosis (CANONIC) study.17 In 

the present study, we tried to enroll as many patients as possible 

considering the retrospective study design, and therefore, we set 

the lower limit for bilirubin with ≥3 mg/dL as the standard used to 

diagnose jaundice, and defined liver dysfunction as an acute in-

crease in serum bilirubin level of ≥3 mg/dL.18

ACLF was defined as the development of acute deterioration of 

liver function in cirrhotic patients who had organ failure (OF) de-

fined by the CLIF-SOFA score and high 28-day mortality rate 

(>15%) based on CANONIC study.17 OF was defined based on the 

CLIF-SOFA score,17 and more in detail, liver failure was defined by 

an increased serum bilirubin level (≥12 mg/dL); renal failure was 

defined by an increased serum creatinine level (≥2.0 mg/dL) or by 

the use of hemodialysis; cerebral failure was defined by severe HE 

(grade III or IV) based on the West Haven classification; coagula-

tion failure was defined by an increased international normalized 

ratio (>2.5) and/or a decreased platelet count (<20×109/L); circu-

latory failure was defined by the use of inotropics (dopamine, do-

butamine, or terlipressin); respiratory failure was defined by a 

PaO2/FiO2 ≤200 or an SpO2/FiO2 ≤200. The CLIF-SOFA score was 

stratified ranging from 0 to 4 for each of the 6 OFs.17 ACLF was 

graded according to the EASL-CLIF consortium diagnostic criteria 

for ACLF of the CANONIC study.17 LC was diagnosed based on the 

histological confirmation, or clinical, imaging, and biochemical 

findings.19

Of the 1,861 patients considered, 350 were excluded for the 

following reasons; an age of <18 years, absence of cirrhosis, pres-

ence of HCC, presence of severe chronic extra-hepatic disease, 

admission due to other chronic illness, human immunodeficiency 

virus infection, chronic decompensation of end-stage liver dis-

ease, such as ascites over 2 weeks or chronic HE, less than 28 

days of follow-up, and incomplete data. Of the remaining 1,470 

patients, 996 patients with acute deterioration caused by condi-

tions other than variceal bleeding were also excluded. Patients 

who had a prior history of variceal bleeding before the study peri-

od (n=281) were included in the present study. Therefore, 474 pa-

tients hospitalized with variceal bleeding were finally analyzed in 

this retrospective study (Fig. 1). Follow-up durations were as-

sessed from date of initial admission to date of death or liver 

transplantation (LT) or to follow-up loss date or June 30, 2014. 

Patients who received subsequent LT or with follow-up loss were 

censored. This study was conducted in accordance with the ethi-

cal guidelines of the Declaration of Helsinki, and was approved by 

the Institutional Review Boards at all participating hospitals. 

Acquisition of clinical data

Clinical data, such as age, gender, etiology of cirrhosis, and lab-

oratory results, were obtained from the electronic medical re-
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cords. The types of events responsible for the acute deterioration, 

the presence of OF, the occurrence of ACLF, and laboratory results 

obtained within 24 hours of hospitalization and at the time of 

ACLF occurrence were evaluated. CTP, MELD, MELD-Na,12 and 

CLIF-SOFA scores17 were calculated within 24 hours of hospitaliza-

tion. Clinical data for ACLF that occurred within 28 days of hospi-

talization due to the acute deterioration of cirrhosis were ana-

lyzed.

Precipitating factors of acute deterioration of cirrhosis were 

classified as follows: bacterial infection, gastrointestinal bleeding, 

active alcoholism, exacerbation of underlying viral hepatitis, toxic 

liver injury, and others. Active alcoholism was considered as >21 

drinks/week in men, and >14 drinks/week in women over the 3 

months prior to hospitalization.20 Systemic inflammatory response 

syndrome was defined according to the diagnostic criteria issued 

by the American College of Chest Physicians/Society of Critical 

Care Medicine.21 

Statistical analyses 

Clinical characteristics of the enrolled patients were expressed 

as medians (ranges) for continuous variables, and numbers (per-

centages) for categorical variables. Differences between categori-

cal or continuous variables were analyzed using the chi-square 

test, or Fisher’s exact test and the Student’s t  test. Short-term 

mortality was defined as death within 28 days of admission due 

to variceal bleeding. Overall survival (OS) rates were estimated us-

ing Kaplan-Meier method with the log-rank test. Cox proportional 

hazards models were used to evaluate hazard ratios (HRs) and 

95% confidence intervals (CIs) for mortality. To evaluate the pre-

dictive performances of risk prediction models for 28- and 90-day 

mortality, areas under receiver operating curves (AUROCs), sensi-

tivities, specificities, positive predictive values, and negative pre-

dictive values were assessed. Two-tailed P-values of <0.05 were 

considered statistically significant, and the statistical analysis was 

performed using SPSS ver. 19.0 (SPSS Inc, Chicago, IL, USA).

Figure 1. Flowsheet of the study subjects (n=474). LC, liver cirrhosis; CLD, chronic liver disease; HCC, hepatocellular carcinoma; KACLiF, the Korean 
Acute-on-Chronic Liver Failure; GI, gastrointestinal; ACLF, acute-on-chronic liver failure; CLIF-C, chronic liver failure consortium.

1,861 patients with acute deterioration of chronic liver disease were
retrospectively screened (Jan. 2013 to Dec. 2013) Exclusion (n=391)

1. Absence of LC or CLD (n=34)
2. Presence of HCC (n=42)
3. Severe chronic extrahepatic disease (n=35)
4.   Other causes including decompensated end- 

stage liver disease (n=95)
5. Short-term follow up <28 days (n=144)
6. Death <24 hours (n=4)
7. Incomplete data (n=37)

Exclusion (n=996)
Other causes of acute deterioration
1. Ascites (n=485)
2. Hepatic encephalopathy (n=244)
3. Non-variceal GI bleeding (n=113)
4. Infection (n=154)

Patients with acture deterioration of chronic liver disease were screened 
in KACLiF study (n=1,470)

Cirrhotic patients hospitalized with varix bleeding
(n=474)

ACLF (CLIF-C)
(n=61)

No ACLF
(n=413)
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RESULTS

Baseline characteristics

Baseline clinical characteristics of the 474 study subjects are 

provided in Table 1, and about 13 percent (n=61) were ACLF pa-

tients. Median patient age was 54.8 years and 372 patients were 

male (78.5%). All patients had variceal bleeding as a complication 

of cirrhosis, and the most common etiology was alcohol use. No 

differences were found between patients with or without ACLF 

with respect to age, gender, or etiology. Serum alanine amino-

transferase level (U/L) was not significantly different in these two 

groups (80.0 vs. 50.4, P=0.186), but serum aspartate aminotrans-

ferase level (U/L) (209.0 vs. 98.0, P=0.002), white blood cell 

(WBC; ×103/uL) count (12.1 vs. 8.3, P<0.001), and C-reactive pro-

tein (CRP; mg/dL) (0.64 vs. 0.43, P=0.036) were higher in the 

ACLF group. Of the acute deterioration events, only HE event was 

more frequently found in ACLF group (13.1 % vs. 3.1%, P<0.001). 

Assessments of preserved liver function and organ failure, showed 

median CTP (10.0 vs. 7.5, P<0.001), MELD (26.3 vs. 13.0, P<0.001), 

and CLIF-SOFA score (9.8 vs. 3.7, P<0.001) were higher in the 

ACLF group.

Table 1. Baseline clinical characteristics of study subjects

Variable All (n=474) Non-ACLF (n=413) ACLF (n=61) P-value*

Age (years) 54.8 (17–88) 54.6 (17–88) 56.6 (34–84) 0.202

Gender, male 372 (78.5)  323 (78.2)  49 (80.3) 0.707

WBC (×103/uL) 8.8 (0.08–3.01) 8.3 (0.8–30.1)  12.1 (3.1–26.9) <0.001

Hb (g/dL) 8.6 (2.6–19.1) 8.7 (2.6–16.8) 8.0 (3.0–19.1) 0.048

Platelets (×103/uL) 102 (12–659) 102 .3 (12–659) 102.4 (12–247) 0.999

Albumin (g/dL) 2.9 (1.3–4.8) 3.0 (1.5–4.8) 2.5 (1.3–4.0) <0.001

Bilirubin (mg/dL) 2.9 (0.2–40.3) 2.3 (0.2–35.0) 7.2 (0.3–40.3) <0.001

AST (IU/L) 112.2 (4–3,399) 98.0 (4–3,399) 209.0 (17–2,620) 0.002

ALT (IU/L) 54.2 (4–2,886) 50.4 (4–2,886) 80.0 (8–807) 0.186

Prothrombin time (INR) 1.5 (0.9–5.6) 1.4 (0.9–3.1) 2.1 (1.0–5.6) <0.001

CRP (mg/dL) 0.46 (0.01–28.5) 0.43 (0.1–28.5) 0.64 (0.03–26.8) 0.036

Sodium (mEq/L) 136.9 (111–162) 137.3 (111–153) 134.7 (118–162) <0.001

Creatinine (mg/dL) 1.1 (0.1–11.2) 0.9 (0.1–1.9) 2.8 (0.7–11.2) <0.001

Ascites, presence 28 (5.9) 23 (5.6) 5 (8.2) 0.416

HE, presence 21 (4.4) 13 (3.1) 8 (13.1) <0.001

Infection, presence 5 (1.1) 3 (0.7) 2 (3.3) 0.069†

MELD score 14.7 (6–26) 13.0 (6–26) 26.3 (13–47) <0.001

CTP score 7.8 (5–15) 7.5 (5–12) 10.0 (6–15) <0.001

CLIF-SOFA score 4.5 (0–21) 3.7 (0–10) 9.8 (3–21) <0.001

Etiology of CLD 0.145†

Viral, HBV or HCV 92 (19.4) 85 (20.6) 7 (11.5)

Alcohol 320 (67.6) 271 (65.6) 49 (80.3)

Viral+alcohol 31 (6.5) 28 (6.8) 3 (4.9)

Others 31 (6.5) 29 (7.0) 2 (3.3)

Values are presented as median (range) or number (%).
ACLF, acute on chronic liver failure; WBC, white blood cell; Hb, hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international 
ratio; CRP, C-reactive protein; HE, hepatic encephalopathy; MELD, model of end-stage liver disease; CTP, Child-Turcotte-Pugh; CLIF SOFA, the chronic liver 
failure-sequential organ failure assessment; CLD, chronic liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus.
*P-values were calculated using the t -test or Fisher’s exact test between ACLF and no-ACLF groups.
†Fisher’s exact test.
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Cumulative survival rates of cirrhotic patients 
hospitalized with variceal bleeding 

Median follow up for all study subjects was 216 days (range, 

1–611). Among all 474 patients, 52 patients were died during a 

90-day follow-up period and cumulative OS rates at 28- and 90-

days were 91.8% and 88.1%, respectively (Supplementary Fig. 1). 

When compared between patients with and without ACLF, 14 

and 25 patients were died during a 28-day follow-up period of 

the patients with and without ACLF, respectively (Fig. 2A), and 22 

and 30 patients were died during a 90-day follow-up period of 

the patients with and without ACLF, respectively (Fig. 2B). The 

28- and 90-day cumulative OS rates were significantly lower in 

patients with ACLF than in those without ACLF, respectively 

(59.0% vs. 96.6%, P<0.001; and 50.8% vs. 94.7%, P<0.001; re-

spectively) (Fig. 2A, B). To evaluate the prognostic effects of ACLF 

A

C

B

D

Figure 2. Cumulative overall survival rates of cirrhotic patients hospitalized with variceal bleeding. The 28-day (A) and 90-day (B) cumulative OS rates 
were significantly lower in patients with ACLF than in those without ACLF, respectively (59.0% vs. 96.6%, P<0.001, and 50.8% vs. 94.7%, P<0.001, respec-
tively). (C) The 28-day cumulative OS rates of patients with ACLF grade III tended to be lower than those with ACLF grade II (P=0.087). (D) The 90-day 
cumulative OS rates of patients with ACLF grade III were significantly lower than those with ACLF grade II (P=0.010). ACLF, acute-on-chronic liver failure; 
gr, grade; OS, overall survival.
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grade on survival outcomes of the enrolled patients, we compared 

OS rates of the patients according to the ACLF grade, defined as 

described by the EASL-CLIF consortium (Fig. 2C, D). During a 28-

day follow-up period, 14, two, two, and 21 patients were died 

among patients without ACLF, and with ACLF grade I, II, and III, 

respectively (Fig. 2C). During a 90-day follow-up period, 22, 2, 3, 

and 25 patients were died among patients without ACLF, and 

with ACLF grade I, II, and III, respectively (Fig. 2D). The 28-day 

cumulative OS rates of patients without ACLF or with ACLF grade 

I were almost 90%, and no significant difference was found be-

tween these two groups (Fig. 2C, P=0.296), and these results 

were similar in analysis for the 90-day cumulative OS rates (Fig. 

2D, P=0.543). The 28-day cumulative OS rates of patients with 

ACLF grade III tended to be lower than those with ACLF grade II 

(Fig. 2C, P=0.087), and 90-day cumulative OS rates of patients 

with ACLF grade III were significantly lower than those with ACLF 

grade II (Fig. 2D, P=0.010). In addition, patients with ACLF grades 

II or III had significantly lower 28-day and 90-day OS rates than 

those without ACLF or with ACLF grade I, respectively (all P-val-

ues <0.001) (Fig. 2C, D). In particular, the 90-day cumulative OS 

rate of patients with ACLF grade III was very low at <10% (Fig. 

2D). In subgroup analysis for causes of mortality in the study sub-

jects, most patients died due to hepatic failure or varix bleeding 

(Supplementary Table 1). 

Risk factors for 28-day mortality in cirrhotic patients 
with variceal bleeding

To identify risk factors for mortality within 28-day in all patients 

hospitalized with variceal bleeding (n=474), univariable analysis 

was performed, and WBC, albumin, total bilirubin, prothrombin 

time (PT), sodium, creatinine, presence of HE, MELD score, CTP 

score, and CLIF-SOFA score were found to be significant (P-values 

for all <0.01) (Table 2). On the other hand, total bilirubin and PT 

are common individual components of CTP, MELD, and CLIF-SO-

FA, and creatinine was one of the components of the MELD or 

Table 2. Risk factors for 28 days mortality in all patients hospitalized with variceal bleeding (n=474)*

Variable
Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (years) 1.00 (0.98–1.03) 0.828

Gender, male 0.65 (0.27–1.56) 0.335

WBC (×103/uL) 1.14 (1.09–1.20) <0.001 1.03 (0.97–1.10) 0.282

Hb (g/dL) 0.97 (0.85–1.09) 0.581

Platelets (×103/uL) 1.00 (0.99–1.01) 0.828

Albumin (g/dL) 0.16 (0.09–0.29) <0.001 0.64 (0.31–1.31) 0.219

Bilirubin (mg/dL) 1.10 (1.07–1.13) <0.001

AST (IU/L) 1.00 (0.99–1.01) 0.062

ALT (IU/L) 1.00 (0.99–1.01) 0.277

Prothrombin time (INR) 3.19 (2.48–4.10) <0.001

CRP (mg/dL) 1.06 (0.99–1.13) 0.071

Sodium (mEq/L) 0.93 (0.89–0.98) 0.004 1.03 (0.98–1.09) 0.222

Creatinine (mg/dL) 1.43 (1.27–1.60) <0.001

Ascites, presence 2.99 (1.25–7.15) 0.013

HE, presence 6.57 (3.02–14.31) <0.001

MELD score 1.14 (1.11–1.17) <0.001

CTP score 1.90 (1.63–2.21) <0.001

CLIF-SOFA score 1.44 (1.36–1.53) <0.001 1.40 (1.30–1.50) <0.001

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; Hb, hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, 
international ratio; CRP, C-reactive protein; HE, hepatic encephalopathy; MELD, model of end-stage liver disease; CTP, Child-Turcotte-Pugh; CLIF SOFA, the 
chronic liver failure-sequential organ failure assessment.
*Subjects (n=474), event: death (n=39).
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CLIF-SOFA score. In addition, HE was one of the components of 

the CLIF-SOFA score. Thus, only the WBC, albumin, sodium, and 

CLIF-SOFA score were used for multivariable analysis in this study. 

Multivariable analysis showed that CLIF-SOFA (HR, 1.40; 95% CI, 

1.30–1.50; P<0.001) was a significant predictor of the 28-day 

mortality in cirrhotic patients hospitalized with varix bleeding (Ta-

ble 2). In order to identify more pivotal factors among the individ-

ual components that make up the CLF-SOFA scores, subgroup 

analysis was performed (Supplementary Table 2). Creatinine, HE, 

and PT were significant predictors for the 28-day mortality in cir-

rhotic patients with variceal bleeding 

In addition, the risk factors for the 28-day mortality in ACLF pa-

tients with varix bleeding (n=61) were analyzed (Table 3). Univari-

able analysis showed that the albumin, PT, MELD score, CTP 

score, and CLIF-SOFA score were to be significant (P-values for all 

<0.05). For the same reasons mentioned above, albumin (P=0.023) 

and the CLIF-SOFA score (P<0.001) were used in multivariable 

analysis, and only CLIF-SOFA (HR, 2.19; 95% CI, 1.47–3.24; 

P<0.001) was found to be a significant predictor of the 28-day 

mortality in these patients (Table 3).

Predictive performances of the risk prediction 
models for 28- and 90-day mortalities in patients 
with variceal bleeding 

To assess the prognostic role of the CLIF-SOFA scores on the 

Table 3. Risk factors for 28 days mortality in ACLF patients with variceal bleeding (n=61)*

Variable
Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (years) 0.98 (0.94–1.02) 0.251

Gender, male 1.38 (0.47–4.02) 0.554

WBC (×103/uL) 1.00 (0.99–1.01) 0.096

Hb (g/dL) 1.00 (0.87–1.15) 0.955

Platelets (×103/uL) 1.00 (0.99–1.01) 0.605

Albumin (g/dL) 0.37 (0.16–0.88) 0.023 0.72 (0.30–1.71) 0.455

Bilirubin (mg/dL) 1.03 (0.99–1.07) 0.127

AST (IU/L) 1.00 (0.99–1.01) 0.538

ALT (IU/L) 1.00 (0.99–1.01) 0.182

Prothrombin time (INR) 1.68 (1.21–2.33) 0.002

CRP (mg/dL) 0.99 (0.91–1.08) 0.815

Sodium (mEq/L) 1.01 (0.96–1.07) 0.673

Creatinine (mg/dL) 1.00 (0.82–1.22) 0.970

Ascites, presence 1.21 (0.29–5.16) 0.792

HE, presence 1.82 (0.68–4.86) 0.231

MELD 1.06 (1.01–1.11) 0.010

CTP score 1.32 (1.08–1.62) 0.006

CLIF-SOFA 1.33 (1.21–1.47) <0.001 1.32 (1.19–1.46) <0.001

Etiology of CLD

Viral, HBV or HCV 1

Alcohol 1.56 (0.37–6.66) 0.547

Viral+alcohol 3.24 (0.45–23.09) 0.241

Others 0.01 (0.01–0.02) 0.985

ACLF, acute on chronic liver failure; HR, hazard ratio; CI, confidence interval; WBC, white blood cell; Hb, hemoglobin; AST, aspartate transaminase; ALT, alanine 
aminotransferase; INR, international ratio; CRP, C-reactive protein; HE, hepatic encephalopathy; MELD, model of end-stage liver disease; CTP, Child-Turcotte-
Pugh; CLIF SOFA, the chronic liver failure-sequential organ failure assessment; CLD, chronic liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus.
*Subjects (n=61), event: death (n=25).
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28- and 90-day mortalities in cirrhotic patients hospitalized with 

variceal bleeding, we compared the predictive performances of 

CLIF-SOFA scores with those of the CTP, MELD, and MELD-Na 

scores (Table 4). As compared to CTP, MELD, and MELD-Na 

scores, the AUROCs estimated for CLIF-SOFA scores for the pre-

diction of 28- and 90-day mortality were higher, respectively, and 

Table 4. Predictive performance of risk prediction models for 28- and 90-day mortality in cirrhotic patients with variceal bleeding

CTP score MELD score MELD-Na score CLIP-SOFA score

Mortality risk at 28 days 

AUROC 0.842 (0.711–0.914) 0.857 (0.783–0.931) 0.828 (0.746–0.909) 0.895 (0.829–0.962)

Optimal cut-off value 8.5 18.5 22.5 6.5

Sensitivity (%) 84.6 (71.8–94.9) 74.4 (61.5–87.2) 69.2 (53.8–84.6) 79.5 (66.7–92.3)

Specificity (%) 69.9 (65.6–74.3) 84.8 (81.4–88.3) 87.1 (83.9–90.1) 87.6 (84.4–90.6)

PPV (%) 20.1 (17.1–23.5) 30.5 (24.8–37.5) 32.6 (25.6–40.2) 36.3 (30.0–44.0)

NPV (%) 98.1 (96.7–99.4) 97.4 (96.0–98.7) 96.9 (95.4–98.4) 97.9 (96.7–99.2)

Mortality risk at 90 days

AUROC 0.846 (0.786–0.906) 0.867 (0.806–0.927) 0.834 (0.764–0.904) 0.897 (0.842–0.951)

Optimal cut-off value 8.5 15.5 22.5 6.5

Sensitivity (%) 82.7 (71.2–92.3) 86.5 (76.9–94.2) 65.4 (53.8–78.8) 76.9 (65.4–86.5)

Specificity (%) 71.6 (66.9–76.3) 74.5 (70.1–78.6) 89.3 (85.9–92.4) 89.6 (86.2–92.7)

PPV (%) 28.3 (24.4–32.7) 31.5 (27.5–36.0) 45.3 (37.2–54.8) 50.6 (42.4–59.2)

NPV (%) 96.8 (94.9–98.6) 97.6 (95.9–99.0) 95.0 (93.3–96.8) 96.7 (95.0–98.1)

Values are presented as number (95% confidence interval).
CTP, Child-Turcotte-Pugh; MELD, model of end-stage liver disease; Na, sodium; CLIF-SOFA, the chronic liver failure-sequential organ failure assessment; 
AUROC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative predictive value.

Figure 3. Areas under the receiver operating curves of the risk prediction models for the 28- and 90-day mortalities in patients with variceal bleeding. 
With regard to the prediction of mortality risk at 28-day (A) and 90-day (B) using the CLIF-SOFA scores, AUROCs were 0.895 (95% CI, 0.829–0.962) and 
0.897 (95% CI, 0.842–0.951), respectively. CLIF-SOFA, chronic liver failure-sequential organ failure assessment; CTP, Child-Turcotte-Pugh; MELD, model of 
end-stage liver disease; Na, sodium; AUROC, areas under receiver operating curves; CI, confidence interval.
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exhibited about 3–7% better discriminatory abilities than those of 

the CTP, MELD, MELD-Na scores (Table 4, Fig. 3). With regard to 

the prediction of mortality risk at 28- and 90-day using CLIF-SOFA 

scores, the AUROCs were 0.895 (95% CI, 0.829–0.962) and 

0.897 (95% CI, 0.842–0.951), respectively, and optimal cut-off 

values were 6.5 and 6.5, respectively (Table 4). Using these opti-

mal cut-off values, patients were dichotomized into two groups 

based on the CLIF-SOFA scores of <7 or ≥7 (Fig. 4). The 28- and 

90-day cumulative OS rates of the patients with CLIF-SOFA scores 

≥7 were found to be significantly lower than those with CLIF-SO-

FA score <7, respectively (P-values for all <0.001) (Fig. 4). In addi-

tion, we also compared the AUROC for the CLIF-SOFA scores for 

the prediction of the 28- and 90-day mortality with those for the 

chronic liver failure consortium (CLIF-C) OF and CLIF-C acute liver 

failure (ALF) scores (Supplementary Fig. 2). The AUROCs of the 

CLIP-SOFA score for predicting the 28- and 90-day mortality were 

higher than those of the CLIF-C OF (0.860 [95% CI, 0.793–0.928] 

and 0.862 [95% CI, 0.784–0.939], respectively) and CLIF-C ALF 

(0.849 [95% CI, 0.787–0.910] and 0.871 [95% CI, 0.799–0.944], 

respectively) (Supplementary Fig. 2).

DISCUSSION 

In this multicenter cohort study, we found that median WBC 

count and CRP level were higher, and median hemoglobin (Hb) 

levels were lower in ACLF patients with variceal bleeding than in 

those without, and the CTP and MELD scores were higher in pa-

tients with ACLF. Furthermore, the cumulative OS rates of the pa-

tients with variceal bleeding were significantly lower in those with 

ACLF, and lower in those with a higher ACLF grade. Multivariable 

analysis showed the CLIF-SOFA score was the only prognostic fac-

tors of short-term mortality in cirrhotic patients with variceal 

bleeding, and that the CLIF-SOFA score was a prognostic factor of 

short-term mortality in ACLF patients with variceal bleeding. In-

terestingly, the CLIF-SOFA score was found to more reliably pre-

dict the 28- and 90-day mortalities, respectively, than the CTP, 

MELD, or MELD-Na scores in cirrhotic patients with variceal 

bleeding. Given there are few studies that provide a role of the 

CLIF-SOFA score influencing mortality of ACLF patients induced 

by variceal bleeding, this study has some strengths. First, this 

study provided the prognostic role of CLIF-SOFA score with regard 

to the short-term mortality in cirrhotic patients with variceal 

bleeding, even in ACLF patients with variceal bleeding. Second, 

this study was conducted in a multi-center, and analyzed a rela-
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Figure 4. Cumulative overall survival rates of patients according to the CLIF-SOFA scores (<7 or ≥7). The 28-day (A) and 90-day (B) cumulative OS rates 
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tively large number of cirrhotic patients with variceal bleeding, 

even in ACLF patients.

In the present study, the cumulative 28-day survival rate of the 

patients with ACLF admitted with variceal bleeding was lower 

than that of ‘all cause’ ACLF patients reported in the previous 

study.22 However, our result was similar to that (63.6%) reported 

in another previous study, which evaluated the mortality within 6 

weeks after variceal bleeding in cirrhotic patients with or without 

ACLF.7 These outcomes suggest the prognosis of ACLF patients 

with variceal bleeding may be poorer than that of ACLF patients 

with other causes. In addition, as reported in a previous study,23 

hypoxic hepatitis can occur in patients with variceal bleeding, and 

the 6-week mortality of patients with hypoxic hepatitis was as 

high as 83.3%, which is significantly higher than the 24.6% mor-

tality of patients without hypoxic hepatitis. Interestingly, although 

the data for ischemic hepatitis were not collected in the present 

study, the CLIF-SOFA score, which reflects organ failure, signifi-

cantly predicted the short-term mortality of cirrhotic patients with 

variceal bleeding, even in ACLF patients, which is in-line with the 

results of a previous study,17 and which suggests that bleeding-in-

duced hypovolemic change may have caused the ischemic dam-

age, and promoted multi-organ failure.23-25 In the present study, 

patients with ACLF had significantly lower Hb and albumin levels, 

respectively, than patients without ACLF, but multivariable analy-

sis showed these two factors did not significantly predict short-

term mortality in cirrhotic patients admitted with variceal bleed-

ing, even in ACLF patients. However, at this point, it should be 

considered that these two factors can be corrected by a red blood 

cell transfusion or albumin replacement, suggesting that rapid 

correction of these variables may prevent hypoxic hepatitis or he-

modynamic instability as well as have a good effect on the pa-

tients’ survival. Furthermore, these findings indicate that organ 

failure rather than Hb or albumin levels itself, may have a more 

important effect on the survival of patients with variceal bleeding. 

Therefore, patients with higher CLIF-SOFA scores should be care-

fully managed, and liver transplantation requirements should be 

prepared at an early stage.

This study evaluated the prognostic effects of the ACLF grade 

on the survival outcomes of the cirrhotic patients with variceal 

bleeding, and compared the OS rates of these patients with re-

spect to the ACLF grade. With regard to the short-term progno-

ses, we found that the OS rates of the patients with higher ACLF 

grades were lower than those of the patients with a lower ACLF 

grade or no ACLF. In particular, patients with ACLF grade III 

showed the lowest survivals, and in fact, most with variceal 

bleeding succumbed within 7 days of admission, which suggests 

that these patients should be registered as transplantation recipi-

ents as early as possible. Moreover, these patients need to be 

carefully managed to prevent progression to organ failure and to 

actively correct the reversible factors, such as infections, hemody-

namics, Hb level, and serum creatinine and albumin levels. On the 

other hand, OS rates of the patients with ACLF grade I and pa-

tients without ACLF were not different. This suggests the kidney 

failure in patients of ACLF grade I due to variceal bleeding may be 

of the pre-renal type, resulting from hypovolemia induced by 

blood loss associated with variceal bleeding. Moreover, fluid re-

suscitation or red blood cell transfusion may recover these pa-

tients from transient renal failure.26 Patients with ACLF grade II 

showed poorer survival rate than those with ACLF grade I on the 

graph (Fig. 2C), but only a trend toward statistical differences was 

noted (P=0.087). This lack of significance may have been caused 

by the small number of patients with ACLF grade II. Nevertheless, 

as the follow-up duration increased, this difference achieved sta-

tistical significance (Fig. 2D). Therefore, ACLF grading based on 

the EASL-CLIF consortium may assist in treatment decision mak-

ing in cirrhotic patients admitted with variceal bleeding.

In recent systemic reviews and a meta-analysis, the CTP and 

MELD scores were found to produce similar prognostic values in 

patients with LC.27 On the other hand, when extrahepatic organ 

dysfunction began to develop, the extent of organ dysfunction 

was probably more important for the prognosis of ACLF patients 

than the severity of liver disease.28-30 In another study, it was re-

ported that a high HVPG (≥20 mmHg) importantly predicted re-

bleeding and a poor prognosis in patients with variceal bleed-

ing.8,31,32 However, HVPG measurements involve a relatively 

invasive procedure, and thus, cannot be used routinely in patients 

with variceal bleeding. Therefore, a straightforward, non-invasive 

means of accurately predicting the prognosis of ACLF patients is 

required. Interestingly, the CLIF-SOFA score predicted 28- and 90-

day mortalities well in ACLF patients hospitalized with variceal 

bleeding. This suggests that active treatment may be needed to 

improve the prognosis of such patients with a CLIF-SOFA score of 

≥7. The CLIF-SOFA score should be sequentially observed to pre-

dict the prognosis of patients with variceal bleeding.

In this study, the WBC count and CRP levels were elevated more 

in patients with ACLF than in those without. However, the infec-

tion incidence rate was relatively low in the patients admitted 

with variceal bleeding, and no significant difference was observed 

between the patients with or without ACLF. In a previous study, it 

was reported neutrophil dysfunction with elevated WBC and re-
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duced phagocytic activity was associated with increased rates of 

infection, organ failure, and mortality in patients with cirrhosis.33 

Furthermore, pro-inflammatory cytokines are known to influence 

the development of ACLF34,35 by promoting the development of 

multiple organ failure via progressive vasodilatory shock. There-

fore, an increase in the WBC counts or CRP levels without evi-

dence of infection may be related to the development of ACLF due 

to increased pro-inflammatory cytokines production.35 However, 

further studies will be needed to elucidate the mechanism respon-

sible for the WBC and CRP elevations in the context of the devel-

opment of ACLF in patients with variceal bleeding.

The present study has some limitations that warrant consider-

ation. First, this study is inherently limited because it was based 

on a cohort of retrospective the Korean Acute-on-Chronic Liver 

Failure (KACLiF) studies. Although the KACLiF study group at-

tempted to register as many patients with acute exacerbations of 

cirrhosis as possible, selection bias cannot be ruled out complete-

ly. Moreover, detailed clinical information about the bleeding fo-

cus (esophageal vs. gastric varix), bleeding prophylaxis before ad-

mission, pre-emptive transjugular intrahepatic portosystemic 

shunt, technical problems (exact time to endoscopic therapy, en-

doscopist’s skill, treatment modality, re-bleeding rate, and avail-

ability of alternative treatments after the failure of initial hemo-

stasis), and the transfusion volume could not be obtained. This 

limitation should be overcome by a prospective study. Second, 

this study evaluated relatively short-term mortality rates, and 

thus, was not able to provide information on long-term progno-

ses. However, if ACLF patients overcome well the acute phase, 

they can remain stable in the long term. Gustot et al.36 reported 

that the 90- and 180-day mortalities of ACLF patients are not dif-

ferent, and another study reported that >50% of deaths occurred 

within 100 days.13 Thus, we would argue prognostic analysis be-

yond 90 days in ACLF patients is probably not clinically relevant. 

Third, the number of ACLF patients included in the present study 

was relatively small. However, in view of recent developments 

made in emergency endoscopic treatment, radiologic interven-

tions, pharmacological drugs, or active intensive care unit man-

agement strategies related to the treatment of variceal bleeding, 

the incidence of ACLF in cirrhotic patients due to variceal bleeding 

is likely to decrease despite the large number of patients in-

volved.37 Therefore, the clinical significance of the present study is 

that the CLIF-SOFA score might helpfully be used to predict the 

prognoses of variceal bleeding patients, even of patients with 

ACLF. Nonetheless, further study is required to validate these 

findings.

In conclusion, the development of ACLF in cirrhotic patients 

hospitalized with variceal bleeding was associated with a poor 

prognosis. Notably, higher CLIF-SOFA scores were associated with 

a poorer prognosis, and the optimal CLIF-SOFA cut-off score for 

predicting mortality risk at 28-days was 6.5. Furthermore, the 

CLIF-SOFA scores were found to more accurately predict 28- and 

90-day mortalities for cirrhotic patients with variceal bleeding, re-

spectively, than CTP, MELD, or MELD-Na scores. These findings 

provide useful information regarding the early prediction of sur-

vival among cirrhotic patients hospitalized with variceal bleeding, 

and for deciding whether the patients should be registered early 

as potential transplant recipients. However, to validate the out-

comes of this study, we are currently compiling a large-scaled 

prospective cohort.
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INTRODUCTION

Chronic hepatitis C virus (HCV) infection is an important cause 

of cirrhosis and hepatocellular carcinoma (HCC), and confers det-

rimental effects on the survival of patients undergoing regular di-

alysis and renal transplantation.1-3 The conventional treatment for 

chronic HCV infection is interferon-based therapy, with or without 

the combination of ribavirin. Such regimens had suboptimal thera-

peutic efficacy in patients with advanced chronic kidney disease 

(CKD), and are often associated with substantial side effects 

which lead to treatment discontinuation.4 The use of direct acting 

antiviral (DAA) have revolutionized the management of chronic 

HCV infection. In the general population, DAA-based treatments 

(with or without ribavirin) are associated with excellent efficacy 

and tolerability in HCV patients with or without cirrhosis,5-7 and 

yet clinical data on their use in patients with severe renal insuffi-

ciency remains relatively limited.1,8-11

Glecaprevir/pibrentasvir (GLE/PIB) is a NS3/4A protease inhibi-

tor/NS5A inhibitor combination drug which shows high anti-viral 

efficacy across six major genotypes (GT) of HCV and favourable 

pharmacokinetic properties in renal failure patients (once-daily 

oral dosing and with negligible (<1%) renal excretion).12-18 The use 

of GLE/PIB without concomitant administration of ribavirin is an-

other merit for its application in patients with advanced CKD.19 

The data from EXPEDITION-IV suggested that GLE/PIB treatment 

was associated with good virological response and safety profile 

in patients with severe renal impairment.19 Although this study re-

ported that GLE/PIB was effective across all six major GT in pa-

tients with significant renal dysfunction, one should note that pa-

tients included mostly suffer from GT1 (~52%) and there was only 

Background/Aims: Data on treatment efficacy and safety of glecaprevir/pibrentasvir (GLE/PIB) for chronic hepatitis C 
virus (HCV) infection in Asian patients with severe renal impairment are limited. This study aimed to study the treatment 
and side effects of GLE/PIB in these patients infected with non-1 genotype (GT) HCV.
Methods: We prospectively recruited patients with Child’s A cirrhosis and eGFR <30 mL/min/1.73 m2 in Hong Kong and 
Taiwan during 2017–2018 to receive GLE/PIB treatment.
Results: Twenty-one patients (GT2, n=7; GT3, n=6; and GT6, n=8) received GLE/PIB for 11.2±1.8 weeks. All except one 
were treatment-naïve. GLE/PIB was initiated in 16 patients while on dialysis (seven on peritoneal dialysis [PD] and nine 
on hemodialysis) and in five patients before dialysis. One patient died of PD-related peritonitis during treatment and two 
were lost to follow up. The SVR12 rate in the remaining 18 patients was 100%. All patients achieved undetectable levels 
at 4-, 12-, 24- and 48-week after treatment. Patients with deranged alanine aminotransferase showed normalization after 
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one patient (1%) with GT6 HCV infection. In addition, only 9% of 

the study patients were of Asian origin. In this context, GT6 HCV 

infection is more prevalent in Southern China, Hong Kong, Taiwan 

and other Southeast Asian countries,20,21 and data for GLE/PIB 

treatment for non-1 GT (especially GT6) HCV infection in patients 

with severe renal impairment renal is lacking. 

PATIENTS AND METHODS

Patients

We prospectively recruited patients with chronic HCV infection 

and severe renal impairment to receive GLE/PIB treatment. The in-

clusion criteria were: 1) patients who were at least 18 years of 

age and infected with HCV; 2) patients with GT2, GT3, GT5, or 

GT6 HCV infection, and compensated cirrhosis (Child-Pugh score 
≤6) and/or extra-hepatic manifestations of HCV infection; and  

3) CKD of Stage 4 (eGFR 15–29 mL/min/1.73 m2) or Stage 5 (eGFR 

<15 mL/min/1.73 m2 or requiring dialysis or kidney transplanta-

tion). Exclusion criteria were: 1) co-infection with chronic hepatitis 

B virus; 2) Child-Pugh B or C cirrhosis or history of hepatic decom-

pensation (e.g., bleeding varices, encephalopathy, refractory asci-

tes); 3) prior treatment with an NS5A or protease inhibitor; 4) life 

expectancy of less than 1 year; 5) patients with unknown HCV 

genotype; 6) patients with neoplasm, other than HCC, requiring 

chemotherapy during DAA treatment; 7) patients with newly di-

agnosed HCC or recurrent HCC within the past 12 months; 8) pa-

tients who required treatment with any of the following during 

DAA therapy, and could not be changed to an alternative medica-

tion: dabigatran, atazanvir, efavirenz, lopinavir, carbamazepine, 

rifampicin, atorvastatin, lovastatin, simvastatin, ethinylestradiol 

contraceptives and hormone replacement therapies, St. John’s 

wort; and 9) patients who were pregnant. All patients underwent 

ultrasonography and transient elastography (Fibroscan®; Echosens 

France, Paris, France) to document evidence of liver cirrhosis (≥F4 

by Fibroscan® [Echosens France] and evidence of portal hyperten-

sion on ultrasonography). Fibroscan® (Echosens France) was per-

formed in hemodialysis (HD) patients after a HD session and after 

peritoneal dialysate had been fully drained out in peritoneal dialy-

sis (PD) patients. In patients who did not have fibroscan because 

of no reimbursement, the diagnosis of cirrhosis was based on 

compatible clinical/ultrasonographic features. The study was ap-

proved by the Institutional Review Board of the University of Hong 

Kong/Hospital Authority Hong Kong West Cluster (Approval No. 

UW-18-370) and ethics committees of all participating centres.

Use of GLE/PIB treatment and follow-up schedule

Patient demographics, complete blood counts, liver and renal 

biochemistry, HCV GT and RNA levels and serum alpha-fetopro-

tein (AFP) levels were measured before the commencement of 

GLE/PIB treatment. GLE/PIB was initiated at 300 mg/120 mg daily 

for 12 weeks. Patients were followed at 4-, 12- and 24-week after 

the initiation of GLE/PIB treatment. During each study visit, pa-

tient were monitored for complete blood counts, liver and renal 

biochemistry, clotting profiles and HCV RNA levels. HCV GT and 

RNA levels were determined by COBAS 4800 system (Roche Diag-

nostic, Hong Kong, China), and the lower limit for detection was 

15 IU/mL. Any clinically significant events or side effects were also 

documented. AFP was measured before commencement of treat-

Table 1. Clinical characteristics of patients with severe renal impairment 
and received glecaprevair/pibrentasvir treatment

Patient characteristic Value

Sex, M/F 12/9

Age (years) 62.5±7.8

Severity of renal impairment 

Pre-dialysis 5

Dialysis, PD/HD 7/9

Duration of dialysis (months) 33.6±38.6

Cause of renal failure

Unknown/DM/GN/HT 7/7/6/1

Laboratory parameters prior to GLE/PIB treatment

Serum Cr (μmol/L) 659.8±287.8

eGFR (mL/min/1.73 m2) 12.9±6.2

ALT (U/mL) 29.0±16.8

AST (U/mL) 28.9±17.0

Albumin (g/L) 34.4±6.6

Bilirubin (μmol/L) 16.8±19.6

PT (seconds) 11.4±1.7

INR 1.0±0.1

HCV GT, GT2/GT3/GT6 7/6/8

HCV RNA (IU/mL) 7.2×106±1.7×107

Values are presented as mean±standard deviation or number.
M, male; F, female; PD, peritoneal dialysis; HD, hemodialysis; DM, diabetes 
mellitus; GN, glomerulonephritis; HT, hypertension; GLE/PIB, glecaprevir/
pibrentasvir; Cr, creatinine; eGFR, estimated glomerular filtration rate; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin 
time; INR, international normalized ratio; HCV, hepatitis C virus; GT, genotype.
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ment and also repeated at 24 weeks after treatment. To monitor 

for liver decompensation in PD patients, we also documented the 

number of exchanges, net ultrafiltration and residual urine volume 

before and after GLE/PIB treatment.

Statistical analysis

The primary outcome was the rate of sustained virological re-

sponse at 12 weeks (SVR12, defined as an HCV RNA level of less 

than 15 IU/mL 12 weeks after the end of treatment). Secondary 

outcomes include the rate of sustained virological response at 24 

weeks (SVR24, defined as an HCV RNA level of less than 15 IU/mL  

24 weeks after the end of treatment), changes in HCV RNA levels, 

liver and renal function and adverse events. Continuous variables 

were expressed as mean±standard deviation and analysed with 

Student’s t  test or Wilcoxon test where appropriate. Categorical 

variables were expressed as frequency (percentage), and analysed 

with chi-square test or Fisher-Exact test where appropriate. All 

statistical analysis were performed by statistical software SPSS 

(version 24; IBM, Armonk, NY, USA), and a P-value <0.05 was 

considered statistical significant.

RESULTS

Patients

A total of 21 patients were included for analysis (11 from Hong 

Kong and 10 from Taiwan) (Tables 1, 2). All patients were Asians 

and received GLE/PIB 300 mg/120 mg once daily. The mean dura-

Table 2. The transient elastography scores and ultrasonographic findings of 21 patients who had severe renal impairment and received glecaprevir/
pibrentasvir treatment

Transient elastography scores (kPa) Ultrasonography findings

Patient 1 18.4 Liver cysts with mild increase in liver echogenicity

Patient 2 18.2 Moderate increase in liver echogenicity

Patient 3 14.3 Hepatosplenomegaly

Patient 4 17.3 Nodular liver and increased echogenicity

Patient 5 6.0* Increased liver echogenicity

Patient 6 27.0 Cirrhotic liver with marked splenomegaly

Patient 7 13.4 Nodular liver, mild splenomegaly

Patient 8 13.2 Lobulated liver

Patient 9 26.0 Nodular liver

Patient 10 5.2* Nodular liver

Patient 11 12.5 Lobulated liver with no splenomegaly

Patient 12 11.0 Increased liver echogenicity

Patient 13 ND† Increased liver echogenicity

Patient 14 5.1 Increased liver echogenicity, splenomegaly

Patient 15 ND† Increased liver echogenicity with mild splenomegaly

Patient 16 ND† Nodular liver with mild splenomegaly

Patient 17 39.7 Markedly nodular liver

Patient 18 11.0 Nodular liver

Patient 19 ND† Nodular liver, post-RFA changes of HCC

Patient 20 ND† Mildly nodular liver with mild splenomegaly

Patient 21 38.0 Nodular liver with mild splenomegaly 

ND, not done; RFA, radiofrequncy ablation; HCC, hepatocellular carcinoma.
*These two patients were treated because they have history of cryoglobulinaemia.
†Fibroscan was not performed in these patients because of no reimbursement, the diagnosis of cirrhosis was based on compatible clinical/ultrasonographic 
features.
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tion of treatment was 11.2±1.8 weeks. Seven, six, and eight pa-

tients were infected with GT2, GT3, and GT6 HCV respectively. 

Two patients had history of HCV-related membranoproliferative 

glomerulonephritis (one received prednisolone 50 mg/day before 

GLE/PIB treatment and the other patient refused HCV treatment 

when renal biopsy was performed 2 years before the use of GLE/

PIB). Twenty patients were treatment-naïve and one patient was 

treatment-experienced (previously received pegylated interferon 

[IFN] treatment).

Virological response

Of the 21 patients, one patient died of PD-related peritonitis 

during treatment and two were lost to follow up. The SVR12 in 

Figure 1. Changes in (A) HCV RNA, (B) ALT, and (C) renal function in pa-
tients with severe renal impairment and received glecaprevair/pibrentasvir 
treatment. HCV, hepatitis C virus; ALT, alanine aminotransferase; eGFR, esti-
mated glomerular filtration rate. 
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the remaining 18 patients was 100%. The baseline HCV RNA lev-

el before initiation of treatment was 7.2×106±1.7×107 IU/mL. All 

patients achieved undetectable HCV RNA at 4, 12, and 24 weeks 

after treatment initiation respectively (Fig. 1A). There was no dif-

ference in the SVR12 rates between GT2, GT3, and GT6 patients 

(100% for all, P>0.05 for all comparison). There was also no dif-

ference in SVR12 rates between patients who were treatment-na-

ïve or treatment-experienced (100% for both, P>0.05) (Fig. 2). 

Three patients had elevated alanine aminotransferase (ALT) at 

baseline (59.3±10.7 U/mL), and the ALT level decreased to 

23.0±4.0 U/mL, 23.0±2.8 U/mL and 24.0±8.9 U/mL at 4, 12, and 

24 weeks after treatment (P=0.155, 0.027, and 0.039 compared 

with baseline value) (Fig. 1B). During a mean follow-up of 

31.2±13.7 weeks, there was no virological breakthrough or in-

crease in liver transaminase levels. Nine patients had followed up 

to 1 year, all showed undetectable HCV RNA during their last fol-

low-up visits and the SVR24 rate was 100% in these nine patients. 

Effect on renal function

Sixteen patients received dialysis (seven were on PD and nine 

were on HD). None of them required intensification of dialysis 

regimen after initiation of GLE/PIB. In PD patients, there was no 

difference in the mean number of PD exchanges (3.2±0.4 vs. 

3.2±0.4 exchanges/day, P=1.00), volume of net ultrafiltration 

(780.0±204.9 vs. 720.0±192.4 mL/day, P=0.180) and residual 

urine volume (560.0±260.8 vs. 680.0±389.9 mL/day, P=0.317) 

before and after GLE/PIB treatment. Five patients were not on di-

alysis before the commencement of GLE/PIB, and all showed sta-

ble renal function for up to 24 weeks after initiation of treatment 

(Fig. 1C).

Drug tolerability and adverse events

One patient had early discontinuation of GLE/PIB because of 

patient preference and was unrelated to treatment side effects, 

and this patient also achieved SVR12 despite receiving only 4 

weeks of GLE/PIB treatment. One patient died of PD-related fun-

gal peritonitis, which occurred at 3 months after GLE/PIB treat-

ment. GLE/PIB treatment was well-tolerated in other patients.

DISCUSSION

Our current data showed that GLE/PIB treatment was associat-

ed with high efficacy and tolerability in patients with chronic HCV 

infection and severe renal impairment. In this cohort, the rate of 

SVR12 was 100% and the suppression of HCV RNA to undetect-

able levels occurred as early as 4 weeks. Such excellent therapeu-

tic response was in line with the data in general population and 

previous studies in patients with renal impairment.13-19 While GLE/

PIB was stated to show pan-genotypic efficacy in HCV infection, 

there was very limited data on some specific GT, for instance GT6. 

In this context, a previous study which investigated the use of 

GLE/PIB in patients with renal impairment only included one pa-

tient with GT6.19 In our study, we have included a considerable 

proportion of patients with GT6 (38.1%), and the SVR12 rate was 

100% in these patients. The high SVR rates in this cohort were in 

line the data from previous pivotal studies (e.g., ENDURANCE-5, 

6; SURVEYOR-2 and VOYAGE-1 and -2), which include consider-

able number of compensated cirrhotic/non-cirrhotic GT-6 patients 

who did not have significant renal dysfunction.22-25 As in general 

population, we observed no significant difference in treatment re-

sponse between patients of different GT.18 There is also concern 

whether the therapeutic response of GLE/PIB is sustainable in pa-

tients with renal failure as they are recognized to have impaired 

innate and adaptive immunity.26 In this study, nine patients had 

follow-up data up to 1 year and the rate of SVR24 was 100% 

with no virological breakthrough. The demonstration of sustain-

able HCV eradication had important clinical implications for infec-

tion control in dialysis units, allocation of dialysis machines and 

kidney transplantation. In the present cohort, patients were pre-

dominantly treatment-naïve (up to 95%) and all showed excellent 

therapeutic response, while the remaining patient who was previ-

ously treated with pegylated-IFN also showed successful viral 

clearance after GLE/PIB treatment.

Drug tolerability and renal safety is an important concern for 

the use of DAA in patients with severe renal impairment. Our cur-

rent data suggested that GLE/PIB treatment was associated with 

favourable drug tolerability in patients with advanced CKD, which 

was in line with a previous study in patients with severe renal 

dysfunction.19 In our cohort, only one patient had early discontinu-

ation of GLE/PIB because of his own preference and yet he still 

achieved SVR12 despite receiving GLE/PIB for only 4 weeks. One 

patient died in this study due to PD-associated fungal peritonitis 

which was unrelated to GLE/PIB treatment. While previous studies 

had included predominantly HD patients and there was relatively 

limited data on the use of GLE/PIB in PD patients, the current 

guidelines recommend clinicians to follow practices in HD when 

treating HCV infection in PD patients.16,19 Notwithstanding, phar-
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macokinetics and drug elimination are different in PD and HD pa-

tients.27 Our current data, which included a significant proportion 

(33.3%) of PD patients, suggested that GLE/PIB was also effective 

and well tolerated in PD patients. The detection and monitoring 

of liver decompensation (e.g., increase in ascites) can be difficult 

in PD patients due to the presence of PD dialysate. Our present 

showed that there was no change in the number of exchanges, 

net ultrafiltration and residual urine volume in PD patients before 

and after GLE/PIB treatment. Such data is important as PD is a 

growing modality of renal replacement therapy in many localities, 

especially in developing countries and the Asia-Pacific region 

where HCV infection is still prevalent.28,29 For patients who were 

not on dialysis, their renal function showed no significant deterio-

ration during the course of treatment and had remained stable for 

24 weeks.

GLE/PIB treatment was associated with high efficacy and toler-

ability in HCV-infected patients with severe renal impairment.
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Background/Aims: Although coronavirus disease 2019 (COVID-19) has spread rapidly worldwide, the implication of 
pre-existing liver disease on the outcome of COVID-19 remains unresolved.
Methods: A total of 1,005 patients who were admitted to five tertiary hospitals in South Korea with laboratory-con-
firmed COVID-19 were included in this study. Clinical outcomes in COVID-19 patients with coexisting liver disease as well 
as the predictors of disease severity and mortality of COVID-19 were assessed.
Results: Of the 47 patients (4.7%) who had liver-related comorbidities, 14 patients (1.4%) had liver cirrhosis. Liver cirrho-
sis was more common in COVID-19 patients with severe pneumonia than in those with non-severe pneumonia (4.5% vs. 
0.9%, P=0.006). Compared to patients without liver cirrhosis, a higher proportion of patients with liver cirrhosis required 
oxygen therapy; were admitted to the intensive care unit; had septic shock, acute respiratory distress syndrome, or acute 
kidney injury; and died (P<0.05). The overall survival rate was significantly lower in patients with liver cirrhosis than in 
those without liver cirrhosis (log-rank test, P=0.003). Along with old age and diabetes, the presence of liver cirrhosis 
was found to be an independent predictor of severe disease (odds ratio, 4.52; 95% confidence interval [CI], 1.20–17.02; 
P=0.026) and death (hazard ratio, 2.86; 95% CI, 1.04–9.30; P=0.042) in COVID-19 patients.
Conclusions: This study suggests liver cirrhosis is a significant risk factor for COVID-19. Stronger personal protection and 
more intensive treatment for COVID-19 are recommended in these patients. (Clin Mol Hepatol 2020;26:562-576)
Keywords: Liver diseases; Liver cirrhosis; Prognosis; Mortality; COVID-19

Study Highlights
Liver cirrhosis was more common in COVID-19 patients with severe pneumonia than in those with non-severe pneumonia. Compared to patients 
without liver cirrhosis, patients with liver cirrhosis had a significantly higher proportion of oxygen therapy, admission to ICU, septic shock, acute re-
spiratory distress syndrome, acute kidney injury, and death. The presence of liver cirrhosis was significantly associated with disease severity and 
death in COVID-19 patients.
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INTRODUCTION

Since the first case of coronavirus disease 2019 (COVID-19) was 

identified in Wuhan, China in December 2019, as of June 2, 2020, 

a total of 6,194,533 laboratory-confirmed COVID-19 cases and 

376,320 deaths had been documented worldwide.1 The extensive 

expansion of COVID-19, caused by severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2), represents a great concern 

globally.2,3 Due to the rapid spread of COVID-19 and its high mor-

tality rate, it is necessary to identify the risk factors affecting the 

clinical outcomes of COVID-19. Knowledge about the risk factors 

of COVID-19 can help in the decision-making process for early 

management of COVID-19 patients.

Previous studies have shown that COVID-19 patients with co-

morbidities had poor clinical outcomes.3-5 Underlying comorbidi-

ties including diabetes, hypertension, chronic obstructive pulmo-

nary disease (COPD), and cardiovascular disease are known to be 

risk factors of COVID-19. However, the impact of the presence of 

liver disease, which is one of the major public health problems 

worldwide, on the outcome of COVID-19 remains unclear.6 Glob-

ally, liver disease accounts for approximately 2 million deaths per 

year.7 Moreover, the incidence and severity of infection are higher 

in cirrhosis patients compared to the general population.8,9 Only a 

few studies have been performed on liver disease and/or liver 

function as prognostic factors of COVID-19.10,11 In previous stud-

ies, data were obtained from retrospective studies with a relative-

ly small number of patients, and there were differences in the re-

sults among studies.3-5 In addition, those studies did not show the 

clinical outcomes according to the exact cause of liver disease, 

such as chronic hepatitis or liver cirrhosis. Therefore, studies on 

liver-related comorbidities in COVID-19 patients are urgently 

needed.

In South Korea, the first confirmed case of COVID-19 was a Chi-

nese woman who traveled from Wuhan, China on January 20, 

2020. Since then, there have been 11,590 confirmed cases of 

COVID-19 in South Korea, and 273 of them have died as of June 

3, 2020.12,13 As a large number of confirmed patients were linked 

to a religious group and hospitalized psychiatric patients in a 

closed ward, there was an explosive outbreak in the country with 

hundreds of newly confirmed cases per day.12,14 With a significant 

surge in new cases, deaths during home isolation while waiting 

for hospitalization or pending test results have occurred.14 There-

fore, the need to monitor individuals with the risk factors for 

COVID-19, including old age and/or underlying disease, has 

emerged.

In this study, we evaluated the implication of existing liver-relat-

ed comorbidities on the clinical outcomes of COVID-19 patients.

PATIENTS AND METHODS

Patients

From February 17 to April 6, 2020, patients with laborato-

ry-confirmed COVID-19 who were admitted to five designated 

tertiary hospitals in Daegu, South Korea were included in this 

study. COVID-19 was diagnosed according to the interim guidance 

of the World Health Organization (WHO), mainly by the detection 

of the SARS-CoV-2 sequence in the nasopharyngeal and oro-

pharyngeal swab.15,16

The study was performed in accordance with the ethical guide-

lines of the Helsinki Declaration of 1975, as revised in 2013. The 

study protocol was approved by the Institutional Review Board of 

Kyungpook National University Hospital (IRB No. KNUCH- 

2020-04-017). Informed consent from study participants was 

waived by the ethics committee of the designated hospitals. 

Data collection and study definition

We obtained medical records such as demographic variables, 

comorbidities, clinical symptoms, laboratory findings, and radio-

logic imaging studies on admission, treatments, complications, 

and clinical outcomes from electronic records. Laboratory testing 

included a complete blood count, serum C-reactive protein, serum 

procalcitonin, liver and renal function test, coagulation testing, 

serum lactate dehydrogenase, and serum reatine kinase. The data 

cut-off point for the study was April 30, 2020. 

The degree of severity of COVID-19 (severe vs. non-severe) was 

defined based on the WHO interim guidance for COVID-19.17 

Shock and acute respiratory distress syndrome (ARDS) were also 

determined in accordance with the WHO interim guidance.17 Acute 

kidney injury was diagnosed by the highest serum creatinine level 

and urine output.18 Secondary infection was identified if the pa-

tients had both clinical symptoms or signs of bacteremia or pneu-

monia, and a positive culture of a new pathogen from blood sam-

ples or a lower respiratory tract specimen. For patients requiring 

oxygen administration, the most intense level of oxygen therapy 

(nasal cannula or venturi mask, high-flow nasal cannula, invasive 

mechanical ventilation, or invasive mechanical ventilation with 

extracorporeal membrane oxygenation) was recorded.
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Chronic hepatitis B or C infection, liver cirrhosis, and hepatocel-

lular carcinoma (HCC) were identified by history taking, serology 

test, and/or imaging studies such as computed tomography.19 

Non-alcoholic fatty liver disease (NAFLD) was defined using he-

patic steatosis index [HSI = 8 × (alanine aminotransferase [ALT] / 

aspartate aminotransferase ratio) + body mass index (BMI) + (+2, 

if diabetes mellitus; +2, if female)] of more than 36 points.20 For 

each patient with liver cirrhosis, Child-Pugh class, model for end-

stage liver disease (MELD), chronic liver failure organ failure (CLIF-

OF) score, and CLIF Consortium acute-on-chronic liver failure 

(CLIF-C ACLF) score were assessed on admission. ACLF on admis-

sion was also assessed and graded according to the EASL-CLIF 

definition at diagnosis of COVID-19.21 Hepatic flare was defined 

as ALT level ≥5 × upper limit of normality.

Study outcomes

The primary endpoint was clinical outcomes (including oxygen 

supplementation, the use of high-flow oxygen therapy and inva-

sive mechanical ventilation, admission to intensive care unit [ICU], 

ARDS, or death) in COVID-19 patients with coexisting liver dis-

ease. The secondary endpoint was independent predictors of dis-

ease severity and mortality in COVID-19.

Statistical analysis

Data are presented as the median and interquartile range (IQR) 

or numbers (%) as appropriate. No imputation was conducted for 

missing data. Categorical variables were compared using the Chi-

square test (or Fisher’s exact test), while Student’s t -test (or 

Mann-Whitney’s test) was used to compare continuous variables. 

The cumulative overall survival rates were estimated using the Ka-

plan-Meier method. Factors related to the severity of COVID-19 

were identified with univariate and multivariate logistic regression 

analysis. The multivariate Cox proportional hazards regression 

test was used to identify the factors associated with mortality. 

The odds radio (OR), hazard ratio (HR), and 95% confidence inter-

val (CI) were also determined. A P -value<0.05 was considered 

statistically significant. Statistical analyses were performed using 

IBM SPSS Statistics for Windows version 25.0 (IBM Corp., Ar-

monk, NY, USA).

RESULTS

Baseline characteristics and clinical outcomes of 
COVID-19

From February 17 to April 6, 2020, a total of 1,005 patients 

(361 men and 644 women) were included in this study. Baseline 

characteristics of the patients are summarized in Table 1. The me-

dian age was 61 years. The most common symptoms of COVID-19 

were cough (n=567, 57.1%), followed by fever and chills (n=452, 

45.4%). Eight patients were healthcare-related COVID-19, and all 

of these patients had no pre-existing liver disease. Radiologic ab-

normality was found in 587 patients (58.4%). Oxygen therapy 

Figure 1. Kaplan-Meier plots of overall survival according 
to the presence of liver cirrhosis. Survival rate was signifi-
cantly lower in patients with liver cirrhosis than in those 
without liver cirrhosis (log-rank test, P=0.003).
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was administered to 289 patients (28.8%); among them, 70 pa-

tients (7.0%) underwent invasive mechanical ventilation. Nine-

ty-seven patients (9.7%) were admitted to the ICU, and 113 pa-

tients (11.2%) had ARDS. Seventy-seven patients (7.7%) died after 

a median of 11 (6–25) days from COVID-19 diagnosis (Table 2). All 

patients died of respiratory failure due to progression of COVID-19.

When the patients were divided into severe (n=133, 13.2%) and 

non-severe (n=872, 86.8%) disease in accordance with WHO in-

terim guidance for COVID-19,17 patients with severe pneumonia 

had significantly older age, higher body mass index, and more fre-

quent smoking history (P<0.05) (Supplementary Table 1). The 

presence of comorbidities, including liver cirrhosis, diabetes, and 

hypertension, was more common in patients with severe disease 

compared to those with non-severe disease (P<0.05). However, 

there was no difference in the presence of chronic hepatitis be-

tween the two groups. More abnormalities in laboratory tests and 

radiographic images were found in patients with severe disease 

than those with mild disease. A higher percentage of patients with 

severe disease received antiviral therapy, hydroxychloroquine, sys-

temic glucocorticoid, immunoglobulin, and oxygen therapy com-

pared to patients with non-severe disease (P<0.05) (Supplementa-

ry Table 2). Patients with severe disease had a higher proportion 

of ICU admission, septic shock, ARDS, acute kidney injury, and 

death compared to patients with non-severe disease (P<0.05).

Comparison of COVID-19 patients with and without 
pre-existing liver disease

Of the 47 patients (4.7%) who had liver-related comorbidities, 

14 patients (1.4%) had liver cirrhosis (Table 1). There were no sig-

nificant differences in age, pre-existing comorbidities, or respira-

tory symptoms between COVID-19 patients with underlying liver 

disease and those without coexisting liver-related comorbidity 

(Table 1). Abnormal chest radiograph was more common in pa-

tients with chronic liver disease, but bilateral involvement on 

chest radiographs was not different between the two groups. ICU 

admission, septic shock, ARDS, acute kidney injury, and death 

were not statistically different.

