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

Primary biliary cholangitis (PBC), formally named primary biliary 

cirrhosis until 2016, is a chronic cholestatic liver disease. The first 

patient presenting with symptoms resembling PBC was described 

in the literature in 1851.1 When the term “primary biliary cirrhosis” 

initially appeared in the title of an article published in 1949 by 

Dauphinee and Sinclair,2 most early descriptions of PBC involved 

patients at the cirrhotic stage, with jaundice, ascites, and variceal 

bleeding; therefore, the nomenclature “primary biliary cirrhosis” 

was correct at that time. However, the use of biochemical and im-

munological tests in clinical settings has enabled the diagnosis of 

Current understanding of primary biliary cholangitis 
Atsushi Tanaka

Department of Medicine, Teikyo University School of Medicine, Tokyo, Japan

Primary biliary cholangitis (PBC) causes chronic and persistent cholestasis in the liver, eventually resulting in cirrhosis 
and hepatic failure without appropriate treatment. PBC mainly develops in middle-aged women, but it is also common 
in young women and men. PBC is considered a model of autoimmune disease because of the presence of disease-
specific autoantibodies, that is, antimitochondrial antibodies (AMAs), intense infiltration of mononuclear cells into the 
bile ducts, and a high prevalence of autoimmune diseases such as comorbidities. Histologically, PBC is characterized by 
degeneration and necrosis of intrahepatic biliary epithelial cells surrounded by a dense infiltration of mononuclear cells, 
coined as chronic non-suppurative destructive cholangitis, which leads to destructive changes and the disappearance 
of small- or medium-sized bile ducts. Since 1990, early diagnosis with the detection of AMAs and introduction of 
ursodeoxycholic acid as first-line treatment has greatly altered the clinical course of PBC, and liver transplantation-free 
survival of patients with PBC is now comparable to that of the general population.  (Clin Mol Hepatol 2021;27:1-21)
Keywords: Anti-mitochondrial antibody; Epidemiology; Bezafibrate 
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PBC at earlier stages. Furthermore, the establishment of ursode-

oxycholic acid (UDCA) as a first-line treatment drug remarkably 

reduced disease progression to cirrhosis. In fact, while half of pa-

tients diagnosed as PBC had one or more symptoms at diagnosis 

in the 1980’s, 75–80% of patients were asymptomatic without 

any complaint of symptom at diagnosis after 2000 in Japan. The 

serious gap between the disease manifestation and its misnomer 

became wider, and the term “cirrhosis” became not merely an in-

accuracy but an active stigma for patients, motivated by the 

change of nomenclature of the disease, from cirrhosis to cholangi-

tis.3-10 The Asian Pacific Association for the Study of Liver (APASL) 

also officially approved this decision, and the new nomenclature 

“primary biliary cholangitis” is currently used in the official journal 

of the APASL.11

EPIDEMIOLOGY

The prevalence and incidence of PBC vary considerably world-

wide (Fig. 1). This discrepancy can be attributed to the true epide-

miological difference between regions or study periods, to the 

variation in study designs for case finding or ascertainment, or 

difference in the diagnosis of PBC among physicians. Notably, 

awareness of PBC may still not be satisfactory in some Asian and 

African countries where epidemiological studies are scarce, and 

the sample size in some studies is very small. PBC is believed to 

Figure 1. Epidemiological data of PBC over time and in different geographical regions. (A) The prevalence (per 100,000 population) and (B) incidence 
(per 100,000 population) of PBC. PBC, primary biliary cholangitis.
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be a rare disease in the Asia-Pacific region, and both the preva-

lence and incidence seemed to be lower in the Asia-Pacific region, 

as indicated by recent epidemiological studies in South Korea or 

Hong Kong (Fig. 1).12,13 In contrast, a 2016 study in Japan reported 

that the point prevalence of PBC was 33.8 per 100,000 in the 

Japanese population,14 which was comparable to that in European 

countries, the United States, and Canada. A recent review from 

South Korea defined a “rare disease” by either the prevalence 

(1,500–2,500 per 100,000 population) or patient number 

(<20,000).15 According to this definition, PBC is a rare disease, 

but interestingly, there is a substantial difference in the prevalence 

between Japan and South Korea or Hong Kong.

Other studies also indicated an increasing trend in the preva-

lence of PBC over time (Fig. 1A).16 Longitudinal studies in identical 

regions consistently showed an increase in the prevalence of 

PBC.14,17,18 Since sequential studies demonstrated an increasing in-

cidence of PBC (1.67 in 2009 and 5.31 in 2015, in Italy19,20) or a 

relatively stable incidence (2.6 in Sweden18), it is unclear whether 

a true increase or improved overall survival has contributed to the 

increasing prevalence of PBC.

One of the signatures of PBC is its female preponderance. Ret-

rospective analysis indicated that the female:male ratio was 

9:121,22 in the 1990s and early 2000s, and this overt female pre-

disposition has provided researchers a clue in clarifying the etiolo-

gy of PBC. Notably, female predominance is still clearly observed 

today; however, it is less pronounced; the female:male ratio was 

less than 5:1 in most recent epidemiological studies and even 

2.1:1.19 The reason for the relative increase in the number of male 

patients with PBC remains unclear, but a better recognition and a 

true increase in the incidence of PBC are likely responsible.

ETIOLOGY

Tolerance breakdown against autoantigens

PBC is a multifactorial and enigmatic disease; it remains un-

known how and why PBC develops. Autoimmune attack targeted 

at biliary epithelial cells (BECs) through tolerance breakdown trig-

gers disease onset.

The hallmark of PBC is anti-mitochondrial antibody (AMA), 

which are detected in 90–95% of patients with PBC,23,24 and the 

most disease-specific autoantibodies in human immunopathology. 

The high specificity of AMAs for PBC suggests that AMAs are not 

simple serological markers for diagnosis but are important in the 

immunopathology of PBC. AMAs recognize a family of enzymes 

located in the inner membrane of the mitochondria, named the 

2-oxo-acid dehydrogenase complex (2-OADC), which mainly in-

cludes the pyruvate dehydrogenase complex E2 subunit (PDC-E2), 

the branched-chain 2-OADC E2 subunit (BCOADC-E2), the 2-oxo-

glutaric acid dehydrogenase complex E2 subunit (OGDC-E2), and 

dihydrolipoamide dehydrogenase-binding protein (E3BP).25 AMAs 

and autoreactive CD4+ and CD8+ T cell epitopes are confined 

within a shared peptide sequence of the inner lipoyl domain of 

human PDC-E2.26

BECs and hepatocytes of patients with PBC express large 

amounts of human leukocyte antigen (HLA) classes I and II mole-

cules.27,28 In patients with PBC, BECs acts as nonprofessional anti-

gen-presenting cells, and the interplay of BECs and T cells may, to 

some extent, account for bile duct loss. Indeed, BECs expresses 

adhesion molecules, cytokines, and chemokines, and recruit 

mononuclear cells in the biliary tract of the liver. One example is 

fractalkine (CX3CL1), a chemokine with both chemoattractant 

and cell-adhesive functions.29 T helper type 1-cytokine predomi-

nance and lipopolysaccharide in the microenvironment of injured 

bile ducts induce the upregulation of fractalkine expression in 

BECs, followed by the chemoattraction of mononuclear cells ex-

pressing its receptor (CX3CR1), including CD4+ and CD8+ T 

cells.30,31 Serum fractalkine levels in PBC are high in patients with 

marked cholangitis activity (CA) at early stages, and they decrease 

in response to treatment.32

PDC-E2 is a ubiquitous protein located in nearly all nucleated 

cells in the human body, and it remains unclear why autoreactive 

T cells specific for PDC-E2 elicit cytotoxicity only against BECs in 

the liver. In this regard, it should be noted that PBC recurs even 

after liver transplantation (LT), indicating that the immunopatho-

logical susceptibility of BECs in PBC is not major histocompatibility 

complex (MHC)-specific but a general feature shared with autolo-

gous BECs. The hypothesis to solve this enigma is that human in-

trahepatic BECs could maintain PDC-E2 immunologically intact 

within apoptotic blebs (apotopes) during apoptosis.33 Interesting-

ly, a unique triad consisting of BEC apotopes, macrophages from 

patients with PBC, and AMAs could lead to rigorous production 

of inflammatory cytokine production.34

Genetic predisposition

Accumulating evidence also suggests that a combination of ge-

netic predisposition and environmental triggering factors plays a 

crucial role in tolerance breakdown.
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Table 1. Major gene loci associated with susceptibility of PBC, and other autoimmune diseases*

Chromosome No. Gene loci
PBC (Europe/North 

America)
PBC (Japan/China) RA IBD MS SLE

1 CD58 Yes ✓ ✓
1 MMEL1, TNFRSF14 Yes ✓ ✓ ✓
1 IL12RB2 Yes

1 DENND1B Yes ✓
2 IL1RL2/IL1RL1 Yes ✓
2 STAT4 Yes Yes ✓ ✓
2 CD28/CTLA4/ICOS Yes ✓ ✓
2 CCL20 (LARC) Yes ✓
2 BCL2L11

2 GPR35 ✓
3 PLCL2 Yes ✓
3 CD80 Yes Yes ✓
3 IL12A, SCHIP1 Yes Yes ✓
3 FOXP1

3 MST1 ✓
4 DGK Q Yes ✓ ✓
4 NF-kB1 Yes Yes ✓
4 IL21 Yes ✓
5 IL7R Yes Yes ✓ ✓
5 PAM/C5orf30 Yes ✓
5 LOC285626/IL12B Yes ✓ ✓
6 TNFAIP3 Yes ✓ ✓ ✓ ✓
6 BACH2 ✓
7 ELMO1 Yes ✓ ✓ ✓
7 IRF5 Yes ✓ ✓ ✓
9 TNFSF15 Yes ✓
10 IL2RA ✓ ✓ ✓
11 RPS6KA4 Yes ✓ ✓
11 CXCR5 Yes Yes ✓ ✓
11 POU2AF1 Yes

11 CCDC88B Yes ✓
11 SIK2

12 TNFRSF1A Yes Yes ✓
12 SH2B3 Yes ✓
12 HDAC7 ✓
12 RFX4, RIC8B

13 TNFSF11 (RANKL) Yes ✓
14 RAD51L1 Yes

14 TNFAIP2 Yes

15 IL16 Yes
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Genetic predisposition is believed to be a major contributing 

factor in the development of PBC.35

A recent study in Iceland, which took advantage of the unique 

local genealogical database, demonstrated that the familial risk of 

PBC was present not only in first-degree relatives but also in sec-

ond- and third-degree relatives of patients with PBC, with in-

creased relative risk ratios (RRs) of 9.13 (95% confidence interval 

[CI], 4.17–16.76), 3.61 (1.48–8.92), and 2.59 (1.35–4.67), respec-

tively.36 Furthermore, the increased risk of PBC tended toward sig-

nificance even in fourth- and fifth-degree relatives with RRs of 

1.66 (1.00–3.02) and 1.42 (0.99–2.20), respectively. These find-

ings clearly emphasize the importance of genetic risk in the 

pathogenesis of PBC.

Recent genome-wide association study (GWAS) analyses from 

North America, European countries, Japan, and China identified 

other HLA alleles that are strongly associated with susceptibility 

to PBC and revealed more than 40 non-HLA alleles contributing 

to PBC susceptibility (Table 1).37-48 Although risk alleles differ 

among studies and populations, they primarily belong to genes 

and pathways involved in antigen presentation and production of 

interleukin (IL)-12 (IRF5, SOCS1, TNFAIP3, NF-B, and IL-12A), acti-

vation of T cells, and interferon (IFN)-γ production (TNFSF15, 

IL12R, TYK2, STAT4, SOCS1, NF-κB, and TNFAIP3) as well as acti-

vation of B cells and production of immunoglobulins (POU2AF1, 

SPIB, PRKCB, IKZF3, and ARID3A). These immune pathways could 

be important in the pathogenesis of PBC.

Environmental triggers 

As environmental triggers, large-scale case-control studies have 

consistently found an association between urinary tract infections 

and cigarette smoking with PBC.49-52 Bacterial infection may have 

an impact on the etiology of PBC because PDC-E2 has a molecu-

lar mimic between human PDC-E2 and Escherichia coli  (E. coli ) 
PDC-E2, and thus, E. coli  infection may trigger the breaking of im-

munological tolerance against human PDC-E2. Case-control stud-

ies also illustrate that xenobiotic modification of PDC-E2 with 

chemicals abundantly found in daily life, such as lipsticks, hair 

dyes, and nail polish, has a role in generating immunogenic neo-

antigens and breaking tolerance in PBC.51,53-57 Finally, dysbiosis of 

Chromosome No. Gene loci
PBC (Europe/North 

America)
PBC (Japan/China) RA IBD MS SLE

16 IL21R Yes

16 PRKCB Yes ✓
16 CLEC16A, SOCS1 Yes ✓ ✓ ✓
16 CSNK2A2, CCDC113 Yes

16 IRF8 Yes ✓ ✓ ✓
17 IKZF3-ORMDL3 Yes Yes ✓ ✓
17 MAPT, CRHR1 Yes

18 TYK2 Yes ✓ ✓ ✓
18 ARID3A Yes

18 SPIB Yes

18 TCF4

18 CD226 ✓ ✓
19 PRKD2, STRN4

21 PSMG1 ✓
21 UBASH3A ✓
22 MAP3K7IP1/RPl3, SYNGR1 Yes Yes ✓

PBC, primary biliary cholangitis; RA, rheumatoid arthritis; IBD, inflammatory bowel disease; MS, multiple sclerosis; SLE, systemic lupus erythematosus; IL, 
interleukin; RANKL, receptor activator of nuclear factor-kappaB ligand.
*Summary from eight genome-wide association study (GWAS)/iCHIP analyses from European countries and North America37-41,43-45 and three GWAS analyses 
from Japan and China42,46,47 in PBC, and eight GWAS analyses from European countries and North America.163-170

Table 1. Continued
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the gut microbiota was found in patients with PBC, and interest-

ingly, it was partially resolved with UDCA treatment.58

Microbiota and bile acids

Early environmental exposures can influence microbiome devel-

opment. Evidence for the role of the microbiome in the etiology of 

PBC includes the effect of diet and the higher prevalence of PBC 

in Western nations in the Northern hemisphere.59 Diet is the pri-

mary external factor that can affect the microbiome, and changes 

in the microbiome can be affected by bile acids.60 It is known that 

not all commensal bacteria are equally susceptible to bile acids,61 

with E. coli  and Helicobacter spp. being particularly resistant. Bile 

acids act as signaling molecules involved in glucose-lipid metabo-

lism. The main bile acids in humans include cholic and chenodoxy-

cholic acids and are synthesized in the liver.62 Bile acids have sev-

eral other effects that maintain healthy liver tissue, including the 

regulation of glucose tolerance and insulin sensitivity. Bile acids 

are also known to induce sterol regulatory element-binding pro-

tein-1c production, which regulates the biosynthesis of cholester-

ol, and also regulates the expression of lipogenesis genes such as 

glycerol-3-phosphate acyltransferase, acetyl-CoA carboxylase, 

and fatty acid synthase, thus offering protection against hyperlip-

idemia.63 Besides their effects on liver homeostasis, bile acids may 

alter the microbiome and hepatic regeneration, and thereby play 

a role in the pathogenesis of PBC.64 The chronic cholestasis seen 

in PBC that results from the microbiota affected by bile acids in 

turn can lead to aberrant expression of bile acid transporters and 

nuclear receptors, which can in turn cause liver damage, leading 

to a vicious cycle for chronic liver damage with bile acids as the 

pivotal determinant.65 It is clear that the role of bile acids and bile 

salts in the pathogenesis of PBC is extremely complicated, and is 

influenced by a number of interacting mechanisms. 

Studies on changing the microbiome to be more consistent with 

healthy controls can be achieved through the use of UDCA treat-

ment, but the effects of generating a healthier “microbiome” on 

the development of autoimmune liver disease are still unclear. It is 

known that a healthy microbiome tends to be beneficial for prod-

ucts such as single chain fatty acids66 and less proinflammatory 

cytokines such as TNFα and IFNγ.67

DIAGNOSIS

A diagnosis of PBC is made when 2 or 3 following items are 

met: the 1) consistent elevation of cholestatic enzymes, 2) detec-

tion of AMA, and 3) typical liver histology.58,68,69 Figure 2 shows a 

diagnostic flowchart. Because of the very high sensitivity and 

Figure 2. A diagnostic flowchart of patients with PBC. ALP, alkaline phosphatase; 
GGT, gamma glutamyl transferase; US, ultrasonography; CT, computed tomography; 
PSC, primary sclerosing cholangitis; AMA, anti-mitochondrial antibody; CNSDC, 
chronic non-suppurative destructive cholangitis; PBC, primary biliary cholangitis. 

Persistent (and fluctuating) elevation of
serum cholestatic liver enzymes (ALP and/or GGT)

Imaging studies (US, CT)
Dilatation of file ducts?

Explore other etiologies
(malignant tumors, PSC, 

gallstones)

Yes

No

AMA testing

Positive

Confirm the diagnosis of PBC

Histopathological examination

Typical findings
(CNSDC, etc.)

Negative
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specificity of AMA in the diagnosis of PBC, detectable AMA and 

elevation of alkaline phosphatase (ALP) levels are adequate for 

the diagnosis of PBC, and liver biopsy is not mandatory in many 

cases. Nevertheless, since histopathological stage at baseline is 

an independent prognostic marker of survival, as demonstrated 

by a recent large-scale retrospective study,70 liver biopsy is recom-

mended for predicting long-term outcome but is not necessary in 

making a diagnosis. A histological examination is required in 

atypical cases, including suspicious AMA-negative PBC and auto-

immune hepatitis/PBC overlap.

In clinical settings, AMA is often determined by enzyme-linked 

immunosorbent assay (ELISA) or immunofluorescence. Traditional-

ly, at least nine AMA subtypes have been identified, and four of 

them (M2, M4, M8, and M9) seemed to be associated with PBC.71 

Since anti-M2 antibody was directed to 2-OADC and the most 

specific antibody to PBC, the M2 subtype of AMA (AMA-M2) is 

currently used as AMA in daily clinical practice. In ELISA, a combi-

nation of three recombinant mitochondrial proteins (PDC-E2, 

BCOADC-E2, and OGDC-E2) was used as the antigen. The titer of 

AMAs is not associated with disease progression or the patient’s 

clinical course. AMAs are occasionally detected in less than 1% of 

healthy individuals with normal liver test results.72,73 Individuals 

who are AMA-positive are at higher risk of developing PBC and 

require close follow-up, although the risk does not appear to be 

high, as previously believed. A large-scale cohort study in France 

demonstrated that the prevalence of AMA-positive patients with-

out evidence of PBC was 16.1 per 100,000 population, and one in 

six patients with AMA positivity and a normal ALP level devel-

oped PBC within 5 years.74 Conversely, a recent study from China 

demonstrated that more than 80% of patients with AMA without 

elevation of serum ALP levels also developed histological charac-

teristics of PBC, suggesting the presence of undiagnosed PBC pa-

tients among those with normal ALP levels and AMA positivity.75 

It remains unclear whether these individuals will progress to ad-

vanced disease, as in typical PBC, and how they should be clini-

cally treated.

Among several anti-nuclear antibodies, sp100 and gp210 are 

frequently found in the sera of patients with PBC, and, thus, aid 

in diagnosing patients with probable PBC but undetectable AMA 

positivity. A combination of three mitochondrial antigens, sp100, 

and gp210, (“PBC screen”) had a sensitivity of 83.8% and speci-

ficity of 94.7% for diagnosing PBC and was considered appropri-

ate as the first-line screening test.76 Molecular mimicry between 

mitochondrial antigens and sp100/gp210 was reported.77 The de-

tection of gp210 may be associated with progression of the dis-

ease in UDCA-treated patients,78 but this observation requires 

further validation.

Histopathologically, the pathology of PBC is exclusively located 

in the intrahepatic small- or middle-sized bile ducts. A dense infil-

tration of mononuclear cells around the intrahepatic small bile 

ducts (interlobular bile ducts), coined as chronic non-suppurative 

destructive cholangitis (CNSDC), and granuloma formation are 

characteristic findings. Eventually, intrahepatic small bile ducts 

disappear from the liver, and chronic cholestatic features gradually 

develop. Hepatitis activity (HA) and chronic CA contribute to pro-

gressive hepatocellular damage and fibrosis, resulting in liver cir-

rhosis and hepatic failure.

The Scheuer’s79 or Ludwig et al.’s80 classifications has been used 

for a long time as the classification system in histological staging 

of PBC pathology. In Scheuer’s classification, florid duct lesions 

(CNSDC), ductular proliferation, scarring, and nodular cirrhosis are 

representative findings of stages 1, 2, 3, and 4, respectively (Fig. 3). 

However, as described in the original report by Scheuer, there is 

considerable overlap of findings between these stages; CNSDC 

can be observed even in the liver with nodular cirrhosis. Addition-

ally, the pathology of PBC is not always distributed evenly in the 

liver; hence, sampling error can occur when determining the stag-

es with these systems.

Figure 3. Histopathological findings in PBC characterizing stage 1, 2, 3, and 4 of the Scheruer’s classification. (A) Chronic non-suppurative destructive 
cholangitis (arrow, hematoxylin, and eosin staining). Black bar indicates 400 mm. (B) Ductular proliferation (hematoxylin and eosin staining). Black bar, 
400 mm. (C) Scarring (silver impregnation staining). Black bar, 100 mm. (D) Nodular cirrhosis (hematoxylin and eosin staining). Black bar, 200 mm. All 
these figures were kindly provided by Professor Kenichi Harada (Kanazawa University, Kanazawa, Japan).

A B C D
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In order to overcome these limitations, Nakanuma et al. pro-

posed a new histological staging and grading system for PBC  

(Tables 2-4).81 In Nakanuma’s classification, the scores for fibrosis, 

bile duct loss, and deposition of orcein-positive granules were 

used for staging, whereas CA and HA were used for grading. CA 

is determined by the presence of chronic cholangitis or CNSDC, 

and HA is defined by the presence of interface hepatitis or lobular 

hepatitis. Overall survival was stratified better with Nakanuma’s 

classification than with the classic system.82

TREATMENT

UDCA

Since the first report demonstrating its efficacy for PBC,83 UDCA 

has dramatically altered the natural course of PBC and has been 

approved as a first-line therapy for PBC worldwide.58,69,84 UDCA is 

used at a dose of 13–15 mg/kg/day, and is recommended for all 

patients with PBC with elevated liver biochemistry levels.

UDCA improves serum biochemical abnormalities, delays the 

histological progression and development of varices, and prolongs 

LT-free survival. Interestingly, a recent retrospective study on a 

large cohort demonstrated that the LT-free survival of UDCA-

treated PBC patients was significantly improved compared to 

those that received no treatment and also in a population with in-

complete biochemical response to UDCA.85

Approximately 20–30% of patients with PBC exhibited incom-

plete biochemical responses to UDCA. The outcomes of these pa-

tients were significantly worse than those with complete respons-

Table 2. Nakanuma’s classification: staging of PBC81

Stage 1 (no progression): score 0*

Stage 2 (mild progression): score 1–3

Stage 3 (moderate progression): score 4–6

Stage 4 (advanced progression): score 7–9

PBC, primary biliary cholangitis.
*The score for staging is the sum of the scores for fibrosis, bile duct loss, 
and deposition of orcein-positive granules, as shown below.

Table 3. Nakanuma’s classification: scoring of PBC81

Fibrosis Bile duct loss Deposition of orcein-positive granules

Score 0 No or limited portal fibrosis No No deposition

Score 1 Portal fibrosis Yes, in <1/3 of the portal tracts Deposition in several periportal hepatocytes in <1/3 
of the portal tracts

Score 2 Bridging fibrosis Yes, in 1/3–2/3 of the portal tracts Deposition in variable periportal hepatocytes in 
1/3–2/3 of the portal tracts

Score 3 Cirrhosis Yes, in >2/3 of the portal tracts Deposition in many periportal hepatocytes in >2/3  
of the portal tracts

Table 4. Nakanuma’s classification: grading of necroinflammatory activities of PBC81

Cholangitis activity

CA0 (no activity) No cholangitis but mild duct epithelial damage may be present

CA1 (mild activity) 1 bile duct with evident chronic cholangitis

CA2 (moderate activity) ≥2 bile ducts with evident chronic cholangitis

CA3 (marked activity) ≥1 bile duct with CNSDC

Hepatitis activity

HA0 (no activity) No interface hepatitis and no or minimal lobular hepatitis

HA1 (mild activity) Interface hepatitis affecting ≥10 continuous hepatocytes in 1 portal tract or fibrous septum, and mild-moderate  
lobular hepatitis

HA2 (moderate activity) Interface hepatitis affecting ≥10 continuous hepatocytes in ≥2 portal tracts or fibrous septa, and mild-moderate  
lobular hepatitis

HA3 (marked activity) Interface hepatitis affecting ≥20 continuous hepatocytes in ≥1/2 of the portal tracts, and moderate lobular 
hepatitis or bridging or zonal necrosis

PBC, primary biliary cholangitis; CA, cholangitis activity; CNSDC, chronic non-suppurative destructive cholangitis; HA, hepatitis activity.
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es to UDCA.85 It is strongly recommended that patients with 

incomplete responses to UDCA commence second-line treatment 

in addition to UDCA. For this purpose, various criteria employing 

combinations of biochemical markers at 1 year after commence-

ment of UDCA treatment have been proposed (Table 5).86-95 

Therefore, the “UDCA response score,” which predicts treatment 

response before starting UDCA treatment with baseline clinical 

variables, has been proposed.96 Very recently, the validity of the 

UDCA response score was demonstrated in a Japanere cohort.97

Obeticholic acid (OCA)

OCA is a selective ligand of the farnesoid X receptor (FXR). In 

an international cohort, prospective, randomized, placebo-con-

trolled trial (POISE trial), 217 patients with PBC who showed an 

incomplete response (serum ALP level >1.67×upper limit of nor-

mal [ULN]) or an abnormal total bilirubin level (<2×ULN), or were 

intolerant to UDCA were enrolled and received 5–10 mg of OCA, 10 

mg of OCA, and a placebo for 1 year. The primary end point was 

an ALP level <1.67×ULN with >15% reduction from the baseline 

and normal bilirubin levels. Among those patients, 46–47% 

achieved the primary end point.98 Consequently, OCA received ac-

celerated approval from the United States Food and Drug Admin-

istration (FDA) approval on May 27, 2016.

Although OCA has become the long-awaited second-line drug 

officially approved for PBC, it is still unsatisfactory for several rea-

sons. First, the response rate to OCA was at most 50%, which 

means that up to 50% of the patients did not respond to OCA. 

Second, pruritus, a symptom frequently experienced by patients 

with PBC, appeared as an adverse effect in 56–68% of those 

treated with OCA. Third, the appropriate treatment duration for 

OCA should be continued for patients refractory to UDCA; thus, 

OCA may be prescribed lifelong along with UDCA. Based on the 

high cost of OCA ($69,350 per year), its never-ending prescription 

places substantial economic burdens on patients and societies; 

thus, it is not cost-effective.99 Finally, it has not yet been con-

firmed whether the primary end points (ALP level <1.67×ULN 

with >15% reduction from the baseline and normal bilirubin level) 

are associated with improvement of long-term outcomes. There-

fore, follow-up studies of the POISE trial are required by the FDA; 

a phase 3 study is currently ongoing (COBALT, NCT02308111), 

and the interim results at 3-year treatment suggested biochemical 

efficacy and safety100 as well as histological improvement101 of 

OCA. Regardless, the safety concerns of OCA should not be un-

derestimated as the FDA released a warning in September 2017 

stating that the use of OCA in PBC patients with decompensated 

cirrhosis (Child-Pugh-Turcotte class B and C) was associated with 

clinical worsening or even death.

Table 5. Criteria defining biochemical responses to UDCA

Criteria
Number of 

patients
Duration Definition

Qualitative definition

Barcelona95 192 1 year Normal ALP level or reduction in the ALP level by >40%

Paris-I88 292 1 year ALP level <3×ULN, AST level <2×ULN, normal bilirubin level

Rotterdam90 375 1 year Normal bilirubin level, normal albumin level

Toronto91 69 2 year ALP level ≤1.67×ULN

Ehime86 83 6 months Normal GGT level or reduction in the GGT level by ≥70%

Paris-II89 165 1 year ALP level <1.5×ULN, AST level <1.5×ULN, normal bilirubin level

Rochester94 73 1 year ALP level ≤1.67×ULN, bilirubin level ≤1 mg/dL

International (Global PBC)93 4,845 1 year ALP level <2×ULN, normal bilirubin level

Quantitative scores

GLOBE score92 4,119 1 year Bilirubin level, ALP level, albumin level, and platelet count at 1 year, age at 
baseline

UK-PBC score87 3,165 1 year ALP level, AST/ALT level, and bilirubin level at 1 year, albumin level and platelet 
count at baseline

UDCA, ursodeoxycholic acid; ALP, alkaline phosphatase; ULN, upper limit of normal; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, 
gamma glutamyl transferase.
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Fibrates

Fibrates are peroxisome proliferator-activated receptor-α and 

pregnane X receptor agonists and result in the reduction of de 
novo bile acid synthesis and upregulation of bile acid transport-

ers.102 Fibrates (fenofibrate and bezafibrate) were originally indi-

cated for dyslipidemia and are used to decrease serum cholesterol 

and triglycerides. Bezafibrate was first reported as biologically ef-

fective for patients with PBC who were refractory to UDCA in 

1999.103 A prospective, randomized, placebo-controlled study of 

bezafibrate in PBC patients with incomplete responses to UDCA 

from France demonstrated that an add-on of bezafibrate to UDCA 

for 2 years significantly improved liver biochemistry levels and liv-

er stiffness.104 In another study, additional evidence from Japan 

showed that the observed LT-free survival of patients treated with 

combination therapy of UDCA and bezafibrate was significantly 

superior to the expected LT-free survival of those treated with 

UDCA monotherapy according to the GLOBE and UK-PBC 

scores.105 In Japan, bezafibrate has been used as a de facto sec-

ond line treatment for patients who exhibited an incomplete re-

sponse to UDCA. The proportion of patients treated with UDCA 

and bezafibrate and the LT-free survival stratified by the diagnosis 

year are shown in Figure 4. Until 1990, only 56% and 2% of pa-

tients were treated with UDCA and bezafibrate, respectively, and 

the LT-free 5-year survival rate of patients with PBC was 59%. By 

contrast, 91% and 16–17% of patients were treated with UDCA 

and bezafibrate after 2000, and the LT-free 5-year survival rate 

was significanltly improved to 93–94% (P<0.001). Bezafibrate 

may also improve pruritus of PBC.106 A prospective clinical trial on 

this topic is ongoing (FITCH trial, NCT02701166).

Fenofibrate was reported to decrease serum ALP levels in stud-

ies from Japan and China,107,108 whereas the adjunct use of fenofi-

brate with UDCA showed no association with decreased serum 

ALP levels in a United Kingdom study.109 Participants were recruit-

ed for a prospective randomized study in China (clinical trial ID: 

NCT02965911). However, these two prospective clinical trials 

showed notable improvements in liver enzyme levels at 12 or  

24 months as the primary end point. Even after these trials were 

terminated, it is still unknown whether long-term outcomes are 

improved with additional treatment with fibrates, so follow-up 

studies of these trials are needed.

LT

Despite improvements in medical treatment for PBC, LT is the 

only treatment option for patients with decompensating events or 

intolerable pruritus. A recent study utilizing the European Liver 

Transplant Registry demonstrated a significant decrease in LT in 

PBC over the last 30 years after the introduction of UDCA in clini-

cal settings.110 The proportion of LT for PBC decreased from 20% 

of all LT cases in 1986 to 4% in 2015 (P<0.001). The absolute 

number of transplants was the highest in 1994 (n=279), which 

decreased to an average of 200 in the last decade. This decrease 

is striking in contrast to the substantial increase in the prevalence 

of PBC at the same time.16

While the long-term outcome after LT for PBC is excellent over-

all,111-113 recurrence of PBC after LT is not uncommon. The reported 

incidence of recurrent PBC differs widely between 11% and 

42%.114-129 Although several studies have reported risk factors as-

sociated with recurrence of PBC, most consistently demonstrated 

A B

Figure 4. A change of treatment and outcome over time in Japan. (A) The proportion of patients treated with UDCA (light gray bars) and bezafibrate 
(dark gray bars) in Japan stratified by the diagnosis year. (B) The LT-free survival rate of patients with PBC in Japan, stratified by the diagnosis year. LT, 
liver transplantation; UDCA, ursodeoxycholic acid; PBC, primary biliary cholangitis.
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that the use of tacrolimus is associated with an increased risk of 

recurrence.115,116,123,126-128 For example, a recent study of 785 pa-

tients with PBC from North America and Europe who underwent 

LT between February 1983 and June 2016 indicated that tacrolim-

us was linked to the recurrence of PBC. Although the use of cyclo-

sporine was protective, the 5-year probabilities of recurrence of 

PBC were reported to be 28% and 11% in patients receiving ta-

crolimus and cyclosporine, respectively (P<0.001).125 On the other 

hand, the role of tacrolimus as an increasing agent of recurrent 

PBC does not seem to be the case in other ethnicities. Recently, 

two cohort studies from Japan demonstrated that the increased 

frequency of recurrent PBC is associated with initial treatment 

with cyclosporine after LT.117,122

Although it is believed that recurrence of PBC does not have a 

significant impact on long-term outcomes, such as overall surviv-

al,123,130 a recent study of 785 PBC patients from 13 centers in 

North America and Europe who received LT with a median follow-

up of 6.9 years (interquartile range, 6.1–7.9) reported opposite 

and unexpected results that disease recurrence was found in 240 

patients (31%). Importantly, graft and patient survival rates were 

significantly impaired in those with recurrent PBC (P=0.004 and 

0.001, respectively).125 It is imperative to determine whether recur-

rent PBC has a clinically significant impact on patient and graft 

survival. Furthermore, since UDCA treatment seems to be effec-

tive in improving markers of cholestasis, it does not effectively re-

duce the frequency and risk of recurrence of PBC after LT.130 

Therefore, effective strategies to halt the recurrence of PBC are 

urgently needed.

Treatment flowchart

In Figure 5, a proposed treatment flowchart for patients with 

PBC is shown. UDCA treatment (13–15 mg/kg/day) is recom-

mended for all patients diagnosed with PBC, with elevated chole-

static liver enzymes. Treatment response should be judged at  

1 year of UDCA treatment with the biochemical criteria shown in 

Table 5. Since most newly diagnosed PBC patients are at an early 

stage in daily clinical practice, the Paris II criteria designed for 

early stage patients may be suitable and easy to use. If the treat-

ment response is complete, UDCA monotherapy should be contin-

ued and no additional treatment is required. In patients with in-

complete response, add-on of the second-line treatment is 

definitely necessary; otherwise, the long-term outcome would de-

teriorate. The evidence-based choice of second-line medication is 

very difficult because no drug has been demonstrated to improve 

long-term outcomes. In Japan, a de facto use of bezafibrate as a 

second-line treatment appears to contribute to the improvement 

of long-term outcome, and it is expected to demonstrate in a 

large scale cohort a significant association of a combination of 

UDCA and bezafibrate with reduced mortality or need for LT. 

Alternatively, response to UDCA can be predicted before com-

mencement of UDCA therapy using the UDCA Response Score, 

and initiation of treatment with a combination of UDCA and 

bezafibrate would be a choice in cases with prediction of poor re-

sponse.

Figure 5. A treatment flowchart of patients with PBC. UDCA, ursode-
oxycholic acid; PBC, primary biliary cholangitis.

UDCA (13–15 mg/kg/day)

Predict or judge treatment response

Complete response

Continue UDCA monotherapy

Incomplete response

Add-on the second-line treatment

Obeticholic acid
Bezafibrate
Fenofibrate
(or clinical trials)

Pretreatment prediction:  the UDCA respones score
On-treatment judgement:  Biochemical criteria at 1 year
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MANAGEMENT OF SYMPTOMS, EXTRAHEPATIC  
MANIFESTATIONS, AND HEPATOCELLULAR 
CARCINOMA (HCC)

Patients with PBC frequently present with numerous symptoms. 

The most dominant clinical symptoms in the early stage of PBC 

are fatigue and pruritus, followed by jaundice. Since these symp-

toms can significantly deteriorate the quality of life of patients 

with PBC, it is strongly recommended to carefully monitor these 

symptoms with objective and reproducible measures such as the 

PBC-40 questionnaire.131 In Table 6, symptoms in PBC and corre-

sponding recommended or emerging treatment options are sum-

marized. In addition, along with an improvement in the long-term 

outcome of patients with PBC, the development of HCC is not a 

rare event.

Fatigue

Fatigue is the most common and debilitating symptom in PBC, 

experienced by approximately 50% of patients (ranging from 

20% to 80% depending on each study).132-134 Although it is diffi-

cult to define the cutoff clearly according to the presence of fa-

tigue, it has been repeatedly shown that fatigue has a great im-

pact on the impairment of the quality of life of patients with 

PBC.133,135 Fatigue is not associated with disease severity and stag-

ing, but may be related to age at onset and gender.136

The cause of fatigue remains unknown but seems to be com-

plex in origin, probably multifactorial in most patients and associ-

ated with depression, autonomic dysfunction, and sleep distur-

bance.135 Recent studies with magnetic resonance imaging 

revealed that neuroimaging changes in the brain can be detected 

even in the early stage of PBC.137 Fatigue cannot be treated with 

UDCA, and a recent systemic review failed to define any estab-

lished treatment for fatigue in PBC.138 Fatigue may be improved by 

LT, but it can also persist in a substantial portion of patients even 

after LT, making the role of LT as a therapeutic option for severe 

fatigue questionable.139 Modafinil, which is officially approved by 

the FDA for wakefulness disorders, has been used, but a recent 

randomized, placebo-controlled clinical trial failed to indicate 

beneficial effects of this drug in reducing fatigue in patients with 

PBC.140

Pruritus

Pruritus is another common symptom in PBC, affecting 20–

80% of patients. Pruritus can occur locally or diffusely, and its 

presence and severity change throughout the clinical course of 

PBC. It tends to become more pronounced with the progression 

of PBC but can be present even in the very early stage. Pruritus 

can be highly bothersome and intolerable to patients, such as 

causing sleep disturbance, and is an important indication for LT. 