Patients with liver cirrhosis had more lymphocytopenia, throm-

bocytopenia, and chest radiograph abnormalities compared to 

patients without liver cirrhosis (P<0.05) (Table 1). Patients with 

liver cirrhosis had a significantly higher risk of oxygen therapy (to-

tal oxygen requirement 57.1% vs. 28.4%, P=0.032; high-flow ox-

ygen therapy 42.9% vs. 12.2%, P=0.005), ICU admission (35.7% 

vs. 9.3%, P=0.007), septic shock (28.6% vs. 7.7%, P=0.020), 

ARDS (35.7% vs. 10.9%, P =0.014), and acute kidney injury 

(21.4% vs. 5.2%, P=0.037) than did patients without liver cirrho-

sis (Table 2). Four of 14 cirrhotic patients (28.6%) and 73 of 991 

non-cirrhotic patients (7.4%) died of COVID-19 (P=0.018). The 

overall survival rate was significantly lower in patients with liver 

cirrhosis than in those without liver cirrhosis (log-rank test, 

Table 3. Independent risk factors for severe COVID-19

Variable
Univariate Multivariate analysis

P-value* P-value* OR (95% CI)

Age, ≥65 years <0.001 <0.001 4.32 (2.73–6.84)

Overweight, BMI ≥25 <0.001

Smoking history <0.001

Liver cirrhosis 0.003 0.026 4.52 (1.20–17.02)

Diabetes mellitus <0.001 0.001 2.26 (1.43–3.58)

Hypertension <0.001

Cardiovascular disease 0.058

Chronic obstructive pulmonary disease 0.101

Chronic renal disease 0.008 0.025 4.20 (1.20–14.71)

Fever/chill <0.001 <0.001 2.93 (1.86–4.62)

Cough 0.672

Shortness of breath <0.001 <0.001 5.82 (3.79–8.95)

COVID-19, coronavirus disease 2019; OR, odds radio; CI, confidence interval; BMI, body mass index.
*Calculated by logistic regression analysis.
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P= 0.003) (Fig. 1).

Independent predictors of severe pneumonia in 
COVID-19

In multivariate analysis, higher age (OR, 4.32; 95% CI, 2.73–

6.84; P<0.001), presence of liver cirrhosis (OR, 4.52; 95% CI, 

1.20–17.02; P=0.026), diabetes (OR, 2.26; 95% CI, 1.43–3.58; 

P=0.001), chronic renal disease (OR, 4.20; 95% CI, 1.20–14.71; 

P =0.025), fever and chill (OR, 2.93; 95% CI, 1.86–4.62; 

P<0.001), and shortness of breath (OR, 5.82; 95% CI, 3.79–8.95; 

P<0.001) were identified as independent predictors of severe CO-

VID-19 (Table 3).

Independent predictors of mortality in COVID-19

Multivariate analysis showed that higher age (HR, 4.96; 95% 

CI, 2.65–9.30; P<0.001), presence of liver cirrhosis (HR, 2.86; 

95% CI, 1.04–9.30; P =0.042), diabetes (HR, 2.29; 95% CI, 

1.44–3.64; P<0.001), COPD (HR, 4.52; 95% CI, 1.85–11.02; 

P= 0.001), fever and chill (HR, 2.69; 95% CI, 1.60–4.53; 

P<0.001), and shortness of breath (HR, 2.34; 95% CI, 1.43–3.83; 

P=0.001) were all significantly associated with mortality in COV-

ID-19 (Table 4). 

Clinical outcomes and risk factors for mortality in 
COVID-19 patients with liver cirrhosis

We determined the clinical outcomes and risk factors for mor-

tality in COVID-19 patients with liver cirrhosis. Fourteen COVID-19 

patients with cirrhosis (Child- Pugh class A and B in nine and five 

patients, respectively) were included and analyzed (Table 5). The 

most common etiology of cirrhosis was chronic hepatitis B (n=5) 

and alcohol (n=5), followed by chronic hepatitis C (n=2), autoim-

mune hepatitis (n=1), and unknown etiology (n=1). Two patients 

had a history of HCC treatment (radiofrequency ablation), and 

there was no evidence of recurrence. Seven patients (50%) had 

decompensated liver cirrhosis. The initial MELD score was 8 (IQR, 

7–12). CLIF-C ACLF score and CLIF-OF score were 92 (IQR, 49–

106) and 6 (IQR, 6–6.25), respectively. ACLF was diagnosed in 

one patient (grade I) on admission. Hepatic flare occurred in three 

of 14 patients (21.4%), all of whom survived. The most common 

symptoms were fever (n=8, 57.1%), followed by shortness of 

breath (n=6, 42.9%). Ten patients (71.4%) received antiviral ther-

apy with lopinavir/ritonavir and seven (50%) received hydroxy-

chloroquine (Table 6). Four patients (28.6%) experienced septic 

shock and five patients (35.7%) had ARDS. Among these pa-

tients, four (28.6%) died after a median of 23 days (16–32) from 

COVID-19 diagnosis.

We compared non-survivors (n=4) with survivors (n=10) among 

COVID-19 patients with liver cirrhosis. There were no significant 

Table 4. Independent risk factors for death

Variable
Univariate Multivariate analysis

P-value* P-value* HR (95% CI)

Age, ≥65 years <0.001 <0.001 4.96 (2.65–9.30)

Overweight, BMI ≥25 0.019

Smoking history 0.001

Liver cirrhosis 0.006 0.042 2.86 (1.04–9.30)

Diabetes mellitus <0.001 <0.001 2.29 (1.44–3.64)

Hypertension <0.001

Cardiovascular disease 0.092

Chronic obstructive pulmonary disease <0.001 0.001 4.52 (1.85–11.02)

Chronic renal disease 0.337

Fever/chill <0.001 <0.001 2.69 (1.60–4.53)

Cough 0.323

Shortness of breath <0.001 0.001 2.34 (1.43–3.83)

HR, hazard ratio; CI, confidence interval; BMI, body mass index.
*Calculated by Cox proportional hazards regression test.
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Table 5. Baseline characteristics of COVID-19 patients with liver cirrhosis (n=14)

All  
(n=14)

Non-survivor  
(n=4, 28.6%)

Survivor  
(n=10, 71.4%)

P-value*

Demographic variable

Age (years) 66 (60–81) 74 (62–87) 64 (61–81) 0.478

Age, ≥65 years 7/14 (50.0) 3/4 (75.0) 4/10 (40.0) 0.559

Male gender 10/14 (71.4) 4/4 (100.0) 6/10 (60.0) 0.400

Height (cm) 166 (158–174) 168 (161–175) 166 (157–170) 0.857

Body weight (kg) 65 (56–73) 72 (70–74) 60 (55–67) 0.286

Overweight, BMI ≥25 2/8 (25.0) 1/2 (50.0) 1/6 (16.7) 1.000

Obese, BMI ≥30 1/8 (12.5) 0/2 (0.0) 1/6 (16.7) 1.000

Smoking history

Former or current smokers 6/13 (46.2) 3/3 (100.0) 3/10 (30.0) 0.141

Etiology of cirrhosis 0.301

Chronic hepatitis B 5/14 (35.7) 1/4 (25.0) 4/10 (40.0) –

Alcoholic liver disease 5/14 (35.7) 1/4 (25.0) 0/10 (0.0) –

Chronic hepatitis C 2/14 (14.3) 2/4 (50.0) 4/10 (40.0) –

Autoimmune hepatitis 1/14 (7.1) 0/4 (0.0) 1/10 (10.0) –

Others 1/14 (7.1) 0/4 (0.0) 1/10 (10.0) –

Initial stage of cirrhosis

Decompensated 7/14 (50.0) 1/4 (25.0) 6/10 (60.0) 0.554

Child-Pugh class 0.580

A 9/14 (64.3) 2/4 (50.0) 7/10 (70.0) –

B 5/14 (35.7) 2/4 (50.0) 3/10 (30.0) –

MELD score 8 (7–12) 9 (7–13) 8 (7–12) 1.000

CLIF-OF score 6.0 (6.0–6.3) 6.0 (6.0–6.8) 6.0 (6.0–6.5) 1.000

CLIF-C ACLF score 92 (52-106) 96 (80-108) 73 (40-106) 0.304

Other comorbidity

Diabetes mellitus 5/14 (35.7) 2/4 (50.0) 3/10 (30.0) 0.930

Hypertension 5/14 (35.7) 1/4 (25.0) 4/10 (40.0) 1.000

Cardiovascular disease 2/14 (14.3) 1/4 (25.0) 1/10 (10.0) 1.000

Chronic obstructive pulmonary disease 0/14 (0.0) 0/4 (0.0) 0/10 (0.0) –

Chronic renal disease 1/14 (7.1) 1/4 (25.0) 0/10 (0.0) 0.623

Symptoms on admission

Fever/chill 8/14 (57.1) 4/4 (100.0) 4/10 (40.0) 0.147

Cough 5/14 (35.7) 2/4 (50.0) 3/10 (30.0) 0.930

Shortness of breath 6/14 (42.9) 2/4 (50.0) 4/10 (40.0) 1.000

Gastrointestinal symptoms (vomiting/diarrhea) 2/14 (14.3) 0/4 (0.0) 2/10 (20.0) 0.904

Myalgia 1/14 (7.1) 1/4 (25.0) 0/10 (0.0) 0.623

Headache 2/14 (14.3) 3/4 (75.0) 1/10 (10.0) 1.000

Time from symptom onset to admission (days) 8 (1–8) 8 (8–8) 2 (0–8) 0.667

Vital signs at presentation

Body temperature (°C) 36.6 (36.2–37.3) 36.8 (36.1–37.9) 36.5 (36.2–37.1) 0.635
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differences between non-survivors and survivors in age, comor-

bidities, etiology, and stage of cirrhosis. Clinical symptoms, labo-

ratory findings, and radiologic findings were not also related to 

prognosis. ICU admission, septic shock, ARDS, and acute kidney 

injury were more common in non-survivors than in survivors 

(P<0.05). Among the four non-survivors, all patients developed 

septic shock and ARDS, and all died of respiratory failure due to 

the progression of COVID-19. There was no worsening or new on-

set of jaundice, ascites, or cirrhosis-related complications, such as 

spontaneous bacterial peritonitis, esophageal variceal bleeding, 

or hepatic encephalopathy. 

DISCUSSION

Due to the rapid spread of COVID-19 and the subsequent over-

whelmed medical resources in many countries, it is important to 

evaluate the risk factors affecting the course of COVID-19. Glob-

ally, chronic liver disease represents a significant disease bur-

den.7,22 Moreover, as the severity of infection is known to be 

All  
(n=14)

Non-survivor  
(n=4, 28.6%)

Survivor  
(n=10, 71.4%)

P-value*

Respiratory rate (breath/min) 20 (18–20) 20 (18–20) 20 (18–20) 1.000

Oxygen saturation (%) 96 (94–98) 95 (92–97) 97 (94–99) 0.304

Systolic blood pressure (mmHg) 126 (120–140) 136 (128–161) 123 (116–136) 0.106

Heart rate (/min) 75 (61–95) 69 (60–88) 77 (66–107) 0.454

Radiological finding

Abnormal chest radiograph 12/14 (85.7) 4/4 (100.0) 8/10 (80.0) 0.904

Bilateral involvement on chest radiographs 9/12 (75.0) 3/4 (75.0) 6/8 (75.0) 1.000

Laboratory finding

White blood cell count (×103/uL) 5,225 (1,905–9,448) 4,075 (1,423–10,808) 5,250 (1,905–9,448) 0.945

Lymphocyte count (×103/uL) 736 (484–988) 731 (500–968) 736 (450–1,048) 0.945

Hemoglobin (g/dL) 10.7 (10.2–13.3) 10.2 (9.1–13.0) 10.9 (10.4–13.4) 0.188

Platelet count (×109/L) 181 (104–221) 151 (57–277) 183 (104–221) 0.733

C-reactive protein (mg/L) 4.5 (0.8–8.8) 5.7 (2.9–8.8) 1.0 (0.5–8.8) 0.503

Aspartate aminotransferase (U/L) 36 (30–59) 46 (18–62) 36 (30–52) 0.945

Alanine aminotransferase (U/L) 22 (16–37) 37 (19–49) 20 (16–34) 0.304

Total bilirubin (mg/dL) 0.81 (0.58–1.21) 0.82 (0.45–1.13) 0.81 (0.57–1.30) 0.945

Alkaline phosphatase (U/L) 77 (68–124) 129 (72–192) 75 (64–103) 0.240

Serum albumin (g/dL) 3.4 (2.9–3.6) 3.0 (2.6–3.5) 3.5 (3.0–3.8) 0.945

Prothrombin time (seconds) 13.2 (11.8–16.7) 14.9 (12.0–17.6) 12.6 (11.8–24.0) 0.610

Prothrombin time (INR) 1.13 (0.99–1.42) 1.25 (1.01–1.53) 1.07 (0.99–2.03) 0.610

Blood urea nitrogen (mg/dL) 16 (9–21) 15 (10–22) 17 (9–21) 0.839

Creatinine (mg/dL) 0.70 (0.61–1.12) 0.80 (0.64–1.42) 0.70 (0.58–1.12) 0.539

Lactic acid (mmol/L) 1.7 (0.9–2.7) 2.3 (2.3–2.3) 1.3 (0.9–2.8) 0.800

Sodium (mmol/L) 137 (134–139) 136 (133–138) 137 (133–140) 0.635

Potassium (mmol/L) 4.3 (3.6–4.6) 3.9 (3.6–5.0) 4.4 (3.7–4.6) 0.733

Lactate dehydrogenase (U/L) 448 (313–751) 775 (348–911) 431 (313–481) 0.304

Values are expressed as median (interquartile range) or numbers (%).
COVID-19, coronavirus disease 2019; BMI, body mass index; MELD, model for end-stage liver disease; ACLF, acute-on-chronic liver failure; INR, internatinal 
normalized ratio.
*Calculated by Student’s t  test (or the Mann-Whitney U test, if appropriate) and chi-squared test (or Fisher’s exact test, if appropriate).

Table 5. Continued
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greater in cirrhotic patients than in the general population, stud-

ies on the implication of liver-related comorbidity on the outcomes 

of COVID-19 should be conducted.8 However, the impact of liver 

disease in SAR-CoV-2 infection remains unclear. In the present 

study, we assessed the impact of liver-related comorbidity on the 

clinical outcomes of COVID-19 patients.

In this study, a total of 1,005 patients were included and ana-

lyzed. Liver cirrhosis was more common in patients with severe 

pneumonia than in those with non-severe pneumonia. When 

comparing patients with liver-related comorbidity to those with-

out underlying liver disease, no significant differences were found 

in respiratory symptoms and clinical outcomes. Patients with liver 

cirrhosis needed more oxygen therapy and had a higher risk of 

admission to the ICU, septic shock, ARDS, acute kidney injury, 

and death. Multivariate analysis revealed that the presence of liv-

er cirrhosis was significantly associated with disease severity and 

mortality in COVID-19, along with old age, diabetes, fever, and 

shortness of breath. Among COVID-19 patients with cirrhosis, 

there were no significant differences in the stage of cirrhosis, clin-

ical symptoms, and laboratory findings between non-survivors 

and survivors.

This study has several strengths and provides some important 

findings. First, this study demonstrated the impact of liver disease 

on the clinical outcomes of COVID-19 in a large number of pa-

tients. There were no significant differences in clinical outcomes 

between COVID-19 patients with underlying liver disease and 

those without coexisting liver-related comorbidity. However, liver 

cirrhosis was associated with worsening clinical outcomes, dis-

ease severity, and mortality of COVID-19, even after adjusting for 

other risk factors. Such result suggests that liver cirrhosis is an im-

portant risk factor of COVID-19. Second, after the outbreak of 

COVID-19 in South Korea, mild COVID-19 patients were relocated 

Table 6. Treatments and clinical outcomes of COVID-19 patients with liver cirrhosis (n=14)

All  
(n=14)

Non-survivor 
(n=4, 28.6%)

Survivor  
(n=10, 71.4%)

P-value*

Treatments

Antiviral therapy 10/14 (71.4) 4/4 (100.0) 6/10 (60.0) 0.400

Lopinavir/ritonavir 10/14 (71.4) 4/4 (100.0) 6/10 (60.0) 0.400

Darunavir/cobicistat 0/14 (0.0) 0/4 (0.0) 0/10 (0.0) –

Hydroxychloroquine 7/14 (50.0) 1/4 (25.0) 6/10 (60.0) 0.554

Systemic glucocorticoid 5/14 (35.7) 3/4 (75.0) 2/10 (20.0) 0.186

Immunoglobulin 2/14 (14.3) 1/4 (25.0) 1/10 (10.0) 1.000

Oxygen support 8/14 (57.1) 4/4 (100.0) 4/10 (40.0) 0.085

High-flow nasal cannula+invasive mechanical ventilation 6/14 (42.9) 4/4 (100.0) 2/10 (20.0) 0.033

High-flow nasal cannula 3/14 (21.4) 1/4 (25.0) 2/10 (20.0) 1.000

Invasive mechanical ventilation 3/14 (21.4) 3/4 (75.0) 0/10 (0.0) 0.018

Invasive mechanical ventilation and ECMO 0/14 (0.0) 0/4 (0.0) 0/10 (0.0) –

Complication

ICU admission 5/14 (35.7) 4/4 (100.0) 1/10 (10.0) 0.011

Septic shock 4/14 (28.6) 4/4 (100.0) 0/10 (0.0) 0.002

Acute respiratory distress syndrome 5/14 (35.7) 4/4 (100.0) 1/10 (10.0) 0.011

Acute kidney injury 3/14 (21.4) 3/4 (75.0) 0/10 (0.0) 0.018

Continuous renal-replacement therapy 1/14 (7.1) 1/4 (25.0) 0/10 (0.0) 0.623

Secondary infection 1/14 (7.1) 0/4 (0.0) 1/10 (10.0) 1.000

Clinical outcome

Hospital stay (days) 23 (16–32) 23 (17–30) 23 (14–34) 0.945

Valuees are expressed as median (interquartile range) or numbers (%).
COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.
*Calculated by Student’s t  test (or the Mann-Whitney U test, if appropriate) and chi-squared test (or Fisher’s exact test, if appropriate).
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to “life treatment centers,” which were temporary residence for 

isolation. As their symptoms progressed, the patients were re-

ferred to the hospital.12,14 Since then, the number of confirmed pa-

tients has gradually decreased. Therefore, we can evaluate the 

mortality rate and treatment outcomes of COVID-19 in a relatively 

stable situation with little depletion of medical resources. By June 

3, 2020, the case fatality rates of COVID-19 in South Korea was 

2.4%.13 Third, most of the patients in our study cohort experi-

enced discharge or death, and only 6% were hospitalized when 

the analyses were performed. Therefore, analysis on the risk fac-

tors of mortality could be conducted accurately.

Liver injury in COVID-19 patients might be caused by not only 

viral infection of liver cells, but also severe inflammatory response, 

such as cytokine storm, hypoxia, and drug-induced liver injury 

caused by antiviral agents, including lopinavir/ritonavir, remdesi-

vir, and chlorquine.23,24 In COVID-19 patients with liver cirrhosis, 

poor outcomes might be associated with their systemic immuno-

compromised status. Cirrhosis is associated with dysfunctions of 

the innate and adaptive immunity. Deterioration of liver function 

causes a reduction in the number and dysfunction of neutrophils, 

monocytes, and innate immunity proteins. Both B and T lympho-

cytes involved in acquired immunity are also reduced in number 

and show functional impairment.25,26 Moreover, a previous report 

showed that multiple factors exacerbate alveolar epithelial injury 

and increase vascular permeability in cirrhotic patients with ARDS. 

Systemic inflammation also promotes decompensation, organ fail-

ures and ACLF in patients with cirrhosis and ARDS.27,28

In our study, 14 patients had liver cirrhosis. Among them, seven 

patients had decompensated liver cirrhosis. Four patients had his-

tory of esophageal variceal bleeding, one had history of both eso-

phageal variceal bleeding and hepatic encephalopathy, and the 

other two patients had ascites. During hospitalization, there was 

no worsening of ascites or jaundice, and ascites were well-con-

trolled by taking diuretics. New-onset cirrhosis-related complica-

tions, such as spontaneous bacterial peritonitis, esophageal 

variceal bleeding, and hepatic encephalopathy, did not occur. 

Moreover, the presence of decompensation, stage of cirrhosis, 

and laboratory findings did not affect the prognosis of COVID-19 

patients with liver cirrhosis. Among the non-survivors, all patients 

died from respiratory failure. Unlike our study, recent studies have 

shown that lower lymphocyte and platelet counts, as well as 

higher serum direct bilirubin levels were related to poor prognosis 

in COVID-19 patients with liver cirrhosis, and 29% of cirrhotic pa-

tients died of end-stage-liver disease.10,11 This inconsistency of re-

sults might be due to the small number of cirrhotic patients in our 

study, and further studies with a large number of patients are 

needed to resolve this issue.

Of a total of 47 patients with chronic liver disease, 24 patients 

(2.4%) had chronic hepatitis B infection. Among them, 19 pa-

tients had chronic hepatitis and five patients had liver cirrhosis. In 

patients with chronic hepatitis B infection, viral replication status 

and medication history of nucleos(t)ide analogues could not be 

confirmed in all patients. However, initial transaminase elevation 

over 60 U/L was observed only in one patient, and the patient 

had taken tenofovir disoproxil fumarate. After three days, 

transaminase levels decreased to under 50 U/L. Based on this re-

sult, there was no acute exacerbation of chronic hepatitis B during 

hospitalization in COVID-19 patients.

A recent study showed that NAFLD identified with HSI more 

than 36 points and/or abdominal ultrasound was associated with 

COVID-19 progression.29 In our study, NAFLD, defined by HSI, was 

not related to clinical outcomes such as severe COVID-19 and 

mortality (P=0.244 and P=0.631, respectively). However, being 

overweight (BMI ≥25 kg/m2) was associated with disease severity 

and death in COVID-19 patients, and further studies are needed 

to validate this result.

This study showed a mortality rate of 7.7%. By June 3, 2020, 

the actual case fatality rate of COVID-19 in South Korea was 2.4% 

according to the Korea Centers for Disease Control and Preven-

tion.13 This difference occurred as patients with mild disease were 

not included in our study. Since patients with mild disease con-

firmed in outpatient settings who were treated in life treatment 

centers or at home had only brief medical information and limited 

laboratory testing, we excluded them from this study. Our study 

cohort included patients who were admitted to tertiary hospitals; 

therefore, it may represent the more severe patients of COVID-19.

This study had some limitations. First, some cases had incom-

plete records of clinical symptoms, laboratory testing, viral repli-

cation status, and medication history due to the retrospective na-

ture of the study. Second, as described earlier in discussion, 

patients with mild disease were not included in this study; there-

fore, our study cohort may represent the more severe patients of 

COVID-19. To investigate the effect of liver-related comorbidity on 

clinical outcomes, further studies including mild patients as well 

as patients with severe disease will be required. However, since 

the prevalence of liver disease in our study was similar to that of 

the entire population, our findings are thought to be meaningful.

Amid the explosive outbreak of COVID-19 worldwide, research 

on the risk factors of this infectious disease is important. This 

study suggests that liver cirrhosis is an important risk factor of 
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COVID-19. Stronger personal protection for COVID-19 is recom-

mended, and more attention is needed in treating patients with 

advanced liver disease.
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Dear Editor,

Recently, we read an article entitled “Inhibition of PI3K/Akt sig-

naling suppresses epithelial-to-mesenchymal transition in hepato-

cellular carcinoma through the Snail/GSK-3/beta-catenin path-

way” by Lee et al.1 with profound interest. The study showed that 

phosphoinositide 3-kinase (PI3K) inhibitors, LY294002 and Idelal-

isib, restrict epithelial-to-mesenchymal transition as indicated by 

upregulation of E-cadherin and downregulation of N-cadherin. 

Furthermore, PI3K inhibitors were reported to induce nuclear 

translocation of GSK-3β that was shown to decrease the expres-

sion of Snail and β-catenin in HepG2 and Huh-BAT cells. Subse-

quently, PI3K inhibitors were reported to supress the proliferation 

and invasion of hepatocellular carcinoma (HCC). However, before 

interpreting the results of the published study, several concerns 

should be taken into consideration.

At first, class I PI3K signaling has been known to be crucial for 

HCC progression, and thereby, substitutes as a therapeutic target 

for the treatment of HCC. Furthermore, PI3K has three catalytic 

subunits, which includes PI3K-α, PI3K-β, PI3K-δ.2 Several studies 

have reported that upregulation of PI3Kδ is positively correlated 

with progression of human advanced cancers such as HCC and 

melanoma.3,4 Moreover, Idelalisib is well-known as a first-in-class 

PI3Kδ inhibitor for the treatment of leukemia.5 Recently, it has 

been reported that Idelalisib suppresses HCC progression.4 Subse-

quently, high expression levels of PI3Kδ have been associated 

with advanced HCC.4 However, PI3Kδ expression levels in Huh7-

BAT and HepG2 cell lines have not been shown in this study. It is 

crucial to elucidate the effects of PI3Kδ inhibitor on HCC progres-

sion.

Secondly, it is well-known that LY294002 inhibits PI3K/AKT/

mammalian target of rapamycin complex 1 (mTORC1) pathway.6 

In several cancers, this has been reported to cause significant re-

duction in the capability of cancer cells pertaining to viability, mi-

gration, and invasion.7,8 However, AKT phosphorlation has been 

shown to be upregulated in LY294002-treated Huh-BAT cells. 

Thus, attributes of Huh-BAT cells need to be elucidated. Further-

more, the detailed mechanisms of LY294002 that lead to inhibi-
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tion of PI3K/AKT/mTORC1 pathway in HCC cell lines are not yet 

evident. Subsequently, the mechanism needs to be further vali-

dated.

Furthermore, diverse roles of serine/threonine kinase glycogen 

synthase kinase 3 (GSK3β) in cancer progression still remain con-

troversial.6 However, several studies have reported that GSK3β 

acts as a tumor suppressor gene, and thereby, it has been sug-

gested to be a promising therapeutic target for HCC treatment.9-11 

Additionally, GSK3β has been associated with signaling pathways 

such as Notch-, Wnt/β-catenin-, and transforming growth factor 

(TGF) β-pathway, that have been implicated in HCC pathogene-

sis.12 However, the detailed interactive mechanisms of GSK3β and 

PI3K inhibitors are not elucidated. This study showed that PI3K in-

hibitors upregulate the expression of nuclear GSK3β, which fur-

ther suppresses snail expression in liver cancer cell lines.

In conclusion, Lee et al.’s study1 provides the anti-cancer effects 

and comprehensive mechanisms of PI3K inhibitors in HCC cell 

lines. It suggests that PI3K is a potential therapeutic target for the 

treatment of HCC.
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Dear Editor,

We have read the article entitled “Substantial risk of recurrence 

even after 5 recurrence-free years in early-stage hepatocellular 

carcinoma patients” by Kim et al.1 with great interest. The article 

describes the evaluation of the recurrence risk after 5 disease-free 

years in patients with hepatocellular carcinoma (HCC) undergoing 

curative treatment, such as surgical resection or radiofrequency 

ablation.

HCC is well-known for its high recurrence rate even after cura-

tive surgical resection.2 Overall, the 5-year recurrence rate of HCC 

after curative resection is reported to be 60–70%,3 compared 

with 1–2% for early gastric cancer and about 30% for non-meta-

static colorectal cancer.4,5 Even for single nodular HCC sized less 

than 3 cm, the 5-year recurrence rate after surgical resection is 

44%.6 Typically, recurrence within 2 years after resection is classi-

fied as early recurrence, recurrence after 2 years is classified as 

late recurrence, and late recurrence of more than 2 years after re-

section is considered to be de novo HCC.7 Tumor-related factors 

contribute to early recurrence. In contrast, underlying disease-re-

lated factors influence late recurrence.2,7,8 Most patients with HCC 

have underlying chronic liver disease, which contributes to the de 
novo development of liver cancer, even though the patients have 

favorable tumor-related factors.

In this issue of Clinical and Molecular Hepatology, Kim et al.1 

highlight a high recurrence rate for HCC even after 5 recurrence-

free years. The cumulative recurrence rates at 5 and 10 years were 

60.3% and 71.0%, respectively, for 1,451 patients with HCC re-

ceiving radiofrequency ablation or surgical resection.1 The next 

5-year cumulative recurrence rate was 27.0% among 487 patients 

who had not experienced recurrence for at least 5 years after the 

initial diagnosis. This result is strikingly high compared with non-

metastatic colon cancer for which recurrence rates are <1.5% per 

year after 5 years.5 Due to this low recurrence rate, no further 

specified surveillance for non-metastatic colon cancer is recom-

mended 5 years after the initial diagnosis.5 

For HCC, periodic surveillance is recommended for patients with 

risk factors such as hepatitis B virus (HBV) infection, hepatitis C 

virus (HCV) infection, or liver cirrhosis.2 In South Korea, biannual 

surveillance with ultrasonography and serum alpha-fetoprotein 

How long should physicians follow up with patients  
after curative treatment for hepatocellular carcinoma? 
Bo Hyun Kim

Division of Gastroenterology, Department of Internal Medicine, Center for Liver and Pancreatobiliary Cancer, National Cancer Center, 
Goyang, Korea

Keywords: Hepatocellular carcinoma; Recurrence; Surveillance

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.



580 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0200

Volume_26  Number_4  October 2020

have been adopted as a national cancer screening program for 

patients aged 40 years or older with HBV, HCV, or cirrhosis. Even 

if patients have survived 5 years or more after curative surgical 

resection, patients with HBV, HCV, or cirrhosis should undergo bi-

annual surveillance for HCC.

But what if patients do not have any established risk factors 

such as HBV, HCV, or cirrhosis? Recently, the number of HCC pa-

tients without established risk factors have been increasing, and 

the proportions of nonalcoholic fatty liver disease (NAFLD)-asso-

ciated HCC have also been gradually growing.9-11 NAFLD is a ma-

jor risk factor for HCC in Western countries, and 10–20% of HCC 

cases are attributed to NAFLD in the USA.12 Retrospective studies 

of the South Korean population have indicated that the propor-

tions of NAFLD-associated HCC are 7–8%.9,10 About 60–70% pa-

tients with NAFLD-associated HCC do not have underlying cirrho-

sis.10,11 Kim et al.1 also reported that only a minority of patients 

(6.9%) did not have HBV, HCV, or cirrhosis. Among 37 patients 

without HBV, HCV, or cirrhosis who did not develop recurrence for 

more than 5 years, six patients experienced recurrence 5.7 to 8.0 

years after the initial diagnosis, with a 5-year cumulative recur-

rence rate of 20%. Although these patients previously have not 

been regarded as high-risk population for developing HCC, their 

recurrence rate was as high as those with established risk factors. 

Given that NAFLD-associated HCC patients have shown similar 

recurrence-free survival as other etiology-related HCC, it is con-

ceivable that the recurrence rate is quite high.13,14

If the recurrence rate is so high, how long and how often should 

we follow up on HCC patients without established risk factors? To 

date, there has been a lack of guidelines on the follow-up strate-

gies for HCC cases from any etiology. The latest guideline by the 

American Association for the Study of Liver Disease recommends 

that patients should undergo surveillance after resection with im-

aging and alpha-fetoprotein at an interval of least every 3–6 

months, without mentioning the follow-up period.15 The latest 

National Comprehensive Cancer Network guideline for surveil-

lance after curative treatment recommends imaging and alpha-fe-

toprotein every 3–6 months for 2 years, then every 6–12 months 

thereafter.16 Given that the greatest risk of recurrence is observed 

during the first 2–3 years after curative treatment, intensive sur-

veillance is required for the first 2–3 years.7 Surveillance should be 

continued even after the first 2–3 years, and probably indefinitely. 

The surveillance interval may depend on the tumor doubling time, 

as in patients with high risk of developing HCC. Consequently, a 

6-month interval seems to be reasonable. Another question of 

“Which imaging modalities would be better” remains a debatable 

issue. One consideration in this debate is that patients with 

NAFLD are more prone to obesity, which may hamper ultrasonog-

raphy-based surveillance.

Since the results of the present study were based on a small 

number of patients in a retrospective study, we need to be very 

careful to avoid drawing a hasty conclusion. However, the results 

of this study still provide a glimpse as to whether physicians 

should follow up on HCC patients with or without established risk 

factors after 5 disease-free years. Further studies using detailed 

follow-up strategies are warranted.
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Dear Editor,

We have read with profound interest the very informative re-

view article authored by Kim and Lee1 regarding the effects of an-

tidiabetic drug classes in patients with concomitant non-alcoholic 

fatty liver disease (NAFLD) and type 2 diabetes mellitus. There-

fore, we would like to point out some aspects regarding the phe-

notype of lean NAFLD, with potential insights into clinical prac-

tice.

According to the most recent high level evidence, prevalence of 

lean NAFLD is 19.2% within the NAFLD population and 5.1% 

within the general population, while it correlates with significant 

liver and non-liver morbidity and mortality.2 Interestingly, besides 

blood pressure and Homeostatic Model Assessment of Insulin Re-

sistance, lean and obese NAFLD subjects do no differ substantially 

in terms of physical and metabolic parameters.2

Recent real-world data suggest that lean NAFLD subjects might 

feature greater 15-year cumulative all-cause mortality and similar 

cardiovascular and cancer-related mortality, compared to obese 

NAFLD patients,3 while other have demonstrated that lean NAFLD 

subjects have lower prevalence of cirrhosis, diabetes, hyperten-

sion, dyslipidemia and cardiovascular disease, compared to non-

lean subjects with NAFLD.4 A sub-analysis of data retrieved from 

the National Health and Nutrition Survey (NHANES) III database 

revealed that lean NAFLD patients experience significantly greater 

all-cause and cardiovascular mortality, compared to lean non-

NAFLD subjects.5 Despite the high heterogeneity of available 

data, it is undoubted that lean NAFLD subjects require a thorough 

initial evaluation and a close monitoring for the development or 

manifestation of metabolic complications. Of note, another sub-

analysis of data from the NHANES III database demonstrated that 

presence of visceral obesity, especially among lean NAFLD pa-

tients, has significant prognostic implications regarding all-cause 

mortality and can be a determinant of selected therapeutic inter-

vention.6

Novel antidiabetics, namely glucagon-like peptide-1 receptor 

agonists (GLP-1RAs) and sodium-glucose co-transporter-2 (SGLT-2) 

inhibitors have attracted scientific interest during the last decade 

Lean non-alcoholic fatty liver disease: Is there a place 
for novel antidiabetics in the therapeutic management 
of this underappreciated “enemy”?
Dimitrios Patoulias1 and Michael Doumas1,2
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due to their multiple pleiotropic effects, extending far beyond 

their hypoglycemic effect. Since lean NAFLD patients feature a 

metabolic profile that does not differ significantly from that ob-

served among obese patients, it seems reasonable that GLP-1RAs 

and SGLT-2 inhibitors might also have a role in the therapeutic 

management of these patients, especially when considering their 

increased cardiovascular risk and the established cardiovascular 

benefits observed with these drug classes.7 Mechanisms of their 

action are thoroughly discussed by Kim and Lee.1

However, there is an outstanding gap in literature regarding the 

efficacy and safety of pharmacologic agents, in general, and of 

novel antidiabetics, in specific, for the management of lean 

NAFLD, except for some sparse experimental data.8 Thus, based 

on the aforementioned epidemiologic data, there is an urgent 

need for well-designed prospective studies enrolling lean NAFLD 

subjects to investigate the efficacy and safety of the promising 

novel antidiabetics. 
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Dear Colleagues,

The whole world has been in trouble with COVID-19. However, 

in the evolution of this pandemic, human has never ceased mak-

ing efforts for medical and research advancements in the midst of 

difficulties.

We were delighted to host the virtual 14th International Sympo-

sium on Alcoholic Liver and Pancreatic Diseases and Cirrhosis 

(ISALPDC) in Seoul, Korea, on August 13-14, 2020. The ISALPDC 

was held in conjunction with The Liver Week 2020, an interna-

tional conference hosted by the Korean Association for the Study 

of the Liver (KASL) and co-hosted by the Korean Association of 

HBP Surgery (KAHBPS), the Korean Liver Cancer Association 

(KLCA) and the Korean Liver Transplantation Society (KLTS).

Alcohol misuse is a major contributor to injury, mortality, and 

the burden of disease globally. In 2016, approximately 3.0 million 

deaths worldwide were attributable to alcohol, responsible for 

5.3% of all deaths. These facts are the basis of the global out-

reach objective pursued by the ISALPDC.

We are honored to have the opening remarks jointly delivered 

by Dr. George Koob, Director of the National Institutes on Alcohol 

Abuse and Alcoholism (NIAAA)/National Institutes of Health (NIH) 

and Dr. Katherine Jung, Director, Division of Metabolism and 

Health Effects of NIAAA. The symposium showcased 17 re-

nowned speakers and 6 young investigator awardees and was at-

tended by more than 1,455 participants from 28 countries to dis-

cuss the cutting-edge research on obesity-alcohol synergism, 

novel cellular and organ crosstalk in alcoholic liver disease (ALD), 

alcohol promotion of cancer, and translational studies and public 

health on ALD.

This symposium was supported by the KASL, a grant from 

NIAAA (5R13AA020691), Southern California Research Center for 

ALPD and Cirrhosis (P50AA011999), and other sponsors. We cor-

dially appreciate their support. We also thank all speakers, mod-

erators, and attendees who have made the symposium most en-

lightening and fruitful.

This special issue represents an outstanding compendium of re-

view articles on topics covered by the symposium speakers and 

two keynote speakers of the Liver Week 2020, Drs. Gyongyi Szabo 

and Bernd Schnabl. We sincerely thank them for the invaluable 

contributions. Finally, we wish to express our sincere gratitude to 

the organizing committee members of the Liver Week 2020 and 

the editorial committee of Clinical and Molecular Hepatology for 

their understanding and support.

The 14th International Symposium on Alcoholic Liver 
and Pancreatic Diseases and Cirrhosis (ISALPDC)
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Obesity and binge alcohol intake are deadly combina-
tion to induce steatohepatitis: A model of high-fat diet 
and binge ethanol intake 
Seonghwan Hwang*, Tianyi Ren*, and Bin Gao

Laboratory of Liver Diseases, National Institute on Alcohol Abuse and Alcoholism, National Institutes of Health, Bethesda, MD, USA

Obesity and binge drinking often coexist and work synergistically to promote steatohepatitis; however, the underlying 
mechanisms remain obscure. In this mini-review, we briefly summarize clinical evidence of the synergistical effect of 
obesity and heavy drinking on steatohepatitis and discuss the underlying mechanisms obtained from the study of several 
mouse models. High-fat diet (HFD) feeding and binge ethanol synergistically induced steatohepatitis and fibrosis in mice 
with significant intrahepatic neutrophil infiltration; such HFD-plus-ethanol treatment markedly up-regulated the hepatic 
expression of many chemokines with the highest fold (approximately 30-fold) induction of chemokine (C-X-C motif) 
ligand 1 (Cxcl1), which contributes to hepatic neutrophil infiltration and liver injury. Furthermore, HFD feeding activated 
peroxisome proliferator-activated receptor gamma that subsequently inhibited CXCL1 upregulation in hepatocytes, 
thereby forming a negative feedback loop to prevent neutrophil overaction; whereas binge ethanol blocked this loop 
and then exacerbated CXCL1 elevation, neutrophil infiltration, and liver injury. Interestingly, inflamed mouse hepatocytes 
attracted neutrophils less effectively than inflamed human hepatocytes due to the lower induction of CXCL1 and the 
lack of the interleukin (IL)-8 gene in the mouse genome, which may be one of the reasons for difficulty in development 
of mouse models of alcoholic steatohepatitis and nonalcoholic steatohepatitis (NASH). Hepatic overexpression of Cxcl1 
and/or IL-8 promoted steatosis-to-NASH progression in HFD-fed mice by inducing neutrophil infiltration, oxidative stress, 
hepatocyte death, fibrosis, and p38 mitogen-activated protein kinase activation. Collectively, obesity and binge drinking 
synergistically promote steatohepatitis via the induction of CXCL1 and subsequent hepatic neutrophil infiltration. (Clin 
Mol Hepatol 2020;26:586-594)
Keywords: Chemokine CXCL1; Neutrophils; NASH; p38 mitogen-activated protein kinase
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INTRODUCTION

Although obesity and heavy drinking, which often coexist in pa-

tients, have been shown to promote the development of liver in-

jury, steatohepatitis, and fibrosis,1,2 the clinical data on light-to-

moderate alcohol drinking on nonalcoholic fatty liver disease 

(NAFLD) have been controversial.3,4 The data from experimental 

models on the effect of chronic alcohol feeding on high-fat diet 

(HFD)-induced NAFLD are limited because it is difficult to manage 

chronic alcohol and HFD feeding together due to marked reduc-

tion of ad libitum HFD intake by chronic ethanol feeding in mice. 

Xu et al.5 performed intragastric force-feeding of HFD-plus-etha-

nol in mice and found HFD and ethanol synergistically induce ni-

trosative, endoplasmic reticulum (ER), and mitochondrial stress 

and an upregulation of hepatic toll-like receptor 4, thereby con-

tributing to steatohepatitis. Recently, we developed a model of 

HFD-plus-binge ethanol challenge,6,7 which mimics binge drinking 

and obesity in humans. Our data revealed that binge alcohol in-

take and HFD synergistically induce steatohepatitis and fibrosis.6,7 

In the current review, we briefly describe clinical data on the ef-

fects of obesity and alcohol drinking on steatohepatitis and delib-

erate the underlying mechanisms obtained from the study of sev-

eral mouse models.

CLINICAL DATA ON THE EFFECTS OF OBESITY 
AND ALCOHOL DRINKING ON NAFLD

Recent increases in the incidence of obesity and metabolic syn-

drome have highlighted the potential synergism between obesity 

and heavy drinking to cause liver injury and resultant inflamma-

tion.1,2 Several clinical studies have documented the additive ef-

fects of obesity and heavy/moderate alcohol drinking on steato-

hepatitis and liver-related death.8-13 For example, in a cohort study 

of 233 alcoholic hepatitis patients, obesity was found to be asso-

ciated with a greater than two-fold increase in short-term mortal-

ity.2 However, the clinical data on the effects of light to moderate 

alcohol drinking on NAFLD have been controversial. Some early 

observational studies suggest low to moderate alcohol use does 

not increase or even reduces the risk of fatty liver;14-16 but this 

conclusion was later questioned by meta analyses.4,17 The cross-

sectional profile of these studies make it impossible to establish 

temporal relationships between alcohol consumption and NAFLD. 

A Korean cohort study followed 190,048 adults without NAFLD 

at baseline for 15.7 years and documented a decreased risk of he-

patic steatosis in moderate drinkers.18 However, in the subgroup 

of participants who developed more severe NAFLD over time, low 

levels of alcohol consumption were associated with the risk of liv-

er fibrosis, especially for nonobese individuals.18 Besides the im-

pact on hepatic steatosis incidence, the impact of low to moder-

Table 1. Recent clinical studies on liver disease caused by combination of ethanol and obesity 

Year Conclusion Reference

2008 Modest wine consumption is associated with reduced prevalence of suspected NAFLD. 16

2010 Obesity and alcohol synergistically contribute to the risk of liver-related death. 58

2011 Modest alcohol consumption does not increase the risk of fatty liver or liver fibrosis. 14

2014 Light to moderate alcohol consumption is protective against NAFLD development over time. 15

2017 No association was observed between alcohol use and the presence of cardiovascular disease risk factors in NAFLD 
individuals. 

22

2018 Low to moderate alcohol use increases liver related death in NASH. 20

2018 In NAFLD population, 0.5–1.5 drinks per day reduce overall mortality, whereas ≥1.5 drinks per day become harmful. 21

2018 Moderate alcohol use was associated with less improvement in steatosis, as well as lower odds of NASH resolution. 19

2019 In patients with severe alcoholic liver disease, obesity is a risk factor for short-term morbidity and mortality. 2

2019 Moderate drinking was associated with worsening of noninvasive markers of fibrosis in NAFLD. 10

2020 Modest alcohol consumption is associated with a decreased risk of hepatic steatosis, while an increased risk of 
hepatic steatosis plus fibrosis (especially in nonobese individuals).

18

2020 Even low alcohol intake in fatty liver is associated with increased risks of advanced liver disease and cancer, but a 
lower risk of cardiovascular disease incidence.

8

NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.
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ate drinking on NAFLD development and relevant clinical 

outcomes has received fierce debate as well. Targeting biopsy-

confirmed NAFLD patients, moderate drinking was reported to 

bring about lower odds for histological improvement and nonal-

coholic steatohepatitis (NASH) resolution.19 In a large-scale Kore-

an cohort of young and middle-aged NAFLD individuals, non-

heavy alcohol use was associated with noninvasive fibrosis 

indexes, indicating the perniciousness of even modest drinking.10 

Longitudinal observation on more severe NAFLD cases with fibro-

sis or cirrhosis further demonstrated the facilitation of low to 

moderate drinking to liver decompensation and liver-related 

death.20 A recent study on Finland population also showed a cor-

relation between alcohol intake (even at low levels) and the risk 

for advanced liver diseases on the basis of fatty liver. But as a 

whole, low to moderate drinking was associated with reduced 

mortality and cardiovascular disease (CVD) risk in NAFLD pa-

tients.8 Similarly, a prospective study based on 4,568 USA sub-

jects with NAFLD (defined by the hepatic steatosis index) noted 

significant protective effects of 0.5–1.5 drinks per day against all-

cause mortality, whereas ≥1.5 drinks per day led to an increase in 

mortality.21 In contrast, a longitudinal cohort study following 570 

USA individuals with NAFLD found prospectively assessed alcohol 

use was not associated with significant differences in CVD risk.22 

These results were further challenged by the Global Burden of 

Disease study, which indicated even light drinking increases CVD 

risk and mortality.23 Given such controversy and disagreement re-

garding the effects of alcohol on NAFLD, further rigor clinical and 

mechanistic studies are in urgent need. Table 1 summarized re-

cent clinical studies on liver disease caused by combination of al-

cohol drinking and obesity.

HFD-PLUS-ETHANOL BINGE MODEL INDUCES 
SEVERE STEATOHEPATITIS

Investigators have recently performed experimental studies to 

better understand the synergistic role of ethanol and obesity and 

the associated mechanisms for the potentiation of liver disease by 

ethanol and obesity as summarized in Table 2. Because chronic 

alcohol feeding markedly reduces ad libitum HFD intake in mice, it 

is difficult to manage chronic alcohol and HFD feeding together 

unless performing intragastric force-feeding.5 Recently, we devel-

oped a model to study the interaction of obesity and binge drink-

ing by introducing binge alcohol intake in HFD-fed mice, and our 

data suggest that binge ethanol intake and HFD synergistically in-

duced steatohepatitis as shown by a marked increase in hepatic 

neutrophil infiltration and inflammatory markers as well as liver 

injury (Fig. 1).6

Hepatic neutrophil infiltration is a critical pathologic feature 

during liver injury, usually serving as a hallmark of both obesity 

and alcohol-related liver diseases.24 C-X-C motif chemokine ligand 

1 (CXCL1) belongs to the CXC chemokine family and is the major 

chemokine mediating neutrophil recruitment through CXCR2.25 In 

patients with alcoholic hepatitis, both hepatic and serum levels of 

CXCL1 were reported markedly elevated. Meanwhile, hepatic 

CXCL1 mRNA levels correlated positively with hepatic neutrophil 

Table 2. Recent experimental studies on liver disease caused by combination of ethanol and obesity 

Year Conclusion Reference

2011 Intragastric feeding of HFD and ethanol synergistically cause steatohepatitis through nitrosative stress mediated by 
M1 macrophage activation, adiponectin resistance, and enhanced ER and mitochondrial stress in mice. 

5

2013 Ethanol feeding potentiates hepatic lipid oxidation in ob/ob mice through dysregulation of sirtuin 1-AMP-activated 
protein kinase signaling.

59

2014 Binge alcohol consumption exacerbates oxidative stress and promotes steatosis-to-NASH development in rats. 60

2014 Alcohol and fructose synergistically enhance dyslipidemia and insulin resistance-associated liver damage in rats. 61

2015 HFD and ethanol binge synergistically induce acute steatohepatitis by inducing CXCL1-mediated hepatic neutrophil 
infiltration in mice: a mouse model of acute liver induced by obesity and binge drinking. 

6

2015 Multiple ethanol binges exacerbate HFD-induced liver steatosis, inflammation, and fibrosis in mice. 62

2016 Fructose potentiates chronic alcohol-induced liver injury through activation of toll-like receptor 4 signaling pathway 
and M1 macrophage polarization in mice.

63

2017 Chronic-plus-binge ethanol-induced liver injury is potentiated by linoleic acid and its metabolites in mice. 64

2018 Ethanol and HFD synergistically induce hepatic fibrosis via neutrophil-hepatic stellate cell interactions in mice. 7

HFD, high-fat diet; ER, endoplasmic reticulum; NASH, nonalcoholic steatohepatitis; CXCL1, C-X-C motif chemokine ligand 1.
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infiltration in the same group of patients.26 More remarkably, the 

CXCL1 rs4074 A allele in human has been associated with elevat-

ed serum CXCL1 levels and considered as a genetic risk factor for 

alcoholic cirrhosis.27 Cxcl1  was one of the most highly-induced 

genes in the liver of mice upon challenge with the combination of 

3-month HFD-plus-binge ethanol (30-fold in the liver and 5-fold 

in epididymal adipose tissue).6 In the liver, elevation of Cxcl1 ex-

pression was the most significant in hepatocytes, and to a lesser 

extent in hepatic stellate cells (HSCs) and liver sinusoidal endothe-

lial cells.6 The induction of CXCL1 by HFD-plus-ethanol binge is 

believed to be associated with the increased levels of free fatty 

acid (FFA) in the liver, which upregulate Cxcl1 in hepatocytes in a 

manner depending on extracellular signal-regulated kinase 1/2,  

c-Jun N-terminal kinase (JNK), and nuclear factor kappa-light-

chain-enhancer of activated B cells (NF-κB) signaling. Blockade of 

CXCL1 with a neutralizing antibody or disrupting the Cxcl1 gene 

ameliorated hepatic neutrophil infiltration and injury after HFD-

plus-ethanol binge, whereas overexpression of Cxcl1 exacerbated 

steatohepatitis in 3-motnh HFD-fed mice.

Peroxisome proliferator-activated receptor gamma (PPAR-γ) ex-

pression in the liver is very low under physiological conditions, but 

markedly upregulated in fatty liver animal models and NAFLD pa-

tients.28 Disruption of the Pparg gene in hepatocytes ameliorates 

steatosis, whereas its overexpression promotes the development 

of fatty liver through the activation of various lipogenic genes, in-

cluding fat-specific protein 27 (FSP27),29 and the resultant lipo-

genesis.30 The steatohepatitis model featuring the combination of 

HFD-plus-ethanol binge identified the dichotomous role of PPAR-γ 

underlying the synergistic effect of HFD and ethanol binge on ste-

atohepatitis: 1) HFD feeding activates PPAR-γ, and FFA upregu-

lates hepatic CXCL1 expression; 2) PPAR-γ inhibits NF-κB-mediated 

Cxcl1 expression and subsequently prevents hepatic neutrophil in-

filtration; and 3) ethanol binge blocks this negative feedback loop 

and increases the NF-κB/CXCL1 pathway, which consequently ex-

acerbates neutrophil infiltration and liver injury. In addition, this 

HFD-plus-binge ethanol model has been recently used to demon-

strate that γδT cells play a central role in steatohepatitis by miti-

gating T cell expansion and modulating their inflammatory pro-

gram.31,32 This model was also recently used to test some 

therapies for alcohol-induced liver toxicity.33

Although this HFD-plus-ethanol binge model does not represent 

chronic alcoholic steatohepatitis (ASH), it can trigger acute liver 

injury and mimic hepatic neutrophil infiltration as typically shown 

in ASH patients.34,35 Its obvious clinical implication is that obese 

Figure 1. Binge drinking and fat synergistically promote ALD. Ingested ethanol is metabolized to acetaldehyde and acetate by the sequential action 
of ADH1 and ALDH2, respectively. Excessive binge drinking induces neutrophil-recruiting chemokines such as CXCL1 and IL-8 and endothelial cell ad-
hesion molecule E-selectin, thereby allowing for the enhanced infiltration of neutrophils in the liver. Binge drinking also results in mitochondrial DNA 
damage and induction of fat-accumulating protein FSP27 in the liver. In cooperation with these factors that enhance liver injury and inflammation, al-
cohol-induced dysregulation of visceral fat potentiates the liver inflammation through mechanisms involving adipocyte death, macrophage activa-
tion, lipolysis, and FFA release. IL-8, interleukin 8; FSP27, fat-specific protein 27; ADH1, alcohol dehydrogenase 1; ALDH2, aldehyde dehydrogenase 2; FFA, 
free fatty acid; HCC, hepatocellular carcinoma; ALD, alcohol-related liver disease; CXCL1, C-X-C motif chemokine ligand 1.
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individuals should avoid binge drinking of large amount of alco-

hol, as this would likely cause significant acute liver damage. Fur-

thermore, the rapidity of the development of neutrophil-mediated 

steatohepatitis, which would make it uniquely suitable for future 

mechanistic studies.

HFD-PLUS-ETHANOL BINGE PROMOTES LIVER 
FIBROSIS

During steatohepatitis, persistent inflammation dysregulates liv-

er homeostasis and activates the repair processes.36 Activated 

HSCs secrete extracellular matrix to support the injured region 

and construct the regeneration scaffold for subsequent hepato-

cyte proliferation (i.e., liver fibrosis formation), along with the 

clearance of necrotic tissues by infiltrating leukocytes.37 Fibrosis 

has been postulated to be promoted by neutrophils that induce 

hepatocellular damage and HSC activation via the production of 

reactive oxygen species (ROS).36 HFD-plus-ethanol binge that fea-

tures the hepatic infiltration of neutrophils caused a marked up-

regulation of an array of genes related to HSC activation and fi-

brogenesis compared with HFD feeding only.7 Blockade of CXCL1 

with a neutralizing antibody or genetic disruption of the Cxcl1 

gene markedly attenuated liver fibrosis in the HFD-plus-ethanol 

binge model, and disruption of the intercellular adhesion molecule 

1 (ICAM-1) gene that encodes ICAM-1 protein, a key adhesion 

molecule for neutrophil recruitment, attenuated neutrophil infil-

tration and liver fibrosis caused by HFD-plus- binge ethanol, indi-

cating the significant involvement of infiltrated neutrophils in me-

diating fibrogenesis.7 Mechanistically, ROS production mediated 

by p47phox, an important component of nicotinamide adenine di-

nucleotide phosphate oxidase 2 complex that mediates neutrophil 

oxidative burst,38 potentiates HSC activation, and activated HSCs 

act against neutrophils death via the strong production of granu-

locyte-macrophage colony-stimulating factor and interleukin (IL)-

15, which are growth factors that play crucial roles in sustaining 

the survival of neutrophils.39,40 This result indicates that binge 

drinking potentiates fibrogenesis in mice fed an HFD,41 expanding 

on the synergism between obesity and binge drinking in exacer-

bation of liver injury and neutrophil infiltration.

ADIPOSE TISSUE DYSFUNCTION CONTRIBUTES 
TO ALCOHOL-INDUCED LIVER INJURY

In addition to the synergism between hepatic fat and alcohol 

toxicity in the liver, the crosstalk between the adipose tissue and 

the liver has been highlighted as the cause for worsening alcohol-

induced liver injury in obese individuals.1 It has been recently re-

ported that alcohol consumption impairs the function of adipose 

tissue through induction of adipocyte apoptosis and subsequent 

inflammation as well as lipolysis of adipocytes, reduction in insu-

lin-dependent glucose uptake, and dysregulation of adipokines 

and cytokines (Fig. 2).42,43 A study utilizing a mouse model of in-

Figure 2. Role of white adipose tissue in the pathogenesis of ALD. Excessive alcohol intake induces white adipocyte death and white adipose tissue 
inflammation, resulting in elevation of epinephrine and norepinephrine, and subsequent lipolysis. Alcohol and dysfunctional white adipocytes can 
trigger insulin resistance, which also promotes lipolysis. White adipose tissue lipolysis causes elevation of circulating FFA levels, thereby inducing he-
patic FFA influx, lipotoxicity, steatosis, hepatocyte death, and liver inflammation. Modified from Hwang and Gao.42 TNF-α, tumor necrosis factor-alpha; 
IL-6, interleukin-6; CCL2, chemokine (C-C) motif ligand 2; FFA, free fatty acid; ALD, alcohol-related liver disease.
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ducible adipocyte death demonstrated that acute adipocyte death 

results in liver injury and inflammation via lipolysis and the activa-

tion of chemokine (C-C motif) receptor 2-positive macrophages,44 

supporting the importance of adipocyte dysfunction in alcohol-in-

duced liver injury.

OVEREXPRESSION OF CXCL1 PROMOTES STE-
ATOSIS-TO-NASH PROGRESSION

Obesity and insulin resistance are major risk factors for NAFLD, 

which ranges from steatosis to NASH, cirrhosis, and hepatocellu-

lar carcinoma.45,46 Steatosis features excessive accumulation of fat 

in the liver without signs of severe inflammation or liver injury.47 

Approximately 25% of patients with steatosis further progress to 

NASH, which is defined by the presence of liver injury (hepatocyte 

ballooning), inflammation, and fibrosis in addition to hepatic fat 

deposition.47,48 Diet-induced obesity model such as 3-month HFD 

feeding in mice readily results in the development of steatosis 

with gene expression profile and histological features similar to 

those of human steatosis; however, mice are relatively resistant to 

NASH development under this condition.

A key feature of human NASH is the marked infiltration of neu-

trophils in the liver and enhanced hepatic expression of CXCL1 

and IL-8, major chemokines for neutrophil chemotaxis,49 which 

are not commonly observed in patients with fatty liver or mice 

subjected to HFD-induced fatty liver model. However, it has been 

elusive whether neutrophils play a critical role in steatosis-to-

NASH progression, and if so, how infiltrated neutrophils contrib-

ute to the development of NASH. 

Adenovirus-mediated overexpression of Cxcl1 significantly ele-

vated neutrophil infiltration in the liver of mice fed an HFD for  

3 months.50 Increased neutrophil population promoted ROS pro-

duction which led to an activation of apoptosis signal-regulating 

kinase 1 (ASK1) and p38 mitogen-activated protein kinase 

(MAPK), thereby activating the signaling pathways leading to 

apoptosis- and ER stress-induced hepatocyte death.51 DNA dam-

age, oxidative stress, and other intrinsic apoptotic stimuli incurred 

by infiltrated neutrophils activate the mitochondrial apoptotic 

pathway of hepatocytes. ROS production can also disturb the pro-

tein folding process within the ER lumen by changing the redox 

status, which further cause ER stress.52,53 It has been also demon-

strated that infiltrated neutrophils cause hepatocyte death 

through p47phox-dependent oxidative burst and subsequent activa-

tion of ROS-sensitive stress kinases such as p38 MAPK and JNK,50 

which in turn facilitates inflammatory and fibrogenic processes 

and exacerbates steatosis-to-NASH progression. Microarray analy-

sis revealed that HFD/CXCL1-induced NASH possessed expression 

profiles of inflammatory and fibrogenic genes, which are similar 

to those of NASH patients, supporting the notion that Cxcl1 over-

expression results in steatosis-to-NASH progression in HFD-fed 

mice.50 

Experimental models widely used to study NASH are not devel-

oped based on the molecular mechanisms that promote steatosis-

to-NASH progression, but mostly developed by modulating the 

components of diet as seen in high-fat high-cholesterol diet, me-

thionine choline-deficient diet, and HFD-plus-chronic CCl4 treat-

ment.54,55 Hepatic neutrophil infiltration is commonly observed in 

steatohepatitis with different etiologies including alcohol con-

sumption and metabolic dysregulation, and thus experimental 

model exploiting this hallmark of steatohepatitis will better reca-

pitulate the spectrum of NAFLD progression in human and serve 

as a useful tool to investigate the pathogenic mechanisms of 

NASH as well as a novel therapeutic target.

CONCLUSION 

Emerging data from experimental models clearly suggest that 

binge ethanol intake and obesity synergistically induce steatohep-

atitis in mice via the induction of hepatic CXCL1 and neutrophil 

infiltration. So far, the effects of binge drinking and obesity on 

steatohepatitis in humans have not been carefully studied. Inter-

estingly, we recently demonstrated that inflamed human hepato-

cytes attracted neutrophils more effectively than inflamed mouse 

hepatocytes due to the greater induction of CXCL1 and IL-8 in hu-

man hepatocytes (lack of the IL-8 gene in the mouse genome).51 

In addition, the number of circulating neutrophils in humans 

(~4×109/L) is much higher than in mice (~1×109/L).56 Finally, etha-

nol metabolism in humans is five times slower than that in ro-

dents.57 Based on these factors, it is plausible to speculate that 

the synergistic effect of binge drinking and obesity on steatohep-

atitis in humans may be more significant than that in mice. Thus, 

obese individuals should avoid binge drinking large amount of al-

cohol as this would likely cause significant acute liver damage.
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INTRODUCTION 

Alcohol consumption is one of the major causes of chronic liver 

disease in Western countries. In the United States, according to 

the 2018 National Survey on Drug Use and Health, 14.4 million 

adults ages 18 and older (5.8% of this age group) had alcohol 

use disorder, including 9.2 million men (7.6% of men in this age 

group) and 5.3 million women (4.1% of women in this age group). 

In 2018, of the 83,517 liver disease deaths among individuals 

ages 12 and older, 47.8% involved alcohol.1

The global burden of alcohol-associated liver disease is im-

mense and comprises relatively mild and reversible alcohol-associ-

ated hepatic steatosis (fatty liver) to fibrosis and cirrhosis, and al-

coholic hepatitis.2,3 Besides liver diseases, alcohol use is linked to 

multiple and chronic diseases, including increased risk of cancers;4 

cardiovascular disease;5 pancreatitis;6 disruption in the circadian 

clock;7 and impaired immune function increasing the susceptibility 

to bacterial and viral infections.8 The susceptibility of patients 

with alcohol use disorder to develop alcohol-associated liver dis-

ease is variable indicating that, although alcohol is necessary, it is 

not enough to cause progressive organ dysfunction.9,10 Conse-

quently, factors other than the toxicity of alcohol are involved in 
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generating health complications, one of which may be alcohol-in-

duced changes in intestinal microbiota composition and/or func-

tion.11 Other risk factors for progressive alcohol-associated liver 

disease is the amount of consumed alcohol (>1 drink/day for 

women, >2 drinks per day for men), drinking pattern (drinking 

without meal, binge drinking), genetic factors, female gender, 

smoking, increased body mass index and concomitant chronic liv-

er diseases.12,13

This review summarizes the mechanisms by which chronic alco-

hol intake changes the intestinal microbiota and contributes to al-

cohol-associated liver disease.