Similar to fatigue, the severity of pruritus is objectively assessable 

with the PBC-40 questionnaire.131 The cause of pruritus remains 

unknown, although several substances are hypothesized to be re-

lated to pruritus in cholestatic liver diseases.141 Most notably, lyso-

phosphatidic acid (LPA) may be a potential candidate for initiating 

pruritus,142 and the activity of serum autotaxin, which converts ly-

sophosphatidylcholine into LPA, and is related to the severity of 

Table 6. Symptoms in PBC and corresponding treatment option

Symptom Treatment Description

Fatigue Modafinil RCT failed to show efficacy

Pruritus Anion-exchange resins (cholestyramine) The first-line treatment, despite limitations

Rifampicin The second-line treatment

µ-opioid receptor antagonists (naloxone or naltrexone) The second-line treatment

κ-opioid receptor agonist (nalfurafine hydrochloride) Approved only in Japan

Ileal bile acid transporter inhibitor Linerixibat; efficacy was shown in the Phase 2a; now global 
phase 2b (NCT02966834)

Maralixibat; failed to show efficacy 

Bezafibrate Now being investigated (NCT02701166)

Sicca syndrome Artificial tears and saliva Should be initially used 

Pilocarpine or cevimeline May be helpful in refractory cases

PBC, primary biliary cholangitis; RCT, randomized clinical trial.
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pruritus and responds to therapeutic interventions.143,144 Hence, 

LPA-autotaxin is an important candidate as a therapeutic target, 

yet clinically unavailable.

Although several lines of treatment options are recommended, 

severe pruritus is frequently intractable. In daily clinical practice, 

anion-exchange resins such as cholestyramine, rifampsin, and 

opiate antagonists are used.145 Anion-exchange resins are recom-

mended as the first-line therapy in the American Association for 

the Study of Liver Diseases and European Association for the 

Study of the Liver guidelines, despite its limited efficacy.68,146 Cho-

lestyramine is prescribed as 4 g per dose to a maximum of 16 g/day, 

and it is important to be administered 1 hour after or 4 hours be-

fore other medications (especially UDCA) to avoid inhibiting their 

absorption.68 Rifampicin is a pregnane X receptor agonist that has 

been used for pruritus at 150–300 mg twice daily. Opiate antan-

gonists interefere with increased endogenous opioid levels in pa-

tients with cholestatic pruritus.145 While m-opioid receptor antag-

onists, such as naloxone or naltrexone, have been used, nalfurafine 

hydrochloride, a selective κ-opioid receptor agonist, is currently 

used in Japan for cholestatic pruritus and exhibits substantial effi-

cacy.147 As an emerging novel therapy, an ileal bile acid transport-

er (IBAT) inhibitor compound (linerixibat) that inhibits reabsorp-

tion of bile acids in the ileum effectively decreased pruritus in 

patients with PBC in a phase 2a study.148 A global phase 2b study 

(clinical trial ID: NCT02966834) investigating the efficacy of 

linerixibat is almost complete. A phase 2 trial of another IBAT in-

hibitor, maralixibat, failed to demonstrate a significant anti-prurit-

ic effect against placebo, presumably because of a significant pla-

cebo effect.149 As described earlier, bezafibrate is now being 

investigated in a clinical trial for the treatment of cholestatic pru-

ritus (clinical trial ID: NCT02701166).106

Sicca syndrome

The sicca complex is frequently present in patients with PBC, 

manifesting as dry eyes and/or dry mouth. External glands, includ-

ing the lachrymal or salivary glands, are also affected in PBC. A 

current retrospective study revealed the prevalence of Sjögren’s 

syndrome in up to 56% of patients with PBC;150 however, the sic-

ca complex affects patients with PBC who do not meet the crite-

ria of Sjögren’s syndrome. Patients with sicca syndrome may ex-

perience many symptoms, including burning, itching, irritated 

eyes, blepharitis, dysphagia, stomatitis, dental caries, and dry 

cough, resulting in severe impairment of their quality of life. Early 

recognition of sicca symptoms and consultations with ophthal-

mologists or dentists are suggested. Artifical tears and saliva are 

often helpful, and pilocarpine or cevimeline may alleviate the 

symptoms in refractory cases.

Osteopenia and osteoporosis

Osteopenic bone disease, including osteopenia and osteoporo-

sis, is a common disorder in PBC that mainly affects middle-aged 

women and is associated with an increased risk for fragility frac-

tures. The decrease in bone mineral density found in PBC is multi-

factorial. Chronic cholestasis leads to malabsorption and deficien-

cy of vitamin D, which is essential for bone metabolism. Other 

factors associated with bone diseases include age, sex, low body 

mass index, history of fragility fracture, and advanced stage of 

PBC.151,152 Intervention with bisphosphonates for patients with os-

teoporosis and those with a history of fragility fracture is safe and 

improves bone mineral density;153 nonetheless, it remains unclear 

whether bisphosphonate use is associated with a decrease in fra-

Table 7. Incidence and risk factors for HCC in patients with PBC

Country/region
Number Incidence*

Risk factor
Total HCC All Male patients Female patients

Barcelona, Spain158 389 13 3.6 NA NA Advanced histological stage

Padova, Italy158 327 11 3.7 NA NA Advanced histological stage (all), male sex

Japan171 2,946 71 3.6 9.5 2.9 Male sex, advanced histological stage (in 
female patients)

International160 4,565 123 3.4 6.7 2.6 Advanced age, male sex, thrombocytopenia 
at 12 months, biochemical non-response

Beijing, China161 1,865 70 6.6 NA NA Advanced age, male sex, co-existence of 
diabetes, History of HBV infection

HCC, hepatocellular carcinoma; PBC, primary biliary cholangitis; NA, not applicable; HBV, hepatitis B virus.
*Cases per 1,000 patient-years. 
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gility fractures. Recently, denosumab, a fully human monoclonal 

antibody against the receptor activator of nuclear factor-kappaB 

ligand (RANKL), was demonstrated to be effective for treating os-

teoporosis in patients with PBC.154 Since RANK-RANKL signaling 

might be implicated in the pathogenesis of PBC,155 treatment with 

denosumab could be used to target both osteoporosis and PBC.

Hyperlipidemia and metabolic syndrome

Chronic cholestasis is a main feature of PBC, and consequently, 

hyperlipidemia is common and affects up to 80% of patients.156 

Several prospective studies have indicated that an increase in se-

rum lipid levels is not associated with a higher risk for cardiovas-

cular diseases related to atherosclerosis, and treatment for hyper-

lipidemia per se  is not necessary. Notably, these studies were 

conducted in the 1990s when metabolic syndrome was relatively 

rare in patients with PBC. A recent study from Italy demonstrated 

that cardiovascular events developed more frequently in patients 

with metabolic syndrome,157 indicating the importance of treat-

ment intervention for patients with hyperlipidemia if metabolic 

syndrome exists.

HCC

HCC is occasionally encountered in patients with PBC. The re-

ported incidences and risk factors for developing HCC from sever-

al large-scale retrospective cohorts are summarized in Table 7. 

Surprisingly, the incidence rates (cases per 1,000 patient-years) of 

HCC in all patients with PBC are similar across different regions: 

3.6 in Barcelona, Spain; 3.7 in Padova, Italy;158 3.6 in a nation-

wide study in Japan;159 and 3.4 in an international cohort.160 The 

incidence rate was exceptionally high (6.6) in a cohort from Bei-

jing, China,161 presumably because of the high rate of individuals 

with previous hepatitis B virus (HBV) infection. A history of HBV 

infection was identified as an independent risk factor for HCC in 

this study. The incidence rate was higher in men than in women. 

In those studies, male sex and advanced histological stage inde-

pendently contributed to the development of HCC.158-161 Treatment 

response was included among possible risk factors only in the in-

ternational cohort study, and biochemical non-response at 1 year 

of UDCA treatment (Paris-I not fulfilled) significantly increased the 

future risk of HCC (adjusted hazard ratio, 3.44; 95% CI, 1.65–

7.14; P<0.0001).160 Taken together, close monitoring of HCC is 

strongly recommended for high-risk patients with PBC, such as 

male patients, those with advanced-stage disease, and non-re-

sponders to UDCA. The mean survival of patients who developed 

HCC was 36 months after diagnosis, and another cohort indicated 

5- and 10-year survival rates of 49.5% and 31.7%, respectively.162

FUTURE PERSPECTIVE

Although the long-term outcome of PBC has been significantly 

improved, there remain several unmet needs in PBC. UDCA and 

other second-line treatments have little efficacy for patients with 

advanced disease, for whom LT is the only therapeutic option. No 

“cure” is achieved with current treatment, and patients are re-

quired to take medications for life long. A variety of symptoms, 

including fatigue and pruritus, are very difficult to manage and 

easily reduce the health-related quality of life.

To overcome these unmet needs in this field, rigorous efforts 

should be directed at improving our understanding of the environ-

mental etiology and genetic basis of PBC, molecular mechanisms 

of disease progression, and gender bias to identify critical path-

ways for therapeutic interventions. Relevant animal models that 

recapitulate human PBC should be established for preclinical 

studies with designer drugs guided by this new knowledge. Our 

goal is achieving the “cure” for PBC.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a major cause of 

chronic liver disease worldwide.1,2 Recently it has become evident 

that NAFLD not only increases the risk of chronic liver disease and 

primary liver cancer, but NAFLD has important implications for the 

development of diseases beyond the liver, such as type 2 diabetes 

mellitus (T2DM), cardiovascular disease and chronic kidney dis-

ease.3-5 The prevalence of NAFLD is increasing in parallel with the 

global rise in obesity and T2DM.6 NAFLD represents a spectrum of 

liver disease severity, beginning with the accumulation of triacylg-

lycerols in the liver (steatosis). Almost a quarter of individuals with 

steatosis develop liver inflammation and progress to non-alcoholic 

steatohepatitis (NASH). NASH is a potentially progressive liver 

condition and with ongoing liver injury and cell death can result in 

fibrosis and cirrhosis.
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The pathogenesis of NAFLD is complex and multifactorial, in-

volving environmental, genetic and metabolic factors. Given the 

well-known association between obesity and NAFLD, in recent 

years there has been a growing interest in the role of diet and the 

gut microbiome in the pathogenesis of NAFLD. The gut-liver axis 

is defined by the strong anatomical and functional interactions 

between the gastrointestinal tract and the liver. An important ele-

ment of this axis is the gut microbiome, which is involved in host 

nutrient metabolism, maintenance of structural integrity of the 

gut mucosal barrier and immunomodulation.7 Disturbance of the 

gut microbiome has been implicated in many disease processes, 

particularly those in which the gut-liver axis plays an important 

role, such as NAFLD. Similarly, dietary antigens have a major influ-

ence on the gut-liver axis, including modification of the gut micro-

biome, and therefore are implicated in the pathogenesis of 

NAFLD. This review summarises the current evidence supporting 

an association between NAFLD and the gut microbiome and di-

etary factors. The review also explores potential underlying mech-

anisms underpinning these associations and whether manipula-

tion of the gut microbiome is a potential therapeutic strategy to 

prevent or treat NAFLD.

GUT MICROBIOME

The intestinal lumen is naturally colonized by trillions of micro-

organisms from more than 1,000 species including bacteria, pro-

tozoa, archaea, fungi, and viruses.7 Advances in culture‐indepen-

dent microbiologic technology over the last decade have facilitated  

the characterisation of the composition and diversity of the bacte-

rial component of the gut microbiome. Although the profound 

variability between individuals’ gut microbiome complicates at-

tempts to define what is ‘normal’ microbiota, the most common 

bacterial phyla found in the faeces of healthy subjects are; Bacte-

roidetes (65.2%), Firmicutes (29.6%), Proteobacteria (2.9%), and 

Actinobacteria (0.5%).8 Early life plays an important role in estab-

lishing the gut microbiome, with both vaginal delivery (vs. caesar-

ean section) and breastmilk (vs. formula milk) demonstrating ben-

eficial effects on the gut microbiome composition.9,10 Early 

microbiota perturbation can lead to long-term deranged metabol-

ic phenotypes, including NAFLD and obesity.10,11 Later in life, the 

gut microbiome composition is dependent on many factors includ-

ing; genetics, age, diet and medications.12 Ageing is associated 

with alterations in the gut microbiome composition and reduced 

phylogenetic diversity, which has been postulated to partly under-

lie the pathogenesis and progression of various metabolic diseas-

es that are prevalent in old people such as adiposity, insulin resis-

tance, and NAFLD.13 Figure 1 shows the proportions of the 

phylum, class and genus of bacteria commonly found in the health 

gut.8,12,14-16

EVIDENCE FOR A ROLE OF DYSBIOSIS IN THE 
PATHOGENESIS OF NAFLD

The term dysbiosis refers to disruption of the normal gut micro-

biome that is associated with pathology within the host. Dysbiosis 

has been linked to several aspects of the metabolic syndrome, in-

cluding NAFLD.17,18 In NAFLD, early evidence linking gut dysbiosis 

with liver injury came from human studies showing an association 

between NASH and small intestinal bacterial overgrowth.19 More 

recent evidence, from both animal and human studies, indicates 

that microbial populations are altered in patients with NAFLD.

Several animal studies have demonstrated that dysbiosis is as-

sociated with more severe hepatic steatosis and hepatic inflam-

mation; these findings are summarised in Table 1.20-23 Even co-

housing non-dysbiotic mice with dysbiotic mice can lead to 

transfer of gut microbes and a subsequent exacerbation of 

NAFLD.21 Although dysbiosis is harmful, the presence of a healthy 

gut microbiome in animals has been shown to be protective 

against the development of NAFLD. For example, Cano et al.23 

demonstrated that inducing beneficial changes to the gut microbi-

ome with the probiotic Bifidobacterium pseudocatenulatum, re-

duced the risk of developing NAFLD in mice and Mazagova et al.24 

found that germ-free mice developed more severe experimental 

liver fibrosis compared to conventional mice, demonstrating that 

the presence of commensal gut microbes is hepatoprotective.

Several studies have explored the composition of the gut micro-

biome among cohorts of human subjects with varying stages of 

NAFLD.25-34 Table 2 summarises the overall characteristics of these 

studies and provides details regarding the specific microbiologic 

results. Despite the variability in study design, methods, and clini-

cal endpoints, these human studies demonstrate measurable dif-

ferences in the gut microbiome between healthy controls and in-

dividuals with hepatic steatosis and NASH. The gut microbiome 

composition has also be found to vary according to the severity 

and stage of NAFLD.30,35,36 Loomba et al.30 found distinct changes 

in the gut microbiome composition between Individuals with ad-

vanced fibrosis (stage 3 or 4) and those with mild fibrosis (stage 1 

or 2). The authors went on to suggest that a faecal-microbiome-
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derived metagenomic signature could be used as an adjunct tool 

to current invasive approaches to determine the stage of liver dis-

ease in NAFLD.

The findings in both animal and human studies are inconsistent 

and sometimes conflicting, and it is still unclear which specific mi-

croorganisms are harmful or protective. This may in part be due to 

the heterogeneous cohorts used across studies in addition to the 

varying gut microbiome sequencing technologies that were used. 

More work is needed, particularly longitudinal human studies, to 

delve further into the significance of gut microbiome alterations in 

NAFLD, especially if analyses of the gut microbiome is to become 

part of clinical practice. 

POTENTIAL MECHANISMS LINKING DIET, DYS-
BIOSIS AND NAFLD

Role of short chain fatty acids (SCFAs) in metabolic 
and inflammatory pathways

SCFAs, such as acetic, propionic and butyric acid, are generated 

through the fermentation of polysaccharides by gut microbes in 

Figure 1. Represents the proportions of the phylum, class and genus of bacteria commonly found in the health gut.8 Bacteroidetes comprise the ma-
jority phylum of the gut microbiome, of which the majority genus is Bacteroides. Firmicutes consists of predominant genera such as Faecalibacterium, 
Roseburia, and Oscillibacter. The Proteobacteria phylum is proportionally less abundant and mainly represented by the Parasutterella genus. Actinobac-
teria, such as Propionibacterium and Bifidobacterium, are found in small numbers in the healthy gut.
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the large bowel. The diet and composition of the gut microbiome 

impacts the quantity and type of SCFAs synthesized in the gut. 

Diets high in fibre, particularly from plant-based foods or a Medi-

terranean diet, are associated with increased levels of faecal SC-

FAs.37,38 Altering the gut microbiome with prebiotics and probiot-

ics that promote the growth of beneficial microbiota can induce 

changes in SCFA production.39,40 SCFAs have a role in inflamma-

tion, lipid and glucose metabolism and regulation of energy har-

vested from the diet.41 As the effects of SCFAs are so diverse and 

widespread, elucidating the overall impact has been difficult. 

While animal studies have shown diets high in SCFAs to have fa-

vorable metabolic affects (reduced hepatic cholesterol and fatty 

acid synthesis and increased lipid oxidation), human studies have 

not been so clear.42,43

SCFAs are a major source of energy, although most SCFAs are 

utilized in the gut, some are transported through the portal vein 

and channelled into the tricarboxylic acid cycle or utilised for he-

patic gluconeogenesis or lipogenesis. Thus, changes in the gut 

microbiome that favor SCFA production can increase energy deliv-

ery to the liver and reduce faecal energy loss. The first evidence to 

support this was provided by Turnbaugh et al.44 who found that, 

compared to their lean littermates, obese mice had more carbohy-

drate metabolising genes in their gut microbiome, increased con-

centration of SCFAs in their caecum, and less energy in their stool. 

Table 1. The design and main findings of animal studies investigating the role of the gut microbiome in the pathogenesis of NAFLD

Author Study design Main findings

Bacteria in the gut microbiota of mice 
with NAFLD

↓ concentration 
(protective)

↑ concentration 
(potentially 

harmful)

Le Roy et al.20 Germ-free mice received a faecal transplant 
from two different groups of mice; 
either mice that demonstrated weight 
gain, systemic inflammation & insulin 
resistance on a high fat diet, or mice 
that demonstrated weight gain but no 
inflammation or insulin resistance on a 
high fat diet.

Germ‐free mice took on the 
phenotype of their faecal 
donors. The mice that 
developed the inflammatory & 
insulin resistance phenotype 
also developed hepatic 
steatosis. 

Genus: 
Allobaculum

Species: 
Bacteroides 
vulgatus

Phylum: Firmicutes
Genus: Barnesiella, 

Roseburia
Species: Lachnospi-

raceae bacterium, 
Barnesiella intestini-
hominis

Henao-Mejia et 
al.21

NAFLD mouse models were used in 
dysbiotic (inflammasome deficient) & 
non-dysbotic (wild type) mice to examine 
the effect of inflammasome deficient 
changes in the gut microbiome (increased 
Bacteroidetes) on the development of 
NAFLD. NAFLD mouse models used were; 
methionine choline‐deficient diet model, 
leptin receptor deficiency steatosis model, 
& the high fat diet model. 

Inflammasome deficiency 
changes in the gut microbiome 
were associated with: 

· ↑ hepatic steatosis
· ↑ hepatic inflammation
· Co‐housing dysbiotic & non 

dysbiotic mice exacerbated 
NAFLD in both groups of mice

Genus: 
Lactobacillus

Phylum: Bacteroidetes
Family: Prevotellaceae

Zeng et al.22 Obese mice (C57BL/6 model) were fed a 
high fat (45% energy) or low-fat (10% 
energy) diet for 10 weeks.

Mice on a high fat diet had:
· ↑ body weight (by 34%)
· ↑ hepatic fat & inflammation
· ↑ levels of lactobacillus in faeces 

which correlated positively 
with the severity of hepatic 
steatosis

Species: Lactobacillus 
gasseri, Lactobacillus 
taiwanensis

Cano et al.23 Obese (high fat diet‐induced) & lean 
mice were given either placebo or a 
probiotic consisting of Bifidobacterium 
pseudocatenulatum for 7 weeks.

Obese mice taking probiotic 
showed: 

· ↓ food intake & body weight 
· ↓ insulin resistance
· ↓ hepatic fat 
· ↓ serum inflammatory markers 

Genus: 
Bifidobacteria 

Family: 
Enterobacteriaceae 

NAFLD, non-alcoholic fatty liver disease.
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Table 2. The design and main findings of human studies investigating the role of the gut microbiome in the pathogenesis of NAFLD

Author Study design Main findings

Bacteria in the gut microbiota of  
patients with NAFLD

↓ concentration 
(Protective)

↑ concentration 
(potentially 

harmful)

Spencer et al.25 The gut microbiome of 14 adults 
before & during a 42 day period 
on a choline‐depleted diet was 
analysed. Hepatic steatosis, 
associated with a choline deplete 
diet, was measured by MRI.

The risk of developing hepatic 
steatosis correlated with: 

· ↑ baseline levels of 
Erysipelotrichia 

· ↓ baseline levels of 
Gammaproteobacteria

Class: Gammaproteo-
bacteria

Class: Erysipelotrichia 

Wong et al.26 The gut microbiome composition 
was analysed in a group of 42 
adults: 20 with biopsy proven 
NASH & 22 healthy controls.

Individuals with NASH (compared 
to healthy controls) had:

· ↓ Faecalibacterium & 
Anaerosporobacter 

· ↑ Parabacteroides & Allisonella 

Genus: 
Faecalibacterium, 
Anaerosporobacter

Genus: Parabacte-
roides, Allisonella 

Mouzaki et al.27 The gut microbiome composition 
was analysed in a group of 50 
adults: 11 with biopsy proven 
simple steatosis, 22 with biopsy 
proven NASH, & 17 healthy controls.

Individuals with NASH (compared 
to those with steatosis & healthy 
controls) had:

· ↓ Bacteroidetes 
· ↑ Clostridium coccoides

Phylum: Bacteroidetes Species: Clostridium 
coccoides

Zhu et al.28 The gut microbiome composition 
was analysed in 63 children; 22 
with biopsy proven NASH, 25 
obese children without NASH 
(clinically), & 16 healthy normal 
weight children. 

The gut microbiome of children 
with NASH (compared to healthy 
controls) had:

· ↓ Firmicutes & Actinobacteria
· ↑ Bacteroidetes 
· ↓ Bifidobacterium 

Phylum: Firmicutes, 
Actinobacteria

Genus: Blautia, 
Faecalibacterium, 
Bifidobacterium

Phylum: Bacteroidetes 
Genus: Prevotella

Raman et al.29 The gut microbiome composition 
was analysed in a group of 60 
adults: 30 obese with clinically 
defined NAFLD (no biopsy) & 30 
non‐obese controls.

The gut microbiome of individuals 
with NAFLD (compared with 
non‐obese controls) had:

· ↑ Firmicutes (specifically 
Lactobacillus)

Phylum Firmicutes 
Genus: Lactobacillus

Loomba et al.30 The gut microbiome composition 
was analysed in a group of 86 
adults with biopsy proven NAFLD, 
72 with mild hepatic fibrosis (stage 
1 or 2), 14 with advanced hepatic 
fibrosis (stage 3 or 4).

The gut microbiome in individuals 
with advanced hepatic fibrosis 
(compared with mild hepatic 
fibrosis) had:

· ↑ Proteobacteria
· ↓ Firmicutes 
· ↑ Escherichia coli & Bacteroides 

vulgatus

Phylum: Firmicutes Phylum: 
Proteobacteria

Species: Escherichia 
coli, Bacteroides 
vulgatus

Schwimmer et al.31 The gut microbiome composition 
was analysed in a group of 87 
children with biopsy proven NAFLD 
& 37 obese children without 
NAFLD.

The gut microbiome in children 
with NAFLD (compared to obese 
children without NAFLD) had:

· ↓ α diversity 
· ↑ Prevotella copri

Species: Prevotella 
copri

Tsai et al.32 The gut microbiome composition 
was analysed in a group of 75 
adults; 25 with biopsy proven 
steatosis, 25 with biopsy proven 
NASH, & 25 healthy controls.

The gut microbiome in individuals 
with NAFLD (compared to 
individuals without NAFLD) had:

· ↓ Diversity 
· ↑ Bacteroidetes
· ↓ Firmicutes
· ↓ Clostridia

Phyla: Firmicutes
Class: Clostridia 

Phyla: Bacteroidetes
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Furthermore, faecal microbial transplant (FMT) from obese mice 

to germ free mice caused greater fat gain than FMT from lean ani-

mals. In humans, increased production of SCFAs by the gut micro-

biome was also observed in obese people, compared to lean sub-

jects.45

SCFAs can alter lipid and glucose metabolic pathways through 

activation of G-coupled receptors. Kimura et al.46 showed that 

through activation of G-protein receptor-43, SCFAs suppress insu-

lin signalling in adipocytes, which inhibits fat accumulation in adi-

pose tissue and promotes the metabolism of unincorporated lipids 

and glucose in the liver and other tissues. The intestinotrophic ef-

fects of SCFA were first proposed by Koruda et al.47 who found 

that SCFA supplementation to rats having parenteral nutrition 

prevented associated mucosal atrophy. Beneficial effects of SCFA 

on the intestinal mucosa are thought to be mediated through glu-

cagon-like-peptide-2 (GLP-2), as SCFA supplementation induces 

the expression of ileal proglucagon mRNA and plasma GLP-2.48 In 

mice, increasing GLP-2 levels, by microbial intervention or subcu-

taneous GLP-2 administration, reduces intestinal permeability, 

which leads to lower plasma lipopolysaccharide (LPS) and cyto-

kines levels, and consequently reduced hepatic oxidative stress 

and inflammation.49

SCFA supplementation has shown beneficial effects on several 

inflammatory conditions including asthma, arthritis and colitis.50,51 

The anti-inflammatory effects of SCFA are thought to be mediated 

through activation of G-protein coupled receptor-43. Maslowski 

et al.50 induced colitis in mice and demonstrated that inflamma-

tion is more severe in germ-free mice than in those conventionally 

raised. The colitis was ameliorated by acetate supplementation, a 

finding that was absent in G-protein coupled receptor-43 knock 

out mice.50 By suppressing colitis, SCFAs can improve gut permea-

bility and therefore reduce hepatic delivery of harmful microbial 

cell components and metabolites. Conversely, Rau et al.52 found 

that patients with NAFLD had higher concentrations of intestinal 

Author Study design Main findings

Bacteria in the gut microbiota of  
patients with NAFLD

↓ concentration 
(Protective)

↑ concentration 
(potentially 

harmful)

Del Chierico et al.33 The gut microbiome composition 
was analysed in a group of 61 
children with NAFLD or obesity & 
54 healthy controls.

The gut microbiome in children 
with NAFLD (compared to 
healthy controls) had:

· ↓ α & β diversity
· ↑ Actinobacteria
· ↓ Bacteroidetes

Phyla: Bacteroidetes
Family: Rikenellaceae
Genus: Oscillospira

Phyla: Actinobacteria
Genus: 

Bradyrhizobium, 
Anaerococcus, 
Peptoniphilus, Dorea, 
Ruminococcus

Species: 
Propionibacterium 
acnes

Wang et al.34 The gut microbiome composition 
was analysed in a group of 126 
nonobese adults; 43 with NAFLD 
on ultrasound & 83 healthy 
controls.

The gut microbiome in individuals 
with NAFLD (compared to 
individuals without NAFLD) had:

· ↓ Diversity 
· ↑ Bacteroidetes
· ↓ Firmicutes
· ↑ Gram negative species

Phyla: Firmicutes Phyla: Bacteroidetes

Shen et al.35 The gut microbiome composition 
was analysed in a group of 47 
adults; 25 with NAFLD & 22 healthy 
controls.

The gut microbiome in individuals 
with NAFLD (compared to 
individuals without NAFLD) had:

· ↓ Diversity 
· ↑ Proteobacteria
· ↑ Fusobacteria
· ↓ Prevotella

Genus: Prevotella Phyla: Proteobacteria, 
Fusobacteria

Family: 
Lachnospiraceae, 
Enterobacteriaceae, 
Erysipelotrichaceae, 
Streptococcaceae

Genus: Shigella

NAFLD, non-alcoholic fatty liver disease; MRI, magnetic resonance imaging; NASH, non-alcoholic steatohepatitis.

Table 2. Continued
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acetate and propionate, which correlated with peripheral levels of 

pro-inflammatory T-cells. Therefore the role on SCFAs in inflam-

matory pathways within NAFLD is still controversial. 

Bacteria-derived ethanol

Histologically, NAFLD and alcohol-induced liver injury are re-

markably similar, and are therefore likely to share common patho-

genic pathways.53 Some microbiota harbour genes that can fer-

ment dietary sugars into ethanol. The amount of alcohol produced 

depends on the availability of carbohydrates from the diet and the 

composition of the gut microbiome, particularly the presence of 

Proteobacteria (especially Klebsiella pneumoniae and Escherichia 
coli ).28,54 Animal studies have demonstrated that obese mice with 

NASH have higher early-morning breath alcohol content com-

pared with lean mice without NASH; which is eliminated by neo-

mycin treatment.55 In human studies, patients with NAFLD, partic-

ularly children, have been shown to have increased blood ethanol 

levels.28,56,57 Yuan et al.54 found high-alcohol-producing Klebsiella 
pneumoniae in the gut microbiome of up to 60% of individuals 

with NAFLD in a Chinese cohort. The study went on to show that 

transfer of high-alcohol-producing Klebsiella pneumoniae, by oral 

gavage or FMT, into healthy mice induced NAFLD.54 Gut-derived 

ethanol is not only directly hepatotoxic but it may alter the gut-

liver axis, by increasing intestinal permeability and endotoxemia, 

to compound hepatic damage.58

Role of choline deficiency in lipid metabolism and 
inflammation

Choline is an essential nutrient sourced from foods such as 

meat and eggs. Choline deficiency induces many features of 

NAFLD and is often utilized in studies to create animal models of 

NAFLD. Choline deficiency leads to impaired synthesis of phos-

phatidylcholine resulting in diminished very low density lipopro-

tein assembly and secretion and consequently reduced hepatic tri-

glyceride clearance.59 In addition to hepatic steatosis, choline 

deficient mice also develop hepatic inflammation and fibrosis, 

which is thought to be caused by impaired mitochondrial 

β-oxidation and increased oxidative stress.60,61

The gut microbiome plays an important role in choline metabo-

lism and therefore regulates the concentration that is delivered to 

the liver via the portal circulation. Dysbiosis, and in particular an 

excess of the class Erysipelotrichia, has been associated with cho-

line depletion in both animal and human studies.25,62,63 Choline is 

metabolised by the gut microbiome to generate methylamines 

such as trimethylamine (TMA), which is converted in the liver to 

TMA-N-oxide (TMAO) by flavin-containing monooxygenase-3 

(FMO3). TMAO has adverse effects on glucose homeostasis and is 

implicated in atherosclerosis.62 NAFLD is associated with lower 

levels of choline and higher levels of TMA in the blood, implicat-

ing the role of gut microbiota in the imbalance of choline metabo-

lism.63 Around 10–15% of bacterial species require choline to syn-

thesize phosphatidylcholine, a component of their membrane; 

therefore in the context of bacterial overgrowth, the demand for 

choline may increase and contribute to choline deficiency.64,65

Lipopolysaccharide-induced hepatic inflammation

LPS, a constituent of gram negative bacteria, are found in the 

systemic circulation of individuals with NAFLD, and correlate with 

the severity of steatohepatitis in both human and animal stud-

ies.66-69 The concentration of LPS in the gut microbiome and plas-

ma is increased by the consumption of a western diet, high in sat-

urated fat and low in fibre.70,71 It has been hypothesised that a 

high-fat diet may facilitate LPS uptake through elevated chylomi-

cron production in intestinal epithelial cells.72 In mice on a stan-

dard diet, continuous subcutaneous infusion of low-dose LPS re-

sults in hepatic steatosis and hepatic insulin resistance.73,74 LPS 

interact with toll-like receptors (TLRs), particularly TLR-4, on he-

patic Kupffer cells and stellate cells to stimulate pro-inflammatory 

and profibrotic pathways via a range of cytokines, including inter-

leukin (IL)-1, IL-6, and tumour necrosis factor (TNF).75-78 TLR-4‐de-

ficient mice display decreased liver injury, inflammation, and lipid 

accumulation in comparison with wild‐type mice in NAFLD mod-

els.79,80 TLR signalling in the mucosa also lead to the production of 

inflammasomes (cytosolic multiprotein oligomers of the innate im-

mune system) which initiate a variety of pathways to produce pro-

inflammatory and pro-fibrotic mediators such as caspase-1, IL-1β, 

and IL-18.81,82 In support of a role for inflammasomes in the devel-

opment of more severe liver disease in NAFLD, Wree et al.83 found 

significantly higher levels of the inflammasome NLRP3 (NOD-, 

LRR- and pyrin domain-containing protein 3) in the livers of indi-

viduals with NASH compared to those with simple steatosis. Con-

versely, other studies have shown that the absence of inflamma-

somes is associated with more aggressive disease. Pierantonelli et 

al.84 demonstrated that, in a Western lifestyle model, the combi-

nation between high-fat and high-carbohydrate diet and the lack 

of the NLRP3-inflammasome increased the degree of liver injury 

and was associated with an abundance of gram-negative Proteo-
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bacteria and Verrucomicrobia (mucus-degrading bacteria that 

promote bacterial translocation), higher intestinal bacterial trans-

location, increased TLR activation and a more severe degree of 

liver injury. 

The role of bile acids (Bas) in lipid metabolism and 
gut microbiome modulation

BAs have been implicated in the pathogenesis of NAFLD 

through their role in lipid metabolism and as signalling molecules 

via the farnesoid X receptor (FXR). By binding to the FXR, BAs can 

increase insulin sensitivity and decrease hepatic gluconeogenesis 

and circulating triglyceride concentrations.85 Obeticholic acid, an 

FXR agonist, has been shown to improve hepatic histology in ‘The 

Farnesoid X nuclear receptor ligand obeticholic acid for non-cir-

rhotic, non-alcoholic steatohepatitis (FLINT)’ trial.86 However, re-

sults with this FXR agonist were less promising in a planned inter-

im analysis of a further large trial in patients with NASH, where 

treatment with obeticholic acid failed to produce resolution of 

NASH (compared to placebo), although treatment with obeticholic 

acid 25 mg/day significantly improved liver fibrosis.87

BAs and the gut microbiome have a bi-directional relationship 

and are both highly influenced by the diet. Dietary fat content 

regulates BA synthesis; in particular a high-fat diet increases pro-

duction, while a low-fat diet reduces production.88,89 The gut mi-

crobiome regulates BA homeostasis through a number of mecha-

nisms including dihydroxylation of primary BAs to secondary BAs. 

BAs reciprocally regulate the gut microbiome, both directly via 

antibacterial activity (particularly deoxycholic acid) and indirectly 

via FXR induced antimicrobial peptides. The gut microbiome and 

BAs indirectly interact through TMAO, a product of gut microbi-

ome choline metabolism. TMAO inhibits two key enzymes in-

volved in BA metabolism: CYP7A1 and CYP27A1, therefore reduc-

ing the overall BA pool size.90 Furthermore, FXR activation can 

regulate FMO3 activity and therefore TMAO production. Bennet 

et al.91 demonstrated that FXR ligands administered to wild-type 

mice could induce FMO3 expression and increase TMAO levels, 

but this effect was abrogated in FXR knock out mice.

Several studies have demonstrated that the interaction of BAs 

with the gut microbiome plays an important role in NAFLD patho-

genesis. Parséus et al.92 fed germ-free and conventionally raised 

wild-type and FXR knock-out mice a high-fat diet for 10 weeks. 

The gut microbiome promoted weight gain and hepatic steatosis 

in an FXR-dependent manner, and the BA profiles and gut micro-

biome composition differed between FXR knock-out and wild-

type mice.92 These findings were supported by Jiang et al.93 who 

found that improvements in hepatic steatosis related to antibiotic 

treatment were dependent on FXR signalling.

Intestinal permeability induced hepatic 
inflammation

The portal vein exposes the liver to potentially harmful sub-

stances derived from the gut, including translocated bacteria and 

toxic bacterial products such as LPS. Dysbiosis can disrupt the in-

tegrity of the mucosal wall, increasing mucosal permeability. Di-

etary factors have an important role in the maintenance of the in-

testinal mucosal barrier, and not just through their role in altering 

the gut microbiome composition. Dietary depletion of glutamine, 

tryptophan and zinc or excess ingestion of fat, alcohol and food 

additives, have been directly associated with increased intestinal 

permeability.94-98

Animal studies have shown convincing evidence that increased 

intestinal permeability leads to translocation of bacteria and bac-

terial toxins, such as LPS, that worsen the severity of NASH.66,73 

Miele et al.99 found that patients with NAFLD had significantly in-

creased gut permeability (as measured by urinary excretion of 51 

chromium-radiolabeled ethylenediaminetetraacetic acid) com-

pared to healthy volunteers. Furthermore, in patients with NAFLD 

both gut permeability and the prevalence of small intestinal bac-

terial overgrowth correlated with severity of steatosis, although 

not with steatohepatitis.99 Verdam et al.100 found plasma immuno-

globulin G levels against endotoxin were increased in biopsy-

proven human NASH and positively correlated with the severity of 

inflammation. Conversely, Yuan et al.101 found that in paediatric 

patients with NASH, serum endotoxin levels were not correlated 

with disease severity, however peripheral endotoxin levels may 

not represent the concentration in the portal system, and the 

pathogenesis of NAFLD in children may be different to adults. 

Adipose tissue metabolism and inflammation

Adipose tissue expansion, dysfunction, and inflammation are 

hallmarks of obesity and play a critical role in the development of 

NAFLD. Through several mechanisms the composition of the gut 

microbiome is thought to alter the metabolism and function of 

adipose tissue. LPS and other gut microbiome derived TLR ligands 

have been shown to contribute to adipose tissue inflammation. 

Caesar et al.102 showed that mice fed a lard diet had increased 

TLR signalling and white adipose tissue inflammation compared 
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with mice fed an isocaloric fish oil diet. In addition, mice geneti-

cally deficient in various components of the TLR signalling path-

way were protected against white adipose tissue inflammation. 

de Groot et al.103 demonstrated that FMT from a donor after Roux-

en-Y bariatric surgery, to a host with metabolic syndrome led to a 

reduction in the adipocyte inflammatory marker chemokine li-

gand-2 gene expression in adipose tissue and circulating levels in 

plasma.

SCFAs, in particular propionate, have been demonstrated to 

regulate adipose tissue metabolism, both directly through modu-

lation of the transcription factor peroxisome proliferator-activated 

receptor-γ, and indirectly through activation of the sympathetic 

nervous system.43,104 The gut microbiome composition alters adi-

pose tissue thermogenesis, including brown adipose tissue activi-

ty and browning of white adipose tissue. Schugar et al.105 demon-

strated that in mice the genetic deletion of the TMAO-producing 

enzyme FMO3 protected against high-fat diet induced obesity, in 

part by stimulating the beiging and enhanced thermogenesis of 

white adipose tissue. 

DIET AND NAFLD

Dietary factors can impact the development of NAFLD via their 

critical role in the gut-liver axis. A consistent finding from studies 

that have examined the link between diet and NAFLD is that a hy-

percaloric diet, regardless of whether the excess calories have 

been provided either as fat, sugar, or both, increases liver fat con-

Figure 2. A summary of the effect of dietary factors on the gut microbiome and their effects on hepatic pathways leading to the development of 
hepatic steatosis, inflammation and fibrosis. Green tea, caffeine, coffee, a Mediterranean diet and some polyunsaturated fatty acids, such as omega-3, 
have favorable effects on the composition of the gut microbiome. Consumption of saturated fatty acids, fructose and advanced glycated end prod-
ucts cause harmful changes to the gut microbiome composition. Dysbiosis is associated with altered production of SCFA, altered choline and bile acid 
metabolism, higher abundance of LPS containing bacteria, increased bacterial derived ethanol, increased intestinal permeability and upregulation of 
inflammatory processes. The harmful consequences of dysbiosis affect normal liver physiology, particularly given the close relationship between the 
gut and liver. Hepatic lipogenesis and triglyceride storage are upregulated whilst lipid oxidation is reduced, leading to hepatic steatosis. Activation of 
hepatic TLR (e.g., TLR-4) and the generation of ROS drives hepatic inflammation and fibrosis. LPS, lower plasma lipopolysaccharide; SCFA, short chain 
fatty acid; TMA, trimethylamine; TG, triglycerides; TLR, toll-like receptor; ROS, reactive oxygen species.

POSITIVE IMPACT NEGATIVE IMPACT

Non-caloric artificial
sweeteners Saturated fats

Fructose
Advanced glycated end products

Green tea
Caffeine
Coffee

Mediterranean diet
Omega-3 fatty acids

Bile acids
SCFA

DYSBIOSIS

Portal vein

↑ Lipogenesis
↓ Lipid oxidation

↑ TG storage

Steatosis

TLR
activation

Inflammation
& fibrosis

ROS

LPS

Ethanol

Inflammation

↓ Intestinal permeability

↓ Choline & ↑ TMA
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tent.106 Figure 2 summarises the effects of dietary factors on the 

gut microbiome and their effects on hepatic pathways leading to 

the development of hepatic steatosis, inflammation and fibrosis.

Fat 

Increased dietary fat intake, particularly saturated fat, is associ-

ated with the development of hepatic steatosis.107-109 A high fat 

diet can alter the gut microbiome rapidly, decreasing the microbial 

diversity and favoring gut bacteria associated with the develop-

ment of NAFLD.110 Changes associated with a high fat diet include 

reduced levels of the Bifidobacterium genus and an increase in 

the ratio of Firmicutes to Bacteroidetes phyla.73 Ingestion of long-

chained saturated fats, compared to short-chained unsaturated 

fats, are associated with a more pronounced reduction in phylo-

genetic diversity and beneficial bacteria.102 The mechanisms by 

which dietary fatty acids affect the gut microbiome are not well 

defined. Only a minority of fatty acids will pass through the gas-

trointestinal tract and directly modulate gut microbiome composi-

tion. Fatty acids have a broad spectrum of antibacterial activity 

including lysis of bacterial cell membranes and inhibition of bacte-

rial adenosine triphosphate (ATP) production,111,112 and the anti-

bacterial action of fatty acids is affected by carbon chain length, 

saturation and double bond position.113

Changes in the gut microbiome caused by a high fat diet are as-

sociated with; increased energy harvest from the gut, upregula-

tion of genes related to lipid metabolism in the distal small bowel 

and the production of SCFAs favoring the development of 

NASH.73,102 High fat diets in animals, particularly those involving 

long-chained saturated fatty acids, are accompanied by increased 

intestinal permeability, resulting in bacterial translocation and el-

evated LPS levels.73 Inflammatory processes are also upregulated, 

with increased hepatic TLR-4 activation and a rise in inflammatory 

mediators including TNF-α, IL-1, and plasminogen activator inhibi-

tor-1.73,102

Despite the association between a high fat diet and the devel-

opment of NAFLD and dysbiosis, some fatty acids have demon-

strated favorable effects on the gut microbiome and the develop-

ment of hepatic steatosis. In a randomized controlled trial (RCT), 

Scorletti et al.114 demonstrated that consumption of the omega-3 

polyunsaturated fatty acid, docosahexaenoic acid, was indepen-

dently associated with a decrease in liver fat percentage in pa-

tients with NAFLD. The ingestion of omega-3 polyunsaturated 

fatty acids and oleic acid have been shown to protect against 

high-fat diet induced dysbiosis and improve the composition of 

the gut microbiome; including increased abundance of butyrate-

producing bacteria and the Bifidobacterium genus.115-117

Fructose 

Dietary fructose has been strongly implicated in the pathogene-

sis of NAFLD. A large association study demonstrated an in-

creased risk of NAFLD in those consuming regular sugary drinks, 

especially if overweight.118 Fructose is both a substrate and an in-

ducer of hepatic de novo lipogenesis. In individuals with NAFLD, 

26% of hepatic triglycerides are produced by de novo lipogenesis 

using fructose and other dietary sugars as substrates.119 Fructose 

increases hepatic lipogenesis by activating several key transcrip-

tion factors such as sterol response element-binding protein-1c 

and carbohydrate-responsive element-binding protein.120 Dietary 

fructose can induce rapid and harmful changes in the gut microbi-

ome composition, including a reduction in the phylogenetic diver-

sity and a lower concentration of Bifidobacterium genus.121 Fruc-

tose induced dysbiosis has been demonstrated to increase 

intestinal macrophage counts and lower tight junction occludin 

protein expression, associated with worse endotoxaemia, more 

bacterial translocation and increased hepatic TLR expression.122

During hepatic fructose metabolism by fructokinase, ATP is rap-

idly consumed, which results in the breakdown of adenosine mo-

nophosphate (AMP) to inosine monophosphate and the genera-

tion of uric acid. Uric acid therefore increases in the plasma and 

liver with fructose consumption, and may mediate some of the 

adverse effects associated with fructose.123 Uric acid can exacer-

bate hepatic insulin resistance through activation of retinol bind-

ing protein-4,123 impair hepatic fatty acid oxidation through inhibi-

tion of AMP-activated protein kinase, and induce hepatic 

oxidative stress through NADPH oxidase activation.124 Xanthine 

oxidase inhibitors that block uric acid generation, have been 

shown to inhibit fructose induced hepatic steatosis,125 and serum 

uric acid concentrations and a high dietary fructose consumption 

are both independently associated with NASH in children.126

Advanced glycated end products (AGEs)

AGEs are formed in food when reducing sugars react non-enzy-

matically with the amino groups on proteins. The concentration of 

AGEs is high in western diets and contributes to tissue injury via 

activation of receptor for AGEs (RAGEs) and generation of reac-

tive oxygen species. RAGEs have been found on hepatic stellate 

cells and stimulation has been shown to exacerbated liver inflam-
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mation and increase hepatic proliferation and expression of colla-

gen in animal models of NAFLD.127 The absorption of dietary AGEs 

is limited, the majority pass through the gastrointestinal tract to 

the colon, where they can act as substrates for the gut microbi-

ome.128 Several animal and human studies have shown that the 

consumption of AGEs is associated with a compositional change 

in the gut microbiome and altered production of SCFAs, however 

there is a lack of agreement between studies on the specific mi-

crobial changes, which may be due to the different glycated sub-

strates used.128

Mediterranean diet

A Mediterranean diet is characterised by increased consumption 

of vegetables, legumes, fruits, nuts, olive oil and fish and low 

consumption of red meat, dairy products and saturated fats. A 

weight neutral Mediterranean diet can reduce liver steatosis and 

may improve insulin sensitivity.129,130 A Mediterranean diet con-

tains a high concentration of monounsaturated fatty acids and a 

balanced polyunsaturated fatty acid omega-6 to omega-3 ratio, 

which has favorable effects on hepatic lipid metabolism.131 The 

high levels of polyphenols, carotenoids, vitamin E and vitamin D 

are protective against the development of NAFLD through their 

antioxidant and immunomodulatory properties.132-135 Some of the 

hepatoprotective effects of a Mediterranean diet may be mediat-

ed through beneficial changes in the gut microbiome composition, 

including; increased levels of the Bifidobacterium genus, reduced 

levels of gram-negative LPS containing bacteria, altered SCFA 

production and reduced toxic metabolites such as TMAO.37,136

Noncaloric artificial sweeteners (NCS)

NCS are widely used by patients with the metabolic syndrome; 

however their safety and side effect profile remains a topic of 

controversy. The use of NCS have been linked to the pathogenesis 

of obesity, T2DM and NAFLD through a number of postulated 

mechanisms. In an animal study the use of NCS weakened the 

ability of sweet taste to predict energy and evoke autonomic and 

endocrine learned responses, such as the cephalic response, that 

prepares the digestive tract to optimally deal with ingested 

food.137 Other animal studies have shown that NCS interact with 

sweet taste receptors expressed in enteroendocrine cells and in-

crease intestinal glucose absorption (through sodium-dependent 

glucose transporter isoform 1 and GLUT-2) leading to obesity, hy-

perinsulinemia and insulin resistance.138,139

Many NCS are associated with changes in the composition of 

the gut microbiome, while others have shown no effect.140 Suez et 

al.141 found that saccharin intake in mice was associated with re-

ductions in intestinal Akkermansia muciniphila, a commensal bac-

terium that exhibits probiotic properties. These mice developed 

impaired glucose tolerance, an effect that was abrogated by anti-

biotic treatment, and fully transferrable by FMT. Trocho et al.142 

found that aspartame accumulates in the liver of both healthy and 

cirrhotic rats and might increase the risk of NAFLD via mitochon-

drial dysfunction and ATP depletion in the liver. Conversely, other 

animal studies have shown that NCS are not associated with he-

patic steatosis, and some, such as xylooligosaccaride, may actual-

ly be protective.143

Green tea

Green tea and its polyphenols, such as epigallocatechin gallate, 

have demonstrated protective effects against the development of 

NAFLD. The consumption of green tea in mouse models of NAFLD 

has led to reductions in; hepatic steatosis, hepatic inflammation, 

hepatic fibrosis and insulin resistance.144-147 There are various 

mechanisms by which green tea may exert these beneficial ef-

fects. Consumption of green tea has been found to restore the 

changes in gut microbiome composition, such as the Firmicutes to 

Bacteroidetes ratio, which are associated with the development of 

obesity, hepatic steatosis and insulin resistance.148 Several studies 

have also demonstrated that green tea has anti-inflammatory ef-

fects, possibly through interaction with the 67-kDa laminin recep-

tor.149 Green tea can also act as an anti-oxidant, directly by scav-

enging reactive oxygen and nitrogen species,150 and indirectly by 

upregulating the transcription of genes related to the cellular anti-

oxidant defence.151 In a placebo-controlled RCT, green tea con-

sumption was associated with significantly reduced alanine trans-

aminase and aspartate transaminase levels after 12 weeks, in 

individuals with NAFLD.152 In contrast, a cross-sectional study of 

1,024 Japanese men did not find an association between green 

tea consumption (≥3 cups of green tea a day) and hepatic steato-

sis diagnosed by ultrasonography.153

Caffeine and coffee 

There is evidence suggesting that caffeine and coffee may be 

protective against the development of several elements of the 

metabolic syndrome, including NAFLD.154,155 A large meta-analysis 

found both caffeinated and decaffeinated coffee consumption to 
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be inversely associated with the risk of T2DM in a dose-response 

manner.156 The mechanism of action is thought to be largely medi-

ated by an ester of caffeic acid named chlorogenic acid, which im-

proves glucose metabolism by inhibiting gut absorption of glucose 

and hepatic gluconeogenesis.157 Although chlorogenic acid is not 

specific to coffee and occurs in other food stuffs another meta-

analysis found a significantly decreased risk of both developing 

NAFLD and it progressing to fibrosis in individuals who drank cof-

fee on a regular basis.158  Caffeine is thought to have antifibrotic 

properties, through antagonism of adenosine receptor A2a, which 

inhibits hepatic stellate cells.159 Caffeine also leads to more rapid 

gut transit and decreased energy harvest from the diet, in part 

through reducing the expression of aquaportin-8, a water channel 

protein expressed in the intestinal mucosa.160 Consumption of cof-

fee can alter the gut microbiome composition, in healthy volun-

teers and consumption of three cups of instant coffee per day was 

associated with an increase in the quantity and metabolic activity 

of Bifidobacterium, a genus of bacteria thought to be protective 

against the development of NALFD.161

LINKING SEX DIFFERENCES IN NAFLD TO THE 
GUT MICROBIOME 

The prevalence and severity of NAFLD is higher in men than in 

women during the reproductive age. After the menopause, NAFLD 

occurs at a higher rate in women, suggesting that oestrogen is 

protective.162-166 Several possible mechanisms for sexual dimor-

phism in NAFLD have been proposed, including; altered distribu-

tion of fat, differences in mitochondria functioning and variation 

of gene expression in key organs that determine insulin sensitivi-

ty.167,168 Variation in several aspects of the gut-liver axis between 

men and women may also be responsible. The physiological differ-

ences in the gut microbiome composition between sexes are mod-

est, but some researchers have found variations in gut microbiome 

metabolic activity and in several of the pathways by which the gut 

microbiome is thought to influence NAFLD pathogenesis.

Oestrogen has an influence on the composition of the gut mi-

crobiome. Dietary administration of oestrogen-like compounds 

can promote the proliferation and growth of certain types of gut 

bacteria, for example the consumption of soy phytoestrogen can 

increase the concentration of Bifidobacterium.169,170 Some bacteria 

can metabolise oestrogen-like compounds to produce more bio-

logically active forms that have high affinity for human oestrogen 

receptors.171 For example, some gut bacteria can metabolize phy-

toestrogens into O-desmethylangolensin (ODMA) and equol, 

which are structurally similar to mammalian oestrogen.172 These 

metabolites have beneficial metabolic effects; ODMA producing 

individuals are leaner, and Equol supplementation improves gly-

caemic control and lowers low-density lipoprotein cholester-

ol.170,172,173

Sex hormones strongly affect BA profiles and significant gender-

specific differences become more prominent in response to a 

high-fat high-sugar diet.174 Jena et al.175 demonstrated that male 

mice fed a high-fat western diet, develop more severe hepatic in-

flammation, hepatic steatosis and insulin resistance compared to 

female mice, in an FXR dependent manner. Xie et al.176 investigat-

ed the mechanistic link between the gut microbiome and hepato-

cellular carcinoma (HCC) in NAFLD using a streptozotocin-high fat 

diet (STZ-HFD) induced NASH-HCC murine model and compared 

results for both sexes. STZ-HFD feeding induced a much higher in-

cidence of HCC in male mice with substantially increased intrahe-

patic retention of hydrophobic BAs and decreased hepatic expres-

sion of tumour-suppressive microRNAs. Metagenomic analysis 

showed differences in the gut microbiome involved in BA metabo-

lism between normal male and female mice, and such differences 

were amplified when mice of both sexes were exposed to STZ-

HFD. Treating STZ-HFD male mice with 2% cholestyramine led to 

significant improvement of hepatic BA retention, tumour-suppres-

sive microRNA expressions, microbial gut communities, and pre-

vention of HCC.

THE GUT MICROBIOME AS A THERAPEUTIC 
TARGET IN NAFLD 

Despite the significant rising epidemic of NAFLD, no pharmaco-

logical interventions are currently specifically licensed for its treat-

ment. Modifications in lifestyle such as a low-calorie, low-fat, 

low-glycaemic index diet and increased physical activity, are the 

only reliable treatment options shown to reverse the early histo-

logic damage caused by NAFLD. Pharmacologic options, such as 

metformin, vitamin E, omega-3 fatty acids, ursodeoxycholic acid 

and lipid lowering drugs, have all been studied in patients with 

various stages of NAFLD, with variable results. Due to poor pa-

tient compliance with lifestyle interventions, and given the impor-

tance of the gut-liver axis in the pathogenesis of NAFLD, the  

effect of manipulating the gut microbiome has attracted consider-

able recent research interest. Through altering the gut microbiome 

composition, this therapeutic strategy has been postulated to;  
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Table 3. RCTs addressing the therapeutic modulation of the gut microbiome in NAFLD patients 

Study Study design Bacterial species Condition
Main outcome telated to NAFLD

Biochemistry Imaging/biopsy

Malaguarnera et 
al.185 (2012)

RCT (n=66)
24 weeks

Bifidobacterium+fructo-
oligosaccharide

NASH (↓) AST, endotoxins 
(-) ALT, glucose, 
BMI

Biopsy: steatosis & 
NASH improved

Shavakhi et al.186 
(2013)

Double-blind RCT 
(n=64)

6 months

Lactobacillus, Bifidobacterium, 
Streptococcus

NASH on 
metformin

(↓) ALT, AST US: hepatic steatosis 
improved

Wong et al.187 (2013) RCT (n=20)
6 months

Lactobacillus, Bifidobacterium NASH (↓) AST
(-) BMI, glucose

MRS: hepatic steatosis 
improved 

Alisi et al.188 (2014) Double-blind RCT 
(n=44)

4 months

Lactobacillus, Bifidobacterium, 
Streptococcus 

NAFLD children (↓) BMI
(-) ALT, TG

US: hepatic steatosis 
improved

Eslamparast et al.189 
(2014)

Double-blind RCT 
(n=52)

28 weeks

Lactobacillus, Bifidobacterium, 
Streptococcus+fructo-
oligosaccharide

NAFLD (↓) ALT, AST Transient 
elastography: liver 
stiffness improved

Asgharian et al.190 
(2016)

Double-blind RCT 
(n=80)

8 weeks

Lactobacillus, Bifidobacterium, 
Streptococcus+fructo-
oligosaccharide

NAFLD (-) AST, ALT US: hepatic steatosis 
improved

Ferolla et al.191 (2016) RCT (n=50)
3 months

Lactobacillus+inulin NASH (↓) BMI
(-) AST, ALT, 

LPS, intestinal 
permeability

MRI-PDFF: steatosis 
improved but no 
change in liver 
fibrosis 

Famouri et al.192 
(2017)

Triple-blind RCT (n= 64)
12 weeks

Lactobacillus, Bifidobacterium NAFLD obese 
children

(↓) ALT, AST, 
cholesterol, TG

(-) BMI

US: hepatic steatosis 
improved

Manzhalii et al.193 
(2017)

RCT (n=75)
12 weeks

Lactobacilli, Bifidobacteria, 
Streptococcus 

NASH on a ↓ fat 
diet

(↓) ALT, BMI, 
cholesterol

Transient 
elastography: liver 
stiffness improved

Mofidi et al.194 (2017) Double-blind RCT 
(n=50)

28 weeks

Lactobacillus, Bifidobacterium, 
Streptococcus+fructo-
oligosaccharide

NAFLD (↓) AST, ALT, gluco-
se, TG, cholesterol

Transient elastograp-
hy: hepatic steatosis 
& liver stiffness 
improved

Bakhshimoghaddam 
et al.195 (2018)

RCT (n=102)
24 weeks

Bifidobacterium+inulin NAFLD (↓) AST, ALT, GGT, 
TG, cholesterol

US:  hepatic steatosis 
improved

Kobyliak et al.196 
(2018)

Double-blind RCT 
(n=48)

8 weeks

Bifidobacterium, 
Lactobacillus, Lactococcus, 
Propionibacterium, 
Acetobacter+omega-3 fatty 
acids

NAFLD with 
T2DM

(↓) TG, cholesterol, 
FLI

(-) AST, ALT

SWE: no significant 
change in liver 
stiffness

Kobyliak et al.197 
(2018)

Double-blind RCT 
(n=58)

8 weeks

Bifidobacterium, 
Lactobacillus, Lactococcus, 
Propionibacterium, 
Acetobacter

NAFLD with 
T2DM

(↓) AST, FLI
(-) ALT, TG, chole-

sterol

SWE: no significant 
change in liver 
stiffness

Sayari et al.198 (2018) RCT (n=138)
16 weeks

Lactobacillus, Bifidobacterium, 
Streptococcus+fructo-
oligosaccharide

NAFLD taking 
sitagliptin

(↓) glucose, AST, 
cholesterol 

(-) ALT, TG, BMI

Wang et al.199 (2018) Double-blind RCT 
(n=200)

1 month

Bifidobacterium, Lactobacillus, 
Enterococcus, Bacillus

NAFLD (↓) AST, ALT, TG, 
cholesterol

US: no significant 
change in hepatic 
steatosis
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improve intestinal barrier function, prevent bacterial translocation, 

decrease the prevalence of LPS containing bacteria, decrease the 

production of harmful bacterial products, and reduce overall in-

flammation.177

Mechanisms for altering the gut microbiome include antibiotics, 

FMT or probiotics, pre-biotics and synbiotics (a combined pro-and 

pre-biotic). The use of antibiotics is limited due to their side ef-

fects and the emergence and prevalence of bacterial resistance. 

The therapeutic benefit of FMT has been investigated for several 

aspects of the metabolic syndrome, with variable results.178 Two 

studies reported improved peripheral insulin sensitivity at 6 weeks 

in patients with the metabolic syndrome receiving FMTs from lean 

donors, versus patients receiving the placebo control.179,180 One 

study went on to show that the improvement in insulin sensitivity 

was dependent on the baseline composition of the hosts gut mi-

crobiome.179 FMT from lean donors does not appear to reduce the 

BMI of overweight recipients.181-183 Very limited human data is cur-

rently available regarding the impact of FMT on NAFLD. Craven et 

al.184 found that FMT from slim healthy donors to individuals with 

NAFLD did not affect hepatic steatosis or insulin sensitivity but 

did reduce gut permeability. More work is needed before the 

therapeutic role of FMT in NAFLD can be established.

Table 3 lists the RCTs addressing the potential benefit of gut 

microbiome manipulation with probiotics, prebiotics and synbiot-

ics in patients with NAFLD.185-202 Most of these clinical trials use 

probiotics containing bacteria of the genus Lactobacillus , Bifido-
bacterium, and Streptococcus with or without a prebiotic such as 

fructo-oligosaccharide or inulin. Although studies differ in their 

design and intervention, the outcome of treatment appears posi-

tive, with many of the studies showing that in patients with 

NAFLD, probiotics can significantly improve hepatic steatosis and 

fibrosis as well as other metabolic parameters including glucose 

tolerance and obesity. It is uncertain from the study design of 

these trials whether the probiotics acted to favorably change the 

gut microbiome. Furthermore, other studies have shown that pro-

biotics/prebiotics/synbiotics have no effect on biochemical or ra-

diological end points in NAFLD. Thus, several questions remain 

unanswered. For example, what is the mechanism by which probi-

otics improve NAFLD; what is the most effective probiotic-prebiot-

ic combination; what is the optimal duration of treatment and 

which aspect of the disease process in NAFLD benefits from treat-

ment. Although promising results along with minimal cost and 

side effects make probiotics an exciting treatment option for 

NAFLD that could be extensively used as a health-food supple-

ment to treat early disease, further RCTs with larger sample sizes, 

longer follow-up, and assessments of efficacy based on liver his-

tology (or acceptable alternative diagnostic surrogate markers)203 

are urgently needed.

CONCLUSION

Abundant evidence from animal and human studies show that 

the diet and the gut microbiome play a role in the pathogenesis of 

Study Study design Bacterial species Condition
Main outcome telated to NAFLD

Biochemistry Imaging/biopsy

Ahn et al.200 (2019) Double-blind RCT 
(n=68)

12 weeks

Lactobacillus, Pediococcus, 
Bifidobacterium 

NAFLD with 
obesity

(↓) TG
(-) AST, ALT, LPS, 

cholesterol, 
glucose 

MRI-PDFF: hepatic 
steatosis improved 
transient 
elastography: no 
significant change in 
liver stiffness 

Duseja et al.201 (2019) Double-blind RCT 
(n=30)

1 year

Lactobacillus, Bifidobacterium, 
Streptococcus

NAFLD (↓) ALT, LPS
(-) AST

Biopsy: improved NAS 
score, hepatocyte 
ballooning & fibrosis

Scorletti et al.202 
(2020)

Double-blind RCT 
(n=104)

10–14 months

Bifidobacterium+fructo-
oligosaccharide

NAFLD (-) ELF score MRS: no significant 
change in hepatic 
steatosis

RCT, randomized controlled trials; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; AST, aspartate transaminase; ALT, alanine 
transaminase; BMI, body mass index; US, ultrasound; MRS, magnetic resonance spectroscopy; TG, triglyceride; LPS, lipopolysaccharide; MRI-PDFF, magnetic 
resonance imaging derived proton density fat fraction; GGT, gamma-glutamyl transferase; T2DM, type 2 diabetes mellitus; FLI, fatty liver index; SWE, shear 
wave elastography; NAS, NAFLD activity score; ELF, enhanced liver fibrosis.

Table 3. Continued
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NAFLD. The consumption of long-chained saturated fatty acids, 

fructose and AGEs, all plentiful within the western diet, can cause 

dysbiosis and potentially contribute to the development of hepatic 

steatosis and inflammation. Dysbiosis alters metabolic pathways 

and inflammatory processes through; altered production of SC-

FAs, altered choline and BA metabolism, increased production of 

bacteria-derived ethanol, higher abundance of LPS containing 

gram negative bacteria and increased intestinal permeability. The 

clinical significance of specific gut microbial alterations associated 

with NAFLD still remains unclear and therefore there is currently 

no diagnostic or therapeutic role for analysing the gut microbiome 

or modulating its composition in NAFLD. Further work is required 

to investigate the significance of gut microbiome alterations in 

NAFLD, and to clarify the therapeutic role of probiotics, prebiotics 

and synbiotics in the management of patients at different stages 

of the disease process.
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Updates in the quantitative assessment of liver fibrosis 
for nonalcoholic fatty liver disease: Histological per-
spective
Gwyneth Soon1 and Aileen Wee1,2
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Nonalcoholic fatty liver disease/nonalcoholic steatohepatitis (NAFLD/NASH) is a major cause of liver fibrosis and cirrhosis. 
Accurate assessment of liver fibrosis is important for predicting disease outcomes and assessing therapeutic response 
in clinical practice and clinical trials. Although noninvasive tests such as transient elastography and magnetic resonance 
elastography are preferred where possible, histological assessment of liver fibrosis via semiquantitative scoring systems 
remains the current gold standard. Collagen proportionate area provides more granularity by measuring the percentage 
of fibrosis on a continuous scale, but is limited by the absence of architectural input. Although not yet used in routine 
clinical practice, advances in second harmonic generation/two-photon excitation fluorescence (SHG/TPEF) microscopy 
imaging show great promise in characterising architectural features of fibrosis at the individual collagen fiber level. 
Quantification and calculation of different detailed variables of collagen fibers can be used to establish algorithm-based 
quantitative fibrosis scores (e.g., qFibrosis, q-FPs), which have been validated against fibrosis stage in NAFLD. Artificial 
intelligence is being explored to further refine and develop quantitative fibrosis scoring methods. SHG-microscopy 
shows promise as the new gold standard for the quantitative measurement of liver fibrosis. This has reaffirmed the 
pivotal role of the liver biopsy in fibrosis assessment in NAFLD, at least for the near-future. The ability of SHG-derived 
algorithms to intuitively detect subtle nuances in liver fibrosis changes over a continuous scale should be employed to 
redress the efficacy endpoint for fibrosis in NASH clinical trials; this approach may improve the outcomes of the trials 
evaluating therapeutic response to antifibrotic drugs. (Clin Mol Hepatol 2021;27:44-57)
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a burgeoning global 

health concern in tandem with metabolic syndrome.1 NAFLD en-

compasses steatosis to nonalcoholic steatohepatitis (NASH); the 

latter may progress to cirrhosis. In the United States, NAFLD is 

one of the leading indications for liver transplantation.2 Preva-

lence of NAFLD in Asia has increased from 25% (1999–2005) to 

34% (2012–2017).3 The histological diagnosis of NASH is based 

on four key parameters, viz., steatosis, hepatocellular ballooning, 

lobular inflammation, and fibrosis. Precise grading of severity and 

fibrosis staging are crucial for understanding the pathogenesis 

and development of therapeutic targets to halt, reverse as well as 

prevent disease.

Accurate quantitative assessment of liver fibrosis in NAFLD is 

important to predict risk of developing complications and track 

disease progression, especially as an efficacy endpoint in clinical 

trials of antifibrotic agents. Fibrosis stage is the most important 

histological predictor of liver-specific outcome; the risk of cirrhotic 

decompensation and hepatocellular carcinoma increases with fi-

brosis stage.4-7

Noninvasive methods of fibrosis assessment are recommended 

by international management guidelines for NAFLD,8-12 given that 

only a minority of patients would eventually develop liver-related 

complications, and progression to cirrhosis takes decades.13-16 

However, it is increasingly recognised that the liver biopsy, despite 

its limitations, not only remains the ‘gold standard’ but provides a 

window into the architectural pattern and nature of fibrosis far 

beyond the scope of current routine histopathology practice, par-

ticularly with recent advances in techniques such as second har-

monic generation (SHG)-microscopy and advanced computing 

systems. Bedossa has reiterated the importance of liver biopsy in 

the diagnosis and management of NAFLD/NASH in (selected) pa-

tients and clinical trials.17 Wanless in a recent editorial also stated 

categorically that “quantitative biopsy assessment using SHG-mi-

croscopy should be considered the new gold standard for the 

measurement of liver fibrosis”.18

There are many unmet needs concerning various aspects of 

NASH.19 The current U.S. Food and Drug Administration require-

ments regarding efficacy endpoints to demonstrate therapeutic 

response in NASH clinical trials may have to be re-addressed in 

favour of more precise and granular criteria on a continuous scale 

with the aid of advancing laser microscopy and machine learning. 

This review aims to focus on current and developing techniques 

that assess fibrosis on liver tissue samples.

PATHOGENESIS OF LIVER FIBROSIS IN NAFLD

Hepatocellular injury and inflammation are supposedly the pri-

mary drivers of fibrogenesis in NASH patients, finally culminating 

in cirrhosis. The PIVENS and FLINT clinical trials have demonstrat-

ed the strong link between histological resolution of steatohepati-

tis (NAFLD activity score ≥2) with at least 1-stage decrease or 

more in fibrosis in NASH.20 Liver fibrosis is a dynamic wound heal-

ing response to chronic liver injury characterized by accumulation 

of extracellular matrix (ECM) components, including collagen fi-

bers, sulfated proteoglycans and glycoproteins, in excess of matrix 

degradation by enzymes. Activation of hepatic stellate cells (HSC) 

during liver injury and inflammation from their quiescent state to 

proliferative, fibrogenic and contractile myofibroblasts, in con-

junction with endothelial cells, Kupffer cell infiltration and activa-

tion, and secretion of other inflammatory molecules, is the key 

event in fibrogenesis.21,22

The adult NAFLD pattern of fibrosis starts as delicate perisinu-

soidal deposition of collagen fibers in the space of Disse in the 

centrilobular zone (zone 3) of the hepatic lobule.23 Periportal fi-

brosis then develops with short collagen strands extending into 

zone 1, and thereafter, bridging with central veins via fibrous sep-

ta. Cirrhosis eventually ensues in a small percentage of cases. In 

comparison, the fibrosis is zone 1-centric in (pre-adolescent) chil-

dren, beginning around portal regions and progressing to bridg-

ing fibrosis.

NONINVASIVE TESTS FOR FIBROSIS ASSESS-
MENT

Imaging modalities often use liver stiffness as a surrogate mea-

sure to assess the amount of liver fibrosis.24 Vibration-controlled 

transient elastography (TE) (FibroScan®) is one of the most com-

monly used techniques.25 Magnetic resonance elastography (MRE) 

has been shown to be superior to TE in that it can diagnose earlier 

stages of fibrosis, evaluate a larger portion of the liver, and pro-

vide for fat quantification via MR spectroscopy.26-28 Other newer 

techniques include multiparametric magnetic resonance imag-

ing.29,30 Composite scoring systems based on serum biomarkers, 

such as fibrosis-4 (FIB-4) index, NAFLD fibrosis score (NFS), and 

enhanced liver fibrosis (ELF) test, have also been developed as 

surrogate measures of fibrosis severity in NAFLD.31-36 Recently, 

there has been interest in gut microbiome to identify signatures 

for advanced fibrosis in NAFLD,37,38 as well as proteomic or multi-
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omic studies.39,40 However, these methods are all indirect mea-

sures of fibrosis encumbered by confounders and lack of specificity.

Some of the most pressing issues with noninvasive tests are dif-

ficulty in determining the optimum cut-off to differentiate inter-

mediate stages of fibrosis; inability to reflect architectural chang-

es/fibrosis stage that may not correspond with amount of collagen 

deposition; and the incapability to assess the dynamic nature of 

fibrosis progression or regression. These data are essential in 

tracking disease progression, prognostication, identifying patients 

who are most likely to benefit from any therapeutic intervention, 

and assessing the efficacy of antifibrotic drugs.13,41,42 Recent ad-

vances in molecular and targeted MR imaging studies of small 

molecules that bind to fibrillary collagen or other ECM proteins 

are promising noninvasive approaches in the direct detection and 

quantification of liver fibrosis that would help overcome some of 

these limitations.43-45

HISTOLOGICAL SCORING SYSTEMS BASED ON 
LIGHT MICROSCOPY

The performance of noninvasive tests is still currently measured 

against the ‘gold standard’ – histological assessment of liver tis-

sue. The existing histological scoring systems for assessing fibrosis 

in NAFLD are semiquantitative categorical systems that have been 

developed to standardize and improve observer variability, espe-

cially in clinical trials (Table 1). Masson Trichrome or other connec-

tive tissue stains are performed to highlight fibrosis, particularly 

the delicate perisinusoidal component. 

Strictly speaking, as categorical labels, histological scoring sys-

tems do not quantify the absolute amount of fibrosis across the 

entire liver, but are rather a reflection of the architectural patterns 

in the scarred liver. Their accuracy therefore relies not only on a 

pathologist’s judgment but also on sample adequacy. Besides the 

sampling variability inherent in a biopsy procedure and disease 

heterogeneity,46,47 suboptimal samples exacerbate the problem of 

inter- and intra-observer variability.48 Both the length and diame-

ter of the cores must be sufficient for adequate assessment of 

portal tracts and central veins. A core length of 25 mm obtained 

via a 16-gauge needle is most ideal.49-52

Brunt system

The Brunt system was the first histological assessment system 

proposed to categorize the morphologic features of NASH for 

grading and staging the disease.53 It was intended to be used only 

after overall evaluation of the biopsy had established a diagnosis 

of NASH. Perisinusoidal/pericellular fibrosis was recognised as the 

earliest stage of fibrosis, with subsequent progression to peripor-

tal fibrosis, bridging fibrosis, and cirrhosis. 

Nonalcoholic Steatohepatitis Clinical Research 
Network (NASH CRN): NAFLD activity score (NAS)

The Brunt system was further refined to include the full spec-

trum of NAFLD and be applicable to adults and children.48 This 

new scoring system, developed and validated by the National In-

stitute of Diabetes and Digestive and Kidney Diseases (NIDDK) 

sponsored NASH CRN Pathology Committee, is currently the most 

recognised system for scoring NAFLD in clinical trials and experi-

mental studies.23,54 The score is similarly not meant to supplant 

the pathologist’s diagnosis of NASH.55 The NAS is a summative 

score of three components: steatosis, ballooning and lobular in-

flammation. Fibrosis is described separately using a 5-stage system 

(0 to 4), with further subclassification of stage 1 into substages a–

c depending on the location of collagen deposition.