INTESTINAL DYSBIOSIS 

The intestinal microbiota is the community of microorganisms 

(bacteria, archaea, fungi and viruses) that reside in the gut.14 The 

human gut microbiota houses more than 10 different bacterial 

phyla, and there is a balance between commensal and pathogenic 

microbes under homeostatic conditions.15 Dysbiosis occurs when 

disease or environmental factors disrupt this microbial balance 

contributing to the manifestation or continuation of a given dis-

ease that cannot be attributed to a single bacterial species.16,17 Al-

cohol use is associated with enteric dysbiosis and intestinal bacte-

rial overgrowth in both preclinical models and patients with 

alcohol abuse.18-20

Alcohol-associated changes in the enteric microbiota are re-

quired for the development of the liver disease because intestinal 

decontamination with non-absorbable antibiotics (polymyxin B 

and neomycin) prevents alcohol-associated intestinal bacterial 

overgrowth and dysbiosis in mice. Importantly, reducing the intes-

tinal bacterial burden suppressed subclinical intestinal inflamma-

tion after chronic alcohol feeding, stabilized the gut barrier and 

reduced ethanol-induced steatohepatitis in mice.21,22 In ethanol-

feed rats, the same antibiotic cocktail prevented liver injury and 

reduced the hepatic pathology score (including steatosis, inflam-

mation, and necrosis).23

Interestingly, Lactobacillus  was strongly suppressed and almost 

absent in mice fed intragastric ethanol for 3 weeks as compared 

with control (isocaloric) fed animals.19 However, treatment with 

prebiotic fructooligosaccharides – a stimulator of beneficial bacte-

ria growth such as lactobacilli and bifidobacteria – improved eth-

anol-induced steatohepatitis by inducing gene and protein expres-

sion of the bactericidal c-type lectins regenerating islet derived 3 

gamma (Reg3γ) and by reducing intestinal bacterial overgrowth.19

In humans, chronic alcohol consumption alters the composition 

of mucosa-associated microbiota with a lower abundance of Bac-
teroidetes and a higher abundance of Proteobacteria  in a subset 

of alcoholic patients with and without liver disease compared 

with healthy controls.20 While phylum Bacteroidetes is involved in 

carbohydrates fermentation leading to short-chain fatty acid pro-

duction (mainly acetate and propionate),24,25 Proteobacteria  are 

known to produce lipopolysaccharides (LPS), a potent activator of 

the toll-like receptor (TLR)-4.26 The fecal microbiota of patients 

with alcohol use disorder and alcohol-associated liver disease was 

characterized by quantitative and qualitative alterations, with a 

reduction of bacterial diversity, reduction of Akkermansia and in-

crease of Bacteroides. Akkermansia muciniphila  produces short-

chain fatty acids such as acetic acid from mucin and supplies en-

ergy to goblet cells, improving the intestinal barrier function.27 

Moreover, several reports indicate its effects on glucose and lipid 

metabolism, and that certain food ingredients such as polyphe-

nols may increase its abundance in the gut.28 In alcohol-depen-

dent patients with high intestinal permeability, the level of Faecal-
ibacterium prausnitzii , a bacterial species known for its anti-

inflammatory properties, was decreased. Conversely, those 

patients had higher plasma interleukin (IL)-8 levels, an inflamma-

tory cytokine.29 Intestinal dysbiosis has been associated with the 

severity of alcohol dependence and cirrhosis, and deteriorating 

dysbiosis is associated with cirrhosis progression.30 Severe alco-

holic hepatitis was associated with higher fecal proportions of Bi-
fidobacteria, Streptococcus, Enterobacteria,30,31 and Enterococcus,30 

and fewer proportions of Atopobium.30 For example, differences 

in fecal microbiota composition were observed in patients with 

alcohol use disorder and alcoholic hepatitis as compared with 

non-alcoholic subjects.31 In patients with alcoholic hepatitis, 

5.59% of fecal bacteria were Enterococcus  spp., compared with 

almost none in controls (0.023%).31 Fecal samples from patients 

with alcoholic hepatitis had about 2,700-fold more Enterococcus 
faecalis  (E. faecalis) than non-alcoholic controls.31 The exotoxin 

cytolysin, secreted by E. faecalis , was discovered to exert a delete-

rious effect on ethanol-induced liver disease in mice.31 The pres-

ence of cytolysin-positive (cytolytic) E. faecalis  correlates with liver 

disease severity and mortality in patients with alcoholic hepati-

tis,31 but no correlation was found in patients with non-alcoholic 

fatty liver disease.32

Bacterial infections are a serious complication of cirrhosis, as 

they can lead to decompensation, multiple organ failure, and/or 

death. Because bacterial translocation from the gut lumen to ex-

traintestinal sites causes infections, prevention of infections is 
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mostly based on the use of orally administered, poorly absorbed 

antibiotics (known as selective intestinal decontamination).33,34 

Several antibiotics were tested and/or used for this purpose, such 

as polymyxin, neomycin, gentamycin, colistin, paromomycin, and 

trimethoprim/sulfamethoxazole.35,36 Currently, norfloxacin and ri-

faximin are the forms of selective intestinal decontamination for 

which there is the most evidence in cirrhosis.37-39 However, the 

major drawback of routine antibiotic prophylaxis is the emergence 

of multidrug-resistant organisms.34 Thus, novel therapies have 

been proposed based on their ability to modify the altered intesti-

nal microbiota such as probiotics and prebiotics,19,40-45 fecal micro-

biota transplantation,46,47 phage therapy,31 among others. Evi-

dence for their use in clinical practice is limited and all require 

further studies.

CHANGES IN MICROBIAL METABOLITES

Changes in the gut microbiota affect the host immune system 

by altering tryptophan metabolism.48 Furthermore, endogenous 

tryptophan metabolites synthesized by the host (kynurenines, se-

rotonin, and melatonin), and bacterial metabolites (indole, indole 

derivatives, skatole, and tryptamine) play an important role in 

regulating intestinal and systemic immune homeostasis.49 Detailed 

pathways of tryptophan metabolism were recently reviewed by 

Hendrikx and Schnabl.50

Several bacterial species convert tryptophan into indole and in-

dole derivatives mainly via the enzyme tryptophanase, which is 

expressed in many gram-negative, as well as gram-positive bacte-

rial species including Escherichia coli , Clostridium spp. and Bacte-
roides  spp..51 Diverse indole derivatives, such as indole-3-alde-

hyde, indole-3-acetic acid, indole-3-propionic acid, indole-

3-acetaldehyde, and indole acrylic acid bind and activate the aryl 

hydrocarbon receptor (AhR).48-50 AhR is a cytosolic ligand-activat-

ed transcription factor that is important in xenobiotic metabolism 

and serves as a regulator of immunity and inflammation, which 

involves modulating adaptive immunity and gut barrier func-

tion.48,49 Activated AhR acts as anti-inflammatory signaling path-

way that regulates the development of intraepithelial lymphocytes 

and innate lymphoid cells, which are important in the defense 

against invading pathogens and maintenance of intestinal homeo-

stasis.52 Moreover, AhR has been implicated in antimicrobial de-

fense via induction of IL-22 expression by group 3 innate lymphoid 

cells (ILC3).53,54 IL-22 further regulates the microbial composition 

and enhances antimicrobial defense via the induction of antimi-

crobial proteins.52

Dietary tryptophan supplementation altered intestinal microbial 

composition and diversity, improved intestinal mucosal barrier 

function, activated AhR signaling, and downregulated expression 

of inflammatory cytokines in the large intestine of weaned pig-

lets.55 Moreover, the metabolite indole-3-acetic acid, produced by 

Bacteroides spp.  and Clostridium spp.,51 modulated inflammatory 

responses of hepatocytes and macrophages attenuating release 

of pro-inflammatory cytokines and cytokine-induced lipogenesis.56 

In a mouse model of ethanol-induced liver disease, ethanol-asso-

ciated dysbiosis reduced intestinal levels of indole-3-acetic acid 

and activation of the AhR, which resulted in a decreased expres-

sion of IL-22 in the intestine and reduced expression of Reg3γ. 

Oral supplementation of indole-3-acetic acid protected mice from 

ethanol-induced steatohepatitis by inducing intestinal expression 

of IL-22 and Reg3γ, which prevented bacterial translocation to the 

liver.22 The prevention of liver damage by non-absorbable antibi-

otics was associated with restored expression of IL-22 mRNA in 

lamina propria cells and IL-23-driven production of IL-22 by ILC3,22 

most likely by increasing intestinal levels of indole-3-lactic acid57 

and/or possibly other indole derivatives. Indole-3-lactic acid, pro-

duced by Bifidobacterium 58 and Lactobacillus  spp.,57,59 have been 

reportedly involved in inducing immunoregulatory T cells57 and in 

suppressing inflammatory T cells.60 Indole was also shown to pre-

vent LPS-mediated detrimental effects in the liver by downregula-

tion of inflammatory mediators.61 Metabolomic analysis revealed 

that fecal and serum levels of tryptophan were decreased in alco-

holic hepatitis patients when compared with controls.62 In line 

with the decrease of fecal levels of tryptophan-derived metabo-

lites, indole-3-acetic acid, indole-3-propionic acid, and indole-

3-lactic acid were also significantly reduced in alcoholic hepatitis 

patients.22,62

The metabolic syndrome is associated with reduced capacity of 

the microbiota to metabolize tryptophan into derivatives that can 

activate AhR. Fecal samples of individuals with metabolic syn-

drome contain low levels of tryptophan-based metabolites and 

have reduced AhR activity. AhR ligand deficiency was also ob-

served in mice fed a high-fat diet.63 Treatment with either an AhR 

agonist or a Lactobacillus  strain, to compensate for the impaired 

microbiota-derived AhR ligand signaling, reduces glucose intoler-

ance and liver steatosis in animal models.63 Depletion of indole-

3-acetic acid in the liver and cecum was observed in mice fed a 

high-fat diet compared with those fed a regular diet.56 This study 

also demonstrated that indole-3-acetic acid attenuates the release 

of inflammatory cytokines that induce the liver synthesis of free 
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fatty acids, which in turn stimulate macrophages. Moreover, in-

dole-3-acetic acid alleviates lipogenesis mediated by cytokine and 

free fatty acids via its direct action on hepatocytes in an AhR-de-

pendent manner.56 The treatment with indole-3-acetic acid atten-

uates high-fat diet-induced NAFLD in mice, as evidenced by ame-

lioration of insulin resistance, lipid metabolism, oxidative stress, 

and inflammation.64

In summary, fatty liver disease-associated dysbiosis results in 

changes of bacterial-derived metabolites, such as tryptophan me-

tabolites. Indole derivatives are ligands for AhR and are important 

in immunoregulation and host defense. 

IL-22 

As aforementioned, gut microbiota can stimulate IL-22 expres-

sion via the production of tryptophan metabolites. IL-22, a mem-

ber of the IL-10 family of cytokines, is produced by ILC3 upon 

stimulation and other immune cells such as Th17, Th22, natural 

killer cells, and γδ T cells.65 Specific myeloid cells may also pro-

duce IL-22 under certain circumstances such as mouse macro-

phage-derived IL-22 produced in response to ethanol-induced cell 

death.66

IL-22 acts via a transmembrane receptor complex that consists 

of two different subunits, IL-22R1 and IL-10R2.67 In hepatocytes, 

the biological effect of IL-22 is mediated by activation of the sig-

nal transducer and activator of transcription 3 (STAT3) and subse-

quent induction of anti-apoptotic and proliferative genes.68 IL-22 

is unusual among most interleukins because it does not directly 

regulate the function of immune cells. Rather, IL-22 targets cells 

at outer-body barriers, such as the skin and tissues of the diges-

tive and respiratory systems, as well as cells of the pancreas, liver, 

kidney, and joints,67 controlling bacterial infection, homeostasis, 

and tissue repair. Thus, IL-22 is produced by immune cells and tar-

gets epithelial cells in several organs, including the intestine and 

the liver.

Numerous in vitro and in vivo studies have shown that IL-22 has 

many benefits to the liver, such as preventing hepatitis,69 stimulat-

ing liver regeneration,70 improving fatty liver,71,72 and alcoholic liv-

er disease,68,73 and alleviating liver fibrosis.74 In a mouse model of 

ethanol-induced liver disease, intestinal IL-22 has the beneficial 

effect of reducing bacterial translocation in the intestine by in-

creasing the expression of Reg3γ. Bacteria engineered to produce 

IL-22 in the intestine (without increasing systemic IL-22) amelio-

rate experimental ethanol-induced steatohepatitis via induction of 

Reg3γ.22 Besides, IL-22 treatment may effectively inhibit bacterial 

infection75 and ameliorate kidney injury,76 two deleterious condi-

tions that are often associated with severe alcoholic hepatitis and 

contribute to death of patients. More importantly, IL-22 is a prom-

ising drug for the treatment of alcoholic hepatitis because of its 

hepatoprotective and antifibrotic effects and relatively few know 

side effects during short-term use.76-78

In addition to the direct effects on liver cells, IL-22 is a key cyto-

kine that links intestinal immune activation to epithelial cell repair 

and barrier protection following damage.79 Intestinal epithelial 

cells express the IL-22 receptor complex that binds IL-22 resulting 

in the induction of antimicrobial peptides and regenerative path-

ways that collectively aid in limiting bacterial invasion while pro-

moting epithelial proliferation, wound healing, and repair.65,80,81

ANTIMICROBIAL PEPTIDES 

Chemical barriers consist of antimicrobial peptides, including 

defensins, lysozymes, secretory phospholipase A2, and C-type 

lectins, mainly involved in the segregation of gut bacteria and in-

testinal epithelial cells in the intestine.82 Among those antimicro-

bial peptides, C-type lectins regenerating islet-derived 3 beta 

(Reg3β) and Reg3γ are abundantly expressed in intestinal epithe-

lial cells and Paneth cells of the small intestine and act to main-

tain the inner mucus layer devoid of bacterial colonization.50,82,83 

They are upregulated upon bacterial colonization of the gut and 

during intestinal infection and inflammation, thereby contributing 

to the spatial segregation of intestinal bacteria and the epitheli-

um.84,85 Reg3γ is bactericidal against gram-positive bacteria by 

binding to peptidoglycan on the bacterial cell surface while Reg3β 

binds directly to LPS protecting mice against gram-negative bac-

teria.86-89 Reg3β and Reg3γ also influence crypt regeneration, epi-

thelial cell proliferation, and protect intestinal stem cells and Pan-

eth cells from undergoing apoptosis during tissue damage.87,90,91

Chronic alcohol consumption was associated with lower intesti-

nal levels of Reg3β and Reg3γ in the small intestine.19,91 Treatment 

with prebiotics partially restored Reg3γ protein levels, reduced 

bacterial overgrowth and ameliorated ethanol-induced steatohep-

atitis.19 Intestinal deficiency in Reg3β and Reg3γ increases num-

bers of mucosa-associated bacteria, enhances bacterial transloca-

tion and promotes the progression of ethanol-induced fatty liver 

disease toward steatohepatitis, whereas intestine-specific overex-

pression of Reg3γ protects mice against it.88 Duodenal biopsies 

from alcohol-dependent patients showed lower levels of Reg3γ19 
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and an increased number of bacteria covering small intestinal mu-

cosa surfaces than duodenal biopsies from non-alcoholic individu-

als.88 Further, deficiency of mucin-2, the most abundantly secreted 

mucin in the small and large intestine, is associated with higher 

Reg3β and Reg3γ expression by Paneth cells and enterocytes,84 

protecting mice against ethanol-induced liver disease.92 These 

data indicate that antimicrobial defense plays an important role in 

preventing bacterial translocation and protects against alcohol-

associated liver disease development.50,93,94

BACTERIAL TRANSLOCATION 

Ethanol is associated with increased intestinal permeability, de-

fined as the passage of microbial products (including endotoxin, 

peptidoglycan, bacterial DNA, lipopeptides, and β-glucan) from 

the intestinal lumen to the mesenteric lymph nodes, and extraint-

estinal sites.14,95 This increased paracellular transport across dis-

rupted tight junctions between the enterocytes commonly occurs 

in patients with advanced alcohol-associated liver cirrhosis10,96 or 

alcoholic hepatitis.97 The degree of liver injury correlates with en-

dotoxemia in patients with cirrhosis and is higher in alcoholic cir-

rhosis compared with other etiologies.98 Furthermore, in patients 

with liver cirrhosis, endotoxemia has been associated with hepatic 

failure, encephalopathy, and death.99

Results in patients with early (pre-cirrhotic) stages of alcohol-

associated liver disease are mixed. Elevations in plasma LPS have 

been observed during the early stages of alcohol-associated liver 

disease.100 However, not all heavily drinking subjects (~50%) pre-

sented with increased intestinal permeability. Indeed, patients 

with dysbiosis had higher intestinal permeability while patients 

without microbial alterations did not, despite heavy chronic alco-

hol consumption. Three weeks of alcohol cessation reversed 

changes in intestinal permeability.29,94 This raises the possibility 

that only a subset of heavy drinking patients has increased intes-

tinal permeability.

Increased intestinal permeability is a common feature in preclin-

ical models of ethanol-induced liver disease.101 In addition, micro-

bial derived products appear to play an important role for etha-

nol-induced liver disease in mice. Mice with genetic deletions in 

the LPS signaling pathway are resistant to alcohol-induced liver 

damage.102 Despite endotoxemia occurring in preclinical mouse 

models of ethanol-induced liver disease, LPS alone is not enough 

to result in liver injury and steatosis. We have demonstrated in 

three independent mouse studies that blocking translocation of 

viable bacteria to the liver is sufficient to reduce ethanol-induced 

liver disease despite the same systemic LPS level.31,88,103

Ethanol impairs the expression of intestinal antimicrobial pro-

teins, which induces a quantitative increase of bacteria in the mu-

cus and epithelial cell layer. This facilitates translocation of viable 

bacteria from the gut lumen to mesenteric lymph nodes and the 

liver by mechanisms that are poorly understood and deserve fu-

ture investigation. The most common bacteria involved in translo-

cation of viable bacteria are derived from the family of Enterobac-

teriaceae (Escherichia coli , Klebsiella , etc.), Enterococcus and 

Streptococcus, while anaerobic microorganisms are rarely respon-

sible.104 In mice, chronic ethanol administration changes bacterial 

alpha diversity in the ileum, largely driven by an increase in gram-

negative bacteria. Moreover, gram-negative Prevotella  not only 

increased in the mucus layer of the ileum but also in liver samples 

suggesting that translocation of viable bacteria to the liver might 

be associated with microbiota changes in the distal gastrointesti-

nal tract.101 Gastric acid suppression by proton pump inhibitor in-

creases intestinal Enterococcus  and its translocation to the liver, 

exacerbating ethanol-induced liver disease both in mice and hu-

mans.103 E. faecalis was detectable in the liver of mice given cyto-

lytic and non-cytolytic E. faecalis  and fed an ethanol diet, but not 

when mice were fed a control diet indicating that ethanol-induced 

changes in the gut barrier are necessary for the translocation of 

cytolytic E. faecalis . Transplantation of feces from cytolysin-posi-

tive patients increased translocation of cytolytic E. faecalis  to the 

liver after ethanol administration. Bacteriophages that target cy-

tolytic E. faecalis  reduced translocation of cytolysin to the liver 

and abolished ethanol-induced liver disease in humanized mice.31 

These examples illustrate that translocation of viable bacteria 

from the gut lumen is sufficient and necessary for ethanol-induced 

liver disease in mice.

ALCOHOL-ASSOCIATED LIVER DISEASE 

When microbial products or viable bacteria reach the liver, acti-

vation of the TLRs and the cytosolic nucleotide-binding oligomer-

ization domain-like receptors present in both parenchymal and 

non-parenchymal cells occur.10,77 LPS stimulates the innate im-

mune response through the binding to TLR4 and its co-receptor 

cluster of differentiation 14 (CD14), activating, in turn, NF-κB and 

IL-6/STAT3 signaling in Kupffer cells, macrophages, and hepatic 

stellate cells.105 TLR4 signaling is required for liver steatosis, in-

flammation, and a fibrotic response after chronic alcohol intake.106 
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Mice with mutant TLR4, deficiency of its cellular co-receptor 

CD14107 or with inactivation of Kupffer cells are protected from 

ethanol-induced liver injury.102,108 Additionally, alcohol induces LPS 

binding protein, TLR4 and CD14 expression thus enhancing re-

sponsiveness to endotoxin.108,109 TLR4 activation in Kupffer cells 

stimulates the production of cytokines (IL-1β and tumor necrosis 

factor [TNF]-α), chemokines, reactive oxygen species, and leukot-

rienes which leads to T lymphocyte and neutrophil recruitment, 

hepatic stellate activation, and collagen production.106,110 Addi-

tionally, patients with alcohol dependence have elevated plasma 

peptidoglycans level and increased mRNA expression of IL-1β, IL-

8, and IL-18 in peripheral blood mononuclear cells. Induction of 

these cytokines was likely related to increased expression and ac-

tivation of TLR2 receptors as well as activation of the transcription 

factor AP-1 and the NLRP3 inflammasome, contributing to inflam-

mation in the liver and progression of the disease.29

Hepatic non-immune cells, such as endothelial cells and hepatic 

stellate cells, also respond to bacterial products through TLRs re-

leasing inflammatory cytokines and chemokines including IL-1, IL-6, 

and TNF-α as well as profibrogenic cytokines including transform-

ing growth factor (TGF)-β1.110 TGF-β1, a key activator of hepatic 

stellate cells, can upregulate the synthesis of some extracellular 

matrix proteins and the cellular receptors of several matrix pro-

teins to further promote hepatocyte injury and death in the liver.111 

Ethanol-induced oxidative stress in the liver and ethanol metabo-

lites (acetaldehyde and adducts such as malondialdehyde or 4-hy-

droxynonenal) also sensitize hepatic stellate cells to activation by 

LPS, which results in liver injury and fibrosis after the combination 

of chronic alcohol feeding and LPS.112

We have recently demonstrated that cytolysin secreted by E. 
faecalis  can directly kill hepatocyte and promote ethanol-induced 

liver disease in mice.31 All these processes together can ultimately 

culminate in hepatic injury and systemic inflammation contributing 

further to immune disarray, predisposing individuals to complica-

tions such as infections and hepatic decompensation (Fig. 1).113,114

Figure 1. The mechanism by which chronic alcohol intake changes the intestinal microbiota and contributes to alcohol-associated liver disease. Alco-
hol abuse is accompanied by intestinal dysbiosis and bacterial overgrowth. Certain gut bacteria can metabolize tryptophan into indole derivatives that 
can bind and activate the AhR. Activated AhR induces the expression of IL-22 in lamina propria immune cells, which stimulates mucosal defense via 
the production of antimicrobial peptides, such as Reg3β and Reg3γ, in intestinal epithelial cells and Paneth cells. Intestinal deficiency of Reg3β and 
Reg3γ increases the numbers of mucosa-associated bacteria and facilitates bacterial translocation through the portal vein. In the liver, viable bacteria 
and microbial products induce hepatic inflammation, hepatocyte death and fibrotic responses. Reg3γ, regenerating islet-derived 3 gamma; Reg3β, re-
generating islet-derived 3 beta; IL-22, interleukin-22; AhR, aryl hydrocarbon receptor.
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CONCLUSIONS 

We have considerably increased our knowledge about how 

chronic alcohol intake changes the intestinal microbiota and con-

tributes to disease progression. Gut dysbiosis and bacterial trans-

location result in immune activation and hepatic injury. Therefore, 

restoration of intestinal eubiosis can be used as prevention and 

therapeutic approach. This could be achieved by manipulating of 

gut microbiota through dietary changes, probiotic, prebiotic or 

symbiotic therapy. A promising therapeutic approach is the modi-

fication of the tryptophan-aryl hydrocarbon receptor pathway to 

increase the intestinal expression of IL-22 and antimicrobial pro-

teins like Reg3γ and Reg3β. Genetically engineered bacteria pro-

ducing specific factors to restore this pathway, might have fewer 

side effects than systemic administration. A small clinical trial 

showed promising results using an IL-22 agonist in patients with 

alcoholic hepatitis. Finally, editing the microbiota with bacterio-

phages is another therapeutic modality that could be explored to 

reduce the progression of alcohol-associated liver disease. Future 

clinical trials are required to test these possibilities. 
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Autophagy is a highly conserved catabolic process that degrades cytosolic proteins and organelles via formation of 
autophagosomes that fuse with lysosomes to form autolysosomes, whereby autophagic cargos are degraded. Numerous 
studies have demonstrated that autophagy plays a critical role in the regulation of liver physiology and homeostasis, and 
impaired autophagy leads to the pathogenesis of various liver diseases such as viral hepatitis, alcohol associated liver 
diseases (AALD), non-alcoholic fatty liver diseases (NAFLD), and liver cancer. Recent evidence indicates that autophagy 
may play a dual role in liver cancer: inhibiting early tumor initiation while promoting progression and malignancy of 
already formed liver tumors. In this review, we summarized the progress of current understanding of how hepatic 
viral infection, alcohol consumption and diet-induced fatty liver diseases impair hepatic autophagy. We also discussed 
how impaired autophagy promotes liver tumorigenesis, and paradoxically how autophagy is required to promote the 
malignancy and progression of liver cancer. Understanding the molecular mechanisms underlying how autophagy 
differentially affects liver cancer development and progression may help to design better therapeutic strategies for 
prevention and treatment of liver cancer. (Clin Mol Hepatol 2020;26:606-617)
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INTRODUCTION

Macroautophagy (hereafter referred to as autophagy) is an evo-

lutionarily conserved catabolic process for maintaining cellular ho-

meostasis under both basal and stress conditions. Autophagy fa-

cilitates the clearance or turnover of long-lived or misfolded 

proteins, insoluble protein aggregates, invading microbes and 

damaged or excess organelles.1-3 Autophagy has generally been 

thought to play dual roles in tumorigenesis and cancer progres-

sion. Autophagy serves as a tumor suppressor to inhibit tumori-

genesis by removing damaged organelles and reducing oxidative 

stress to mitigate DNA damage and genome instability. However, 

after the cells have transformed and become cancerous, they can 

use autophagy as a survival mechanism against the harsh envi-

ronment characterized by a lack of both oxygen and nutrients. As 

a result, blocking autophagy in combination with other chemo-

therapeutic drugs is believed to be a promising therapeutic strate-

gy to treat various cancers.4

Liver cancer is the third leading cause of cancer-related deaths 

worldwide and accounts for more than 700,000 deaths annual-

ly.5,6 According to a recent study, the mortality rate of hepatocel-

lular carcinoma (HCC) in the USA increased approximately 40% 

between 2000 and 2016.7 As a multistage disease, HCC develop-

ment is linked to many environmental risk factors such as alcohol 

associated liver disease (AALD), hepatitis B virus (HBV) and hepa-

titis C virus (HCV) infection, aflatoxin B1 and obesity-related non-

alcoholic fatty liver diseases (NAFLD).8 Interestingly, among the 

high-risk factors of HCC, impaired hepatic autophagy has been 

shown to contribute to the pathogenesis of AALD, NAFLD as well 

as HBV and HCV hepatitis,9-14 suggesting that defective autopha-

gy may be a common mechanism for HCC development. In this re-

view, we briefly discuss the current understanding of the role and 

mechanisms of autophagy in the pathogenesis of liver cancer.

DUAL ROLES OF AUTOPHAGY IN LIVER TU-
MORIGENESIS AND CANCER PROGRESSION

As mentioned above, autophagy may play dual roles in cancer 

depending on the stage of tumor development. Autophagy serves 

as a tumor suppressor to inhibit tumorigenesis likely before the 

normal cells are transformed into cancer cells. Autophagy also 

promotes cancer progression and malignancy in already trans-

formed cancer cells. Below we will discuss in detail the paradoxi-

cal role of autophagy in tumor initiation and progression. Under-

standing the complex dual roles of autophagy in cancer has very 

important implications as it will help to redefine the context in 

which autophagy manipulation can act as tumor prevention or 

treatment/therapy. For instance, agents that increase autophagy 

activity may be used to prevent tumorigenesis whereas agents 

that inhibit autophagy may be used to treat existing cancers. 

AUTOPHAGY INHIBITS LIVER TUMORIGENESIS

The first direct evidence to support autophagy as a tumor sup-

pressor came from the pioneering work of Dr. Beth Levine’s group, 

who observed spontaneous tumor occurrence in multiple tissues, 

including the liver, in aged beclin1 heterozygous mice.15,16 This re-

sult was later confirmed by Yue et al.17 The beclin1 heterozygous 

mice are also highly susceptible to HCC upon HBV infection.16 

Moreover, beclin1 is frequently found mono-allelically deleted in 

many human cancers such as prostate, ovarian and breast can-

cers15 suggesting that Beclin1 inhibits tumorigenesis and acts as a 

haploinsufficient tumor suppressor. Further studies show that de-

creased expression of beclin1 is correlated with HCC grade, sug-

gesting its possibility as a HCC prognostic bio-marker.18 However, 

beclin1 has a BH3 domain and interacts with Bcl-2 protein, a criti-

cal regulator of cell death. Moreover, beclin1 homozygous knock-

out (KO) mice are embryonic lethal. This is in great contrast to the 

phenotypes of homozygous deletion of other Atgs such as atg5 or 

atg7 in mice, which die at neonatal stage with normal embryo de-

velopment.19,20 Therefore, it has been questioned whether the tu-

mor suppressive function of Beclin1 was directly due to its inhibi-

tion of autophagy or its non-autophagic functions. Subsequent 

studies from Komatsu’s and Mizushima’s group as well as ours 

show that liver-specific atg5 or atg7 KO mice also develop sponta-

neous liver tumors,21-23 confirming that autophagy is indeed a 

bona fide tumor suppressor. The tumor suppressive function of 

autophagy is likely due to its ability to remove cellular protein ag-

gregates and damaged organelles. The failure to remove dam-

aged organelles such as mitochondria and protein aggregates in a 

timely manner can lead to a cascade of increased oxidative and 

metabolic stress, genome instability, and ultimately, cell malig-

nant transformation.24-28 Indeed, liver-specific atg5  or atg7  KO 

mice have increased hepatic oxidative DNA damage, accumula-

tion of protein aggregates and damaged mitochondria as well as 

an increased number of peroxisomes and endoplasmic reticulum 

(ER) content, increased apoptosis, compensatory hepatocyte pro-

liferation, hepatomegaly, increased ductular reaction, inflamma-
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tion, and fibrosis, all of which can result in the development of 

liver tumors.21,23,29-32 Several signaling pathways have been identi-

fied that may contribute to the liver pathogenesis and tumorigen-

esis in autophagy-defective liver including high mobility group 

box 1 (HMGB1), yes-associated protein (Yap), mechanistic target 

of rapamycin (mTOR), and p62-nuclear factor (erythroid-derived 

2)-like 2 (Nrf2) pathway.32-35 Among these signaling pathways in 

autophagy-defective liver, the p62-Nrf2 pathway seems to be the 

central player and has a more profound impact on liver pathogen-

esis and tumorigenesis than HMGB1, Yap, or mTOR, is discussed 

in detail later.

HMGB1 is a non-histone DNA binding protein and can be re-

leased into the extracellular space either passively during cell 

death or actively following cytokine stimulation. Once released, 

HMGB1 acts as a damage-associated molecular pattern (DAMP) 

molecule to activate immune cells,36,37 which is associated with 

liver injury, sepsis, inflammation, and fibrosis.38,39 Deletion of 

hmgb1 in liver-specific atg7 KO mice markedly attenuated ductu-

lar reaction and liver tumorigenesis but did not improve liver inju-

ry, hepatomegaly, inflammation or fibrosis in these mice.33

Yap is a key component of the Hippo signaling pathway and 

acts as a transcriptional co-activator. Yap binds to the transcrip-

tional enhanced associate domain (TEAD) family of transcription 

factors and regulates the expression of a set of genes for cell pro-

liferation, anti-apoptosis and “stemness”.40,41 Lee et al.34 found 

that liver-specific atg7 KO mice have increased hepatic cytoplas-

mic and nuclear Yap protein accumulation and increased expres-

sion of Yap target genes. They further found that Yap colocalizes 

with GFP-LC3 positive autophagosomes and lysotracker positive 

lysosomes in hepatocytes. Moreover, Yap protein increases when 

autophagy is inhibited either pharmacologically or genetically, 

suggesting that Yap protein may be a novel autophagy substrate. 

Deletion of yap in liver-specific-atg7 KO mice leads to a decrease 

in hepatocyte size, hepatomegaly, inflammation, ductular reac-

tion, progenitor cell expansion and fibrosis. More importantly, the 

number and size of liver tumors decreases but are not eliminated 

in yap/atg7 double KO mice.34

mTOR is a key cellular nutrient and energy sensor that regulates 

the cellular anabolic pathway by increasing protein and lipid syn-

thesis to meet the demand for cell proliferation. Mammalian cells 

have two mTOR complexes: mTOR complex1 (mTORC1) and 

mTORC2, in which mTORC1 is rapamycin-sensitive but mTORC2 is 

relatively rapamycin resistant. Both mTORC1 and mTORC2 share 

several common components such as the mTOR kinase but also 

have distinct subunits. For instance, mTORC1 has the scaffold 

protein Raptor whereas mTORC2 contains Rictor.42 As cancer cells 

have a higher proliferation rate, it is not surprising that approxi-

mately 50% human cancers, including HCC, have aberrant mTOR 

activation.43 Increased mTOR activation in HCC is mainly attribut-

ed to loss of function mutations of phosphatase and tensin homo-

log (PTEN), tuberous sclerosis complex 1 (TSC1) or TSC2.44,45 Mice 

with liver-specific deletion of pten or tsc1 have persistent hepatic 

mTOR activation, hepatomegaly, and develop spontaneous tu-

mors.46 Therefore, targeting mTOR has been an attractive ap-

proach for treating various cancers. However, results from clinical 

trials using rapamycin and its pharmacological analogs are not 

promising as only minimal beneficial effects are observed.47,48 We 

recently demonstrated that genetic ablation of mtor  has a dual 

role in the liver pathogenesis and tumorigenesis of L-atg5  KO 

mice. Deletion of mtor decreases hepatomegaly, cell death and 

inflammation but not fibrosis in young (2 months-old) L-atg5 KO 

mice. However, these beneficial effects are gradually lost in older 

(6–12 months-old) L-atg5/mtor  DKO mice as they all develop tu-

mors at 12 months-old. Moreover, more than 50% of L-atg5/mtor  

DKO mice develop spontaneous tumors but none of the L-atg5 KO 

mice have tumors at 6 months-old. These results suggest that ab-

lation of mtor  exacerbates tumorigenesis in autophagy defective 

mouse livers. Mechanistically, we found that L-atg5/mtor  DKO 

mice have increased protein kinase B (PKB, also known as AKT) 

activation compared with L-atg5 KO, suggesting that the early de-

velopment of liver tumors could be mediated by compensatory 

AKT activation in the absence of both mTOR and autophagy. It is 

possible that pharmacological inhibiting both mTOR and AKT may 

have increased beneficial effects compared to targeting mTOR 

alone for treating HCC.

Taken together, it seems that HMGB1, Yap, and mTOR all con-

tribute to tumorigenesis in autophagy defective livers although 

ablation of individual proteins cannot completely eliminate liver 

tumors, which is in contrast with the ablation of Nrf2 that com-

pletely abolishes liver tumors in autophagy defective livers (see 

below discussion).

AUTOPHAGY PROMOTES MALIGNANT TUMOR 
PROGRESSION

Perhaps one of the most intriguing findings from the liver-spe-

cific atg5 or atg7 KO mice is that these hepatic autophagy defec-

tive mice develop benign adenomas but not malignant HCC.21,23 

Notably, liver-specific atg5 KO mice fail to develop HCC even after 
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they were exposed to the hepatic carcinogen diethylnitrosamine 

(DEN).29 These data may suggest that during the late tumor pro-

gression stage, autophagy may be required for benign tumors to 

progress to malignant tumors. One possible mechanism is that 

loss of hepatic autophagy leads to the induction of several tumor 

suppressor genes, such as p53, p21, p27, p16, and PTEN.29,32 In-

creased p53 in autophagy deficient hepatoma cells negatively 

regulates Nanog homeobox (NANOG) and cancer stem cell (CSC) 

proliferation, which may suppress tumor progression.49 Mechanis-

tically, it is known that mitophagy, a selective autophagy for mi-

tochondrial removal, positively regulates hepatic CSC by suppress-

ing the tumor suppressor p53. When mitophagy is induced, p53 

colocalizes with mitochondria and is removed in a mitophagy-de-

pendent manner. However, when mitophagy or autophagy is in-

hibited, mitochondrial p53 is phosphorylated by PTEN-induced ki-

nase 1 (PINK1) and translocated into the nucleus. Once in the 

nucleus, p53 binds to the NANOG promoter to prevent OCT4 and 

SOX2 transcription factors from activating the expression of 

NANOG, a transcription factor critical for maintaining the stem-

ness and self-renewal ability of CSCs, resulting in the reduction of 

hepatic CSC populations. These results demonstrate that autoph-

agy, and more likely mitophagy, controls the activities of p53 to 

maintain hepatic CSC and provides an explanation as to why au-

tophagy is required to promote hepatocarcinogenesis.49,50 Howev-

er, it remains to be studied whether further deletion of tumor 

suppressor genes such as Trp53 or pten in liver-specific atg5 or 

atg7 KO mice would promote the progression of benign tumors to 

malignant tumors.

Increasing evidence has demonstrated that autophagy is ro-

bustly activated in tumor cells including HCC under a multitude of 

stressors, such as starvation, growth factor deprivation, hypoxia, 

proteasome inhibition and therapeutic agents.51 Inducible autoph-

agy constitutes an important pro-survival mechanism for cancer 

cells by removing toxic oxygen radicals or damaged misfolded 

proteins, relieving ER stress, maintaining mitochondrial function, 

sustaining metabolism, and preventing diversion of tumor pro-

gression to benign oncocytomas.51,52-56 It is reported that autopha-

gosome formation is induced in hypoxic tumor regions and that 

Beclin1 deletion leads to tumor cell death specifically in these hy-

poxic regions.57,58 Moreover, inhibition of autophagy restores the 

sensitivity of hepatoma cells to chemotherapy, suggesting that 

autophagy plays a pro-survival role in chemotherapeutic agent-in-

duced cell death.57 In many other cancer cells, such as pancreatic 

cancer, elevated basal autophagy is required for continued cell 

growth and maintaining the intracellular amino acid pool, sug-

gesting that tumor cells have evolved to rely on autophagy even 

under basal conditions.59,60 In KrasG12D- or BrafV600E-driven lung 

cancer, KrasG12D-driven pancreatic ductal adenocarcinoma (PDAC), 

or pten–/–-driven prostate cancer, deletion of atg5  or atg7 de-

creases tumor progression,61-64 further supporting the notion that 

functional autophagy is required for tumor progression. 

While cancer cell autophagy is important for cancer cell survival, 

emerging evidence now suggests that host autophagy also plays 

a critical role in tumor growth. It should be noted that tumors ob-

tain their nutrient supply from the host and thus whole-body me-

tabolism and the tumor microenvironment are critical for tumor 

growth. To address host autophagy in metabolism and its impact 

on tumor growth, Dr. Eileen White’s group established an animal 

model that allograft autophagy-competent cancer cell lines onto 

autophagy wild-type and autophagy-deficient (inducible whole-

body atg7 deleted) host mice.65 Loss of host autophagy markedly 

impairs growth of multiple different allografted tumors due to de-

creased levels of circulating arginine. Arginine is a non-essential 

amino acid, which has to be obtained from the diet, de novo syn-

thesis or protein turnover. Arginine is also important for mTOR ac-

tivation to promote tumor cell growth. Interestingly, some human 

cancer cells have silenced the expression of the enzyme arginino-

succinate synthase (ASS1) for arginine synthesis that render these 

cancer cells sensitive to arginine deficiency.66 Circulating arginine 

is generally broken down by arginase I (ARG1), an enzyme pre-

dominantly expressed in liver and released from hepatocytes into 

circulation. Host-atg7 KO mice have increased liver injury (similar 

to L-atg7 KO mice) resulting in increased release of ARG1 into cir-

culation. Dietary supplementation of arginine for host-atg7  KO 

mice partially restored circulating arginine levels and tumor 

growth. Ablation of host autophagy by conditional induction of 

systemic expression of a dominant-negative ATG4b in mice with 

KrasG12D- and Trp53–/+-driven PDAC also leads to inhibition of 

PDAC progression.67 These results indicate that systemic inhibition 

of autophagy may be beneficial for cancer treatment at multiple 

levels by targeting both cancer cells and host cells.

The tumor microenvironment is an integral part of the tumor, 

which is composed of cancerous and noncancerous cells (e.g., im-

mune cells, stromal cells, endothelial cells, and adipocytes) as well 

as various mediators (e.g., cytokines, chemokines, growth factors, 

and humoral factors). The tumor microenvironment plays a critical 

role in cancer cell adaptation, growth and progression as well as 

resistance to therapies. Autophagy in the tumor microenviron-

ment can provide the cancer cells/tumor cells with amino acids, 

extracellular matrix molecules and cytokines (e.g., interleukin-6) 



610 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0169

Volume_26  Number_4  October 2020

to promote tumor growth.68,69 In addition, autophagy may also af-

fect the anti-tumor T cell responses and reduce tumor growth in 

syngeneic host mice. In PDAC, autophagy selectively degrades 

major histocompatibility complex class I (MHC-I) via autophagy 

receptor protein NBR1, which results in decreased surface levels 

of MHC-1 on PDAC cells and reduced CD8+ T cells-mediated anti-

tumor immunity. Inhibition of autophagy in PDAC cells leads to 

increased antigen presentation, enhanced CD8+ T cell prolifera-

tion and activation that results in increased tumor cell killing and 

decreased tumor size.70,71

Taken together, it is evident that autophagy plays a complex 

dual role in cancer development. Autophagy acts as a tumor sup-

pressor during the early stage of tumorigenesis but promotes tu-

mor malignancy and progression in existing tumors. Autophagy in 

both the tumor cells themselves and the host as well as the sur-

rounding microenvironment promotes tumorigenesis and cancer 

progression.

ROLE OF P62 AND NRF2 IN LIVER TUMORIGEN-
ESIS

p62 is considered a cargo adaptor for selective autophagy due 

to its ability to bind directly to LC3 via its LC3 interaction region 

(LIR).72,73 However, more evidence now supports that p62 also 

serves as a multifunctional signaling hub within the cell.74-76 In re-

sponse to stress, p62 can bind to various partners through its 

multiple domains that are involved in various signaling path-

ways.75,77 For example, the Phox/Bemp1 (PB1) domain at the N 

terminal of p62 can self-oligomerize to form homo-oligomers and 

hetero-oligomers, and can interact with the atypical protein ki-

nase Cζ (PKCζ).78,79 The ZZ zinc finger region, and TB domains in-

teract with multiple proteins that are related to p62-mediated nu-

clear factor-κB (NF-κB) activation.75 The region between the ZZ 

and TB domain binds to Raptor, a subunit of the mTORC1 com-

plex, leading to mTORC1 activation.80 The LIR domain at the C 

terminal region of p62 binds to LC3 and triggers the selective-au-

tophagy pathway.72,75 Moreover, the KIR domain next to the LIR 

domain binds to Keap1 and transports it into the autophagosome 

for degradation, which leads to the activation of the non-canoni-

cal Keap1-Nrf2 pathway.81-84 Both accumulated p62- and Keap1-

positive aggregates have been found in autophagy-deficient mice 

(L-atg7  KO mice), causing persistent activation of Nrf2 and in-

creasing the expression of Nrf2 target genes.22 In addition, the 

ubiquitin-associated (UBA) domain binds to both mono- and poly-

ubiquitinated proteins, which may explain why p62 is often found 

in protein aggregates and inclusion bodies.75,85

As discussed above, p62 accumulation in the liver occurs in var-

ious types of liver diseases, including HCC,86-89 intrahepatic chol-

angiocarcinoma (CCA),90 HCV and HBV infection,89,91 AALD,92 and 

non-alcoholic steatohepatitis.93,94 Ectopic expression of p62 in 

mouse liver is sufficient to induce HCC in mice.87 Moreover, loss of 

p62 in the human HCC cell line abrogates anchorage-independent 

growth, and whole-body depletion of p62 in mice restricts the 

size of hepatocellular adenomas in L-atg7 KO mice and L-tsc1 KO 

mice.21,22,87 The mechanism by which hepatic p62 promotes HCC is 

generally thought to be due to its activation of Nrf2 via the non-

canonic p62-Keap1-Nrf2 pathway, of which phosphorylated p62 

further strengthens the binding affinity between p62 and Keap1 

for Nrf2 activation.21,22,87,89 Indeed, we found that deletion of Nrf2 

in L-atg5 KO mice abolished hepatomegaly, liver injury and liver 

tumorigenesis.23 Tumors grow in a relatively hash environment, 

often associated with hypoxia and limited nutrients, Nrf2 activa-

tion promotes the expression of genes for detoxification and anti-

oxidant enzymes.95 Moreover, p62-mediated Nrf2 activation also 

directs glucose to the glucuronate pathway, and glutamine to-

wards glutathione synthesis which provides HCC cells with toler-

ance to anti-cancer drugs and increases their ability to prolifer-

ate.89

In great contrast to p62’s role in hepatocytes, p62 in hepatic 

stellate cells (HSC) directly interacts with vitamin D receptor (VDR) 

and retinoid X receptor (RXR) to promote their heterodimerization 

resulting in the inhibition of HSC activation.88 Whole body and 

HSC-specific p62 KO mice have increased HSC activation, en-

hanced liver inflammation and fibrosis, as well as HCC progres-

sion in response to high fat diet and hepatic carcinogen DEN.88 

Furthermore, decreased p62 protein levels have been observed in 

human HCC stroma cells. These findings suggest that p62 may 

have a cell-type specific role in HCC development. In hepatocytes, 

p62 may promote HCC development via Nrf2 activation whereas 

p62 in HSC may inhibit HSC activation and HCC progression via 

activation of VDR and RXR. Therefore, for clinical treatment pur-

poses it is important to monitor p62 expression in different cell 

types. However, it remains a challenge to design cell type specific 

p62 targeting therapies for treating HCC. 

As discussed above, genetic deletion of HMGB1 or Yap im-

proved pathogenesis and tumorigenesis but did not eliminate tu-

mor development in hepatic autophagy deficient mice.33,34 How-

ever, deletion of Nrf2 completely abolished tumorigenesis in L-atg5 

KO and L-atg7 KO mice.23,33 These findings suggest that persistent 
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activation of Nrf2 plays a more critical role than HMGB1 and Yap 

in autophagy-deficiency-induced liver tumorigenesis. Inhibition of 

Nrf2 may be a promising approach for treating HCC.

ROLE OF TFEB IN LIVER TUMORIGENESIS

The lysosome is the terminal component of autophagy and con-

tains more than 50 acid hydrolases. Recent evidence suggests 

that transcriptional regulation of genes for lysosomal biogenesis 

and autophagy plays a critical role in autophagy.96 Transcription 

factor EB (TFEB) is a basic helix-loop-helix leucine zipper transcrip-

tion factor belonging to the microphthalmia/transcription factor E 

(MiT/TFE) family of transcription factors, which can bind to a spe-

cific gene sequence called the coordinated lysosomal expression 

and regulation (CLEAR) gene network motif.96 TFEB is a master 

regulator for transcription of lysosomal biogenesis and autophagy 

genes.97,98 TFEB is mainly regulated at the posttranslational level 

via phosphorylation of specific amino acid residues. Several kinas-

es including the extracellular signal-regulated kinase 2 (ERK2),98 

mTORC1,97 AKT,99 GSK3β,100 and protein kinase Cβ (PKCβ)96 have 

been reported to phosphorylate TFEB. TFEB is phosphorylated at 

Ser142 by ERK2 and at both Ser142 and Ser211 by mTORC1, 

which promotes TFEB binding with the cytosolic chaperone 14-3-

3 and sequesters TFEB in the cytosol, resulting in its inactiva-

tion.96,98 In addition, STIP1 homology and U-box containing pro-

tein 1 (STUB1), a chaperone-dependent E3 ubiquitin ligase, 

interacts with phosphorylated TFEB resulting in TFEB ubiquitina-

tion and proteasomal degradation.101 Conversely, calcineurin, a 

Ca2+-dependent phosphatase, dephosphorylates TFEB and in-

creases TFEB nuclear translocation and activation.102 In addition to 

phosphorylation and ubiquitination, TFEB can also be regulated 

by acetylation. General control non-repressed protein 5 (GCN5), a 

histone acetyltransferase, acetylates TFEB at multiple sites result-

ing in decreased TFEB transcription activity and lysosomal biogen-

esis.103 In contrast, SIRT1, an NAD+-dependent deacetylase, 

deacetylates TFEB at lysine 116 leading to increased TFEB-mediat-

ed lysosomal gene expression.104

TFEB and other members of the MiT-TFE family of transcription 

factors exhibit oncogenic features. Previous studies have revealed 

that the aberrant expression of several MiT-TFE family members is 

associated with different types of human cancers, such as renal 

cell carcinomas (RCC), alveolar sarcomas,105 non-small cell lung 

cancer, melanomas,106 and PDAC.59 Chromosomal translocations 

and fusions of TFEB and TFE3 with other partner genes cause a 

particular type of RCC, referred to as translocation-RCC.107 These 

fusions consistently preserve the TFEB/TFE3 open reading frame 

and always include the DNA-binding domains. While a variety of 

genes can be fused to TFEB or TFE3, a major consequence of the 

translocation with respect to oncogenic activity is a massive in-

crease in the expression levels of TFEB or TFE3 protein.108,109 In 

addition, altered TFEB expression and/or activity is associated 

with PDAC and non-small cell lung cancer, where they appear to 

support tumor growth via the induction of autophagy.59 Interest-

ingly, tumors in which MiT-TFE genes are amplified or overex-

pressed show an induction of RagD, a direct transcriptional target 

of TFEB, that resulted in mTORC1 hyperactivation.110 The RagD 

GTPase is important for efficient mTORC1 recruitment to the lyso-

somal surface.111 Silencing of MiT-TFE genes in primary cultured 

cells obtained from tumors resulted in a significant reduction of 

the hyperproliferative phenotype. Furthermore, xenotransplanta-

tion experiments performed using a melanoma cell line showed 

that silencing of RagD significantly reduced tumor growth.110 

These findings suggest that one of the mechanisms accounting for 

the oncogenic function of TFEB is likely due to RagD-mediated 

mTORC1 activation.

Birt-Hogg-Dubé syndrome is characterized by benign skin tu-

mors, pulmonary and kidney cysts and RCC, which is caused by 

mutations in the tumor suppressor gene folliculin (FLCN).112 FLCN 

and its interacting partner protein FNIP2 act as a positive compo-

nent of the mTORC1 pathway by promoting the binding of 

mTORC1 to the Rag heterodimer via its GTPase-activating protein 

(GAP) activity for RagC and RagD resulting in mTORC1 activation 

in cultured cells.113 However, loss of FLCN in kidney cancers leads 

to hyperactivation of mTORC1.114 In a recent study, using a kidney-

specific FLCN KO mouse model that mimics Birt-Hogg-Dubé syn-

drome, Napolitano et al found that TFEB is constitutively activated 

despite the hyperactivity of mTORC1 in kidney-specific FLCN KO 

mice.115 They further found that mTORC1 can phosphorylate differ-

ent substrates via a substrate-specific mechanism, which is medi-

ated by Rag GTPases. Unlike other substrates of mTORC1, such as 

S6K and 4E-BP1, TFEB is strictly dependent on the amino-acid-

mediated activation of RagC and RagD GTPases but is insensitive 

to Ras homologue enriched in brain (Rheb) activity induced by 

growth factors. Depletion of TFEB in kidneys of FLCN KO mice ful-

ly normalized mTORC1 activity and rescued the disease pheno-

type, suggesting activation of TFEB is the major driver for kidney 

cysts and cancer in FLCN KO mice.115

Despite the above-mentioned evidence linking TFEB to several 

cancers, whether TFEB inhibits or promotes HCC remains elusive. 
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Notably, TFEB activity is impaired in both AALD and NALFD,14,116,117 

two risk factors for HCC, implicating a potential role of TFEB in 

HCC. The liver is the most active metabolic organ and is frequent-

ly exposed to xenobiotics and metabolites that are often toxic 

which can lead to acute or chronic liver injury. To deal with vari-

ous toxic insults, the liver has evolved a remarkable regenerative 

capacity to help with recovery from injury.118 The high regenera-

tion capacity is largely attributable to the ability of its differentiat-

ed epithelial cells, hepatocytes and biliary epithelial cells, to pro-

liferate after injury. However, when the proliferation of one sub-

type of cells in the liver is compromised and unable to make its 

own histologic recovery, the other cell types will step in and trans-

differentiate to the lost cell type.118 While it remains to be a con-

troversial hot topic, increasing evidence indicates that hepatocytes 

can trans-differentiate to cholangiocytes in response to biliary in-

jury and cholangiocytes can trans-differentiate to hepatocytes for 

the loss of injured hepatocytes.119,120

In a recent study, Pastore et al reported that TFEB can drive liver 

progenitor cell (LPC) differentiation and promote the formation of 

ductular structures.121 Among the different cell types in the liver, 

TFEB is highly expressed in biliary cells. TFEB drives the differenti-

ation of LPC into the progenitor/cholangiocyte lineage while in-

hibiting hepatocyte differentiation during the mouse liver devel-

opment or upon regeneration in response to injury. Tfeb transgenic 

mice exhibit an increase in the number of bile ductules after injury 

whereas L-tfeb  KO mice exhibit a decrease. Transcriptomic and 

CHIP studies show that Sox9, a marker of precursor and biliary 

cells, is a direct TFEB target and a primary mediator of its effects 

on liver cell fate. Interestingly, results from lineage tracing experi-

ments show that overexpression of TFEB in hepatocytes can pro-

mote trans-differentiate to cholangiocytes. Tfeb transgenic mice 

at 6-months-old either die or have to be euthanized due to poor 

health conditions. These mice have increased fibrosis and develop 

liver cysts which mimic a polycystic liver and develop CCA-like 

phenotype.121 These findings suggest that TFEB may play a crucial 

role in determining liver cell fate during development and regen-

eration, and may also contribute to CCA, which seems indepen-

dent of its functions in lysosomal biogenesis.

ONCOGENES AND TUMOR SUPPRESSORS

In general, oncogenes such as class-I phosphatidylinositol 3-ki-

nase (PI3K) and AKT suppress autophagy via activating mTORC1 

whereas tumor suppressor genes such as tsc1, pten, lkb, and 

ampk activate autophagy through inhibition of mTORC1 (Fig. 1).122 

Class I- PI3Ks are activated by growth factor receptor tyrosine ki-

nases (RTKs) that catalyze the formation of lipid secondary mes-

senger phosphatidylinositol-3,4,5-trisphosphate (PIP3) from phos-

phatidylinositol-4,5-bisphosphate (PIP2). PIP3 then binds with AKT 

via its pleckstrin homology (PH) domain to recruit AKT to the 

plasma membrane, where AKT is activated by 3-phosphoinositide 

dependent kinase (PDK1) at threonine 308 and serine 473 by the 

rapamycin-insensitive mTORC2.123,124 The tumor suppressor PTEN 

reverses the effects of PI3K by dephosphorylating PIP3 which in 

turn inhibits AKT activation. However, loss of function mutations 

in PTEN results in AKT activation in a wide spectrum of human 

cancers.125 Activated AKT directly phosphorylates TSC2 and inacti-

vates TSC1-TSC2 complex, which has GAP activity towards the 

small G-protein Rheb, and in turn activates mTORC1.126,127 In con-

trast, the AMP-activated protein kinase (AMPK) phosphorylates 

TSC2 and enhances TSC1-TSC2 activity resulting in mTORC1 inhi-

Figure 1. Regulation of autophagy by oncogenes and tumor suppres-
sor genes. In the presence of insulin or growth factors, AKT is activated 
due to increased PI3K activity and binding with PDK1. AKT is negatively 
regulated by PTEN. Activated AKT phosphorylates TSC2 resulting in de-
creased TSC1-TSC2 complex activity leading to enhanced GTP-bound 
form of Rheb to stimulate mTORC1 activation. LKB1 phosphorylates and 
activates AMPK, and activated AMPK increased TSC2 phosphorylation 
on a different site of AKT resulting in increased TSC1-TSC2 complex ac-
tivity which leads to decreased mTORC1 activation. Increased mTORC1 
activity negatively regulates autophagy. PI3K, phosphatidylinositol 3-ki-
nase; PDK1, phosphoinositide dependent kinase; AKT, protein kinase B; 
LKB1, serine-threonine kinase liver kinase B1; PTEN, phosphatase and ten-
sin homolog; AMPK, AMP-activated protein kinase; TSC, tuberous sclero-
sis complex; RHEB, Ras homologue enriched in brain; mTOR, mechanistic 
target of rapamycin; mTORC1, mechanistic target of rapamycin complex 1.
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bition in response to energy starvation.128 Alternatively, AMPK can 

be phosphorylated and activated by serine-threonine kinase liver 

kinase B1 (LKB1),129,130 a tumor suppressor gene that is responsible 

for the inherited cancer disorder Peutz-Jeghers syndrome.131 To-

gether, AMPK negatively regulates mTORC1 to trigger the cata-

bolic autophagy process to generate more energy substrates, 

whereas, AKT positively regulates mTORC1 to promote the ana-

bolic process and shutdown autophagy. L-pten KO mice have in-

creased AKT and mTORC1 activation, impaired hepatic autophagy 

and develop hepatomegaly, steatohepatitis and spontaneous 

HCC.132,133 L-tsc1  KO mice have constitutive mTORC1 activation, 

impaired autophagy and develop spontaneous HCC.134 Therefore, 

oncogenes inhibit whereas tumor suppressor genes activate au-

tophagy resulting in either the promotion or suppression of HCC 

in the liver.

SUMMARY

Since the identification of the first Atg  in yeast in the 1990s, 

significant progress has been made in the understanding of the 

molecular mechanisms underlying the process of autophagy as 

well as the vital physiological role of autophagy in human diseas-

es. In regards to the role of autophagy in cancer, it is now clear 

that autophagy exerts both tumor-suppressive and tumor-promot-

ing roles in a context dependent manner. In the early phase of tu-

mor initiation, autophagy acts as a tumor suppressor by removing 

damaged organelles and proteins to guard against genome insta-

bility. In the late phase of tumor development and progression, 

transformed cancer cells and stromal cells use autophagy to gen-

erate nutrients within the hash tumor microenvironment to in-

crease their chances of survival. Viral infection, AALD and NAFLD, 

all lead to impaired autophagy and promotion of HCC. Therefore, 

different approaches to manipulate autophagy should be consid-

ered for the prevention/treatment of HCC. For preventative pur-

poses, pharmacological activation of autophagy to correct virus or 

alcohol and diet-impaired hepatic autophagy may be beneficial. 

However, for treating existing HCC, pharmacological inhibition of 

autophagy or Nrf2 in combination with other chemotherapy drugs 

should be a more efficient strategy. 
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INTRODUCTION

Alcohol use is a major cause of preventable liver disease world-

wide,1 and alcohol-associated liver disease (ALD), characterized by 

different stages including steatosis, fibrosis, cirrhosis and alcohol-

associated hepatitis, is one of the most common causes of liver-

related morbidity and mortality worldwide.2,3 About 8–20% of 

chronic heavy drinkers will develop alcohol-related cirrhosis and 

of these patients, approximately 2% will develop hepatocellular 

carcinoma (HCC).2

Cell death is a fundamental biological process and plays a criti-

cal role in both health and disease. Cell death is important for 

growth and development, as well as maintaining a natural process 

for the turnover of aged cells, but it can also contribute to patho-

logical conditions. Therefore, cell death is considered a “double-

edge sword”, involved in both tissue homeostasis and pathogene-

sis. In ALD, programmed cell death (PCD), resulting, at least in 

part, from ethanol-induced oxidative stress and innate immune re-

sponses, is thought to play a central role in the progression of in-

jury. ALD is a metabolic liver disease in which pathologic progres-

sion is largely driven by inflammatory responses.4,5 Therefore, in 

this review, we briefly summarize the recent evidence on the role 

of multiple types of PCD and describe the critical role of perturba-

tions in PCD in hepatocytes in the progression of ALD (Table 1).
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PCD IN ALD

Apoptosis

Apoptosis, a highly regulated mode of cell death, has been well 

studied since the pathway was first described in 1972 as a mor-

phologically distinct type of cell death.6 Apoptosis is a vital com-

ponent of multiple homeostatic processes including normal cell 

turnover and the proper development and functioning of the im-

mune system, and is a PCD mechanism characterized by caspase 

activation via the intrinsic- or extrinsic pathway.7 Apoptosis results 

in cleavage of vital cellular proteins, chromatin condensation, nu-

clear fragmentation and membrane blebbing (Fig. 1). The initia-

tion of apoptosis is dependent on the activation of the initiator- or 

the executioner caspases.7 Once cell damage is detected, the initi-

ator caspases (caspases-8/9) are activated from pro-caspases and 

activate the executioner caspases (caspases-3/6/7). The activation 

of the executioner caspases initiates a cascade of events that re-

sults in DNA fragmentation from activation of endonucleases, de-

struction of the nuclear proteins and cytoskeleton, and crosslink-

ing of proteins. Apoptotic cells express ligands on their cell 

surface, which are recognized by phagocytic cells.7,8 Apoptotic 

cells are therefore efficiently engulfed by surrounding macro-

phages, contributing to the non-inflammatory nature of this path-

Table 1. The characteristics of each programmed cell death pathway in ALD

Apoptosis Necroptosis Autophagy Pyroptosis Ferroptosis

Morphological 
features

Cell shrinkage, nucleus 
fragmentation, 
membrane blebbing, 
apoptotic body7

Cell swelling, 
blebs devoid 
of organelles, 
release of 
DAMPs4,11,12

Accumulation of 
double-membraned 
autophagic 
vacuoles21-23 

Cell swelling, osmotic lysis, 
release of DAMPs, IL-1β 
and IL-1830-32

Electron-dense 
mitochondria, rupture 
the outer mitochondrial 
membrane, the presence 
of lipid peroxidation.

Release of DAMPs36

Trigger ER stress, ROS, 
hypoxia5,9,10

ER stress, ROS, 
hypoxia5,19,20

ER stress, ROS, 
hypoxia21-23

PAMPs, DAMPs, ER 
stress30-33

Iron accumulation, ROS, ER 
stress36,37,42,43

Key proteins Initiation (caspase-2, -8, 
-9, and -10), execution 
(caspase -3, -6, and -7) 
Bcl-2, FADD7-9

RIP1, RIP3, and 
MLKL5,12,19, 20

ULK 1 kinase complex, 
class III PI3K complex, 
ATG5, ATG7, LC3, 
mTORC1,21-23 TFEB24,27

GSDMD, inflammasomes, 
caspase 1/4/5/11, IL-1β 
and IL-1830-32

GSH, GPX4,37,45 hepcidin42-44

Hepatocyte ROS, ER stress, CYP2E1 
cause apoptosis in 
mitochondria.

TNFα signal induced 
caspase-8 results in 
apoptosis.4,5,10

The activation 
of RIP1-RIP3-
MLKL axis cause 
necroptosis 
under caspase-8 
inhibition.5,19-20

Macrophagy deletes 
unfolded protein.21 
Lipophagy reduces 
the accumulation of 
lipids.21

Activated inflammasomes 
actlvate caspase 1/11, 
which mature GSDMD 
and pro-, IL-1β and pro-
IL-18, resulting in release 
of DAMPs, IL-1β and IL-
1830-32

Reactive hydroxyl radical 
by iron accumulation 
injures lipid membranes 
to induce lipid 
peroxidation and 
membrane instability, 
which can ultimately 
result in leakage of 
cellular material and cell 
death.38-43

The role in or 
to immune 
cells

Kupffer cells produce 
TNFα by LPS-TLR4 
signal activation from 
leakage-gut.5

Immune cells are 
activated by 
DAMPs released 
from necroptotic 
hepatocytes5,14-16

Autophagy plays a role 
of anti-inflammatory 
response and 
anti-steatosis 
via cannabinoid 
receptor 2 in Kupffer 
cells.28

DAMPs, IL-1β and IL-18 by 
pyroptosis recruit and 
activate macrophages, 
neutrophils and 
lymphocytes to produce 
pro-inflammatory 
cytokines.5,30-32,34

Loss of iron in macrophage 
stores via low-
hepcidin by ethanol 
consumption results in 
hyperabsorption of iron44

Role in ALD Promote Promote Suppress Promote Promote

ALD, alcohol-associated liver disease; DAMPs, damage-associated molecular patterns; IL, interleukin; ER, endoplasmic reticulum; ROS, reactive oxygen 
species; PAMPs, pathogen-associated molecular patterns; FADD, FAS associated death domain protein; RIP, receptor interacting protein; MLKL, mixed lineage 
kinase domain like pseudokinase; PI3K, phosphatidylinositol 3-kinase; ATG, autophagy-related genes; LC3, light chain 3; mTORC1, mTOR complex 1; TFEB, 
transcription factor EB; GSDMD, gasdermin D; GSH, glutathione; GPX4, glutathione peroxidase-4; TNFα, tumor necrosis factor α; LPS, lipopolysaccharides; 
TLR4, toll-like receptor 4.
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way of PCD.