Table 1. Comparison of histological fibrosis scoring systems

Fibrosis stage Brunt system53 NASH CRN score48 SAF score57

0 None None None

1 Zone 3 perisinusoidal fibrosis; focally or extensively present 1a: Mild (delicate) zone 3 perisinusoidal fibrosis
1b: Moderate (dense) zone 3 perisinusoidal fibrosis

1c: Portal fibrosis only

2 Zone 3 perisinusoidal fibrosis with focal or extensive periportal fibrosis Zone 3 perisinusoidal fibrosis with periportal fibrosis

3 Zone 3 perisinusoidal fibrosis and portal fibrosis with focal or extensive 
bridging fibrosis

Bridging fibrosis

4 Cirrhosis Cirrhosis

NASH CRN, Nonalcoholic Steatohepatitis Clinical Research Network; SAF, steatosis activity fibrosis.
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The Fatty Liver: Inhibition of Progression (FLIP) 
consortium: steatosis activity fibrosis (SAF) score

The SAF scoring system, developed by the FLIP European con-

sortium, removes steatosis from the activity score of NAS. It pro-

poses an algorithm to distinguish patients with or without NASH, 

based on the activity alone (ballooning and lobular inflammation); 

the three individually scored components of steatosis, activity and 

fibrosis then comprise the SAF score.56,57 The fibrosis component 

is staged similarly as in the NASH CRN system; the inclusion of fi-

brosis in the SAF score presents a snapshot of the patient’s dis-

ease status. This scoring system was recently clinically validated in 

patients enrolled in a therapeutic trial.58

Limitations of histological assessment scoring 
systems

Fibrosis deposition is actually a continuum that may not fall 

neatly into the designated categories of these semiquantitative 

staging systems. Distinguishing between the intermediate stages 

of fibrosis is challenging on liver biopsies.59 The single numeric 

value of the staging system does not convey the variability and 

extent of changes seen within each stage, nor the architectural/

vascular alterations present.60 Moreover, the degree of perisinu-

soidal fibrosis is not captured in the higher stages of fibrosis. The 

severity of perisinusoidal fibrosis may contribute to portal hyper-

tension in the absence of advanced fibrosis. Measurement of peri-

sinusoidal fibrosis at all stages might enhance the evaluation of 

fibrosis outcome in clinical trial endpoints.61

Fibrosis is a dynamic process with both progression and regres-

sion occurring concurrently, together with parenchymal remodel-

ing, even at the ‘final’ cirrhotic stage.62 In this respect, Sun et al.63 

proposed the Beijing classification based on chronic hepatitis B 

(CHB) patients to reflect the quality of fibrosis in advanced stage 

disease, in order to predict patient outcomes. However, this sys-

tem has yet to be validated in NAFLD; furthermore, it is only ap-

plicable for later stage disease after parenchymal extinction and 

its sequelae have occurred.64

Fibrosis is also a relatively slow process; current scoring systems 

may not provide sufficient granularity for assessing subtle chang-

es during follow-up studies.65 Furthermore, in current practice, the 

amount of fibrosis assessed based on the few 3 to 4-microns thick 

sections of the biopsy core examined is assumed to be represen-

tative of the entire core, and by extension, the rest of the patient’s 

liver; truly a ‘sample’ of a ‘sample’. Lastly, traditional light micros-

copy simply displays the presence of collagen fibers via connective 

tissue stains; it does not unveil collagen fiber structure nor the 

status of other cellular players in this fibrogenesis process.

MORPHOMETRIC ANALYSIS

Collagen proportionate area (CPA) measurement is the most 

validated morphometric approach that quantifies the amount of 

fibrous tissue present as a proportion of the total biopsy area, af-

ter subtracting for structural collagen (e.g., in large vessel walls). 

This automated process employs digital image analysis on histo-

logical sections, most commonly stained with Picro-Sirius red to 

highlight collagen.66 CPA has been validated against hepatic ve-

nous pressure gradient measurements and clinical outcomes, 

mainly in patients with chronic hepatitis C (CHC).67,68 More recent-

ly, Buzzetti et al.69 demonstrated CPA as an independent predictor 

of long-term outcome in NAFLD, including early stage disease.

CPA provides a linear quantification of fibrosis that has the sen-

sitivity to detect small variations in the amount of collagen and fi-

brosis, which is especially useful in clinical trials that are often of 

relatively short duration. Furthermore, some clinical trials currently 

use a reduction of fibrosis histological stage by 1 or more as an 

outcome; however, a reduction in stage from 4 to 3 may have dif-

ferent implications regarding the efficacy of an antifibrotic drug as 

compared to a reduction from stage 2 to 1, given that CPA in-

creases exponentially by fibrosis stage.70 As a caveat though, 

sample adequacy becomes important when dealing with such 

precise measurements; moreover, adequate sample size differs 

between etiologies of cirrhosis.71 CPA measurement is also still 

subject to technical issues such as variances in staining procedure, 

operator experience, and imaging software used.

CPA is unable to evaluate architectural changes such as bridg-

ing fibrosis and nodularity. Masugi et al.72 demonstrated a strong 

but nonlinear relationship between Brunt fibrosis stage and the 

combined area ratio of collagen and elastin fibers, measured on 

Elastica van Gieson-stained biopsies from NAFLD patients. There 

was a marked difference between stages 4 and 3, but much 

smaller differences among stages 0–3. This was attributed to the 

relatively limited areas of bridging fibrosis in stage 3; thus, despite 

the altered architecture, the absolute amount of fibrosis may not 

differ significantly from earlier stages.

Hence, while CPA is a sensitive linear measurement that directly 

quantifies fibrosis, it does not provide any information on spatial 

alterations, the dynamic nature of fibrosis or the other cellular 
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components involved in this process. It is still subject to the same 

potential sampling error that traditional histology suffers from.

MULTIPLE LASER-BASED MICROSCOPY

SHG/two-photon excitation fluorescence (TPEF) laser 
microscopy

Recent advancement in ultra-fast lasers have enabled imaging 

of optical signals, such as autofluorescence, from unstained, par-

affin-embedded histological sections of biological samples. The 

ability to characterize the unique crystalline triple-helix structure 

and intrinsic optical signals of fibrillar collagen have opened up a 

whole new realm for quantitative assessment of liver fibrosis, re-

establishing the importance of the liver biopsy. SHG microscopy is 

a nonlinear optical tissue imaging system that enables automated 

quantification of fibrosis based on the unique architectural fea-

tures of collagen.73,74 TPEF permits visualization of the background 

liver architecture through endogenous tissue signals.75 SHG/TPEF 

microscopy therefore allows identification of individual collagen 

fibers, localization of collagen in 2D and 3D formats, and quanti-

fication of their physical attributes, such as number, length, diam-

eter, orientation, contour, and cross-linkages of the collagen fibers 

with each other.73,74 Characterization of the collagen fibers and 

relationship of aggregated thick and dispersed thin fibers within a 

3D lattice framework provides insights into the remodeling dyna-

mism and would be of great pathomechanistic and pharmaceuti-

cal value.

There has been a surge in studies utilising SHG to assess liver fi-

brosis in the past decade (Fig. 1, Table 2).76-80 One of the most 

pivotal developments was the establishment of “qFibrosis” by Xu 

et al.80- a fully-quantitative stain-free method for the automated 

assessment of liver fibrosis that incorporates spatial architectural 

features of pathological relevance at the tissue level. In order to 

achieve this concept of histological staging, the qFibrosis design 

utilised SHG/TPEF for 1) detection of changes in the respective 

collagen patterns and 2) quantitative identification of histopatho-

logical architectural features. Eighty-seven collagen architectural 

features were selected and categorized into three groups, namely, 

portal, septal, and fibrillar collagen, and these features are trans-

lated into quantitative parameters to build up the three respective 

subindices which were then combined into a single index, qFibro-

sis.

qFibrosis, first validated on core biopsies from CHB patients, 

was shown to reliably stage liver fibrosis with reduced variability 

of sampling error and inter-/intra-observer bias, as well as differ-

entiate intra-stage cirrhosis changes, an essential step for moni-

toring progression or regression of cirrhosis and response to anti-

fibrotic drugs. The successful demonstration of qFibrosis as a 

reproducible and robust tool, outperforming CPA and (hepato)pa-

thologists’ observer variability in CHB and CHC, laid the ground-

work for SHG microscopy-based assessment of liver fibrosis in 

NAFLD.

Pirhonen et al.78 subsequently performed a proof-of-concept 

study in NAFLD patients using SHG and coherent anti-Stokes Ra-

man scattering (CARS) microscopy. They focused on patients with 

no or early stage fibrosis, as early detection of fibrosis is crucial 

for identifying individuals at risk for advanced liver disease. SHG 

and CARS imaging could detect fibrillar collagen and fat, respec-

tively, in a label-free manner, allowing for automated and sensi-

tive quantification of early fibrosis with continuous grading in 

NAFLD.

In 2017, Wang et al.79 then proposed a validated SHG-based 

quantification of fibrosis-related parameters (q-FPs) model in 

NAFLD that offered a more refined assessment of collagen archi-

tectural changes along a continuous, quantitative scale. The au-

thors showed that SHG could differentiate subtle differences be-

tween fibrosis stages 1a, 1b, and 1c (NASH CRN system) and 

differences in zonal distribution of fibrosis in patients with cirrho-

sis. In a 2020 validation study, Wang et al.81 further showed that 

q-FP was highly accurate in assessing different stages of fibrosis 

in NAFLD patients and correlated strongly with histological scor-

ing and liver stiffness measurement. 

Similarly, Chang et al.76 developed a fibrosis index (SHG B-index) 

comprising 14 unique SHG-based collagen parameters that corre-

lated with severity of NAFLD fibrosis in a continuous fashion, vali-

dating the reliability of SHG as an automated method for fibrosis 

staging. In their cross-validation analysis, the SHG B-index dem-

onstrated high specificity for diagnosis of all grades of fibrosis 

(Brunt fibrosis stage), although it was less discerning in discrimi-

nating between early stages of fibrosis. The advantage of the SHG 

B-index is that it provides a convenient single composite index 

that can be easily applied both in routine practice and clinical tri-

als.

Well-defined, accurate, reproducible, and clinically meaningful 

endpoints are currently lacking to assess efficacy of NASH clinical 

trials. Besides fibrosis, histological assessment of NASH severity is 

used as endpoints in clinical trials, despite acknowledged issues 

with accuracy and reproducibility of these parameters amongst 
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Figure 1. Comparison of histopathological staining (H&E and Masson trichrome) with SHG/TPEF images of liver biopsy tissue from NAFLD patients. 
SHG imaging, Masson trichrome, and H&E were performed on serial sections (×200). H&E, haemotoxylin and eosin; SHG, second harmonic generation; 
TPEF, two-photon excitation fluorescence; NAFLD, nonalcoholic fatty liver disease.
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Table 2. Performance of SHG-based models for quantitative assessment of liver fibrosis in NAFLD

Study Model Methodology No. of patients Performance

Wang et al.79 
(2017)

q-FP SHG/TPEF to capture images (of whole biopsy section)
Images assessed with computerized image-analysis by 

two independent investigators to output the profile 
of q-FPs data for each slice in operator-defined 
segmentation regions of liver tissue, including:

(1) General: the liver section in its entirety
(2)   Perisinusoidal: hepatocyte-associated collagen in 

the perisinusoidal space 
(3)   Vessel: collagen fibrils directly connected to veins; 

and 
(4)   Vessel bridges: collagen fibrils extending from vein 

to vein or vein to portal tract.
70 q-FPs had interclass concordance ≥0.8 which were 

selected for further model development

50 (test cohort)
42 (validation 

cohort)

Principal component analysis model 
of 16 q-FPs:

- Fibrosis vs. no fibrosis: AUC 0.88
- Cirrhosis vs. earlier stages: AUC 0.93
Linear scale of fibrosis measurement 

of 4 q-FPs using desirability 
functions: 

- Related to fibrosis stage (P<0.0001)

Wang et al.81 
(2020)

q-FP Compared against NASH CRN staging system (but 
with substages of stage 1 combined)

344 (428 biopsies)  
(larger 
validation 
study)

25 q-FPs with AUC >0.90 for 
different fibrosis stages; perimeter 
of collagen fibres and number of 
long collagen fibres had the best 
accuracy (88.3–96.2% sensitivity 
and 78.1–91.1% specificity for 
different fibrosis stages)

Chang et 
al.76 (2018)

SHG B-index SHG/TPEF to capture images (final sampling size of  
10 mm2 per biopsy)

An image processing algorithm was used to quantify 
fibrosis features in three specific regions: 1) central 
vein, 2) portal tract, and 3) perisinusoidal

In total, 100 collagen features were extracted and 
quantified, of which 28 features including the 
percentages of different collagen patterns and 
collagen string features were extracted in each 
region

Compared against Brunt’s staging system

83 adults Prediction model based on 14 
unique SHG-based collagen 
parameters

- Fibrosis vs. no fibrosis: AUC 0.853
- Cirrhosis vs. earlier stages: AUC 0.941
- Stage 0/1 vs. 2/3/4: AUC 0.967
- Stage 0/1/2 vs. 3/4: AUC 0.985
- High correlation of 0.820 with 

fibrosis stage (P<0.001)

Liu et al.77 
(2017)

qFibrosis SHG/TPEF to capture images (final sampling size of  
10 mm2 per biopsy)

An image processing algorithm was used to quantify 
fibrosis features in three specific regions: 1) central 
vein, 2) portal tract, and 3) perisinusoidal

In total, 100 collagen features were extracted and 
quantified

62 adults  
(30 training,  
32 validation); 
36 children  
(18 training,  
18 validation)

Prediction model based on six shared 
parameters for string collagen

(Adult)
- Fibrosis vs. no fibrosis: AUC 0.835
- Cirrhosis vs. earlier stages: 0.982
- Stage 0/1 vs. 2/3/4: AUC 0.892
- Stage 0/1/2 vs. 3/4: AUC 0.87
(Pediatric)
- Fibrosis vs. no fibrosis: AUC 0.981
- Stage 0/1 vs. 2/3: AUC 0.931
- Stage 0/1/2 vs. 3: AUC 0.885

Liu et al.82 
(2020)

qFibrosis Compared against NASH CRN staging system 219 adults  
(146 training, 
73 validation) 
(multicenter)

Prediction model based on 17 
parameters, with output as a 
numerical index from 0 and 6.55

- Fibrosis vs. no fibrosis: AUC 0.87
- Cirrhosis vs. earlier stages: 0.951
- Stage 0/1 vs. 2/3/4: AUC 0.881
- Stage 0/1/2 vs. 3/4: AUC 0.945

SHG, second harmonic generation; NAFLD, nonalcoholic fatty liver disease; q-FP, quantification of fibrosis-related parameter; TPEF, two-photon excitation 
fluorescence; AUC, area under curve; NASH CRN, Nonalcoholic Steatohepatitis Clinical Research Network.
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(hepato)pathologists. The qFIBS (Fibrosis, Inflammation, Balloon-

ing, and Steatosis) model, an SHG-based automated quantitative 

tool developed and validated by Liu et al.77,82 in a multicenter co-

hort, shows promise in mitigating these issues. This computation-

al algorithm expands on the initial qFibrosis model developed in 

CHB patients; it quantifies the four key histopathological features 

of NASH, namely, fibrosis (qFibrosis), lobular inflammation (qIn-

flammation), hepatocellular ballooning (qBallooning), and steato-

sis (qSteatosis). In their study, each qFIBS components were 

strongly correlated with the corresponding NASH CRN compo-

nents (P<0.001). Validation of qFibrosis showed strong correlation 

with histological fibrosis stage (r=0.776) and accurate differentia-

tion of fibrosis stages. Of note, however, is that similar to the 

NASH CRN scoring system, qFIBS is not suited for establishing a 

de novo diagnosis but is more of an adjunctive tool to quantify 

disease severity.

All these various models have affirmed SHG microscopy to be 

an invaluable new platform to study and quantify liver fibrosis, as 

well as the other key histological parameters of NASH. As current 

fibrosis staging systems tend to be disease-specific, the strong 

correlation between the models and traditional histological scor-

ing systems used specifically in NAFLD promises great clinical util-

ity, especially where demonstration of histological fibrosis im-

provement is an endpoint in drug trials for NAFLD. Similar to CPA 

measurements, SHG-based microscopy techniques allow for an 

objective quantitative assessment of fibrosis changes on a contin-

uous scale, thereby providing greater reflection of subtle nuances 

compared to the stage migration of the traditional simpler semi-

quantitative scores. However, in addition, combination with tech-

niques such as TPEF or CARS allows for assessment of spatial in-

formation of collagen fibres, which are lacking in CPA measurements. 

In fact, the potential of qFibrosis could be further developed be-

yond the traditional confines of grouping or staging fibrosis as a 

single component, and instead be scored separately as the three 

subindices of perisinusoidal, portal, and septal fibrosis. This more 

refined fibrosis categorization would potentially be more sensitive 

and meaningful in monitoring patients’ disease progression. Re-

gardless, it must be remembered that SHG microscopy still re-

quires liver tissue samples to be performed on, and thus is subject 

to the sampling variances and the risks of an invasive biopsy pro-

cedure. The requirement for specialised equipment may also limit 

its utility in resource-poor areas or countries.

ARTIFICIAL INTELLIGENCE (AI)-ASSISTED SYS-
TEMS

Current computer-assisted SHG/TPEF image analytics for liver fi-

brosis scoring is not fully automated as it entails manual pre-pro-

cessing (segmentation and feature extraction) based on domain 

knowledge in liver pathology, potentially introducing bias. For ex-

ample, qFIBS uses an algorithm-derived platform rather than a 

machine-learning platform, resulting in correlations but not exact 

correspondence between the pertinent variables.82 Deep learning-

based algorithms can potentially classify these images through 

learning from a large dataset of images. Yu et al.83 have shown 

that deep learning-based algorithms with transfer learning can 

automatically quantify liver fibrosis progression and score differ-

ent stages of fibrosis (based on the METAVIR scoring system) with 

high sensitivity and specificity in a rat model. The level of accuracy 

by this fully automated algorithm using pre-trained AlexNet-Con-

volutional Neural Networks is similar to conventional non-deep 

learning-based algorithms in scoring liver fibrosis stages. Howev-

er, this approach has yet to be validated in NAFLD patients.

A significant barrier to the widespread adoption of many of the 

newer technologies is the large computational effort and special-

ised equipment required. Recognising this difficulty, Forlano et 

al.70 developed a high-throughput, machine learning-based and 

fully automated method of quantification of steatosis, inflamma-

tion, ballooning, and collagen in liver biopsies from NAFLD pa-

tients that was user-friendly, fast-operating, and accurate. The 

devised software algorithm analysed biopsy images to compute 

percentages of each of the three key features of NASH, as well as 

calculated the CPA, with levels of inter- and intra-observer agree-

ment ranging from 0.95 to 0.99, higher than that of semiquanti-

tative scoring systems. It was also more sensitive in detecting dif-

ferences in paired liver biopsies compared with the NASH CRN 

scoring system. The machine learning software is touted to be 

easily installable on any device and quantification performed 

within 2 minutes, features that would be attractive, especially in 

low resource and non-specialist centers.

Most recently, Gawrieh et al.84 also developed an integrated AI-

based automated tool to detect and quantify liver fibrosis in 

NAFLD liver biopsies via CPA; however, in addition, their method 

also included assessment of six fibrosis architectural patterns. This 

added feature helps compensate for the absence of spatial infor-

mation when using CPA alone for quantitative assessment of liver 

fibrosis, especially since the authors found considerable overlap in 

CPA across different stages.
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It remains to be seen how well these AI-assisted tools perform 

alone in large scale validation studies. However, these exciting 

new developments also have the potential to be integrated with 

SHG-based microscopy to produce a model for assessing liver fi-

brosis in NAFLD which is sensitive and accurate, and yet also fully 

automated, widely accessible, and fast-operating.

LIVER COLLAGEN FRACTIONAL SYNTHESIS 
RATE (FSR)

Most of the above approaches are static measurements of fi-

brosis and do not give much information regarding the trajectory 

of disease progression. Decaris et al.85 recently proposed a novel 

method to quantify hepatic fibrogenesis flux rates both within liv-

er tissue and noninvasively in blood, via administration of heavy 

water and tandem mass spectrometry to measure the liver colla-

gen FSR and plasma lumican FSR. They found that the hepatic 

collagen FSR in NAFLD increased with advancing disease stage, 

suggesting that even at advanced stages, fibrosis may be revers-

ible if ongoing collagen deposition rates can be reduced. Patients 

demonstrating a high FSR may thus benefit most from antifibrotic 

therapies.

INVESTIGATING OTHER CONTRIBUTORS TO 
FIBROSIS

Elastin

Fibrosis is a mixture of various ECM proteins and glycoproteins, 

of which collagen is among the most abundant but not the sole 

component. Elastin is actively synthesized by portal fibroblasts 

and possibly HSC in the diseased liver, and is biochemically stable 

compared with collagen.86 Nakayama et al.87 found that the pres-

ence of perivenular elastic fibers was associated with at least 

stage 3 fibrosis, and suggested that this may be a useful marker 

to determine advanced fibrosis in NAFLD; similarly, Masugi et al.72 

detected higher elastin area ratios in advanced stages of NAFLD. 

Future studies may further clarify the clinical significance of elas-

tin deposition with respect to disease reversibility as well as clini-

cal outcomes.

Activated hepatic stellate cells

Activated HSC can be detected with antibodies against 

α-smooth muscle cells (ASMA).88 The degree of HSC activation 

correlates with the degree of fibrosis in NAFLD patients.89 Feld-

stein et al.90 devised an HSC activation score using a semiquanti-

tative 12-point scoring system based on ASMA immunohisto-

chemistry, and tested it in a cohort of 39 untreated NAFLD 

patients with paired liver biopsies. In their study, the HSC score 

was accurate in predicting fibrosis progression, suggesting that 

this score may be a useful adjunct to existing staging systems in 

predicting patients’ fibrosis progression rate, and in patient strati-

fication in antifibrotic clinical trials.91

Liver sinusoidal endothelial cells (LSEC)

LSEC are now known to be major effectors of inflammation in 

NASH and thereby contributors to fibrosis. Capillarization of 

LSECs and LSEC dysfunction appear to precede as well as pro-

mote liver fibrosis.92 Baiocchini et al.93 recently found that capillar-

ization was only observed at initial stages of liver fibrosis in CHC 

patients. There are as yet no studies focused on correlating LSEC 

changes with different stages of fibrosis in NAFLD.

Molecular pathways

In situ mass spectrometry has been performed on liver biopsies, 

allowing direct characterization of the spatial distribution of vari-

ous lipid species on tissue sections and providing insights into the 

pathogenesis of NASH and its progression.94,95 Urasaki et al.96 

also used hyperspectral simulated Raman scattering microscopy 

and nanofluidic proteomics to quantitatively measure the liver 

composition of protein, DNA, and lipids and identify affected cel-

lular signalling and metabolic pathways. However, these tech-

niques have yet to be applied in investigating fibrosis stage in 

NAFLD.

FUTURE DIRECTIONS

There are many unmet needs in NAFLD. The pathogenesis of 

the disease and mechanisms responsible for liver fibrosis and re-

modeling in cirrhosis are still unchartered. The significance of the 

histological features required for the diagnosis of NASH, and the 

presently used efficacy endpoints in NASH clinical trials including 



53

Gwyneth Soon, et al. 
Quantifying liver fibrosis in NAFLD

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0181

the absence of ballooning and at least 1-point decrease in fibrosis 

stage based on current histological scoring systems, may not be 

adequate and are being questioned.97

There have been many exciting recent developments and re-

search pathways to address the issue of liver fibrosis. So far, de-

spite its shortcomings, none of the noninvasive tools can currently 

replace liver biopsy as the reference standard in evaluating the 

various histological patterns of disease and their severity in 

NAFLD. The recent application of SHG microscopy on liver tissue 

samples promises to further refine the accuracy of this ‘gold’ stan-

dard, thereby changing the landscape of the role of the liver biopsy 

(Fig. 2).

SHG-based tools can provide a more standardized, accurate, 

and precise approach to staging NASH by incorporating a quanti-

tative assessment of changes on a continuous scale across the 

stages of fibrosis, detecting subtle nuances and characteristics of 

the deposited collagen fibers, as well as characterizing spatial and 

architectural changes. SHG microscopy therefore outperforms cur-

rent staging systems in capturing the full spectrum of fibrosis in 

NASH, and provides a more reproducible, tractable, and sensitive 

reference to analyse progression or regression of fibrosis in NASH. 

Current models can be further refined to assess the severity of 

perisinusoidal fibrosis at all stages of fibrosis. Integrating the use 

of AI-assisted systems to achieve a fully-automated and fast-oper-

ating system may also facilitate wider adoption of these models.

Much more work needs to be done before these proposed sys-

tems and models are used routinely in clinical practice and thera-

peutic trials. One thing, however, is certain: the liver tissue biopsy 

still has much to contribute to deepening our understanding and 

assessment of liver fibrosis in NAFLD.

Authors’ contributions
Gwyneth Soon and Aileen Wee contributed to the literature re-

view and manuscript preparation. 

Acknowledgements
The authors would like to thank Dr. Pang Yin Huei for critical re-

view of the draft manuscript, and Dr. Dean Tai of HistoIndex for 

contributing the microscopy images. 

Conflicts of Interest
The authors have no conflicts to disclose.

REFERENCES

  1.  Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. 

Global epidemiology of nonalcoholic fatty liver disease-meta-analyt-

ic assessment of prevalence, incidence, and outcomes. Hepatology 

2016;64:73-84.

  2.  Younossi Z, Stepanova M, Ong JP, Jacobson IM, Bugianesi E, Duseja 

A, et al. Nonalcoholic steatohepatitis is the fastest growing cause of 

hepatocellular carcinoma in liver transplant candidates. Clin Gastro-

enterol Hepatol 2019;17:748-755.e3.

  3.  Li J, Zou B, Yeo YH, Feng Y, Xie X, Lee DH, et al. Prevalence, inci-

dence, and outcome of non-alcoholic fatty liver disease in Asia, 

1999-2019: a systematic review and meta-analysis. Lancet Gastro-

enterol Hepatol 2019;4:389-398.

  4.  Hagström H, Nasr P, Ekstedt M, Hammar U, Stål P, Hultcrantz R, et 

al. Fibrosis stage but not NASH predicts mortality and time to de-

velopment of severe liver disease in biopsy-proven NAFLD. J Hepatol 

2017;67:1265-1273.

  5.  Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson ES, 

Charatcharoenwitthaya P, et al. Liver fibrosis, but no other histologic 

features, is associated with long-term outcomes of patients with 

nonalcoholic fatty liver disease. Gastroenterology 2015;149:389-

397.e10.

  6.  Dulai PS, Singh S, Patel J, Soni M, Prokop LJ, Younossi Z, et al. 

Increased risk of mortality by fibrosis stage in nonalcoholic fatty 

liver disease: systematic review and meta-analysis. Hepatology 

2017;65:1557-1565.

  7.  Ekstedt M, Hagström H, Nasr P, Fredrikson M, Stål P, Kechagias S, 

et al. Fibrosis stage is the strongest predictor for disease-specific 

mortality in NAFLD after up to 33 years of follow-up. Hepatology 

2015;61:1547-1554.

  8.  Castera L. Non-invasive tests for liver fibrosis in NAFLD: creating 

Figure 2. Comparison of the various noninvasive and invasive methods 
for fibrosis assessment in terms of the quantitative and qualitative infor-
mation yielded. The size of the circle represents current utility in clinical 
practice/trials (shaded area represents potential growth). CPA, collagen 
proportionate area; TE, transient elastography; MRE, magnetic resonance 
elastography; SHG, second harmonic generation.

Q
ua

nt
ita

tiv
e 

in
fo

rm
at

io
n

Qualitative (architectural) information 

 Invasive
 Non-invasive

Serum biomarkers

CPA

TE/MRE

SHG-based models

Histological score



54 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0181

Volume_27  Number_1  January 2021

pathways between primary healthcare and liver clinics. Liver Int 

2020;40 Suppl 1:77-81.

  9.  Tapper EB, Loomba R. Noninvasive imaging biomarker assessment 

of liver fibrosis by elastography in NAFLD. Nat Rev Gastroenterol 

Hepatol 2018;15:274-282.

10.  European Association for the Study of the Liver (EASL); European 

Association for the Study of Diabetes (EASD); European Association 

for the Study of Obesity (EASO). EASL-EASD-EASO clinical practice 

guidelines for the management of non-alcoholic fatty liver disease. J 

Hepatol 2016;64:1388-1402.

11.  Shiha G, Ibrahim A, Helmy A, Sarin SK, Omata M, Kumar A, et al. 

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

sus guidelines on invasive and non-invasive assessment of hepatic 

fibrosis: a 2016 update. Hepatol Int 2017;11:1-30.

12.  Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment of 

liver disease in patients with nonalcoholic fatty liver disease. Gas-

troenterology 2019;156:1264-1281.e4.

13.  Sanyal AJ, Friedman SL, McCullough AJ, Dimick-Santos L; American 

Association for the Study of Liver Diseases; United States Food and 

Drug Administration. Challenges and opportunities in drug and bio-

marker development for nonalcoholic steatohepatitis: findings and 

recommendations from an American Association for the Study of 

Liver Diseases-U.S. Food and Drug Administration joint workshop. 

Hepatology 2015;61:1392-1405.

14.  Liou I, Kowdley KV. Natural history of nonalcoholic steatohepatitis. J 

Clin Gastroenterol 2006;40 Suppl 1:S11-S16.

15.  Fassio E, Alvarez E, Domínguez N, Landeira G, Longo C. Natural his-

tory of nonalcoholic steatohepatitis: a longitudinal study of repeat 

liver biopsies. Hepatology 2004;40:820-826.

16.  Chávez-Tapia NC, Méndez-Sánchez N, Uribe M. Role of nonalcoholic 

fatty liver disease in hepatocellular carcinoma. Ann Hepatol 2009;8 

Suppl 1:S34-S39.

17.  Bedossa P. Diagnosis of non-alcoholic fatty liver disease/non-alco-

holic steatohepatitis: why liver biopsy is essential. Liver Int 2018;38 

Suppl 1:64-66.

18.  Wanless IR. Quantitative SHG-microscopy: unraveling the nano-

architecture of the cirrhotic liver. Clin Res Hepatol Gastroenterol 

2020;44:1-3.

19.  Ratziu V, Friedman SL. Why do so many NASH trials fail? Gastroen-

terology. 2020 May 18. doi: 10.1053/j.gastro.2020.05.046.

20.  Brunt EM, Kleiner DE, Wilson LA, Sanyal AJ, Neuschwander-Tetri 

BA; Nonalcoholic Steatohepatitis Clinical Research Network. Im-

provements in histologic features and diagnosis associated with 

improvement in fibrosis in nonalcoholic steatohepatitis: results from 

the nonalcoholic steatohepatitis clinical research network treatment 

trials. Hepatology 2019;70:522-531.

21.  Friedman SL. Liver fibrosis -- from bench to bedside. J Hepatol 

2003;38 Suppl 1:S38-S53.

22.  Schwabe RF, Tabas I, Pajvani UB. Mechanisms of fibrosis develop-

ment in nonalcoholic steatohepatitis. Gastroenterology 2020;158: 

1913-1928.

23.  Kleiner DE, Makhlouf HR. Histology of nonalcoholic fatty liver dis-

ease and nonalcoholic steatohepatitis in adults and children. Clin 

Liver Dis 2016;20:293-312.

24.  Younossi ZM, Loomba R, Anstee QM, Rinella ME, Bugianesi E, Mar-

chesini G, et al. Diagnostic modalities for nonalcoholic fatty liver 

disease, nonalcoholic steatohepatitis, and associated fibrosis. Hepa-

tology 2018;68:349-360.

25.  Zhang X, Wong GL, Wong VW. Application of transient elastography 

in nonalcoholic fatty liver disease. Clin Mol Hepatol 2020;26:128-

141.

26.  Park CC, Nguyen P, Hernandez C, Bettencourt R, Ramirez K, Fortney 

L, et al. Magnetic resonance elastography vs transient elastography 

in detection of fibrosis and noninvasive measurement of steatosis in 

patients with biopsy-proven nonalcoholic fatty liver disease. Gastro-

enterology 2017;152:598-607.e2.

27.  Kaswala DH, Lai M, Afdhal NH. Fibrosis assessment in nonalcoholic 

fatty liver disease (NAFLD) in 2016. Dig Dis Sci 2016;61:1356-1364.

28.  Loomba R. Role of imaging-based biomarkers in NAFLD: recent 

advances in clinical application and future research directions. J 

Hepatol 2018;68:296-304.

29.  Banerjee R, Pavlides M, Tunnicliffe EM, Piechnik SK, Sarania N, 

Philips R, et al. Multiparametric magnetic resonance for the non-

invasive diagnosis of liver disease. J Hepatol 2014;60:69-77.

30.  McDonald N, Eddowes PJ, Hodson J, Semple SIK, Davies NP, Kelly 

CJ, et al. Multiparametric magnetic resonance imaging for quanti-

tation of liver disease: a two-centre cross-sectional observational 

study. Sci Rep 2018;8:9189.

31.  Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, 

et al. The NAFLD fibrosis score: a noninvasive system that identifies 

liver fibrosis in patients with NAFLD. Hepatology 2007;45:846-854.

32.  Guha IN, Parkes J, Roderick P, Chattopadhyay D, Cross R, Harris 

S, et al. Noninvasive markers of fibrosis in nonalcoholic fatty liver 

disease: validating the European liver fibrosis panel and exploring 

simple markers. Hepatology 2008;47:455-460.

33.  Shah AG, Lydecker A, Murray K, Tetri BN, Contos MJ, Sanyal AJ, 

et al. Comparison of noninvasive markers of fibrosis in patients 

with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 

2009;7:1104-1112.

34.  Xiao G, Zhu S, Xiao X, Yan L, Yang J, Wu G. Comparison of labora-

tory tests, ultrasound, or magnetic resonance elastography to detect 

fibrosis in patients with nonalcoholic fatty liver disease: a meta-

analysis. Hepatology 2017;66:1486-1501.

35.  Ampuero J, Pais R, Aller R, Gallego-Durán R, Crespo J, García-

Monzón C, et al. Development and validation of hepamet fibrosis 

scoring system-a simple, noninvasive test to identify patients with 



55

Gwyneth Soon, et al. 
Quantifying liver fibrosis in NAFLD

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0181

nonalcoholic fatty liver disease with advanced fibrosis. Clin Gastro-

enterol Hepatol 2020;18:216-225.e5.

36.  Lin B, Ma Y, Wu S, Liu Y, Liu L, Wu L. Novel serum biomarkers for 

noninvasive diagnosis and screening of nonalcoholic fatty liver 

disease-related hepatic fibrosis. OMICS 2019;23:181-189.

37.  Loomba R, Seguritan V, Li W, Long T, Klitgord N, Bhatt A, et al. Gut 

microbiome-based metagenomic signature for non-invasive detec-

tion of advanced fibrosis in human nonalcoholic fatty liver disease. 

Cell Metab 2017;25:1054-1062.e5.

38.  Caussy C, Tripathi A, Humphrey G, Bassirian S, Singh S, Faulkner C, 

et al. A gut microbiome signature for cirrhosis due to nonalcoholic 

fatty liver disease. Nat Commun 2019;10:1406.

39.  Younossi ZM, Karrar A, Pierobon M, Birerdinc A, Stepanova M, 

Abdelatif D, et al. An exploratory study examining how nano-liquid 

chromatography-mass spectrometry and phosphoproteomics can 

differentiate patients with advanced fibrosis and higher percentage 

collagen in non-alcoholic fatty liver disease. BMC Med 2018;16:170.

40.  Pirola CJ, Sookoian S. Multiomics biomarkers for the prediction 

of nonalcoholic fatty liver disease severity. World J Gastroenterol 

2018;24:1601-1615.

41.  Hardy T, McPherson S. Imaging-based assessment of steato-

sis, inflammation and fibrosis in NAFLD. Curr Hepatology Rep 

2017;16:298-307.

42.  Karsdal MA, Krarup H, Sand JM, Christensen PB, Gerstoft J, Leem-

ing DJ, et al. Review article: the efficacy of biomarkers in chronic 

fibroproliferative diseases - early diagnosis and prognosis, with liver 

fibrosis as an exemplar. Aliment Pharmacol Ther 2014;40:233-249.

43.  Salarian M, Turaga RC, Xue S, Nezafati M, Hekmatyar K, Qiao J, et 

al. Early detection and staging of chronic liver diseases with a pro-

tein MRI contrast agent. Nat Commun 2019;10:4777.

44.  Fuchs BC, Wang H, Yang Y, Wei L, Polasek M, Schühle DT, et al. 

Molecular MRI of collagen to diagnose and stage liver fibrosis. J 

Hepatol 2013;59:992-998.

45.  Li S, Sun X, Chen M, Ying Z, Wan Y, Pi L, et al. Liver fibrosis conven-

tional and molecular imaging diagnosis update. J Liver 2019;8:236.

46.  Ratziu V, Charlotte F, Heurtier A, Gombert S, Giral P, Bruckert E, et 

al. Sampling variability of liver biopsy in nonalcoholic fatty liver dis-

ease. Gastroenterology 2005;128:1898-1906.

47.  Ooi GJ, Clouston A, Johari Y, Kemp WW, Roberts SK, Brown WA, et 

al. Evaluation of the histological variability of core and wedge biop-

sies in nonalcoholic fatty liver disease in bariatric surgical patients. 

Surg Endosc. 2020 Mar 13. doi: 10.1007/s00464-020-07490-y.

48.  Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cum-

mings OW, et al. Design and validation of a histological scoring sys-

tem for nonalcoholic fatty liver disease. Hepatology 2005;41:1313-

1321.

49.  Vuppalanchi R, Unalp A, Van Natta ML, Cummings OW, Sandraseg-

aran KE, Hameed T, et al. Effects of liver biopsy sample length and 

number of readings on sampling variability in nonalcoholic fatty liver 

disease. Clin Gastroenterol Hepatol 2009;7:481-486.

50.  Bedossa P, Dargère D, Paradis V. Sampling variability of liver fibrosis 

in chronic hepatitis C. Hepatology 2003;38:1449-1457.