Chronic alcohol exposure induces multiple forms of cellular 

stress, including oxidative stress, hypoxia and endoplasmic reticu-

lum (ER)-stress, resulting in activation of both intrinsic (mitochon-

drial) and extrinsic (death-receptor mediated pathways including 

Fas/Fas Ligand, death receptor 4,5/tumor necrosis factor [TNF]-re-

lated apoptosis-inducing ligand and TNF receptor 1/TNFα) modes 

of apoptotic cell death.5,9,10 Cellular stress is due both to ethanol 

metabolism and increased exposure to gut-derived pathogen as-

sociated molecular patterns (PAMPs) and endogenous danger as-

sociated molecular patterns (DAMPs).  Ethanol metabolism results 

in both hypoxia and oxidative stress. Ethanol is oxidized by alco-

hol dehydrogenase, cytochrome P450 family 2, subfamily E, poly-

peptide 1 (CYP2E1) and catalase, resulting in the generation of 

reactive oxygen species (ROS). Ethanol metabolism also results in 

a rapid utilization of oxygen, contributing to a hypoxic environ-

ment and further ROS production in hepatocytes. Thus, alcohol 

metabolism can result in the formation of a variety of protein ad-

ducts, as well as impair proper protein folding in the ER, resulting 

in accumulation of misfolded proteins and ER stress, which induc-

es apoptosis by activating caspase-12/4, c-Jun N-terminal kinase, 

and the interferon regulatory factor 3 signaling pathway.5

In addition, ethanol promotes gut permeability allowing micro-

bial lipopolysaccharides (LPS) into the portal circulation.5 LPS in 

turn stimulates the production of pro-death mediators, such as 

TNFα, by resident hepatic macrophages and infiltrating mono-

cytes via activation of toll-like receptor 4.5 These pro-death medi-

ators can in turn activate the extrinsic pathway of apoptosis. 

Thus, ethanol promotes death receptor mediated hepatocyte cell 

death via activation of pro-inflammatory responses in innate im-

mune cells.4

Necroptosis 

As early as 2005, a novel form of cell death exhibiting morpho-

logical characteristics of necrosis (Fig. 1), but, unlike necrosis, ap-

peared to be tightly regulated. This mode of regulated cell death 

was identified and termed necroptosis.11 Apopotosis and necrop-

tosis share some of the same intracellular signaling mechanisms, 

with cell death shifting from apoptosis to necroptosis under con-

ditions of low caspase-8 activity. Receptor interacting protein (RIP) 

1, RIP3 and FAS-associated protein with death domain form a 

Figure 1. The features of each programmed cell death pathways. Figure shows typical features of each programmed cell death. DAMPs, damage-as-
sociated molecular patterns; PAMPs, pathogen-associated molecular patterns; IL, interleukin; ROS, reactive oxygen species.

Apoptosis
• Cell shrinkage
• Nucleus fragmentation
• Caspase dependent

Necroptosis
• Cell swelling
• Blebs devoid of 

organelles
• Rupture of the 

plasma membrane
• Release of DAMPs

Autophagy
• Accumulation of 

double-membraned 
autophagic vacuoles

• Remove damaged 
mitochondria and 
excess lipid

Pyroptosis
• Caspase dependent
• Gasdermin, PAMPs and 

DAMPs mediated
• Rupture of the plasma 

membrane
• Release of DAMPs and 

IL-1β/18

Ferroptosis
• Iron and ROS overloaded
• Increased lipid peroxidation
• Small mitochondria and 

rupture the outer mitochondrial 
membrane

• Release of DAMPs
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complex under these conditions, resulting in the association of 

RIP3 and mixed lineage kinase domain like pseudokinase (MLKL) 

and phosphorylation of MLKL.12 Phosphorylated MLKL oligomeriz-

es and then translocates to the plasma membrane where it forms 

pores to disrupt the plasma membrane integrity12-15 and release of 

DAMPs such as mitochondrial DNA, high mobility group protein 

B1, and ATP.4,12 Necroptotic cell death is immunogenic and pro-

motes excessive inflammation and cell death by activation of in-

nate immune cells or promoting other types of cell death, such as 

pyroptosis.14,16

In ALD, understanding the role of necroptosis has been of inter-

est, since inhibition of apoptosis in murine models of early ALD is 

not protective,17,18 suggesting that necroptosis might be important 

in ethanol-induced liver injury.19 Indeed, RIP3 expression in liver is 

elevated in both murine models of ALD and patients with ALD. 

Chronic ethanol‐ and Gao-binge (acute on chronic) ethanol-in-

duced injury were decreased in RIP3 knockout mice compared to 

wild-type, suggesting the importance of RIP3 in mediating etha-

nol‐induced liver injury and progression of ALD.19,20 In contrast, 

high fat diet-induced liver injury, a model of non-alcoholic fatty 

liver and non-alcoholic steatohepatitis, was independent of RIP3, 

but instead dependent on MLKL. In the high-fat diet model, MLKL 

attenuated autophagic flux independently of RIP3 by inhibiting ly-

sosomal fusion to autophagosomes.15 However, no data is cur-

rently available on the potential role of MLKL in ethanol-induced 

liver injury.

Figure 2. Overview of the role of programmed cell death pathways in ALD. Ethanol promotes ER stress, ROS production in hepatocytes and gut per-
meability. Gut microbiome derived LPS enters into liver via portal vein, stimulates hepatocytes and Kupffer cells, resulting in production of pro-inflam-
matory cytokines such as TNFα, IL-1β, IL-6, and MCP-1. These cytokines can induce death receptor signaling, resulting in apoptosis and necroptosis, the 
mechanism of cell death depends on caspase-8 activity. Necroptotic cells release DAMPs which activate pyroptosis, as well as ER stress driven by etha-
nol. Ethanol attenuates the protective functions of autophagy in response to chronic exposure and also promotes ferroptosis via ROS production and 
iron accumulation. Cumulatively, these changes result in lipid accumulation, increased production of pro-inflammatory cytokines and chemokines, he-
patocellular injury and death, resulting in a spiraling progression of liver injury. LPS, lipopolysaccharides; TLR4, toll-like receptor 4; TNFα, tumor necrosis 
factor α; TNFR, TNF receptor; IL, interleukin; DAMPs, damage-associated molecular patterns; ALD, alcohol-associated liver disease; ER, endoplasmic re-
ticulum; ROS, reactive oxygen species; MCP-1, monocyte chemoattractant protein-1.
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Autophagy

Autophagy is considered a type II form of PCD,21 and is a regu-

lated, catabolic process in which autophagosomes, double mem-

brane vesicles, are formed de novo to engulf cytoplasmic content, 

which is then degraded upon fusion of the autophagosome with 

the lysosome. The molecular mechanism of autophagy, executed 

by the ULK1 kinase complex, the class III phosphatidylinositol 

3-kinase complex, autophagy-related genes and microtubule-as-

sociated protein 1A/1B light chain 3, is well studied and re-

viewed.22-24 In the growing cell, autophagy is maintained at low 

basal levels, where it serves as a quality control pathway, elimi-

nating long-lived proteins and damaged organelles. Autophagy is 

also induced in response to cellular stress, such as nutrient starva-

tion, growth factor withdrawal and energy depletion. Through 

degradation and recycling of cellular components, autophagy 

supplies a continual source of metabolic building blocks for cellu-

lar integrity. Thus, the main function of autophagy is to contribute 

to cellular renewal, allowing the lysosomal degradation of differ-

ent components, including extracellular material and membrane 

proteins, cytosolic components and organelles to maintain cellular 

homeostasis.23,24 Stress-induced autophagic responses prevent the 

accumulation of potentially pathogenic material in hepatocytes.

Autophagy is also associated with the progression of ALD.22 In 

response to cellular stress such as increased production of highly 

reactive acetaldehyde, ROS, fatty acid ethyl esters and phosphati-

dylethanol generated during ethanol metabolism, hepatocytes in-

duce multiple selective arms of autophagy, including parkin-medi-

ated mitophagy and lipophagy, in order to remove damaged 

mitochondria and excess lipid, respectively.22 Interestingly, au-

tophagy is differentially regulated by acute vs chronic ethanol ex-

posure.25 Autophagy maintains hepatic homeostasis, protecting 

liver from alcohol-induced injury in response to acute ethanol 

challenge, serving to remove unfolded proteins and reduce the 

accumulation of lipids via lipophagy. However, after chronic alco-

hol exposure, autophagy is suppressed via multiple mechanisms.25 

First, chronic ethanol consumption inhibits mTOR activation, 

which leads to the suppression of initiation of autophagy.22 Sec-

ond, chronic ethanol increases lysosomal pH and impairs traffick-

ing of lysosomal enzymes.26,27 Chronic ethanol also inhibits TFEB 

expression, a transcription factor required for lysosomal biogene-

sis and autophagy.25,28 Together, these changes inhibit autopha-

gosome-lysosome fusion in hepatocytes.25 In Kupffer cells, au-

tophagy also plays a role of anti-inflammatory response and anti-

steatosis via cannabinoid receptor 2.29 Thus, autophagy protects 

the liver from ethanol both in hepatocytes and Kupffer cells; how-

ever, over chronic periods of alcohol consumption, autophagy is 

suppressed, leading to accumulation of damaged organelles and 

dysplastic hepatocytes.

Pyroptosis

Pyroptosis, reported by Cookson and Brennan30 in 2001, is pri-

marily involved in pro-inflammatory events. Recent findings show 

that when inflammasomes are activated by PAMPs or DAMPs, in-

flammatory caspases (caspase 1, 4, and 5 in humans; caspase 1 

and 11 in mice) are also activated. These caspases are required to 

mature pro-interleukin (IL)-1β/18 to IL-1β/18 and also to cleave 

gasdermin D to release its 31-kDa gasdermin-N domain that per-

forates the plasma membrane. The combination of these events 

results in the release of pro-inflammatory mediators, including IL-

1β/18, as well as DAMPs.31-33 These mediators then stimulate pro-

inflammatory processes, including the recruitment and activation 

of neutrophils, macrophages and other immune cells.5

Accumulating evidence shows that pyroptosis also plays a piv-

otal role in ALD pathogenesis. The NLR family pyrin domain con-

taining 3 (NLRP3) inflammasome pathway is activated in hepato-

cytes in response to LPS-induced ER stress.34 Importantly, NLRP3 

deficiency ameliorates liver steatosis and injury by chronic etha-

nol. In addition, pyroptosis triggered by gut-derived PAMPs and 

by metabolic-derived DAMPs (uric acid and ATP) results in release 

of inflammasome-dependent cytokines from immune cells ex-

posed to ethanol.35 Thus, in ALD, pyroptosis is activated in both 

hepatocytes and liver immune cells, exacerbating inflammation in 

the liver via crosstalk between the different cell types. Heo et al.36 

demonstrated that ethanol promoted caspase-1-mediated pyrop-

tosis through overexpression of thioredoxin-interacting protein, a 

member of the α-arrestin family, and this event is prevented by 

hepatocyte-specific delivery of micro RNA-148a. Taken together, 

these data indicate that pyroptosis contributes to stimulating and 

effectively sustaining the inflammatory cycle in ALD, although fur-

ther studies on the cell specific contribution of NLRP3 inflamma-

somes to disease progression still requires further study.

Ferroptosis

Ferroptosis is a form of PCD characterized by the iron-depen-

dent accumulation of lipid hydroperoxides to lethal levels. Ferrop-

tosis was first described as a form of cell death in cancer by 

Stockwell and colleagues.37 Morphologically, ferroptosis is charac-
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terized by cell volume shrinkage, electron-dense mitochondria, 

rupture of the outer mitochondrial membrane and the presence of 

lipid peroxidation.37 Inactivation of glutathione peroxidase-4, 

which reduces lipid peroxides in plasma membranes, by relative or 

absolute depletion of glutathione (GSH) triggers ferroptosis by ac-

cumulation of ROS production from lipid peroxidation or Fenton 

reaction by excessive iron.38 These reactive hydroxyl radicals dam-

age lipid membranes, inducing lipid peroxidation and membrane 

instability, which can ultimately result in the leakage of cellular 

material and cell death.

Accumulating evidence suggests that ferroptosis is a novel type 

of PCD in liver diseases including ALD.39-42 Hepatic iron accumula-

tion is causally linked with chronic alcohol consumption, and it 

also contributes to hepatic inflammation and development of HCC 

in ALD.43,44 Iron accumulates in response to ethanol, at least in 

part due to increased expression of hepcidin, a 25 amino-acid 

peptide, primarily expressed in hepatocytes, that is secreted from 

the liver in response to increased H2O2 concentrations in liver.44 

Hepcidin maintains iron homeostasis by inhibiting duodenal iron 

absorption, iron recycling from macrophages, and iron mobiliza-

tion from hepatic stores by binding to the iron exporter, ferropor-

tin.45 Deletion of hepcidin in mice or hepcidin deficiency in hu-

mans results in severe hepatic iron overload, increased serum iron 

levels, and loss of iron in macrophage stores.43 To date, little is 

known about ferroptosis in hepatocytes and immune cells in re-

sponse to alcohol. However, one recent study found that overex-

pression of adipose-specific lipin-1 accelerated iron accumulation, 

caused lipid peroxidation, reduced GSH, and promoted ferroptotic 

liver damage in mice after ethanol administration.46 Another study 

demonstrated that intestinal specific deficiency of Sirtuin 1, a 

class III histone deacetylase that plays a critical, but controversial, 

role in intestinal inflammation and development of colitis, pro-

tected mice from the chronic plus binge-induced liver damage by 

attenuating ferroptosis.40 In the future, ethanol-induced crosstalk 

between hepatocytes and immune cells in the regulation of fer-

roptosis is an essential issue that needs to be clarified and under-

stood in the context of ALD.

CONCLUSION AND FUTURE PERSPECTIVES

As reviewed here, PCD pathways have complex and interacting 

cell and tissue specific roles. However, recent evidence has re-

vealed much in regard to their mechanisms of action and impact 

on disease progression. Understanding the mechanisms of PCD 

and crosstalk between hepatocytes and innate immune cells in 

ALD could provide a key to discovering innovative therapeutic tar-

gets or biomarkers that would contribute to improving the prog-

nosis of patient’s with ALD. Therefore, it is essential to keep in-

vestigating PCD in ALD in order to elucidate the role of PCD in 

ALD.
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INTRODUCTION

Alcohol use disorder (AUD) is a major contributor to the global 

burden of chronic liver disease.1 In Europe, alcohol-related liver 

disease (ALD) is the most common cause of chronic liver disease, 

and it accounts for over 75% of cases with cirrhosis.2,3 The per-

capita alcohol consumption in South Korea is now considered to 

be among the highest in the world.4 Economic loss due to alcohol-

related diseases and accidents has increased with the increase in 

alcohol consumption.5

In recent years, the prevalence of alcoholic cirrhosis compared 

to that of non-alcoholic types has been increasing in Japan. The 

result of a national survey by Horie et al.6 showed that 30.6% 

cases of liver cirrhosis were alcohol-related in 2012, while the in-

cidence was only 19.9% in 2007–2008. In addition, it has been 

reported that 25.8% of hepatocellular carcinoma cases are related 

to alcohol.7 Furthermore, there are many hepatocellular carcino-

mas resulting from diabetic complications, and in males, and el-

derly patients with alcoholic liver cirrhosis.8 Recently, as hepatitis 

C is starting to be eradicated by direct-acting antiviral drugs, ad-

dressing the problem of alcohol is the current priority.

In Japan, the “Basic Law on Alcohol Health Disorder Measures” 

came into effect in June 2014, addressing the issue as to how the 

core general hospitals can function and be involved, including re-

gional cooperation. The most important issue was to strengthen 

the cooperation between internal medicine and psychiatry. In 

fact, when comparing the group that treats alcohol-related physi-

cal illnesses and mental care together in one clinic to those who 

are treated in two different clinics (physical clinic and mental clin-

ic), the former showed better results for abstinence and mortality 

rates after 2 years.9 In Europe and the United States, it is thought 

that the total care provided under one medical system from physi-
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cal illness to mental illness of alcohol will improve the prognosis 

of AUD patients.10,11

When launching the alcoholic medical system, some problems 

were identified. Previously, psychiatrists did not have an absti-

nence program; hence, there were few cases where psychiatry 

was used to treat alcoholism, and gastrointestinal symptoms such 

as hepatitis, pancreatitis, and gastric ulcer caused by alcohol were 

at the forefront. In many cases, patients were hospitalized in the 

Department of Gastroenterology and were discharged immediate-

ly after the completion of medical treatment. Patients often had 

one-way medical treatment saying that they were not qualified to 

go to the hospital if they could not stop drinking. In many cases, 

these patients resumed drinking and returned to the emergency 

department, and our hospital data showed an inpatient repeat 

rate of 27%.12

This medical intervention is ineffective for the care of the pa-

tient and the family, and also medically and economically ineffi-

cient. The most critical issue here is how to create an environment 

in which alcohol can be withdrawn after medical treatment for in-

ternal diseases.

Why is the repeat rate of alcohol patients with alcohol-related 

problems so high? There are various factors that should be con-

sidered when answering this question. First, there is a problem 

with the medical system. In Japan, for an estimated 1.09 million 

patients, there are only 229 medical institutions nationwide. It is 

assumed that many institutions refrain from returning to alcohol 

therapy since AUD patients are shunned and unilaterally prohibit-

ed from drinking. On the other hand, many AUD patients, espe-

cially those with mild symptoms, often resist medical treatment 

for the purpose of treating alcohol abuse.13

The untreated rate of patients with AUD around the world is 

78%,14 which is more serious compared to the current situation in 

Japan, where only 50,000 out of the estimated 1.09 million pa-

tients (95% untreated rate) are not connected to a specialized 

treatment institution.15 Alcohol-related disorders are not properly 

understood, since physicians in first-aid emergency and primary 

care often overlook AUD patients.16 At the primary care unit, it is 

reported that the proportion of AUD patients with alcohol-related 

problems is 12.6% among men.17 Alcohol-related disorder needs 

to be treated as a common disease. Primary care physicians 

should be actively suspicious of alcohol use when examining pa-

tients with conditions such as unexplained cardiac hypertrophy 

and arrhythmia, bilateral femoral neck fractures without steroids 

or collagen disease, macrocytic anemia not seen in blood diseas-

es, and high protein induced by vitamin K absence or antagonist II 

level without cancers. It is important to improve the diagnostic 

skills of primary care physicians so that they can associate alcohol 

with physical disorders caused by alcohol.

Based on this background, we considered it important to under-

stand the current state of medical practice for AUD patients, and 

conducted a questionnaire survey of young doctors and nurses 

(Fig. 1).18 This led to the following: 1) insufficient interviews re-

Figure 1. Survey of actual conditions for alcoholic treatment, conducted among young doctors and nurses. To understand the current state of the 
medical field for alcohol use disorder patients in our hospital, we conducted a questionnaire among young doctors and nurses. Results for nine ques-
tions are shown. *Asks the following: Have you ever felt you needed to cut down on your drinking? / Have people annoyed you by criticising your 
drinking? / Have you ever felt guilty about drinking? / Have you ever felt you needed a drink first thing in the morning (eye-opener) to steady your 
nerves or to get rid of a hangover?

Survey of actual conditions for alcoholic treatment Young doctor Nurse

Do you know the adequate volume of alcohol consumption? Yes: 71% Yes: 20%

Do you know how to calculate the cumulative drinking amount? Yes: 29% Yes: 0%

Are you aware of the CAGE* questionnaire (alcoholism screening 
test) and its contents?

Yes: 82% Yes: 13%

Do you know how to deal with alcohol withdrawal symptoms? Yes: 88% Yes: 60%

Do you conduct a proper interview regarding alcohol consumption? Yes: 65% Yes: 40%

Do you drink alcohol yourself? Yes: 100% Yes: 87%

Is there a trauma that makes alcoholic patients shy away? Yes: 47% Yes: 47%

Have you ever had a problem with alcohol treatment? Yes: 65% Yes: 53%

Yes Medical pathology: 21% Medical pathology: 25%

Medical pathology or patient's social background? Patient social background: 79% Patient social background: 75%
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garding alcohol consumption were conducted, even by resident 

doctors; 2) there were many cases where patients were treated 

without understanding the management of withdrawal symptoms 

and the alcoholism screening test (CAGE questionnaire); and 3) 

medical staffs tended to keep AUD patients away due to past 

trauma, which indicated that a change in stereotypes related to 

alcoholism treatment was essential. As a solution to this, alcohol-

related problems were often taken up in a liver disease class 

where awareness activities centered on the life guidance for pa-

tients were conducted. In addition to the patients, their families, 

staff, and co-medical staffs also participated in the class, and 

shared successful cases.

The concept of harm reduction has been advocated in order to 

raise awareness of alcoholism on the part of medical staff and to 

reduce the gap in patients who are resistant to treatment for the 

purpose of abstinence. Harm reduction is a concept which states 

that if drinking cannot be stopped immediately, one should begin 

by reducing the amount of drinking; and therefore, the harm 

caused by drinking is reduced as much as possible, and consensus 

has been gained worldwide in recent years.19,20

Medication interventions have limited options, especially for 

AUD with liver disease. Although disulfiram, naltrexone, and 

acamprosate have been found to be effective in managing AUD,21 

there is a paucity of data regarding their safety in the treatment 

of AUD with liver disease. Only baclofen has been shown to be 

safe and effective in patients with chronic hepatitis and AUD, and 

is approved for use in patients in the United States.22,23

Despite evidence showing that outcomes improve with integra-

tion of psychosocial and medical care,24 there have been few 

studies on behavioral and/or pharmacological treatments in AUD 

with liver disease. Alcohol abstinence is the most important thera-

peutic goal, as abstinence can improve the outcome at all stages 

of liver disease.25-27

Specific psychosocial and behavioral therapies for AUD include 

cognitive behavioral therapy (CBT) and motivational enhancement 

therapy (MET). CBT focuses on identifying triggers and maladap-

tive behaviors that engender relapse. This approach encourages 

coping mechanisms to allow replacement of alcohol-laden with 

alcohol-free circumstances.28 MET seeks to frame the decision to 

stop or modify drinking in terms of a dilemma, and helps the pa-

tient to work through the dilemma by “rolling with the resistance” 

to change.29

We found four studies (one randomized controlled trial and three 

observational studies) that evaluated an integrated approach and 

reported a similar magnitude of effects (alcohol abstinence rate 

36–74%) (Table 1).9,30-32 These studies examined a range of psy-

chotherapies (combination therapies which included combinations 

of CBT and MET or CBT, MET, and motivational interviewing [MI]). 

While psychosocial interventions alone were not effective in main-

taining abstinence,33 combining comprehensive medical care and 

behavioral approaches, such as CBT and MET, did increase absti-

nence rates.24 This indicates that the use of integrated care to treat 

AUD with liver disease may lead to better outcomes.

Table 1. Alcohol psychotherapies for ARLD in RCT and non-RCTs

Study N Liver disease
Intervention 

elements
Treatment duration 

(months)
Alcohol 

abstinence (%)
P-value

RCT

Willenbring and 
Olson9 (1999)

Intervention, 
29

ARLD CBT & MET 24 74 0.02

Control, 32 ARLD General care NR 48 0.02

Non-RCT

Addolorato et al.30 
(2013)

55 ARLD with/without 
HCV, HBV

Integrated CBT NR 67.3 0.03

Proeschold-Bell et al.31 
(2012)

53 ARLD with HCV Integrated CBT & 
MET

6 44 <0.01

Dieperink et al.32 
(2010)

47 ARLD with HCV Integrated CBT, 
MET, & MI

6 36 NR

ARLD, alcohol-related liver disease; RCT, randomized controlled trial; HCV, hepatitis C virus; HBV, hepatitis B virus; CBT, cognitive behavioral therapy; MET, 
motivational enhancement therapy; MI, motivational interviewing; NR, not reported.
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DISCUSSION

Problems in alcohol treatment in Japan

A matter of concern is shown in the results of the questionnaire, 

where there is prejudice or little understanding about alcohol 

medical care, and the current situation is that medical care is not 

adequate (Fig. 1). In Japan, the “Diagnostic and Treatment Guide-

lines for New Alcohol/Drug Use Disorders” was established in 

2018, and it is a major premise of alcohol medical treatment that 

medical treatment can be conducted without selecting patients.34 

On the other hand, in the actual medical field, the attitude to-

wards alcoholic medicine is insufficient in doctors, young medical 

doctors, and co-medicals. There are several possible causes for 

this. First, alcoholism may not be considered a disease due to 

withdrawal delirium, patient abuse, and violence. It is important 

to support this as a medical team treatment including psychiatry 

and not individually. Second, there is an insufficient understand-

ing of the background factors. Without understanding the causes 

of drinking, the living environment, and the relationship with fam-

ily and society, one cannot attain prohibition. Patients with AUD 

often lose their jobs and families, are isolated from society, and 

depend on alcohol. Intervention in the early stages of physical 

treatment by social workers and nurses is also effective in prepar-

ing for subsequent mental care and strengthening the system af-

ter discharge. Third, there is often a lack of medical history re-

garding alcohol consumption such as information on previous 

drinking behavior, cumulative drinking amount, types of alcohol 

consumed and the amount, as well as frequency of alcohol con-

sumption (average drinking days). Grasping the concept of alcohol 

consumption is a complicated task, but is essential for under-

standing alcohol-related organ damage. AUD tends to be under-

reported and needs to spotted. Finally, in accepting such difficult 

cases, it is important not to leave it to the AUD treatment team 

but to accept it as a common disease throughout the hospital.

Strategies that should be addressed in general 
hospitals for alcohol treatment

There is a 4-year follow-up study that relates to the survival rate 

Figure 2. Alcohol treatment model, including ARP. At the early stage of hospitalization for internal medicine, a psychiatrist was consulted, and physical 
treatment and mental care intervention were provided. The psychiatric liaison team makes daily round visits, and a report is then shared at the confer-
ence. When the treatment course at the internal medicine department is completed, the patient will be transferred to a psychiatry department, and a 
short-term alcohol hospitalization treatment program (TAPPY) will be conducted. After examining each case from the time of admission, the social 
worker plays a central role in determining the follow-up system for discharge. TAPPY, Tokyo Medical Center Alcoholic Program with Physicians; AA, al-
coholics anonymous; ARP, alcoholism rehabilitation program.
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of AUD patients and whether they can withdraw from alcohol 

consumption after being discharged from the alcoholism rehabili-

tation program (ARP),35 but no studies with high level of evidence 

have been conducted thereafter. At the turning point in the treat-

ment of alcoholism in Japan, the rate of abstinence from 1 to 3 

years after treatment ranges from 7% to 30%, while conversely, 

the mortality rate is remarkably high.36

In Japan, ARP treatment for AUD is currently performed primari-

ly at psychiatric unit hospitals. However, it has a wide range of ef-

fects not only on the brain and mental state, but also on the di-

gestive, endocrine, and circulatory bodies, as well as family, 

society, and secondary psychological symptoms. In this sense, it is 

rather significant that general hospitals carry out ARP for occupa-

tions involving multiple clinical departments.

Figure 2 shows our alcohol rehabilitation model.12 With the si-

multaneous intervention of a psychiatrist at an early stage, inter-

views regarding the patient’s background, family relationships, 

and motivations for drinking were conducted in detail, and mental 

care was performed in parallel with medical treatment. A psychi-

atric liaison team made a daily round visit to provide team medi-

cal care. Important information was shared through conferences. 

The team consulted with one another after examining each case. 

The patient then decided whether to participate in ARP. The main 

requirements for ARP were the patient’s willingness to participate, 

completion of physical treatment, and hospitalization in the psy-

chiatric ward. A workshop was held in a psychiatric ward within a 

short period of 2 weeks, and daily lecture and discussion work-

shop were conducted by multi-professionals.

Several effects have been produced by ARP, which combines 

comprehensive medical care and a behavioral approach with team 

medical treatment. First, in the case where patients were dis-

charged from the hospital when the treatment of physical illness 

had been completed, ARP made it possible for most patients to 

be connected to an environment where they can continue their al-

coholism treatment. This reduced the number of repeaters who 

revisited the emergency department due to alcohol consumption. 

By taking advantage of the knowledge on patient’s background 

and repeatedly consulting with the team, it is possible to create a 

suitable environment for the patient to continue alcohol treat-

ment. It is also a good idea to intervene early during physical 

therapy, as timing is an important factor for motivating patients 

to give up drinking.

As a team, this interaction allows sharing of various opinions 

and acknowledgement of each member; as a result, it will be the 

driving force to tackle the difficult problems associated with alco-

hol treatment.

As a limitation, severe cases are difficult to manage with ARP, 

and these cases have been transferred to alcohol specialist psy-

chiatric hospitals.

CONCLUSIONS

A general hospital and a short-term hospitalized ARP provided 

a new opportunity for patients with AUD who had not been treat-

ed until now, and became an effective means to intervene before 

the condition becomes severe. Being involved in other profes-

sions, as well as having a full understanding and accepting alco-

hol dependence, may be important steps toward recovery.
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INTRODUCTION

The lymphatic system maintains tissue fluid homeostasis 

through re-absorption of interstitial fluid.1-7 It also regulates in-

flammatory responses by directing traffic of immune cells via ex-

pressing chemokines/chemokine receptors.3-7 Alcohol is a fre-

quently abused substance that can permeate nearly all tissues in 

the body.8 Excessive alcohol consumption causes a loss of barrier 

function of the intestine, leading to translocation of pathogens 

containing pathogen-associated molecular patterns (PAMPs) to 

the portal circulation and inducing hepatic inflammation (Fig. 1).9

Alcohol remains a major cause of liver disease world-wide. Al-

coholic liver disease (ALD) encompasses a spectrum of injury, 

ranging from simple steatosis to frank cirrhosis. Fatty liver devel-

ops in about 90% of individuals who drink more than 60 g/day of 

alcohol. A subset of patients with ALD develops severe alcoholic 

hepatitis (AH) with a substantially poor prognosis.10 Control of in-

flammation is an obvious therapeutic focus for the treatment of 

AH. Hepatic lymphatics could represent therapeutic targets of 

ALD/AH, because they are highly involved in regulation of inflam-

matory responses by draining extravasated fluid, antigens, inflam-

matory mediators, and antigen-presenting cells from the periph-

ery to lymph nodes and are thought to facilitate resolution of 

tissue inflammation.2-7 However, the role of lymphatics in the 

pathogenesis of alcohol-related disease has not adequately been 

studied.

In this review article, we first summarize current knowledge of 

the lymphatic system in health and disease. Second, we introduce 

some studies that investigated effects of alcohol abuse on the 

lymphatic system. Third, we address the lymphatic system in the 

liver in normal and pathological conditions, which includes the 

potential role of hepatic lymphatics in the pathogenesis of ALD. 

Fourth, we will conclude with a discussion on the therapeutic po-

tential of hepatic lymphatics for the treatment of ALD.

The lymphatic system in alcohol-associated liver  
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THE LYMPHATIC SYSTEM IN HEALTH AND DIS-
EASE

The lymphatic system has two primary functions, interstitial flu-

id balance and immune cell surveillance.1-7 It maintains interstitial 

fluid balance by shifting fluid from the periphery to lymph nodes 

through lymphatic vessels. Interstitial fluid is initially collected by 

lymphatic capillaries (initial lymphatics) and transported to col-

lecting lymphatics in the form of lymph.1-3,5-7 Lymph eventually 

runs to the two lymph ducts, the right lymph duct and the thorac-

ic duct, where it is returned to the blood circulation via the sub-

clavian veins.3,6,7

Lymphatic capillaries are terminal lymphatics with blind-ended 

structure and serve as a site of fluid exchange, similar to blood 

capillaries. They are 35–70 μm in diameter and form intercon-

nected networks. Lymphatic capillaries are lined by a single layer 

of lymphatic endothelial cells (LECs) with lack of a continuous 

basement membrane and are highly permeable with discontinu-

ous “button-like” junctions through which interstitial fluid, mac-

romolecules and immune cells can be transported.1-3,5-7 Lymphatic 

vessel markers are generally those specific to LECs, including 

LYVE-1, podoplanin, Prox1, and vascular endothelial growth factor 

receptor (VEGFR)-3.1,3-7 LYVE-1, Prox1, and VEGFR-3 are highly ex-

pressed in lymphatic capillaries but low in collecting lymphatics, 

while expression of podoplanin is persistent throughout the lym-

phatic network.7

In the postnatal stage, lymphatic vessels are usually quiescent, 

and lymphangiogenesis (formation of new lymphatic vessels from 

existing vessels) generally occurs in pathologic conditions such as 

tissue repair, inflammation, and tumor-related conditions,2,3,5-7 

similar to angiogenesis. Many cytokines and growth factors coop-

erate in the development and maintenance of lymphatic vessels. 

The major pro-lymphangiogenic factor is vascular endothelial 

growth factor (VEGF)-C. Cell signaling via VEGF-C or D and their 

receptor, VEGFR-3, is the best-studied pathway for lymphangio-

genesis.2,3,5-7

Lymphatic vessels are heavily involved in regulation of inflam-

matory responses by discharging extravasated fluid, antigens, in-

flammatory mediators, and antigen-presenting cells from the pe-

riphery to lymph nodes, where immune responses are taking 

Figure 1. Hepatic lymphatics in alcoholic liver disease. Interstitial fluid in the space of Disse flows through the space of Mall into the interstitium of the 
portal tract and then into initial lymphatics. Lymphatics are involved in regulation of inflammatory responses by draining interstitial fluid, inflammatory 
mediators and immune cells from the liver. Excessive alcohol consumption causes a loss of barrier function of the intestine, leading to translocation of 
PAMPs including microbes and microbial products to the portal circulation. In addition, alcohol and its metabolites induce hepatocyte cell death, re-
sulting in the release of DAMPs in the liver. Both PAMPs and DAMPs activate multiple cell types, including immune cells, hepatocytes, Kupffer cells, 
HSCs and LSECs, to release inflammatory chemokines and cytokines. Promoting lymphangiogenesis may mitigate inflammation by enhancing dis-
charge of these inflammatory mediators. LSEC, liver sinusoidal endothelial cell; LEC, lymphatic endothelial cell; HSC, hepatic stellate cell; DAMPs, dam-
age-associated molecular patterns; PAMPs, pathogen-associated molecular patterns; LPS, lipopolysaccharide; LV, lymphatic vessel; HA, hepatic artery.
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place. They also help to clear other types of leukocytes from sites 

of inflammation. Further, LECs of lymphatic vessels attract acti-

vated dendritic cells, T cells, and B cells that express CCR7 and 

CCR10 by secreting the ligands for these receptors, CCL21 and 

CCL27.3-7 In addition, LECs express a chemokine receptor D6, 

which internalizes and degrades inflammatory beta-chemokines, 

thereby reducing recruitment of monocytes and T cells to inflamed 

tissues.11 Furthermore, LECs have been shown to secrete immuno-

suppressive agents such as transforming growth factor-β1.12 LECs 

in lymph nodes also exhibit high levels of programmed death-li-

gand 1 (PD-L1), a T cell inhibitory receptor ligand, and lack co-

stimulatory signals, thus attenuating T cell activation and inducing 

peripheral tolerance.13

Lymphangiogenesis is thought to be a beneficial event for tissue 

repair and clearing inflammation. It can increase collection of in-

terstitial fluid and migration of inflammatory cells out of affected 

tissues, interfere with recruitment of inflammatory cells, and en-

hance clearance of antigens and proinflammatory mediators, 

leading to mitigation of inflammation.14-18

ALCOHOL USE DISORDER AND THE LYMPHAT-
IC SYSTEM

There are only a small number of studies that have investigated 

the effect of alcohol on the functions of the lymphatic system. 

However, their results strongly support a role for the lymphatic 

system in the pathogenesis of ALD. Studies using rats have shown 

a significantly increased mesenteric lymph flow when ethanol di-

ets were administered intragastrically as a bolus or as a continu-

ous infusion into the duodenum.19,20 Alcohol can reduce the barri-

er function of vascular endothelial cells, which increases permeability 

of the mesenteric microcirculation. This could lead to fluid accu-

mulation in interstitial spaces of mesenteric tissues and increased 

drainage to lymphatics. It has also been reported that alcohol dis-

rupts a tight junction protein, VE-cadherin, in human umbilical 

vein endothelial cells and that alcohol feeding significantly in-

creases FITC-albumin extravasation from the mesenteric microcir-

culation in rats.21

Other studies using rats have shown that acute alcohol intoxica-

tion and chronic alcohol administration increase mesenteric lym-

phatic permeability and lymphatic leakage to perilymphatic tis-

sues.22,23 Lymphatic leakage to the perilymphatic adipose tissue 

causes local inflammation, as indicated by elevated proinflamma-

tory cytokine expression and neutrophil density in this tissue.23 

Generally, it is considered that lymphatic drainage from sites of 

inflammation reduces inflammation. Under excessive alcohol ex-

posure, however, the drainage function of lymphatics may be-

come inadequate, and perilymphatic tissue leakage seems to re-

sult. Preventing lymphatic leakage could be a therapeutic strategy 

for alcohol-induced tissue inflammation.

Studies using human subjects have reported that alcohol con-

sumption increases thoracic duct lymph flow,24 and that thoracic 

duct diameters of patients with alcoholic cirrhosis are greater than 

those of patients with nonalcoholic cirrhosis.25 It is unclear how 

alcohol could further increase thoracic duct lymph flow in cirrhotic 

patients, but increased permeability of blood capillaries and in-

creased drainage of interstitial fluid to lymphatics may account for 

the mechanism as observed in ethanol-fed rats.19-21 Another pos-

sibility may include alcohol’s effect on increased production of 

lymph in cirrhotic livers by influencing hepatic sinusoidal vascula-

ture and/or its effect on increased hepatic lymphangiogenesis to 

accommodate more lymphatic fluid produced in the liver. All these 

observations strongly indicate the potential role of the lymphatic 

system in alcohol-related disease including ALD.

THE HEPATIC LYMPHATIC SYSTEM IN DISEASE

Hepatic lymphatic fluid is thought to be produced from plasma 

components transferred through the fenestrae of liver sinusoidal 

endothelial cells (LSECs) into the space of Disse, an interstitial 

space between LSECs and hepatocytes (Fig. 1; for structural de-

tails and functions, please also refer to references 3 and 4). The 

interstitial fluid in the space of Disse primarily (roughly 80%) 

flows through the space of Mall, a space between the stroma of 

the portal tract and the outermost hepatocytes, into the intersti-

tium of the portal tract and then into initial lymphatics.1-4 Some 

portion of the interstitial fluid in the space of Disse flows into the 

interstitium around the central vein, which is located in the center 

of the liver lobules and connected to the hepatic vein, or under-

neath the hepatic capsule.3,26 Initial lymphatics in the portal tract 

merge into collecting lymphatics and drain to lymph nodes at the 

hepatic hilum, while lymphatic vessels along the central vein run 

along the inferior vena cava through the diaphragm toward pos-

terior mediastinal lymph nodes. Lymphatic fluid running under-

neath the capsule of the convex surface of the liver drains to me-

diastinal lymph nodes through the coronary ligament, while 

lymphatic fluid running along the concave surface of the liver 

drains to lymph nodes in the hepatic hilum and to regional lymph 
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nodes.3

The hepatic vasculature and hepatic blood circulation are heavi-

ly distorted in liver cirrhosis. Similarly, the architecture of hepatic 

lymphatic vessels and hepatic lymph flow are changed in cirrhosis. 

In cirrhotic livers, resistance to sinusoidal blood flow increases be-

cause of structural deformations of tissues around the sinusoids, 

portal, and central veins. Consequently, sinusoidal hydrostatic 

pressure is elevated, which increases the amount of plasma com-

ponents filtered through the sinusoids into the space of Disse. In 

patients with liver cirrhosis, lymphatic fluid produced in the liver 

increases up to 30-fold.3,4

It is reported that protein contents of hepatic lymph are much 

lower in patients with ALD-associated cirrhosis than in controls.27 

While lymph within hepatic lymphatics generally has the same 

protein concentrations as interstitial fluid in the space of Disse, in-

creased plasma components transferred through the sinusoids 

into the space of Disse in cirrhotic livers can subsequently de-

crease protein concentrations of interstitial fluid and oncotic pres-

sure in the space of Disse. Consequently, the loss of osmoregula-

tion in cirrhotic livers leads to ballooning of hepatocytes, which is 

a typical histological feature of AH and results from accumulation 

of water, fat and proteins that are normally exported from hepa-

tocytes and deterioration of cytokeratins.28 Chronic alcohol con-

sumption may worsen osmoregulation indirectly by altering mor-

phology and function of LSECs. Livers of alcohol-fed rats are 

characterized by massive loss of fenestrae of LSECs29 and dysfunc-

tional LSECs characterized by a decreased production of nitric ox-

ide,30 leading to increased resistance to sinusoidal blood flow and 

increased sinusoidal hydrostatic pressure.

Lymphatics play a role in immune cell recruitment and traffick-

ing during chronic liver disease. LECs secrete CCL21 and attract 

activated T cells and B cells expressing its receptor CCR7.3-7 A 

study showed an increased number of CCL21-expressing lymphat-

ics in the livers of patients with nonalcoholic steatohepatitis.31 

Other chronic inflammatory liver diseases including primary biliary 

cholangitis (PBC), primary sclerosing cholangitis (PSC), and ALD 

also exhibit increased expression of CCL21 in the liver, but the re-

lationship between these increases of CCL21 and hepatic lym-

phatics has not been investigated. In addition, the increased level 

of CCL21 expression is much smaller in ALD than in PBC or PSC,32 

suggesting that the magnitude of CCL21 involvement is etiology-

specific. It would be interesting to know whether alcohol influ-

ences CCL21 expression in hepatic LECs.

LYMPHATIC-MODULATION AS POTENTIAL 
THERAPY

Delivery of lymphangiogenic factors, such as VEGF-C, to target-

ed organs has been shown to reduce inflammation in a variety of 

disease models.6,14-18 For example, virus-mediated delivery of 

VEGF-C alleviated chronic skin inflammation,15 inflammatory bow-

el disease,16 tubulointerstitial nephritis17 and hepatic encephalopa-

thy33 in experimental models using mice or rats. In a mouse model 

of psoriasis-like skin inflammation, targeted delivery of VEGF-C to 

sites of inflammation led to a significant increase of lymphatic 

vessels in inflamed skin and improved lymphatic drainage func-

tion. At the same time, this treatment significantly reduced infil-

tration of inflammatory cells in inflamed skin.18 These studies sug-

gest that promoting lymphangiogenesis may be a novel potential 

therapeutic strategy, particularly for diseases where inflammation 

plays a key role in their pathogenesis.

LECs/lymphatics also express a chemokine receptor D6, which 

helps to alleviate inflammation.11,34 The D6 receptor can actively 

internalize and degrade inflammatory beta-chemokines (a.k.a., 

CC chemokines),11 such as CCL2 (a.k.a., monocyte chemoattrac-

tant protein-1; MCP-1) and CCL5 (a.k.a., RANTES), resulting in 

resolution of tissue inflammation.11 CCL2 induces recruitment of 

monocytes from blood to tissues to become macrophages, while 

CCL5 attracts T-cells, eosinophils, and basophils that express a 

receptor CCR5. It is known that circulating CCL2 and CCL5 as well 

as macrophages and T-cells are upregulated in patients with 

ALD.35 Because the progression of ALD is largely driven by inflam-

mation, facilitating lymphangiogenesis may be a potential treat-

ment of ALD via increasing D6 levels as well as enhancing lym-

phatic drainage of pro-inflammatory molecules.

CONCLUSIONS AND PERSPECTIVES

Only a few studies have investigated how alcohol influences 

LEC phenotype and function, as well as the effects of these 

changes on disease pathogenesis. In particular, it is largely un-

known whether hepatic lymphatics are involved in the pathogen-

esis of ALD. Given that the lymphatic system plays an essential 

role in immune cell surveillance and that inflammation is a key 

contributor to the development of ALD, it is likely that lymphatics 

play an important role in the pathogenesis of ALD. Therefore, 

studies on the lymphatic system in relation to ALD are likely to 

yield significant advances in our understanding of the disease. 
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Targeted delivery of VEGF-C and tissue-specific induction of lym-

phangiogenesis represent a potentially new and promising ap-

proach for the treatment of chronic inflammatory diseases like 

ALD.
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INTRODUCTION

The burden of alcohol-related liver diseases (ALD) is rapidly 

growing and is likely to increase in the coming years. With the 

availability of better treatment options for managing hepatitis B 

and C, alcoholic hepatitis (AH) related hospital admissions are 

adding substantial load on healthcare costs and utilization.1,2 The 

spectrum of ALD varies from fatty liver, steatohepatitis, severe 

AH, alcoholic fibrosis, compensated/decompensated cirrhosis, to 

hepatocellular carcinoma. ALD now contribute to 47.9% of all liv-

er cirrhosis-related deaths globally.3,4 AH is the most florid mani-

festation of ALD with substantial morbidity, mortality, and finan-

cial burden.

AH is an acute form of alcohol-induced liver injury, ranges from 

mild to severe, and usually presents on the background of chronic 

liver disease. It is clinically defined as recent onset or worsening 

of jaundice in a patient with chronic heavy alcohol use until at 

least 6 weeks prior to presentation, elevated liver enzymes with 
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an aspartate aminotransferase to alanine aminotransferase ratio 

of >1.5:1, with absolute values of these enzymes not exceeding 

500 IU/L and exclusion of other liver diseases.5 Severe AH (SAH) is 

often a progressive disease with a 28-day mortality of 20–50%,6,7 

hence a definite diagnosis is helpful. For a definite diagnosis of 

AH, a histological evidence of the disease is required besides clini-

cal and biochemical criteria, as 10–20% of AH patients may have 

other liver diseases.

Predominant histological lesions that characterize AH include the 

coexistence of steatosis, hepatocyte ballooning, and inflammatory 

infiltrates, mainly with neutrophils, called satellitosis.8 Liver biopsy 

also helps in providing clues to the natural history and outcome of 

the disease.5 Presence of megamitochondria, polymorphonuclear 

leucocytic infiltration, and absence of fibrosis is associated with 

good prognosis, whereas presence of ballooning hepatocytes and 

bilirubinostasis is suggestive of poor prognosis. However, majority 

of the SAH patients have coagulopathy or ascites which are contra-

indications for percutaneous liver biopsy and necessitate transjugu-

lar route for obtaining liver tissue. However, due to invasive nature 

of the procedure and associated costs, often, the patients are 

started on treatment on the basis of ‘probable’ diagnosis of AH. 

This can pose challenges in some situations, especially in patients 

with obesity, diabetes, and associated drug-induced liver injury.

ASSESSMENT OF SEVERITY OF AH

An important part of therapy for any disease requires assessment 

of the severity of the disease and the appropriate time for initiation 

of the therapy. Assessing severity of AH can be done by using a 

combination of clinical and biochemical parameters. Maddrey’s 

discriminant function (MDF)9 is one of the first bedside tool, which 

is still used across the world, and a score of >32 categorizes the 

disease as SAH. The MDF however, has not been validated for as-

sessing the treatment response. Model for end-stage liver disease 

(MELD) score, commonly used for organ allocation for transplant, 

has also been used. A MELD score of >18 indicates SAH and man-

dates specific therapy. Alternates like Glasgow alcoholic hepatitis 

and sequential organ failure assessment (SOFA) scores are depen-

dent on baseline clinical and biochemical features.10

THERAPEUTIC OPTIONS FOR SEVERE AH

In mild or moderate AH, abstinence does help to some extent. 

For severe AH, specific and effective therapy is required to sup-

press the ongoing inflammation and hepatic necrosis. Unfortu-

nately, there are very limited options.11 Corticosteroids currently 

remain the first and probably the only accepted medical therapy 

for SAH patients.

CORTICOSTEROIDS FOR AH

Since AH is considered as a severe form of inflammatory disease 

of the liver, prednisolone with its anti-inflammatory action, has 

been used for over 40 years for such patients.9 Prednisolone how-

ever, provides only a modest short-term benefit. Lille score12 is 

used to assess the efficacy of steroid therapy and is calculated 

(based on age, baseline creatinine, albumin, prothrombin time, 

total bilirubin and repeat total bilirubin) at day 7. Those with Lille 

score >0.45 indicate poor response to corticosteroids and under 

25% survival rate at 6 months. In a meta-analysis13 to predict 

treatment response to steroids, patients were classified as com-

plete responders (Lille score ≤0.16), partial responders (Lille score 

0.16–0.56), and null-responders (Lille score >0.56). Significant 

differences in survival (91% vs. 79% vs. 53%, P<0.0001, respec-

tively) were observed. It is necessary to remember that steroids 

should be continued only in complete responders.

In a recent study of Shasthry et al.6 have reported that of the 

430 hospitalized patients with SAH, only 132 (26.8%) were eligi-

ble to receive steroids. Of these, 99 patients (75%) responded to 

steroids; making a total of 331 of 430 (77%) as steroid non-re-

sponder. It has been shown that only 1–2% of severe AH patients 

actually undergo the definitive therapy, the liver transplant.14 This 

draws attention to the fact that nearly four out of five patients 

with SAH are deprived of an effective therapy.

Furthermore, infections are not uncommon after initiation of 

steroid therapy. Steroid non-response is associated with a high 

risk of infection and poor outcomes.15 In a prospective study,16 

around 25% of patients receiving steroids developed infections. 

Median MELD and MDF were higher in these patients compared 

to those who were non-infected on steroids, suggesting that sick-

er group of patients are not suitable for steroids.

There is an unmet need to treat these large cohort of patients 

with severe AH with newer therapeutic strategies. Furthermore, 

even for the steroid-eligible patients, it would be highly desirable, 

if predictors of non-response to steroids could be defined prior to 

initiation of steroid therapy.
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IDENTIFICATION OF STEROID NON-RESPOND-
ERS PRIOR TO THERAPY

If steroid non-responders can be identified prior to starting ste-

roids, several adverse effects like development of new infections, 

gastrointestinal hemorrhage, hyperglycemia, etc. could be pre-

vented. 

Biochemical predictors

Persistently high and rising bilirubin is very suggestive of an un-

remitting inflammation, likely to be unresponsive to steroids. 

Day 4 Lille score

Whether assessment of the same parameters which form the 

Lille score can reliably predict non-response at day 4 rather than 

day 7, was evaluated. The data showed that Lille score on day 4 

was as good as day 7 to predict 3-month mortality and reduces 

unnecessary steroid exposure.17 However, these results have not 

been validated by other workers. In our own large experience (un-

published data), day 4 is not a very reliable indicator of response 

to steroids, and legitimacy to continue therapy for 7 days.

Baseline liver biopsy

A pre-therapy liver biopsy helps in stratification of SAH patients 

not only to assess the severity of liver disease, but also to predict 

response to therapy. Liver biopsy showing ballooning hepatocytes 

and bilirubinostasis, indicates a poor response to steroids. In one 

study, non-responders had higher ballooning degeneration (BD) 

(mean, 3.87 [standard deviation (SD), -0.91] vs. 2.92 [SD, -1.33], 

P=0.013) with increased density of Mallory-Denk bodies (MD) 

(mean, 2.27 [SD, -0.79] vs. 1.69 [SD, -0.97], P=0.028). A score 

derived using BD and MD (range, 0–8) had high sensitivity and 

specificity (81.2% and 64%, respectively), and negative predictive 

value (91.4%) to identify non-responders to steroids at baseline if 

the score is >5.18

Metabolic markers for early detection of steroid 
response

Patients with SAH have a unique metabolic phenotype, one 

with severe inflammatory milieu and an impaired immune status. 

Whether baseline metabolic phenotype could identify non-re-

sponders and those with unfavorable outcome was investigated.3 

Baseline urine metabolome of SAH patients was subjected to ul-

tra-high performance liquid chromatography and high-resolution 

mass spectrometry. Nine urinary metabolites linked to mitochon-

drial functions significantly discriminated non-responders, most 

importantly the increased acetyl-L-carnitine (12-fold) levels. A 

baseline urinary acetyl-L-carnitine level predicted non-response 

with a receiver operating characteristic of 0.96 (95% confidence 

interval [CI], 0.85–0.99) and a hazard ratio of 3.5 (95% CI, 1.5–

8.3) for the prediction of mortality in patients with SAH. Acetyl-L-

carnitine levels of >2,500 ng/mL reliably segregated survivors 

from non-survivors (P<0.01, log-rank test) in the study cohort.3 

This low cost test, if validated in other studies, could be of help in 

selection of patients for steroid therapy.

Specific microvesicle signatures

Microvesicles (MVs) reflect the cellular stress and the disease 

conditions. In one study, pre-therapy peripheral plasma MV levels 

of haematopoietic stem-cells (CD45+ CD34+; 116.8 vs. 13.4 MV/µL; 

P=0.0001) and hepatocytes (ASGPR+; 470 vs. 361 MV/µL; P=0.01) 

were higher in steroid non-responders, compared to responders 

(Fig. 1). In fact, the two together could predict steroid non-re-

sponse in 94% patients at baseline in peripheral plasma. The ba-

sis for these observations lies in the fact that the MVs from SAH 

patients, trigger more (P=0.04) reactive oxygen species (ROS) 

generation, tumor necrosis factor-α production (P=0.04) and up-

regulate pro-inflammatory cytokine related genes in neutrophils 

in vitro.19 The source of these MVs was also validated with higher 

levels in hepatic vein plasma of non-responders. The MVs from 

hematopoietic cells suggests that the bone marrow cells do mi-

grate to liver, but probably, a fair proportion is unable to induce 

effective regeneration due to an unfavorable milieu and, hence 

possibly perish as assessed by high MV levels in hepatic vein in 

non-responders.19 More such biomarkers are needed for proper 

patient selection for steroid therapy. 

Baseline hepatic gene expression 

Whether variation to steroid response in SAH patients has a ge-

netic basis, is largely unknown. This was explored by investigating 

the hepatic transcriptome in patients originating in different coun-

tries.20 Though at presentation the patients were similar, the re-

sponders and non-responders had distinct patterns of gene ex-

pression. There were >1,100 genes that were overexpressed (>2-
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fold, P<0.05) in non-responders in comparison to responders. 

Importantly, the glucocorticoid receptor (NR3C1) expressed a sig-

nificantly reduced amount of the alpha isoform in non-responders. 

Additionally, in one population the BCL2 associated athanogene-1 

(BAG1) was significantly increased in non-responders. BAG1 is 

known to cleave the glucocorticosteroid receptor (Fig. 2).21 This 

data shows BAG1 as a promising candidate to be explored in a 

larger population to segregate steroid non-responders at baseline.

Oxidized albumin forms

Circulatory albumin is a potent ROS scavenger. However, struc-

tural modifications in albumin may modulate its antioxidant and 

immune‐regulatory properties. Such alterations in circulating al-

bumin in SAH patients along with their contribution to neutrophil 

activation, intracellular stress, and alteration in associated molec-

ular pathways have been assessed.22 The 3 isoforms of circulating 

albumin - human mercaptalbumin (HMA) and human non-mer-

captalbumin (HNA1 and 2) were measured in SAH patients. Albu-

min isoforms showed that total HNA1 was significantly (P<0.05) 

higher in SAH (44.5%) patients compared to healthy controls 

(28.6%). Additional modifications like glycosylated HMA was also 

higher in SAH than controls (17.4% vs. 10.6%, P<0.05, respec-

tively).

NEW APPROACHES TO TREATMENT OF AH

Conceptually, the approach to manage SAH includes attempts 

to abrogate the severe inflammation and necrosis due to alcohol-

induced injury, removal of the toxic metabolites produced due to 

severe inflammation in AH, stimulate liver regeneration despite a 

toxic milieu of a failing liver using endogenous or exogenous 

growth factors and modulation of gut bacteria to availability of 

appropriate nutrition and immune modulation. (Fig. 3). Unfortu-

nately, at present, there are limited therapeutic options for pa-

tients, besides steroids. Moreover, for those who do not respond 

to steroids, the choices are meager. In the past decade, some 

progress has been made in this direction (Fig. 4).

Granulocyte colony stimulating factor (G-CSF)

G-CSF (also known as CSF3) is a colony stimulating factor which 

stimulates bone-marrow precursor cells to produce granulocytes 

and stem cells, and release them into the blood.23 

Inflammation and impaired liver repair and regeneration are the 

major factors responsible for liver failure in patients with AH. A 

state of hyper-inflammatory response leading to progressive he-

patocyte damage is accompanied by skewed and deficient im-

mune system in SAH patients. Agents that can ameliorate gut-de-

rived infection and inflammation, and enhance native liver 

Figure 1. ASGPR-positive hepatocyte MPs are increased. ASGPR, asiloglycoprotein; MPs, microparticles; NR, non-responder; HC, healthy control.
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regeneration including bone marrow response are needed. The 

maximal level of CD34+ cells are released on day 5 after daily G-

CSF administration, and the levels fall rapidly on subsequent days 

despite a continued rise in white blood cell counts.24

G-CSF regulates innate immune cell response by modulating the 

production, maturation, migration, and function of neutrophils, 

monocytes and dendritic cells (DCs). Excessive alcohol consump-

tion impairs this granulopoiesis and the functionality of granulo-

cytes resulting in defects in immune defense and susceptibility to 

serious infections.25 Despite, peripheral neutrophilia, AH patients 

are susceptible to infections, due to neutrophil dysfunction in the 

form of neutrophil resting oxidative burst greater than or equal to 

55% and reduced phagocytic capacity of <42% due to persistent 

endotoxemia.26 This is partly due to the defects in the interleukin 

(IL)-33/suppression of tumorigenicity-2 pathway which is involved 

in sepsis control and is associated with decreased C-X-C motif 

chemokine receptor 2 expression on the cell surface and lower 

neutrophil migration capacity.27 It is therefore important to identi-

fy patients in the golden window,28 the time between the inflam-

matory response and the onset of sepsis, as the ideal time for 

therapeutic interventions for SAH. It is probably the most suitable 

time to introduce the G-CSF therapy, to prevent infections and 

enhance liver regeneration.

Locally produced G-CSF within the injured tissue also affects 

the function of recruited neutrophils and DCs. The frequencies of 

intrahepatic myeloid DCs and plasmacytoid DCs are lower in non-

survivors compared to survivors. Intravenously given G-CSF has 

been shown to enhance the recruitment of plasmacytoid DCs, 

nearly 12-folds, resulting in reduction in the intrahepatic gamma 

interferon production and amelioration of hepatic injury (Fig. 5).29

G-CSF mobilizes bone marrow hematopoietic stem cells into the 

circulation by reduced C-X-C motif chemokine ligand 12 levels and 

adhesive action and facilitates their release into the circulation. G-

CSF also stimulates the peripheral sympathetic nervous system, 

increasing catecholamine concentrations.30 G-CSF facilitates liver 

regeneration by migration of bone marrow-derived progenitors to 

the liver and by enhancing hepatic progenitor cell proliferation by 

its chemoattractant and mitogenic effects.31

Clinical trials exploring G-CSF therapy in AH

In a randomized trial of patients with acute-on-chronic liver fail-

ure, mostly due to alcohol, G-CSF was able to reduce the inci-

dence of new infections, hepatorenal syndrome and hepatic en-

cephalopathy with an improved 28-day survival compared to 

placebo (69% vs. 29%, P<0.001).32 Also, CD34+ hematopoietic 

cells were increased in liver biopsies with post G-CSF therapy. The 

drug was given as 5 mg/kg/day subcutaneously for 5 days and 

then once on alternate day for a period of 28 days (total 12 dos-

es). It was well tolerated and no major side effects were reported.

G-CSF (given as 5 mg/kg, twice daily for 5 days) in another 

study on 46 SAH patients with a mean MDF of 85, was found to 

Figure 2. Conformationally folded GR binds to glucocorticoid (i) and shifts to nucleus, where the receptor dimerizes and binds to co-factors (e.g., 
NFkB) to inhibit proinflammatory gene transcription. BAG1 cleaves GR (ii) in cytoplasm and prevents its downstream suppression leaving pro-inflam-
matory gene transcription active. GR, glucocorticoid receptor; BAG1, BCl2-associated athanogene 1.
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improve CD34+ cells in peripheral blood at the end of therapy 

along with improved 90-day survival (78.3% vs. 30.4%, P<0.001).33

These reports are mainly from Asian countries. In one study34 

on 58 decompensated alcohol-related cirrhotics, isolated bone 

marrow derived mononuclear cells including CD34+ hematopoietic 

cell infusion in the hepatic artery did not show survival benefit or 

better regeneration on repeat liver biopsy. Similarly, when given 

in compensated cirrhotics, G-CSF therapy for 5 days followed by 

leukapheresis and intravenous infusion of CD133-positive hemato-

poietic stem cells on day 5, 30, and 60 did not show benefit. An 

important aspect to be noted is that the studies from Europe, had 

included entirely different set of patients, not those with active 

AH, and with many having had sepsis. A recent meta-analysis has 

highlighted the differences in various studies.35 Based on multiple 

randomized control trials (RCTs), it can be concluded that in care-

fully selected patients of AH, G-CSF therapy can help in reducing 

Figure 3. Rationale approaches for treating severe 
alcoholic hepatitis. SAH, severe alcoholic hepatitis; 
DAMPs, damage-associated molecular patterns; 
FMT, fecal microbiota transplantation; GCSF, granu-
locyte colony stimulating factor; FPSA, fractional 
plasma separation and adsorption.
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inflammation, incidence of infection and sepsis, reducing liver se-

verity scores and possibly improve the survival (Fig. 6).

For steroid non-responders, there are few choices. In the only 

available study, GCSF was evaluated in steroid non-responsive 

SAH patients. Shasthry et al.6 in a group of 32 steroid non-re-

sponders, showed that GCSF administration reduced the MDF and 

MELD scores and in-turn the mortality, compared to the placebo 

(35.7% vs. 71.4%, P=0.04).

Patient selection for G-CSF therapy

Patients with severe AH, not amenable to steroids treatment or 

steroid non-responders can be considered for G-CSF administra-

tion. However, as noted in most of the RCTs, patients with MDF 

>90, hemoglobin <8 g/dL, high ferritin levels, macrophage acti-

vation syndrome (MAS), evidence of iron overload, hypersplenism, 

ascites, total leucocyte count of >40,000/mm3, infections, culture 

positive sepsis, acute kidney injury,36 hemodynamic instability, hu-

man immunodeficiency virus seropositivity, high adenomatous 

colorectal polyps or suspicion of malignancy, should be excluded 

from G-CSF therapy.6,8 In fact, it is safer and the response is more 

likely, if the MELD is <15.37 A good bone marrow is very helpful in 

stimulating the hepatic regeneration. Patients with severe sarco-

penia, osteoporosis and anemia are less likely to have a respon-

sive bonemarrow.38 Also, a careful screening for the presence of 

infections should be undertaken. The efficacy of G-CSF is mainly 

in prevention of infection, rather than in the management of sep-

sis in SAH patients, where systemic inflammatory response syn-

drome (SIRS) can get exaggerated.