51.  Goldstein NS, Hastah F, Galan MV, Gordon SC. Fibrosis heterogene-

ity in nonalcoholic steatohepatitis and hepatitis C virus needle core 

biopsy specimens. Am J Clin Pathol 2005;123:382-387.

52.  Colloredo G, Guido M, Sonzogni A, Leandro G. Impact of liver bi-

opsy size on histological evaluation of chronic viral hepatitis: the 

smaller the sample, the milder the disease. J Hepatol 2003;39:239-

244.

53.  Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA, 

Bacon BR. Nonalcoholic steatohepatitis: a proposal for grading and 

staging the histological lesions. Am J Gastroenterol 1999;94:2467-

2474.

54.  Sanyal AJ, Brunt EM, Kleiner DE, Kowdley KV, Chalasani N, Lavine 

JE, et al. Endpoints and clinical trial design for nonalcoholic steato-

hepatitis. Hepatology 2011;54:344-353.

55.  Brunt EM, Kleiner DE, Wilson LA, Belt P, Neuschwander-Tetri BA; 

NASH Clinical Research Network (CRN). Nonalcoholic fatty liver 

disease (NAFLD) activity score and the histopathologic diagnosis in 

NAFLD: distinct clinicopathologic meanings. Hepatology 2011;53: 

810-820.

56.  Bedossa P; FLIP Pathology Consortium. Utility and appropriateness 

of the fatty liver inhibition of progression (FLIP) algorithm and ste-

atosis, activity, and fibrosis (SAF) score in the evaluation of biopsies 

of nonalcoholic fatty liver disease. Hepatology 2014;60:565-575.

57.  Bedossa P, Poitou C, Veyrie N, Bouillot JL, Basdevant A, Paradis V, et 

al. Histopathological algorithm and scoring system for evaluation of 

liver lesions in morbidly obese patients. Hepatology 2012;56:1751-

1759.

58.  Nascimbeni F, Bedossa P, Fedchuk L, Pais R, Charlotte F, Lebray P, et 

al. Clinical validation of the FLIP algorithm and the SAF score in pa-

tients with non-alcoholic fatty liver disease. J Hepatol 2020;72:828-

838.

59.  Poynard T, Lenaour G, Vaillant JC, Capron F, Munteanu M, Eyraud D, 

et al. Liver biopsy analysis has a low level of performance for diag-

nosis of intermediate stages of fibrosis. Clin Gastroenterol Hepatol 

2012;10:657-663.e7.

60.  Brunt EM. Nonalcoholic fatty liver disease and the ongoing role of 

liver biopsy evaluation. Hepatol Commun 2017;1:370-378.

61.  Pai RK, Kleiner DE, Hart J, Adeyi OA, Clouston AD, Behling CA, 

et al. Standardising the interpretation of liver biopsies in non-

alcoholic fatty liver disease clinical trials. Aliment Pharmacol Ther 

2019;50:1100-1111.

62.  Singh S, Allen AM, Wang Z, Prokop LJ, Murad MH, Loomba R. 

Fibrosis progression in nonalcoholic fatty liver vs nonalcoholic ste-

atohepatitis: a systematic review and meta-analysis of paired-biopsy 



56 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0181

Volume_27  Number_1  January 2021

studies. Clin Gastroenterol Hepatol 2015;13:643-654.e1-e9; quiz 

e39-e40.

63.  Sun Y, Zhou J, Wang L, Wu X, Chen Y, Piao H, et al. New classifica-

tion of liver biopsy assessment for fibrosis in chronic hepatitis B pa-

tients before and after treatment. Hepatology 2017;65:1438-1450.

64.  Theise ND, Jia J, Sun Y, Wee A, You H. Progression and regression of 

fibrosis in viral hepatitis in the treatment era: the Beijing classifica-

tion. Mod Pathol 2018;31:1191-1200.

65.  Bedossa P, Patel K. Biopsy and noninvasive methods to assess 

progression of nonalcoholic fatty liver disease. Gastroenterology 

2016;150:1811-1822.e4.

66.  Standish RA, Cholongitas E, Dhillon A, Burroughs AK, Dhillon AP. 

An appraisal of the histopathological assessment of liver fibrosis. 

Gut 2006;55:569-578.

67.  Calvaruso V, Burroughs AK, Standish R, Manousou P, Grillo F, Le-

andro G, et al. Computer-assisted image analysis of liver collagen: 

relationship to Ishak scoring and hepatic venous pressure gradient. 

Hepatology 2009;49:1236-1244.

68.  Tsochatzis E, Bruno S, Isgro G, Hall A, Theocharidou E, Manousou 

P, et al. Collagen proportionate area is superior to other histological 

methods for sub-classifying cirrhosis and determining prognosis. J 

Hepatol 2014;60:948-954.

69.  Buzzetti E, Hall A, Ekstedt M, Manuguerra R, Guerrero Misas M, 

Covelli C, et al. Collagen proportionate area is an independent 

predictor of long-term outcome in patients with non-alcoholic fatty 

liver disease. Aliment Pharmacol Ther 2019;49:1214-1222.

70.  Forlano R, Mullish BH, Giannakeas N, Maurice JB, Angkathunyakul N, 

Lloyd J, et al. High-throughput, machine learning-based quantifica-

tion of steatosis, inflammation, ballooning, and fibrosis in biopsies 

from patients with nonalcoholic fatty liver disease. Clin Gastroen-

terol Hepatol 2020;18:2081-2090.e9.

71.  Hall AR, Tsochatzis E, Morris R, Burroughs AK, Dhillon AP. Sample 

size requirement for digital image analysis of collagen proportionate 

area in cirrhotic livers. Histopathology 2013;62:421-430.

72.  Masugi Y, Abe T, Tsujikawa H, Effendi K, Hashiguchi A, Abe M, et al. 

Quantitative assessment of liver fibrosis reveals a nonlinear associa-

tion with fibrosis stage in nonalcoholic fatty liver disease. Hepatol 

Commun 2017;2:58-68.

73.  Gailhouste L, Le Grand Y, Odin C, Guyader D, Turlin B, Ezan F, et al. 

Fibrillar collagen scoring by second harmonic microscopy: a new tool 

in the assessment of liver fibrosis. J Hepatol 2010;52:398-406.

74.  Guilbert T, Odin C, Le Grand Y, Gailhouste L, Turlin B, Ezan F, et al. 

A robust collagen scoring method for human liver fibrosis by second 

harmonic microscopy. Opt Express 2010;18:25794-25807.

75.  Sun W, Chang S, Tai DC, Tan N, Xiao G, Tang H, et al. Nonlinear 

optical microscopy: use of second harmonic generation and two-

photon microscopy for automated quantitative liver fibrosis studies. 

J Biomed Opt 2008;13:064010.

76.  Chang PE, Goh GBB, Leow WQ, Shen L, Lim KH, Tan CK. Second 

harmonic generation microscopy provides accurate automated stag-

ing of liver fibrosis in patients with non-alcoholic fatty liver disease. 

PLoS One 2018;13:e0199166.

77.  Liu F, Zhao JM, Rao HY, Yu WM, Zhang W, Theise ND, et al. Second 

harmonic generation reveals subtle fibrosis differences in adult 

and pediatric nonalcoholic fatty liver disease. Am J Clin Pathol 

2017;148:502-512.

78.  Pirhonen J, Arola J, Sädevirta S, Luukkonen P, Karppinen SM, Pihla-

janiemi T, et al. Continuous grading of early fibrosis in nafld using 

label-free imaging: a proof-of-concept study. PLoS One 2016;11: 

e0147804.

79.  Wang Y, Vincent R, Yang J, Asgharpour A, Liang X, Idowu MO, et 

al. Dual-photon microscopy-based quantitation of fibrosis-related 

parameters (q-FP) to model disease progression in steatohepatitis. 

Hepatology 2017;65:1891-1903.

80.  Xu S, Wang Y, Tai DCS, Wang S, Cheng CL, Peng Q, et al. qFibrosis: 

a fully-quantitative innovative method incorporating histological 

features to facilitate accurate fibrosis scoring in animal model and 

chronic hepatitis B patients. J Hepatol 2014;61:260-269.

81.  Wang Y, Wong GL, He FP, Sun J, Chan AW, Yang J, et al. Quantify-

ing and monitoring fibrosis in non-alcoholic fatty liver disease using 

dual-photon microscopy. Gut 2020;69:1116-1126.

82.  Liu F, Goh GB, Tiniakos D, Wee A, Leow WQ, Zhao JM, et al. qFIBS: 

an automated technique for quantitative evaluation of fibrosis, in-

flammation, ballooning, and steatosis in patients with nonalcoholic 

steatohepatitis. Hepatology 2020;71:1953-1966.

83.  Yu Y, Wang J, Ng CW, Ma Y, Mo S, Fong ELS, et al. Deep learn-

ing enables automated scoring of liver fibrosis stages. Sci Rep 

2018;8:16016.

84.  Gawrieh S, Sethunath D, Cummings OW, Kleiner DE, Vuppalanchi 

R, Chalasani N, et al. Automated quantification and architectural 

pattern detection of hepatic fibrosis in NAFLD. Ann Diagn Pathol 

2020;47:151518.

85.  Decaris ML, Li KW, Emson CL, Gatmaitan M, Liu S, Wang Y, et al. 

Identifying nonalcoholic fatty liver disease patients with active 

fibrosis by measuring extracellular matrix remodeling rates in tissue 

and blood. Hepatology 2017;65:78-88.

86.  Kanta J. Elastin in the liver. Front Physiol 2016;7:491.

87.  Nakayama H, Itoh H, Kunita S, Kuroda N, Hiroi M, Matsuura H, et al. 

Presence of perivenular elastic fibers in nonalcoholic steatohepatitis 

fibrosis stage III. Histol Histopathol 2008;23:407-409.

88.  Mann DA, Smart DE. Transcriptional regulation of hepatic stellate 

cell activation. Gut 2002;50:891-896.

89.  Washington K, Wright K, Shyr Y, Hunter EB, Olson S, Raiford DS. He-

patic stellate cell activation in nonalcoholic steatohepatitis and fatty 

liver. Hum Pathol 2000;31:822-828.

90.  Feldstein AE, Papouchado BG, Angulo P, Sanderson S, Adams L, 



57

Gwyneth Soon, et al. 
Quantifying liver fibrosis in NAFLD

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0181

Gores GJ. Hepatic stellate cells and fibrosis progression in patients 

with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 

2005;3:384-389.

91.  Trautwein C, Friedman SL, Schuppan D, Pinzani M. Hepatic fibrosis: 

concept to treatment. J Hepatol 2015;62(1 Suppl):S15-S24.

92.  Hammoutene A, Rautou PE. Role of liver sinusoidal endothelial cells 

in non-alcoholic fatty liver disease. J Hepatol 2019;70:1278-1291.

93.  Baiocchini A, Del Nonno F, Taibi C, Visco-Comandini U, D’Offizi G, 

Piacentini M, et al. Liver sinusoidal endothelial cells (LSECs) modifi-

cations in patients with chronic hepatitis C. Sci Rep 2019;9:8760.

94.  Wattacheril J, Seeley EH, Angel P, Chen H, Bowen BP, Lanciault C, et 

al. Differential intrahepatic phospholipid zonation in simple steatosis 

and nonalcoholic steatohepatitis. PLoS One 2013;8:e57165.

95.  Hall Z, Bond NJ, Ashmore T, Sanders F, Ament Z, Wang X, et al. 

Lipid zonation and phospholipid remodeling in nonalcoholic fatty 

liver disease. Hepatology 2017;65:1165-1180.

96.  Urasaki Y, Zhang C, Cheng JX, Le TT. Quantitative assessment of 

liver steatosis and affected pathways with molecular imaging and 

proteomic profiling. Sci Rep 2018;8:3606.

97.  Yoo JJ, Kim W, Kim MY, Jun DW, Kim SG, Yeon JE, et al. Recent 

research trends and updates on nonalcoholic fatty liver disease. Clin 

Mol Hepatol 2019;25:1-11.



pISSN 2287-2728      
eISSN 2287-285X

https://doi.org/10.3350/cmh.2020.0189
Clinical and Molecular Hepatology 2021;27:58-69Review

Corresponding author : Atsumasa Komori
Clinical Research Center, National Hospital Organization Nagasaki Medical 
Center and Department of Hepatology, Nagasaki University Graduate 
School of Biomedical Sciences, Kubara 2-1001-1, Omura city, Nagasaki 
856-8562, Japan
Tel: +81-957-52-3121, Fax: +81-957-53-6675
E-mail: komori.atsumasa.qr@mail.hosp.go.jp 
https://orcid.org/0000-0002-2607-9381

Abbreviations: 
AASLD, American Association of the Study of Liver Disease; ACLF, acute on 
chronic liver failure; AIH, autoimmune hepatitis; ALF, acute liver failure; ALT, 
alanine aminotransferase; AMAs, anti-mitochondrial antibodies; ANA, anti-
nuclear antibodies; APRI, aspartate aminotransferase/platelet ratio index; AS, 
acute severe; AST, aspartate aminotransferase; AZA, azathioprine; CHC, chronic 
hepatitis C; CI, confidence interval; CT, computed tomography; DAA, direct-
acting antiviral; DIAIH, drug-induced autoimmune hepatitis; DILI, drug-induced 
liver injury; EASL, European Association for the Study of the Liver; FIB-4, fibrosis-4; 
IAIHG, International Autoimmune Hepatitis Group; IgG, immunoglobulin G; INR, 
international normalized ratio; iv., intravenous: LT, liver transplantation; M2BPGi, 
Mac-2 binding protein glycosylation isomer; MELD, model for end-stage liver 
disease; MMF, mycophenolate mofetil; NAFLD, non-alcoholic fatty liver disease; 
NASH, non-alcoholic steatohepatitis; PBC, primary biliary cholangitis; PSC, 
primary sclerosing cholangitis; PT, prothrombin time; TAC, tacrolimus; TPMT, 
thiopurine-S methyl transferase; ULN, upper limit of normal; VCTE, vibration-
controlled transient elastography

Received : Jul. 28, 2020 /  Revised : Aug. 31, 2020 /  Accepted : Sep. 3, 2020Editor: Sook-Hyang Jeong, Seoul National University College of Medicine, Korea

Recent updates on the management of autoimmune 
hepatitis
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Autoimmune hepatitis (AIH) is an immunoinflammatory chronic liver disease with dynamic and rather heterogeneous 
disease manifestations. A trend of increasing prevalence of AIH has been observed worldwide, along with a relative 
increase in the percentage of male patients. AIH is characterized and diagnosed based on serum biochemistry and liver 
histology: elevated aminotransferases and serum immunoglobulin G (IgG), the presence of serum anti-nuclear antibody 
or anti-smooth muscle antibody, and interface lympho-plasmacytic hepatitis. Clinical manifestations differ among 
disease subtypes with distinct time-frames, i.e., AIH with a chronic insidious onset, and acute-onset AIH (the diagnosis 
of which is often challenging due to the lack of typical serum findings). The absence of disease-specific biomarkers or 
histological findings may expand the disease phenotype into drug-induced AIH-like liver injury. Corticosteroids and 
azathioprine are recommended first-line treatments for AIH. The complete normalization of aminotransferases and 
serum IgG is an essential treatment response to ensure long-term overall survival. An incomplete response or intolerance 
to these drugs is considered an indication for second-line treatment, especially with mycophenolate mofetil. Life-
long maintenance treatment is required for the majority of patients, but the few who achieve prolonged and stringent 
biochemical remission with lower alanine aminotransferase and IgG within the normal range may be able to discontinue 
the medications. In the future, the quality of life of AIH patients should be managed by personalized medicine, including 
the appropriate selection and dosing of first-line therapy and perhaps alternating with potential therapeutics, and the 
prediction of the success of treatment withdrawal. (Clin Mol Hepatol 2021;27:58-69)
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INTRODUCTION

Autoimmune hepatitis (AIH) is an immune-mediated inflamma-

tory liver disease of non-self-limiting clinical course for which im-

munosuppressive agents are necessary in the majority of affected 

patients. The concept of the immunopathogenesis of AIH relies on 

autoreactive CD4 and CD8 T cells, whose emergence is induced 

after the break of self-tolerance by environmental triggers.1 As the 

inflammation that AIH presents is likely to be characterized by a 

dynamic transition of the milieu of multiple effector immune cells 

in the liver, clinicians should take into consideration the chrono-

logical dynamics of disease manifestations or of distinct subtypes 

of disease, e.g., ranging from acute-onset, acute on chronic, and 

chronic insidious manifestation. The appropriate diagnosis and 

proper treatment strategy with special attention to the clinical 

subtypes of AIH must be considered to ensure favorable short- 

and long-term survival.

In 2019, the American Association of the Study of Liver Disease 

(AASLD) published very comprehensive practice guidance and 

guidelines for AIH that updated the previous version published in 

2010.1 The progress in our understanding of AIH is apparent in 

these guidelines, including their detailed description of a first-line 

treatment strategy based on the patient’s clinical manifestations. 

In this review, we summarize the recent updates regarding the 

management of AIH, focusing on the disease manifestations (Fig. 1) 

and the time frame of treatment and responses to treatment.

EPIDEMIOLOGY

AIH affects individuals of all ages from children to the very el-

derly, but it is most commonly identified in middle-aged women2,3 

in all ethnic groups. In 2016, a nationwide, hospital-based, epide-

miological survey to approximate the prevalence of AIH was car-

ried out in Japan. The estimated number of patients was 30,330 

(95% confidence interval [CI], 29,592–31,069) and the calculated 

point prevalence of AIH per 100,000 population was 23.9 (95% 

CI, 23.3–24.5).4 Compared to the previous survey in 2004, the 

data revealed an almost threefold increase in the prevalence of 

AIH.4

Among the widely varying nation-based prevalence data for 

adult AIH reported after 2000, e.g., from 4.0 (Singapore)5 to 42.9 

(Alaska),6 a trend of increasing prevalence has been observed 

worldwide; for instance, from 10.7 in 20037 to 17.3 in 20098 in 

Sweden. The prevalence of AIH in Korea increased gradually from 

2009 to 2013, although the incidence remained stable.2 Altera-

tions of environmental factors, including changes in lifestyle, 

might trigger the development of AIH, and environmental factors 

are likely to be linked to the increased male to female ratio of AIH 

in Japan from 1:6.9 in 2004 to 1:4.3 in 2016 as shown by the 

aforementioned survey.4 Improved awareness of AIH among clini-

cians worldwide might also have contributed to the trend of in-

creased prevalence, possibly resulting in a reduction of the num-

ber of otherwise undiagnosed patients, including adult male 

patients.

Figure 1. A schematic model of the progression and transition of AIH. Acute-onset and acute exacerbation of AIH may resolve to chronic AIH, if not 
all. DILI, drug-induced liver injury; DIAIH, drug-induced autoimmune hepatitis; NAFLD, non-alcoholic fatty liver disease; AIH, autoimmune hepatitis; AS, 
acute severe; ALF, acute liver failure.
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DIAGNOSIS

General considerations

AIH is a disease without signature diagnostic features. The di-

agnosis of AIH requires 1) histological abnormalities (interface 

hepatitis), 2) characteristic laboratory findings (elevated serum 

hepatic enzymes, aspartate aminotransferase [AST] and alanine 

aminotransferase [ALT], and increased serum immunoglobulin G 

[IgG]), and 3) positive results of disease-defining autoantibodies, 

coupled with 4) the exclusion of other liver diseases that may re-

semble AIH, including viral hepatitis, hereditary, metabolic, chole-

static, or drug-induced liver injury (DILI). Anti-nuclear antibodies 

(ANA) and anti-smooth muscle antibodies should be tested in pa-

tients of all ages, and an additional test of anti-liver kidney micro-

somal type 1 is necessary in children for the characterization of 

type 2 AIH.1 The clinical judgement is straightforward in typical 

AIH patients with the above-mentioned hallmarks, but atypical 

cases should be diagnosed with the aid of diagnostic scoring sys-

tems that were originally developed by the International AIH 

Group (IAIHG) in 1993 for the identification of patients with AIH 

for clinical research.9 The revised IAIHG criteria reported in 199910 

and the simplified criteria proposed in 200811 are commonly im-

plemented in clinical practice, and they emphasize distinct diag-

nostic values.

As the simplified scoring has superior specificity (90% vs. 73%) 

and accuracy (92% vs. 82%) compared to the revised scoring sys-

tem,12 the former is preferable for the diagnosis of typical AIH cas-

es. On the other hand, the revised scoring system is suitable for 

the reassessment of atypical cases with a low score in the simpli-

fied system, including cases of autoantibody-negative hepatitis 

and acute-onset AIH with normal IgG values.1 Limitations to both 

scoring systems are evident (due to the lack of accuracy) for a di-

agnosis of AIH that is overlapped with a primary biliary cholangitis 

(PBC),13 primary sclerosing cholangitis (PSC), or non-alcoholic fatty 

liver disease (NAFLD),14 or fulminant liver failure.

Histological findings

The diagnosis of AIH requires liver biopsy results presenting 

compatible histological abnormalities. Typical histological features 

are indicative of (chronic) active hepatitis, comprising lymphoplas-

macytic interface hepatitis, emperipolesis (intrusion of one intact 

lymphocyte into a hepatocyte), and hepatocyte rosettes. Gurung 

et al.15 recently hypothesized that typical histological features are 

related to the severity of disease, but not to the etiology itself, 

and they reported the following as AIH-specific histological fea-

tures: 1) Kupffer cell hyaline granules, 2) prominence of plasma 

cells in portal tracts, and 3) the relative predominance of plasma 

cells over lymphocytic inflammation. After Gurung et al.15 adjusted 

the analysis results for the inflammatory grade, emperipolesis and 

rosette formation were similarly found in the disease control, 

chronic hepatitis C (CHC). The Kupffer cell hyaline granules were 

well-circumscribed, eosinophilic periodic acid-Schiff diastase-re-

sistant deposits within Kupffer cells, and they were originally pro-

posed as a specific histology in pediatric AIH.16

Centrilobular necrosis is another histological AIH feature, pre-

senting in a rather disease manifestation-specific manner in 

acute-onset AIH17 and in acute liver failure (ALF). In ALF, central 

perivenulitis, plasma cell-enriched inflammatory infiltrate, and 

lymphoid follicles on a background of massive hepatic necrosis 

are the principle findings.18

In clinical practice, the differential diagnosis of AIH in liver his-

tology is routinely focused on DILI, including drug-induced AIH 

(DIAIH)-like liver injury. Though the rare presence of bridging fi-

brosis and the absence of advanced fibrosis are clues suggesting 

DILI, this is not the case for the differential diagnosis of acute-on-

set AIH over DILI.

Histological findings of NAFLD and non-alcoholic steatohepati-

tis (NASH) are reported to be present in 17–30% of adult AIH pa-

tients.19,20 These overlapping findings are indicative of patients 

who are at increased risk of liver-related mortality.19 Conversely, 

characteristic laboratory findings with positive autoantibodies (es-

pecially in female patients) are sometimes refuted by the mere 

histology of NAFLD or NASH in the liver. Signature diagnostics for 

discriminating NASH with prominent periportal hepatitis from 

chronic active AIH are greatly anticipated.

Noninvasive assessment of fibrosis

The long-term outcome of AIH is associated with the stage of 

fibrosis. Since the evaluation of liver fibrosis by biopsy during the 

course of disease management is not feasible, noninvasive assess-

ments have been conducted in clinical hepatology by using serum 

biomarkers, including the serum AST/platelet ratio index (APRI) 

and the fibrosis-4 (FIB-4) index.21 However, a recent systemic re-

view of the diagnostic accuracy of APRI and FIB-4 demonstrated 

their poor performance for detecting advanced fibrosis and cir-

rhosis in AIH.22

Noninvasive assessment by liver stiffness has been shown to 
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identify advanced fibrosis and cirrhosis in AIH with reasonable ac-

curacy. The performance levels of vibration-controlled transient 

elastography (VCTE) and magnetic resonance elastography were 

indicated to be superior to those of the APRI and FIB-4, and VCTE 

was validated in a systemic review as providing good perfor-

mance.22 Considering that liver inflammation affects liver stiffness, 

the stiffness value at the initial diagnosis before the initiation of 

treatment with immunosuppressive agents is confounded by dis-

ease activity. In fact, the value of VCTE within 3 months after the 

start of treatment was significantly correlated with histological 

grading, but not with the fibrosis stage.23 Thereafter, at least 6 

months after the successful treatment of AIH, the area under the 

receiver operating curve of VCTE reached 1.0.23 Sustaining bio-

chemical remission (normal ALT and normal IgG) and the use of 

VCTE help monitor and manage the disease course of AIH.

A novel serum fibrosis marker, i.e., Mac-2 binding protein glyco-

sylation isomer (M2BPGi), which was originally reported to be as-

sociated with the fibrosis stage in CHC patients,24 is likely to be-

come an alternative to the use of VCTE; the M2BPGi value is 

influenced by both inflammation and fibrosis in AIH patients, in a 

similar way to VCTE.25 A ‘one-serum parameter fits all’ approach 

to the evaluations of disease activity and fibrosis could be achiev-

able with serum M2BPGi, but further studies are necessary to val-

idate its utility.

CLINICAL MANIFESTAIONS WITH SPECIAL AT-
TENTION TO DISEASE SUBTYPES

Acute-onset AIH

Acute-onset AIH is a clinically challenging disease subtype be-

cause a delayed diagnosis and delayed treatment, especially in 

the absence of typical serological findings, may lead to a poorer 

short-term prognosis. The prevalence of acute-onset AIH has been 

obtained in several cross-sectional studies worldwide. The 2019 

AASLD practice guidance and guidelines state that 25–75% of in-

dividuals with AIH in western countries present with an acute on-

set and a disease duration <30 days.1,26 A Korean study reported 

the prevalence 46.4%, using almost the same definition.27 An 

Italian multicenter cohort applied arbitrary criteria, i.e., >10× the 

upper limit of normal (ULN) of transaminases and >5 mg/mL of 

bilirubin, and the study’s authors reported that 43% of their se-

ries of AIH patients were acute-onset;28 among the patients who 

underwent liver biopsy, 64.8% fulfilled the histological criteria for 

acute-onset AIH, with the fibrosis stage lower than Ishak F2. In a 

Japanese nationwide cross-sectional study of AIH patients diag-

nosed in 2009–2013, the frequency of acute hepatitis without fi-

brosis (F0) was, on the other hand, almost 11%.3

Acute-onset AIH may encompass two distinct clinical sub-

groups: 1) ‘genuine’ acute AIH with no chronic liver pathology 

(portal, followed by bridging fibrosis) and 2) acute exacerbation 

of chronic AIH. Even among the group of genuine acute AIH cas-

es, dynamic histological changes — especially in the extent of 

portal fibrosis — are anticipated. As a trend, the median duration 

between disease onset and liver biopsy among Japanese AIH pa-

tients with acute presentation was longer in the F1–2 patients 

than in the F0 patients (29 vs. 15 days, P=0.052).29 Nevertheless, 

there were no significant differences between these two groups 

in laboratory data, AIH-related pathological findings, or disease 

outcomes after the introduction of prednisolone.

Typical serological hallmarks of AIH (e.g., positive autoantibody 

or elevated serum IgG) are frequently absent in acute-onset AIH; 

in the above-mentioned Japanese cohort, 27% of the patients 

were ANA-negative (<×40) and >50% of them had normal serum 

IgG values.29 As the absence of ANA and normal serum IgG were 

not associated with disease outcomes in that cohort, the prompt 

initiation of treatment with immunosuppressive agents was nec-

essary to prevent progression to acute severe AIH (AS-AIH), and 

eventually ALF.

AS-AIH is defined by the AASLD as AIH with jaundice, a pro-

thrombin time (PT) international normalized ratio (INR) ≥1.5, and 

neither encephalopathy nor previously recognized liver disease 

(Table 1).1 A thorough diagnosis protocol that includes a transjug-

ular liver biopsy is needed to differentiate AS-AIH from acute se-

vere hepatitis with multiple other etiologies. In a cohort from the 

UK and France, 69%30 and 59%31 of the AS-AIH cases were re-

ported to progress to ALF-AIH, respectively. A continuum of treat-

ment strategies that are based on the benefit-to-risk ratio of glu-

cocorticoid therapy should thus be seriously considered (Fig. 2). In 

the 2019 AASLD practice guidance, prednisone or prednisolone 

monotherapy (60 mg/day in adults) is recommended for AS-AIH,1 

because no association with an increase in sepsis was demon-

strated.32

A short-term treatment response (within 1–2 weeks) in AS-AIH 

is indeed crucial to prevent disease progression. Zachou et al.33 

recently observed that high-dose intravenous (iv.) corticosteroids 

(either 1 g methylprednisolone for 3 consecutive days followed by 

iv. 1 mg/kg/day prednisolone, or iv. 1.5 mg/kg/day prednisolone) 

was safe and effective to treat AS-AIH patients (n=34; all were 
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F0–2, and transaminases were >10× ULN). The complete re-

sponse rate was higher than that in the non-AS-AIH group, with 

no case requiring liver transplantation (LT).

ALF and acute on chronic liver failure (ACLF)

AS-AIH with encephalopathy is defined as ALF caused by AIH 

(ALF-AIH) (Table 1). With regard to noninvasive diagnoses, heter-

ogenous hypo-attenuated regions within the liver as visualized by 

unenhanced computed tomography (CT) is useful to differentiate 

patients with AS/ALF-AIH from those with viral-associated ALF.34 

The volumetric measurement of the liver on CT is also valuable, 

because the size of the liver was reported to be significantly re-

duced in non-acetaminophen cases of acute liver injury/ALF com-

pared to the acetaminophen-induced cases.35 A direct evaluation 

of indications for LT is recommended in ALF-AIH, because gluco-

corticoid therapy has not been associated with improved overall 

survival and is even harmful to patients with a model for end-

stage liver disease (MELD) score >40.36

ACLF is caused by an AIH flare in previously diagnosed or undi-

agnosed chronic liver disease/cirrhosis (AIH-ACLF) patients. The 

Asian Pacific Association for the Study of Liver ACLF Consortium 

defines ACLF as patients with jaundice (bilirubin >5 mg/dL) and 

coagulopathy (PT [INR] ≥1.5), complicated by ascites and/or en-

cephalopathy within 4 weeks after diagnosis. The consortium re-

ported that 2.9% (n=82) of the ACLF cases diagnosed in 2012–

2017 in nine Asian countries were regarded as having developed 

AIH as an acute insult; 97% of the patients exhibited IgG eleva-

tion (>1.1× ULN), whereas 49% were seronegative for autoanti-

bodies.37 Although 34% of the patients (n=28) being treated with 

Table 1. Definitions of proposed clinical subgroups of AIH and treatment outcomes

Condition Definition

Acute severe AIH Jaundice, PT-INR ≥1.5, no encephalopathy; no previously diagnosed liver disease1

ALF-AIH Jaundice, PT-INR ≥1.5, hepatic encephalopathy within 26 weeks of onset of illness; no previously diagnosed liver 
disease1

Biochemical remission Normalization of serum AST, ALT, and IgG within ULN1

Incomplete response Improvement of laboratory findings, but not to fulfill criteria for remission

Treatment failure Worsening laboratory and histological findings under strict adherence to prescribed medication

Treatment intolerance Inability to adhere to maintenance therapy due to drug-related side effects

Relapse Exacerbation of disease activity after biochemical remission or nonadherence

AIH, autoimmune hepatitis; PT, prothrombin time; INR, international normalized ratio; ALF, acute liver failure; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; IgG, immunoglobulin G; ULN, upper limit of normal.

Figure 2. The treatment response-guided management of AS-AIH. AS, acute severe; AIH, autoimmune hepatitis; MELD, model for end-stage liver dis-
ease; HE, hepatic encephalopathy; LT, liver transplantation; ALF, acute liver failure. 

AS-AIH

ALF-AIH

Re-evaluate diagnosis
consider second line drugs

Stop corticosteroids
initiate evaluation for LT

Including
∆ MELD-Na
∆ bilirubin

Initiate evaluation for LT

+

–
–

+

At 7–(14) days

Check
biochemical

response

Time

HE



63

Atsumasa Komori
Management of autoimmune hepatitis

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0189

a corticosteroid showed a significantly improved 90-day survival 

rate compared to those without treatment (75% vs. 48.1%, 

P=0.02), early stratification to corticosteroid therapy or LT is nec-

essary; 37 predictors of an unfavorable response to corticosteroids 

were revealed to include a MELD score >27 and hepatic encepha-

lopathy in advanced fibrosis (≥F3).

DIAIH-like injury

DILI can occasionally be diagnosed based on increased serum 

IgG and positive ANA. Even after the cessation of suspected 

drugs, such ‘AIH-mimic’ patients whose ALT elevation is persistent 

or progressive are indicated for treatment with immunosuppres-

sive agents to prevent ALF. Remarkably, the short-term (1 week) 

response to corticosteroids was demonstrated to be more pro-

nounced in the patients with AIH-mimic DILI compared to those 

with pure AIH.38

AIH-mimic DILI and pathogenically DIAIH are difficult to differ-

entiate by liver pathology, including the intensity of inflammatory 

infiltrates, the type of the predominant inflammatory cells, and 

the grade of fibrosis. In the 2019 AASLD practice guidance and 

guidelines, the term “DIAIH-like injury” was introduced as an al-

ternative to DIAIH.1 The majority of patients with DIAIH-like injury 

are acute-onset, and up to 30% of the cases are accompanied by 

hypersensitivity reaction;39 the latency periods of minocycline and 

nitrofurantoin (the two most commonly implicated drugs) can ex-

ceed 12 months.40 HLA-DR3 or -DR4 and cirrhosis at presentation 

are unusual.41 Fulfilling Hy’s law, serum aminotransferase levels 

>3× ULN and total serum bilirubin >2× ULN as a predictor of ALF 

in patients with DILI,42 or failures of improvement in laboratory 

tests after medication discontinuation are the reasons for the im-

plementation of glucocorticoids.

The outcome of DIAIH-like injury has been shown to be excel-

lent, and relapse after glucocorticoid withdrawal is rare.43 Emerg-

ing liver injury that is related to the use of immune checkpoint in-

hibitors is distinct from DIAIH-like injury, as it lacks the typical 

serological and histological features of AIH.44,45

Overlap manifestation with cholestatic liver disease 
or viral hepatitis

The concurrences of AIH and PBC or AIH and PSC are not con-

firmed as specific pathological entities, but the identification of 

clinical ‘overlap’ among AIH patients is of importance, as these 

patients may not obtain sufficient benefit with only conventional 

AIH treatment.

Concerning the AIH-PBC overlap, it should be noted that 

5–35% of AIH patients, even in the absence of bile duct lesions, 

are reported to be positive for the serological hallmark of PBC, i.e., 

anti-mitochondrial antibodies (AMAs).46 Simultaneous and se-

quential AIH-PBC overlaps should be considered separately; the 

former is suspected in the presence of destructive cholangitis at 

the initial diagnosis, and the latter is suspected based on the oc-

casional elevation of cholestatic enzymes after biochemical remis-

sion. The ‘Paris criteria’ for the identification of AIH-PBC overlap 

is valuable for apparent cases,47 but this criteria may miss cases 

with less severe cholestatic features.48,49 The IAIHG’s position 

statement did not endorse the Paris criteria or even the revised 

AIH criteria regarding the diagnosis of AIH-PBC overlap.13 Never-

theless, the reevaluation of suspected AIH-PBC overlap patients 

in light of their responses to immunosuppressive agents is likely 

practical and necessary.

AIH-PSC overlap is diagnosed based on the following: 1) the 

typical features of AIH, 2) the absence of AMA, and 3) evidence 

of large-duct PSC by endoscopy or magnetic resonance imaging 

or of small-duct PSC, confirmed by ‘onion-skinning’ periductal fi-

brosis in a liver biopsy.49 Concurrent ulcerative colitis with AIH is a 

critical indication for AIH-PSC overlap, especially in pediatric pa-

tients.

The cases of hepatitis C virus-infected patients are occasionally 

accompanied by positive serum and histological markers of AIH, 

making a differential diagnosis of CHC-AIH overlap syndrome nec-

essary. Direct-acting antiviral (DAA) therapy for CHC patients with 

AIH features was shown to significantly decrease ALT into the 

normal range, and serum markers of AIH in those patients began 

decreasing by 6 months post-treatment; >50% of the patients 

achieved complete resolution.50 The CHC-AIH overlap syndrome 

may be a historical disease entity that is not likely to be diagnosed 

after the era of DAA.

TREATMENT

General considerations

The purposes of the treatment of AIH are to first relieve symp-

toms, and then to achieve a biochemical response, control hepatic 

inflammation toward histological remission, prevent disease pro-

gression, and promote the regression of fibrosis. The ideal bio-

chemical response, regarded as biochemical remission by the 
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AASLD, is the normalization of the patient’s serum AST, ALT, and 

IgG levels to within the ULN (Table 1).1 A favorable treatment re-

sponse in AIH patients assures overall survival that is comparable 

to that of general populations.51 Due to the heterogenous mani-

festations of AIH, short- and long-term treatment responses with 

regard to liver-related adverse events should be defined in a per-

sonalized manner (Figs. 2, 3).

Among AS-AIH, ALF, and ACLF patients, estimation of the early 

biochemical response within 7–14 days is necessary (Fig. 2).1,32 In 

contrast, the midterm biochemical response of patients with non-

severe acute-onset AIH or chronic insidious AIH, even with cirrho-

sis, can be evaluated at 4–8 weeks (Fig. 3).1 Biochemical remis-

sion is followed by a histological remission of disease activity. 

Sustaining biochemical remission for a long term (>1 year from 

treatment initiation) is thereafter a surrogate for favorable overall 

long-term survival.52 Decreasing values of VCTE are favorable, 

even for the regression of fibrosis.