Modulation of gut microbiota

The gut microbiome (GM) plays a major role in liver disease. A 

chronically altered and unhealthy microbiome contributes to the 

development and perpetuation of liver disease, and this is proba-

bly true for SAH. The GM digests the ingested alcohol, with an in-

crease in acetaldehyde concentrations in the gut lumen, and dis-

Figure 5. G-CSF increases DC population which reduces IFN-γ resulting in improved survival. Adapted from Khanam et al.29 G-CSF, granulocyte colony 
stimulating factor; mDCs, myeloid dendritic cells; pDCs, plasmacytoid dendritic cells; IFN-γ, interferon gamma.
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ruption of the mucosal barrier, permitting translocation of viable 

bacteria and their products, into portal circulation. Locally in the 

gut, the overgrowth of pathogenic species changes the bile acid 

composition, enteral metabolites, and entero-hepatic circulation.39 

Resultant immune dysregulation makes the host susceptible to in-

fections and continued hepatic injury.40,41

Patients with AH, have a pathobiont of their own.40 This alcohol 

pathobiont represents altered bacteria, their metabolites, and im-

balanced cytokine milieu. Transferring intestinal microbiota from a 

patient with severe AH into mice, can lead to the development of 

severe liver inflammation in the animal.42 

Quantitative and qualitative variations in fecal lipid metabolites 

like the short-chain fatty acids butyrate and propionate have been 

reported in rats following chronic ethanol administration.43 Lacto-
bacillus  species use saturated long chain-fatty acids (LCFAs) as a 

source of energy, which are consequently reduced, resulting in 

tight junction barrier disruption. In mice models, saturated LCFA 

supplementation has been shown to restore eubiosis, stabilize the 

intestinal gut barrier, and reduce ethanol-mediated liver disease 

(Fig. 7). Ethanol exerts a direct effect on the saturated fatty acid 

(FA) biosynthetic gene in intestinal bacteria, independently of the 

host.44 Hepatocyte synthesized bile acids are secreted via bile duct 

into the duodenum facilitating digestion, and absorption of lipids, 

and lipid soluble vitamins. The bile acids modulate the gut micro-

biota through direct and indirect mechanisms.45 The gut microbio-

ta then metabolizes primary bile acids into secondary bile acids.44 

More than 95% bile acids actively taken up by enterocytes in the 

terminal ileum are exported through the basolateral membrane 

into the portal vein. Bile acids bind to the farnesoid X nuclear re-

ceptor and induce its target gene, the fibroblast growth factor 

(FGF)-19 in humans (or in mice, FGF-15). Both, FGF19/15 are re-

leased into the portal circulation, inhibiting hepatic bile acid syn-

thesis and exerting beneficial effects on hepatic lipid metabo-

lism.46 A significant increase of serum FGF19, total and conjugated 

bile acids is observed AH patients.

 AH-related dysbiosis is associated with an increase in Bifido-
bacteria , Streptococci , Enterobacteria with concomitant decrease 

in anti-inflammatory Clostridium leptum  or Faecalibacterium 
prausnitzii . The population density of these protective strains in-

versely correlates with clinical parameters such as bilirubin.42 Fecal 

microbiota transplantation (FMT) studies showed that there is a 

distinct microbiota signature associated with severe AH, and that 

a specific alcohol ‘pathobiont’ possibly exists.47 Identification of 

these microbial species would identify new targets and therapies.

Fecal microbiota transplantation

Alteration in the GM of a patient can be achieved by using pro-

biotics, FMT or using genetically altered bacteria.36 While the later 

has not reached the stage of clinical application, the first two ap-

proaches have been evaluated in small sets of patients. 

Probiotics have been shown in a small randomized trial to be of 

benefit in cirrhotic patients, including those with hepatic enceph-

alopathy.48 No large clinical studies are available of the use of 

probiotics in SAH patients.

FMT has been used in multiple clinical conditions in gastroen-

terology. Its use was evaluated in a pilot study of eight steroid-

ineligible SAH patients, and was compared to anecdotal controls. 

FMT showed significant survival benefit at day 90 with the donor 

microbiota co-existing in the recipients till 12 months.47 

It is known that subjects in the same household, living and eat-

ing the same food, generally share common bacterial taxa. We 

therefore preferred using FMT material from a related healthy in-

dividual living in the same household, with a presumption that 

the bacteria could adapt readily in the patient. 

Recently, concerns have been raised about the safety of FMT 

therapy as fecal instillate may serve as a medium to carry patho-

gens.49 Infection with pathogenic Escherichia coli  and develop-

ment of adverse events in immunocompromised and immunocom-

petent patients indicates need for additional caution.50 However, 

risk of bacterial and fungal infections is high after steroid therapy 

in SAH patients, and may add to mortality.47 

We have completed a large study on 112 SAH patients, compar-

ing the safety and efficacy in 90 day-survival in those receiving 

steroids with healthy donor FMT. We serially assessed the recipi-

ents for the improvement in clinical and biochemical parameters, 
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Dysbiosis

↓Gut leakiness
and ALD

Supplementation of saturated FA

Endotoxemia

Decreased ability to synthesize
saturated fatty acids

(nutrient to Lactobacille/good bacteria)

Figure 7. Saturated fats could help reverse dysbiosis and revert gut 
leakiness. Based on Chen et al.44 FA, fatty acid; ALD, alcohol-associated 
liver diseases.
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changes in their GM, occurrence of adverse events, new compli-

cations, and infections. Since Lille score has been validated only 

for steroid therapy, new scores for assessing the therapeutic re-

sponse to emerging therapies have also been developed. The ini-

tial results of the FMT in SAH patients are quite encouraging. At-

tempts have been made to inhibit the effects of pro-inflammatory 

IL-1 by using antagonist to its receptor, anakinra. In a clinical trial 

comparing anakinra efficacy in combination with pentoxyfylline 

and zinc against methylprednisolone, the results suggest that long 

term survival was similar between the two groups (66.8%, anak-

inra group vs. 52.8%, prednisolone group, P=0.26).51 Although 

the inflammation was shown to be reduced, and gut barrier func-

tion was improved. Targeted studies are required to identify the 

patients suitable for such inhibitors and combinations thereof.

Others

Nutrition therapy and Immuno-nutrition
The goals of nutrition therapy are briefly summarized in the Table 1. 

A detailed discussion is beyond the scope of this review.

There is also a growing realization of the benefits of immuno-

nutrition in critical illnesses. Administration of omega-3 FAs, con-

tained in fish oil has been shown to reduce morbidity and mortal-

ity in both, postoperative and critically ill patients, without 

undesired side effects. Sepsis is common in SAH patients and can 

develop within the first few days of the illness.52

Patients with SAH have insulin resistance fulfilling three domi-

nant criteria: low high-density lipoprotein cholesterol, high triglyc-

erides, and high fasting blood sugar. The study53 has shown in a 

recent study that omega-3 polyunsaturated FAs given intrave-

nously for 5 days reduced the incidence and delayed the develop-

ment of sepsis by improving the immunity. In fact, it was helpful 

in reducing the serum endotoxin levels (P<0.001) and the severity 

of illness. Omega-3 polyunsaturated FAs should be explored as an 

economical choice54 for the prevention of sepsis and as a source 

of energy. Supplementation with of energy >25 kcal (and protein 

>0.8 g/kg/day) has shown significant improvement in 12 month- 

survival in patients with alcoholic cirrhosis (Fig. 8).55

Extracorporeal liver support
Extracorporeal liver support procedures, with potential to re-

move toxic and highly oxidative metabolites and circulating mole-

cules may be of help in patients with SAH. However, artificial liver 

support, using different liver dialysis devices have shown limited 

benefits.56,57 

Plasma exchange
Plasma exchange has been shown to clear damage-associated 

molecular patterns, improve SIRS and survival in patients with 

acute liver failure in a large multi-centric RCT.58 Liver failure-relat-

ed deaths were averted by plasma-exchange, both at 30 and 90 

days and the therapy was superior to standard medical therapy 

and fractional plasma separation and adsorption in preventing or-

gan failure and improving survival compared to the matched co-

hort. Apart from this, as expected plasma exchange also improved 

other clinical parameters and reduced the MELD scores. There is 

emerging data that plasma exchange, can serve as a bridge to liv-

er transplantation in SAH patients.59 Though, the risk of fluid 

overload and infections has to be carefully weighed before taking 

Table 1. Nutritional therapy/adequacy plays an important role in recov-
ery from severe alcoholic hepatitis

Goals of nutrition support 

Adequate usable calories:

Liver regeneration

Immune restoration

Prevent hypoglycemia

Positive N2 balance, treat sarcopenia

Reduce excess NH3 production:

Treat hepatic encephalopathy

Improve quality of life

Survival

Figure 8. Calorie intake of >25 kcal/kg/day demonstrates significant im-
provement over <25 kcal/kg/day nutrition supplementation. Adapted 
from Kalal et al.55
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patients for this therapy.

Anti-oxidants
Although oxidative stress has been implicated in the pathogen-

esis of AH.4 Several studies have refuted benefit of N-acetylcyste-

ine (NAC) in comparison to steroids in AH treatment.60,61 A few 

studies have shown short-term benefit of steroid plus NAC combi-

nation therapy with increased 1-month survival in patients with 

severe AH, but no increase in 6-month survival.61 A Cochrane re-

view showed that the use of S-adenosyl-L-methionine is not of 

any help during treatment of AH.62 Detailed studies are required 

to establish the definitive role of NAC in management of severe 

AH. Together with oxidative stresses generated by gut microbiota 

investigations analyzing multiple pathological factors are required 

to improve our understanding, and bring in a paradigm shift in 

the treatment approaches for such patients.

Granulocytapheresis
This technique involves removal of up to 60% of activated 

granulocytes and monocytes from circulating blood. It has been 

found to be well tolerated and of some benefit in patients re-

sponding to steroids.63,64 To further elaborate the role of granulo-

cytapheresis high quality studies are required in addition to exist-

ing case series.

Anakinra
Besides being compared for its anti-inflammatory potential 

against steroid, anakinra has also been tested for treatment of 

MAS, a common presentation of very sick SAH patients.65 The IL-1 

receptor antagonist has been shown to reduce 28-day mortality 

in MAS patients with sepsis.66 Elaborate studies are required to 

confirm whether anakinra could be used as in combination with 

other anti-inflammatory drugs in steroid non-responsive patients.

CONCLUSION

Severe AH remains to be a disease with a high mortality, and 

there is an ever-growing need to find effective therapies to treat 

the patients early or delay mortality. From the many therapeutic 

options discussed above, it is unlikely that a single therapy would 

be an all-effective option. Given the complex molecular mecha-

nisms varying with different stages of the disease, a combination 

of therapies is likely to improve efficiency. Importantly, addressing 

suppression of bacterial or viral infections, and hepatic inflamma-

tion, in conjunction with liver regeneration will remain the key 

strategy for next generation therapies.
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Humans have been consuming fermented alcoholic beverages 

for more than 10,000 years, primarily to obtain safe drinking wa-

ter and avoid bacterial contamination.1 Alcoholic beverages are 

consumed widely throughout the world, and the health effect of 

alcohol use can have substantial public health implications.2 Alco-

hol is responsible for tremendous perturbations in social and 

physical well-being worldwide and has been estimated to be the 

seventh leading risk factor for both morbidity and mortality.3

A world leading medical journal has been publishing articles 

describing the ‘superhuman’ efforts to address the Global Burden 

of Disease (GBD) since 2010.4 This brief communication highlights 

that alcohol use is a major contributor to injuries, mortality, and 

the burden of disease, especially among the population aged 15–

49 years.5-8 These findings provide a complementary picture to 

that obtained from the ‘Global Status Report on Alcohol and 

Health 2018’,9 published by the World Health Organization 
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(WHO). Throughout the manuscript, we mainly use data from the 

WHO and the GBD.

In this review, we summarize previous efforts to investigate al-

cohol-attributable disease burden based on deaths and disability-

adjusted life-years (DALYs) and the best ways to protect against 

harmful use of alcohol and promote health.

NO SAFE LEVEL OF ALCOHOL CONSUMPTION

The total burden attributable to alcohol use is larger than previ-

ous evidence has shown and increases with consumption.6 Alco-

hol has a monotonic association with some cancers (oropharynx, 

larynx, esophagus, liver, etc.) but is reportedly associated with 

protection against diabetes, ischemic stroke, or coronary heart 

disease when consumed at a moderate level.10,11 A shortage of es-

timates from observational studies identifying appropriate refer-

ence categories, adequately accounting for survival bias and other 

residual confounders, may lead to potential overestimation of the 

protective effects from light or moderate alcohol intake (≤14 

standard drinks/week for male and ≤7 standard drinks/week for 

female).12 Emerging research with methodological enhancements, 

including Mendelian randomization, pooled cohort studies, and 

multivariable adjusted meta-analyses, has shown no beneficial ef-

fect of alcohol consumption on mortality or cardiovascular out-

comes.13,14 In line with recent literature, a GBD study presents em-

pirical evidence that there is no safe level of alcohol consumption.6 

Based on weighted relative risk curves for each health outcome 

associated with alcohol use, the level of consumption that mini-

mizes health loss due to alcohol use is zero.6 These new findings 

strongly suggest that alcohol policies aimed at total population-

level consumption are needed to reduce the burden attributable 

to alcohol in a population.6

ALCOHOL CONSUMPTION

In 2016, 32.5% of people worldwide were current drinkers.6 

Twenty-five percent of women are current drinkers, as are 39% of 

men in the previous 12 months (Table 1).6 The per capita alcohol 

consumption in the world’s population rose from 5.5 L of alcohol 

in 2005 to 6.4 L in 2010,9 and it is expected to reach 7.6 L by 

2030.15 The amount of alcohol consumed varies considerably by 

region and socio-demographic index (SDI), which reflects overall 

development.6 The countries with the highest level of alcohol con-

sumption are in the Eastern European region and have high SDI 

locations. 6 While alcohol consumption has been decreasing in the 

Western European region, it is increasing in the Western Pacific 

Table 1. Definitions of related terms9

Current drinkers Those (in the population) aged 15 years and older who have consumed alcoholic beverages in the previous 
12-month period

Lifetime abstainers People who have never consumed alcohol

Former drinkers People who have previously consumed alcohol but who have not done so in the previous 12-month period

Past 12-month abstainers People who did not drink any alcohol in the previous 12-month period. This includes former drinkers and 
lifetime abstainers.

Heavy episodic drinking (HED) Defined as 60 or more grams of pure alcohol on at least one single occasion at least once per month

Total alcohol per capita 
consumption (APC)

The total (recorded plus estimated unrecorded) alcohol per capita (i.e., persons aged 15 years and older) 
consumption within a calendar year in liters of pure alcohol, adjusted for tourist consumption

Burden of disease The gap between current health status and an ideal situation in which everyone lives to old age free of 
disease and disability. Premature death, disability and risks that contribute to illness and injury are the 
causes of this health gap.

Disability-adjusted life years 
(DALYs)

A time-based measure of overall burden of disease for a given population. DALYs are the sum of years of life 
lost due to premature mortality as well as years of life lost due to time lived in less than full health.

Alcohol-attributable deaths The number of deaths attributable to alcohol consumption. They assume a counterfactual scenario of no 
alcohol consumption. Thus, alcohol-attributable deaths are those deaths that would not have happened 
without the presence of alcohol.

Alcohol-attributable fraction 
(AAF)

The proportion of all diseases and deaths that are attributable to alcohol. AAFs are used to quantify the 
contribution of alcohol as a risk factor to disease or death. AAFs can be interpreted as the proportion of 
deaths or burden of disease which would disappear if there had not been any alcohol.
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and South-East Asian regions, including the highly populated 

countries of China and India, which account for the increases 

(China: 4.1 L and 7.2 L in 2005 and 2016, respectively; India: 2.4 

L and 5.7 L in 2005 and 2016, respectively).9

The prevalence of heavy episodic drinking (HED) has decreased 

globally from 22.6% in 2000 to 18.2% in 2016, but it is expected 

to increase to 23% in 2030.15 HED remains high at over 60%, es-

pecially in parts of Eastern Europe and in sub-Saharan African 

countries.9 HED among young people (15–19 years of age) is par-

ticularly prevalent (≥20%) in Europe and high-income countries, 

including the USA, Canada, Australia, and New Zealand and in 

some South American countries, such as Chile and Argentina, 

where per capita alcohol consumption is relatively high.6

THE ALCOHOL-ATTRIBUTABLE BURDEN OF 
DISEASE AND MORTALITY 

Alcohol-attributable deaths and DALYs declined from 2000 to 

2016 by 17.9% and 14.5%, respectively.8 This decrease is less 

than the relative decreases in the rates of all deaths of 23.7% and 

all DALYs of 25.2% during the same period.8 In 2016, 3.0 million 

death worldwide (2.3 million among men and 0.7 million among 

women) and 132 million DALYs (106 million among men and 26 

million among women) were attributable to alcohol, representing 

5.3% of all deaths and 5.0% of all DALYs.8,9 This made alcohol 

the seventh major risk factor for death and disability globally in 

2016.8 At the regional level, alcohol-attributable rates for death 

and DALYs are highest in the Eastern European and sub-Saharan 

African regions.8 The proportions of alcohol-attributable deaths 

and DALYs are highest in the European region (10.1% of all deaths 

and 10.8% of all DALYs) and the Americas (5.5% of deaths and 

6.7% of DALYs).9 

THE ALCOHOL-ATTRIBUTABLE BURDEN OF 
PREMATURE MORTALITY

The alcohol-attributable burden is particularly borne among 

young adults, for whom alcohol ranks as the leading cause of 

premature deaths.8,9 Alcohol use accounted for 7.2% of all prema-

ture mortality globally in 2016.9 Young persons are more dispro-

portionately affected by alcohol than older persons, and the pro-

portion of alcohol-attributable deaths is highest among the 

population aged 20–39 years, representing 13.5% of all deaths in 

this age group.9 More than 50% of all alcohol-attributable deaths 

occur in people younger than 60 years.8

THE ALCOHOL-ATTRIBUTABLE BURDEN OF 
INJURIES

Acute alcohol intoxication negatively affects a number of cogni-

tive functions, including memory, planning and complex motor 

control16,17 and this loss can lead to unexpected behavior and in-

jury. In 2016, injury was the leading cause of all deaths attribut-

able to alcohol worldwide, accounting for 28.7% (Fig. 1).9 Similar-

ly, injury is the leading contributor to the burden of disease 

caused by alcohol and accounts for approximately 40% of all al-

cohol-attributable DALYs.9 Globally, 0.9 million injury deaths are 

attributable to alcohol,9 including road injuries (approximately 

370,000 deaths), self-harm (approximately 150,000 deaths), in-

terpersonal violence (approximately 90,000 deaths), and falls (ap-

proximately 80,000 deaths). Of the road traffic injuries, half of the 

deaths are among people other than drivers.9 Geographically, the 

most alcohol-attributable injury deaths are in the African region 

and in the European region.9

THE ALCOHOL-ATTRIBUTABLE BURDEN OF 
DIGESTIVE DISEASES

Digestive diseases, particularly liver cirrhosis, are the second 

leading contributors to alcohol-attributable deaths, representing 

Figure 1. Distribution of all alcohol-attributable burden by broad dis-
ease category, 2016. Data available from global status report on alcohol 
and health 2018.9
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21.3% of these deaths (Fig. 1).9 Most deaths from alcohol-attrib-

utable digestive diseases concern liver cirrhosis (approximately 

610,000 deaths) and pancreatitis (30,000 deaths).9 Alcohol is the 

cause of 60% of all liver cirrhosis in developed countries (Europe 

and North America), and the mortality and morbidity due to alco-

hol-related liver cirrhosis presents an increasing trend.18 In the 

Asia-Pacific region, one-quarter of deaths due to cirrhosis and 

other chronic liver diseases are attributable to alcohol use.19 Di-

gestive disease deaths due to alcohol are highest in Africa (16.9 

deaths per 100,000 people) and the Western Pacific regions (10.8 

deaths per 100,000 people).9 Moreover, the contribution of alco-

hol to digestive diseases is highest in the European region, ac-

counting for approximately 30% of all digestive disease deaths.9 

The contribution of alcohol to deaths from cirrhosis is approxi-

mately 50%; this figure would disappear in the absence of alcohol 

use at the global level (Fig. 2).9

It is worth mentioning that if the liver is already damaged by 

hepatitis B or C virus infection, even relatively low amounts of al-

cohol consumption can lead to death.9 Consequently, tabulation 

by etiological coding of liver cirrhosis according to the artificially 

defined amount of alcohol is apt to underestimate the effects of 

alcohol.9

THE ALCOHOL-ATTRIBUTABLE BURDEN OF 
CARDIOVASCULAR DISEASES (CVDS)

CVDs are the number 1 cause of death globally, causing an es-

timated 17.8 million or 31% of all deaths and 413.2 million or 

16% of all DALYs worldwide in 2017.20 Alcohol causes an estimat-

ed net CVD burden of approximately 600,000 deaths (3.3% of all 

CVD deaths) and 13 million CVD DALYs (3.2% of all CVD DALYs).9 

CVDs account for 19.8% and 9.8% of alcohol deaths and DALYs, 

respectively (Fig. 1).9 At the regional level, alcohol-attributable 

CVD deaths and DALYs are highest in the European region and 

the African region.9 In a similar fashion, the contribution of alco-

hol as a cause of CVD is highest in the European region, where 

alcohol accounts for 10.5% of all CVD deaths and 11.0% of CVD 

DALYs.9

When described precisely by cause of CVD, alcohol has a net 

detrimental effect on hemorrhagic strokes, hypertensive heart 

disease, cardiomyopathy, and ischemic heart disease.9 The leading 

contributors to the alcohol-attributable CVD burden are hemor-

rhagic strokes and ischemic heart disease, accounting for 47.5% 

and 42.5% of all alcohol-attributable CVD deaths, respectively.9 

Although alcohol has a net protective effect on ischemic stroke 

(preventing 33,000 ischemic stroke deaths), these preventive ef-

fects may have been overestimated by a potential confounding by 

the ADH1B genotype.21 Genetic polymorphism of ADH1B (A-allele 

variant) has a protective effect against the development of alco-

hol dependence.22 A-allele carriers again drink less and have low-

er risk of cardiovascular disease.21 Furthermore, alcohol, even at 

light or moderate intake, increases the risk of atrial fibrillation and 

flutter.23

THE ALCOHOL-ATTRIBUTABLE BURDEN OF 
INFECTIOUS DISEASES

Alcohol is a major contributor to the burden of communicable, 

maternal, perinatal and nutritional conditions, with 0.4 million al-

cohol-attributable deaths (3.3% of the total) and 13.9 million al-

cohol-attributable DALYs (1.9% of the total).8 The leading cause 

of attributable deaths from these conditions is tuberculosis, re-

sponsible for approximately 250,000 or 19.6% of all tuberculosis 

deaths.9 Geographically, alcohol-attributable infectious disease 

Figure 2. Alcohol-attributable fractions 
(AAF) for selected causes of death, 2016; 
AAF: the proportion of deaths which would 
disappear if there had not been any alcohol. 
Data available from global status report on 
alcohol and health 2018.9
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deaths are highest in Africa and South-East Asian regions, ac-

counting for 33% and 14%, respectively, of all alcohol-attribut-

able deaths.9 Furthermore, alcohol has multiple effects on the risk 

of communicable diseases, including vulnerability to infection, the 

likelihood of unprotected sex, and poor adherence to a medica-

tion regimen.24

THE ALCOHOL-ATTRIBUTABLE BURDEN OF 
MALIGNANT NEOPLASMS

Globally, the burden of cancer is estimated to have risen to 18.1 

million new cases and 9.6 million deaths in 2018.25 One in five 

men and one in six women develop cancer during their lifetime, 

and one in eight men and one in 11 women die from the cancer.25 

The International Agency for Research on Cancer (IARC), a spe-

cialized WHO agency, has determined a causal link between alco-

hol consumption and cancers, including oral cavity, pharynx, lar-

ynx, esophagus, liver, colorectal and female breast cancer.26

It is estimated that approximately 0.4 million or 4.2% of all can-

cer deaths worldwide were attributed to alcohol use in 2016.9 The 

three leading causes of the alcohol-attributable cancer burden are 

colorectal, liver, and esophageal cancers.9 Regionally, the burden 

of alcohol-attributable cancers was highest in the European (8.4 

deaths per 100,000 people) and American regions (5.1 deaths per 

100,000 people).9

DETERMINANTS OF ALCOHOL USE IN A POPU-
LATION

Although the global burden caused by the harmful use of alco-

hol is enormous, alcohol consumption is not homogenous and 

varies widely across the world.9 More than half (57%) of the 

world’s adults (≥15 years) have not consumed alcohol in the pre-

vious 12 months.9

Alcohol consumption is deeply affected by many factors at the 

individual and population levels.15,18 Identifying those factors is 

important. Of those factors, three stand out as the most impor-

tant: religion (especially Islam), economic development, and the 

implementation of alcohol policies.15,18

The wealth of a country is associated with higher alcohol con-

sumption and a higher prevalence of current drinkers across all 

WHO regions.9 Historically, in many European countries, industri-

alization of alcoholic beverages was an early aspect of the indus-

trial revolution, and the rates of heavy alcohol drinking and alco-

hol-related harm rose steeply as the relative alcohol price dropped 

and alcoholic beverages became more widely available in many 

European empires and their colonies.9 As societies become more 

affluent, there is a strong tendency in general for the amount of 

alcohol consumption to increase up to a certain level, after which 

no further increases in alcohol consumption occur.15 Usually, the 

lowest percentages of abstainers (<40%) are found in high-in-

come countries.9 In low-income countries, most people simply do 

not have enough money to buy alcoholic beverages, and conse-

quently, the percentage of abstainers is high, with alcohol con-

sumption mainly restricted to the more affluent individuals in the 

country.15 In most low- and middle-income countries, industrial-

ization offers more people disposable income for alcoholic bever-

ages, and the commercialization of alcohol increases.15 A dramatic 

example can be found in Eastern European countries.9 With the 

commercialization of the alcohol markets after the dissolution of 

the Soviet Union, the level of alcohol consumption and alcohol-

related harm increased markedly.9

Although economic factors play a large part, Islam plays a more 

dominant role.15 For example, in countries such as Saudi Arabia or 

Brunei, alcohol consumption is apparently low despite the high 

gross domestic product per capita at purchasing power parity 

(GDP-PPP) due to the presence of Islamic alcohol policies.15 The 

highest percentages (more than 80%) of past 12-month abstain-

ers are found in Muslim-majority countries.9

In addition to religious and economic factors, alcohol policies 

can have an impact.9,15 One of the prime examples is Russia, 

where the WHO’s ‘Best Buys’ interventions and minimum alcohol 

pricing were implemented, resulting in dramatic changes in both 

alcohol consumption and the alcohol-attributable burden of dis-

ease (see below).15 In contrast, the USA, a high-income country, is 

another example where life expectancies are stagnant or not in-

creased primarily due to alcohol-related causes of death.15 Be-

tween 1990 and 2016, overall death rates in the USA declined, 

however, there are wide differences by age and at the state lev-

el.27 The change in the probability of death from birth to age 20 

years declined in all states. For ages 20 to 55 years, the probabili-

ty of death actually increased in 21 states (Kentucky, Oklahoma, 

New Mexico, West Virginia, and Wyoming showed an increase of 

greater than 10%). For ages 55 to 90 years, all states experienced 

a considerable reduction in probabilities of death.27 Moreover, re-

cent data (between 2010 and 2015) showed life expectancy at 

birth for the USA has not increased or stagnant although the most 

important causes of death (such as CVDs or cancer) have de-
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clined.28,29 A detailed inspection of this data showed that most of 

the causes of death are markedly impacted by alcohol and illicit 

drug use.28,29 Furthermore, a high proportion of the increased pre-

mature mortality happened in lower socio-economic strata28,29 led 

by the ‘deaths of despair’.30-32

CONCEPTUAL BACKGROUND OF ALCOHOL 
POLICIES

Health problems, such as alcohol-related problems, usually 

show a continuous distribution in terms of the intensity of risk 

factors or derangements. Figure 3 illustrates the strategic differ-

ence between the high-risk versus population-based approaches. 

People at one end of the distribution are not particularly deviant 

but a continuing part of one end (Fig. 3).33

An assumed distribution of alcohol consumption in a population 

is shown in Figure 3A. As the level of alcohol consumption in-

creases, the health risks also rise. At a certain point, the increased 

health risk is considered as unacceptable (arrow). The shaded area 

of Figure 3B is the high-risk group. The high-risk approach focuses 

on this group. If the high-risk approach is fully successful, the end 

result would be as shown in Figure 3C, a highly unlike result. The 

population-based approach, in contrast to high-risk approach, 

emerges because a distribution such as that in Figure 3C is not 

feasible in the real world. Population-based approach is to change 

the entire distribution to reduce the risk within a population. The 

main difference between the high-risk versus population-based 

approaches is in the fact that high-risk approach focuses on high-

risk ‘individuals’ instead of the total sum of risk factors in a ‘popu-

lation’.33 On Rose’s argument34 in Figure 3D, the reduction of al-

cohol-related problems in a population should be directed to shift 

the entire distribution of alcohol consumption leftward, and with 

that shift, the average and total consumption in the population 

consequently declines. Such a shift in the distribution requires so-

cial actions that address the levels of total alcohol consumption 

with the aim to reduce the harm in the population as a whole, not 

merely confined in high-risk individuals.33

Figure 3. (A-D) The actual, high risk, truncated, and shifted distributions of alcohol-related problems. X axis denotes amount of alcohol consumed, Y 
axis denotes prevalence in a given population. Modified from Bhopal.33
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WHO’S RECOMMENDED INTERVENTIONS: 
‘BEST BUYS’

Alcohol policies are laws, rules, and regulations that aim to pre-

vent and reduce alcohol-related harm.9 The ‘Global action plan for 

the prevention and control of noncommunicable diseases (NCDs) 

2013–2020’ proposed in the WHO’s global strategy which en-

dorsed by the World Health Assembly in 201035 included recom-

mended interventions to reduce alcohol-related harm at the na-

tional level with focus on the most cost-effective measures.9,36,37 

These WHO recommended interventions, so-called ‘best buys’, in-

clude increased taxation on alcoholic beverages, enforced restric-

tions on the physical availability of alcohol and comprehensive re-

strictions or bans on advertising alcoholic beverages (Table 2).9,18

It has been suggested that the most effective measure is a com-

bination of various alcohol policies, especially in countries with 

high alcohol-related burdens.18 The ultimate goal is to design a 

package of population-based alcohol policies considering the spe-

cific characteristics of a country to have the highest impact on 

both alcohol consumption and the alcohol-related burden.18,38

THE ‘WHOLE COUNTRY’ APPROACH TO RE-
DUCE THE HARMFUL USE OF ALCOHOL: A 
PUBLIC HEALTH IMPERATIVE

Alcohol policy development and implementation have ad-

vanced9 but are still far from satisfactory in effectively protecting 

populations from alcohol-related harm. The challenges in imple-

menting optimal alcohol policies to reduce the alcohol-related 

harm and burden include low levels of political commitment to 

coordinate multi-sector actions to reduce harmful use, the strong 

influence of commercial interests that go against implementing 

effective alcohol policies, and the drinking culture and traditions 

in a society.9

The responsibility for the implementation of effective alcohol 

policies is often dispersed between diverse systems, governmental 

departments, intergovernmental agencies and professions – for 

which alcohol problems are not a major concern.9 This ‘division of 

labor’ makes alcohol policies difficult to run effectively and coher-

ently at the national level.9 Therefore, reducing the harmful use of 

alcohol at the population level and the alcohol-related burden in 

a country requires the ‘whole of government’ and ‘whole of soci-

Table 2. WHO’s recommended interventions to reduce the harmful use of alcohol36

‘Best buys’: effective interventions 
with cost effectiveness analysis 
(CEA) ≤I$100 per DALY averted in 
LMICs

Increase excise taxes on alcoholic beverages*

Enact and enforce bans or comprehensive restrictions on exposure to alcohol advertising (across 
multiple types of media)†

Enact and enforce restrictions on the physical availability of retailed alcohol (via reduced hours of sale)‡

Effective interventions with CEA 
>I$100 per DALY averted in LMICs

Enact and enforce drink-driving laws and blood alcohol concentration limits via sobriety checkpoints§

Provide brief psychosocial intervention for persons with hazardous and harmful alcohol use∥

Other recommended interventions 
from WHO guidance (CEA not 
available)

Carry out regular reviews of prices in relation to level of inflation and income

Establish minimum prices for alcohol where applicable

Enact and enforce an appropriate minimum age for purchase or consumption of alcoholic beverages 
and reduce density of retail outlets

Restrict or ban promotions of alcoholic beverages in connection with sponsorships and activities 
targeting young people

Provide prevention, treatment and care for alcohol use disorders and comorbid conditions in health and 
social services

Provide consumer information about, and label, alcoholic beverages to indicate, the harm related to 
alcohol

CEA, cost-effectiveness analysis; I$, international dollars; DALY, disability-adjusted life-year; LMIC, lower middle income countries; WHO, World Health 
Organization.
*Requires an effective system for tax administration and should be combined with efforts to prevent tax avoidance and tax evasion.
†Requires capacity for implementing and enforcing regulations and legislation.
‡Formal controls on sale need to be complemented by actions addressing illicit or informally produced alcohol.
§Requires allocation of sufficient human resources and equipment.
∥Requires trained providers at all levels of health care.
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ety’ approaches with appropriate public health-oriented engage-

ment.9 Partnerships and the appropriate engagement of all rele-

vant stakeholders, such as nongovernmental organizations and 

professional and civil societies, are required to implement cost-ef-

fective measures that can ensure returns to the ‘whole country’ 

and the ‘whole nation’ by reducing the harmful use of alcohol and 

the alcohol-related burden.9

From the 2nd WHO report in 2004, it has given examples of 

leadership of member states. The latest 5th WHO report in 2018 

lists eight countries as examples, including the Russian Federa-

tion, Thailand and Brazil.9 In Thailand, only a minority of adults 

drink alcohol, but the country experiences substantial alcohol-at-

tributable harms.9 The likelihood of domestic violence increased 

fourfold when one person drinks, and two in five crimes commit-

ted by young people involve alcohol.9 Thailand has managed this 

problem through the ‘triangle that moves the mountain’. The 

three legs are strong scientific communities, energetic grassroots 

movements and evidence-based policies.9 In Brazil, traffic crashes 

are the leading cause of death among young male and 78% of 

drivers in fatal crashes test positive for alcohol.9 ‘Vida Urgente’ 

(urgent life), a community-based drinking driving campaign in the 

state of Rio Grande do Sul, had an impressive success during Car-

nival, an event that is often marked by high rates of traffic crash 

fatalities.9 There was not a single road traffic fatality on the major 

roads near Carnival in Porto Alegre in the years that the 

‘Buzoom’(driver) event, the campaign provided buses to transport, 

was in place.9

ALCOHOL POLICY IMPACT CASE STUDY: RUS-
SIA

Russia has long been regarded as one of the heavy alcohol-con-

suming countries in the world.9 Heavy alcohol consumption has 

been established as one of the main causes of the Russian mortal-

ity crisis of the 1990s and 2000s.9,39 Alcohol consumption was 

the primary culprit of the mortality increase that started in the 

1980s and led to 75% of deaths among men aged 15–55 years.6 

Life expectancy in men plummeted by more than 6 years reaching 

its absolute low of 57 years between 1990 and 1994.39,40 Howev-

er, these trends have been impressively reversed in recent years.41

After 2003, per capita alcohol consumption dropped substan-

tially from 18.7 L in 2005 to 11.7 L in 2016 as a result of the stag-

gered implementation of alcohol policies.9 Life expectancy started 

to increase in 2003 and reached its all-time high of 68 years for 

men and 78 years for women in 2018.41 Between 2003 and 2018, 

all-cause mortality dropped by 39% in men and by 36% in women.42

Over time, the Russian government’s alcohol policies started 

with very basic attempts to reinstate control over alcohol produc-

tion and sales and to eliminate unrecorded alcohol production.41 

In the early 1990s, the government slowly regained control over 

alcohol production and sales, with the enactment of Federal Law 

No. 171 in 1995.41 After 2000, the Russian alcohol market was 

substantially reorganized to reduce the proportion of unrecorded 

alcohol.40,41 Alcohol policies at that time mainly targeted control 

over alcohol production and sales, not individual consumers.41

Alcohol policies evolved into comprehensive approaches, taking 

a long-term view aimed at reducing the harmful use of alcohol, 

the alcohol-related burden and the total level of alcohol consump-

tion in the population.41 In 2009, evidence-based measures, in-

cluding increased alcohol excise taxes, an increased minimum unit 

price, and a substantial reduction in the availability of retail alco-

hol, were implemented.41,43

There are many lessons to be learned from the Russian experi-

ence. The case study of the Russian Federation highlights the im-

portance of implementing evidence-based alcohol control policies, 

pursuing public health priorities and adopting of appropriate poli-

cies over a long period of time.41,44

CONCLUSIONS

Despite ongoing efforts for alcohol control, alcohol remains a 

leading global risk factor for premature mortality, with 3 million 

alcohol-attributable deaths. Its toll will remain substantial if there 

are no concerted and sustained policy initiatives. Recommenda-

tions for abstaining from alcohol should be prioritized because 

the level of consumption that minimizes an individual’s risk is 

zero.

To reduce the harmful use of alcohol in a country, the ‘whole of 

government’ and ‘whole of society’ approaches are required with 

the implementation of evidence-based alcohol control policies, 

the pursuit of public health priorities, and the adoption of appro-

priate policies over a long period of time.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a chronic condition 

characterized by a series of events ranging from simple hepatic 

steatosis to nonalcoholic steatohepatitis (NASH), NASH-fibrosis 

and cirrhosis.1 Histologically, it appears similar to alcohol-related 

liver disease, but distinguished by the amount of alcohol con-

sumed, however, the amount of alcohol consumption accepted as 

“non-alcoholic” is disputed.2

There are various definitions for the moderate alcohol consump-

tion. The lowest was 40 g/week and the highest was 308 g/week, 

according to the 11 papers that defined it. Except the lowest defi-

nition, the average of alcohol consumption is approximately 180 

g/week, which is shown to satisfy the definition of NAFLD, 210  

g/week for men and 140 g/week for women.3 The effects of mod-

erate alcohol drinking on NAFLD progression and extrahepatic ef-

fects are not clear. Some studies showed that moderate alcohol 

consumption has beneficial effects in cardiovascular outcomes 

and prevention of NAFLD.4 However, recent studies suggest exac-

erbation of NASH and progression of hepatic fibrosis.5 Most stud-

ies had some limitations in that the outcomes were compared via 

non-invasive blood tests and imaging studies rather than changes 

The effect of moderate alcohol drinking in nonalcoholic 
fatty liver disease 
Jong Hwa Choi, Won Sohn, and Yong Kyun Cho
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Nonalcoholic fatty liver disease (NAFLD) is defined by fat accumulation in liver that is not caused by excessive alcohol 
consumption. Safe limits of alcohol consumption in NAFLD are usually defined as alcohol consumption of less than 210 
g per week for men and 140 g per week for women (30 g/day in men, 20 g/day in women) and alcohol consumption 
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in liver histology, studies were almost cross-sectional design with 

selection bias, and the measurement of alcohol consumption 

through questionnaires may be insensitive, associated with recall 

bias.

In this review, we compared and summarized of the clinical re-

sults to date on the impact of moderate alcohol consumption on 

NAFLD patients.

PROTECTIVE EFFECT 

The cross-sectional study in the obese group with body mass 

index higher than 35 kg/m2 showed that moderate alcohol con-

sumption prevented progression of steatohepatitis and lowered 

the prevalence of NAFLD.6 A number of subsequent studies have 

supported these findings. In a study investigating changes in 

5-year serum alanine aminotransferase (ALT) levels, individuals 

with light (70–140 g/week) and moderate alcohol consumption 

(140–208 g/week) showed a lower rate of increase in serum ALT 

compared with consumption of 280 g/week or more.7 In addition, 

studies using abdominal ultrasound and computed tomography, 

light and moderate alcohol consumption lowered the likelihood of 

fatty liver development 8-12 and was strongly associated with obe-

sity but not with moderate alcohol consumption.9,10 A Japanese 

cohort study reported that the safe limit for alcohol consumption 

that prevented fatty liver development was less than 280 g/week 

in men.13 A recent meta-analysis showed that modest drinking 

(<70 g/week) has a protective effect against NAFLD/NASH devel-

opment (Fig. 1).14 Liver biopsy-based cohort study in the National 

Institute of Health-NASH Clinical Research Network demonstrated 

moderate drinking was associated with low risk in NASH and 

NASH fibrosis development.15

Insulin resistance is one of the main factors causing liver steato-

sis and fibrosis. Insulin resistance increases the hepatic de novo li-

pogenesis and decreases the mechanism to inhibit adipose tissue 

lipolysis, resulting in the accumulation of fatty acids in the liver. 

Insulin resistance is also associated with secretion of adipokines 

and inflammatory cytokines, which causes adipose tissue dysfunc-

tion. The fat accumulated in the liver causes lipotoxicity, mito-

chondrial dysfunction with oxidative stress, production of reactive 

oxygen species, activation of endoplasmic reticulum stress, and 

ultimately, induction of hepatic fibrosis.16

Several studies have determined that moderate alcohol con-

sumption reduces insulin resistance, yet the underlying mecha-

nism still remains unknown. According to a study using the 

NAFLD animal model, a number of mRNA expressions were inves-

tigated; and among the many important factors in insulin signal-

ing, the expression of glucose transporter 4 and serine phosphor-

ylation of protein kinase, which acts as a mediator in the cell 

effects of insulin and is negatively controlled by tumor necrosis 

factor-α, was significantly higher in the NAFLD mice model ex-

posed to moderate amounts of alcohol.17 Therefore, decreased in-

Figure 1. Moderate alcohol consumption decreases the risk of non-alcoholic fatty liver disease: a meta-analysis of 43,175 individuals. OR, odds ratio; CI, 
confidence interval; NAFLD, nonalcoholic fatty liver disease. *Female data.

Study Population Outcome OR (95% CI) P-value
Dunn et al.15 (2012) General NAFLD 0.561 (0.443–0.712) <0.05
Gunji et al.8 (2009) General NAFLD 0.824 (0.683–0.994) <0.05
Hamaguchi et al.41 (2012) General NAFLD 0.618 (0.548–0.696) <0.05
Hamaguchi et al.41 (2012)* General NAFLD 0.493 (0.319–0.764) <0.05
Hiramine et al.10 (2011) General NAFLD 0.788 (0.680–0.914) <0.05
Moriya et al.12 (2011) General NAFLD 0.844 (0.697–1.023) 0.08
Moriya et al.12 (2011)* General NAFLD 0.515 (0.351–0.755) <0.05
Wong et al.42 (2013) General NAFLD 1.698 (1.171–2.461) <0.05
Yamada et al.9 (2010) General NAFLD 0.576 (0.481–0.691) <0.05
Yamada et al.9 (2010)* General NAFLD 0.406 (0.255–0.646) <0.05
Cotrim et al.43 (2009) Hospital NAFLD 1.655 (0.569–4.811) 0.36
Sookoian et al.14 (2014) Hospital NAFLD 0.486 (0.298–0.792) <0.05
Fixed overall 0.688 (0.646–0.733) <0.05
Random overall 0.688 (0.581–0.814) <0.05
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sulin resistance improved liver fibrosis. However, further research 

is needed in the future as mechanism has not been fully revealed.

The frequency and type of alcohol consumption had varying ef-

fects on fatty liver development. Especially binge drinking may be 

harmful drinking patterns and has been defined differently in 

many studies. According to the National Institute of Alcohol 

Abuse and Alcoholism, binge drinking was defined as the con-

sumption of alcohol that makes a person reach a blood alcohol 

concentration (BAC) of 0.08 g/dL. BAC of 0.08 g/dL generally oc-

curs in men after consuming five or more drinks in about 2 hours, 

and in women after consuming four or more drinks over the same 

time span.18 Binge drinking resulted in increased liver fibrosis 

compared to non-binge drinkers.19 In the case of wine, it had the 

effect of preventing fatty liver development compared to other 

types of beer or liquor and the effect was attributed to non-alco-

holic component in wine based on animal experiments, but the 

effect in humans needs to be elucidated.20 These results suggest-

ed that alcohol consumption below moderate levels contributed 

to the improvement of liver histology based on various mecha-

nisms.

In addition, moderate alcohol drinkers might belong to higher 

socio-economic classes, with higher levels of education, more 

prone to physical activity, are used to consume alcohol within safe 

limits. In summary, a few studies showed that moderate drinking 

had beneficial effects on the development and progression of fat-

ty liver, but studies were limited for the retrospective design and 

relatively short follow-up periods.

The protective results presented above are summarized in Table 1.

DETRIMENTAL EFFECT

It is also known that even modest alcohol consumption leads to 

the development and progression of fatty liver, and less than 20 

g/day alcohol drinking in both men and women exacerbates the 

disease and increases liver-related mortality due to hepatocellular 

carcinoma. Even episodic drinking (at least 1 case/month) increas-

es progression of fibrosis with increased alcohol consumption, as 

shown in patients with biopsy-proven NAFLD.21-23 Hepatocellular 

carcinoma (HCC) incidence increased synergistically in NAFLD pa-

tients compared to non-drinkers.24 In Korean participants, the in-

cidence of HCC was associated with hepatits B or C viral infec-

tion, whereas in elderly NAFLD patients, a daily consumption of 

alcohol of 20 g increased the risk of HCC. Relatively safe alcohol 

consumption was 6 (standand) drinks/week or less, and as the 

consumption increased, the risk of cirrhosis increased in a dose-

dependent manner.25 In another Italian study, alcohol consump-

tion less than 30 g/day was considered as the safe upper limit to 

Table 1. Protective effect of moderate alcohol intake in NAFLD

Study Type of study Patient
Outcome 
measure

Result

Dixon et al.6 (2001) Cross-sectional 
cohort study

105 patients Liver biopsy Moderate alcohol consumption was associated with a 
decreased risk of NASH (OR, 0.35; 95% CI, 0.12–1.00).

Suzuki et al.7 (2007) Cross-sectional 
and prospective 
community-
based study

1,177 patients Blood ALT Moderate alcohol consumption was associated with 
decreased odds (AOR, 0.5 [0.3–0.9], P=0.032) in the 
older group

Gunji et al.8  (2009) Cross-sectional, 
community-
based study

5,599 patients Ultrasonography Alcohol intake reduced the risk of fatty liver (OR, 0.82; 
95% CI, 0.68–0.99; and OR, 0.75; 95% CI, 0.61–0.93)

Mitchell et al.20 (2018) Cross-sectional, 
cohort study

187 patients Liver biopsy Modest alcohol consumption (1–70 g per week) was 
associated with a decreased risk of advanced fibrosis 
(OR, 0.33; 95% CI, 0.14–0.78; P=0.01) compared to 
lifetime abstainers

Dunn et al.15 (2012) Cross-sectional 
cohort study

251 lifetime modest 
drinkers; 331  
non-drinkers

Liver biopsy Modest drinkers had significantly lower odds for fibrosis 
(OR, 0.56; 95% CI, 0.41–0.77)

Moriya et al.13 (2015) Community-based 
cohort study

3,773 men and  
1,524 women

Ultrasonography Men: moderate drinking (OR, 0.79; 95% CI , 0.68–0.90)
Women: moderate drinking (OR, 0.71; 95% CI, 0.52–0.96)

NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; CI, confidence interval; ALT, alanine aminotransferase; AOR, adjusted odds ratio.
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prevent liver damage.26,27

The safe limit of alcohol consumption in patients with NAFLD 

should be reduced especially for those with comorbid diseases 

such as type 2 diabetes mellitus, obesity, hepatitis B or C viral in-

fection, metabolic syndrome and advanced liver disease, which 

can cause liver fibrosis and damage even with relatively small 

amounts of alcohol consumption. Obesity is a detrimental factor 

increasing the risk associated with alcohol consumption. As men-

tioned before, NAFLD is not only a hepatic disease but also a 

component of metabolic syndrome, and develops combined with 

other metabolic diseases. The mechanism is not fully understood, 

but alcohol consumption and body mass index were strongly as-

sociated with long-term mortality.28-30 The mechanism of associa-

tion between non-heavy alcohol drinking and fibrosis is not fully 

understood. The results presented above are summarized in Table 2.

Our data from Kangbuk Samsung Cohort study demonstrated 

that serum fibrosis markers in NAFLD increased even with low 

and moderate alcohol consumption.31 We performed a retrospec-

tive cohort study of 58,927 Korean adults with NAFLD and low fi-

brosis scores, who were followed for worsening of fibrosis scores. 

This cohort study was performed using a subsample of the Kang-

buk Samsung Health Study (KSHS), a large cohort study conduct-

ed at the Health Screening Clinics of the Total Healthcare Center 

of the Kangbuk Samsung Hospital. In Korea, employees are re-

quired to participate in annual or biennial health examinations by 

the Industrial Safety and Health Law. Over 80% of participants of 

the KSHS are employees and are expected to undergo repeated 

health examinations every 1 to 2 years, depending on their age 

and job title, resulting in relatively high follow-up rates. It also 

provides a strong opportunity to perform a longitudinal cohort 

study. During the median follow-up of 8.3 years, 5,630 subjects 

with a low fibrosis score progressed to intermediate or high fibro-

sis score. After adjustment for confounders, the multivariable-ad-

justed hazard ratios (HRs) with 95% confidence interval (CI) for 

worsening of the fibrosis-4 index, one of the noninvasive fibrosis 

scores, comparing light and moderate drinkers with non-drinkers, 

were 1.06 (0.98–1.16) and 1.29 (1.18–1.40), respectively. Similar-

ly, using the NAFLD fibrosis score, another fibrosis score, the cor-

responding HRs (95% CI) comparing light and moderate drinkers, 

with non-drinkers were 1.09 (1.02–1.16) and 1.31 (1.23–1.40), re-

spectively (Table 3). When the changes in alcohol drinking and 

confounders were monitored over time, the association of moder-

ate drinkers with worsening of liver fibrosis score remained signifi-

cant. Our findings indicate that even low amounts of alcohol are 

associated with progressive liver disease in NAFLD. Given that al-

cohol is a known carcinogen at low doses and harmful to liver 

health, patients with NAFLD should be advised against regular 

consumption even in non-heavy amounts of alcohol.

Indeed, alcohol consumption has been shown to have multiple 

effects on the liver. Alcohol reaches the liver via the portal vein, 

induces triglyceride accumulation and hepatic oxidative stress, 

and also increases gut permeability. But the mechanism of associ-

ation between non-heavy alcohol drinking and liver fibrosis is not 

fully understood. In the future, longitudinal studies are expected 

Table 2. Detrimental effect of moderate alcohol intake in NAFLD

Study Type of study Patient Outcome measure Result

Åberg et al.5 (2018) Cohort study 6,732 patients Liver disease 
progression, HCC, 
liver-related death

Alcohol use (HR, 1.002; 95% CI, 1.001–1.002)
Alcohol was significant even when average 

alcohol consumption was within the 
limits currently defining nonalcoholic 
fatty liver disease.

Bellentani et al.23 (2000) Cross-sectional  
cohort study

257 patients Ultrasonography Risk for steatosis was higher by 2.8-fold 
(95% CI, 1.4–7.1)

Hézode et al.21 (2003) Cohort study 260 patients with 
chronic hepatitis C

Liver biopsy The proportion of patients with moderate 
(F2) or marked (F3) fibrosis or cirrhosis 
(F4) gradually increased from 29.0% in 
abstinent patients to 67.6% for an intake 
between 31 and 50 g/day (P<0.001)

Becker et al. 26 (1996) Cohort study 13,285 patients Death certificates and 
the hospital discharge 
register

A dose‐dependent increase in relative 
risk of developing alcohol‐induced liver 
disease for both men and women, with 
the steepest increase among women.

NAFLD, nonalcoholic fatty liver disease; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval.
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to demonstrate the inter-relationships between moderate alcohol 

consumption, genetic factors, impact of type/pattern of alcohol 

use and liver related outcomes.

Extrahepatic effect of moderate alcohol 
consumption in NAFLD

Among the various extrahepatic effects, the most common 

cause of death for NAFLD patients is cardiovascular disease 

(CVD).32 According to the case control study, NAFLD increases ca-

rotid artery intima-media thickness33 and artery wall stiffness.34 

Twenty-seven studies, all of which were subsequently analyzed by 

larger meta-analysis, have also found that NAFLD and CVD 

shared a strong connection.35

As shown above, the risk of CVD is known to be high in NAFLD 

patients. However, there is not much evidence for the effect of 

moderate alcohol consumption on CVD risk. In cross-sectional 

and epidemiological studies, the effect of alcohol consumption on 

CVD risk in the general population showed a J-curve relationship. 

A cross-sectional study of 10,581 people in South Korea also 

showed that the prevalence of carotid plaques (55.3% vs. 43.4%, 

P<0.001) and carotid artery stenosis (11.0% vs. 5.5%, P<0.001) 

was higher in non-drinkers than in modest drinkers.36 Also, a 

Finnish study showed that alcohol consumption of up to 49 g/day 

was associated with a 22–40% reduction of incidental CVD. 

Compared to people who do not drink alcohol at all, people who 

drink 0–9 g/day had a 21% decrease in mortality. However, this 

effect was only found in non-smokers, and an increase in mortali-

ty was reported in those who consumed over 30 g/day of alco-

hol.37 However, it remains debatable whether moderate alcohol 

drinking in patients with NAFLD is effective in preventing in CVD, 

and it is difficult to reach a clear conclusion at this point.

Another cause of death in NAFLD patients is cancer. The rela-

tionship between alcohol consumption and cancer has been 

widely known since the past. In a meta-analysis study, moderate 

drinking significantly increased the incidence of male colorectal 

cancer and female breast cancer, whereas it decreased the inci-

dence of both female and male hematologic malignancy.38 Anoth-

er meta-analysis study showed that light drinking was associated 

with the risk of oropharyngeal cancer (relative risk [RR], 1.17; 95% 

CI, 1.06–1.29), esophageal squamous cell carcinoma (SCC) (RR, 

1.30; 95% CI, 1.09–1.56), and female breast cancer (RR, 1.05; 

95% CI, 1.02–1.08).39 Taken together, the two meta-analyses 

showed that the incidence of lung cancer, thyroid cancer, and he-

matological malignancy decreased, while the number of oropha-

ryngeal cancer, esophageal SCC, as well as colorectal and female 

breast cancer increased.

CONCLUSION

Moderate alcohol consumption in patients with NAFLD has vari-

ous effects. Some studies have reported that it prevents NAFLD 

development and progression, while others have reported deterio-

ration of steatohepatitis and fibrosis. In addition, moderate alco-

hol consumption can be harmful in liver-related NAFLD outcomes 

in patients with NAFLD/NASH, especially for those with old age, 

obesity, metabolic syndrome, viral hepatitis, and advanced liver 

disease.

The extrahepatic beneficial effects associated with moderate al-

cohol drinking were reduction of insulin resistance and CVD risk, 

while the adverse effects included increase in the incidence of 

oropharyngeal cancer, esophageal SCC, as well as colorectal and 

female breast cancer.

Various results have been derived on the effect of moderate al-

cohol drinking on NAFLD, and there are many reasons for this. 

Some bias may exist, as the method for measuring the amount of 

alcohol consumption depends on the questionnaire. Moreover, 

the different definitions of moderate alcohol composition in each 

paper may also be the cause.40

Further longitudinal study is needed about the impact of mod-

erate alcohol consumption on different stages of NAFLD. Howev-

er, considering the basic medical principle of “Do No Harm”, it is 

still premature to recommend moderate drinking in patients with 

NAFLD. With NASH and NASH-fibrosis concerns for an increase in 

mortality due to HCC, so it is questionable whether the current 

standard of moderate consumption is safe in patients with NAFLD 

especially for those with comorbid diseases or advanced liver fi-

brosis.

NAFLD is a multisystem disease that requires continuous atten-

tion and research. It is hoped that clear and comprehensive mech-

anisms will be established in the future, developing strategies to 

control the progression of the disease as well as its impact on 

moderate alcohol consumption.
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ALCOHOL-RELATED LIVER AND LUNG DISEASE

The risk of alcohol-related liver disease (ALD) increases in a 

dose- and time-dependent manner with consumption of alcohol. 

Progression of ALD is well-characterized and is actually a spec-

trum of liver diseases, which ranges initially from simple steatosis, 

to inflammation and necrosis (steatohepatitis), to fibrosis and cir-

rhosis. The most effective therapy for ALD is orthotopic liver 

transplantation.1 However, the usefulness of liver transplantation 

is limited, owing to a donor organ shortage, as well as by ethical 

issues concerning the treatment of individuals that have inveter-

ate alcohol dependence. In the absence of a “cure” for ALD, the 

major clinical focus is to treat the sequelae of a failing liver (e.g., 

ascites, portal hypertension, and hepatorenal syndrome).1 Al-

though the successful treatment of these secondary effects pro-

longs the life of ALD patients, this therapy is only palliative. Fur-

thermore, since underlying cirrhosis greatly increases the risk of 

developing hepatocellular carcinoma (HCC),2 success in maintain-

ing ‘stable cirrhotics’ may translate into an increase in the inci-

dence of HCC. Indeed, HCC incidence is increasing in the USA and 

in Europe.3

Alcohol abuse is known to increase the risk for lung injury. In 

contrast to the liver, most studies do not support a direct patho-

genic effect of ethanol on the lungs. Instead, it is hypothesized 

that alcohol consumption enhances the risks of injury caused by 

other ‘hits.’ For example, alcohol increases the risk for the devel-

opment of lung infection.4,5 This increased risk is mediated by 

physical factors that increase the risk of inoculation, including as-

piration of gastric contents and/or microbes from the upper respi-

ratory track (i.e., oropharyngeal flora), as well as decreased mu-
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cous-facilitated clearance of bacterial pathogens from the upper 

airway.6 Moreover, alcohol ingestion disrupts the normal beating 

motion of the cilia that is important in the clearance mechanisms 

aimed to help remove pathogens from the airways.7 These abnor-

malities, together with documented impairments in pulmonary 

host defenses, likely explain the increased infection rate observed 

in individuals that abuse alcohol.8 Alcohol consumption is also as-

sociated with worse outcomes after pulmonary infection. Specifi-

cally, individuals diagnosed with an alcohol use disorder (AUD) 

are more susceptible to the development of the acute respiratory 

distress syndrome (ARDS) in response to a pulmonary or systemic 

infection.9 ARDS is the most severe form of acute lung injury (ALI) 

with an incidence close to 200,000 cases per year in the USA and 

with a mortality rate of around 40%.10 ARDS occurs 3.7 times 

more often in people who meet the diagnostic criteria for AUD. 

Lastly, it was recently shown that alcohol exposure to rodents us-

ing the acute-on-chronic binge model does cause subtle function-

al changes to the lung,11 bringing into question the assumption 

that alcohol abuse does not directly damage the lungs.

LIVER-LUNG INTERACTIONS IN ALD

End-stage ALD is well-recognized as a systemic disorder. The 

idea of the liver-lung axis in the setting of chronic alcohol expo-

sure is based on clinical data demonstrating that patients with a 

diagnosed AUD have increased incidence of and mortality from 

ARDS.9,12,13 Furthermore, in ARDS patients with hepatic failure, 

mortality increases to almost 100%.9 The finding that most indi-

viduals with an AUD have at least subclinical ALD further sup-

ports coexistence of liver disease in alcohol-abusing patients with 

ARDS.14 Pulmonary injury induced by lipopolysaccharide (LPS) can 

be altered by mediators released from the liver (e.g., tumor necro-

sis factor-α [TNFα]). Indeed, it was demonstrated in rats that ex-

trathoracic LPS-induced lung damage required perfusion with the 

liver.15

POTENTIAL MECHANISMS OF INTER-ORGAN 
COMMUNICATION BETWEEN THE LIVER AND 
THE LUNGS

Although end organ diseases are often studied in isolation. 

Cross-talk between organs is not uncommon in the maintenance 

of homeostasis, as well as in mounting a coordinated response to 

dyshomeostasis. As mentioned above, the existence of a liver-

lung axis, at least unidirectional, has been established experimen-

tally. Below, potential mechanisms that mediate organ-organ 

crosstalk are discussed (Fig. 1, 2).

Cytokines and chemokines

In addition to TNFα (see above), a wide variety of hepatic cell 

types both produce and respond to cytokines, including inflam-

matory cells, such as monocytes, macrophages, and neutrophils, 

as well as parenchymal cells. Cytokines can be primarily classified 

into two groups: “proinflammatory” T helper 1 and “anti-inflam-

matory” T helper 2. Homeostasis mediated by these cytokines en-

sures appropriate immune and inflammatory responses, with min-

imal normal tissue damage. These mediators also facilitate a 

coordinated response to insults and injuries that stem well beyond 

the primary target organ.

Figure 1. The liver at the center of organ-organ axes. There are several 
physiologic and pathophysiologic mechanisms by which inter-organ 
communication can be mediated, such as via nutrients, hormones and 
hepatokines, afferent and efferent innervation, release of extracellular 
vesicles, cytokines and PAMPs and DAMPs. Modified from Poole et al.57 
TNFα, tumor necrosis factor-α; PAMPs, pathogen-associated molecular 
patterns; LPS, lipopolysaccharide; DAMPs, damage-associated molecular 
patterns.
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Dysregulated cytokine production has been implicated in the 

development and progression of ALD.16 Kupffer cells, the resident 

hepatic macrophages, play a key role in monitoring, clearing and 

mediating responses to gut-derived toxins, such as bacterial LPS. 

Alcohol consumption has long been known to increase gut per-

meability, leading to increased LPS in the portal circulation.17,18 

LPS and other bacterial toxins interact with Kupffer cells via toll-

like receptors (TLRs) including TLR4. Activation of the TLR4 signal-

ing pathway leads to increased transcription of several pro-inflam-

matory cytokines. It is therefore unsurprising that patients with 

ALD have increased levels of several circulating cytokines, includ-

ing TNFα.19 Other cytokines also likely play key roles, but TNFα is 

likely the most well studied.

TNFα is widely recognized as having a potential role in organ-

organ communication in alcohol-induced organ injury. TNFα is 

suspected to be a common mechanism of alcohol-induced pathol-

ogy not only in the liver,20,21 but also in other organs, such as the 

lungs and the brain. In the lung, chronic alcohol pre-exposure en-

hanced endotoxemia-induced ALI, which was prevented by block-

ing systemic TNFα with etanercept.22 In the brain, alcohol expo-

sure enhances the increase in TNFα levels in caused by LPS, which is 

also prevented by deleting the canonical TNFα receptor (TNFR1).23 

The source of this systemic TNFα ultimately remains unknown, al-

though liver is clearly a likely key player.

TNFα has also been potentially implicated in alcohol-enhanced 

ALI. Lung damage was more severe in mice that were exposed to 

chronic alcohol subsequently injected with intraperitoneal LPS.22 

The differential effects on cytokine expression in systemic circula-

tion and locally in the lung (i.e., bronchoalveolar lavage fluid 

[BALF]) were examined. Animals pre-exposed to ethanol diet had 

significantly elevated levels of plasma TNFα after LPS injection 

compared to animals fed a control diet. In the BALF, however, 

ethanol pre-exposed animals had elevated levels of the TNFα-

responsive chemokines, macrophage inflammatory protein-2 and 

KC. This elevated chemokine expression also correlated with in-

creased pulmonary neutrophil recruitment. Interestingly, blocking 

systemic TNFα using a TNFα-inhibiting antibody, etanercept, sig-

nificantly attenuated the alcohol-enhanced pulmonary chemokine 

expression, and ultimately, alcohol-enhanced lung injury and in-

flammation after LPS (Fig. 3). While the liver is not the sole source 

Figure 2. Specific mechanisms of communication in response to stress. Injured cells can release several signals to mediate communication between 
them and distal tissues. The profiles of both Th1 (i.e., proinflammatory) and Th2 (i.e., anti-inflammatory or profibrotic) cytokines is altered during hepat-
ic injury. Additionally, the liver can respond to PAMPs (e.g., bacterial LPS) from other organs, such as the gastrointestinal tract, and/or respond or release 
DAMPs (e.g., HMGB1) that serve as ‘danger signals’ to pattern recognition receptors in other organs. Modified from Poole et al.57 Th1, T helper 1; TNFα, 
tumor necrosis factor-α; IL, interleukin; Th2, T helper 2; PAMPs, pathogen-associated molecular patterns; DAMPs, damage-associated molecular pat-
terns; HMGB1, high motility group box-1; LPS, lipopolysaccharide.
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of systemic TNFα in this experimental setting, other studies have 

demonstrated that ablation of Kupffer cells before LPS injection 

decreased systemic TNFα levels by almost 90%, indicating that 

these cells are in fact a predominate source of plasma TNFα in ex-

perimental endotoxemia.24

Extracellular vesicles (EVs)

EVs, a term that includes microvesicles (MV), exosomes, and 

apoptotic bodies, are an emerging mechanism of organ-organ 

communication in many diseases, including ALD.25 EVs can carry a 

diverse cargo, including lipids, proteins, RNAs, and miRNAs and 

are attractive therapeutic targets, due to both their potential 

mechanistic role in disease progression, as well as for being po-

tential surrogate biomarkers. Over 10 years ago, it was proposed 

that MVs are (at least) surrogate biomarkers of advanced ALD.26 

Furthermore, alcohol exposure causes a release of hepatic EVs 

that contain a distinct miRNA profile.27 It was also found that pa-

tients with ALD had elevated circulating EVs, and that these EVs 

also may carry a unique miRNA “barcode”.27 EVs may not only 

serve as surrogate biomarkers of ALD, but they may also play a 

mechanistic role in disease progression. In addition to mediating 

intra-organ communication between cells, EVs can also mediate 

inter-organ communication.28 Indeed, it is now hypothesized that 

EVs contribute to the development and severity of ARDS.29 Fur-

thermore, remote preconditioning, such as the cardioprotective 

effect of hindlimb ischemia-reperfusion injury, is also hypothe-

sized to be mediated by EVs (e.g.,30,31). The potential role of circu-

lating EVs in mediating liver-lung communication in the context of 

ALD are not currently understood and would be an interesting 

target for further investigation.

Pathogen-associated molecular patterns (PAMPs) 
and damage-associated molecular patterns (DAMPs)

As mentioned above, the gut-derived toxin, LPS, has long been 

identified as playing a potential role in ALD. The primary receptor 

for LPS (TLR9) belongs to a family of pattern recognition recep-

tors. Ligands for these receptors are grouped together as molecu-

lar “danger signals,” and include PAMPs and DAMPs. PAMPs in-

clude products of microbial (e.g., bacterial endotoxin or bacterial 

DNA), viruses, fungi, and parasites. DAMPs, on the other hand, 

are endogenous danger signals released from dead or dying cells; 

examples include extracellular DNA or RNA, free fatty acids, and 

high motility group box-1 (HMGB1), among others.32 Signals de-

rived by PAMPs/DAMPs can span multiple organs, and are 

thought to contribute to systemic inflammatory responses (e.g., 

systemic inflammatory response syndrome [SIRS]).33 The innate 

immune system surveils qualitative and quantitative changes in 

the spectrum of PAMPs and DAMPs as a means to mount rapid 

and coordinated responses to any perceived threat that is driving 

those changes. Although this response is important for normal 

immune/inflammatory function, dysregulation of this response 

can lead to inappropriate inflammation and tissue damage. Etha-

nol consumption appears to broadly dysregulate the response of 

these receptors and enhances expression of several TLRs, as well 

as their responses to stimuli.34

The role of PAMPs in organ-organ interaction during is perhaps 

best understood in the context of the gut-liver axis. As early as 

1893, Pavlov observed that low levels of intestinally-derived “tox-

ins” are normally present in the portal blood and are cleared by 

the liver.35 More than half a century later, several studies suggest-

ed that experimental fibrosis caused by choline deficiency was de-

pendent on products derived from intestinal bacteria. For exam-

ple, Rutenburg and colleagues showed that non-absorbable 

Figure 3. Potential mechanism of crosstalk between the liver and the 
lungs in alcohol-induced organ injury. Ethanol preexposure primes both 
the liver and lung to enhanced injury and inflammation caused by LPS. 
In the work presented here, ethanol preexposure significantly enhanced 
LPS induced TNFα mRNA expression in the liver but not the lung. Inter-
estingly, ethanol preexposure enhanced LPS induced increases in the 
TNFα responsive genes MIL-2 and KC in the lung. Modified from Poole et 
al.57 LPS, lipopolysaccharide; TNFα, tumor necrosis factor-α; MIP-2, mac-
rophage inflammatory protein-2.
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antibiotics protected against diet-induced cirrhosis in rats.36 The 

causal role of bacterial PAMPs in liver injury was not confined to 

models of diet-induced cirrhosis, but was further established in 

studies using acute hepatotoxins such as carbon tetrachloride.37,38 

High systemic levels of the PAMP, LPS, are found in both acute 

and chronic liver diseases.39,40 Aside from the liver, GI-derived 

PAMPs during alcohol exposure can potentially affect other or-

gans, including the lungs. 

One of the best-understood DAMPs, or “alarmins,” is HMGB1. 

HMGB1 is a constitutively-expressed nuclear protein that is re-

leased from necrotic cells. A recent study demonstrated that 

HMGB1 translocation from the nucleus to the cytosol correlated 

with disease severity in liver biopsies from ALD patients.41 Addi-

tionally, knocking out HMGB1 in hepatocytes protects mice 

against alcohol-induced liver injury. HMGB1 signaling has also 

been shown to be elevated in alcohol-induced injury in the 

brain42,43 and pancreas.44 However, the role of HMGB1 and other 

DAMPs in organ-organ crosstalk in the setting of ALD has been 

largely unexplored.

Although less characterized in the setting of ALD, the concept 

that circulating DAMPs may be involved in organ-organ crosstalk 

in other disease states is clearly established. For example, trauma 

elevates circulating mitochondrial DAMPs (MTDs), such as mito-

chondrial DNA, and is hypothesized to contribute to SIRS under 

that condition.45 Human neutrophils exposed to MTDs have in-

creased expression of the chemokine interleukin-8. In the same 

study, it was demonstrated that MTDs derived from rat liver cause 

lung injury in recipient rats; this injury was characterized by vas-

cular leak, pulmonary edema, neutrophil infiltration, and accumu-

lation of inflammatory cytokines in the alveolar space. As men-

tioned above, SIRS has been established as a significant risk 

factor for mortality from alcohol-related hepatitis.46 Therefore, it 

is not unlikely that circulating DAMPs may be involved.

Other potential mechanisms

There are also less direct means by which the liver can influence 

other organs via axes (Fig. 2). For example, the liver plays an ab-

solutely critical role in supplying fuel to other organs.47 Therefore, 

alterations in the flux of carbohydrates and lipids through the liver 

can indirectly impact distal organs, as their energy sensing mech-

anisms respond to these changes. Nutrient levels in the liver also 

directly mediate responsive changes in the central nervous system 

(CNS) via glucose sensing afferent neurons in the liver and other 

organs; these sensors are hypothesized to mediate rapid central 

responses to short-term energy status alterations.

There is intricate crosstalk between these metabolic systems 

that is controlled by a complex interplay of nuclear receptors, in-

tracellular signaling pathways and transcription factors. Hormones 

and other endocrine mediators play a key role in regulating these 

responses. The liver is well known to respond to several endocrine 

hormones, including insulin, glucagon, thyroid hormones and cor-

tisol. The liver also produce several hormones that can mediate 

several extrahepatic effects, such insulin-like growth factor, an-

giotensinogen and thrombopoietin. Furthermore, it has become 

increasingly clear that the liver produces several endocrine-like 

“hepatokines” that play key roles in regulating extrahepatic re-

sponses (e.g., FGF21).48,49 The net effect of these interactions is to 

generate an organ that rapidly responds to endocrine signals, as 

well as rapidly produces endocrine signals in response to stimuli.

The liver also has several afferent neurons that mediate and co-

ordinate its responses with extrahepatic targets, especially the 

CNS. This circuitry plays a key role in metabolic homeostasis, 

stress responses, and inflammation.50-52 There is evidence sug-

gesting that ethanol and the sympathetic nervous system interact 

with and partially mimic each other. For example, acute alcohol 

intoxication increases plasma levels of adrenaline and noradrena-

line.53 Furthermore, ethanol causes a hypermetabolic state in liver 

that is abolished by adrenalectomy, hepatic vagotomy or by adre-

noceptor blockade.54,55 Repeated administration of ethanol also 

increases plasma catecholamines and gene expression of enzymes 

for catecholamine synthesis in the adrenal medulla.56 Although it 

is understood that such networks can mediate coordination be-

tween organs in response to stress or dyshomeostasis in general, 

the specific impact of these interactions in the context of organ-

organ crosstalk in ALD is incompletely understood.

SUMMARY AND CONCLUSIONS

In conclusion, while multiple organ failure is a hallmark of de-

compensated, end-stage alcoholic liver disease, there is an in-

creasing appreciation for communication between organs during 

earlier stages of the disease. Organs can communicate with one 

another via several potential mechanisms, including EVs, cyto-

kines and chemokines, PAMPs and DAMPs, and the nervous sys-

tem. The liver is proposed to communicate with other organs, 

such as the gut, brain, lung, and adipose tissue using these 

mechanisms, as well as others. Understanding the mechanisms by 

which organs communicate during the inflammatory injury phase 
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of ALD may allow for the development of targeted therapeutics to 

protect one or all of these systems from alcohol-mediated toxici-

ties. 
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OVERVIEW OF THE COMPLEMENT SYSTEM

Complement activation is a key part of the innate immune sys-

tem, which plays a crucial role in the defense against microbial in-

fections, healing of the host, and disposal of the products of inflam-

matory injury.1-3 The complement system consists of complement 

components, receptors, and regulatory factors. Most of the serum 

complement components are produced in the liver, and many 

complement receptors (CRs) are expressed in liver Kupffer cells 

and hepatic stellate cells.4-6 According to the recognition of differ-

ent molecules, complement activation can be divided into three 

main pathways: the classical pathway (CP), the alternative path-

way (AP), and the lectin pathway (LP) (Fig. 1).7 The CP is triggered 

by C1q recognition of antibodies bound to antigens or microbial 

surfaces, resulting in the activation of C1r and C1s. The activated 

C1s then cleaves C4 and C2 to form C3 convertase (C4bC2b). The 
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LP is similar to the CP; they share C3 convertase (C4bC2b). How-

ever, the LP does not rely on antibodies to identify pathogenic 

components but uses mannan binding lectin (MBL) and ficolins to 

identify sugars or N-acetylated groups on the surface of patho-

gens. In response, MBL-associated serine proteases (MASP1/

MASP3 and MASP2) are activated.8 The activated MASP1/MASP3 

and MASP2 can cleave C2 and C4 to form C4bC2b.9,10 The AP is 

different from the CP and LP; the AP is initiated by C3 itself. In 

the first step, the spontaneous hydrolysis of the thioester bond 

within C3 takes place, resulting in the formation of C3(H2O). Then, 

C3(H2O) recruits factor B (FB) to form a complex, which can be 

further cleaved by factor D (FD), leading to the formation of 

C3(H2O)Bb. C3(H2O)Bb is also a C3 convertase enzyme complex, 

which cleaves C3 to C3a and C3b. C3b can be added to FB and 

cleaved by FD, resulting in the formation of the C3 convertase 

C3bBb, which acts as an amplification loop of the complement 

system.11,12

The above three pathways produce C3 convertase and C5 con-

vertase, which can cleave the central complement components C3 

and C5, respectively, and generate effector molecules.13 Anaphyl-

atoxins, including C3a and C5a, are important potent pro-inflam-

matory molecules that attract and activate immune cells. Opsonin 

C3b (or C4b) is deposited on the surface of pathogens or injured 

cells, and mediates immune adhesion and opsonization or induces 

cytolysis through the membrane attack complex (MAC). The MAC 

consists of C5b, C6, C7, C8, and C9, which can directly lyse tar-

geted pathogens or damaged autologous cells.14,15

In recent years, the comprehensive evaluation of complement 

function has shown that the complement system not only plays a 

traditional role in the immune process but also participates in a 

variety of important physiological functions, such as lipid metabo-

lism, the inflammatory response, coagulation, angiogenesis, and 

tissue repair.2,10,16-20 A growing number of studies have revealed 

that the complement system also plays essential roles in the prog-

Figure 1. Schematic overview of the complement cascade illustrating three activation pathways (classical, lectin, and alternative) and summarizing 
the biological effects of complement activation products. MAC, membrane attack complex.
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ress of alcoholic liver disease (ALD).21-23 In this mini-review, we 

used five search engines, that is, MEDLINE, PubMed, EMBASE, 

Web of Science, and Biosos Preview, and we screened out 218 

papers in this field. We will discuss the recent findings on the role 

of complement activation and regulation and oxidative stress in 

the progression of ALD, which might help us to better understand 

the pathogenesis of ALD and provide some novel potential thera-

peutic strategy for ALD.

COMPLEMENT AND ALCOHOL-INDUCED LIVER 
DISEASE

Studies have reported that the complement system is activated 

in ALD and participates in different stages of its pathogenesis, in-

cluding alcoholic fatty liver disease (AFLD), alcoholic hepatitis 

(AH), alcoholic hepatic fibrosis, and cirrhosis (Table 1).21-23 In this 

mini-review, the role and mechanism of the complement system 

in different stages of ALD are briefly summarized, especially fo-

cusing on the recent relevant progress.

The complement system participates in AFLD

The liver is a predominant organ for the metabolism of alcohol 

and lipids.24 It is generally accepted that in the pathogenesis of 

AFLD, alcohol, as the “first strike,” causes the disorder of lipid 

metabolism and the heterotopic deposition of triglycerides in he-

patocytes. The reaction between reactive oxygen species (ROS) 

and accumulated triglycerides in hepatocytes is lipotoxic and acts 

as the “second strike” in the AFLD process.25 However, how the 

complement system is involved in this process remains unclear.

Barry and McGivan22 reported that acetaldehyde, an intermedi-

ate product of alcohol metabolism, can bind to hepatocyte plasma 

membranes, resulting in the activation of C3 by causing a struc-

tural change in the surface of the plasma membrane. A previous 

study in rats revealed that the expression of complement compo-

nents (C1, C3, and C8) was elevated, while the expression of 

complement receptor 1 (CR1)-related protein y (Crry) and CD59 

was reduced after long-term alcohol feeding.26 Wlazlo et al.5 

showed that the serum level of C3a, an indicator of C3 activation, 

was associated with liver steatosis and hepatocellular injury in in-

dividuals who are chronic alcohol abusers. In mouse models of 

ethanol feeding, Bykov et al.27 found that C3+/+ mice developed 

AFLD, while C3–/– mice had reduced lipid accumulation in the liver. 

In a study of the role of C3 in AFLD, the authors suggested that 

C3a binding to the receptor C3aR, which is highly expressed on 

Kupffer cells, can promote the inflammatory response and stimu-

late the release of the inflammatory cytokine tumor necrosis 

factor-α (TNF-α). TNF-α participates in AFLD, either directly or in-

directly, through the induction of insulin resistance.5 Pritchard et 

al.28 also proved that C3–/– mice did not develop AFLD or increase 

triglycerides in the circulation, but the levels of serum alanine 

aminotransferase (ALT) and inflammatory cytokines were signifi-

cantly higher. On the contrary, C5–/– mice had increased hepatic 

triglycerides and developed AFLD, whereas they did not show in-

creased levels of ALT or inflammatory cytokines after ethanol 

Table 1. Important research of the complement system in alcoholic liver disease

Alcoholic liver disease Complement component Species

Alcoholic fatty liver disease

Wlazlo et al.5 C3a Human

Bykov et al.27 C3 Mouse

Pritchard et al.28 C3, C5 Mouse

Zhong et al.32 C3 Mouse and human

Alcoholic hepatitis

Shen et al.37 C1q, C3, C5, and C5aR Human

McCullough et al.41 Factor D Mouse

Fan et al.42 CFI and sC5b9 Human

Alcoholic hepatic fibrosis and cirrhosis

Hillebrandt et al.43 C5 Mouse and human

Baumann al.50 C3 Human
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feeding. Another study showed that more cholesterol was depos-

ited in the liver of C5–/– mice than in the liver of C5+/+ mice, and 

C5–/– mice had higher levels of serum triglycerides and cholesterol 

than C5+/+ mice.23 These results show that C3 and C5 play differ-

ent roles in the development of AFLD. However, the mechanisms 

by which the complement system is involved in AFLD are still in-

completely understood.

Ethanol consumption increases the generation of ROS and de-

creases the antioxidant activity, leading to the increase of oxida-

tive stress. Increased oxidative stress from ethanol exposure is a 

critical element for the pathogenesis of ALD.29 Growing evidence 

suggests that the interaction between complement activation and 

oxidative stress plays crucial roles in ALD.29-31 Under basal condi-

tions, the anaphylatoxin C3a and C5a receptors are highly ex-

pressed in Kupffer cells. Ethanol-induced complement activation 

results in the generation of the anaphylatoxins C3a and C5a, 

which bind to the receptors on Kupffer cells, and subsequently in-

creases the expression of inflammatory cytokines and releases the 

ROS, contributing to ALD.28 However, the mechanisms underlying 

the interaction between complement activation and oxidative 

stress in ALD remain unclear. A recent study found that C3a and 

its degraded form, C3a-des-Arg (also known as acylation stimu-

lating protein [Asp]), contribute to the pathogenesis of AFLD. Asp 

binding to its receptor C5aR2 promotes the expression of cyto-

chrome P450 family 2, subfamily E, polypeptide 1, which induces 

the production of ROS. The induced oxidative stress subsequently 

leads to the increased expression of glycine tRNA-derived frag-

ments (Gly-tRFs). Gly-tRF antisense inhibitor treatment can pre-

vent the development of AFLD by reducing fatty acid synthesis 

and increasing fatty acid oxidation through regulating the SIRT1 

signaling pathway in ethanol-fed mice. This study bridges the 

knowledge gap between the complement system, oxidative 

stress, and steatosis through elucidating the role of Gly-tRFs in 

ALD.32

The complement system participates in alcoholic 
hepatitis

Different from AFLD, except for the deposition of triglycerides in 

hepatocytes, AH is also characterized by the infiltration of inflam-

matory cells, elevated inflammatory cytokine levels, increased se-

rum transaminase levels, and liver injury. Previous studies have 

shown that inflammatory cytokines play an important role in the 

occurrence and development of ALD.33,34 In AH, inflammatory cy-

tokine levels were elevated, leading to liver cell dysfunction and 

continued tissue damage.35 The complement system is also associ-

ated with the pathogenesis of AH. Cohen et al.36 reported that 

C1q deficiency abolishes the activation of the CP, reduces the ex-

pression of inflammatory cytokines, and attenuates liver tissue in-

jury. These results were further confirmed in a study of an alco-

holic liver model in mice by Smathers et al.34 Moreover, in AH 

patients, C1q and C5 levels were significantly increased, and the 

expression of C5aR was also upregulated in the Mallory-Denk 

body forming cells, which are the major features of ongoing in-

flammation in AH.37,38 These studies showed that complement ac-

tivation is involved in the occurrence of AH and the impairment of 

liver function. The underlying mechanism may be that there is a 

crosstalk between toll-like receptors (TLRs) and C3aR and C5aR 

in AH.21,37,39,40 TLRs belong to the pattern recognition receptor 

family, which can bind to damage-associated molecular patterns 

or pathogen-associated molecular patterns (PAMPs). PAMPs 

mainly refer to bacterial metabolites, including bacterial lipopoly-

saccharide, peptidoglycan, RNA, and DNA, which can reach the 

liver upon alcohol-induced intestinal microecology imbalance, 

subsequently initiating the innate immune response and inducing 

the expression of inflammatory cytokines (such as TNF-α and in-

terleukin-6). In addition, PAMPs increase lipid deposition and in-

flammatory infiltration in hepatocytes. McCullough et al.41 found 

that complement FD promotes the clearance of apoptotic cells 

and maintains tissue homeostasis in AH and suggested that inap-

propriate complement activation likely delays the clearance of 

apoptotic cells and impairs healing/recovery in ALD. Fan et al.42 

found that complement activation is expected to be a diagnostic 

and prognostic indicator for patients with AH. However, the de-

tailed mechanisms of complement function in AH need to be fur-

ther clarified.

The complement system participates in alcoholic 
hepatic fibrosis and cirrhosis

Hepatic fibrosis is an early event of cirrhosis. Alcoholic hepatic 

fibrosis is a process of damage and repair of the liver after long-

term alcohol exposure, accompanied by the excessive accumulation 

and rearrangement of the extracellular matrix, the development 

of AH, and the formation of pseudolobules. These pathological 

changes cause damage to the liver structure and ultimately prog-

ress to liver cirrhosis. A previous study showed that the expression 

of the C5 gene is involved in liver fibrogenesis, and inhibition of 

the C5aR1 attenuates liver fibrosis in mice.43 Moreover, C5 has a 

causal role in fibrogenesis across species between humans and 
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mice. A number of studies have confirmed a decrease in the level 

of serum complement proteins, including C1, C3, C4, C5, and FB, 

in patients with alcoholic cirrhosis.44-47 Other studies further re-

vealed that serum concentrations of C3, C4a, and C5a had a neg-

ative relationship with liver fibrosis stages and the Child-Pugh 

score.48-50 These studies show that the levels of complement com-

ponents may be an indicator of liver fibrosis or cirrhosis stage.51 

There are two possible mechanisms: the reduction of complement 

synthesis after severe liver injury and excessive complement de-

pletion.52 However, the results of two studies showed some dis-

crepancies; the serum complement concentration was normal, 

and no significant differences were observed in patients with al-

coholic cirrhosis.53,54 Further studies are required to explore the 

mechanisms underlying the role of the complement system in the 

Figure 2. Schematic of CR2 site-targeted complement inhibitors. The CR2 moiety of the fusion protein binds the C3 degradation products iC3b, 
C3dg, and C3d that are covalently attached at sites of complement activation. Complement inhibitory constructs that have previously been prepared 
and characterized are CR2-Crry (murine inhibitor of C3 activation), CR2-CR1 (human inhibitor of C3 activation), CR2-fH (murine and human inhibitor of 
the alternative complement pathway), and CR2-CD59 (murine and human inhibitor of MAC formation). F1, factor 1; SP, serum protease; CR1/2, comple-
ment receptor 1/2; Crry, complement receptor-1 related protein y.

F1
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Figure 3. Schematic graph showing that the complement system participates in the development of alcohol-induced liver disease. C3 convertase 
cleaves C3 to form C3a and C3b. ASP is the degraded product of C3a. C3b is an important component of C5 convertase. CR2-Crry is a site-targeted 
complement inhibitor that blocks all complement pathways at the C3 activation step. When anaphylatoxins C3a and C5a bind with their respective 
receptors, the TLR4/NF-κB pathway can be activated, resulting in the release of the inflammatory cytokine TNF-α, which participates in AFLD, either 
directly or indirectly, through the induction of insulin resistance. C3a and ASP bind to their receptor C5aR2 to promote the expression of Cyp2E1, which 
induces the production of ROS. The induced oxidative stress subsequently leads to the increased expression of Gly-tRF, which leads to AFLD via regu-
lating the SIRT1 signaling pathway. The inflammatory response contributes to the development and progression of ALD. CR2, complement receptor 2; 
Crry, complement receptor 1-related protein y; ASP, acylation stimulating protein; Cyp2E1, cytochrome P450 family 2, subfamily E, polypeptide 1; Gly-
tRFs, glycine tRNA-derived fragments; ROS, reactive oxygen species; TLR, toll-like receptor; TNF-α, tumor necrosis factor-alpha; AFLD, alcoholic fatty liv-
er disease; ALD, alcohol-induced liver disease.
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occurrence and development of advanced liver disease, as com-

plement regulation may be a potential strategy for reversing the 

progress of liver fibrosis.

COMPLEMENT REGULATION IN ALCOHOLIC 
LIVER DISEASE

In physiological conditions, there is a delicate balance between 

complement activation and regulation. Insufficient regulation or 

excessive activation can result in a large variety of disorders.55 The 

host expresses a variety of both fluid-phase and membrane-

bound inhibitory proteins to regulate the location and activity of 

complement factors. Soluble inhibitors of the complement system 

include C1 inhibitor, C4 binding protein, factor I, factor H (FH), 

and MBL-associated protein of 44 kilodalton, which can be dis-

tributed throughout the body with the blood.56 These soluble in-

hibitors have the characteristics of systematic regulation, which 

easily lead to immune regulation imbalance and lack of targeting. 

Membrane-bound inhibitory proteins are anchored on the mem-

brane surface of specific cells to protect the host from comple-

ment attack. These membrane-bound inhibitors can be divided 

into two categories. The first includes inhibitors of the formation 

of C3 convertases, including CR1, decay accelerating factor, and 

membrane cofactor protein. Crry is expressed in rodents, which is 

similar to human CR1 in structure and function. The other is rep-

resented by CD59, which competes to combine with C8 and C9, 

further inhibiting MAC formation.57

Tissue targeting is a promising complement regulation strategy, 

which provides a safer and considerably more effective therapeu-

tic approach compared with a systemic (untargeted) complement 

inhibition. One such targeting approach involves linking a comple-

ment inhibitor to a fragment of CR2 that recognizes C3 activation 

products deposited at sites of complement activation (Fig. 2). 

Complement inhibitors such as Crry, FH, or CD59 will go directly 

to the complement-attacked tissue after systemic infusion and lo-

cally inhibit complement without compromising the systemic com-

plement function.55 CR2-Crry, a site-targeted complement inhibitor, 

can suppress C3 activation through inhibition of C3 convertase, 

resulting in a reduction in the levels of C3a, C3b, and Asp. A recent 

study showed that suppression of C3 activation can protect against 

the injury of steatosis and inflammation in ALD.32 Therefore, tar-

geted complement inhibitors may become a potential drug to pro-

tect against both infiammatory response syndrome and hepatic 

steatosis for AFLD patients (Fig. 3).32

According to the specific structure of complement molecules, 

complement mutants and complement peptides can also be used 

to regulate complement activity.58,59 Moreover, the crosstalk be-

tween the complement, coagulation, and fibrinolysis systems also 

plays an important role in complement regulation. As an example, 

thrombomodulin participates in complement regulation through 

two mechanisms. Thrombomodulin can enhance factor I-mediated 

inactivation of C3b on the cell surface. Moreover, thrombomodu-

lin also accelerates the inactivation of anaphylatoxins C3a and 

C5a by regulating the activation of procarboxypeptidase B.60,61 

These strategies may be also applicable to the treatment of ALD.

FUTURE PERSPECTIVE

Recent advances in complement research have shown that the 

complement system acts an important regulator for each stage of 

ALD. The precise regulatory mechanisms of the complement sys-

tem in the occurrence and development of ALD need to be further 

explored. A better understanding of the mechanisms by which the 

complement system affects ALD may help us identify novel thera-

peutic targets and provide a potential therapeutic approach to in-

hibit or reverse the progression of ALD. Based on the advances of 

the present research, targeted complement inhibitors and anti-

sense inhibition of Gly-tRF may provide a therapeutic strategy for 

treating human ALD.
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ALCOHOLIC HEPATITIS (AH): A DISEASE WITH-
OUT AN EFFECTIVE CURE

Alcohol-associated liver disease (ALD) is one of the top 30 

causes of death worldwide. The most serious form of this condi-

tion is acute AH, that may present as acute-on-chronic liver failure 

(ACLF) and result in high short-term mortality.1 While research has 

long focused on the pathogenesis of AH, translation of those find-

ings to clinical trials is only in the early stages. To date, corticoste-

roid therapy remains the most effective treatment option even 

though it is beneficial in only about 60% of AH patients and only 

on 1 month survival.1 While several other treatment options dem-

onstrated initial promise, most failed efficacy and some were even 

harmful (Table 1). Liver transplantation in AH is available to a very 

limited group of patients,2 costly, and requires life-long immuno-

suppression. Thus, medical treatment of AH continues to be an 

unmet need. Ongoing pre-clinical studies and clinical trials are ac-

tively searching for curative approaches to AH. Here, we aim to 

describe the current state of research on AH and discuss the im-

plication for potential treatment options.

Emerging medical therapies for severe alcoholic  
hepatitis
David Tornai and Gyongyi Szabo

Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA, USA

Severe alcoholic hepatitis (AH) is an acute and often devastating form of alcohol-associated liver disease. Clinically, AH 
is characterized by elevated bilirubin, model for end stage liver disease scores >20, and nonspecific symptoms that are 
caused by underlying inflammation, hepatocyte injury, and impaired intestinal barrier function. Compromised immune 
defense in AH contributes to infections, sepsis and organ failure. To date, corticosteroids are the only recommended 
treatment for severe AH, however it does not provide survival benefits beyond 1 month. Recent preclinical and 
early clinical studies in AH aided understanding of the disease and presented opportunities for new therapeutic 
options targeting inflammation, oxidative stress, liver regeneration and modification of intestinal microbiota. In this 
comprehensive review, we discuss promising preclinical results and ongoing clinical trials evaluating novel therapeutic 
agents for the treatment of severe AH.  (Clin Mol Hepatol 2020;26:686-696)
Keywords: Fatty liver; Fibrosis; Hepatocytes; Oxidative stress; Gastrointestinal microbiome
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AGENTS TARGETING HEPATIC INFLAMMATION

Inflammation plays a pivotal role in the pathogenesis of acute 

AH. Heavy alcohol and its metabolites damage hepatocytes and 

result in the release of danger-associated molecular patterns 

(DAMPs; Fig. 1A). In the gut, alcohol-induced dysbiosis and bac-

terial translocation lead to the accumulation of pathogen-associ-

ated molecular patterns (PAMPs). The combination of DAMPs and 

PAMPs results in TLR4 and NLRP3 inflammasome-mediated in-

flammatory responses in the liver.3-5

Recently, our laboratory demonstrated that interleukin (IL)-1β is 

a central molecule in the pathogenesis of ALD and provided evi-

dence that administration of IL-1 receptor antagonist (IL-1Ra) at-

tenuates inflammasome-dependent alcoholic steatohepatitis in 

mice.6 IL-1Ra competes with IL-1α and IL-1β to bind to the IL-1 re-

ceptor, but does not initiate downstream signaling pathways. 

Anakinra, a recombinant IL-1Ra, has been tested in the USA, a 

multicenter, double-blind, randomized clinical trial in severe (mod-

el for end stage liver disease [MELD] score ≥20) AH patients in 

combination with pentoxifylline and zinc-sulfate compared to 

prednisolone treatment (NCT01809132; Fig. 1B). A subsequent 

trial based on these preliminary results is already recruiting pa-

tients for a larger AH cohort (NCT04072822). Notably, related 

studies in patients with rheumatic arthritis suggest anti-IL-1β 

treatment with anakinra does not increase susceptibility to associ-

ated infections.7

Treatment with canakinumab, a recombinant human monoclo-

nal antibody against IL-1β, utilizes the same concept, although 

specifically targets IL-1β and does not interfere with IL-1α signal-

ing that acts on the same receptor (Fig. 1C).8 A multicenter, dou-

ble-blind, randomized, placebo-controlled clinical trial with 

canakinumab is enrolling in the United Kingdom. This study in se-

vere AH patients excludes individuals with MELD scores ≥27 and 

evaluates histological improvement after 28 days (NCT03775109). 

Finally, the previous “CANTOS” (Canakinumab Anti-Inflammatory 

Thrombosis Outcomes Study) study involved 10,061 patients with 

a history of myocardial infarction and generally showed that 

canakinumab was effective in preventing cardiac events. Howev-

er, the authors found higher infection rates in canakinumab treat-

ed individuals compared to the placebo group, raising a caution in 

its use.9,10

Alcohol exposure results in several inflammatory processes in-

cluding caspase-dependent activation of inflammasomes, apopto-

sis, and the release of extracellular vesicles with inflammatory 

properties.6,11,12 Caspase inhibitors may decrease apoptosis and 

inflammation, and could therefore aid in the treatment of a vari-

ety of liver diseases. Emricasan is a pan-caspase inhibitor that ap-

pears to decrease aminotransferase activity and subsequently be 

beneficial to non-cirrhotic hepatitis C patients.13 A phase 2, ran-

domized, open-label clinical trial in cirrhotic patients showed that 

emricasan treatment resulted in significantly improved MELD and 

Child-Pugh scores, bilirubin levels, and international normalized 

ratios (INRs) after 3 months in patients with baseline MELD ≥15 

(but not in the overall population) compared to placebo.14 In con-

trast, emricasan showed no benefit in non-alcoholic steatohepati-

tis in a multicenter, randomized, double-blind, placebo-controlled 

Table 1. Failed therapeutic interventions in studies for alcoholic hepatitis

Name of agent Background/mechanism References

Pentoxifylline Nonselective phosphodiesterase inhibitor 74 (2009-013897-42)

Infliximab Monoclonal chimeric anti-TNF-α antibody 75

Etanercept Fusion protein of TNF receptor-2 & the Fc end of IgG1 76

Colchicine Anti-mitotic effect by tubulin disruption 77,78

Amlodipine Long acting calcium channel antagonist 79

Insulin+glucagon Hepatotrophic effect 80,81

Propylthiouracil Antithyroid drug, antioxidant effect 82 (meta-analysis)

Selonsertib Apoptosis signal regulating kinase-1 inhibitor 83 (NCT02854631)

Anabolic steroids Support of regeneration 84 (meta-analysis)

ELAD extracorporeal cellular therapy utilizing hepatoblastoma-derived C3A cells 67 (NCT02612428)

Emricasan Pan-caspase inhibitor 15 (NCT01912404)

Obeticholic acid Selective FXR agonist Results awaited (NCT02039219)

TNF-α, tumor necrosis factor-α; IgG, immunoglobulin G; ELAD, extracorporeal liver assist device; FXR, farnesoid X receptor.
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clinical trial.15 In AH patients, a placebo-controlled, multicenter, 

double-blind, randomized clinical trial of emricasan was terminat-

ed after recruiting five patients (NCT01912404) due to excessively 

high blood levels of the caspase inhibitor and lack of safe dosing 

in severe AH patients.

REDUCING OXIDATIVE STRESS

Alcohol metabolism, apoptosis and necrosis, inflammation and 

mitochondrial dysfunction are all part of AH pathology accompa-

nied by the production of reactive oxygen species (ROS) that fur-

ther increase cellular damage.16,17 Protection against oxidative 

stress has been the focus of several therapeutic attempts (Fig. 1D). 

Increased production of ROS is associated with reduction in cellular 

glutathione levels in AH. N-acetylcysteine (NAC) is an antioxidant 

that can restore glutathione, the main protective agent against oxi-

dative stress in hepatocytes and other cells, and protects the liver 

in acetaminophen-induced liver injury.18 However, when adminis-

tered alone, it showed no survival benefits in AH patients com-

pared to placebo19,20 or corticosteroids.21 When NAC was used in 

conjunction with prednisolone in a France-based randomized, 

Figure 1. Alcoholic hepatitis: a disease without an efficient cure. (A) Agents targeting hepatic inflammation. (B) Anakinra, a recombinant form of IL-1Ra, 
is currently under investigation as a therapeutic agent for alcoholic hepatitis patients, as is (C) canakinumab, a recombinant human monoclonal anti-
body against IL-1β. (D) Protection against oxidative stress has been the target of several therapeutic attempts. (E) Boosting liver regeneration may be a 
key element of therapeutic interventions. (F) Therapeutic agents aimed at managing the complications of end stage liver disease patients; specifically 
targeting increased immune activity and inflammation that manifest as exhaustion of the immune system and decreased ability to fight against bac-
terial infections. IL, interleukin.
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double-blind clinical trial, it increased one-month survival by re-

ducing both infection and subsequent hepatorenal syndrome de-

velopment although long-term benefits were not observed.22 An-

other small, randomized open-label trial currently underway in the 

United Kingdom aims to clarify whether the early survival benefit 

of NAC is due to an improvement in the monocyte oxidative burst 

that leads to decreased infection rate (NCT03069300).

Metadoxine is another antioxidant drug that increases the level 

of glutathione and adenosine triphosphate levels in hepatocytes, 

reduces free fatty acid accumulation and inhibits tumor necrosis 

factor-α (TNF-α) secretion.23 In a small randomization-controlled 

clinical trial, metadoxine accelerated both alcohol elimination 

from the circulation and recovery from alcoholic detoxification.24 

Two Mexico-based randomization-controlled clinical trials of AH 

patients evaluated metadoxine or placebo paired with corticoste-

roid treatment. Notably, 30- and 90-day survival significantly im-

proved with metadoxine treatment, and the development of en-

cephalopathy and hepatorenal syndrome slowed in patients who 

received the combination therapy. Lower Lille scores in the meta-

doxine group were also observed, suggesting an overall better re-

sponse to steroids. However, no difference was observed between 

groups in development or progression of variceal hemorrhage or 

infection.25 A subsequent study with 4 arms (prednisolone and 

pentoxifylline with or without metadoxine) had similar conclusions 

including improvement of 3- and 6-month survival.26 However, it 

is important to note that these were small studies with 35 or few-

er patients; therefore results should be validated in larger, multi-

centered cohorts.

S-adenosyl methionine is a direct precursor of glutathione. De-

spite promising preclinical studies, large-scale studies in human 

ALD are still forthcoming.27 Two randomization-controlled clinical 

trials in AH patients started in 2009 (NCT00851981) and 2013 

(NCT02024295), and results have not yet been published.

EPIGENETIC MODULATORS

Sulfated oxysterol (DUR-928) is a newly discovered, endoge-

nous, small regulatory molecule that modulates various nuclear 

receptors that play an important regulatory role in lipid homeo-

stasis, inflammation, cell survival and tissue regeneration. In 

mouse models of non-alcoholic steatohepatitis, DUR-928 admin-

istration reduced hepatic transcripts of TNF-α and monocyte che-

moattractant protein-1, and led to decreased inflammation and fi-

brosis.28 A phase-2, open-label, dose-escalation study was 

recently completed (NCT03432260), and demonstrated significant 

reductions of bilirubin, MELD and Lille scores.29 Another study 

looking at the efficacy of DUR-928 was recently started in AH pa-

tients (NCT03917407).

BOOSTING LIVER REGENERATION

The liver possesses high regenerative capacity. This highly com-

plex process involves more than one hundred different genes, 

molecules and signaling pathways as well as several cell types, al-

though involvement of certain cell types may depend on the na-

ture of injury.30,31 The complex process of liver regeneration in-

volves interplay between oval cells, bone marrow-derived 

pluripotent cells as well as recruited mature immune cells like 

monocytes and macrophages in the liver with participation of a 

wide range of growth factors and cytokines (Fig. 1E).30

Granulocyte-colony stimulating growth factor (G-CSF) facilitates 

the mobilization of immune cells from bone marrow that may aid 

liver regeneration.32 Several small clinical trials highlighted the im-

portance of G-CSF in patients with cirrhosis and ACLF, and re-

ported increased survival rates and liver-related scores, and de-

creased rates of infection.33-35 A pilot clinical trial with AH patients 

showed similar benefits.36 Furthermore, a single center, random-

ized, double-blind clinical trial in India investigated the efficacy of 

G-CSF treatment compared to placebo in steroid-nonresponsive 

AH patients. This study demonstrated improved survival rates, de-

creased infection rates with reduced MELD scores, and decreased 

Maddrey’s discriminant function after 90 days in G-CSF treatment 

group.37 Several other trials are currently underway exploring G-

CSF (NCT02442180, NCT03703674, NCT04066179).

IL-22 is a pluripotent cytokine and member of the IL-10 family. It 

is produced by immunocytes, but affects only parenchymal cells. 

Through the Signal Transducer and Activator of Transcription 3 

pathway, it displays anti-apoptotic, anti-oxidative, anti-lipogenic 

and proliferative effects in hepatocytes, and promotes the pro-

duction of antimicrobial proteins.38 A small, phase 2, open-label 

clinical trial was recently completed in the USA including 24 AH 

patients (MELD score, 11–28) to test F652, a recombinant fusion 

protein of IL-22 and human immunoglobulin G2. The primary aim 

of this study was to assess safety with a dose-escalation proce-

dure and evaluate the clinical response (NCT02655510). While the 

results have not yet been published, a larger randomized placebo-

controlled clinical trial has been proposed (NCT01918462).

Bile acids are the physiologic ligands of farnesoid X receptor 
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(FXR), a nuclear hormone receptor and master regulator of bile 

acid homeostasis. Obeticholic acid (OCA) is a selective FXR ago-

nist that is 100-fold more potent than the endogenous ligands of 

the receptor.39 By regulating bile acid synthesis and transport, FXR 

activation decreases cholestasis and toxic bile acid accumula-

tion.40 Through CYP2E1 and endothelial nitric oxide synthase, it 

reduces oxidative stress and portal hypertension, respectively.41,42 

OCA also modulates carbohydrate and lipid metabolism and plays 

a role in liver regeneration after injury. The hepatoprotective and 

antifibrotic effects of FXR agonist therapy were recently demon-

strated in rodent models.41,43,44 It is worth noting that in 2018 the 

Food and Drug Administration issued a “black box warning” in-

structing patients with Child-Pugh class B/C stadium or with prior 

hepatic decompensation to take OCA weekly instead of daily, 

since there have been reported safety issues with higher dosages 

in more severe patients.45 Indeed, a phase 2, placebo-controlled, 

randomized clinical trial was terminated after recruiting 19 mod-

erate AH patients (MELD score, 12–19) (NCT02039219).

TARGETING THE GUT-LIVER AXIS

Excessive alcohol consumption leads to bacterial overgrowth 

and changes in the composition of the intestinal microbiome in 

the small and large intestine.46,47 The impaired gut permeability 

results in bacterial translocation and increased levels of bacteria 

and bacterial products in systemic circulation.48 Several research-

ers have demonstrated that susceptibility to alcohol-induced liver 

injury was transferrable from AH patients to mice with intestinal 

microbiome transplants.49 Hence, intestinal microbiota regulation 

appears critical in the pathogenesis of AH.

Recently, several researchers have tried to reverse these pro-

cesses via intestinal decontamination with antibiotics (Fig. 2). Ri-

faximin is effective against a broad spectrum of bacteria and ab-

sorbs poorly from the gut, which ensures that it acts locally.50 A 

randomization-controlled, open-label trial from Denmark that in-

cluded 30 AH patients found improved levels of endotoxin, cyto-

kine, cell activation markers and metabolites as measured periodi-

cally during rifaximin administration with 90 days of follow-up 

(EudraCT 2014-002264-33). The status of two currently active studies  

based in Spain and South Korea are unknown (NCT02116556, 

NCT02485106).

Vancomycin, Gentamicin, and Meropenem combinatory therapy 

were used in another completed open-label trial in Denmark. No-

tably, these drugs have poor absorption when taken orally. The 

study involved 15 AH patients and compared them to a historical 

AH cohort. The endpoints were macrophage activation measured 

by sCD163 as well as endotoxin and cytokine levels (NCT03157388).

A different approach to reduce bacterial translocation driven in-

flammation is the administration of bovine colostrum, which is 

abundant in different immunoglobulins and contains immuno-

globulin G antibodies against lipopolysaccharide (LPS). Bovine co-

lostrum was found effective in reducing translocation of bacterial 

products and subsequent inflammatory responses in rat mod-

els.51,52 Two clinical trials are currently investigating its usefulness 

in the treatment of AH. In the USA, a multicenter, double-blind, 

randomized clinical trial is focusing on IMM-124E, a purified hyper 

immune bovine colostrum versus placebo in addition to standard 

of care (i.e., corticosteroid) in the treatment of severe AH patients 

(MELD score, 20–28) (NCT01968382). The primary outcome is a 

reduction of endotoxin levels in patients’ circulation. Another trial 

from India will evaluate 90-day survival of severe AH patients 

(MELD score, ≥21) treated with bovine colostrum versus placebo 

(NCT02473341).

An alternative attempt to protect the intestinal barrier is zinc 

supplementation. Zinc is an essential element in the human body, 

and ~10% of our genome codes proteins with zinc binding capac-

ity. Reduced serum zinc levels are associated with chronic alcohol 

use. Zinc regulates tight junctions between intestinal epithelial 

cells and controls bacterial translocation.53 Since malnutrition is 

common in individuals with alcohol-related disorders, zinc supple-

mentation has been hypothesized to ameliorate leaky gut in these 

patients. The combination therapy involving zinc-sulfate (with 

anakinra and pentoxifylline) was discussed above.

Other approaches targeting the microbiome utilize probiotic ad-

ministration. A study with mice receiving 8 weeks of alcohol feed-

ing demonstrated that Lactobacillus rhamnosus GG administered 

in the last 2 weeks of the experiment significantly reduced alco-

hol-induced hepatic inflammation and injury by attenuation of 

toll-like receptor (TLR) activation and TNF-α production.54 In an 

open-label, randomized, controlled pilot study with mild AH pa-

tients, researchers demonstrated that administration of probiotics 

rich in Bifidobacterium and Lactobacillus for 5 days increased lev-

els of these beneficial bacteria in patients’ feces. Liver-associated 

enzyme levels were also improved.55

In another open-label randomized trial in patients with compen-

sated alcoholic cirrhosis, the administration of Lactobacillus casei 
Shirota for 1 month improved neutrophilic phagocytic function 

and reduced TLR expression compared to baseline and non-treat-

ed patients, although soluble TNF-receptor and IL-10 levels re-
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mained unchanged.56

In a multicenter, randomized, controlled clinical trial, 117 pa-

tients with AH received Bacillus subtilis  and Enterococcus faecium 

containing probiotic treatment or placebo for 7 days. Escherichia 
coli  quantity in stool and endotoxemia were reduced while liver 

function improved.57

Two ongoing randomized clinical trials are investigating the im-

pact of probiotics on AH patients. One, based in the USA, is a 

phase 2 study examining the efficacy and safety of Lactobacillus 
rhamnosus GG and includes 130 moderate AH patients (MELD 

scores, 11–20). The primary endpoint is change in MELD scores 

after 30 days (NCT01922895). The other study, based in South 

Korea, evaluates the effect of Lactobacillus rhamnosus R0011 and 

acidophilus R0052 administration on liver enzymes, endotoxin 

and cytokine levels after 7 days of treatment in 140 AH patients 

(NCT02335632). 

Fecal microbiota transplant (FMT) may also provide a solution 

to restore healthy intestinal flora. In an open-label pilot study with 

eight male, steroid-resistant severe AH patients, fecal transplant 

from healthy donors demonstrated increased survival, reduced 

pathogen levels, and increased levels of beneficial bacterial strains 

1 year after treatment.58 These outcomes were compared to a his-

torical cohort of 18 AH patients who received standard of care. 

Another open-label clinical trial compared 90-day survival in cor-

ticosteroids, pentoxifylline, nutritional therapy or FMT-treated 

male AH patients. They found 38%, 30%, 29%, and 75%, re-

spectively significantly better survival in the FMT treatment group 

and favorable changes in the composition of intestinal microbiota 

with improved functionality.59 Another small open-label trial in 

2016 also investigated the efficacy of FMT versus pentoxifylline in 

steroid-ineligible severe AH patients by reversing dysbiosis 

(NCT02458079). Two other open-label trials are enrolling in India 

to evaluate overall survival and improvement in liver-related 

scores at 3 months in FMT versus steroid-treated or nutrition-sup-

Figure 2. Targeting the gut-liver axis. Therapeutic agents aimed at reducing intestinal inflammation-related damage and gut permeability. 
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plemented severe AH patients (NCT03091010, NCT03827772).

Duan et al.60 recently identified cytolysin-secreting Enterococcus 
faecalis  (E. faecalis) strains as critical factors contributing to the 

mortality of severe AH patients through exacerbated hepatocyte 

injury and death. The authors found that patients with AH have 

highly increased E. faecalis  levels in their stool compared to non-

alcoholic individuals or alcohol-use disorder patients. Interestingly, 

the total number of E. faecalis  seems critical to the severity of liver 

disease and subsequent mortality rather than the mere presence 

of cytolysin-positive strains. By using humanized mice colonized 

with bacteria from feces of AH patients, the researchers demon-

strated that certain bacteriophages can specifically target cytolytic 

E. faecalis and decrease cytolysin in the liver and abolish ethanol-

induced liver disease. Importantly, this approach provides a meth-

od for precisely editing the intestinal microbiota.60 A clinical trial 

with a larger cohort would be required to validate these findings.

MANAGING THE COMPLICATIONS

End-stage liver disease patients, particularly those with severe 

AH, are characterized by increased immune activity and inflam-

mation that manifest as exhaustion of the immune system and 

decreased ability to fight against bacterial infections.61 Indeed, 

AH patients are highly susceptible to bacterial infections, which 

ultimately culminate in organ failure and death.62 Therefore, man-

agement of these complications and the underlying processes is a 

high priority of research (Fig. 1F).

A large, phase 3, multicenter, double-blind, randomized, con-

trolled clinical trial in France is currently evaluating the benefit of 

amoxicillin and clavulanic acid in addition to corticosteroids in pa-

tients with severe AH (MELD score, ≥21). The primary endpoint of 

this study is mortality at 2 months. Secondary endpoints are re-

duction of infection, hepatorenal syndrome and ratio of patients 

with MELD score <17 (NCT02281929).

Ciprofloxacin is another antibiotic that is under investigation as 

an adjuvant of steroid therapy. A multicenter, randomized, open-label 

clinical trial was recently completed in Finland with a goal of improv-

ing survival at 1-, 3- and 6-months after diagnosis (NCT02326103).

Terlipressin, a vasopressin analogue that can reduce vasodilata-

tion in the splanchnic area, triggers compensatory mechanisms 

leading to acute kidney injury and hepatorenal syndrome. Encour-

aging results were recently published of patients with type I hepa-

torenal syndrome.63-65 Unfortunately, the trial that was designed 

to investigate the benefits of this treatment in severe AH patients 

was prematurely ceased due to difficulties with patient recruit-

ment and the retirement of the associated primary investigator 

(EudraCT 2006-002837-19).

Recently, immune checkpoint receptors have been gaining at-

tention as potential targets for restoring healthy immune respons-

es. These inhibitory receptors regulate the balance between pro-

tective immunity and host immune-mediated damage. In an ex 
vivo study, Markwick et al.66 found that programmed cell death 1 

(PD-1) and T cell immunoglobulin and mucin domain-containing 

protein 3 (TIM-3) expression were significantly increased in T cells 

from AH patients compared to healthy controls and patients with 

stable alcoholic cirrhosis. AH patients had fewer interferon-γ and 

more IL-10 producing T cells when stimulated with LPS compared 

to T cells of other groups. Blockade of these receptors with inhibi-

tory antibodies restored normal cytokine production of T cells, 

and increased neutrophil antimicrobial activities. The researchers 

hypothesized that reactive immunosuppression rather than the 

initial pro-inflammatory cytokine storm might be the driving force 

for morbidity and mortality in AH patients, as it makes them par-

ticularly susceptible to septic episodes.66 The clinical relevance of 

these results requires in vivo validation.

LIVER SUPPORT

Extracorporeal liver assist device (ELAD) is an extracorporeal 

cellular therapy utilizing hepatoblastoma-derived C3A cells that 

express anti-inflammatory proteins and growth factors to support 

the liver. ELAD was examined in a randomized open-label trial in-

cluding 203 patients who received standard of care with or with-

out ELAD. The study did not show any survival benefits in the en-

tire severe AH population with MELD scores ranging from 18–35. 

However, in a sub-group analysis of patients with MELD <28, 

ELAD was associated with a non-significant trend (P=0.08) of 

higher overall survival at 3 months. The authors identified elevat-

ed INR and creatinine as predictors of a negative response to this 

therapy. Therefore, a new clinical trial was initiated to study the 

potential benefit of ELAD in subjects with less severe renal func-

tion and coagulation abnormalities.67 However, this study failed its 

primary endpoint (NCT02612428), and all trials were terminated.

CONCLUSIONS

Severe AH is increasingly recognized as an acute inflammatory 
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syndrome with complex pathology that contributes to the com-

plex clinical picture and often life-threatening severity of disease. 

At the time of this review, treatment options for AH patients are 

still limited to supportive care, corticosteroids, or in limited cases, 

liver transplantation. Numerous preclinical studies and early phase 

clinical trials are underway to explore new therapeutic modalities 

for AH.

In addition to studies discussed in this review, early data prom-

ises approaches to inhibit inflammasome activation by decreasing 

uric acid levels,68 inhibition or stimulation of harmful or protective 

miRNAs, respectively,69-71 blockade of triggering receptors ex-

pressed on myeloid cells-172 or C-C chemokine receptors type 2 

and 5.73

The recent enthusiasm of AH researchers involved in both trans-

lational and clinical studies and our understanding of the disease 

pathology is expanding and supporting optimism for new phar-

macological therapies of severe AH in the near future.
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Oxidative stress and glutamate excretion in alcoholic 
steatosis: Metabolic synapse between hepatocyte and 
stellate cell
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Chronic alcohol consumption induces the development of alcoholic steatosis in the liver, which is one of the most 
widespread liver diseases worldwide. During general alcohol metabolism, hepatocytes generate mitochondria- and 
cytochrome P450 2E1 (CYP2E1)-mediated reactive oxygen species (ROS) whose accumulation elicits activation of 
the hepatic anti-oxidant system, including glutathione (GSH). However, chronic alcohol consumption decreases GSH 
generation through cysteine deficiency by suppressing the methionine cycle and trans-sulfuration system, whereas 
it turns on an alternative defense pathway, such as the xCT transporter, to compensate for GSH shortage. The xCT 
transporter mediates the uptake of cystine coupled to the efflux of glutamate, leading to an increase in blood glutamate. 
In response to the elevated glutamate in the liver, the expression of metabotropic glutamate receptor 5 (mGluR5) is 
up-regulated in hepatic stellate cells (HSCs) along with enhanced production of 2-arachidonoylglycerol, which in turn 
stimulates cannabinoid receptor 1 (CB1R) on neighboring hepatocytes to increase de novo lipogenesis. On the other 
hand, blockade of mGluR5 and CB1R attenuates alcoholic steatosis. Interestingly, although the increased expression 
of CYP2E1-mediated xCT and ROS generation are mainly observed at the perivenous area (zone 3), fat accumulation is 
mostly detected at hepatic zone 2. To resolve this discrepancy, this review summarizes recent advances on glutamate/
mGluR5-derived alcoholic steatosis and zone-dependently different responses to alcohol intake. In addition, the 
bidirectional loop pathway and its unique metabolic synapse between hepatocytes and HSCs are discussed. (Clin Mol 
Hepatol 2020;26:697-704)
Keywords: Aldehyde dehydrogenase; Alcoholic liver disease; Diacylglycerol lipase; Endocannabinoids; Homocysteine

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.



698 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0152

Volume_26  Number_4  October 2020

INTRODUCTION

In recent years, the tremendous increase in chronic alcohol con-

sumption has become a global health threat. In 2018, the World 

Health Organization reported that 3 million people per year die as 

a result of the abuse of alcohol.1-3 Chronic alcohol intake leads to 

a broad spectrum of alcoholic liver disease (ALD) such as simple 

steatosis, steatohepatitis, hepatitis, fibrosis/cirrhosis, and hepato-

cellular carcinoma.2,4 Most individuals consuming over 40 g of al-

cohol per day are known to develop alcoholic steatosis, or alco-

holic fatty liver, but only a subgroup of them progresses to more 

advanced ALD.3 Several plausible factors such as genetic, epigen-

etic, and non-genetic issues might contribute to the individual dif-

ferences in the progression of ALD.1,3 Although the underlying 

mechanisms of ALD have been explored for decades, precise 

treatments for each type of ALD have not been developed yet. 

Nevertheless, intervention of ALD at the earliest stage is very im-

portant since it is difficult to reverse the progression at the late 

stages of liver diseases, which include liver fibrosis and tumors.

The pathogenesis in the early stages of ALD, including alcoholic 

steatosis, also varies with oxidative stress, alcohol metabolite-

mediated toxicity, and activation of diverse inflammatory signals. 

In this review, we briefly describe the underlying mechanisms of 

oxidative stress-mediated glutamate secretion and endocannabi-

noid production in alcoholic steatosis and suggest a novel meta-

bolic synapse between hepatic stellate cells (HSCs) and hepato-

cytes. In addition, we address different responses of alcohol 

metabolism that are specific to hepatic zones (Fig. 1).

LIVER ZONATION AND ETHANOL METABO-
LISM

The liver has numerous functions including production and 

breakdown of diverse proteins, detoxification against xenobiotics, 

and metabolic homeostasis of glucose, lipids, and cholesterols. 

The composition of repeating hexagonal units termed lobules is a 

specific feature of the liver. Blood supply from portal triad at the 

corner of the lobules towards central veins makes gradients of ox-

ygen, nutrients, xenobiotics, and hormones along the sinusoid.5-7 

This graded environment assigns heterogeneity in gene expression 

to hepatocytes, which leads them to position at different lobular 

layers, a phenomenon called liver or hepatic zonation (Fig. 2A). 

Hepatocytes are layered from the portal to central vein, and are 

divided into three zones: zone 1 (periportal), zone 3 (perivenous), 

and zone 2, which refers to the area between zones 1 and 3. Re-

cent single-cell RNA sequencing analysis of mouse and human liv-

ers has enabled the disclosure of heterogenic characteristics of 

liver zonation in precise detail.6,7 As for cytochrome P450 2E1 

(CYP2E1), its mild expression is normally detected in hepatocytes 

near the perivenous area (zone 3), gradually increasing towards 

the midzonal area (zone 2) following chronic alcohol consump-

tion.2 In contrast, carbamoyl phosphate synthetase I is mainly ex-

pressed in hepatocytes at the periportal area (zone 1).5 This was 

proven by the zonation profiles from a single-cell RNA sequencing 

analysis that revealed high expression of CYP2E1 in 3 to 5 layers 

of hepatocytes near zone 3.6,7

Although several studies have demonstrated that alcohol can 

be metabolized in brain, stomach, and adipose tissues, the major 

organ for alcohol metabolism is the liver. In fact, among various 

Figure 1. Hepatic zonal-dependent fat accumulation in the early stage 
of ALD. On chronic ethanol consumption, ethanol is mainly metabolized 
in perivenous hepatocytes with high expression of CYP2E1, inducing 
metabolic stress-mediated death and regeneration of hepatocytes at 
zone 3. From zone 3 to 2, CYP2E1-mediated ROS can be eliminated by 
GSH generation through xCT-mediated uptake of cystine, while excret-
ed glutamate stimulates mGluR5 of HSCs to produce 2-AG, followed by 
up-regulated lipogenesis of hepatocytes through CB1R-mediated SREB-
P1c expression. HSC, hepatic stellate cell; 2-AG, 2-arachidonoylglycerol; 
CB1R, cannabinoid receptor 1; SREBP1c, sterol regulatory element-bind-
ing protein 1; DAGL, diacylglycerol lipase; mGluR5, metabotropic gluta-
mate receptor 5; CV, central vein; CYP2E1, cytochrome P450 2E1; ROS, re-
active oxygen species; GSA, glutamic-γ-semialdehyde; GSH, glutathione; 
GS, glutathione synthase; GCL, glutamate cysteine ligase; HEPs, hepato-
cytes; ALD, alcoholic liver disease.
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types of hepatic cells, hepatocytes mainly metabolize alcohol.8,9 

Alcohol metabolism starts with oxidation of the absorbed alcohol 

to acetaldehyde by alcohol dehydrogenase (ADH) in the cytoplasm, 

owing to the high affinity of ADH against alcohol (Km=0.2–2.0 mM), 

which is further metabolized by acetaldehyde dehydrogenase to 

acetate in the mitochondria of hepatocytes.3 In chronic alcohol 

consumption, CYP2E1 plays critical roles in alcohol metabolism 

despite its lower affinity against alcohol (Km=8.0–10.0 mM) com-

pared to ADH, and this is due to highly increased expression of 

CYP2E1 proteins (Fig. 2B). CYP2E1, which resides in microsomes, 

the endoplasmic reticulum (ER) or mitochondria in hepatocytes, 

metabolizes alcohol in the presence of nicotinamide adenine di-

nucleotide phosphate and oxygen, leading to the generation of 

reactive oxygen species (ROS).3 Once alcohol is oxidized to acetal-

dehyde via the oxidative pathways, it is rapidly further metabo-

lized into acetate by aldehyde dehydrogenase 2 (ALDH2) in the 

mitochondria. ALDH2 generates nicotinamide adenine dinucleo-

tide (NADH) as a byproduct, and oxidation of NADH by the mito-

chondrial respiratory chain produces ROS.10 As a final product of 

alcohol metabolism, acetate is released to the circulation system.

The produced ROS mediates the damage of DNA, proteins, and 

lipids, and accounts for perivenous necrosis/apoptosis and regen-

eration of hepatocytes (Ki-67-positive cells at zone 3) (Fig. 2A). 

Interestingly, chronic alcohol consumption predominantly induces 

hepatic injury at zone 3, whereas fat accumulation is mainly ob-

served, and is shown to start, in hepatocytes near zone 2 in livers 

of mice and patients with ALD (Fig. 2B, C).11 Thus, different path-

ological features depending on the zonation and the molecular 

mechanisms involved should be investigated clearly. In this review, 

we suggest a possible explanation for one of the unrevealed 

pathological mechanisms of fat accumulation at zone 2 following 

chronic alcohol consumption.

GLUTATHIONE (GSH) SYSTEM IN LIVER

The balance between alcohol-induced oxidative stress and re-

covery is tightly regulated in the context of liver homeostasis, in 

which CYP2E1-induced ROS contributes to the increased expres-

sion of multiple genes linked to anti-oxidative responses.3,10 For 

example, it elevates the expression of transcription factor Nrf2, 

which leads to the upregulation of genes related to GSH synthe-

Figure 2. Hepatic zonal-dependent expression of CYP2E1 and ALDH4A1 in mice and patients with ALD. (A) After chronic alcohol consumption (4.5% 
of EtOH containing diet feeding for 8 weeks), fat accumulation is mainly observed at zone 2, whereas hepatic proliferation (Ki-67-positive) is mostly de-
tected in zone 3 in stained liver sections of EtOH-fed mice. Arrows and asterisks indicate direction of blood flow and central veins, respectively. (B, C) 
Increased expression of CYP2E1 and ALDH4A1 is typically perceived around central veins of liver sections in EtOH-fed mice and alcoholic patients com-
pared to their corresponding controls. Original magnification, ×200. H&E, Hematoxylin & Eosin; PT, portal area; CYP2E1, cytochrome P450 2E1; CV, cen-
tral vein.