First-line treatments

The long-term outcome of patients with AIH has been shown to 

be improved with immunosuppressive treatment, both with corti-

costeroids alone and with a combination of a lower dose of corti-

costeroids and azathioprine (AZA);53 those regimens are consis-

tently endorsed as a first-line treatment for AIH. The 2019 AASLD 

practice guidance and guidelines updated their recommended 

first-line treatment: either prednisone monotherapy (40–60  

mg/day) or a combination of prednisone (20–40 mg/day) or 

budesonide (9 mg/day) and AZA (50–100 mg/day).1 The 2015 Eu-

ropean Association for the Study of the Liver (EASL) guidelines 

propose 0.5–1 mg/kg/day predniso(lo)ne as the initial treatment, 

followed by a 50 mg/day AZA add-on.54 The AASLD similarly indi-

cates the appropriateness of a 2-week observation before the 

AZA is initiated, to confirm the patient’s steroid responsiveness 

and to evaluate his or her thiopurine-S methyl transferase (TPMT) 
status for the prevention of AZA-induced hepatitis. TPMT is an 

anabolizing enzyme for thiopurines, including AZA, and single 

nucleotide polymorphisms of TPMT genes that cause loss of enzy-

matic activity predispose patients, in particular European and Af-

rican descendants, to thiopurine-related toxicity.1,55

In Japan, AZA was finally approved for AIH treatment in 2018. 

Accordingly, the practice guidelines for AIH published by the In-

tractable Hepato-Biliary Diseases Study Group in Japan very re-

cently added the recommendation to evaluate NUDT15 variant 

(but not TPMT ) in patients who are to be treated with AZA, in or-

der to exclude the possibility of thiopurine-induced early severe 

leukopenia and hair loss.55 NUDT15 is a recently characterized nu-

cleotide phosphatase that inactivates thiopurines. As the low- or 

intermediate activity diplotype was reported to be common in 

East Asian countries (22.6%),55 the integration of NUDT15 vari-

ants in the dosing algorithm for AZA is regarded as most informa-

tive.

Concerning the relevance of the starting dose of predniso(lo)ne 

to ensure remission, a retrospective observational study from nine 

centers in five European countries was performed and the results 

revealed no significant difference in the rate of normalization  

of transaminases at 6 months between groups with a higher  

(≥0.5 mg/kg/day) and lower (<0.5 mg/kg/day) initial dose of 

predniso(lo)ne.56 With the aid of AZA as a maintenance therapy in 

the majority of patients (>85%), an initial lower dose significantly 

Figure 3. The treatment response-guided management of AIH, excluding AS-AIH and ALF-AIH. AIH, autoimmune hepatitis; AS, acute severe; ALF, 
acute liver failure.
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decreased the unnecessary exposure to predniso(lo)ne in patients 

with AIH.

A synthetic steroid, i.e., budesonide has been shown to cause 

less systemic adverse effects, due to a 90% first-pass hepatic 

clearance rate. The AASLD investigated whether prednisone or 

predniso(lo)ne alone or in combination with AZA was superior to 

a combination of budesonide and AZA as the first-line treatment 

for patients with newly diagnosed AIH.1 With an accompanying 

systemic review and meta-analysis, the AASLD demonstrated a 

higher rate of biochemical remission in the budesonide + AZA 

group compared to the prednisone + AZA group (odds ratio, 2.19; 

95% CI, 1.30–3.67), and they described this finding as high-

grade evidence.57 Accordingly, the AASLD suggests budesonide in 

combination with AZA as a first-line therapy for child and adult 

AIH patients who do not have cirrhosis or acute severe AIH;1 pa-

tients with cirrhosis are contraindicated for budesonide because 

portosystemic shunting may reduce the drug’s efficacy.

The combination of AZA and either predniso(lo)ne or budesonide 

is now regarded as the most standard first-line therapy in western 

countries. Prednisone monotherapy, on the other hand, is likely to 

be appropriate for patients including those with DIAIH-like injury 

in whom the treatment duration is expected to be <6 months.1

As corticosteroids are still the mainstay of the first-line treat-

ment of AIH, the maintenance of bone during treatment is needed 

to limit treatment-related osteoporosis in patients with ongoing 

risk factors.58 Bone mineral densitometry should be completed at 

baseline in those patients with repeated check-up every 2–3 years 

and supplementation with elemental calcium (1,000–1,200  

mg/day) and vitamin D (400–800 IU/day) are recommended for 

all patients on glucocorticoid therapy.1,59 Simultaneous bisphos-

phonate therapy is indeed indicated for patients with documented 

osteoporosis.60 The determination of serum levels of 25-hy-

droxyvitamine D at diagnosis is justifiable, because vitamin D in-

sufficiency (≤29 ng/mL) occurs frequently in patients with AIH 

(68–81%)61,62 and even severe deficiency (<20 ng/mL) was re-

ported to be documented in 20% of patients.62

Second line-treatments

The aims of second-line treatments for AIH are to manage re-

fractoriness, incomplete biochemical response, and drug intoler-

ance to first-line treatments (Figs. 2, 3). Anecdotally, second-line 

treatments have been performed with mycophenolate mofetil 

(MMF), calcineurin inhibitors (cyclosporin A, tacrolimus [TAC]), 

mercaptopurine, and biologics (e.g., infliximab).

MMF is a DNA synthesis inhibitor and is indicated for immuno-

suppression after organ transplant or lupus nephritis. In a meta-

analysis, the combination of MMF + prednisone was shown to be 

the most widely prescribed second-line treatment, achieving his-

tological remission in 89% of the patients.63 A recent report con-

firmed the effectiveness of MMF as a second-line therapy for pa-

tients who have failed standard therapy; the rate of induction of 

biochemical remission was 60%.64

The AASLD performed a systemic review to compare the effica-

cies of MMF and TAC for treatment failure or incomplete bio-

chemical response in adults and children: the AASLD 2019 condi-

tional recommendation with low certainty suggests the use of 

MMP or TAC to achieve and maintain biochemical remission.1

Exacerbation, recrudescence, and relapse

During the course of maintenance therapy with corticosteroids/

AZA, a substantial number of AIH patients spontaneously and as-

ymptomatically experience biochemical exacerbation or recrudes-

cence, i.e., an elevation of ALT coupled with or without an in-

crease in IgG. The 2019 AASLD practice guidance and guidelines 

strictly define “relapse” as disease exacerbation that occurs after 

remission and drug withdrawal or by nonadherence.1 Multiple re-

lapses have been shown to be associated with worse outcomes,51 

but the definitions of relapse in the literature differ from that is-

sued by the AASLD, including the concept that biochemical remis-

sion may not have proceeded relapse. Following the AASLD rules 

regarding biochemical remission-induction with first-line or even 

second-line drugs could result in fewer exacerbations. Relapse af-

ter drug withdrawal (which usually occurs within 12 months) and 

exacerbation should be managed appropriately to induce re-

(biochemical) remission with an increase in dosage or the reinsti-

tution of immunosuppressive agents, or with the add-on of sec-

ond-line drugs. In a case-control study, psychological stress was 

associated with relapse after drug taper-off or recrudescence.65

Treatment withdrawal

If AIH is a curable disease, the cessation of immunosuppressive 

agents is desirable. Could the cure for AIH be diagnosed based on 

serum biochemistry and liver histology, or both? Is the cure 

achievable in specific subgroups of patients? The answers to 

these clinical questions involve the feasibility of treatment with-

drawal and simultaneously pursuing the lowest risk of drug-in-

duced complications.
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Clinically, the duration and the degree of remission are the ini-

tial keys to the success of treatment withdrawal. A sustained bio-

chemical remission of ≥2 years was proposed by the AASLD as 

the eligibility criterion for attempting a treatment withdrawal (Fig. 3),1 

in part because the inclusion of patients with only normalized ALT 

for 2 years resulted in almost universal relapse.66 A further patient 

selection step should be included based on liver biochemistry, 

and/or on liver histology. Lower ALT and IgG values within the 

normal range were reported to be negative predictors of relapse; 

patients who achieved sustained remission for >1 year after drug 

withdrawal were all characterized by ALT values ≤0.5× ULN and 

IgG values ≤1,200 mg/dL.67 Maintenance therapy before with-

drawal was not associated with relapse: >80% of the patients 

were treated with AZA alone.

A single-center study demonstrated that only 10% of their pa-

tients were eligible for treatment withdrawal and 5% reached 

sustained remission without treatment,67 highlighting AIH as gen-

erally a chronic disease demanding life-long maintenance therapy. 

Stringent biochemical remission for >2 years along with sustained 

low values of VCTE measured with an appropriate cut-off, may 

identify the patients who are at low risk of decompensation even 

when relapse occurs after treatment withdrawal.

LT

AIH with decompensated cirrhosis or ALF is indicated for LT. 

Among the listing of the Scientific Registry of Transplant Recipi-

ents (2002–2019) in the USA, 3.3% had AIH as the primary etiol-

ogy.68 In the trend analysis of the etiology of the Registry’s non-

hepatocellular carcinoma LT listings, the rate of AIH during that 

period was stable.

In the prospective multicenter European Liver Transplant Regis-

try (1998–2017), the overall survival of patients after AIH-LT was 

reported to be similar to that of patients after alcohol-related cir-

rhosis-LT, but worse than that after PBC-LT and PSC-LT;69 the 5- 

and 10-year patient and graft survival rates after AIH-LT were 

79.4% and 70.8% and 73.25% and 63.4%, respectively. Com-

pared to all of the other groups, the AIH-LT patients were at high-

er risk for infections—especially lethal fungal infections resulting 

in death and graft loss.69 In AIH, living donor transplantation pro-

vided worse survival than that by donated LT after brain death.69

The appropriateness of long-term glucocorticoid therapy after 

LT remains a matter of debate, in part because acute, steroid-re-

sistant, and chronic rejection occurred more frequently in adult 

AIH patients who underwent LT compared to patients with other 

liver diseases,70 and also because of the chance of recurrence af-

ter LT.71 A systemic review and meta-analysis of continuous gluco-

corticoid therapy in AIH-LT patients by the AASLD suggests that a 

gradual cessation of glucocorticoids could be considered after LT, 

with very low certainty.1

UNMET NEEDS AND FUTURE PERSPERSPEC-
TIVES

The topics not addressed in this review include genetics, poten-

tial therapeutics based on the current understanding of the im-

mune-pathogenesis of AIH, the inequity of AIH disease manage-

ment worldwide, and patient-reported outcomes highlighted by 

the health-related quality of life. For example, the marked dispari-

ty in the prevalence of cirrhosis around the world, exemplified by 

the very high rate in South Asia,72 should be evaluated based on 

determinations of the patients’ genetic backgrounds and man-

aged by the standardization of diagnosis and treatment. Improve-

ments are anticipated regarding the accessibility to the flowchart 

of AIH diagnosis, with special attention to the differential diagno-

sis from emerging pandemic NASH. At the same time, the health-

related quality of life of AIH patients, which was reported to be 

severely impaired,73-75 must be evaluated for future improvement 

from the standpoint of personalized management including ap-

propriate first-line therapy even with potential therapeutics, and 

by the prediction of the success of treatment withdrawal. Using a 

multifaceted approach, we hepatologists are encouraged to 

achieve AIH patients’ total wellness.
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Cirrhosis is a chronic condition that can lead to liver failure. Currently, the viable option for decreasing mortality is liver 
transplantation. However, transplant surgery is highly invasive. Therefore, cell-based therapy has been developed as an 
alternative. Based on promising findings from preclinical research, some new trials have been registered. One of them 
was autologous bone marrow cell infusion therapy and found that ameliorating liver fibrosis activated liver regeneration. 
Now, majority of trials focus on low-immunogenicity mesenchymal stem cells (MSCs) appropriate for allogeneic 
administration. However, despite about 20 years of research, only a limited number of cell-based therapies have entered 
routine practice. Furthermore, potential shortcomings of cell-based therapy include a limit on the number of cells, which 
may be administered, as well as their failure to infiltrate target organs. On the other hand, these research show that MSCs 
act as “conducting cells” and regulate host cells including macrophages via extracellular vesicles (EVs) or exosome signals, 
leading to ameliorate liver fibrosis and promote regeneration. Therefore, the concept of cell-free therapy, which makes 
use of cell-derived EVs or exosomes, is attracting attention. Cell-free therapies may be safely administered in large doses 
and are able to infiltrate target organs. However, development of cell-free therapy exhibits its own set of challenges 
and such therapy may not be completely curative in the context of liver disease. This review describes the history of 
cell-based therapy research and recent advances in cell-free therapy, as well as discussing the need for more effective 
therapies. (Clin Mol Hepatol 2021;27:70-80)
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INTRODUCTION

Chronic liver disease and cirrhosis are life-threatening condi-

tions —causing approximately 1–1.2 million deaths per year— 

arising in response to several etiologic factors including hepatitis 

virus infection, alcohol, nonalcoholic steatohepatitis, autoimmuni-

ty, and primary biliary cholangitis.1-3 In recent years, medical ad-

vances have significantly improved the prognosis of liver disease.4 

Since the liver is highly regenerative, fibrosis can be at least par-

tially ameliorated and liver function improved by eliminating the 

causative factor underlying dysfunction. However, once cirrhosis 

advances beyond a certain point, elimination of the causative fac-

tor will no longer facilitate regression of fibrosis, and cirrhosis may 

progress to carcinogenesis and/or liver failure.5-7 Therefore, the 

number of deaths attributable to cirrhosis remains high.8 Although 

liver transplantation is currently the only curative treatment for 

decompensated cirrhosis,9,10 significant limitations include a short-

age of donors, high cost, highly invasive nature of the surgery, 

use of immunosuppressive agents to prevent graft rejection, and 

the potential for severe complications.11 Thus, cell-based therapy 

is of interest as an alternate and novel strategy to ameliorate liver 

fibrosis, reduce inflammation, and promote liver regeneration.

A good understanding of the mechanisms underlying liver fibro-

sis may contribute to therapeutically promoting its reversal. Dur-

ing liver injury, normally-quiescent hepatic stellate cells (HSCs) be-

come activated by several cytokines and trophic factors, including 

transforming growth factor-β and platelet-derived growth factor, 

leading to production of excessive extracellular matrix (ECM) con-

stituents by activated myofibroblasts. Once the hepatotoxic stimu-

lus is removed, the number of activated myofibroblasts regresses 

via apoptosis, senescence, and reversion to an inactive pheno-

type. Furthermore, matrix metalloproteinases (MMPs) are capable 

of ECM degradation. Thus, understanding the molecular mecha-

nisms involved in HSC activation, ECM degradation, and myofi-

broblast involution or deactivation could facilitate manipulation of 

these processes and may lead to rational development of novel 

therapies for cirrhosis.12 Current therapeutic approaches to liver fi-

brosis are divided into five categories: 1) controlling primary liver 

disease,13,14 2) targeting HSC receptor-ligand interactions and in-

tracellular signaling,15-18 3) inhibiting fibrogenesis or matrix degra-

dation,19,20 4) decreasing the number of activated HSCs,21,22 and  

5) cell-based therapy. Although cell-based therapy is mainly con-

cerned with ameliorating liver fibrosis, it is also capable of pro-

ducing other beneficial effects (including decreasing inflammation 

and promoting liver regeneration).

The ability of cell-based therapy to promote liver regeneration is 

also important, however. Regenerative factors including hepato-

cyte growth factor (HGF), oncostatin M (OSM), and Wnt3A —

which induce differentiation and influence phenotypic fate  

decisions of hepatic stem/progenitor cells— are secreted by mac-

rophages.23,24 Furthermore, regeneration automatically occurs 

secondary to the anti-inflammatory and anti-fibrotic effects of 

cell-based therapy. It has been demonstrated that cell-based ther-

apy, via dampening liver inflammation and ameliorating liver fi-

brosis, improves liver volume and function, including albumin syn-

thesis and prothrombin time.25

At the inception of cell-based therapy during the period from 

2003, first clinical study of autologous bone marrow cell infusion 

(ABMi) therapy was started in 2003, in which the patient’s own 

bone marrow cells are harvested and re-injected.26-28 In this thera-

py, ABMi ameliorates liver fibrosis and improves liver function in 

cirrhotic patients (as indicated by increased serum albumin levels, 

decreased ascites, and decreased Child-Pugh scores) without in-

ducing any major adverse events. ABMi also promotes a sequen-

tial activation of liver inherent regeneration in human livers.29-31 

However, it is invasive, requiring general anesthesia in order to 

harvest 400 mL of bone marrow. Eligibility for ABMi requires a to-

tal bilirubin level of ≤3.0 mg/dL and a platelet count ≥50,000 per 

µL, representing criteria not met by all cirrhotic patients. There-

fore, attention was shifted from bone marrow cells in general to 

specific stem cell subtypes. Research has focused largely on he-

matopoietic stem cells,32,33 mesenchymal stem cells (MSCs),34-36 

and bone marrow-derived macrophages.37,38 In particular, MSCs 

and macrophages have been the mainstays of cell-based therapy, 

and their characteristics as well as relevant clinical trials will be 

described in the first half of this review.

More recently, it was noted that stem cell-derived extracellular 

vesicles (EVs) or exosomes also exhibit a therapeutic effect and 

may thus have potential for clinical application.39,40 While the de-

velopment of cell-free therapy is still in its infancy, EV and exo-

some characteristics as well as relevant clinical trials will be de-

scribed in the latter part of this review. Advantages and limitations  

of cell-based and cell-free therapies are discussed and future 

prospects regarding cirrhosis therapy are presented (Fig. 1).

CELL-BASED THERAPY: CHARACTERISTICS OF 
MSCS AND MACROPHAGES

Research into MSC-mediated cell-based therapy is conducted 
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globally. These cells are relatively easy to obtain, maintain, ex-

pand, and cryopreserve, all while maintaining their viability. For 

example, MSCs can be obtained not only from bone marrow but 

also from medical wastes such as adipose tissue, umbilical cord 

tissue, and dental pulp.41-51 Expression of common pluripotency 

markers (e.g., CD73, CD90, and CD105) is noted on MSCs, and 

they are able to differentiate into adipocytes, osteoblasts, and 

chondroblasts under the appropriate conditions.34,35

It appears that the major therapeutic (anti-inflammatory, anti- 

fibrotic, anti-oxidant, and angiogenic) effects of MSCs are due  

to their soluble products, including chemokines, cytokines, trophic 

factors, EVs, and exosomes. The most popular application  

of MSCs is decreasing inflammation.52 Various MSC products —

such as interleukin (IL)-10, tumor necrosis factor-stimulated gen 

(TSG)-6, nitric oxide, indoleamine2,3-dioxygenase, and prosta-

glandin E2 (PGE2)— are able to inhibit T-cell activation and ex-

pansion, induce regulatory T lymphocyte, alter macrophage polar-

ity towards less inflammatory phenotypes, and modulate natural 

killer cell, dendritic cell, and B-cell functions.53-56 By such mecha-

nisms, MSCs are able to remotely influence the activities of many 

cellular effectors.57 Since recent studies suggest that MSC-condi-

tioned medium (or exosomes present therein) are as effective as 

MSCs themselves, soluble factors are currently of great interest 

regarding their regenerative potential in the therapy of cirrho-

sis.7,34-36,57-60

Via soluble factors, MSCs may have therapeutic effects in cir-

rhosis even if they do not infiltrate the injured liver. Our group 

was the first to demonstrate in real time (using two-photon exci-

tation microscopy) that peripheral intravenous administration of 

DsRed-labeled MSCs in a murine cirrhosis model resulted in the 

majority of MSCs being retained within the pulmonary vascula-

ture, while only a few reached the liver.61 However, MSC-derived 

soluble factors (including EVs and exosomes) nonetheless exert a 

therapeutic effect on target organs (including the liver in context 

of cirrhosis), supporting the possibility of cell-free therapy.

Another important MSC characteristic is generally low immuno-

genicity. Since they express relatively low levels of major histo-

compatibility complex class I molecules and lack expression of 

major histocompatibility complex class II and co-stimulatory mole-

cules (e.g., CD40, CD80, and CD86), they are not prone to trig-

gering recipient immune responses57 and are thus suitable for al-

logeneic (as well as autologous) injection. Clinical studies suggest 

their therapeutic potential across disorders affecting a wide range 

of organs, including the liver, nerves, lungs, heart, and intestines.

Macrophages exhibit diverse phenotypes and high plasticity,37 

including two major representative phenotypes: “classically acti-

vated” (M1) and “alternatively activated” (M2). During liver injury, 

pro-inflammatory M1 macrophages contribute to fibrosis via acti-

Figure 1. Perspective: the flow from Cell-based therapy (ABMi, MSCs, and macropahges) to cell-free therapy (exosomes or EVs) to develop more ef-
fective therapy. MSCs, mesenchymal stem cells; ABMi, autologous bone marrow cell infusion therapy; EVs, extracellular vesicles.
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vation of HSCs and myofibroblasts. In contrast, after stabilization 

of the liver injury process, M2 macrophages contribute to resolu-

tion of inflammation and reversal of fibrosis, the latter in part via 

MMPs.38 Furthermore, as mentioned, macrophages are able to in-

fluence differentiation and phenotypic fate decisions of hepatic 

stem/progenitor cells through production of HGF, OSM, and Wn-

t3A.23,24

Bone marrow-derived macrophages cultured in the presence of 

colony-stimulating factor (CSF)-1 induce regression of carbon tet-

rachloride-induced liver fibrosis in mice.62 We have previously re-

ported that a large number of peripherally-administered green 

fluorescent protein-labeled macrophages are able to infiltrate the 

liver, where they help promote liver regeneration by phagocytizing 

hepatocytic debris.61 Although such findings demonstrate the 

therapeutic potential of macrophages in the context of cirrhosis, 

higher immunogenicity limits allogeneic macrophage administra-

tion. Instead, autologous macrophage administration can (e.g., 

via TSG-6, PGE2, and IL-1363-65) help polarize host hepatic macro-

phages toward the less inflammatory/pro-resolving M2 pheno-

type, again supporting the potential of macrophages as novel cir-

rhotic therapeutic agents.

The same factors (TSG-6, PGE2, and IL-13) are also produced by 

MSCs, and contribute to host macrophages polarization in a simi-

lar manner.63-65 Furthermore, we have previously reported that 

MSCs promote liver infiltration by host neutrophils and mono-

cytes, which contribute to fibrosis amelioration via production of 

MMPs.61 These findings suggest that remote MSCs act as “con-

ducting cells” (Fig. 2), via soluble factors including EVs or exo-

somes modulating macrophage, neutrophil, and monocyte func-

tions in ways that ameliorate liver fibrosis and promote liver 

regeneration.53-57

CELL-BASED THERAPY: CLINICAL TRIALS  
INVOLVING MSCS AND MACROPHAGES FOR 
LIVER DISEASE-RELEVANT INDICATIONS 

Although both MSCs and macrophages represent promising 

candidates for use in cell-based therapy, a majority of current 

clinical trials focus on MSCs. According to ClinicalTrials.gov, over 

1,100 MSC-based clinical trials have been registered across a vari-

ety of disciplines, including 51 that began investigating cell-based 

therapy for liver disease after 2006. Thereafter, the number of 

cell-based therapy clinical trial registrations (incorporating cell 

sources including bone marrow, adipose tissue, umbilical cord tis-

sue, and dental pulp, and routes of administration including pe-

ripheral venous and arterial injection47-49,66-69) gradually increased 

to a peak as the approach gained recognition. In 2017, we our-

Figure 2. Overview of MSCs function as “conducting cells” to macrophages, neutrophils, monocytes, T-cells, B-cells, and DCs. MSCs, mesenchymal 
stem cells; EVs, extracellular vesicles; DCs, dendritic cells; MMP, matrix metalloproteinase.
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selves registered a phase I and II clinical trial (first clinical trial in-

volving MSCs in Japan) focused on adipose-derived MSC infusion 

in cirrhosis patients (NCT: 03254758). Our clinical trial involving 

allogeneic MSCs (without using immunosuppressive agents) are 

proceeding into phase II after finishing phase I. However, the 

number of clinical trials has been declining since 2017 (Fig. 3). 

This trend is likely due to a decline in novelty, slow progress in 

translating preclinical research to clinical interventions, and a ten-

dency of shift in focus toward cell-free therapy incorporating EVs 

or exosomes.

Furthermore, to describe recent trends in MSC-oriented clinical 

trials, we evaluated studies (12 studies) which began or will begin 

after January 2017 according to ClinicalTrials.gov (Table 1). The 

majority of these were registered in Asian countries. Studies vary 

in cell source, autologous versus allogeneic nature, and etiology 

of cirrhosis. However, in most studies (11 of 12) MSC administra-

tion is via peripheral injection of approximately 1×106 MSC/kg per 

dose. Studies focus not only on cirrhosis, but also on acute-on-

chronic liver failure (ACLF). Since MSCs exhibit a stronger thera-

peutic effect during inflammation, they may be particularly effec-

tive in the context of ACLF. Altogether, many MSC-oriented clinical 

trials have not yet progressed beyond phase I or II.

Regarding macrophage-oriented cell-based therapy, clinical tri-

als further elucidating macrophage characteristics have also been 

reported by Edinburgh University. The first-in-human phase  

1 dose-escalation trial of intravenous autologous macrophage 

therapy incorporated nine adults with cirrhosis and model for 

end-stage liver disease (MELD) scores of 10–16.70 In this trial, 

macrophages were produced from patient mononuclear cell leu-

kapheresis-derived monocytes cultured in the presence of CSF-1. 

Despite macrophage potential for immunogenicity, no transfusion 

reactions, dose-limiting toxicities, or macrophage activation syn-

dromes were reported, and all participants remained alive and 

transplant-free at 1 year. Furthermore, after 1 year, MELD scores 

Figure 3. Number of clinical trials involving mesenchymal stem cells. 
Black bars represent trials focused on cirrhosis in general, while stacked 
red bars represent trials focused specifically on acute-on-chronic liver 
failure (ACLF). 
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Table 1. Recent clinical trials involving MSCs 

No. Country Cell origin
Autologous/

allogeneic
Administration 

route
Number of cells infused Etiology

No. of 
patients

Trial 
(phase)

1 China N.A N.A. IV from peripheral 1.0×105–106 cells/kg, 3 times ACLF 200 N.A.

2 China Umbilical cord Allogeneic IV from peripheral 1.5×106 cells/kg, 4 times Cirrhosis 252 Phase 2

3 China N.A. N.A. IV from peripheral 1.0×106 cells/kg, 3 times Cirrhosis 200 N.A.

4 Japan Adipose tissue Allogeneic IV from peripheral N.A. Cirrhosis 15 Phase 1/2

5 China N.A. N.A. IV from peripheral N.A. Cirrhosis 30 Phase 1/2

6 China N.A. N.A. IV from peripheral 1.0×105–106 cells/kg, 4 times ACLF 45 Phase 1/2

7 Germany Skin-derived 
ABCD5 + cells

Allogeneic IV from peripheral 2.0×106 cells/kg, 3 times ACLF 18 Phase 1/2

8 China Umbilical cord N.A. IV from peripheral 1.0×106 cells/kg, 3 times Cirrhosis 200 Phase 2

9 Taiwan Adipose tissue Allogeneic IV from peripheral 0.5–2.0×106 cells/kg ACLF 20 Phase 1

10 Singapore Bone marrow Autologous IV from peripheral 0.5–1.0×106 cells/kg Cirrhosis 20 Phase 1/2

11 India N.A. Autologous IA from hepatic N.A. Cirrhosis 5 Phase 4

12 Indonesia Umbilical cord Allogeneic IV from peripheral 1.0×108 cells Cirrhosis 12 Phase 1/2

The trial of No. 4 is ours.
MSCs, mesenchymal stem cells; N.A., not applicable; IV, intravenously injection; ACLF, acute-on-chronic liver failure; IA, intra-arterial injection.
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had decreased in seven out of nine patients, and a liver fibrosis 

marker had decreased in five out of nine patients. Because mac-

rophages are also an essential component in liver regeneration, 

acceleration of research in this area is anticipated.

CELL-BASED THERAPY: ADVANTAGES AND 
LIMITATIONS

As alluded to, cell-based therapy has many advantages. Espe-

cially so for MSCs, cells are relatively easy to obtain, culture, ex-

pand, characterize for quality control, count, and assess for viabil-

ity.41-51 In addition, since MSC therapeutic effects are enhanced 

during inflammation, preconditioning can strengthen their thera-

peutic effects. Finally, numerous avenues of cell modification are 

possible. Despite administered cells becoming trapped in the pul-

monary vasculature,61 existing clinical trials report few major ad-

verse events, including pulmonary embolism.47 Although adminis-

tered macrophages are autologous due to immunogenicity-based 

constraints, they are now obtainable via less invasive methods.70 

Moreover, the ability to elicit and influence host macrophage de-

velopment locally within the liver (i.e., without the need for exog-

enous administration) would be an even more attractive possibility.

However, cell-based therapy also has certain limitations. For ex-

ample, concerns regarding the risk of pulmonary embolism con-

tinue to limit dosage, and administered cells do not access the 

target organ. Although cells do continue to exert a therapeutic ef-

fect remotely, a therapeutic agent acting directly within damaged 

sites would be preferable. Furthermore, given the propensity of 

stem cells to differentiate, it is difficult to maintain a stable phe-

notype during long-term culture. Therefore, commercialization 

would necessitate rigorous quality control. Such concerns have 

driven the search for alternate therapeutic strategies and cell-free 

therapy may overcome some of the limitations associated with 

cell-based therapy.

CELL-FREE THERAPY IN THE FUTURE: CHARAC-
TERISTICS OF EVS AND EXOSOMES

The generic term for membrane-bound particles naturally re-

leased by cells is EVs; exosomes are a subtype of these.71 Once 

believed to be “trash bags” for cellular debris, EVs and exosomes 

are now being explored for their potential as next-generation di-

agnostic and therapeutic tools.72 The heterogeneous group of EVs 

encompasses a variety of particles of different sizes with varying 

contents. Exosomes, specifically, are 40–100 nm in diameter —

corresponding to a density of 1.13–1.19 g/mL in sucrose solu-

tion— and can be sedimented by ultracentrifugation at 100,000 

×g.72 They contain a mixture of proteins, messenger RNA, transfer 

RNA, micro RNA, genomic DNA, and complementary DNA.73 

Like stem cells, exosomes exhibit many biological activities and 

have shown therapeutic potential in several organ system and 

disease contexts. For example, exosomes may: protect against 

cisplatin-induced renal oxidative stress and renal cell apoptosis,74 

enhance myocardial viability and prevent adverse remodeling af-

ter ischemic injury,75 promote angiogenesis in the setting of myo-

cardial infarction,76,77 protect the intestines from enterocolitis,78 

improve hypoxia-induced pulmonary hypertension,79-81 and pro-

mote functional recovery after stroke.82,83 At least in part, such 

therapeutic effects of exosomes are attributable to their ability to 

induce angiogenesis as well as regeneration and proliferation of 

epithelia.84-86 Furthermore, exosomes exhibit immunomodulatory 

(largely anti-inflammatory) effects, some of which —specifically 

down-regulation of interferon-γ secretion and T-cell polarity alter-

ation— are able to stabilize skin graft survival.87,88 Many studies 

have found that the efficacy of exosomes nearly matches that of 

cell-based therapy, indicating that exosomes have potential as 

next-generation (i.e., cell-free) therapy.76,89-91

Specifically regarding liver disease, we previously reported that 

MSCs exhibit remote therapeutic effects,61 a phenomenon attrib-

utable to EVs or exosomes. Furthermore, exosomes are reported 

to ameliorate liver fibrosis in cirrhotic mice,92-97 promote liver re-

generation and hepatocyte proliferation (via up-regulation of Bcl-

xl protein) in a murine liver injury model,92 alleviate acute liver 

failure by dampening macrophage NLRP3 inflammasome activity 

(additionally suggesting their potential utility during acute liver in-

Figure 4. Number of clinical trials involving extracellular vesicles or exo-
somes.
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jury),94 and improve survival after D-galactosamine- and tumor 

necrosis factor-α-induced hepatic failure in mice.95 The latter study 

also demonstrated that peripherally-administered fluorescently-la-

beled exosomes were preferentially detectable at high levels in 

damaged (relative to normal) liver at 6 hours post-administra-

tion.95 Relatedly, it has been shown that intravenously injected 

exosomes which infiltrate the liver are internalized by hepatic 

macrophages.98 Such results suggest that exosomes do not infil-

trate the lungs but accumulate in target organs (e.g., sites of liver 

damage).

CELL-FREE THERAPY IN THE FUTURE: CLINICAL 
TRIALS INVOLVING EVS AND EXOSOMES

In order to describe relevant recent clinical research trends, we 

identified EV- or exosome-oriented clinical trials registered on 

ClinicalTrials.gov. Results included trials focused on both thera-

peutic applications of exosomes and cancer diagnostic exosome 

analysis. Excluding observational studies, 26 exosome-oriented 

therapeutic clinical trials were registered. Of these, 10 focused on 

cancer diagnostics; three each focused on pulmonary disease, 

neurological disease, and dermatological disease; two each fo-

cused on heart disease, ophthalmological disease, and multiple 

organ failure, and one focused on metabolic disease (Fig. 4). To 

the best of our knowledge, no EV- or exosome-oriented clinical 

trial focused on liver disease was registered at this time. The small 

number of clinical studies (and the absence of any studies focused 

on liver disease) is likely attributable to the absence of a simple, 

standardized method for the production of large quantities of EVs 

or exosomes; an inadequate understanding of the mechanisms of 

action of cell-free therapy; and insufficient data regarding the be-

havior of administered EVs or exosomes in liver disease. However, 

given the therapeutic potential of EVs and exosomes in liver dis-

ease, the number of relevant clinical trials is expected to increase 

gradually.

CELL-FREE THERAPY IN THE FUTURE: ADVAN-
TAGES AND LIMITATIONS

Given the small diameter of EVs and exosomes, the associated 

risk of thrombosis after intravenous administration is considered 

much lower relative to that posed by stem cells (e.g., MSCs). If it 

is confirmed that cell-free therapeutic effects are dose-dependent, 

the ability to administer large quantities of EVs or exosomes will 

be a significant advantage. In addition, the ability of EVs or exo-

somes to infiltrate damaged target organs directly may result in 

greater efficacy relative to that of distant stem cells. Some studies 

have even examined the application of EVs or exosomes to tar-

geted drug delivery.99

However, even though cell-free therapy overcomes many of the 

limitations associated with cell-based therapy, the former, too, 

has its limitations. As mentioned, no standardized method yet ex-

ists for the production of large quantities of EVs or exosomes. 

Furthermore, it is unclear whether using isolated EVs or exosomes 

excludes an important factor underlying cell-based therapy asso-

ciated therapeutic effects. Finally, due to the rapid pace of cell-

free therapy development, relevant medico-legal norms surround-

ing cell-free therapy are not yet sufficiently established. Clearly, 

the field of cell-free therapy is still in its infancy, requiring signifi-

cant further research.

CONCLUSIONS AND FUTURE PROSPECTS

Cell-based therapy has been developed as an alternative to liver 

transplantation, but has not yet progressed beyond early-phase 

clinical trials. Nonetheless, cell-free therapy —which overcomes 

some of the limitations associated with cell-based therapy— is 

already under development as a next-generation therapeutic 

technology, and clinical trials relevant to liver disease are expect-

ed to begin in the near future. Cell-free therapy has its own limi-

tations, however. One promising strategy to identify novel and ef-

fective curative therapies may be elucidation the mechanisms 

underlying EV and exosome biological activities, in order to iso-

late the responsible molecules for direct administration to pa-

tients. In conclusion, many challenges remain in developing cura-

tive therapies for cirrhosis, but further research into cell-based 

and cell-free therapies will likely be of significant benefit.
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World Health Organization published the first global health sec-

tor strategy on viral hepatitis in June 2016, a strategy that con-

tributes to the proposed targets for the reduction of chronic viral 

hepatitis incidence and mortality of 90% and 65% respectively by 

2030.1 Now, we are lucky enough to have highly effective direct-

acting antivirals (DAAs) for patients infected with hepatitis C virus 

(HCV), which achieve sustained virologic response in more than 

95% of HCV patients.2 Yet, it remains challenging to achieve mi-

cro-elimination in some special populations, namely patients with 

chronic kidney disease (CKD), and especially those on hemodialy-

sis.3 On major issue is the potential drug-drug interaction (DDI) 

between DAAs and the comedications of these patients, which 

are often a handful in terms of numbers and classes in view of 

their multiple comorbidities.4,5

In the current issue of the Clinical and Molecular Hepatology, 

Hsu and colleagues6 reported the Taiwanese nationwide cohort of 

2,015 hemodialysis patients, among whom 169 patients were 

screened positive for HCV RNA. The authors described in much 

details the comedications and their potential DDIs with DAAs. In-

terestingly, lipid-lowering agents, which were used in more than 

one-third of patients, accounted for the majority of red-category 

DDIs. Elbasvir/grazoprevir was found to be the DAA regimen with 

fewest potential DDIs (0.3% only), whereas the triple therapy so-

fosbuvir/velpatasvir/voxilaprevir had the most (5.6%).6 The latter 

was not surprising as there are three DAA agents, instead of two 

in most other cases, in this regimen.