B

C

A

H&
E 

(E
tO

H-
fe

d 
m

ice
)

Ki
-6

7 
(E

tO
H-

fe
d 

m
ice

)

Pa
ir-

fe
d 

m
ice

Co
nt

ro
l

Et
O

H-
fe

d 
m

ice
Al

co
ho

lic

H&E CYP2E1 ALDH4A1 Merge

H&E CYP2E1 ALDH4A1 ALDH4A1/DAPI



700 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0152

Volume_26  Number_4  October 2020

sis.10 Thus, GSH can alleviate the progression of ALD in heavy 

drinkers.3,12

GSH synthesis pathway

In the cytosol of most cells, GSH, a cellular antioxidant defense 

system, is synthesized by two ATP-requiring enzymatic steps.13 As 

the first step, glutamate cysteine ligase (GCL) synthesizes 

γ-glutamylcysteine from glutamate and cysteine, followed by GSH 

synthase (GS) producing GSH using γ-glutamylcysteine and gly-

cine (Fig. 1). The intracellular concentration of glutamate in the 

liver is high enough for GSH synthesis while the cysteine concen-

tration is similar with the Km value of GCL at a steady state, which 

means that cysteine acts as a rate-limiting substrate. In the liver, 

the methionine cycle and trans-sulfuration pathway provide cyste-

ine for GSH synthesis.

Methionine cycle and trans-sulfuration pathway

Methionine is an essential amino acid that acts as a substrate 

for other amino acids such as taurine and cysteine. In the methio-

nine cycle, methionine is converted to S-adenosylmethionine 

(SAMe) by methionine adenosyltransferase. By losing its methyl 

group by methyltransferase, SAMe becomes S-adenosylhomocys-

teine (SAH) and further hydrolysis of SAH by SAH hydrolase re-

versibly forms homocysteine.14 Once homocysteine is formed, it 

can be remethylated to generate methionine or can be further 

converted into cysteine via the trans-sulfuration pathway.15 The 

trans-sulfuration pathway is particularly activated in the liver to 

utilize methionine for GSH synthesis. In the trans-sulfuration path-

way, cystathionine β synthase catalyzes homocysteine to form 

cystathionine, which is then cleaved by γ-cystathionase, releasing 

cysteine for GSH synthesis.15

Dysregulation of GSH synthesis on alcohol 
consumption

Unlike in a healthy state, chronic alcohol consumption leads to 

an impaired methionine cycle and trans-sulfuration pathway, 

which causes accumulation of homocysteine in the ER and a 

shortage of cysteine, resulting in decreased GSH levels.16-18 Conse-

quently, the disturbed equilibrium between ROS and GSH leads to 

hepatic injury and inflammation. In fact, several studies in mice 

and patients with ALD have shown decreased hepatic GSH levels 

along with hyper-homocysteinemia, as well as increased lipogenic 

gene expression in hepatocytes.19-22 Nevertheless, ROS-induced 

hepatic injury is not so severe in alcoholic steatosis, suggesting an 

alternative source of cysteine for GSH synthesis.

In the impaired methionine cycle and trans-sulfuration pathway, 

xCT transporter (encoded by Slc7a11) can compensate for the de-

creased cysteine levels through the exchange of cytosolic gluta-

mate with extracellular cystine, where cystine is then converted 

into cysteine to form GSH.23 In our recent study, we proposed a 

novel compensatory mechanism for the shortage of GSH and cys-

teine that involves robust induction of xCT and Nrf2 in hepato-

cytes of ethanol-fed mice.24 Interestingly, xCT expression was 

shown to be co-localized with CYP2E1 in perivenous and midzon-

al hepatocytes in both mice and humans, suggesting a strong link 

between CYP2E1-mediated oxidative stress and xCT induction.24 

In regard to this, we also showed that xCT-mediated cystine up-

take and glutamate excretion occur predominantly around these 

areas (zones 2 and 3). Taken together, these findings provide a 

plausible explanation for both hepatic necrosis (zone 3) and fat 

accumulation (zone 2), which are mainly due to gradient levels of 

ROS within hepatic lobules (Fig. 1). However, except for the ex-

change of cystine with glutamate, other roles of xCT transporter 

has not been elucidated clearly.

GLUTAMATE IN LIVER

Metabolism and role of glutamate

In addition to GSH synthesis, glutamate is involved in multiple 

metabolic pathways in the liver. Hepatocytes residing at periportal 

areas (zone 1) mainly convert glutamine to glutamate by gluta-

minase 2, in which the generated ammonia is then detoxified into 

urea, whereas perivenous hepatocytes at zone 3 express gluta-

mine synthetase that conversely produces glutamine using gluta-

mate and ammonia.25 As for the generation of energy, the gluta-

mate is converted into α-ketoglutarate by glutamate dehydrogenase, 

which further enters the tricarboxylic acid cycle to generate ener-

gy for cell growth and proliferation.26 Glutamate is also involved 

in proline and ornithine metabolism, where glutamate is convert-

ed to pyrroline-5-carboxylate (P5C) through P5C synthase and 

further metabolized into proline or ornithine by P5C reductase or 

ornithine aminotransferase, respectively. Interestingly, P5C is con-

versely converted to glutamate by aldehyde dehydrogenase 4 

family member A1 (ALDH4A1).27

According to our recent findings, chronic alcohol consumption 
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increases ALDH4A1-mediated glutamate generation in perivenous 

hepatocytes in both mice and humans (Fig. 2B). However, the ex-

pression of other genes involved in glutamate generation such as 

Gls , Glul , Glud1, P5cr2, and Prodh remained unchanged, suggest-

ing that glutamine may not be the source of alcohol-induced in-

crease in glutamate in the liver.28 Taken together, the findings in-

dicate that the glutamate-driven amino acid metabolic pathway 

plays crucial roles in cell growth, protein metabolism, ammonia 

detoxification, and anti-oxidation, emphasizing that hepatic levels 

of glutamate/glutamine are important on the pathogenic condi-

tions.

ENDOCANNABINOID IN LIVER

Endocannabinoid system 

The endocannabinoid system consists of endogenous cannabi-

noids (endocannabinoids), cannabinoid receptors (CBR), and bio-

synthetic and degrading enzymes.29 Endocannabinoids, including 

N-arachidonoylethanolamine (AEA), also known as anandamide,  

and 2-arachidonoylglycerol (2-AG), bind to cannabinoid receptor 

1 (CB1R), which mediates effects of marijuana in the brain, as well 

as in peripheral organs including the liver. 2-AG is catalyzed 

mainly by diacylglycerol lipase (DAGL)-β in the liver and DAGLα in 

the brain, and degraded primarily by monoacylglycerol lipase.30,31 

AEA is produced from N-arachidonoyl-phosphatidylethanolamine 

by N-acyl-phosphatidylethanolamine-specific phospholipase D, 

and fatty acid amide hydrolase mediates degradation of AEA.32,33 

In the liver, CB1R activation contributes to various liver diseases, 

such as non-alcoholic fatty liver disease, alcoholic steatosis, in-

flammation, and fibrosis, whereas cannabinoid receptor 2 (CB2R) 

activation ameliorates the progression of liver disease by inhibit-

ing activation of Kupffer cells.30,34-38 Interestingly, both receptors 

are expressed in most hepatic cells including hepatocytes, HSCs, 

and immune cells.32

Endocannabinoid in ALD

Alcohol stimulates 2-AG production in cerebellar granule neu-

rons in rats39 and HSCs in mice,30 which has been implicated in al-

cohol reward and dependence40 and alcoholic steatosis,30 respec-

tively. In addition, chronic alcohol consumption upregulates the 

expression of CB1R (encoded by Cnr1) in hepatocytes.30 In fact, 

one of the key mechanisms mediating the development of alco-

holic steatosis is the paracrine activation of CB1R in hepatocytes 

by HSC-derived 2-AG.30 The stimulated CB1R drives de novo lipo-

genesis by up-regulating the expression of lipogenic genes such 

as Srebf1 and Fasn, while inhibition of CB1R attenuates alcoholic 

steatosis in the liver.30 The molecular mechanism by which alcohol 

intake stimulates 2-AG production in HSCs has been recently elu-

cidated and will be precisely addressed later in this paper. Anoth-

er interesting study has demonstrated that CB1R activation induc-

es the expression of CYP2E1 through estrogen-related receptor γ 

(ERRγ), a constitutively active transcriptional activator, on chronic 

alcohol consumption.41 In this study, CYP2E1-mediated ROS gen-

eration was decreased in both CB1R-deficient and ERRγ inverse 

agonist-treated mice compared to control mice, suggesting a po-

tential role of the endocannabinoid system in alcohol-induced he-

patic liver injury and inflammation.41 Hepatic endocannabinoid 

signaling is also associated with alcoholic liver fibrosis, with CB1R-

deficient mice showing attenuated alcohol-induced inflammation 

and fibrosis, but CB2R-deficient mice presented the complete op-

posite phenotypes, which increased inflammation and fibrosis.38 

These results suggest that CBR have diverse roles in the develop-

ment of ALDs and their inhibition might be a therapeutic ap-

proach for ALD.

GLUTAMATERGIC SIGNALING IN ENDOCAN-
NABINOID PRODUCTION

Previously, we have demonstrated that chronic alcohol con-

sumption increases the hepatic 2-AG production through DAGL-β 

in HSCs, and the released 2-AG induces CB1R-mediated de novo 

lipogenesis in hepatocytes.30 However, the metabolic driver for 

the production of 2-AG in HSCs remained unidentified.

In the mammalian central nervous system (CNS), glutamate 

plays a role as a principal excitatory neurotransmitter, and gluta-

mate released from presynaptic neurons binds to its receptors, in-

cluding the metabotropic glutamate receptors (mGluRs), on post-

synaptic neurons, which then activates downstream signaling 

pathways in the synapse.42 There are three groups of mGluRs, and 

unlike the inhibitory group II and group III receptors, the group I 

receptors (mGluR1 and mGluR5) induce the synthesis of diacylg-

lycerol by activating phospholipase C, which is further converted 

to 2-AG by DAGLα or DAGLβ.43 In the CNS, endocannabinoids 

modulate the synaptic plasticity by activating presynaptic CB1R to 

inhibit glutamatergic (excitatory) transmission, following the re-

lease of endocannabinoids from post-synaptic neurons in re-
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sponse to metabotropic receptor activation.44 There is a stunning 

analogy between endocannabinoid signaling in the CNS and the 

liver. Our previous studies suggest that a similar bidirectional sig-

naling operates at a metabolic ‘synapse’ between hepatocytes 

(analogous to presynaptic neurons expressing CB1R) and HSCs 

(analogous to postsynaptic neurons generating 2-AG in response 

to mGluR5). Here, we provide multiple lines of evidence for the 

metabolic synapse.24,30

Alcoholic oxidative stress-induced glutamate excretion triggers 

2-AG production in HSCs through mGluR5. Upon alcoholic oxida-

tive stress, cysteine deficiency and glutathione depletion occur 

and activate a compensatory mechanism through the up-regula-

tion of xCT expression in hepatocytes, resulting in increased glu-

tamate secretion. Glutamate then stimulates mGluR5 activation 

on neighboring HSCs to induce DAGLβ-dependent 2-AG produc-

tion, and the released 2-AG activates CB1R on hepatocytes to in-

duce de novo lipogenesis. Moreover, we demonstrated that xCT 

or mGluR5 inhibition by pharmacological blockade or genetic de-

letion alleviates alcoholic steatosis, whereas exposure of HSCs to 

mGluR5 agonists promotes DAGLβ expression and 2-AG produc-

tion. Furthermore, patients with alcoholic steatosis showed ele-

vated serum glutamate levels, increased expression of hepatic 

mGluR5 and xCT, and a positive correlation between mGluR5 and 

CB1R-mediated de novo lipogenesis. Hence, these components in-

volved in the metabolic synapse offer potential as novel therapeu-

tic targets for the intervention of alcoholic steatosis.

In terms of mGluR5 expression, the exact mechanism by which 

HSCs regulate and increase the expression of mGluR5 in response 

to alcohol consumption is still unclear. In the central nervous sys-

tem, calmodulin stabilizes the surface expression of mGluR5 

whereas protein kinase C (PKC) decreases the surface expression 

of mGluR5.45 In contrast, in the liver, acetaldehyde produced by 

alcohol metabolism stimulates PKC activation in HSCs to produce 

collagen fibers,46 suggesting a negative regulation of mGluR5 ex-

pression in HSCs by the activated PKC. In our study, however, 

chronic alcohol consumption induced a remarkable increase in 

mGluR5 expression in HSCs, suggesting that mGluR5 expression 

may be regulated by a different mechanism in HSCs. Thus, the ex-

act molecular mechanism is yet to be elucidated and should be 

further investigated in the near future.

CONCLUSION

For the past two decades, the liver has been considered a meta-

bolic or an immunological organ, which is why most investiga-

tions on the treatment of ALD have focused on the regulation of 

alcohol metabolism in hepatocytes or the hepatic immune system 

(e.g., Kupffer cells and toll-like receptors). Despite a great number 

of studies, there is still no specific treatment for ALD except absti-

nence. Lately, the importance of neurological pathways has 

emerged in the field of ALD and, in particular, the hepatic endo-

cannabinoid system has drawn attention as a key mechanism of 

alcoholic steatosis development through paracrine activation of 

hepatic CB1R by HSCs-derived 2-AG, resulting in de novo lipogen-

esis in hepatocytes.

Our recent study revealed that chronic alcohol consumption in-

creases the expression of xCT as a compensatory mechanism for 

the shortage of GSH in the perivenous hepatocytes by increasing 

cystine uptake and glutamate excretion through the xCT. The ex-

creted glutamate binds to mGluR5 on neighboring HSCs to trigger 

the production of 2-AG, which then stimulates CB1R on hepato-

cytes. Having shown the importance of this bidirectional loop 

pathway between hepatocytes and HSCs, targeting this metabolic 

synapse could prevent the development of alcoholic steatosis. 

Therefore, further research on the glutamatergic signaling path-

ways in the liver should be carried out as these pathways may 

provide a potential therapeutic paradigm for the treatment of ALD.
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Long non-coding RNAs (lncRNAs), a class of transcribed RNA molecules with the lengths exceeding 200 nucleotides, 
are not translated into protein. They can modulate protein-coding genes by controlling transcriptional and post-
transcriptional processes. The dysregulation of lncRNAs has been related to various pathological disorders. In this 
review, we summarized the current knowledge of lncRNAs and their implications in the pathogenesis of three common 
liver diseases: nonalcoholic fatty liver disease, alcohol-related liver disease, and cholestatic liver disease. Future studies 
to further define the role of lncRNAs and their mechanisms in various types of liver diseases should be explored. An 
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by targeting specific lncRNAs for the treatment of liver diseases. (Clin Mol Hepatol 2020;26:705-714)
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INTRODUCTION

Overview of long non-coding RNA (lncRNA)

The central dogma “DNA-RNA-protein” indicates that key ge-

netic information is stored in protein-coding genes; however, only 

a small percentage of the human transcriptome is translated into 

proteins, leaving the majority of the transcripts undefined. In re-

cent decades, studies have focused on the remaining genome and 

found that up to 90% are non-coding RNAs (ncRNAs).1,2 These 

ncRNAs were initially considered as junk RNA or transcriptional 

noise; however, lately, they are involved in various cellular and 

disease processes, with emerging evidence of their interactions 

with each other as a complex regulatory network.3 In general, 

ncRNAs are divided into two groups depending on the length of 

the nucleotides, small ncRNAs (<200 nucleotides), and lncRNAs 

(>200 nucleotides).4

Classifications of lncRNAs

LncRNAs are transcribed by RNA polymerase II or III, mostly are 

5’-capped, 3’-end poly-adenylated, and multi-exonic.5,6 They ex-

hibit poorer conservation than protein-coding genes.7 Most ln-

cRNAs are folded after the transcription to form the tertiary struc-

ture, which impacts their functions.8,9 Based on their genomic 

location, lncRNAs are classified into the following categories;  

1) intergenic lncRNA, located in between two protein-coding 

genes, transcribed in the same direction; 2) intronic lncRNA, lo-

cated in the intronic regions and transcribed entirely from introns 

of a protein-coding gene; 3) sense lncRNA, transcribed from the 

same strand and the same direction as the surrounding protein-

coding genes; they can be overlapping with exonic or intronic re-

gions or cover the entire protein-coding sequence through an in-

tron; 4) antisense lncRNA, transcribed from the opposite strand of 

surrounding protein-coding genes, also can be both exonic and 

intronic; and 5) bidirectional lncRNA, located within 1 kb of the 

promoter region of a protein-coding gene, but transcribed from 

the opposite strand.10,11 There are also some other criteria to clas-

sify lncRNAs based on their transcript properties, location in 

known genomic annotations, regulatory elements, and func-

tions.12

Functions of lncRNAs

LncRNAs are involved in several biological processes such as 

the shaping of chromatin, replication, transcription, splicing, 

translation, and post-translational modification of proteins.13,14 For 

example, signal lncRNAs are only expressed at a specific time and 

localized to certain subcellular structures where they exert their 

functions.15 Decoy lncRNAs binds to regulatory factors such as 

transcription factor, RNA-binding protein, and chromatin modifier, 

thereafter altering their original biological activity.15 Guide ln-

cRNAs regulate gene activation or repression by forming ribonu-

cleoprotein complexes and mediating their localization to specific 

targets.15 Scaffold lncRNAs are similar to guide lncRNAs, but they 

affect the molecular component of the complex itself.16,17 Enhanc-

er lncRNAs are produced from enhancer elements and influence 

the activation of target genes.18 Moreover, as a reservoir, some ln-

cRNAs are processed to generate microRNAs (miRNAs).19,20 Some 

lncRNAs can bind miRNAs and function as a sponge for certain 

miRNAs to block their activity, which involves regulating the pro-

tein translation of the target mRNA.21,22 The main functions of the 

lncRNAs are shown in Figure 1.

Because lncRNAs are involved in a wide variety of important 

cellular processes, dysregulation of lncRNAs has been related to 

various pathological disorders. In this review, we summarized the 

current knowledge of lncRNAs and their implications in the 

pathogenesis of 3 common liver diseases, nonalcoholic fatty liver 

disease (NAFLD), alcohol-related liver disease (ALD), and choles-

tatic liver disease.

A CRITICAL ROLE OF LncRNAs IN NAFLD

NAFLD comprises a spectrum of histopathological disorders 

ranging from simple steatosis, steatohepatitis, advanced fibrosis, 

and cirrhosis.23 Emerging studies have shown that lncRNAs are 

implicated in the pathogenesis of NAFLD through their roles in 

lipid and glucose metabolism.

LncRNA steroid receptor RNA activator (SRA)

SRA is involved in glucose and lipid metabolism.24,25 A study 

showed that the expression of liver adipose triglyceride lipase 

(ATGL) is induced in SRA knockout mice, and liver SRA and ATGL 

expression are inversely regulated under fasting conditions.25 

Fork-head box protein O1 (FOXO1) is a key transcription factor in 

the regulation of gluconeogenesis and the insulin response in the 

liver, which plays an important role in glucose homeostasis.26 

FOXO1 mainly targets insulin signaling and regulates metabolic 
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homeostasis in response to oxidative stress, which also promotes 

the transcription of ATGL. By inhibiting the ability of FOXO1, ln-

cRNA SRA inhibits ATGL promoter activity and regulates ATGL ex-

pression; a potential mechanism underlies NAFLD pathogenesis.

LncRNA maternally expressed gene 3 (MEG3)

LncRNA MEG3 is involved in hepatic glucose metabolism.27 

MEG3 is upregulated in mice fed with a high-fat diet, while 

knockdown of MEG3 remarkably abolishes hepatic triglyceride 

(TG) accumulation, up-regulates glycogen content, and promotes 

glucose tolerance.27 Palmitate, oleate or linoleate also increases 

MEG3 expression level in primary hepatocytes. Histone deacety-

lases (HDACs) are a class of enzymes involved in expression of 

DNA, which catalyze the removal of acetyl groups from lysine res-

idues in both histone and non-histone proteins. Knocking down 

of HDAC3 using siRNA or its inhibitor (RGFP966) significantly 

promotes MEG3 expression level, suggesting the role of histone 

acetylation in regulating its expression.27 Upregulation of MEG3 

also increases FOXO1 expression and hepatic insulin resistance.28

LncRNA activated in renal cell carcinoma with 
sunitinib resistance (lncARSR)

The mRNA levels oflong non-coding RNA activated in renal cell 

carcinoma with sunitinib resistance (lncARSR) both in the serum 

Figure 1. The main biological functions of lncRNA. (A) Signal lncRNA promotes gene expression. (B) Decoy lncRNA binds to regulatory factors and af-
fects gene expression. LncRNA can sponge miRNA and affects its function. (C) Reservoir lncRNA generates miRNA. (D) Guide lncRNA takes ribonucleo-
protein complexes to specific target. (E) Scaffold lncRNA combines other molecules to form complex. (F) Enhancer lncRNA increases target gene ex-
pression. lncRNA, long non-coding RNA; miRNA, microRNA.
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and liver are significantly increased in NAFLD patients compared 

with the healthy controls (HC).29 Hepatic lncARSR is also induced 

in mice fed with methionine choline deficient diet. Overexpression 

of lncARSR enhances while knockdown of lncARSR ameliorates 

hepatic lipid accumulation in vivo and in vitro. Transient overex-

pression of lncARSR using AAV8-lncARSR virus markedly induces 

the expression of lncARSR and causes significant increase of in-

tracellular TG contents in HepG2 cells.29 LncARSR overexpression 

also induces the expression of genes associated with lipogenesis, 

such as sterol regulatory element-binding protein 1 (SREBP-1c), 

fatty acid synthase (FASN), and stearoyl-CoA desaturase. Knock-

down of SREBP-1c by short hairpin RNA is shown to block the ef-

fect of lncARSR on lipogenesis. In addition to SREBP-1c, overex-

pression of lncARSR also increases the level of phosphorylated 

Akt, and its effects was inhibited in the presence of LY294002, 

the phosphatidylinositol 3-kinase (PI3K) inhibitor. These data sug-

gest the role of lncARSR-PI3K-Akt axis in regulating lipogenesis 

through SREBP-1c.29

LncARSR also modulates cholesterol metabolism in vitro and in 
vivo.30 LncARSR overexpression significantly elevated the serum 

total cholesterol (TC), low density lipoprotein cholesterol, and he-

patic TC. The expression of genes related to cholesterol biosyn-

thesis such as Srebp2, HMG-CoA reductase (Hmgcr), and HMG-

CoA synthase also increases, while the expression of Cyp7a1, the 

rate limiting enzyme of the conversion of cholesterol to bile acid 

(BA), decreases, suggesting the modulation of hepatic cholesterol 

biosynthesis by lncARSR.30 The effect of lncARSR on cholesterol 

biosynthesis is dependent on Akt/SREBP-2 pathway.30

Lnc18q22.2

Lnc18q22.2, a liver-specific lncRNA, is markedly induced in the 

liver tissue of nonalcoholic steatohepatitis (NASH) patients and 

correlated with NASH severity.31 The silencing of lnc18q22.2 ex-

pression results in reduced growth in HepG2 and immortalized 

human hepatocyte cells and promotes cell death in Huh7 and 

Hep3B cells; suggesting its crucial role for growth and viability of 

hepatocytes.31 Lnc18q22.2 is directly or indirectly involved in nu-

merous essential biological processes in hepatocytes, including 

oxidation reduction, translation elongation, and regulation of cell 

death. Genes negatively regulated by lnc18q22.2 are enriched in 

the process of oxidation reduction; the finding which is consistent 

with the observation that NAFLD is often accompanied by in-

creased oxidative stress.31 One of the most enriched pathways 

which is affected in the loss of lnc18q22.2 function is the regula-

tion of cell death and apoptosis which may underlie the cell viabil-

ity. Hepatocyte apoptosis is a major feature in NASH and in fact 

several anti-apoptosis genes were down-regulated af ter 

lnc18q22.2 knockdown, including MCL1, BCL2L1, BCL2L2, BFAR, 

CARD10, IGFIR, and MKL.31

LncRNA suppressor of hepatic gluconeogenesis and 
lipogenesis (lncSHGL) 

The expression of lncSHGL in mouse and its human homologous 

lncRNA B4GALT1-AS1 are decreased in the liver of obese mice 

and NAFLD patients.32 Fasting hyperglycemia is improved at the 

4th and 7th day after the injection of adenovirus overexpressed 

lncSHGL in mice fed with high fat diet. Insulin tolerance test and 

hyperinsulinemic euglycemic clamp shows the improvement of 

global insulin resistance with the reduction in hepatic gluconeo-

genesis at the 7th day post injection. LncSHGL overexpression 

also reduces hepatic TG and serum insulin levels. Consistent with 

enhanced insulin sensitivity, hepatic lncSHGL overexpression re-

pressed the lipolysis of white adipose tissue and reduced serum 

free fatty acid levels in high fat diet fed mice.32 LncSHGL overex-

pression also increases phosphorylated Akt with reduced protein 

levels of phosphoenolpyruvate carboxykinase, glucose 6-phos-

phatase, and FASN. Further mechanistic studies reveal that lncSH-

GL promotes Akt activation and FOXO1 nuclear exclusion in 

calmodulin-dependent manner. LncSHGL recruits heterogeneous 

nuclear ribonucleoprotein A1 to enhance calmodulin mRNA trans-

lation, activates the PI3K/Akt pathway, and inhibits the mammali-

an target of rapamycin (mTOR)/SREBP-1c pathway to prevent he-

patic steatosis.32

Nuclear enriched abundant transcript 1 (NEAT1)

LncRNA NEAT1 is involved in many diseases. As an oncogenic 

lncRNA, NEAT1 is remarkably up-regulated in lung cancer and 

breast cancer cells and promotes the breast cancer cell prolifera-

tion and DNA synthesis.33 NEAT1 also plays an important role in 

NAFLD pathogenesis. The levels of NEAT1 are increased in NAFLD 

in vivo  and in vitro.34 Overexpression of NEAT1 increases both 

mRNA and protein level of acetyl coA carboxylase and FASN. It 

also leads to the induction of phosphorylated-mTOR and phos-

phorylated-p70S6K1. The effect of NEAT1 on acetyl co-A carbox-

ylase (ACC) and FAS expression is ameliorated in the presence of 

rapamycin, an inhibitor of mTOR/S6K1 pathway.34 The inhibition 

of mTOR/S6K1 pathway mimics the effect of NEAT1 knockdown 
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on the expression of ACC and FAS mRNA levels. Knocking down 

of NEAT1 significantly improves NAFLD phenotypes in the NAFLD 

rat model; suggesting the important role of the NEAT1/mTOR/

S6K1 axis in the pathogenesis of NAFLD.34

Metastasis-associated lung adenocarcinoma 
transcript (MALAT1)

MALAT1 plays an important role in diabetic complications and 

in the pathogenesis of diabetes-related microvascular disease and 

diabetic retinopathy.35 MALAT1 stimulates the production of in-

flammatory cytokine in the endothelial cells in the presence of 

high glucose.36 MALAT1 expression is dose-dependently increased 

in HepG2 cells and primary mouse hepatocytes when they are ex-

posed to different doses of palmitate.37 The MALAT1 levels are 

also elevated in livers from ob/ob mice.37 Knockdown of MALAT1 

significantly reduces the palmitate-induced TG and cholesterol ac-

cumulation in HepG2 cells and primary mouse hepatocytes. The 

reduction of MALAT1 expression abolishes palmitate-enhanced 

nuclear SREBP-1c protein level but had no effect on SREBP-1c pre-

cursor and SREBP-1c mRNA in HepG2 cells and mouse hepato-

cytes. MALAT1 knockdown also results in a significant decrease 

in the expression of SREBP-1c target genes. MALAT1 upregulates 

SREBP-1c expression by stabilizing SREBP-1c protein in hepato-

cytes by preventing ubiquitin-mediated degradation.37 Lastly, 

MALAT1 is also involved in NASH fibrosis. MALAT1 regulates C-X-

C motif chemokine ligand 5 (CXCL5) expression and the expres-

sion of both MALAT1 and CXCL5 is altered during the transition 

of hepatic stellate cells (HSCs) from a quiescent to activated 

state.38

LncRNA H19

H19 as well as genes that are involved in hepatic lipogenesis 

are upregulated in mice fed with high fat diet.39,40 H19 directly 

downregulates the expression of miR-130a which in turn inhibits 

the expression of peroxisome proliferator-activated receptor γ lev-

el in the liver.39 It also promotes steatosis by regulating transcrip-

tion factor MLX-interacting protein-like (MLXIPL) or carbohydrate-

responsive element-binding protein.40 H19 also serves as a lipid 

sensor by synergizing with RNA-binding protein, polypyrimidine 

tract-binding protein 1 (PTBP1), to modulate hepatic metabolic 

homeostasis.41 H19 can interact with PTBP1 to increase SREBP1 

protein cleavage, stability, and transcriptional activity to activate 

lipogenesis genes.41

A CRITICAL ROLE OF LncRNAs IN ALD

ALD occurs in a subset of patients with excessive alcohol in-

take.42,43 Similar to NAFLD, ALD also consists of a spectrum of 

pathological changes ranging from steatosis to fibrosis and cir-

rhosis. Although the relationship between alcohol consumption 

and liver disease is well established, severe alcohol-related mor-

bidities develop in only a minority of people who consume alcohol 

in excess. Inter-individual differences in susceptibility to the toxic 

effects of alcohol have been extensively studied.43 Several new 

lines of evidence demonstrate the important role of lncRNAs in 

ALD pathogenesis

MEG3

Chronic alcohol consumption induced MEG3 expression in he-

patocytes in both in vivo and in vitro models. Knocking down of 

MEG3 leads to a significant decrease in intracellular lipid accumu-

lation in the presence of ethanol secondary to the inhibition of 

SREBP-1c and FASN.44 LncRNAs have been reported to act as de-

coys to sequester miRNAs to prevent them from binding to tar-

gets.45 There is a negative regulation between MEG3 and let-7c-

5p, as MEG3 is a target of let-7c-5p in alcohol-induced liver 

injury.44 Overexpression of let-7c-5p Inhibits alcohol-induced ste-

atosis by the regulation of its target gene NOD-like receptor family 

CARD domain containing 5.44

LncRNAs AK128652 and AK054921

Our group has conducted a study with the hypothesis that spe-

cific lncRNAs are critical for the progression from excessive drink-

ers (ED) without underlying liver disease to ALD and their unique 

role underpins the clinical observation on why only a subset of ED 

develop ALD. Using the lncRNA microarray global profiling, we 

identified unique lncRNA signature changes in HC and ED with 

more differentially expressed lncRNAs in patients with alcoholic 

cirrhosis.46 Detailed analysis of these lncRNAs in alcoholic cirrho-

sis stratified by Child‐Pugh classes demonstrates 244 up‐regulat-

ed and 181 down‐regulated lncRNAs compared to HC. The num-

ber of uniquely up‐regulated lncRNAs increased from 252 for 

those in Child-Pugh class A to 1,417 for those in Child-Pugh class 

C, whereas the number of uniquely down‐regulated lncRNAs in-

creased from 100 in those with Child class A to 1,594 for those in 

Child class C.46 We reported 19 unique lncRNAs to be present in 

the liver on differential expression either >2 or <2 folds change. 
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Among them, lncRNA AK128652 exhibited the highest induction 

in patients with alcoholic cirrhosis followed by lncRNA AK054921. 

These two lncRNAs also exhibit prognostic significance on surviv-

al in patients with alcoholic cirrhosis; suggesting the unique roles 

of lncRNAs as potential prognostic biomarkers in patients with 

ALD.46

LncRNA Gm5091

Hepatic fibrosis is a result of the dysregulation of the extracellu-

lar matrix (ECM) synthesis secondary to HSCs activation. HSCs ac-

tivated by various toxic stimuli undergo proliferation and myofi-

broblastic transformation, lose their retinol and produce a 

considerable amount of ECM, such as α-smooth muscle actin and 

type I collagen.47,48 Several lncRNAs have been implicated in the 

pathogenesis of fibrosis and cirrhosis through their functions as 

either pro-fibrotic and anti-fibrotic effects.49-52 LncRNA Gm5091 is 

enriched in mouse HSC and significantly downregulated in the liv-

er during alcohol-induced hepatic fibrosis.53 LncRNA Gm5091 

negatively regulates cell migration, reactive oxygen species con-

tent, interleukin-1β secretion, and expression of collagen I and 

markers of HSC activation by sponging miR-27b/23b/24.53

A CRITICAL ROLE OF LncRNAs IN CHOLESTATIC 
LIVER DISEASE

Cholestasis is a condition with a decrease in bile flow, either 

due to impaired secretion by hepatocytes or by obstruction.54 BAs, 

synthesized from cholesterol in the liver, play an essential role in 

eliminating cholesterol and facilitating dietary fat absorption. BA 

metabolism is strictly controlled by nuclear receptor signaling to 

coordinate BA synthetic enzymes and transporters.55 Accumula-

tion of BAs in the hepatocytes can cause cell damage leading to 

inflammation and fibrosis.55 The nuclear receptor small heterodi-

mer partner (SHP; NR0B2) is an essential component in the nega-

tive feedback regulation of BA synthesis. In response to the intra-

hepatic accumulation of BA, nuclear receptor farnesoid X receptor 

(FXR) activates SHP to repress the expression of two regulatory 

enzymes sterol 12α-hydroxylase and cholesterol 7α-hydroxylase 

for de novo synthesis of BA.56,57 The activation of SHP also re-

presses the transactivation of basolateral BA transporter of the 

Table 1. Summary of lncRNAs and their roles in liver diseases

LncRNA Gene name Targeted pathway Related liver disease Reference

H19 Imprinted maternally expressed 
untranslated mRNA

Let-7 Cholestatic liver disease 59

CCL-2, IL-6 Cholestatic liver disease 66

LncARSR LncRNA regulator of Akt signaling 
associated with HCC and RCC

SREBP-1c NASH 29

MEG3 MEG3 FOXO1 NAFLD 27

PTBP1/SHP Cholestatic liver damage 50

miR-7-5p ALD 44

MALAT1 MALAT1 SREBP-1c NAFLD 37,51

SRA Steroid receptor coactivator FOXO1/ATGL NAFLD 25

NEAT1 NEAT1 Unclear NAFLD 34

LncSHGL LncSHGL mTOR/SREBP-1c NAFLD 32

Lnc18q22.2 – Unclear NASH 31

AK054921 – Unclear ALD 46

AK128652 – Unclear ALD 46

Gm5091 – miR-27b/23b/24 Alcoholic cirrhosis 53

lncRNA, long non-coding RNA; IL, interleukin; lncARSR, long non-coding RNA activated in renal cell carcinoma with sunitinib resistance; HCC, hepatocellular 
carcinoma; RCC, renal cell carcinoma; SREBP-1c, sterol regulatory element-binding protein 1; NASH, nonalcoholic steatohepatitis; MEG3, maternally expressed 
gene 3; FOXO1, Fork-head box protein O1; PTBP1, polypyrimidine tract-binding protein 1; SHP, small heterodimer partner; NAFLD, nonalcoholic fatty liver 
disease; ALD, alcohol-related liver disease; MALAT1, metastasis-associated lung adenocarcinoma transcript; SRA, steroid receptor RNA activator; ATGL, adipose 
triglyceride lipase; NEAT1, nuclear enriched abundant transcript 1; lncSHGL, long non-coding RNA suppressor of hepatic gluconeogenesis and lipogenesis; 
mTOR, mammalian target of rapamycin.



711

Sen Han, et al. 
LncRNA and liver diseases

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0166

hepatocytes such as sodium-taurocholate co-transporting poly-

peptide (NTCP) to block uptake of BA.58 Recent studies suggest 

the role of lncRNAs in cholestasis.

LncRNA H19

In the bile duct ligation (BDL) model, the hepatic let-7 family is 

markedly induced by H19.59 H19 promotes the biogenesis and ex-

pression of a cluster of let-7 miRNAs, including let-7a-5p, let-7d-

5p, and let-7f-5p, in hepatic cholestasis and functionally sup-

presses their bioavailability. H19 antagonizes the expression of its 

binding partner, PTBP1, which associates with pre-let-7d and pre-

let-7a-1 and inhibits let-7 biogenesis but promotes their bioavail-

ability.59 H19 facilitates hepatic cholestasis by preventing zinc fin-

ger E-box binding homeobox 1 (ZEB1) mediated inhibition of 

epithelial cell adhesion molecule (EpCAM). ZEB1 is a transcrip-

tional repressor that plays a role in epithelial-to-mesenchymal 

transition during fibrogenesis.60 H19 induces EpCAM but inhibits 

ZEB1 expression in the BDL model and overexpression of ZEB1 or 

knockdown of EpCAM ameliorates H19-induced cholestasis.61

In another model of cholestasis using multidrug resistance 2 de-

ficient (Mdr2–/–) mice, the expression of hepatic H19 in 100-days-

old wild-type mice was very low with a slight but significant in-

crease in male Mdr2–/– mice. However, there was a markedly 

increase in its expression by 200-folds in female Mdr2–/– mice 

with more severe cholestasis.62 Further mechanistic experiments 

revealed that taurocholate and 17β-estradiol up-regulate H19 ex-

pression and that knocking down H19 ameliorates cholestatic liver 

injury in female Mdr2–/– mice.62

H19 is also implicated in biliary atresia.63 Hepatic H19 expres-

sion and the levels of serum H19 are associated with the degree 

of fibrosis in patients with biliary atresia.63 Additionally, its expres-

sion is correlated with the up-regulation of hepatic sphingosine 

1-phosphate receptor 2 and sphingosine kinase 2 which are 

known to attribute to cholestatic liver injury by enhancing cholan-

giocyte proliferation and inflammatory responses.63-65

MEG3

MEG3 can interact with PTBP1 as identified using RNA pull-

down with biotin-labeled sense or anti-sense MEG3RNA followed 

by mass spectrometry. Forced expression of MEG3 in hepatocellu-

lar carcinoma cells guided and facilitated PTBP1 binding to SHP 

coding region, resulting in SHP mRNA decay. Transient overex-

pression of MEG3RNA in vivo  in mouse liver caused rapid SHP 

mRNA degradation and cholestatic liver injury, which was accom-

panied by the disruption of BA homeostasis, the elevation of liver 

enzymes, and dysregulation of BA synthetic enzymes and meta-

bolic genes.50 Summary of lncRNAs and their roles in liver diseases 

are shown in Table 1.

PERSPECTIVES AND CONCLUSION

Numerous lncRNAs are implicated in the pathogenesis of 

NAFLD, ALD, and cholestatic liver diseases. The regulatory net-

work of lncRNAs and the underlying mechanisms leading to liver 

diseases are complicated. Given a large number of lncRNAs and 

the extensive studies in this area, new lncRNAs with relevance to 

liver diseases are likely to be discovered. While the field is advanc-

ing, there is a critical need to translate the observations in cell 

lines or animal models and determine if the functions of these ln-

cRNAs recapitulate the disease pathogenesis in humans. Detec-

tion of circulating lncRNAs raises the potential for their use as the 

biomarkers for risk prediction, diagnostic applicability, or predic-

tors of prognosis in liver diseases. It will be of interest to deter-

mine the use of specific lncRNAs that can perhaps supplement 

and eventually replace invasive liver biopsy for diagnostic and 

prognostic purposes. Modulation of specific lncRNAs especially in 

mouse models has a profound impact on the liver disease pheno-

types, suggesting the therapeutic potentials of lncRNA-based 

therapy. Despite the considerable promise, there are several chal-

lenges on the safety and the potential off-target effects. An im-

proved understanding and knowledge resulting from the intensive 

studies of lncRNAs in liver diseases will unquestionably provide 

useful perspectives and generate new information that will even-

tually translate to novel clinical applications.
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INTRODUCTION

Excessive and chronic alcohol consumption may lead to the pro-

gression of alcoholic liver disease (ALD).1 ALD is caused by chronic 

alcohol consumption (>20 g/day for women and >30 g/day for 

men).2,3 Moreover, repeated alcohol drinking may promote pro-

gression of simple steatosis to steatohepatitis and/or cirrhosis.4 

Another most common liver disease is non-alcoholic fatty liver 

disease (NAFLD), which is considered as the hepatic manifestation 

of the metabolic syndrome including hypertension, type 2 diabe-

tes, insulin-resistance, obesity, dyslipidemia, and distinct hepatic 

histological features.5 Both ALD and NAFLD share general histo-

pathological spectrum from simple steatosis to steatohepatitis 

and fibrosis, which may progress to more severe diseases (i.e., cir-
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rhosis and hepatocellular carcinoma) (Fig. 1).4 However, the two 

diseases differ from each other in a variety of properties, ranging 

from the molecular mechanisms of disease exacerbation to differ-

ences in clinical features. In particular, infiltration of inflammatory 

cells occurs to a greater degree in ALD than in NAFLD. In contrast, 

fat degeneration in hepatocytes is more pronounced in NAFLD 

than in ALD.6 Despite the ongoing study of the pathology, causes, 

and risk factors for the diseases, we do not yet have an appropri-

ate treatment regimen. Here, we aim to motivate intensive re-

search on the diseases by reviewing the current understanding of 

the causes of ALD and NAFLD, and the trends in potential thera-

peutic approaches.

GENERAL MOLECULAR PATHOGENESIS

Definition of endoplasmic reticulum (ER) stress

ER is a structure of a membrane component that extends from 

the nuclear membrane and has two types: a ribosome attached 

rough ER and a ribosome-free smooth ER. Approximately one-

third of the protein in the cell is translated from the messenger 

RNA to protein, which becomes an active protein structure 

through processes such as folding, assembly, glycation, and disul-

fide bond.7 Smooth ER is the site for the synthesis of lipids and 

sterols, and functions as a calcium reservoir to regulate the cellu-

lar calcium concentrations.8,9 However, if either immature protein 

flows into the ER above the capacity, or calcium is depleted in the 

ER, the function of ER is impaired. This condition is defined as ER 

stress.9-11 When ER stress occurs, cells have a defense mechanism 

to survive, which is called the ER stress response.8 Thus, ER stress 

is a cellular stress, in which the levels of synthetic proteins exceed 

the capacity of unfolded protein responses. Finally, when the ER 

stress becomes so severe that it cannot be overcome and the ER 

cannot recover its function, then cell death pathway is activated 

with inflammatory responses.9,12

Cross-links between ER and mitochondria 

In several cell and animal models, we found ER stress as a key 

stimulus of fatty liver transition to non-alcoholic steatohepatitis 

(NASH). So, ER stress is claimed as a secondary hit to provoke he-

patocyte injury and inflammation, leading to liver fibrosis in a 

chronic situation (Fig. 1). Dysregulation of unfolded protein re-

sponses enhances ER stress and consequently may promote cata-

strophic cell death.13 Additionally, ER stress, in association with 

reactive oxygen species (ROS) production, triggers the subsequent 

activation of cell death pathway due to imbalance of redox ho-

meostasis.14,15 Cytochrome P450 2E1, a high affinity enzyme for 

ethanol metabolism, is located in the membrane of ER, and thus 

Figure 1. General pathological processes for ALD and NAFLD. ALD, al-
coholic liver disease; NAFLD, non-alcoholic fatty liver disease; ER, endo-
plasmic reticulum; ROS, reactive oxygen species. 

Autophagy

Mitochondrial function &
lipid metabolism

Steatosis

Steatohepatitis

Liver �brosis &
cirrhosis

2nd Hit
(ER stress & ROS)

Repeated injuries 
and repair

High-fat diet &
excess calorie intake

Heavy alcohol 
drinking

< ALD > < NAFLD >



717

Yun Seok Kim, et al. 
ER stress and autophagy in liver diseases

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0173

the induction of cytochrome P450 2E1 would be also associated 

with ER stress in hepatocytes inflicted by sustained ethanol con-

sumption.16 This idea would be also supported by impairment of 

free fatty acids (FFAs) oxidation in mitochondria because mito-

chondria and ER physiologically work together through mitochon-

dria-associated ER membrane.17

The lipids are mainly metabolized in the liver, and lipid metabo-

lism in the liver maintains homeostasis by balancing or storing fat 

for energy.18 In particular, lipid absorption, esterification, oxidation 

and secretion of fatty acids are performed in liver cells.19 The sup-

ply of FFAs to the liver contributes to the pathogenesis of hepatic 

steatosis; triglycerides and cholesterol are stored in the form of 

lipid droplets to protect cells from exposure to excessive amounts 

of FFAs that can damage signal pathways and metabolic homeo-

stasis.20 Impairment of oxidative metabolism of FFAs is also cou-

pled to fat accumulation because FFAs are used as fuel for mito-

chondrial oxidation.

Compared to normal individuals, the incidence of ALD increases 

in patients with fatty liver by 2–3 times.21 Thus, obesity is consid-

ered as an independent risk factor for alcoholic steatohepatitis 

since diet pattern and dietary fat content contribute to the pro-

gression of ALD. Mitochondrial dysfunction occurs not only by 

peroxidation of unsaturated fats of mitochondrial phospholipids, 

but by the attack of oxygen free radicals generated through etha-

nol metabolism. Hence, excessive alcohol consumption causes im-

pairment of mitochondrial function.22 In NAFLD patients, dysregu-

lation of fatty acid metabolism causes hepatic steatosis and 

hyperlipidemia in a large patient population. In addition, NAFLD 

as a result of obesity and diabetes facilitates inflammatory cyto-

kines production.23 So, metabolic profile in hepatocytes greatly al-

ters because of fuel source and consumption rates change. To-

gether, metabolic disturbances caused by fat along with alcohol 

consumption stimulate worsening of alcoholic steatohepatitis, 

which may lead to more severe conditions.

MITOCHONDRIAL TARGETS 

Peroxisome proliferator-activated receptor alpha regulates the 

expression of lipid metabolism-related genes (e.g., Cyp4a1, Acbp, 

and Acsl ).24 In our preliminary study, we found that mitochondrial 

activity and oxidative energy metabolism are controlled by core 

molecules including sirtuin 1, peroxisome proliferator-activated 

receptor-γ coactivator 1-alpha and peroxisome proliferator-acti-

vated receptor alpha (i.e., a transcription complex required for mi-

tochondrial biogenesis).25,26 In this study, we have shown that an 

activated form of G protein subunit alpha 12 (Gα12) stabilizes sir-

tuin 1 via ubiquitin specific peptidase 22 induction, which de-

pends on hypoxia-inducible factor 1-alpha. The research results 

showed that Gα12 regulates sirtuin 1-dependent lipid oxidation in 

mitochondria through hypoxia-inducible factor 1-alpha-mediated 

ubiquitin specific peptidase 22 induction, identifying Gα12 as a 

linker between cell surface signaling and mitochondrial lipid oxi-

dation (Fig. 2).

Liver fibrosis is manifested by repeated wound healing process-

es, such as an increase in matrix protein and a decrease in matrix 

remodeling: liver fibrosis is characterized by decreased matrix re-

modeling and increased production of matrix proteins, and may 

lead to end-stage cirrhosis.27 Liver fibrosis is defined by concerted 

actions of non-parenchymal cells of the liver, particularly macro-

phages (including Kupffer cells), hepatic stellate cells (HSCs), and 

endothelial cells.28 Accumulation of aberrant extracellular matrix 

is induced by a diverse population of myofibroblasts, among 

which HSCs play a major role.29

AUTOPHAGY TARGETS

Definition of autophagy

Studies have reported the correlation between hepatic diseases 

and autophagy. Autophagy may inhibit the progression of steato-

sis and fatty hepatitis by preventing hepatocyte injury.30,31

The liver is the major detoxifying and metabolic organ. Autoph-

agy, a “recycling mechanism” in hepatocytes, is evolved to salvage 

key metabolites and to provide energy for sustaining anabolism.32 

Thus, autophagy is a crucial regulator of cellular homeostasis;32-34 

autophagy targets damaged cellular constituents, such as dena-

tured proteins, accumulated fat, and mitochondria that have lost 

their function to lysosomes for degradation.35,36 Amino acids, in-

sulin, and mammalian target of rapamycin signaling pathways in-

hibit the autophagic pathway.36 Additionally, fasting regulates 

metabolic pathways, such as gluconeogenesis, ketone body for-

mation, and β-oxidation. Fatty acids are mainly generated by se-

lective autophagy of lipid droplets (lipophagy), while amino acids 

are generated by proteolysis through autophagy and are used for 

gluconeogenesis.33,37 Therefore, autophagy plays a decisive role in 

regulating liver physiology and balancing liver metabolism.38
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Autophagic molecules associated with liver steatosis

Chronic alcohol intake or excessive energy intake causes dam-

age to the regulation of autophagy. When it persists, the homeo-

static balance breaks and metabolic diseases develop.39,40 Al-

though several studies have demonstrated the correlation 

between autophagy and metabolic liver disease, the role of au-

tophagy in metabolic liver disease has not been completely eluci-

dated. Moreover, the understanding of the regulatory molecules 

by which the disease progression is determined is still needed.

The role of autophagy in acute and chronic ALD is still complex 

and controversial. It is generally known that binge drinking en-

hances autophagy of hepatocytes, which limits hepatic cell dam-

age, death and fat accumulation by selectively removing excess 

lipid droplets and damaged mitochondria.41 In contrast, chronic 

alcohol intake has been reported to decrease lysosome function 

and increase ubiquitinated aggregates accumulation.42 Thus, the 

duration of alcohol exposure affects autophagy.43 5’ AMP-activat-

ed protein kinase, an enzyme that plays a role in the metabolism 

of fatty acids (e.g., acetyl-CoA carboxylase), is a key player of au-

tophagy. Ethanol consumption causes inhibition of 5’ AMP-acti-

vated protein kinase, suggestive of the role of autophagy in ALD. 

One of the studies claims a mechanism for suppressing autophagy 

during chronic alcohol intake in association with decrease of 5’ 

AMP-activated protein kinase activity, which may increase fat 

production through decrease of β-oxidation.44 This information 

can be employed to understand the pathogenesis of ALD.

Although the evaluation of autophagy in animal and human 

samples is somewhat controversial,45 it is generally agreed that 

autophagy is reduced in NAFLD. Hepatocellular steatosis is aggra-

vated in mice deficient in autophagy-related genes.46,47 Inhibition 

of hepatocyte-specific run domain beclin-1-interacting and cyste-

ine-rich domain-containing protein (beclin-1 interacting negative 

regulator for autophagosome fusion), overexpression of adenovi-

Figure 2. Functional molecular biomarkers for the processes of ALD and NAFLD. ALD, alcoholic liver disease; AMPKα, AMP-activated protein kinase al-
pha; miR, microRNA; TXNIP, thioredoxin interacting protein; LXRα, liver X receptor α; ATG4B, autophagy related 4B cysteine peptidase; Gα12, G protein 
subunit alpha 12; HIF-1α, hypoxia-inducible factor 1-alpha; USP22, ubiquitin specific peptidase 22; SIRT1, sirtuin 1; ER, endoplasmic reticulum; ROS, reac-
tive oxygen species; HSCs, hepatic stellate cells; JNK, c-Jun N-terminal kinase; ATG12-5, autophagy related 12-5 conjugate; NAFLD, non-alcoholic fatty 
liver disease. 
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ral-induced autophagy-related 7,47,48 or treatment of an autophagy 

activator such as rapamycin can relieve ER stress and hepatic ste-

atosis. The opposite effect was seen with the inhibitor.49 More-

over, autophagy participates in the basic conversion process of 

lipids by decomposing lipid droplets under physiological condi-

tions. Recently, we demonstrated that liver X receptor α (LXRα) 

functions as a transcriptional regulator of microRNAs (miRs).50 In 

this study, gene set enrichment analysis was used to discover the 

phenomenon that autophagy can be inhibited by LXRα, and fo-

cusing on this, we proved the regulatory mechanism of autophagy 

using animal model. As a mechanistic basis, it was noted that 

LXRα inhibits autophagy-related 4B cysteine peptidase and ras-

related protein Rab-8B, and this effect is due to the transcription-

al induction of let-7a and miR-34a by LXRα. In addition, the same 

mechanism works in human samples and genetic obesity-derived 

animal (ob/ob, db/db) samples. Furthermore, LXRα and the above 

identified molecules all inhibit lipid degradation and mitochondrial 

function, supportive of a link between autophagy and NAFLD 

when LXRα is activated. The outcomes may provide key informa-

tion for target discovery and potential strategy to treat NASH (Fig. 2).

Autophagic molecules associated with liver fibrosis

Autophagy is reported to be involved in the progression of liver 

fibrosis.51 Activation of HSCs is a major phenomenon in liver fibro-

sis because these cells differentiate into myofibroblasts and pro-

duce a major extracellular matrix in the liver.52 HSCs of the quies-

cent phenotype store vitamin A in lipids and are activated when 

vitamin A is decomposed by various stimuli. Thus, HSCs can be 

activated by promoting autophagy. Previously, we have shown 

that Gα12 activation increases autophagy in HSCs, accompanying 

c-Jun N-terminal kinase-dependent autophagy-related 12-5 conju-

gation.53 In the study, miR-16 directly inhibits de novo synthesis of 

Gα12 and thereby modulations of miR-16 alter autophagy (Fig. 2). 

Consistently, patients with severe fibrosis exhibited downregulat-

ed levels of miR-16.53 The activation of HSCs by apoptotic hepato-

cytes or by transforming growth factor-β produced from activated 

Kupffer cells also contributes to fibrosis.54 In this process, sus-

tained ER stress, cytokines, saturated FFAs, and adipokines could 

be also involved.54

Potential targeting of autophagy

Currently, there are no specific treatments for non-alcohol/alco-

hol-related liver disease, and the main treatment is dietary control 

or alcohol withdrawal. Recent studies have demonstrated the im-

portance of autophagy in metabolic diseases and suggested new 

treatment strategies. Preclinical studies have reported that en-

hancing autophagy using carbamazepine or rapamycin decreases 

fat accumulation and liver damage in obese and chronic ethanol-

fed mice.49 Although there is a Janus face of autophagy in chronic 

liver disease, autophagy is primarily a hepatoprotective mecha-

nism; autophagy is protective against the early stages of hepato-

cellular carcinoma and promotes liver regeneration.55 Conversely, 

autophagy may be deleterious during the late phase of hepatocel-

lular carcinoma in addition to activation of HSCs.51,56 Thus, the 

cell-specific and pathology-specific regulation of autophagy 

should be considered for devising strategies for liver disease treat-

ment.

CHANGES IN LIPID PROFILES

Alcohol-induced hepatic dysfunction or injury is closely related 

to abnormal lipid profiling.57,58 Cumulated evidence shows that 

liver steatosis is linked to insulin resistance and the consequent 

hyperinsulinemia. In addition to steatosis, chronic alcohol con-

sumption induces insulin resistance in the liver as indicated by the 

suppression of insulin-responsive genes.59,60 Moreover, heavy al-

cohol consumption may lead to impairment of mitochondrial 

membrane depolarization; dysregulation of cellular redox state re-

sults at least in part from changes in the nicotinamide adenine di-

nucleotide (NAD+)/nicotinamide adenine dinucleotide hydride 

(NADH) ratio.61,62 Alcohol disrupts the sirtuin 1 signaling pathway, 

which is involved in the regulation of mitochondrial biogenesis 

and oxygen consumption, and consequently promotes hepatic 

steatosis, injury, and inflammation.63 In particular, mitochondrial 

dysfunction contributes to this change to a large extent, in which 

replacement of old non-functional mitochondria is disturbed due 

to autophagy inhibition as well as impaired proteasome func-

tion.64,65 Electron microscopy has revealed the presence of mega-

mitochondria in the liver of patients with ALD.66,67

Lipotoxicity not only causes inflammation, ER stress, and ROS, 

but also affects the biological function of organelles, the most im-

portant of which is the mitochondria.68 Increasing autophagy re-

moves damaged mitochondria in a non-alcoholic fatty liver animal 

model, improving fatty liver.69 Conversely, when autophagy is in-

hibited, severe mitochondrial damage and hepatic steatosis oc-

cur.70 Additionally, suppression of autophagy through drug or 

gene regulation can reduce the number of triglycerides and lipid 
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Table 1. Ongoing clinical trials or candidate targets of pharmacotherapies for the treatment of ALD or NAFLD

Pathology Target Agent Stage Reference

ALD Hepatic regeneration IL-22 (F-652) Phase 1 100

IgG antibody to LPS Bovine colostrum (IMM-124E) Phase 2 101

Probiotic, restores gut microbiome Lactobacillus rhamnosus GG Phase 2 102

Antagonist to IL-1 receptor Anakinra Phase 2 103

FXR agonism Obeticholic acid (INT-747) Phase 2 104

Antibiotic amoxicillin plus clavulanic acid Augmentin Phase 3 105

Antioxidant and promotes abstinence Metadoxine Phase 4 106

Increase neutrophils, hepatic regeneration G-CSF (filgrastim) Phase 4 107

Glutamate - Target discovery stage 108

HMGB1 - Target discovery stage 109

ALDH2 - Target discovery stage 110

Toll-like receptor 3 - Target discovery stage 111

C3aR, C5aR1 - Target discovery stage 112

Fructose, cytochrome P450-2E1 - Target discovery stage 113

HIF-1α - Target discovery stage 114

Lactobacillus GG - Target discovery stage 115

Bile acid，FXR，FGF15 - Target discovery stage 116

FGF19 - Target discovery stage 117

FoxO1, miR-148a, TXNIP - Target discovery stage 91

REG3 lectins - Target discovery stage 118

NAFLD Thyroid hormone receptor beta agonist VK2809 Phase 2 119

PanPPAR agonist Lanafibranor Phase 2 120

FXR agonist and SGLT1/2 inhibitor Tropifexor and licoglifozin Phase 2 121

Engineered version of human hormone FGF19 Aldafermin Phase 2 122

FXR agonist EDP-305 Phase 2 123

ASBT inhibitor Volixibat Phase 2 124

Recombinant FGF21 BMS-986036 Phase 2 125

Pan-caspase inhibitor Emricasan Phase 2 126

Galectin 3 inhibitor GR-MD-02 Phase 2 127

CCR2/CCR5 receptor inhibitor Cenicriviroc (AURORA) Phase 3 128

SCD1 modulator Aramchol Phase 3 129

Thyroid hormone receptor beta agonist Resmetirom Phase 3 130

PPARα/δ ligand Elafibranor (RESOLVE-IT) Phase 3 131

FXR ligand Obeticholic acid (REGENERATE) Phase 3 132

FXR agonist Obeticholic acid (REVERSE) Phase 3 132

ASK1 inhibitor Selonsertib Phase 3 133

SGLT2 inhibitor Gliflozin Pilot 134

LXRα, let-7a, miR-34a, ATG4B, Rab-8B – Target discovery stage 50

STAT-1, STAT-3 – Target discovery stage 135

Fructokinase – Target discovery stage 136

Gα13, ITIH1 – Target discovery stage 137
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particles in hepatocytes.71 As a result, a decrease in FFAs supply 

from lipid particles reduces mitochondrial β-oxidation, and the 

consequential fat accumulation in turn increases mitochondrial 

dysfunction.72

Therefore, the interactions among mitochondrial activity, bio-

genesis, and autophagy contribute to metabolic dysregulation of 

hepatocytes in alcoholic and non-alcoholic liver diseases.

ALD AND DRUG CANDIDATES

Alcoholic liver steatosis is considered as a benign condition and 

is thus reversible to normal state under the condition of absti-

nence.73,74 One of the early hallmarks of alcohol-induced liver 

damage caused by alcohol is the accumulation of lipid droplets in 

hepatocytes.75 Clinically, most patients experience no symptoms 

for alcohol-induced fatty liver. However, patients with alcoholic 

steatohepatitis or fibrosis may present symptoms such as nausea 

and vomiting, which are caused by dysregulated cytokines pro-

duction.76-79 In a small proportion of chronic and heavy alcohol 

drinkers, ALD may lead to the development of liver cirrhosis (Fig. 

1).80-84

Electrons generated during alcohol metabolism promote pro-

duction of reactive intermediates, including ROS and reactive ni-

trogen species, which are catalyzed by enzymes such as alcohol 

dehydrogenase and cytochrome P450 2E1.85,86 ROS and reactive 

nitrogen species oxidize lipids to generate lipid peroxidation end 

products such as isoprostane and malondialdehyde.87-89 Mito-

chondria is another organelle, from which ROS is greatly generat-

ed through oxidative fuel consumption.90 Since an excess amount 

of ROS production causes depletion of reduced sulfhydryl pools 

(e.g., glutathione) in hepatocytes, hepatocytes may be sensitized 

by the stresses of toxic cytokines (e.g., tumor necrosis factor-β) 

and thus are more susceptible to injurious challenges. Previously, 

we had demonstrated that a spectrum of liver injury, including py-

roptotic hepatocyte death, occurs in an alcohol abuse animal 

model; alcohol induces pyroptosis in hepatocytes by promoting 

‘thioredoxin interacting protein and NOD-, LRR- and pyrin do-

main-containing protein 3’ inflammation through decreases of 

miR-148a and forkhead box protein O1.91 Attention was also paid 

to methionine and S-adenosylmethionine in the field of metabolic 

mechanism studies, the levels of which may be changed by alco-

hol consumption as part of the evidence of changes in cellular 

glutathione pool.92

As mentioned above, various mechanisms are involved in ALD, 

and based on these findings, clinical treatment with new and 

emerging molecular targets for ALD treatment is ongoing (Table 1).

NAFLD AND DRUG CANDIDATES

Globally, NAFLD is the most common liver disease that encom-

passes diseases from inflamed steatosis to NASH, cirrhosis, and 

hepatocellular carcinoma.93 In Asian and American populations, 

the prevalence of NAFLD is approximately 30% and the disease is 

often accompanied by type 2 diabetes and obesity.94 Accurate di-

agnosis of NASH is essential because inflammation and/or fibrosis 

may determine the prognosis of NASH. Additionally, advanced 

conditions such as cirrhosis may require liver transplantation ac-

cordingly.95 Currently, there are increased efforts to develop thera-

Pathology Target Agent Stage Reference

TAZ – Target discovery stage 138

TNFAIP3 – Target discovery stage 139

Glutaminase 1 – Target discovery stage 140

USP22, Gα12, SIRT1 – Target discovery stage 26

OTULIN – Target discovery stage 141

ALD, alcoholic liver disease; NAFLD, non-alcoholic fatty liver disease; IL, interleukin; IgG, immunoglobulin G; LPS, lipopolysaccharide; FXR, farnesoid X 
receptor; G-CSF, granulocyte-colony stimulating factor; HMGB1, high mobility group box-1; ALDH2, aldehyde dehydrogenase 2; HIF, hypoxia-inducible factor; 
FGF, fibroblast growth factor; miR, microRNA; TXNIP, thioredoxin interacting protein; REG3, regenerating islet-derived protein 3; PanPPAR, pan-peroxisome 
proliferator-activated receptor; SGLT, sodium-glucose co-transporter; ASBT, apical sodium-dependent bile acid transporter; CCR, C-C chemokine receptor; 
SCD, stearoyl-CoA desaturase; PPAR, peroxisome proliferator-activated receptor; ASK1, apoptosis signal-regulating kinase 1; LXRα, liver X receptor α; ATG4B, 
autophagy related 4B cysteine peptidase; STAT, signal transducer and activator of transcription; Gα13, G protein subunit alpha 13; ITIH, inter-alpha-trypsin 
inhibitor heavy chain H1; TAZ, tafazzin; TNFAIP3, tumor necrosis factor alpha induced protein 3; USP, ubiquitin specific peptidase 22; SIRT, sirtuin 1; OTULIN, 
OTU domain-containing deubiquitinase with linear linkage specificity.

Table 1. Continued
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peutic strategies for NASH, which have no established treatment.

Previous studies have reported that multiple hits triggered 

NAFLD, which was recognized as a potential therapeutic goal. 