The findings of this study are of clinical importance as it may 

guide us to select the most suitable DAA regimens for our hemo-

dialysis patients. This is a crucial part of HCV elimination as it 

would minimize the risk of nosocomial transmission of HCV in di-

alysis centres.7 This is particularly true for the treatment of hemo-

dialysis patients who get acute hepatitis C as the treatment win-

dow is limited.8 While elbasvir/grazoprevir is suitable for patients 

CKD infected with genotype 1 HCV, glecaprevir/pibrentasvir is an-

other option for CKD patients with the advantage of its pangeno-

typic efficacy.9 An detailed implantation guideline for managing 

HCV infection in CKD patients was published earlier this year to 

provide more specific guidance.10

Another difficult-to-treat special population would be people 
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who inject drugs, as they often receive opioid substitute therapy 

and also many other comedications.11 The current study by Hsu et 

al.6 has also provided important data to support the preferred 

DAA regimens which may minimise the DDIs. To achieve HCV 

elimination, a simplified DAA regimen with minimal DDIs would 

be an important tool.
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Nonalcoholic fatty liver disease (NAFLD), the metabolic stress-

induced chronic hepatic injury, represents the prominent cause of 

liver disease nowadays and the anticipated health burden is huge 

in the world.1 NAFLD encompasses a wide spectrum of liver histo-

pathology, ranging from simple hepatic steatosis to nonalcoholic 

steatohepatitis (NASH), NASH-related cirrhosis, and hepatocellu-

lar carcinoma.2 To date, no drug has received U.S. Food and Drug 

Administration approval for NASH treatment, which would make 

NAFLD the most frequent indication for liver transplantation in 

the near future, given the global pandemic of obesity and type 2 

diabetes.3

Along with the escalating morbidity and mortality over the 2 

decades, numerous studies have been conducted to explore the 

underlying mechanisms of NAFLD, which involve complex and 

multifactorial drivers of pathology. In brief, excess energy intake 

and impaired metabolic capacity facilitate the overload of free 

fatty acids in hepatocytes, which contributes to steatosis and lipo-

toxicity, cell injury and subsequent events including oxidative 

stress, endoplasmic reticulum stress, and inflammatory cascade 

reactions, etc. Besides the intrahepatic pathogenesis, dysfunc-

tions of the cross-talk among central nervous system, adipose tis-

sue and gut, due to either genetic predisposition or metabolic 

challenges, have also been proposed participating in NAFLD 

pathogenesis.4,5 Particularly, gut-liver axis has become a high-pro-

file topic in the field of NAFLD research.

As there are over 100 trillion and 160 different species of mi-

crobes inhabiting in human gastrointestinal lumen, commensal 

bacteria significantly exceed human body in both cell number and 

gene abundance, and inevitably interact with host biological and 

metabolic functions.6 Although the exact mechanisms underlying 

gut flora function remain obscure, current evidence already sug-

gests its unique roles in processing indigestive dietary contents, 

detoxifying drugs and preserving intestinal barrier. Perturbation of 

gut microbiota, i.e., gut dysbiosis, could serve as both a major 

cause and an important consequence of NAFLD development, 
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which hence persistently promotes hepatic dysfunction and injury 

in a cycle. The impaired intestinal integrity, bacterial translocation 

and endotoxin release could activate hepatic immune responses 

and induce liver injury stepwise. Disturbed intestinal microbiome 

also portends the loss of metabolite homeostasis, characterized 

by the dysregulations of bile acids, short-chain fatty acids (SCFAs), 

branched-chain amino acids (BCAA), choline, and endogenous 

ethanol, which could all contribute to NAFLD development.7 Puta-

tive mechanisms aiming to explain the roles of gut dysbiosis in 

NAFLD progression are outlined and discussed in Figure 1. So 

many pathogenic factors and loops are intertwined together, 

which renders the single-mechanism therapeutic approach barely 

feasible. Therefore, to develop therapeutic approaches specifically 

targeting the conditioning of gut microbiota is perfectly sensible.

In preclinical studies, a number of probiotics, such as Bifidobac-
terium, Lactobacillus , or Bacillus , have shown beneficial effects in 

rodent models of NAFLD.8-10 Daily administration of probiotics 

could reverse dysbiosis and substantially attenuate NAFLD fea-

tures of animal by sensitizing insulin action, suppressing inflam-

mation, and reducing lipogenesis. Several critical signaling path-

ways related to NAFLD pathogenesis, including sterol-regulatory 

element binding protein 1c (SREBP-1c), peroxisome proliferators-

activated receptor α (PPARα), nuclear factor kappa B (NF-κB), and 

farnesoid X receptor (FXR), have been speculated as the effect 

targets of probiotics. Meanwhile, preliminary clinical researches 

on probiotics conducted so far have also yielded positive results in 

NAFLD patients. In the past 10 years, dozens of randomized  

controlled trials have been carried out to compare probiotics, in-

cluding Bifidobacterium, Lactobacillus , Bacillus Enterococcus , 

Streptococcus thermophilus , Pediococcus pentosaceus, Propioni-
bacterium, and Acetobacter  with placebo in NAFLD patients,11 but 

they are still confined to tentatively exploration, considering the 

relatively small scales, arbitrary dosages and omnifarious obser-

vational indexes/endpoints. As reported, probiotics could improve 

Figure 1. Key mechanisms for gut dysbiosis in NAFLD pathogenesis. Gut dysbiosis and impaired intestinal integrity lead to the release of endotoxin, 
which could activate TLR4/TLR9 and induce the secretion of proinflammatory cytokines such as TNFα and IL-1. Increased production of endogenous 
ethanol from food fermentation by dysregulated bacteria could damage the tight junctions of intestine wall and exacerbate gut leak. Moreover, etha-
nol is able to lay direct effects on hepatic steatosis and inflammation via activation of SREBP-1c and ROS production. Reduced conversion of choline 
during gut dysbiosis could inhibit VLDL function. As the metabolites of gut flora, SCFAs not only act on gut hormone PYY and GLP-1, but also provide 
excess energy and inhibit AMPK signaling in the liver. Consequently, lipogenesis is increased while β-oxidation is suppressed. Additionally, gut dysbiosis 
also interferes with bile acid metabolism and FXR, which indirectly contributes to the dysregulation of lipid metabolism. Another type of metabolite 
influenced by gut dysbiosis, BCAA, could exacerbate hepatic lipotoxicity and repress autophagy of hepatocyte via mTOR-activated signaling. All 
above-mentioned signaling pathways could synergistically promote development of hepatic steatosis, inflammation and fibrosis. SCFAs, short-chain 
fatty acids; BCAA, branched-chain amino acids; TLR, toll-like receoptor; VLDL, very low-density lipoprotein; PYY, peptide YY; GLP-1, glucagon-like pep-
tide 1; AMPK, adenosine monophosphate activated protein kinase; FXR, farnesoid X receptor; mTOR, mammalian target of rapamycin; TNF, tumor ne-
crotic factor; IL, interleukin; ROS, reactive oxygen species; SREBP-1c, sterol-regulatory element binding protein 1c; NAFLD, nonalcoholic fatty liver dis-
ease.
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serum aspartate aminotransferase (AST) and alanine aminotrans-

ferase (ALT) in both adult and pediatric NAFLD patients,12,13 and 

synergistically work with metformin to restore liver functions of 

NASH individuals.14 However, a trial in 2019 indicated that 12-

week treatment of multiple-strain probiotics in NAFLD patients 

improved only hepatic steatosis (identified by proton density fat 

fraction [PDFF] on magnetic resonance imaging), but not liver en-

zymes.15 These studies have provided necessary data regarding 

the efficacy and safety profiles of probiotics in clinical practice, 

and paved the way for more elaborate probiotic pharmacothera-

pies in the future.

In the current issue, Lee et al.16 described the Lactobacillus  fam-

ily abundance of gut microbiome in NAFLD patients compared 

with healthy controls, and further explored the medicinal poten-

tials of four Lactobacillus strains in a diet-induced mouse of 

NAFLD. Compared with healthy subjects, NAFLD patients showed 

a significantly elevated Firmicutes /Bacteroidetes  ratio, as well as 

reduced levels of Akkermansia and L. murinus, two famous spe-

cies relevant to NAFLD and other metabolic disorders. In addition, 

ingestion of L. acidophilus , L. fermentum, L. paracasei , and L. 
plantarum markedly lowered the serum levels of triglyceride and 

total cholesterol of NAFLD mice, and consequently ameliorated 

the disease progression of NAFLD. According to the clinical pa-

thology analysis, different Lactobacillus  strains all significantly im-

proved hepatic steatosis scores compared with western diets 

alone. Indeed, this study reinforces the protective effects of probi-

otics on NAFLD from the perspectives of both preclinical study 

and clinical practice, but more interestingly, it reminds us that the 

diagnosis and treatment of NAFLD could be together refined. In-

stead of being limited to the liver, a comprehensive understanding 

towards the metabolic profile of NAFLD and inter-organ crosstalk 

may help broaden the horizon.

Recently, an international expert group has announced the con-

sensus of renaming NAFLD as metabolic (dysfunction) associated 

fatty liver disease (MAFLD), in two position papers.17,18 Although 

there is still some feeling in academia that the new acronym is 

premature, the effort to bring this disease to a more practical sta-

tus and closer to metabolic disorders is undoubtedly destined. The 

new terminology and corresponding diagnostic criteria explicitly 

highlight overweight/obesity, type 2 diabetes mellitus, and meta-

bolic dysregulation, which should bring more targets for mecha-

nism research and intervention. Back to what we have discussed, 

the majority of animal studies and meta-analysis of clinical obser-

vations also support use of probiotics in treatment of obesity and 

metabolic disorders, for inducing weight loss and averting low-

grade systemic inflammation, although these effects are still mar-

ginal compared with rigorous lifestyle modification.19,20 Applica-

tion of probiotics in patients with MAFLD may have a bright 

prospect, considering good safety and tolerability profile shown 

in available enormous studies. However, the efficacy still needs to 

be validated by extensive studies with better design. Our limited 

knowledge regarding probiotics regimen, interventional timing 

and treatment duration at the moment, necessitates deeper un-

derstanding of how gut microbiota influences MAFLD pathogene-

sis. Further identification of the genetic and metabolic factors 

conferring the responsiveness of probiotics, as well as advanced 

detection means, will boost the implementation of personalized 

probiotic therapy in patients with MAFLD as well. 
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Hepatocellular carcinoma (HCC) is the most common liver can-

cer and the fourth most common cause of cancer mortality world-

wide. Persistent infections with the hepatitis B and hepatitis C vi-

ruses have accounted for the etiology of majority of the HCC 

cases. Owing to the recent development of antiviral agents, the 

proportion of HCCs caused by viral hepatitis is decreasing. Direct-

acting antiviral agents for hepatitis C dramatically improve the 

sustained viral response rate in patients with chronic cases, lead-

ing to a decrease in liver disease-related mortality in patients with 

chronic hepatitis C. Although antiviral treatment is effective for 

the prevention of virus-related HCC, the etiology of the cancer is 

shifting from viral hepatitis to lifestyle-related metabolic diseases, 

such as non-alcoholic steatohepatitis (NASH).1

Currently, surveillance for HCC has been conducted mainly for 

patients carrying the hepatitis virus, because the vast majority of 

HCC patients are positive for hepatitis B or C. In light of the trend 

of increasing metabolic disease-related HCCs, an effective pro-

gram focusing on these diseases is required, which may be diffi-

cult to establish because of the high prevalence and variety of 

metabolic disorders, including impaired glucose tolerance, diabe-

tes mellitus, and obesity.1,2 In addition, metabolic diseases likely 

accelerate the emergence of HCC even after the elimination of the 

hepatitis virus. Nahon et al.3 reported that the cumulative inci-

dence of HCC development among patients with chronic hepatitis 

C who achieved the sustained viral response was stratified by the 

presence or absence of metabolic features defined by a body 

mass index (BMI) of >25 kg/m2 and/or diabetes mellitus and/or 

dyslipidemia. The population of both adults and children who are 

either overweight or obese continues to grow in high-income as 

well as low- and middle-income countries, indicating a further in-

crease in metabolic disease-related features.

To clarify the effect of obesity on hepatocarcinogenesis, Sohn et 

al.4 performed meta-analyses and studied the relationship be-

tween BMI and the emergence or mortality rate of liver cancer us-

ing data exclusively from a prospective cohort study, where the 

majority were likely to be HCC. They clarified the dosage effect of 

BMI on liver cancer emergence, where an increase in BMI was 

positively associated with the development of tumors, although 

the analysis was performed using the categorical variables for 

BMI.4 In addition, they showed that higher BMI is related to the 

increase of HCC emergence and mortality even in subjects with 

hepatitis B or C. Although the cause-and-effect relationship be-

tween obesity and carcinogenesis is difficult to be demonstrated 
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in human subjects, the analysis using a large number of cases 

from prospective cohort studies and the confirmation of the dos-

age effect of BMI on HCC emergence further supports the idea 

that obesity needs to be managed in the prevention of metabolic 

disease-related HCC and thus mortality. From this perspective, it 

is necessary to understand the pathogenesis of HCC caused by 

metabolic perturbations.

It is likely that several conditions, such as insulin resistance, hy-

perinsulinemia, remodeling of adipose tissue, alteration in intesti-

nal flora, and an increase in endoplasmic reticulum and oxidative 

stress, act in concert to contribute to the development of meta-

bolic disease-related HCC (Fig. 1).

Adipocyte inflammation occurs in obese patients with insulin 

resistance and hyperinsulinemia.5 Under these conditions, secre-

tion of adipokines from adipocytes that facilitate insulin sensitivi-

ty, such as adiponectin, is impaired. Generally, normal adipocytes 

secrete adiponectin, which promotes insulin sensitivity and fatty 

acid oxidation and suppresses lipogenesis. In obesity, adipocytes 

show swelling and dedifferentiation that lead to the impaired se-

cretion of adiponectin, and subsequent infiltration of macro-

phages contributes to sustained inflammation. The excess amount 

of fatty acids induced by a high-fat diet results in the overload of 

oxidation in mitochondria, resulting in the generation of reactive 

oxygen species that promote DNA damage. Additionally, a high 

fat level induces inflammation in adipose tissue and liver through 

the increase of oxidative stress and activation of the transcription 

factors involved in the inflammation process, such as nuclear fac-

tor kappa B (NF-κB). In addition, hypertrophic adipocytes induce 

ischemia in adipose tissue, where the accumulation of inflamma-

tory cells and increase of inflammatory cytokines occur,6 and are 

prone to release proinflammatory cytokines and chemokines, in-

cluding tumor necrosis factor-α, interleukin-6, C-C motif chemo-

kine ligand 2, and resistin. These cytokines also accelerate insulin 

resistance through the activation of the Jun amino terminal kinase 

and NF-κB signaling; insulin resistance induced by proinflammato-

ry cytokines, adhesion molecules, and transcription factors con-

tribute to the development of the hepatic manifestation of the 

metabolic disease NASH.5,7,8

On the other hand, obesity-induced inflammation as well as a 

high-fat diet accelerate the change in gut microbiomes and in-

crease permeability of gut mucosa, leading to the leakage of in-

flammatory factors, including bacterial metabolites and other 

bacterial components showing microbiome-associated molecular 

patterns. These factors cause liver inflammation, injury, and DNA 

damage and eventually induce the progression of NASH and the 

development of metabolic disease-related HCC. Indeed, some re-

ports show that microbial transfer from obese mice could induce 

Figure 1. Remodeling of adipose tissue, alteration in gut microbiome, 
and increase in endoplasmic reticulum and oxidative stress act in con-
cert and play a role in insulin resistance and establishment of NASH, 
which is a background condition of metabolic disease-related HCC. In 
patients with obesity, adipocyte inflammation and hypoxia take place, 
where proinflammatory cytokines and chemokines are prone to release. 
Under these conditions, insulin resistance induced by proinflammatory 
cytokines, adhesion molecules, and transcription factors contribute to 
the development of NASH. The excess amount of fatty acids induced by 
a high-fat diet results in the overload of oxidation in mitochondria, re-
sulting in the generation of ROS that promote DNA damage. In addition, 
obesity-induced inflammation as well as a high-fat diet induce changes 
in the gut microbiome and increase permeability of the gut mucosa, 
leading to the leakage of inflammatory factors produced by the gut mi-
crobiome. These factors cause liver injury and DNA damage and even-
tually induce the progression of NASH and development of metabolic 
disease-related HCC through the activation of oncogenic pathways. Di-
etary factors and ROS induce epigenetic alterations that contribute to 
cell proliferation and carcinogenesis. In addition, the presence of several 
SNPs is associated with the development of NASH and HCC. It is possible 
that genetic factors associated with lipid metabolism and inflammation 
act as risk factors for metabolic disease-related HCCs. SNPs, single nucle-
otide polymorphisms; PNPLA3, patatin-like phospholipase domain con-
taining 3; TM6SF2, transmembrane 6 superfamily member 2; HSD17B13, 
hydroxysteroid 17-beta dehydrogenase; HCC, hepatocellular carcinoma; 
FA, fatty acid; ROS, reactive oxygen species; FFA, free fatty acid; PI3K, 
phosphoinositide 3-kinase; mTOR, mammalian target of rapamycin; 
MAKP, mitogen activated protein kinase; LPS, lipopolysaccharide; TLR4, 
toll-like receptor 4; NF-κB, nuclear factor kappa B; IL-6, interleukin-6; JAK/
STAT, Janus kinase/signal transducer and activator of transcription; 
TNF-α, tumor necrosis factor-α; JNK, Jun amino-terminal kinase.
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the progression of NASH in the lean mouse model.9,10 Further-

more, it has been reported that an increase in alcohol-producing 

bacteria in the intestinal flora may cause liver injury. In addition, 

alteration of the gut microbiome results in the gut flora producing 

secondary bile acid through the function of bacterial bile acid 

7α-dehydroxylase. Secondary bile acids, deoxycholic acid, and lio-

thocholic acid are known to induce carcinogenesis through the in-

duction of inflammation and oxidative stress. These types of sec-

ondary bile acids could affect hepatic satellite cells and induce a 

senescence-associated secretary phenotype via the stimulation of 

the toll-like receptor 2.11,12 The phenotype alteration in the hepatic 

satellite cells induces the production of prostaglandin E2 and sup-

presses antitumor immunity.12 A high-fat diet impairs the function 

of the farnesiod X receptor that plays a role in hepatic triglyceride 

homeostasis, glucose stage and release, and acceleration of the 

induction of steatosis.13 These conditions cooperate and contrib-

ute to the development and progression of inflammation, fibrosis, 

and hepatocarcinogenesis through the alteration of cellular sig-

naling, such as the activation of phosphoinositide 3-kinase (PI3K)/

Akt, NF-κB/mammalian target of rapamycin complex (mTOR), and 

Janus kinase/signal transducer and activator of transcription (JAK/

STAT) pathways in hepatocytes as well as mesenchymal cells.

In addition to adipocyte inflammation, insulin resistance, and 

changes in the gut microbiome, several genetic and epigenetic 

backgrounds have been reported in association with NASH and 

metabolic disease-related HCC. A genome-wide association study 

revealed that the single nucleotide polymorphism (SNP) rs738409 

C >G in the patatin-like phospholipase domain-containing  

3 gene, which plays a role in the regulation of lipolysis in hepato-

cytes, is associated with the increased risk of developing NASH 

and HCC.14 The SNPs in the transmembrane 6 superfamily mem-

ber 2 gene and hydroxysteroid 17-beta dehydrogenase are also 

known to be associated with metabolic disease-related HCC.15,16 

The combination of SNPs in the phospholipase domain-containing 

3, transmembrane 6 superfamily member 2, and hydroxysteroid 

17-beta dehydrogenase genes reportedly predicts a 29-fold in-

creased risk for HCC, suggesting that genetic factors have a fun-

damental role in the development of metabolic disease-related 

HCCs.17 Moreover, metabolic perturbation has been reported to 

result in the alteration of epigenetic modification in a mouse 

model. For example, glycine N-methyltransferase knockout mice, 

which develop NASH and HCC, show hypermethylation on the 

promoter of the tumor suppressor Ras-association domain family 

member 1, suppression of the cytokine signaling 2 gene, and acti-

vation of the Ras and JAK/STAT signaling pathway.18 Additionally, 

hyperinsulinemia may affect histone modification and contribute 

to the development of HCC through the altered expression of 

genes involved in cellular signaling.19 These epigenetic alterations 

can lead to the dysregulation of adipokine secretion and activa-

tion of PI3K/Akt, JAK/STAT, NF-κB, mTOR, trans-4-hydroxy-

2-nonenal, and the nuclear factor erythroid 2-related factor 1 on-

cogenic pathway in hepatocytes. Alteration of DNA methylation 

and histone modification induces the activation of noncoding 

RNAs such as miR-21, miR-221, and miR-222, which are responsi-

ble for cell proliferation and carcinogenesis.20

In summary, obesity is a major cause of inflammation in adipose 

tissue as well as the liver; additionally, it can induce insulin resis-

tance, as well as affect the immune systems in the gut and liver. 

Some reports show immunological aspects of metabolic disease-

related HCC and its treatment.21,22 These conditions affect the gut 

microbiome, modulate the histone code, and alter the expression 

of noncoding RNA. Certain genetic conditions can accelerate the 

progression of obesity-induced disorders. As metabolic perturba-

tions affect gene expression and molecular alteration, and vice 

versa, making efforts to understand the influence of obesity and 

lifestyle events is becoming critical for achieving effective man-

agement of the emergence of metabolic disease-related HCC. 
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Portal hypertension (PH) is a major consequence of liver tissue 

fibrogenesis1 that results in serious complications such as variceal 

bleeding, ascites, and hepatic encephalopathy among patients 

with liver cirrhosis.2 Hence, PH is responsible for significant mor-

bidity and mortality, particularly among patients with decompen-

sated cirrhosis.3,4 The hepatic venous pressure gradient (HVPG), 

the gradient between wedged (i.e., balloon-occluded) and free 

hepatic venous pressure, is considered the reference standard for 

assessing the degree of PH. Thus, clinically significant PH, usually 

defined as an HVPG of ≥10 mmHg, is associated with the forma-

tion of esophageal varices and with a poor prognosis.5-8 However, 

the routine assessment of HVPG in the clinical setting is limited by 

its invasiveness and the need for expertise and specialized equip-

ment such as an angio-intervention unit. Thus, alternative ap-

proaches with acceptable diagnostic performance are needed for 

clinicians to noninvasively assess PH in patients with cirrhosis.

Recently, accumulating evidence has suggested that liver stiff-

ness (LS) assessed using transient elastography (TE) can ade-

quately reflect the findings of HVPG, indicating that it is a useful 

modality for evaluating PH and the resultant cirrhotic complica-

tions.9-15 However, TE is not sufficiently accurate to replace HVPG 

due to its insufficient sensitivity and specificity.16 Furthermore, TE 

has limitations for clinical application because of the wide range 

of cutoff values (range, 13.9–21.5 kPa) and variability in perfor-

mance among studies (area under the receiver operating charac-

teristic curve, 0.76–0.85).10,17,18 Recently, Ryu et al.19 evaluated the 

correlation between LS, LS to platelet ratio (LPR), LS–spleen di-

ameter-to-platelet ratio score (LSPS), and HVPG according to the 

etiology of cirrhosis (alcoholic cirrhosis vs. viral cirrhosis).

According to the Baveno VI recommendations, an LS cutoff of 

21 kPa can be used to confirm the presence of clinically significant 

PH.11,20 However, most evidence to support this recommendation 

was based on studies that had recruited patients with viral cirrho-

sis. Ryu et al.19 reported a higher LS value in patients with alco-

holic cirrhosis than in those with viral cirrhosis (43.5. vs. 32.0 kPa, 

The cutoff of transient elastography for the evaluation 
of portal hypertension should be different according to 
the etiology? 
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P<0.001), whereas there were no significant differences in the 

LPR or LSPS between the two groups. Ryu et al.19 also suggested 

an LS cutoff value of 32.2 kPa with a positive predictive value 

(PPV) of 94.5% to predict an HVPG ≥10 mmHg and an LS cutoff 

value of 36.6 kPa with a PPV of 91.0% to predict an HVPG  

>12 mmHg. However, there are several considerations when inter-

preting these results.

First, while the hypothesis that the higher the LS value, the 

worse the prognosis might be generally reasonable, the associa-

tion between the LS value and fibrotic burden might be non-lin-

ear. Furthermore, the correlation between the LS value and the 

risk of PH-related complications might be even more nonlinear, 

given that LS is primarily a fibrosis-marker and not a hemodynam-

ic parameter. In a similar context, the measurement of spleen 

stiffness by ultrasound seemed to at least partially overcome the 

limitations associated with the LS value in the evaluation of PH.21 

In contrast, Ryu et al.19 showed that the addition of spleen diame-

ter and/or platelet count did not improve the predictive perfor-

mance compared to that of the LS value alone. Thus, further stud-

ies to evaluate the role of other ancillary methods based on 

laboratory, ultrasonography, and other markers are required. Sec-

ond, the prognostic performance of alcoholic cirrhosis-specific LS 

cutoffs should be validated in further studies in which the cumula-

tive risk of PH-related complications, such as variceal hemorrhage, 

hepatorenal syndrome, hepatic encephalopathy, and hospital ad-

mission for other PH-related complications, should be assessed 

using longitudinal follow-up. Lastly, Ryu et al.19 suggested several 

hypotheses explaining their observation: the difference in the spa-

tial distribution of fibrosis, with perisinusoidal fibrosis being more 

frequent, and concomitant necro-inflammation with steatosis in 

alcoholic cirrhosis. However, the exact mechanism underlying the 

increase in LS, the degree of increment in the LS value, and the 

way to adjust for such microscopic milieus in alcoholic cirrhosis re-

main to be determined.

In conclusion, a relatively higher LS value should be applied to 

predict clinically significant PH in patients with alcoholic cirrhosis 

than in patients with viral cirrhosis. However, since the severity of 

PH is more dependent on the amount of portal blood inflow and 

peripheral hemodynamic changes than on the stiffness of the he-

patic parenchyma, further studies on ways to assess PH non-inva-

sively are required.
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Liver cirrhosis is responsible for 1.32 million deaths each year,1 

as the 11th leading cause of death worldwide.2 All causes of 

chronic liver disease can lead to cirrhosis, and epidemiologic data 

suggests that the prevalence and clinical impact of chronic liver 

diseases and liver cirrhosis are increasing around the globe.1,3,4 

This is disappointing considering that, since 2014, the introduc-

tion of direct acting antivirals  for the treatment of hepatitis C vi-

rus (HCV) infection has radically changed the clinical history of 

patients with HCV-related cirrhosis, reducing their mortality 

rates.5,6 In addition, the large-scale neonatal hepatitis B virus 

(HBV) vaccination has led to a significant reduction in the preva-

lence of HBV-infection in many countries.7 On the other hand, the 

increase in alcohol consumption, obesity, and diabetes has in-

creased the prevalence of alcohol-related liver cirrhosis (ALC) and 

non-alcoholic fatty liver disease (NAFLD)-related cirrhosis.1,3,4 In 

fact, nowadays, HCV-related cirrhosis is no longer the most fre-

quent etiology in patients awaiting liver transplantation, and has 

been widely overcome by both ALC and NAFLD.8 Besides an in-

creased risk of mortality, liver cirrhosis also has a relevant eco-

nomic impact on the healthcare system and affects the patients’ 

quality of life, being among the top 20 causes of disability-adjust-

ed life years worldwide.2 In fact, patients with decompensated 

cirrhosis have a high risk of early hospital readmissions with rele-

vant burdens for patients and caregivers.9

With that being said, there is a paucity of studies investigating 

the clinical impact of the different etiologies of liver diseases; and 

this should be considered to anticipate the future scenarios. In the 

current issue of Clinical and Molecular Hepatology, Jain et al.10 

evaluated the time trend and the clinical impact of different etiol-

ogies of cirrhosis in patients admitted to the Institute of Liver and 

Biliary Sciences in New Delhi, India.

The aim of their study was to assess the current trends of etiol-

ogy, complications, and mortality for liver cirrhosis in patients re-

quiring hospital admission. Moreover, they tried to evaluate possible 

differences in terms of clinical outcomes (morbidity, complications, 

and hospital readmissions) between patients with ALC and cirrho-

sis due to other etiologies. The authors analyzed the outcomes of 

5,138 patients with cirrhosis who were hospitalized from 2010 to 

2017 without acute-on-chronic liver failure (ACLF) and with at 

least a 1-year follow-up after their index hospitalization. Most of 

the patients included in the study (84.8%) had decompensated 
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cirrhosis at inclusion. The most common etiology was alcohol-re-

lated liver disease (39.5%), followed by NASH (18.2%) and HBV-

related cirrhosis (10.8%). Patients with alcohol-related cirrhosis 

were younger, had worse prognostic scores, and more frequently 

experienced complications such as ascites, sepsis, acute kidney 

injury, and hepatic encephalopathy compared to patients with 

other etiologies at index hospitalization. Moreover, the 1-year 

mortality rate and readmission rate were significantly higher in 

patients with ALC than in patients with other etiologies. Striking-

ly, the incidence risk ratio for death increased over time. On multi-

variate analysis, age, ALC, presence of complications (i.e., sepsis, 

ascites, hepatorenal syndrome, hepatic encephalopathy, and vari-

ceal bleeding), and scores of liver diseases (model of end stage 

liver disease and Child-Turcotte-Pugh scores) were associated 

with the risk of death.

The first interesting finding of this study was certainly the 

changes in the prevalence of etiology of cirrhosis in India. While 

HBV was the most common cause of cirrhosis in India 30 years 

ago,11 alcohol is now responsible for the majority of cirrhosis cas-

es. This was even more evident in patients younger than 50 years 

of age, in whom ALC accounts for more than 45% of cases.

The second relevant finding was that patients with ALC were 

sicker with worse liver function, more complications, and higher 

risk of mortality and readmissions than those with other etiologies 

of cirrhosis. These findings suggest that the current and future 

management of patients with decompensated cirrhosis is more 

complex, considering the expected increase in the prevalence of 

ALC.12 Patients with ALC have two diseases, alcohol use disorder 

(AUD) and cirrhosis, and both require specific attention and treat-

ment.13 In fact, the maintenance of alcohol abstinence is crucial 

for reducing the risk of decompensation and improving survival in 

patients with alcoholic cirrhosis.14,15 This was also confirmed in the 

study by Jain et al.,10 which showed that 97.3% of the patients 

with ALC who relapsed alcohol consumption developed acute de-

compensations and required hospital readmission. The issue of al-

cohol consumption is even more complex, considering that a cer-

tain period of abstinence is required to determine which patients 

are eligible for liver transplantation. Unfortunately, only a minority 

of patients with ALC tend to receive a specific behavioral or phar-

macotherapy treatment for AUD, which has been associated with 

a reduced risk of decompensation and long-term mortality.16 

Therefore, patients with ALC should be referred early to the alco-

hol addiction unit for AUD management.

Another relevant take-home message from this study is the 

need for implementing healthcare policies aimed to reduce alco-

hol consumption on a population level. Such strategies should in-

volve early screening for AUD, marketing restrictions, and increase 

in minimum pricing for alcohol.3,17 The latter has been successfully 

implemented in British Columbia and Scotland, leading to rapid 

reduction in alcohol consumption as well as decrease in alcohol-

associated deaths.18,19

Jain et al.10 also showed a high prevalence of NAFLD-related cir-

rhosis in older patients. In their study, almost one out of three pa-

tients aged older than 60 years showed NAFLD as the primary 

cause of cirrhosis. Again, this is an important red flag, considering 

that: 1) there is still no approved etiologic treatment for NAFLD 

other than change in lifestyle and 2) the prevalence of NALFD-re-

lated cirrhosis is expected to increase.4

Finally, Jain et al.10 also confirmed previous findings20,21 that 

sepsis is associated with a higher risk of death and readmission in 

patients with cirrhosis. Epidemiological data suggests that the risk 

of sepsis-related mortality is increasing in patients with cirrhosis,22 

and this is likely related to the spread of infections due to multi-

drug-resistant bacteria, which are highly prevalent in India.20 This 

finding highlights the need for implementing strategies aimed to 

prevent and treat infections in patients with cirrhosis.23

This study, of course, had some limitations. Since it was a single 

center and retrospective study, some potential confounders could 

have been missed. In addition, the study excluded patients who 

were hospitalized due to alcoholic hepatitis or ACLF. The reason 

for not including these patients (i.e., the severity of these patients 

would have made them not comparable with patients with acute 

decompensations) may be questionable, and it actually leaves a 

lack of information about this group of patients. Considering that 

ongoing alcohol consumption is a frequent precipitating event of 

ACLF, one may argue that the impact of alcoholic etiologies could 

be even more relevant in these patients.

Despite these limitations, the study offers a very interesting in-

sight into the trend of cirrhosis in the Indian population over the 

past 10 years. Alcohol-related liver disease and NAFLD have pro-

gressively become the most frequent causes of cirrhosis in India. 

ALC is associated with an increased risk of mortality and re-hospi-

talization. Therefore, there is an urgent need for the establishment 

of strategies aimed to reduce the incidence and burden of ALC 

and to improve the management of cirrhosis patients.
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Chronic hepatitis C (CHC) is a major cause of liver cirrhosis and 

hepatocellular carcinoma.1 Frequent changes in the genetic se-

quences of hepatitis C virus (HCV) have led to failures in vaccine 

development,2 resulting in difficulties in controlling the disease in 

the public health sector. Hence, a thorough screening of donated 

blood using nucleic acid testing for HCV and taking precautions 

while using medical or health instruments have been considered 

the best ways to prevent viral transmission. Currently, ground-

breaking advancements in anti-HCV therapy have facilitated CHC 

treatment by lowering the drug adverse effects and improving the 

sustained virological response rates.3 Therefore, extensive screen-

ing, early diagnosis, and active treatment of HCV infection using 

newly developed direct-acting antiviral agents (DAAs) would re-

duce the prevalence of chronic liver diseases caused by HCV, and 

will decrease the HCV-related mortality.

In 2017, the World Health Organization (WHO) set the goal of 

hepatitis elimination and outlined strategies to achieve it by 

2030.4 In this report, hepatitis elimination is defined as a reduc-

tion in the incidence of hepatitis and hepatitis-related deaths by 

90% and 65%, respectively, compared to the values reported in 

2015 (baseline).4 The targets for primary interventions to eliminate 

HCV infection include achieving 100% blood safety, 0% unsafe 

needle injection, as well as 90% and 80% diagnosis and treat-

ment of HCV infection, respectively (Table 1),4 although one mod-

el suggests even higher targets.5 To approach these targets, ap-

propriate policies need to be established, led by the public health 

ministry of each country. Currently, Australia and New Zealand 

are obtaining a higher score for nationwide HCV policies as they 

have appropriate HCV-related data, such as an economic estimate 

of the burden of viral hepatitis using national epidemiological 

data as well as programs for disease control, including a publicly 

funded screening program, government-subsidized HCV treat-

ment, and harm-reduction programs.6 These countries are consid-

ered to be on the right track for HCV elimination. However, Cana-

da is not considered to be on the appropriate track for hepatitis 

elimination, despite having high scores for HCV policies.6 The rea-

sons include insufficient awareness of HCV, difficult-to-reach 

health care providers, and inadequate linkage-to-care rates.6 

Therefore, various aspects should be considered for successful 

elimination of HCV infection.

There are multiple barriers to the early diagnosis of HCV infec-
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tion and getting the patients into treatment, as most patients are 

asymptomatic. To overcome these limitations, screening subpopu-

lations with high incidence rates, such as injection drug users, 

prison inmates, or specific age groups, has been undertaken and 

microelimination has been performed in several countries.7,8 De-

spite the intervention, only a limited number of successful elimina-

tions have been reported at the population level so far. Hence, 

new attempts to enhance detection of HCV infection and improve 

linkage to care are required.

The study by Huang et al.9 published in the current issue dem-

onstrates a practical care cascade model that improves linkage to 

care. At a tertiary hospital in Taiwan, they applied in-hospital HCV 

RNA reflex testing using the same blood samples as those used 

for anti-HCV antibody test and showed a positive result. A posi-

tive HCV RNA test result rendered an automatic real-time ap-

pointment followed by a late call-back. In addition, they also con-

ducted HCV treatment in hepatology and non-hepatology 

departments to enhance the treatment uptake rate. The diagnosis 

and treatment rate of HCV infection between patients with and 

without the new strategy were then compared. The application of 

HCV reflex testing strategy significantly improved the HCV RNA 

testing rate compared to no application of HCV reflex testing 

strategy (100% vs. 84.8%, P<0.001), which was more pro-

nounced in the non-hepatology department than in the hepatolo-

gy department (100% vs. 23.3%, P<0.001). Furthermore, the in-

hospital automatic referral system enhanced the treatment rates, 

which were also more significant at the non-hepatology depart-

ment compared with the conventional process (73.9% vs. 27.8%, 

P=0.001). The care cascade was suggested to be an efficient 

model for improving the rates of CHC diagnosis and treatment 

uptake, thereby achieving in-hospital HCV microelimination.

HCV reflex testing was previously implemented in Spain, and it 

led to an improved diagnosis rate of CHC.10,11 In order to be on the 

right track for HCV elimination, successful strategies must be 

shared to other countries. The key obstacles of the program may 

be funding HCV RNA and genotype testing, as patients them-

selves may not want to receive HCV reflex testing if they are re-

quired to pay for it. Therefore, improvement in the awareness on 

HCV infection and sustainable health policies with financial sup-

port would be the prerequisites for the program. Another limita-

tion would be the insufficient experience of a non-hepatologist 

for CHC treatment. Although currently available DAAs are mostly 

pan-genotypic agents, a non-hepatologist may not be an optimal 

physician to treat newly diagnosed CHC patients. The status of 

underlying chronic liver disease should be evaluated in detail be-

fore initiating treatment with DAAs, and complications of ad-

vanced liver diseases need to be further managed. Hence, it 

would be reasonable to refer new patients to a hepatologist for 

better CHC management.