Several modulators of these targets and related pathways have 

been analyzed in clinical trials (phase II) or are currently in ongo-

ing clinical trials (Table 1).93 The candidate drugs inhibit de novo 

lipogenesis or increase lipid export from the liver.94 Additionally, 

liver or systemic insulin resistance is improved by diverse drugs or 

gastrointestinal hormones such as peroxisome proliferator-activat-

ed receptor γ agonists. Accumulation of excess lipids may facili-

tate simple steatosis progression to inflamed steatosis. This step 

usually provides effective targeting because inflammation gener-

ally precedes fibrosis. Currently, the inhibitors of apoptosis signal-

regulating kinase 1, C-C chemokine receptor types 2/5, and che-

mokine receptors of C-C motif chemokine 5 and C-C motif 

chemokine 2 are under phase III clinical trials.96 Several farnesoid 

X receptor agonists reduce gluconeogenesis and liver fat produc-

tion, inhibit bile acid synthesis, improve peripheral insulin sensitiv-

ity, and thereby have a profound effect on various pathways for 

development of NAFLD.97,98 Several farnesoid X receptor agonists 

have been tested in clinical trials (Table 1).99 Combination therapy 

may be an effective therapeutic strategy for NAFLD as it has a 

complex pathophysiology.

CONCLUSION

In this review, we attempted to summarize the molecular mech-

anisms underlying ALD and NAFLD. Both diseases are associated 

with unhealthy lifestyle habits, including increased consumption 

of alcohol and unhealthy diet. Extraordinary progress has been 

made in the understanding of the pathology of fatty liver disease 

so far, suggesting that several parallel hits are required to conquer 

the disease. Understanding the molecular mechanisms underlying 

ALD and NAFLD is important for medical professionals, especially 

physicians, general practitioners, hepatologists, and diabetolo-

gists. Because fatty liver disease has many clinical features, doc-

tors should consider the patients in a multifaceted way. Identify-

ing the various molecular mechanisms and finding therapeutic 

functions are key clinical prerequisites. In the future, the aware-

ness of the disease progression and key targets would enable 

proper diagnosis, effective management, and treatment of co-

morbid diseases.
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liver disease: From clinical aspects to pathophysiologi-
cal insights
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Two major causes of steatohepatitis are alcohol and metabolic syndrome. Although the underlying causes of alcohol-
related liver disease (ALD) and nonalcoholic fatty liver disease (NAFLD)/nonalcoholic steatohepatitis (NASH) differ, there 
are certain similarities in terms of the mode of disease progression and underlying pathophysiological mechanisms. 
Further, excessive alcohol consumption is often seen in patients with metabolic syndrome, and alcoholic hepatitis 
exacerbation by comorbidity with metabolic syndrome is an emerging clinical problem. There are certain ethnic 
differences in the development of both NAFLD and ALD. Especially, Asian populations tend to be more susceptible 
to NAFLD, and genetic polymorphisms in patatin-like phospholipase domain-containing 3 (PNPLA3) play a key role 
in both NAFLD and ALD. From the viewpoint of pathophysiology, cellular stress responses, including autophagy and 
endoplasmic reticulum (ER) stress, are involved in the development of cellular injury in steatohepatitis. Further, gut-
derived bacterial products and innate immune responses in the liver most likely play a profound role in the pathogenesis 
of both ALD and NASH. Though the recent progress in the treatment of viral hepatitis has reduced the prevalence 
of viral-related development of hepatocellular carcinoma (HCC), non-viral HCC is increasing. Alcohol and metabolic 
syndrome synergistically exacerbate progression of steatohepatitis, resulting in carcinogenesis. The gut-liver axis is a 
potential therapeutic and prophylactic target for steatohepatitis and subsequent carcinogenesis. (Clin Mol Hepatol 
2020;26:728-735)
Keywords: Alcohol-related liver disease; Non-alcoholic fatty liver disease; Stress responses; Immunity, Innate; Gut 
microbiota
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a clinical entity com-

prising a wide spectrum of liver diseases from nonalcoholic fatty 

liver (NAFL) to nonalcoholic steatohepatitis (NASH), a progressive 

form of chronic liver disease eventually resulting in liver cirrhosis 

(LC) and hepatocellular carcinoma (HCC).1,2 The term NAFLD is the 

counterpart of alcohol-related (-associated) liver disease (ALD),3,4 

which suggests that this clinico-pathological entity is heteroge-

neous, while excluding liver disease attributable to excessive alco-

hol consumption and other major etiologies such as viral hepatitis 

and autoimmunity. Most NAFLD is closely related to metabolic 

syndrome; therefore, NAFLD is now widely accepted as a liver 

manifestation of metabolic syndrome. Since liver is one of the key 

organs for the systemic regulation of metabolism,5 pathophysio-

logical changes in the liver not only result in the progression of 

chronic liver disease, but also influence various systemic condi-

tions, especially the development of atherosclerotic diseases.6

The obvious and fundamental difference between NAFLD and 

ALD lies in the amount of alcohol consumption, and the clinical 

features of typical ALD are distinct from those of NAFLD, even 

though these two disease entities share similar pathological find-

ings and pathophysiology. Recently, however, a considerable pro-

portion of patients with ALD have also come to demonstrate co-

morbid metabolic syndrome as well.7 Since the differential 

diagnosis of NAFLD and ALD is based solely on the level of alco-

hol intake, the combination of ALD and metabolic syndrome often 

causes confusion and difficulty in the clinical setting. Further, a 

portion of the patients likely to be diagnosed with NAFLD/NASH 

may be occasional drinkers, and/or even former heavy-drinkers. 

Given the lines of evidence indicating potential pathophysiological 

similarities between ALD and NAFLD/NASH, great attention 

should be paid to synergistic worsening of ALD in combination 

with metabolic syndrome.

NAFLD AND ALD IN ASIA

Metabolic syndrome is highly prevalent in industrialized West-

ern countries,8-10 and is also a growing health problem in Asian 

countries.11,12 Further, the susceptibility to obesity, diabetes, and 

cardiovascular disease (CVD) differs among various ethnic 

groups.13-15 Thus, increasing attention is being paid to NAFLD/

NASH, not only in the industrialized countries of the West but also 

in the East, with growing concern even in developing countries.16,17

It is widely believed that the Western life-style, especially the 

Western diet, is one of the leading causes of metabolic syndrome 

and NAFLD.18 In Asian countries, therefore, westernization of the 

diet and industrialization most likely have led to the increase in 

the prevalence of NAFLD.17 The traditional Japanese diet (Wash-

oku), which favors fish over meat dishes and rich in soybean prod-

ucts, is thought to be healthy and sustainable dietary patterns.19 

Thus, typical Japanese cuisine is believed to be protective against 

development of NAFLD.

On the other hand, Asian populations demonstrate higher sus-

ceptibility to diabetes, even though obesity levels are lower than 

in Western people.20,21 It has also been reported that the preva-

lence of non-obese NAFLD is higher in Asian countries.22 Thus, it 

seems likely that the prevalence of NAFLD/NASH will continue to 

rise if the westernization of life-style progresses further in devel-

oping countries in Asia.

In terms of alcohol intake, per capita consumption values are 

lower in Asian countries compared to developed countries in the 

West.23 This disparity is partly due to ethnic differences in poly-

morphisms in ethanol (EtOH)-metabolizing enzymes.24 In Asian 

populations, however, heterozygosity for the aldehyde dehydroge-

nase (ALDH) 2*2 allele, which result in lower ALDH2 activity, is 

highly prevalent at around 40–50%.25 Such individuals need at-

tention since they might suffer more severe liver injury following 

heavy drinking.

GENDER DIFFERENCES IN NAFLD AND ALD

There is overt gender difference in the development of ALD: 

women are more susceptible to ALD than men.26 It is well-known 

that women develop more severe ALD even after consuming less 

alcohol over a shorter period.27 The female predominance in ALD 

has also been demonstrated in animal models with equal EtOH 

loads on a body weight basis,28,29 indicating that the phenomenon 

is not a simple difference in body mass and/or liver volume as 

suggested in human studies.30,31 In contrast, any gender differ-

ence in NAFLD is variable, and uncertain. Though some pioneer-

ing studies had suggested female predominance in NAFLD, the 

following population-based studies, especially based on the third 

NHANES data, have demonstrated a higher prevalence of NAFLD 

in male subjects.32 In animal models, some reports indicated that 

male rodents develop more severe steatohepatitis than fe-

males.33,34

With regard to the underlying mechanism of gender differences 
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in ALD and NASH, it has been proposed that estrogen plays a piv-

otal role, possibly in different ways. It has been demonstrated 

that ovariectomy prevents liver injury following long-term EtOH 

administration in rodents, whereas estrogen replacement reverses 

the phenomenon, indicating that estrogen exacerbates alcohol-

induced liver injury.29 In contrast, estrogen has been suggested to 

play a preventive role in non-alcoholic models of steatohepatitis in 

rodents.33 These findings are consistent with the clinical observa-

tions that women at young ages develop milder NAFLD than men, 

while NAFLD in women is more prevalent in those who past 

menopause.35,36

POTENTIAL MECHANISTIC INSIGHTS IN THE 
PATHOGENESIS OF NAFLD AND ALD

Relationship between metabolic syndrome and fatty 
liver/steatohepatitis

In the relationship between metabolic diseases and NAFLD, 

causality may not be simply unidirectional. Epidemiological stud-

ies have suggested positive correlations between the prevalence 

of metabolic phenotypes and NAFLD/NASH, leading to the hypothesis 

that pathophysiological changes in the liver initiate systemic alter-

ations in metabolism, thereby exaggerating atherosclerotic dis-

eases. It is also conceivable that systemic micro-inflammation 

triggers insulin resistance, vascular damage, and NAFLD/NASH, 

simultaneously. To some extent, a fatty liver per se may be benign 

or even protective against systemic metabolic disorders. Fat accu-

mulation in the liver is a physiological response to dietary over-

load, preventing over-flux of excess nutrients into the systemic cir-

culation. Thus, it can be argued that fat accumulation in the liver, 

which is induced by hyperinsulinemia, would serve as a buffer to 

protect from, or delay, the onset of overt diabetes. The capacity 

of fat storage in the liver, therefore, may be critical for the pro-

gression of systemic metabolic disorders. Moreover, emerging 

lines of evidence suggest a possible sub-classification of NAFLD 

based on genetic variants, which would predict an atherosclerotic 

phenotype distinct from progressive liver disease. In summary, 

there is a close relationship between metabolic diseases and 

NAFLD/NASH, while the pathophysiological mechanisms remain 

to be explored in greater detail.

Genetic background in NAFLD and ALD

Since NAFLD is a heterogeneous amalgamation of fatty liver 

diseases, genetic predisposing factors seem to be diverse as is 

true for other metabolic syndrome phenotypes such as diabetes 

and dyslipidemia. The heritability of NAFLD has been estimated to 

be around 39% in a familial aggregation study,37 though the in-

fluence of environmental factors cannot be entirely excluded.

A genome-wide association study revealed that a single nucleo-

tide polymorphism (SNP) of the patatin-like phospholipase do-

main-containing 3 (PNPLA3) gene is associated with susceptibility 

to NAFLD.38 The I148M variant of the PNPLA3 gene is associated 

with the development of fatty liver in both alcoholic and nonalco-

holic individuals. Although it is likely that the genetic variation of 

PNPLA3 is not associated with other manifestations of metabolic 

syndrome, there is a certain link between PNPLA3 gene polymor-

phisms and ethnicity.38,39 Association of PNPLA3 variants with 

NAFLD has also been shown in Asian populations in China,40 Ja-

pan,41 and Korea.42,43 Aside from PNPLA3, variants in other genes 

have been identified as genetic risk factors for NAFLD/NASH, in-

cluding transmembrane 6 superfamily member 2 (TM6SF2) and 

apolipoprotein C (APOC3), etc.44

Notably, PNPLA3 variants are also a significant genetic risk for 

ALD.45 Though a variety of EtOH-metabolizing enzymes show 

gene polymorphisms, which are closely related to addictive phe-

notypes and the ability take in EtOH, PNPLA3 gene polymorphism 

has been shown to be the most critical risk for progressive organ 

injury.

Lipid dynamics, EtOH metabolism and formation of 
a fatty liver

In the process of fatty liver development, regardless of metabol-

ic background or alcohol intake, impaired balance among uptake, 

synthesis, catabolism, and production/release results in fat accu-

mulation in hepatocytes. A variety of regulatory molecules con-

tribute to lipid dynamics in the liver (Fig. 1). Ethanol is mainly me-

tabolized in hepatocytes through two major enzymes, alcohol 

dehydrogenase (ADH) and cytochrome P450 (CYP) 2E1. In addi-

tion to redox shift by EtOH metabolism, reactive oxygen species 

(ROS) generated by CYP2E1, as well as from damaged mitochon-

dria, is involved in oxidative cellular injury.46 Redox shift by in-

creasing the NADH/NAD+ ratio is known to suppress gluconeo-

genesis. Inhibition of β-oxidation is also an important step in 

ethanol-induced lipid accumulation in hepatocytes (Fig. 2).
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Cellular stress responses in NAFLD and ALD

Cellular stress responses protect the cell, the organ and/or or-

ganism from toxic stimuli; however, inappropriate and/or overzeal-

ous responses contribute to disease pathogenesis. Indeed, there 

is significant crosstalk between stress responses and the innate 

immune response that may contribute to the initiation and pro-

gression of disease pathogenesis. The biochemical impact of ste-

atohepatitis drives alterations in substrate supply and metabolism 

in the liver. For instance, lysosomal-degradation of unnecessary or 

dysfunctional cellular components is key not only for maintaining 

cellular energy levels during starvation, but also for an adequate 

response of this organ to stressors. ALD/NASH both impair au-

tophagy,47 which is implicated in the pathogenesis of these dis-

eases.

The endoplasmic reticulum (ER) is a multifunctional organelle 

required for the regulation of calcium homeostasis, lipid metabo-

lism, and protein synthesis. A number of cellular stress conditions 

lead to the accumulation of unfolded or misfolded proteins in the 

ER and disruption of ER homeostasis, which can trigger ER stress. 

ER stress activates the unfolded protein response (UPR). The UPR 

pathway includes induction of several molecular chaperones that 

restore cellular homeostasis by promoting the folding or degrada-

tion of unfolded proteins; however, if ER stress is prolonged or too 

severe, the signaling switches from pro-survival to pro-death, 

leading to ER stress-induced apoptosis. Several studies have 

shown that ER stress contributes to the development of ALD.48

To investigate the comorbidity of ALD and metabolic syndrome, 

we have recently applied the mouse model of chronic-binge EtOH 

liver injury (NIAAA model) to obese KK-Ay mice.49 Chronic-plus-

binge EtOH intake induced massive hepatic steatosis along with 

hepatocyte apoptosis and inflammation, and increased ER stress 

markers including binding immunoglobulin protein (BiP), un-

spliced and spliced forms of X-box-binding protein-1 (uXBP1 and 

sXBP1, respectively), inositol trisphosphate receptor (IP3R), and  

C/EBP homologous protein (CHOP), and also enhanced the oxida-

tive stress markers heme oxygenase-1 and 4-hydroxynonenal. Ad-

ministration of the chemical chaperone 4-phenylbutyric acid dur-

ing chronic EtOH exposure ameliorated steatohepatitis after 

chronic-binge EtOH, and completely inhibited both ER and oxida-

tive stress markers. These findings indicated that binge EtOH in-

take after chronic consumption induces massive ER stress-related 

oxidative stress followed by liver injury, and inhibition of ER stress 

using a chemical chaperone is a potential preventive therapy for 

alcoholic liver injury especially in obese subjects.

Figure 1. Impaired balance among uptake, synthesis, catabolism, and 
production/release results in fat accumulation in hepatocytes. VLDL, 
very low density lipoprotein; ATGL, adipose triglyceride lipase; CGI-58, 
comparative gene identification 58; PNPLA3, patatin-like phospholipase 
domain-containing 3; MTP, microsomal triglyceride transfer protein; 
ApoB, apolipoprotein B; TM6SF2, transmembrane 6 superfamily mem-
ber 2; PPARα, peroxisome proliferator-activated receptor α; SREBP1, sterol 
regulatory element binding transcription factor 1; LXR, liver X receptor; 
CD36, cluster of differentiation 36; FXR, farnesoid X receptor.

Figure 2. Ethanol metabolism and lipid accumulation in hepatocytes. 
NAD+, nicotinamide adenine dinucleotide+; NADPH, nicotinamide-ade-
nine dinucleotide phosphate; MDB, mallory denk body; ADH, alcohol 
dehydrogenase; CYP2E1, cytochrome P450 2E1; ROS, reactive oxygen 
species; ER, endoplasmic reticulum; ALDH, aldehyde dehydrogenase; 
AMPK, AMP-activated protein kinase; SREBP-1, sterol regulatory element 
binding transcription factor-1.
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Gut microbiota in steatohepatitis due to metabolic 
syndrome and alcohol

Increasing attention has been paid to the gut microbiota in hu-

man health and disease.50 Indeed, the gut microbiota is dynami-

cally altered by dietary factors, lifestyle, and alcohol intake. Gut 

microbiota-dependent activation of hepatic innate immunity is 

important in the pathogenesis of steatohepatitis caused by both 

alcohol and metabolic syndrome (Fig. 3). Chronic alcohol expo-

sure, as well as dietary overload, compromises gut barrier func-

tion causing increases in intestinal permeability, thereby aggravat-

ing translocation of bacterial products into the portal blood.51 

Pathogen-associated molecular patterns (PAMPs) derived from 

gut microbiota elicit production and release of inflammatory cyto-

kines through multiple innate immune-signaling pathways, result-

ing in the exacerbation of steatohepatitis.52

We investigated the alteration in the small intestinal microbiota 

profile following chronic EtOH feeding in KK-Ay mice, and the ef-

fect of rifaximin (RFX) on liver injury following chronic/binge ad-

ministration of EtOH.53 Treatment with RFX significantly sup-

pressed hepatic steatosis, as well as the increase in oxidative 

stress and inflammatory cytokines, in KK-Ay mice given EtOH-

feeding/binge. Chronic EtOH feeding increased the net amount of 

small intestinal bacteria, but RFX did not prevent this increase. At 

the bacterial order level, however, EtOH dramatically increased 

the relative abundance of the Erysipelotrichales, whose increase 

in RFX-treated mice was drastically substituted for by the Bactero-

idales. Small intestinal bacterial overgrowth (SIBO) and leaky gut 

result in the increase in bacteria-derived substances such as en-

dotoxin (lipopolysaccharide [LPS]) in the portal blood, which elicit 

innate immune responses in the liver. Thus, it has been postulated 

that the modulation of small intestinal microbiota is critical for the 

prevention of alcoholic liver injury in the context of comorbid met-

abolic syndrome.

More recently, it has been demonstrated that Candidalysin, a 

fungal exotoxin, also contributes to the exacerbation of alcoholic 

hepatitis.54 It has been reported that fecal levels of Candida albi-
cans and endothelin-converting enzyme 1 are increased in pa-

tients with alcoholic hepatitis.55 Candidalysin enhances ethanol-

induced liver disease and is associated with higher mortality in 

mice. Indeed, Candidalysin damages hepatocytes in a dose-de-

pendent manner. Moreover, Candidalysin is also associated with 

mortality and the severity of liver disease in patients with alcohol-

ic hepatitis. The variety of bacterial and fungal components and 

products closely associated with the pathophysiology of steato-

hepatitis merit deep interest.

Innate immunity and ALD/NAFLD

It has been shown that metabolic reprogramming of hepatic 

cells during steatohepatitis is not relegated solely to hepatocytes, 

but hepatic macrophages also undergo metabolic reprogramming 

during ALD/NAFLD, which may contribute to polarizing the phe-

notype of the macrophages to a proinflammatory state. Impor-

tantly, PAMPs released from the GI tract activate the innate im-

mune response in liver (Fig. 3). Indeed, innate immune responses 

appear to be primed for stimulus by PAMPs during ALD/NAFLD. 

Liver also contains other types of innate immune cells, including 

natural killer (NK) and NKT cells.56 Both EtOH and diet alter the 

expression patterns of hepatic NK and NKT cells, which dysregu-

lates not only the Th1/Th2 balance in hepatic microenvironment, 

but also immune surveillance against carcinogenesis.57 Therefore, 

maintaining intestinal barrier integrity and the balance of gut mi-

crobiota appears to be key in preventing ALD/NAFLD.

ALD/NAFLD AND HCC

Epidemiological surveys have revealed that the proportion of 

HCC based on non-viral chronic liver diseases is gradually increas-

ing in Japan, although the majority of HCC develops in patients 

with chronic viral hepatitis C and B.58 However the contribution of 

ALD is far from negligible, accounting for almost half of non-viral 

Figure 3. Gut microbiota-dependent activation of hepatic innate im-
munity caused by both alcohol and metabolic syndrome in the patho-
genesis of steatohepatitis. TNF, tumor necrosis factor; ROS, reactive oxy-
gen species; DAMP, damage- associated molecular pattern; PAMP, 
pathogen-associated molecular pattern; LPS, lipopolysaccharide.
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HCC. Since metabolic syndrome-related NASH appears to be in-

creasing, NASH can be predicted to take the place of viral hepati-

tis as the major cause of HCC even in Asian countries including 

Japan in the foreseeable future.

Nowadays, we sometimes encounter patients with NASH bear-

ing large HCC tumors, due to the lack of proper screening strate-

gies.59 In screening fatty liver individuals for HCC, one of the criti-

cal disadvantages is the poor diagnostic value of ultrasound 

examination. Magnetic resonance imaging is a preferable tech-

nique for detection of tumorous lesions in fatty liver; however, it 

is less cost-effective and not suitable for mass-screening.

From the viewpoint of pathophysiology, the mechanisms under-

lying hepatic carcinogenesis in steatohepatitis most likely involve 

metabolic abnormalities including altered sensitivity to insulin, ex-

cessive cellular stress/damage responses, and impaired immune 

surveillance. Further, emerging roles for bacterial metabolites in-

cluding short-chain fatty acids and secondary bile acids in meta-

bolic modulation and carcinogenesis have been proposed,60,61 

suggesting potential prophylactic/therapeutic targets.

EXTRAHEPATIC CARCINOGENESIS IN ALD AND 
NAFLD/NASH

Besides HCC, both alcohol and metabolic syndrome have also 

been demonstrated increase the risk of cancer development in ex-

trahepatic organs. The affected organs, however, show certain 

differences and similarities between ALD and metabolic syn-

drome-based NAFLD. ALD patients, especially those drinking bev-

erages of higher alcohol content, often develop esophageal can-

cer, as well as head and neck tumors.62,63 In contrast, esophageal 

cancer is less frequent in NAFLD individuals, while increases in 

waist circumference is associated with increased risk of Barrett 

cancer.64 On the other hand, both alcohol and diabetes are overt 

risk factors for pancreatic cancer.65 Similarly, both higher alcohol 

intake and obesity/NAFLD have been reported as risk factors for 

cancers of the colon and breast.66,67 It is therefore important to 

pay attention to systemic screening for cancer in patients of both 

ALD and NAFLD/NASH.

CONCLUSIONS

NAFLD is now the most prevalent chronic liver disease, espe-

cially in developed countries worldwide. NASH, a progressive 

form of NAFLD, also gives rise to HCC in its advanced stages. It is 

of note that alcohol intake, even in moderate levels, synergistically 

worsens metabolic steatohepatitis. Since ALD and NASH share a 

common pathophysiological basis involving the gut-liver axis, al-

terations in the gut microbiota (dysbiosis) and subsequent chang-

es in a variety of microbiota-derived components/metabolites 

most likely contribute to the synergistic actions of alcohol and 

metabolic factors in the progression of steatohepatitis and carci-

nogenesis.
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INTRODUCTION

Alcohol is classified as a group 1 carcinogen by the Internation-

al Agency for Research on Cancer because it induces hepatocellu-

lar carcinoma like as other cancers in humans.

Worldwide, liver cancer is the second highest cause of cancer-

related death in men and the sixth highest cause of cancer-related 

death in women. Liver cancer is more common in low-income and 

middle-income countries than in developed countries.1 According 

to the National Cancer Institute, approximately 40,700 cases of 

liver cancer are expected to be newly diagnosed, and approxi-

mately 29,000 patients will die from liver cancer in the USA in 

2017. Besides, the incidence of liver cancer is increasing by ap-

proximately 3–4% per year.2 Indeed, liver cancer is a major public 

health problem. Hepatocellular carcinoma (HCC), which accounts 

for around 70–90% of cases, is the most common type of primary 

liver cancer. Alcohol consumption, the level of which is higher in 

developed countries, especially in the USA and Europe, is one of 

the frequent causes of HCC in developed countries.3 The ratio of 

alcohol abuse to all etiologies of HCC varies according to the 

country and area; alcohol abuse is reported to be responsible for 

approximately 15–30% of HCC4 Understanding the clinical fea-
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tures and the mechanisms of alcohol-based HCC is critically im-

portant to the prevention and detection of early-stage HCC and 

for the development of treatments for HCC. This review summa-

rizes the recent clinical and pathological studies investigating the 

hepatocarcinogenesis in alcohol-related liver disease (ALD).

THE RISKS OF LIVER CIRRHOSIS AND HCC 

According to a World Health Organization report, approximately 

280 million individuals, or 4.1% of the population aged >15 years, 

meet the definition of ‘alcohol-use disorder’ (alcohol dependence 

and the harmful use of alcohol). The prevalence is almost the 

same as the prevalence of hepatitis B, and is four times higher 

than the prevalence of hepatitis C.5 Because of the large popula-

tion, HCC screening such as ultrasonography or the measurement 

of serum tumor marker levels for all of such patients would lead 

to huge medical costs, thus, it is necessary to select individuals 

with a high risk of HCC. In this respect, the American Association 

for the Study of Liver Diseases (AASLD) recommends that patients 

with Child’s classification A/B cirrhosis undergo surveillance for 

HCC using ultrasonography with or without alpha-fetoprotein 

measurement, every 6 months, and does not recommend the 

modification of the surveillance strategy based on the etiology of 

liver disease, the strategy of which is almost the same as that rec-

ommended by the European Association for the Study of the Liv-

er.5 Incidentally, the AASLD guidelines for the management of 

HCC suggested that HCC surveillance is cost-effective if the annu-

al incidence of HCC is 1.5% in patients with cirrhosis.6 Similar to 

hepatitis C and hepatitis B, the presence of alcoholic liver cirrhosis 

is considered to be an important risk factor for the development 

of HCC. It has been reported that approximately 10–20% of 

heavy drinkers develop cirrhosis.5 Several previous studies that 

have assessed the annual incidence of HCC in patients with alco-

hol-induced liver cirrhosis have revealed the rate to be 1.9–2.6%, 

thus, it might be appropriate to perform HCC surveillance for pa-

tients with alcoholic liver cirrhosis.7 However, even when guide-

line-based surveillance was performed, almost 20–30% of HCC 

in patients with cirrhosis were diagnosed at a non-early stage.8

PATHOGENESIS AND GENETICS OF ALCOHOL- 
INDUCED LIVER CARCINOGENESIS

Chronic alcohol intake alters the architecture and compromises 

the functional capacity of the liver by triggering steatosis, steato-

hepatitis and cirrhosis.9 These pathological events are subse-

quently sustained and participate in the carcinogenetic process. A 

number of pathophysiological factors are specific to hepatic alco-

hol-mediated carcinogenesis, including: 1) the formation of acet-

aldehyde and its direct detrimental effects on proteins and DNA; 

2) an elevated production of cytochrome P450 family 2 subfamily 

E member 1 (CYP2E1)- and/or iron-induced reactive oxygen spe-

cies (ROS), further aggravated by the impairment of antioxidant 

defenses and DNA repair mechanisms; 3) changes to the immune 

system and the induction of chronic inflammation; and 4) interfer-

ence with methyl group transfer and alterations to gene expres-

sion (Fig. 1).3

These pathways may be further affected by host-related genetic 

heterogeneity that could partly explain the difference for inter-in-

Figure 1. A number of pathophysiological factors are 
related with ethanol induced hepatocarcinogenesis in-
cluding the formation of acetaldehyde and DNA ad-
ducts which effects on proteins and DNA, an elevated 
production of cytochrome P450 2E1, and ROS. ADH, al-
cohol dehydrogenase; CYP2E1, cytochrome P450 family 
2 subfamily E member 1; ROS, reactive oxygen species; 
ALDH, aldehyde dehydrogenase.
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dividual susceptibility to the development of HCC in patients with 

alcoholic cirrhosis.3

HEPATOTOXICITY OF ETHANOL AND TUMOR 
PROMOTION

Ethanol is oxidized into acetaldehyde by alcohol dehydrogenase 

(ADH) in the cytosol.10 Acetaldehyde then enters the mitochondria 

where it is oxidized to acetate by mitochondrial aldehyde dehy-

drogenase (ALDH). Acetaldehyde is a highly reactive and directly 

mutagenic compound which forms various protein and DNA ad-

ducts that promote DNA repair failure, lipid peroxidation and mi-

tochondrial damage, and ultimately favor carcinogenesis. Another 

major pathway of ethanol metabolism includes its oxidation in mi-

crosomes by the enzyme CYP2E1, a step that requires nicotin-

amide adenine dinucleotide phosphate rather than nicotinamide 

adenine dinucleotide, as for ADH. In parallel, ROS are formed 

through the metabolism of alcohol by CYP2E1 and the re-oxida-

tion of NADH in the mitochondria.11

Genetic variations in the alcohol-metabolizing enzymes that 

modulate the resulting amounts of carcinogenic acetaldehyde 

have been largely explored as potential inherited markers of alco-

hol-induced cancers, including those of the liver.12 In particular, 

patients with ALD who are homozygous for the ADH1C*1 allele 

(thought to confer higher enzymatic activity) appear to be more 

vulnerable to the onset of HCC.13 Similarly, the weakly active 

ALDH2*2-conferring allele has been found to be associated with 

liver cancer in excessive drinkers.14

ALCOHOL-INDUCED OXIDATIVE STRESS AND 
IRON METABOLISM

A pivotal mechanism implicated in alcohol-related hepatocar-

cinogenesis is oxidative stress, which is secondary to ROS derived 

from alcohol metabolism, inflammation and increased iron stor-

age. Indeed, ROS promote damage to cellular macromolecules 

and participate in the progression of liver carcinogenesis through 

the formation of lipid peroxides such as 4-hydroxy-nonenal.15 An 

accumulation of ROS causes structural and functional alterations 

to DNA and affects gene functions such as replication and tran-

scription, and plays a major role in cancer initiation and promo-

tion.16 ROS accumulation also induces the production of various 

cytokines, the activation of immune cells and the upregulation of 

angiogenesis and the metastatic process.17

ROS include hydroxyethyl, superoxide anion, hydroxyl radicals 

and numerous free radicals that accumulate following the succes-

sive actions of pro- and antioxidant enzymes, while antioxidant 

defenses are impaired by ethanol consumption, genetic variants 

affecting the enzymes that regulate the production and detoxifi-

cation of ROS have been shown to modulate the outcome of ALD. 

In particular, myeloperoxidase (MPO), which catalyzes the reac-

tion between H2O2 and Cl- to form the highly reactive hypochlo-

rous acid (HOCl) and anion, 37 is affected by a G to A base ex-

change at position -463 involving its promoter.18 Additionally, 

manganese superoxide dismutase (SOD) 2 generates H2O2 within 

the mitochondria, leading to the formation of highly reactive 

HOCl.18 A genetic dimorphism substitutes either alanine (Ala) or 

valine in the mitochondrial targeting sequence of SOD2 and re-

sults in higher mitochondrial activity for the Ala-SOD2 variant. In 

large prospective cohorts of patients with alcoholic cirrhosis, it 

was shown that the carriage of 2 G-MPO alleles and/or the pos-

session of at least one Ala-SOD2 allele alone were independent 

risk factors for the onset of HCC.12 These variants were also asso-

ciated with liver iron overload, possibly through enhanced mito-

chondrial hydrogen peroxide production, a condition which has 

also been reported to be associated with a risk of HCC in these 

patients, along with the usual HFE gene mutations.19

ACTIVATION OF INNATE IMMUNITY, CYTOKINE 
AND CHEMOKINE SYSTEMS

Alcohol interacts with the immune system and affects tumor 

immune surveillance, both mechanisms which may relate with tu-

mor development and progression. The innate immune response 

aims to identify cancerous clones in order to inactivate transform-

ing cells. This response is promoted by inflammatory mediators 

(chemokines and cytokines) which are produced by various im-

mune cells.18 Alcohol consumption increases gut permeability and 

the translocation of bacteria-derived lipopolysaccharide (LPS) 

from the gut to the liver, in Kupffer cells, LPS interacts with toll- 

like receptor (TLR) 4, which leads to the production of pro-inflam-

matory cytokines such as interleukin (IL)-6 and tumor necrosis 

factor (TNF)-α.18 These molecules are major pathways involved in 

hepatocarcinogenesis.20 Although the precise mechanisms by 

which pro-inflammatory cytokines promote liver cancer develop-

ment are not fully understood, their signals regulate gene expres-

sion through the signal transducer and activator of transcription 3 
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(STAT3) and nuclear factor-κB (NF-κB) transcription factors. NF-

κB, one of the main transcriptional regulators of the inflammatory 

response, is activated during ALD and increases the production of 

various pro-inflammatory mediators which include TNF-α, IL-1, IL-6, 

EGF and TLRs, the latter promote ROS accumulation and activate 

STAT3, thus participating in cancer development.21 In patients 

with ALD, the highly productive cytokine IL-6 -174G allele is asso-

ciated with HCC, and epidermal growth factor (EGF) promotes 

cancer growth and invasiveness, and which is subject to function-

al polymorphism involving an A to G exchange in the 50 untrans-

lated region of the EGF gene.18 The G allele, resulting in higher 

transcription levels, has been associated with the presence of HCC 

in Caucasian populations affected by alcohol- or hepatitis C virus 

(HCV)-related liver diseases, a finding that was further confirmed 

by a recent meta-analysis.22

MODULATION OF LIPID METABOLISM

Alcohol abuse is characterized by an accumulation of fat (mainly 

triglycerides, phospholipids and cholesterol esters) in hepatocytes. 

Initially revealed by genome-wide association studies, some single 

nucleotide polymorphisms (SNPs) might associated with hepato-

carcinogenesis (Table 1). A SNP (rs738409 C>G for I148M) in the 

adiponutrin/patatin-like phospholipase domain containing protein 

3 (PNPLA3) protein sequence has rapidly become a well-estab-

lished genetic factor associated with steatosis and fibrosis in  

patients with ALD.12 This genetic variation is considered a loss- 

of-function mutation that promotes intracellular triglyceride accu-

mulation and lipotoxicity in hepatocytes.18 The rs738409 (G) allele 

has been highlighted as a major genetic driver of liver cancer de-

velopment in patients with alcoholic cirrhosis by numerous Euro-

pean research groups in the context of both large case- control 

and prospective studies, as well as subsequent meta-analyses.18 

Other polymorphisms affecting genes involved in lipid metabolism 

have also been proposed.18

GUT-LIVER AXIS AND HEPATOCARCINOGEN-
ESIS

Consolidating evidence arose in recent years indicating that al-

cohol not only alters the quantitative and qualitative composition 

of the microbiome, but also induces alterations of the epithelial 

intestinal barrier with consequent release of bacteria and bacterial 

products that fuel the inflammatory response in the liver. It has 

been demonstrated that, upon alcohol exposure, LPS and other 

bacterial products are released into the circulation and can bind 

to members of the TLRs family on the cellular membrane of he-

patic resident macrophages (Kupffer cells), thereby triggering the 

production of pro-inflammatory mediators in these cells.23 Fecal 

microbiota transplantation and fecal microbiota manipulation via 

use of prebiotics might represent a valuable therapy against alco-

holic liver injury and steatosis.24,25 Recent pioneering work has 

identified gut-liver communication and the microbiome as important 

components involved in the development of ALD.26,27 The unpub-

lished data from our institute, in alcohol-related cirrhotic patients, 

status of dysbiosis was associated and with hepatocarcinogenesis 

and an independent risk factor for developing HCC.

CLINICAL RISK FACTORS

Age is one of the most significant risk factors for many malig-

nancies including HCC in ALD patients.18 Alcohol consumption has 

been associated with an increased risk of several malignancies, 

Table 1. Summary of the most SNPs with hepatocarcinogenesis in ALD

Gene name Main identified SNPs Protein functionality

Alcohol dehydrogenase (ADH) ADH1B*2, ADH1B*3, ADH1C*1 Increased enzymatic activity

Aldehyde dehydrogenase (ALDH) ALDH2*2 Reduced enzymatic activity

Cytochrome P450 family 2 subfamily E member 1 (CYP2E1) Pastl/Rsal Increased enzymatic activity

Methylenetetrahydrofolate reductase (MTHFR) C677T Reduced enzymatic activity

Patatin-like phospholipase domain containing protein 3 (PNPLA3) I148M Loss of enzymatic function

Transmembrane 6 superfamily member 2 (TM6SF2) E167K Loss of expression and function

Neurocan (NCAN) rs2228603 T allele Altered functionality, unclear mechanisms

SNP, single nucleotide polymorphism; ALD, alcohol-related liver disease.
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this risk starting at doses as low as 10 g/1 unit/day.28 It is an inde-

pendent risk factor for the development of HCC, with a relative 

risk of 2.07 for heavy drinkers compared to non-drinkers and the 

relative risk is also slightly increased in occasional drinkers, while 

in the setting of non-fibrotic liver F0/F1, heavy alcohol consump-

tion is no longer associated with an HCC risk after adjustment for 

smoking habits and metabolic syndrome.29

There might be a gender difference in the volume of alcohol in-

take that increases the risk of alcohol-induced liver damage and 

the development of HCC. It has been reported that the risk of de-

veloping cirrhosis becomes substantial with the consumption of 

60–80 g/day of alcohol for 10 years in men and 20 g/day for 10 

years in women.14,23 In addition, women showed a more rapid 

progression (20 years) to cirrhosis than men (35 years).30 Among 

individuals who consume more than 80 g/day of alcohol, the risk 

of HCC development in women has been shown to be almost 

fivefold higher than that in men.30 However, the overall preva-

lence of HCC in women is small compared with that in men. Vari-

ous mechanisms have been suggested to underlie the higher sen-

sitivity of women to alcohol. After the oral administration of 

alcohol, women show less first-pass metabolism of alcohol, which 

is defined as the difference in the amount of orally administered 

ethanol and the quantities in the systemic blood, due to their low-

er gastric ADH activity, which results in a higher serum concentra-

tion of alcohol.31 Thus, even when the same amount of ethanol is 

consumed, the female liver may be exposed to more ethanol. Fur-

thermore, estrogen, a female sex hormone, may play an important 

role in alcohol-induced liver injury. It has been shown that estro-

gen increases the sensitivity of Kupffer cells to LPS, which results 

in more severe liver injury, and many previous studies have re-

ported that more severe inflammatory responses in the liver and 

fat tissue, which were associated with TLR4 signaling, were seen 

in female patients.5

In patients with ALD, the coexistence of hepatitis virus has been 

shown to accelerate the disease course. In patients with a high 

alcohol intake (>60 g/day to 125 g/day), the coexistence of HCV 

has been shown to increase the risk of alcohol-associated liver 

cirrhosis.5 Furthermore, heavy alcohol consumption has also been 

shown to increase the risk of developing HCC.5 Patients with co-

existing hepatitis B virus (HBV) are at increased risk of developing 

fibrosis and HCC.5 In addition, self-resolved HBV infection can be 

a risk factor for developing HCC in patients with alcoholic cirrho-

sis.5

Moreover, alcohol synergizes with other risk factors for HCC, 

such as diabetes mellitus and viral hepatitis. In patients consum-

ing excessive alcohol, defined as over 80 g/day, the risks of HCC 

rose from 2.4 to 9.9 in patients with diabetes, and from 19.1 to 

53.9 in patients with HCV infection.32,33 Obesity also has a syner-

gistic effect.34

Conversely, alcohol cessation is associated with a risk of HCC 

that falls by 6–7% per year, but the detrimental effects of alcohol 

can remain for decades, a wash-out period of 23 years being nec-

essary to achieve the same incidence of HCC seen in abstinent 

patients. However, these results need to be considered with cau-

tion as this analysis only included four studies.35

CONCLUSION

Several clinical factors increase the risk of alcohol-induced HCC. 

A large alcohol intake, coexistence of diabetes and hepatitis virus 

infection, and female gender are established factors. For the 

mechanisms of hepatocarcinogenesis are increasing evidence to 

suggest that many factors are involved. Alcohol metabolites and 

adducts have been shown to induce oxidative stress, direct muta-

genesis, the aberrant methylation of DNA or protein on hepato-

cytes, and the immune system might be implicated in the devel-

opment and progression of HCC. Further studies are needed to 

reduce the risk of HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common can-

cer and second leading cause of cancer deaths in the world.1,2 It is 

known that hepatocyte proliferation and survival are tightly con-

trolled by signaling pathways, which also mediate the interactions 

between hepatocytes and the stroma. Miss-regulation of these 

signaling pathways led to malignant changes of hepatocytes 

causing HCC in human and animal models.1,3-8 It is imperative to 

understand how these signaling pathways are regulated and in-

teract with each other.

The Hippo signaling pathway is evolutionarily conserved and 

plays critical roles restricting cell proliferation and survival in em-

bryonic development and tumorigenesis in adult lives.9,10 Key 

components of this signaling pathway in mammalian cells include 

a kinase cascade that contains serine/threonine-protein kinase 

4/3 (MST1/2, respectively), large tumor suppressor kinases (LATS) 

1/2, the transcription coactivators yes-associated protein (YAP) 
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and its paralog WW domain-containing transcription regulator 

protein 1 (WWTR1; or transcriptional co-activator with PDZ-bind-

ing motif [TAZ]).11 The Hippo pathway receives and is critically 

regulated by many signaling inputs such as cell contacts, mechan-

ical cues, and G protein-coupled receptors (GPCRs).12-14 The Hippo 

kinase MST1/2 are activated by phosphorylation or trans-auto-

phosphorylation of its activation loop site. MST1/2 bind to its 

scaffold protein Salvador family WW domain containing protein 1 

(SAV1) in a heterotetramer form to facilitate MST1/2 activation 

and localization to the plasma membrane. Monopolar spindle-

one-binder (MOB) 1 helps recruit LATS1/2 to MST1/2 to allow 

LATS phosphorylation by MST1/2 to promote LATS autophosphor-

ylation and activation. The linker phosphorylation sites of MST1/2 

also recruit the striatin-interacting phosphatase and kinase com-

plex to dephosphorylate and inactivate MST1/2, therefore creating 

a negative feedback to restrict MST activity.9,15 Upstream regula-

tors such as KIBRA and Mer/NF2 facilitate the Hippo kinase cas-

cade by recruiting LATS to the plasma membrane for its activation 

by Hippo/MST.9 Activated LATS1/2 phosphorylate and inactivate 

YAP/TAZ subsequently, as phosphorylated YAP and TAZ are se-

questered in the cytoplasm by binding to the 14-3-3 protein or are 

ubiquitinated by SCFβ-TRCP E3 ligase, resulting in proteasomal deg-

radation.16-25 When the Hippo kinase cascade is inactivated, YAP 

and TAZ are not phosphorylated and therefore stabilized and 

translocate into the nucleus, bind to transcription factors to regu-

late target gene expression that promotes cell proliferation and 

survival.26,27 TEA/ATTS domain (TEAD) family transcription factors 

(TEAD1–4) are key partners for YAP/TAZ.27,28 The Hippo signaling 

pathway is oncosuppressive as there are four tumor suppressors 

intrinsic to this pathway: Hippo kinase MST1/2, LATS1/2, SAV1, 

and MOB. In the mouse liver, the Hippo kinase MST1 and MST2 

inhibit hepatocyte proliferation, survival, and HCC formation by 

inhibiting YAP/TAZ activation.29-31 Many studies have shown that 

genetically inactivating core components of Hippo pathway leads 

to development of liver cancer in mice (Table 1).

In the past decade, many studies have established the Hippo 

signaling pathway as a key regulator of liver growth and tumori-

genesis. In mouse liver tumors, the chromosome region of YAP is 

amplified and nucleus localization of YAP is significantly in-

creased.32 Overexpressing activated form of YAP, as well as delet-

ing upstream kinases, leads to hepatomegaly and liver tumorigen-

esis.16,29-31,33-39 In human HCC and cholangiocarcinoma (CCA), the 

other common type of primary liver cancer that originates from 

bile duct epithelial cells,40 abnormal activation of YAP and TAZ 

has been observed and correlates with high progressive and low 

differentiated tumor types, resulting in poor prognosis.41-45 Al-

Table 1. Mouse models of Hippo deficient liver

Gene Mouse model Experimental phenotype and tumor type Reference

YAP ApoE/rtTA; TRE-Yap (overexpression) Hepatomegaly, trabecular type of HCC 16

LAP1-tTA; TetOYapS127A (overexpression) Hepatomegaly, dysplastic hepatocytes with irregular, enlarged 
nuclei, a high nuclear to cytoplasmic ratio, HCC

33

AAV-TBG-Cre; R26LSLrtTA; TetOYapS127A 
(overexpression)

Hepatomegaly, HCC 34

Mst1/2 Ad-Cre; Mst1–/–, Mst2f/f Hepatomegaly, HCC 30

Alb-Cre; Mst1–/–, Mst2f/– Hepatomegaly, HCC/ICC 29

Alb-Cre; Mst1f/f, Mst2f/f Hepatomegaly, both well and poorly differentiated HCC, ICC 25

Nf2 Alb-Cre; Nf2f/f Hepatocyte and biliary epithelium over proliferation, HCC/ICC 37

Ad-Cre; Nf2f/f Variety of histopathological types of HCC, poorly differentiated ICC 38

Sav1 Alb-Cre; Sav1f/f Expansion of hepatic progenitor cells, HCC/CC 46

Mob1a/b Alb-Cre; Mob1af/f, Mob1b–/– Hyperplasia of oval cells, hepatocellular adenomas, HCC, ICC or 
cHCC-CCA

36

Lats1/2 Alb-Cre; Lats1f/f; Lats2f/f Expansion of immature BECs, bile duct malformation, perinatal 
lethality

49,51

Ad-Cre; Lats1f/f; Lats2f/f Hepatomegaly, biliary cell expansion, ICC 48

Kibra Alb-Cre; WWC1f/f, WWC2f/f HCC/ICC 47

YAP, yes-associated protein; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; cHCC-CCA, combined hepatocellular-cholangiocarcinoma; 
BEC, biliary epithelial cell.
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though inactivation of the oncosuppressive Hippo signaling path-

way in the liver promotes tumor formation rapidly, no mutation 

has been found in core Hippo components in human HCC yet. Re-

cent studies have further identified key function of the Hippo 

pathway in diverse physiological and pathological processes such 

as cell fate determination, stem cell regulation, regeneration, and 

immunity, beyond organ size control in development.9 In this re-

view, we discuss the roles of hepatic Hippo signaling pathway in 

liver tumorigenesis and progression.

HEPATIC HIPPO SIGNALING INHIBITS TUMORI-
GENESIS BY CONTROLLING HEPATOCYTE 
PROLIFERATION AND FATE REPROGRAMMING

The roles of hepatic Hippo signaling components in liver size 

control and tumor formation have been extensively studied in 

mouse mutants (Table 1). Inactivation of Sav1,31,46 Nf2,37 Kibra,47 

Mst1/2,29-31 Mob1a/b,36 or Lats1/2 48,49 results in hepatomegaly and 

tumor formation. YAP/TAZ are activated in these tumors and liver-

specific overexpression of YAP16,33 results in liver tumor formation 

too. Furthermore, the Hippo-deficient liver tumors can be rescued 

by reducing YAP/TAZ levels,37,50 indicating that YAP/TAZ activation 

mediates the tumorigenic effects. Although enhanced cell prolif-

eration and survival have been observed in these Hippo-deficient 

liver tumors, change of hepatocyte fate has also been found, 

which ultimately determines the liver tumor types. For instance, 

while Mst1/2 loss driven by the Alb-Cre in mice led to both HCC 

and intrahepatic cholangiocarcinoma (ICC) formation,29-31 Nf2- or 

Lats1/2-deficient livers develop liver tumors with both HCC and 

ICC features (Table 1).37,48,49,51 It is possible that the differences are 

due to different levels of YAP/TAZ activation, but the underlying 

molecular mechanisms are still not clear. Indeed, it has been 

found that in human HCC and CCA, combined HCC-CCA and CCA 

patients showed high expression levels for YAP and TAZ, while 

only some patients of the HCC group were positive.52 In addition, 

when challenging diagnosis of combined HCC-CCA (cHCC-CCA) 

was helped with markers of Hippo components, positivity for YAP 

and TAZ was observed in the hepatocellular and cholangiocellular 

components of cHCC-CCA, and suggests a single cell origin in 

combined HCC-CCA. K19 is a specific marker for cholangiocytes. 

Within the K19– HCC group, YAP and TAZ expression are statisti-

cally significant predictor of poor prognosis.52

It has been shown that induced YAP activation in mouse hepa-

tocytes leads to hepatocyte dedifferentiate to hepatic progenitor 

cells (HPCs), which are clonogenic progenitor/stem cells that can 

differentiate into both hepatocytes and cholangiocytes.34 High 

YAP levels further push the HPCs to become cholangiocytes as 

termination of YAP activation leads to restoration of hepatocyte 

fate of the HPCs.34 Consistent with findings in mouse models, 

transcriptome analyses of human liver cancers showed that HCC 

patients with the silence of Hippo signaling (SOH) signature had a 

significantly poorer prognosis than those without the SOH signa-

ture. In addition, there was a significant concordance between 

the SOH HCC subtype and the hepatic stem cell HCC subtype.43 It 

has been reported that 5–10% of human HCC has genomic am-

plification of the genomic locus containing YAP,32 and high levels 

of YAP protein expression have also been detected in a majority 

of human liver cancers44,53 supporting that increased YAP/TAZ ac-

tivities contribute to liver tumorigenesis. Treatment for advanced 

HCC in mice using small interfering RNA targeting Yap restores 

hepatocyte differentiation, leading to tumor regression.54

One way for hepatic Hippo signaling to control cell proliferation 

and differentiation is by interacting with other transcription fac-

tors and oncogenic signaling pathways.55-58 Among these, activa-

tion of Notch, Wnt/β-catenin, and Stat3 signaling pathways have 

been found to cause liver cancers.59-64 The Notch signaling path-

way has been identified as a functional target of YAP. In human 

HCC, a Notch ligand JAGGED 1 (JAG 1) has been identified as a 

direct YAP downstream target contributes to high Notch signaling 

activity in tumor.65 In mice, Notch ligand JAG 1 and Notch recep-

tor Notch2 have been also identified as downstream targets of 

YAP.34,56 Removing Rbpj , which encodes a core transcriptional fac-

tor of Notch signaling pathway, or Jag 1 in hepatocytes or inhibit-

ing Notch signaling pharmacologically with DAPT, largely blocked 

liver tumor formation and hepatocyte to cholangiocyte transdif-

ferentiation.34,56 The positive feedback between Notch signaling 

and YAP/TAZ suggests that Notch signaling could be a therapeu-

tic target for treating HCCs caused by Hippo signaling inactivation 

or YAP/TAZ activation. Crosstalk between the Hippo/YAP/TAZ and 

Wnt/β-catenin signaling pathway in HCC and control of hepato-

cyte fate are complex. In mice, β-catenin activation and inactiva-

tion both promote HCC formation, and β-catenin activation has 

been found in liver tumors caused by Mst1/2 deletion.29 Coactiva-

tion of β-catenin and YAP was also found in Human hepatoblas-

toma (HB)—a rare and severe less-differentiated malignant liver 

tumor, but not in most human HCC or CC. Co-expressing activat-

ed forms of β-catenin and YAP together in mouse hepatocytes in-

duced severe HB-like tumor, which was first found in the central 

vein area.44 While all these studies argue for possible synergistic 
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interactions between β-catenin and YAP during HCC formation, 

β-catenin deletion in the Mst1/2 double knock-out mouse liver 

also significantly promoted initiation and progression of liver tu-

mors formed by hepatocyte-derived HPCs, often found in the por-

tal vein area.56 These findings suggest that β-catenin may play 

dual roles in regulating YAP activities and cell fate determination. 

In the peri-central vein area of the liver, Notch signaling activity is 

low, high β-catenin levels in hepatocytes coordinate with Yap to 

promote HB formation under pathological conditions, but in the 

peri-portal vein area where Notch signaling is higher and HPCs 

are found, β-catenin in hepatocytes maintains hepatocyte fate 

and suppresses hepatocyte dedifferentiation or transdifferentia-

tion by inhibiting Notch signaling activation.

In addition to regulating hepatocyte fate in the liver, Hippo sig-

naling also regulates hepatocyte survival. In the liver-specific 

Mst1/2 conditional double knock-out mice, hepatocytes are resis-

tant to tumor necrosis factor α-induced apoptosis and acetamino-

phen-induced hepatotoxicity.29,66 Further studies showed that Yap 

promoted degradation of proapoptotic factors FoxO1/3 through 

Skp2-induced acetylation,67 YAP also induced chromosome insta-

bility by interacting with FoxM1.45 These studies suggest that YAP 

may promote tumorigenesis by restricting cell death and promot-

ing chromosome instability.

THE HIPPO-YAP SIGNALING PATHWAY REGU-
LATES TUMOR MICROENVIRONMENT (TME)

Since Virchow hypothesized that cancer originated at sites of 

chronic inflammation in 1863,68 recent studies have expanded the 

concept that inflammation is a critical component of tumor initia-

tion and progression. It is now clear that TME largely orchestrated 

by inflammatory cells, is an indispensable participant in neoplastic 

process, fostering proliferation, survival, and migration. In the last 

few decades, immunotherapy has shed new light in and become 

an important part of treating some devastating cancers. There-

fore, there is an urgent need to better understand cancer immune 

interactions, particular under specific contexts of cells, tissues, 

and molecular pathways involved. Human HCC is an example of 

inflammation-induced cancer. Chronic viral hepatitis, metabolic 

liver diseases, and alcohol abuse cause chronic inflammation, 

which in turn, induces fibrosis, cirrhosis, and cancer.69-71 Specifi-

cally, macrophages function in the initiation and maintenance of 

inflammation and tumor-associated macrophages (TAMs) play 

critical roles during cancer progression.72,73

The oncosuppressive Hippo signaling pathway not only plays 

critical roles inhibiting hepatocyte proliferation, survival, and HCC 

formation,29-31 its activity in hepatocytes also shapes the immune 

microenvironment by regulating macrophage infiltration and TAM 

differentiation.29,56 We and others recently showed that loss of 

Hippo kinases MST1/2 or YAP activation in hepatocytes signifi-

cantly enhanced macrophages infiltration through YAP-dependent 

monocyte chemoattractant protein-1 (MCP1) expression.50,74 

MCP1 deletion dramatically reduced the hepatomegaly and tumor 

formation in the liver specific Mst1/2 double knock-out mice, 

demonstrating that infiltrated macrophages are critical for initia-

tion and progression of liver tumor. The recruited macrophages 

further protect the Yap-high tumor initiating cells from immune 

clearance to promote tumorigenesis.74 Related to these findings, 

TAZ activity in hepatocytes mediates macrophage accumulation in 

the inflamed and fibrotic liver parenchyma in mouse models of 

nonalcoholic steatohepatitis,75 which often precedes HCC.

Programmed cell death ligand 1 (PD-L1) is an immune check-

point molecule that inhibits cytotoxic T cell function to allow tu-

mor cells evade immune surveillance. Interestingly, PD-L1 is a tar-

get of Hippo signaling, and TAZ-induced PD-L1 upregulation was 

sufficient to inhibit the function of cytotoxic T cells.76 Moreover, 

tumor-derived lactate also induced PD-L1 expression in a TAZ-de-

pendent manner.76,77 However, clinical studies for HCC revealed 

that the efficacy of blocking PD-L1 is not significantly better than 

existing drugs. But recently, more encouraging results showed 

that combination of atezolizumab (anti-PD-L1) and bevacizumab 

(anti-vascular endothelial-derived growth factor) had better over-

all and progression-free survival than sorafenib in treating unre-

sectable HCC (IMbrave 150).78 In addition, Moroishi et al.79 also 

observed that tumor cells with deleted Lats1/2 , while activated 

YAP/TAZ, significantly boosted anti-tumor immune responses and 

inhibited tumor growth by secreting nucleic-acid-rich extracellular 

vesicles, which induced a type I interferon response via the Toll-

like receptors-MYD88/TRIF pathway. It will be important to fur-

ther understand the underlying mechanism for the difference.

It is known that a Hippo kinase MST1 plays important roles in 

human immune system. Mst1 deficiency in human patients caused 

immunodeficiency and lymphopenia.80 Animal studies also 

showed that Mst1/2 conditional deletion in immune cells results 

in features of autoimmune phenotypes including lymphocyte infil-

tration, Th-17 overactivation and autoantibody production.81 

While TAZ was shown to inhibit regulatory T cells (Treg) differen-

tiation and promote Th-17 differentiation,81 YAP was found to be 

necessary for Treg differentiation and function in the suppression 
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of antitumor immunity by activating activin/SMAD signaling82 or 

through increasing the expression of transforming growth factor β 

receptor-2.83 YAP and TAZ are both downstream effectors of 

MST1/2, the distinct roles of TAZ and YAP in Treg differentiation 

indicate the necessity to further investigate their regulations and 

targets in T cells.

HIPPO SIGNALING PATHWAY IN TUMOR META-
BOLIC REPROGRAMMING

As Hippo signaling critically controls cell proliferation and sur-

vival, it is not surprising that this pathway both regulates and is 

regulated by cell metabolism and energy availability. YAP and TAZ 

have emerged as nodes in coordinating nutrient and energy pro-

duction and expenditure. While high levels of glucose and fatty 

acids activate YAP/TAZ transcription, YAP/TAZ have also been 

shown to promote metabolic processes such as glycolysis, lipo-

genesis, and glutaminolysis to ensure adequate nutrient supply 

for cell and tissue growth.84 Aerobic glycolysis has been recog-

nized as a common hallmark of solid tumors. Glycolytic metabo-

lism provides the majority of chemical precursors required for the 

synthesis of nucleotides, amino acids, and lipids which are neces-

sary building blocks for cell growth and proliferation. In the liver, 

excess nutrient supply can lead to steatosis and steatohepatitis, 

conditions called nonalcoholic fatty liver disease (NAFLD), in 

which abnormal lipid accumulation results in inflammation and 

death of hepatocytes, promoting fibrosis, cirrhosis, and eventually 

liver cancer. In mouse NAFLD models and in human steatohepati-

tis samples, increased YAP/TAZ levels have been observed, asso-

ciated with ductular reactions. It has been reported that expres-

sion of activated TAZ promotes inflammation, NAFLD, and tumor 

formation, linking TAZ – but not YAP, to NAFLD, but not steatosis, 

in tumor development.75,85 One mechanism how steatosis could 

promote YAP/TAZ activation is through the obesity-associated 

protein JCAD that inhibits upstream LATS2.86 The differential roles 

of YAP and TAZ have been reported under multiple context in-

cluding NAFLD, it will be important to further understand the mo-

lecular mechanisms that determine the functional specificity of 

YAP and TAZ.

Glycolytic metabolism in tumor cells also plays crucial roles in 

rewriting the TME, and facilitates the tumor growth, angiogene-

sis, metastasis, as well as immune surveillance. For example, lac-

tate, the metabolite of glycolysis could directly trigger M2 polar-

ization of the macrophages; suppress the proliferation and 

cytotoxic function of T cells. Recent studies showed that aerobic 

glycolysis increased YAP/TAZ transcriptional activity through the 

interaction with PFK1 or AMPK inhibition.87 On the other hand, 

Figure 1. Schematics of the roles of Hippo signaling in hepatocytes. Hippo signaling plays multiple roles in hepatocytes, and these functions may all 
shape tumor microenvironment if tumor arises as a result of Hippo signaling deficiency. In addition, Hippo signaling activities are intimately regulated 
by the microenvironment surrounding the hepatocytes. SAV1, Salvador family WW domain containing protein 1; LATS, large tumor suppressor kinases; 
YAP, yes-associated protein; PD-L1, programmed cell death ligand 1; JAG 1, JAGGED 1.
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glucose starvation or the glycolysis inhibitor 2-deoxy-D-glucose-

induced cellular energy stress, which increased AMPK-dependent 

LATS activation that inhibits YAP/TAZ activation.88 In addition, 

administration of methylglyoxal, a metabolite of glycolysis, in-

creases YAP activation and nuclear translocation by increasing 

heat shock protein 90 glycation and LATS1 degradation.89

YAP/TAZ activation also regulates the cellular metabolic repro-

gramming in tumor cells. Hypoxia is a well-known common fea-

ture in most solid TME. A recent study revealed that hypoxic stress 

promoted YAP/HIF1A interaction and PKM2 expression to further 

increase glycolysis in HCC cells.90 In addition, HMGB1 was found 

to increase glycolysis and liver tumorigenesis in a YAP/HIF1-α de-

pendent manner, and inhibition of the HMGB1-YAP-HIF1-α path-

way reduced glycolysis and liver tumor growth.91 The mevalonate 

pathway is responsible for production of cholesterol, bile acids 

and steroid hormones and is often upregulated in liver tumor. It 

was shown that the mevalonate pathway is critical for YAP/TAZ 

activity and the underlying mechanism is mediated by RHO mem-

brane localization and activity.92 Inhibiting the mevalonate path-

way by statins significantly suppressed TAZ levels and improved 

the prognosis of HCC patients.93 Therefore, the mevalonate path-

way could be a therapeutic target to reduce YAP/TAZ activation 

for liver tumor treatment. Taken together, these findings indicate 

that Hippo/YAP signaling can also control tumor initiation and 

progression by regulating cell metabolism.

CONCLUSION AND FUTURE PERSPECTIVES

The hepatocyte appears to be a major cell type that is regulated 

by the Hippo signaling pathway in multiple ways (Fig. 1). As our 

knowledge about how Hippo signaling is transduced and regulat-

ed in hepatocytes expands over the last decade, the molecular 

mechanisms whereby Hippo signaling regulates multiple aspects 

hepatocyte physiology and pathology remain to be further eluci-

dated. For example, although YAP/TAZ promote hepatocyte pro-

liferation and survival, YAP/TAZ-deficient liver can still regenerate. 

In addition, in acute and chronic liver injury, it will be important 

to understand how Hippo signaling regulates HPC formation and 

hepatocyte/cholangiocyte fate determination. Hippo signaling in-

teracts with many signaling pathways and therefore, when con-

sidering the Hippo pathway as therapeutic targets, its pleiotropic 

functions must be carefully considered. While inhibition of YAP or 

TAZ is beneficial to reducing steatohepatitis, cirrhosis, and cancer, 

it could inhibit liver regeneration upon liver cell damage. In addi-

tion, it is still a mystery in several cases why YAP and TAZ appear 

to differentially regulate a similar process. Finally, because of the 

proved roles of Hippo signaling in regulating factors important in 

TME (Fig. 1), and the success of immune therapy, blocking Hippo 

signaling in mediating reciprocal interactions between pre-tumor/

tumor cells and TME may provide promising HCC/ICC therapeutic 

strategies. However, there are many unanswered fundamental 

questions regarding hepatic function of Hippo signaling in regu-

lating TME and TAM differentiation. 1) What are the populations 

of the TAMs and how are they induced by Hippo-deficient hepa-

tocytes? 2) What are the other immune cells in the TME and how 

are they regulated by hepatic Hippo signaling? The knowledge 

gained by answering these questions will establish a solid new 

foundation for further mechanistic investigation of hepatic Hippo 

signaling in inducing inflammation, TME remodeling and provide 

new targets and strategies to treat HCC.
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