In conclusion, to achieve hepatitis C elimination, efforts must be 

made to establish an early diagnosis and proper treatment of 

hepatitis C. The model introduced in this issue is considered to 

play an important role in actual clinical situations.
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Table 1. Service coverage indicators for core interventions of the Global Health Sector Strategy on viral hepatitis: 2015 baseline and targets

Intervention Indicator 2015 (baseline)
Targets

2020 2030

Blood safety Donations screened with quality assurance 97% 95% 100%

Injection safety Proportion of unsafe injections 5% 0% 0%

Harm reduction Syringes and needles distributed/PWID/year 27 200 300

Testing services HCV-infected diagnosed 20% 30% 90%

Treatment Diagnosed with HCV started on treatment 7%* –† 80%‡

Modified from the global hepatitis report.4

PWID, person who injects drugs; HCV, hepatitis C virus.
*Less than 20% of people living with hepatitis B virus infection are eligible for treatment with antiviral therapy available today.
†Three million patients treated for hepatitis C virus infection (cumulative targets).
‡Of those eligible for treatment.



99

Hyung Joon Yim
Elimination of hepatitis C

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0304

  2.  Liang TJ. Current progress in development of hepatitis C virus vac-

cines. Nat Med 2013;19:869-878.

  3.  Liang TJ, Ghany MG. Current and future therapies for hepatitis C 

virus infection. N Engl J Med 2013;368:1907-1917.

  4.  World Health Organization (WHO). Global hepatitis report. Geneva: 

WHO, 2017.

  5.  Heffernan A, Cooke GS, Nayagam S, Thursz M, Hallett TB. Scaling 

up prevention and treatment towards the elimination of hepatitis C: 

a global mathematical model. Lancet 2019;393:1319-1329.

  6.  Palayew A, Razavi H, Hutchinson SJ, Cooke GS, Lazarus JV. Do the 

most heavily burdened countries have the right policies to eliminate 

viral hepatitis B and C? Lancet Gastroenterol Hepatol 2020;5:948-

953.

  7.  Boerekamps A, Newsum AM, Smit C, Arends JE, Richter C, Reiss P, 

et al. High treatment uptake in human immunodeficiency virus/hep-

atitis C virus-coinfected patients after unrestricted access to direct-

acting antivirals in the Netherlands. Clin Infect Dis 2018;66:1352-

1359.

  8.  Bartlett SR, Fox P, Cabatingan H, Jaros A, Gorton C, Lewis R, et 

al. Demonstration of near-elimination of hepatitis C virus among a 

prison population: the Lotus Glen Correctional Centre hepatitis C 

treatment project. Clin Infect Dis 2018;67:460-463.

  9.  Huang CF, Wu PF, Yeh ML, Huang CI, Liang PC, Hsu CT, et al. Scal-

ing up the in-hospital hepatitis C virus care cascade in Taiwan. Clin 

Mol Hepatol 2021;27:136-143.

10.  Chevaliez S. Strategies for the improvement of HCV testing and di-

agnosis. Expert Rev Anti Infect Ther 2019;17:341-347.

11.  Crespo J, Lázaro P, Blasco AJ, Aguilera A, García-Samaniego J, 

Eiros JM, et al. Hepatitis C reflex testing in Spain in 2019: a story of 

success. Enferm Infecc Microbiol Clin. 2020 May 22. doi: 10.1016/

j.eimc.2020.03.004.



pISSN 2287-2728      
eISSN 2287-285X

https://doi.org/10.3350/cmh.2020.0312
Clinical and Molecular Hepatology 2021;27:100-102Editorial

Corresponding author : Moon Young Kim
Division of Gastroenterology and Hepatology, Department of Internal 
Medicine, Yonsei University Wonju College of Medicine, 20 Ilsan-ro, 
Wonju 26426, Korea
Tel: +82-33-741-1229, Fax: +82-33-741-0951
E-mail: drkimmy@yonsei.ac.kr
https://orcid.org/0000-0002-2501-2206

Abbreviations: 
APRI, aspartate aminotransferase to platelet ratio index; CHC, chronic hepatitis 
C; DAAs, direct-acting antivirals; FIB-4, fibrosis-4; HCV, hepatitis C virus; LDV, 
ledipasvir; RAS, resistance-associated substitutions; SOF, sofosbuvir; SVR, 
sustained viral response

Received : Nov. 9, 2020 /  Accepted : Nov. 25, 2020Editor: Hyung Joon Yim, Korea University College of Medicine, Korea

The global incidence of chronic hepatitis C virus (HCV) infection 

is estimated to be approximately 71 million,1 and it remains a ma-

jor cause of chronic liver disease worldwide.2 The introduction of 

oral direct-acting antivirals (DAAs) therapy since 2014 has revolu-

tionized chronic hepatitis C (CHC) treatment. The currently avail-

able DAAs allow the achievement of a sustained viral response 

(SVR) rate of over 95% besides demonstrating a satisfactory toler-

ability. Several sofosbuvir (SOF)-based regimens have demon-

strated excellent efficacy and safety for CHC. Among them, ledi-

pasvir (LDV)/SOF has been approved for the treatment of genotypes  

1, 4, 5, and 6 in the USA and Europe.3,4 Its approval provided the 

first “one pill a day” regimen for 12 weeks as treatment for CHC. 

As proof‐of‐concept studies revealed the efficacy and safety of 

LDV/SOF for genotype 2 HCV infection, LDV/SOF was further 

evaluated in phase III trials, which led to its label extension to 

genotype 2 in Canada, followed by Japan, Taiwan, and Korea.5

In this issue of Clinical and Molecular Hepatology, Baatarkhuu 

et al.6 presented a study demonstrating the efficacy and safety of 

LDV/SOF in 5,028 Mongolian patients infected with genotype  

1 HCV who received LDV/SOF or LDV/SOF plus ribavirin for  

12 weeks. Different SVR12 rates were observed in patients with 

genotype 1a (69.6%, 16 of 23 patients) and genotype 1b (99.7%, 

4,992 of 5,005 patients). Among genotype 1b patients, SVR12 

rates >95% were achieved even in subgroups, such as treatment-

experienced or cirrhosis patients. However, the SVR rate in geno-

type 1a was considerably lower than that in previous studies. The 

author explained that this may be attributed to the presence of 

NS5A resistance-associated substitutions (RASs) and the small 

number of enrolled patients with genotype 1a (n=23). According 

to analysis from 35 clinical trials, LDV-specific RASs were present 

in 8–13% of genotype 1a and 16–18% of genotype 1b patients 

prior to treatment and had a negative impact on treatment out-

comes, particularly in treatment-experienced genotype 1a pa-

tients.7 Nonetheless, all genotype 1a patients in this study were 

treatment naïve. Therefore, although RAS testing was not per-
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formed, the low SVR rate in genotype 1a was not considered to 

be due to RASs. Instead, it is presumed that the higher fibrosis 

scoring, including aspartate aminotransferase to platelet ratio in-

dex (APRI) and fibrosis-4 (FIB-4), in genotype 1a than in 1b re-

duced the treatment response. Moreover, high FIB-4 (>3.25) and 

APRI (>0.7) were inversely associated with end of treatment re-

sponse and SVR12 achievement in this study, indicating that sig-

nificant fibrosis is an alarming sign of poor treatment response. 

Nevertheless, these findings are not new and must be interpreted 

with caution for several reasons.

First, LDV/SOF use in advanced chronic kidney disease patients 

(estimated glomerular filtration rate <30 mL/min/1.73 m2) might 

be of concern to some physicians because SOF and its metabolite 

GS‐331007 are mainly eliminated through renal clearance.8 Unfor-

tunately, as the author mentioned, renal function changes either 

during or end of the treatment were not analyzed. Although sev-

eral studies have reported that SOF-based therapy is safe and ef-

fective in patients with severe chronic kidney disease, including 

hemodialysis patients, its safety has not yet been fully established. 

Hence, it is unfortunate that this largest real-life study did not 

provide information on whether SOF-based therapy affects renal 

function.

Next, recent the European Association for the Study of the Liver 

and American Association for the Study of Liver Diseases guide-

lines recommend pangenotypic DAA-based regimens (e.g., SOF/

velpatasvir and glecaprevir/pibrentasvir) for patients without cir-

rhosis or with compensated cirrhosis to improve access to HCV 

treatment and increase cure rate in any setting.4,9 Thus, wherever 

genotype determination is not available, simplified treatment 

without knowledge of the HCV genotype, and not affordable ac-

cess to HCV care, is expected to improve HCV treatment. Given 

these latest trends, this study analyzing the effectiveness of LDV/

SOF may provide outdated results. However, pangenotype DAA-

based therapy is not yet available in many countries, depending 

on the region and health system. SOF/velpatasvir and SOF/velpa-

tasvir/voxilaprevir are not yet available in Korea. Thus, in countries 

with limited access to SOF/velpatasvir, LDV/SOF remains a good 

treatment option.

This study showed that the estimated mean values of non-inva-

sive fibrosis markers, including APRI and FIB-4, decreased reliably 

both during and after treatment. A previous report showed that 

the improvement of fibrosis through liver stiffness measurement 

or non-invasive fibrosis serum markers predicted treatment re-

sponse and prognosis in treated CHC patients.10,11 Nonetheless, 

accurate diagnosis of fibrosis using tissue biopsy or liver stiffness 

measurement was limited. Therefore, whether this indicates a true 

fibrosis regression or merely the resolution of chronic liver inflam-

mation with subsequent improvement of laboratory parameters 

remains unclear.

The World Health Organization has set ambitious goals for the 

control of viral hepatitis by 2030.12 In the era of DAAs, where 

treatment efficacy and tolerability are no longer the major con-

cerns, a comprehensive HCV care cascade is needed, including 

proper screening for unawareness of HCV, accurate diagnosis, 

and linking to medical care.13 Although the amount of clinical in-

terest is low, the findings of this study conducted by the Mongo-

lian government for Hepatitis Prevention, Control and Elimination 

are meaningful. Moreover, this large sized study showed the ef-

fectiveness of LDV/SOF at a fixed dose and treatment duration in 

helping to promote universal healthcare for CHC in countries with 

resource‐limited settings.
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The term “abscopal” (ab-, a prefix meaning “position away 

from,” and scopus [Latin] meaning “mark or target for shooting 

at”) was first used by Mole in 1953 to describe the effects of ion-

izing radiation “at a distance from the irradiated volume but with-

in the same organism.”1 Radiotherapy (RT) induces immunogenic 

cell death, leading to the production and release of cytokines and 

chemokines in the tumor microenvironment, followed by infiltra-

tion of dendritic cells (DCs) into the tumor site. Activation of DCs, 

which act as antigen presenting cells, causes priming and expan-

sion of tumor-reactive T-cells within the irradiated tumor and in 

the draining lymph nodes. These activated, tumor-specific T-cells 

in-turn migrate and eliminate non-irradiated tumors, hence result-

ing in the abscopal effect.2

The mechanism of abscopal effect has long remained poorly 

understood. In 2004, Demaria et al.3 suggested that the abscopal 

effect may be immune-mediated. Preclinical models have estab-

lished that the abscopal effect is T-cell-dependent4 and results 

from radiation “priming” of the immune system.5 In recent years, 

the use of immune checkpoint inhibitors (ICIs), such as ipilimumab 

or pembrolizumab, has greatly increased the prevalence of absco-

pal effects among selected patients, including those with meta-

static melanoma.6,7

The mechanism underlying the increased abscopal effect fol-

lowing RT-ICI combination is unclear. In the current issue of Clini-
cal and Molecular Hepatology, Yoo et al.8 conducted a preclinical 

study to investigate this issue using a murine syngeneic hepato-

cellular carcinoma (HCC) model. After transplanting Hepa 1-6 

cells in both hind legs of immunocompetent C57BL/6 mice, they 

irradiated the tumors in primary sites and observed abscopal ef-

fects in the non-irradiated tumors, with or without anti-pro-

grammed cell death protein 1 (PD-1) antibodies. They reported 

significantly enhanced abscopal effect and increased infiltration 

of activated cytotoxic T-cells in both irradiated and non-irradiated 

tumors when combinatorial therapy with RT and anti-PD-1 anti-

bodies was employed. Previous studies on combinatorial therapy 
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with RT and immunotherapy dealt with orthotopic HCC models, 

thus allowing the observation of effect of the combinatorial treat-

ment on the primary tumor, though not necessarily the abscopal 

effect.9,10 In this context, Yoo et al.8 provides initial information on 

the impact of RT-immunotherapy combination on non-irradiated 

metastatic tumors using a murine HCC model. Many methods 

have been attempted to increase the prevalence of the abscopal 

effect, including the combination of RT with cytokines, stimula-

tion of DCs to activate tumor antigen-presentation, vaccination 

with autologous tumor cells, targeting Toll-like receptors, and 

combination of RT and ICIs.2 Cytotoxic T-lymphocyte-associated 

protein 4 (CTLA-4) and anti-PD-1 are cell surface molecules which 

prevent T-cell activation or reinvigoration following chronic anti-

gen exposure. Inhibiting these T-cell checkpoints leads to greater 

anti-tumor T-cell activity.

Yoo et al.8 also showed that 16 Gy in two fractions inhibited the 

growth of both irradiated and non-irradiated tumors more effec-

tively with higher infiltration of cytotoxic T-cells compared to a 

single 8 Gy fraction. The authors concluded that these results in-

dicated “the potential radiation dose-dependency of the abscopal 

effect.” In recent years, the utilization of stereotactic body radio-

therapy (SBRT) has increased, and there are suggestions that hy-

po-fractionated RT, which delivers higher doses of radiation per 

treatment or fraction, is associated with increased incidence of 

abscopal effects. While conventional RT is mainly directed at in-

ducing apoptosis due to DNA damage, SBRT induces necrotic tu-

mor cell death, which is a prerequisite for inducing an antitumor 

immune response. Yoo et al.8 explained that there is a window for 

the doses per fraction likely to induce abscopal effect, and thus 

their choice of the hypofractionated regimen. Using a similar ex-

perimental design, Dewan et al.11 tried to find the optimal RT dose 

and fractionation to induce the abscopal effect in combination 

with immunotherapy. They injected TSA mouse breast cancer cells 

into both hind legs of syngeneic mice, and irradiated the primary 

site with three distinct RT regimens (20 Gy ×1, 8 Gy ×3, or 6 Gy 

×5 fractions). As a result, they reported that fractionated RT, not 

single-fraction RT, induced immune-mediated abscopal effect 

when combined with CTLA-4 blockade.11 Later, they showed that 

the balance between cytosolic DNA and DNA exonuclease Trex1 

activation plays a crucial role in the dose effect of RT-immuno-

therapy combination. RT induces accumulation of double-strand 

DNA in the cytosol, and cytosolic DNA activates the DNA sensor 

cyclic GMP-AMP synthase (cGAS) and its downstream effector, 

i.e., stimulator of interferon genes (STING). Activation of the 

cGAS/STING pathway results in interferon-β secretion by cancer 

cells, leading to DC recruitment and activation, which are essen-

tial for CD8+ T-cell priming and antitumor immunity. Dewan et 

al.11 showed that RT-induced cytosolic DNA accumulation is di-

rectly proportional to the fractional dose; however, doses above 

12–18 Gy per fraction caused activation of DNA exonuclease 

Trex1 and degradation of cytosolic DNA, leading to attenuation of 

the RT-induced immunologic response. In this context, 8 Gy used 

by Yoo et al.8 falls in the range of optimal fractional doses for in-

vestigating the mechanism underlying the abscopal effect.12 Many 

questions remain to be answered regarding the optimization of 

RT-ICI combination, including the sequence of RT and ICIs (wheth-

er ICI can be administered before RT, after RT, or concurrently). 

There have been suggestions that anti-PD-L1 therapy is more ef-

fective with concurrent administration, while anti-CTLA-4 therapy 

is more effective when provided prior to RT; trials involving ad-

ministration of multiple ICIs with RT are currently underway.13

Yoo et al.8 showed that a higher-dose radiation also increased 

activated DC counts in the tumor-draining lymph nodes (TDLNs), 

which had a higher expression of PD-L1. While irradiation of the 

tumor site is capable of T-cell priming and activation, TDLNs with 

high tumor antigen load can provide a rich tumor drainage net-

work and are important sites for DC-mediated antitumor T-cell 

stimulation, a critical step in T-cell activation with anti-PD-L1 

therapy.14 Deng et al.15 demonstrated that the STING signaling 

axis activated in DCs promotes an anti-tumor CD8+ T-cell re-

sponse with an increased frequency of interferon-γ+ CD8+ T-cells 

in TDLNs; and this phenomenon was also observed by Yoo et al.8 

While these two studies did not involve the irradiation of TDLNs, 

Buchwald et al.14 injected modified B16F10 cells in bilateral flanks 

of C57BL/6 mice and irradiated either one flank tumor (10 Gy ×1) 

and TDLNs (3 Gy ×3) or one flank tumor alone. They found that 

tumor irradiation stimulated the proliferation of total CD8+ T-cells 

and stem-like CD8+ T-cells, a subset of CD8+ T-cells that rapidly 

proliferate following CD8+ T-cell exhaustion by anti-PD-L1 thera-

py, in the TDLNs. In contrast, the irradiation of tumor and TDLNs 

resulted in a reduction in the abscopal effect as well as the num-

ber of total tumor-specific CD8+ T-cells and stem-like CD8+ T-cells 

in both the irradiated and unirradiated tumors.14 The role of 

TDLNs in mediating the abscopal effects—as investigated by Yoo 

et al.8 and others—is clinically significant and warrants further in-

vestigation, as the effect of RT-ICI combination on the abscopal 

effects may be compromised when patients are subjected to re-

gional nodal irradiation or surgical removal of LNs.

Albeit rare, a number of cases of abscopal effects occurring in 

HCC patients have been reported in the literature. These cases in-
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clude palliative RT for bone metastasis resulting in the regression 

of primary HCC,16,17 irradiation of inferior vena cava (IVC) invasion 

resulting in the regression of multiple intrahepatic metastases,18 

irradiation of a metastatic mediastinal lymph node resulting in the 

regression of lung metastasis,19 and irradiation of primary HCC or 

IVC resulting in the regression of multiple lung or pleural metasta-

ses.20,21 Chino et al.5 reported an unusual case of SBRT for primary 

lung cancer resulting in complete remission of primary HCC. Al-

though these clinical observations suggest the potential role of 

combining RT and ICIs for metastatic HCCs, the RT-ICI combina-

tion should not be investigated for the sole purpose of inducing 

an abscopal effect, until we have more sufficient data to support 

the benefit of such a practice. Recent preclinical and retrospective 

studies have shown promising results for the combinatorial thera-

py with RT and ICIs for advanced HCC.9,22 In this context, the 

study by Yoo et al.8 provides valuable insight into the mechanisms 

underlying enhanced abscopal effect of treating HCC with a com-

bination of RT and ICIs.
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The World Health Organization (WHO) estimated that in 2015, 

257 million people were living with chronic hepatitis B (CHB). 

Chronic infection with hepatitis B virus (HBV) is a major global 

health problem that resulted in an estimated 887,000 deaths in 

2015, mostly due to hepatocellular carcinoma (HCC) and the com-

plications of liver cirrhosis. The increased use of potent antivirals 

has gradually reduced HBV-related mortality in Korea. However, 

the decreased mortality has been paradoxically accompanied by 

the increased burden of HBV-related HCC, because of the in-

creased life expectancy and number of patients with the risk of 

developing HCC.1

A three-tiered approach has been used to prevent or reduce the 

risk and mortality of HBV-related HCC: primary, secondary, and 

tertiary preventions. First, primary prevention entails protection 

from being infected by HBV, including being infected by vertical 

transmission. This can be mostly accomplished by active and pas-

sive immunization via recombinant HBV vaccine and hepatitis B 

immunoglobulin, respectively. In 1992, the WHO recommended 

including universal HBV vaccination in all national vaccination 

programs. Every infant should receive the first dose of HBV vac-

cine as soon as possible after birth (preferably within 24 hours). 

Recent data have shown that the addition of tenofovir treatment 

to active and passive immunization might minimize the risk of 

mother-to-child transmission from an HBV surface antigen 

(HBsAg)-positive mother with a high HBV viral load at the third 

trimester.2 All international practice guidelines have emphasized 

the importance of primary prevention via vaccine and immuno-

globulin with/without oral antiviral agents.3-6 Primary prevention 

should be the most cost-effective and ideal approach to the pre-

vention of HBV-related HCC, especially in HBV-endemic regions. 

Secondary prevention entails reducing the risk of HCC occurrence 

in patients who already have chronic HBV infection and is based 

on the use of potent oral nucleos(t)ide analogues (NAs) such as 

entecavir and tenofovir. There are two pathways involved in the 

development of HCC in patients with CHB: 1) the direct oncogenic 

effect of HBV (direct hepatocarcinogenesis) and 2) an indirect ef-

fect through inflammation, regeneration, fibrosis, and cirrhosis 

(indirect hepatocarcinogenesis). An effective lifelong antiviral 

treatment might reduce useless and harmful hepatic inflammation 
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and thereby suppress the indirect pathway. Several cohort studies 

conducted in Asian countries have consistently reported that 

timely antiviral treatment reduced the risk of HCC by 45–63%.7-10 

Although tenofovir-resistant mutations have been observed in 

several heavily treated patients,11 the incidence of tenofovir-resis-

tant mutations has been negligible in patients who were not pre-

viously exposed to other antivirals. Thus, antiviral resistant muta-

tion might not be problematic during lifelong antiviral treatment, 

but medical cost might. Tertiary prevention aims to reduce the risk 

of HCC recurrence and to prolong both the recurrence-free surviv-

al and overall survival of patients. Adjuvant therapy consisting of 

repeated transfer of autologous cytokine-induced killer cells12 as 

well as oral antiviral treatment has been found to play a role in 

the tertiary prevention of HCC and increased patient survival.

In this issue of Clinical and Molecular Hepatology, Jang et al.13 

reported that the integration of HBV DNA into host genome was 

observed in the majority of seven patients who developed HCC 

after HBsAg seroclearance and were included in the present 

study. The affected genes were mostly associated with carcino-

genesis. Viral integration breakpoints were detected in both ma-

lignant and adjacent nonmalignant tissues. Interestingly, the HBV 

insertional sites were more enriched within the genic region of the 

tumor sample rather than in intergenic area, whereas intergenic 

HBV integration was more frequent in the non-tumor tissues. This 

study confirmed again the possible HCC development even in pa-

tients who achieved HBsAg seroclearance. However, the finding 

that five of the seven (71.4%) patients had underlying cirrhosis 

confounds the identification of which pathway among the indirect 

and direct pathways in these patients was the major route leading 

to hepatocarcinogenesis. Cirrhosis could be a more important 

cause of HCC than integrated HBV in those five cirrhotic patients.

The following two important questions could be derived from 

this study. First, is there a feasible method for preventing the inte-

gration of HBV DNA into host genome of patients already infected 

with HBV? And second, what is the optimal surveillance strategy 

for patients after HBsAg seroclearance?

The currently available anti-HBV treatments, including oral HBV 

DNA polymerase inhibitors and pegylated interferon-alfa, gener-

ally fail to achieve the elimination of integrated HBV DNA, which 

is considered to be a complete sterilizing cure of HBV infection. 

Thus, the presence of integrated HBV DNA is thought to indicate 

that a complete sterilizing cure may be unrealistic. Therefore, a 

discussion is warranted on the possibility of developing an ap-

proved therapy that could prevent the integration of HBV DNA 

into genomic DNA before it occurs. The timing of initiating antivi-

ral treatment might be a modifiable factor. Studies by Mason et 

al.14 showed that HBV DNA integration into the host genome and 

clonal expansion of hepatocytes begin during the immune-toler-

ant phase. A recent study evaluating the effect of RNA interfer-

ence by ARC-520 on HBsAg in chimpanzees chronically infected 

with HBV showed that the integration of HBV DNA into the host 

genome occurs during the HBV envelope antigen (HBeAg)-positive 

phase.15 Based on these lines of evidence, evaluating whether 

early antiviral treatment at a specific timepoint before HBV DNA 

integration during the HBeAg-positive stage could reduce or pre-

vent HBV DNA integration and subsequent clonal expansion of 

hepatocytes would be interesting. Since NAs inhibit HBV DNA 

polymerase, which also synthesizes double-stranded linear DNA, 

which integrates within the host genome, it may be possible that 

early treatment with an NA can reduce the risk of the integration 

of HBV DNA into the host genome.16 However, since few data 

supporting this hypothesis on early treatment are available, fur-

ther study is warranted. Altogether, it dosen’t seem that we cur-

rently possess a reliable weapon for preventing or eliminating 

HBV integration.

Next, the surveillance strategy in patients experiencing past 

HBV infections should be an important issue. It must be clear that 

based on the current guidelines, patients who have already devel-

oped cirrhosis at the time of HBsAg seroclearance should undergo 

regular surveillance by imaging studies (ultrasonography, comput-

ed tomography, or magnetic resonance imaging) and serum al-

pha-fetoprotein levels at 6-month intervals. All international 

guidelines recommend regular surveillance for patients with cir-

rhosis due to any cause.3-6 In contrast, patients without obvious 

cirrhosis or advanced fibrosis who are identified by regular follow-

ups to have achieved HBsAg seroclearance may lie in the gray 

zone. However, they clearly have a higher risk of HCC develop-

ment than normal individuals not exposed to HBV, but a lower 

risk than patients with HBsAg-positivity and suppressed serum 

HBV DNA.17,18 Additionally, should a patient without a previous 

history of HBsAg positivity who is incidentally found at a health 

check-up to be positive for anti-HBV core IgG antibody and nega-

tive for both HBsAg and HBV DNA, which indicate resolved HBV 

infection need regular surveillance? No sufficient data to answer 

the question are currently available and precise stratification to 

select optimal target of regular surveillance needs to be defined 

considering cost-effectiveness. Baseline factors such as the pres-

ence of cirrhosis, duration of HBV infection, mode of HBsAg sero-

clearance (natural vs. antiviral-induced), coexisting metabolic risk 

factors (e.g., obesity, hypertension, dyslipidemia, and diabetes), 
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and genotype of HBV might be associated with the risk of HCC 

development in patients with resolved HBV infection.17,19,20 The es-

tablishment of an HCC prediction model for patients with resolved 

HBV infection combining those risk factors might be warranted to 

guide personalized HCC surveillance program.

In summary, HBsAg seroclearance does not guarantee that HCC 

will not develop. The persistence of HBV integrated into the host 

genome despite the disappearance of serum HBsAg, along with 

the fibrotic burden due to previous injury to the hepatocytes, 

might be responsible for a residual risk of HCC. Since we do not 

have effective options for preventing integration of HBV DNA af-

ter infection, the prevention of HBV infections by universal vacci-

nation cannot be emphasized too strongly. HCC surveillance of in-

dividuals achieving HBsAg seroclearance should be individualized, 

and further studies to establish a model of risk prediction are 

warranted.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is characterized by liver 

lipid accumulation or inflammation. Also, it is one of the most 

common chronic liver diseases and can lead to the development 

of liver diseases, such as cirrhosis and hepatocellular carcinoma.1 

However, there is not yet an effective treatment method for 

NAFLD. Recently, fat-related diseases have been on the rise in as-

Background/Aims: Nonalcoholic fatty liver disease (NAFLD) is closely related to gut-microbiome. There is a paucity of 
research on which strains of gut microbiota affect the progression of NAFLD. This study explored the NAFLD-associated 
microbiome in humans and the role of Lactobacillus in the progression of NAFLD in mice.
Methods: The gut microbiome was analyzed via next-generation sequencing in healthy people (n=37) and NAFLD 
patients with elevated liver enzymes (n=57). Six-week-old male C57BL/6J mice were separated into six groups (n=10 
per group; normal, Western, and four Western diet + strains [109 colony-forming units/g for 8 weeks; L. acidophilus, 
L. fermentum, L. paracasei, and L. plantarum]). Liver/body weight ratio, liver pathology, serum analysis, and 
metagenomics in the mice were examined.
Results: Compared to healthy subjects (1.6±4.3), NAFLD patients showed an elevated Firmicutes/Bacteroidetes 
ratio (25.0±29.0) and a reduced composition of Akkermansia and L. murinus (P<0.05). In the animal experiment, L. 
acidophilus group was associated with a significant reduction in liver/body weight ratio (5.5±0.4) compared to the 
Western group (6.2±0.6) (P<0.05). L. acidophilus (41.0±8.6), L. fermentum (44.3±12.6), and L. plantarum (39.0±7.6) 
groups showed decreased cholesterol levels compared to the Western group (85.7±8.6) (P<0.05). In comparison 
of steatosis, L. acidophilus (1.9±0.6), L. plantarum (2.4±0.7), and L. paracasei (2.0±0.9) groups showed significant 
improvement of steatosis compared to the Western group (2.6±0.5) (P<0.05).
Conclusions: Ingestion of Lactobacillus, such as L. acidophilus, L. fermentum, and L. plantarum, ameliorates the 
progression of nonalcoholic steatosis by lowering cholesterol. The use of Lactobacillus can be considered as a useful 
strategy for the treatment of NAFLD. (Clin Mol Hepatol 2021;27:110-124)
Keywords: Nonalcoholic fatty liver disease; Lactobacillus; Probiotics; Gut microbiome; Cholesterol

Study Highlights
-   Ingestion of Lactobacillus, such as L. acidophilus, L. fermentum, L. paracasei, and L. plantarum, ameliorates the progression of nonalcoholic fatty liver 

disease by lowering cholesterol and triglyceride levels in mice. 
- Lactobacillus attenuates the progression of steatosis in NAFLD mice model.
- The use of Lactobacillus as a probiotic can be considered as a useful strategy for the treatment of NAFLD.
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sociation with increased consumption of westernized diet. There-

fore, future studies exploring new effective treatments for NAFLD 

are needed.

Gut microbiome plays an important role in human physiology 

with significant impacts on inflammation and disease.2 A direct 

connection between metabolic syndromes and intestinal dysbiosis 

has been previously established.3 Intestinal dysbiosis has been 

shown to be a contributing factor to obesity, insulin resistance, 

and fatty liver progression.4 A balanced microbiota is integral to 

the maintenance and change in intestinal barrier function.5 In ad-

dition, the composition of bacterial species in the gut is unique to 

the host and has an important role in bacterial translocation, im-

mune system, and vitamin production.6 Disturbances of gut micro-

biota have been associated with a number of liver diseases, in-

cluding NAFLD.7 Portal vein directly links the liver to the gut, and 

mediates the transfer of nutrients and microbial components 

along the gut-liver axis.8 Therefore, recent studies present a major 

target for designing novel therapeutics for intestinal inflammatory 

disorders.9

A previous study reported that cholesterol is a significant risk 

factor for NAFLD.10 Another study demonstrated that cholesterol 

makes the liver susceptible to fatty hepatitis induced by tumor ne-

crosis factor (TNF)-α and inflammatory pathway in rats.11 In addi-

tion, liver cholesterol synthesis was increased in NAFLD patients, 

and the regulation of cholesterol metabolism was lowered.12 

These results suggest that elevated cholesterol level is significant-

ly associated with NAFLD.

Lactobacillus has been known to be beneficial in the regulation 

of immune system and the promotion of anti-inflammatory ef-

fects.13-15 A previous study has demonstrated that probiotics-treat-

ment resulted in reduction of liver steatosis and liver enzyme in 

NAFLD animal model.16 Therefore, the modulation of the gut mi-

crobiome with probiotics can be considered a strategy for the reg-

ulation of metabolic syndrome and obesity-related comorbidities, 

which include dyslipidemia and insulin resistance. Recent studies 

are continuously adding to the evidence that supports this theo-

ry.17 In our study, we collected and compared stools from normal 

people (with body mass index [BMI] 25 kg/m2 or less) and NAFLD 

patients with elevated liver enzymes. In addition, we demonstrat-

ed the role of Lactobacillus acidophilus, L. fermentum, L. paraca-
sei , and L. plantarum strains in the progression of NAFLD in mice.

MATERIALS AND METHODS

Patients

This prospective observational study was carried out between 

April 2017 and March 2020 (Table 1). A total of 94 patients com-

prising of healthy controls (n=36) and NAFLD patients with ele-

vated liver enzyme (n=54) were enrolled and analyzed. The pa-

tients underwent standard treatment for their disease, regardless 

of their enrollment in the study. A healthy control group was col-

lected from health promotion center. Patients who had NAFLD 

with an elevated level of liver enzyme (aspartate aminotransferase 

[AST] >50 IU/L, alanine aminotransferase [ALT] >50 IU/L, and 

Table 1. Baseline characteristics of patients

Variable Normal controls (n=37) NAFLD patients with elevated liver enzyme (n=57) P-value

Sex, male 14 (39) 23 (43) NS

Age (years) 61 (8) 53 (14) 0.004

AST (IU/L) 23 (5) 52 (22) <0.001

ALT (IU/L) 19 (7) 68 (37) <0.001

Creatine (mg/dL) 0.9 (0.2) 1.6 (0.7) NS

Total cholesterol (mg/dL) 176 (36) 181 (39) NS

γGT (IU/L) 27 (18) 75 (67) <0.001

TG (mg/dL) 104 (61) 238 (280) 0.022

FBS (mg/dL) 98 (11) 126 (26) <0.001

HDL cholesterol (mg/dL) 57 (17) 47 (11) NS

BMI (kg/m2) 21 (2) 38 (20) <0.001

Values are presented as mean (standard deviation or %). 
NS, not significant; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γGT, gamma glutamyl transferase; TG, triglyceride; FBS, Fasting blood sugar; 
HDL, high density lipoprotein cholesterol; BMI, body mass index.
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BMI score ≥25 kg/m2) were enrolled as NAFLD with elevated liver 

enzyme group. The exclusion criteria were as follows: patients 

with a history of viral hepatitis, heavy alcohol drinking within 3 

months, alcoholic hepatitis, autoimmune hepatitis, pancreatitis, 

hemochromatosis, Wilson’s disease, cancer, and drug-induced liv-

er injury. This study was controlled in accordance with ethical 

guidelines from the 1975 Helsinki Declaration as reflected by prior 

approval by the institutional review notice for human research in 

a hospital participating in the trial (2016-134). Basic information 

has been registered on ClinicalTrials.gov in the public trial registry 

(NCT04339725). Informed agreement for enrollment was received 

from each participant. 

Baseline evaluation was performed on complete blood count, 

liver function test, and viral markers. Patients with NAFLD under-

went abdominal ultrasound or computed tomography. AST, ALT, 

creatine, total cholesterol, gamma glutamyl transferase (γGT), tri-

glyceride (TG), fasting blood sugar (FBS), and high density lipo-

protein cholesterol were included as serum biochemical parame-

ters. Tests for hepatitis viruses and human immunodeficiency 

were conducted in all subjects. Enrolled patients and control 

groups underwent stool sampling and clinical analysis. Clinical 

data were simultaneously matched with metagenomics data. Fe-

cal samples were obtained in a plastic collection kit at various 

times during the day. All samples were stored at −80°C. In the 

case of healthy controls, the patients collected the stool samples 

at home and kept them at −20°C in a refrigerator. The patients 

then sent the stool box to the hospital, where the samples were 

kept at −80°C in a refrigerator.

Stool analysis for the metagenomics

Metagenomic DNA was extracted using a QIAamp stool kit (cat. 

no. 51504; QIAGEN, Hilden, Germany). Barcoded universal prim-

ers were utilized in the amplification of the V3–V4 region of the 

bacterial 16S rRNA gene. Polymerase chain reaction (PCR)  has 

conducted in the following steps: denaturation at 95°C for 5 min-

utes, 20 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 

72°C for 30 seconds, followed by extension at 72°C for 10 min-

utes. Agencourt AMPure XP system (Beckman Coulter, Pasadena, 

CA, USA) was employed for the purification of amplicons. Pico-

Green and quantitative PCR was utilized for the quantification of 

the purified amplicons. Following the pooling of the barcoded 

amplicons, MiSeq sequencer on the Illumina platform (ChunLab 

Inc., Seoul, Korea) was used for sequencing according to the 

manufacturer’s specifications.

Data analysis

The 16S-based Microbial Taxonomic Profiling platform of EzBio-

Cloud Apps (ChunLab Inc.) was used for microbiome profiling. 

Following the taxonomic profiling of each sample, a comparative 

analysis of the samples was performed by a comparative of EzBio-

Cloud Apps. ChunLab’s 16S rRNA database (DB ver. PKSSU4.0)18 

was used for the taxonomic assignment of reads. Operational tax-

onomic unit picking was achieved with UCLUST19 and CDHIT using 

a 97% similarity cutoff.20 Beta-diversity, which includes principal 

coordinates analysis and unweighted pair group method with 

arithmetic mean clustering, was displayed in the comparative 

multi touch point (MTP) analyzer. All 16S rRNA were subsequently 

deposited in the ChunLab’s EzBioCloud Microbiome Database and 

National Center for Biotechnology Information (NCBI) Sequence 

Read Archive (SRA) under BioProject number PRJNA532302.

Microbial identification

Using 16S rRNA sequencing, primers were prepared according 

Table 2. Information of used probiotics strains

Strain Number of bacteria (CFU/g) Characteristics Known roles in disease

L. acidophilus 2.80E+11 Gram-positive Prevent and reduce diarrhea49

Reduce total cholesterol35

L. fermentum 1.50E+11 Gram-positive Ameliorate colitis43

Increase bile acid excretion37

L. paracasei 4.80E+11 Gram-positive Decrease body fat41

Inhibit lipid deposition41

L. plantarum 1.00E+12 Gram-positive Fortifies the intestinal barrier50

Decrease cholesterol levels42

CFU, colony forming unit.
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to the constant region, and base sequence of the variable region 

was confirmed through PCR amplification.

Strain preparation

L. acidophilus  was isolated from the feces of newborn, and L. 
fermentum was isolated from the saliva of newborn. L. paracasei  
was sourced from water kimchi and L. plantarum was isolated 

from spinach. The fecal samples were obtained and isolated via a 

voluntary donation from the members of the coauthors’ affiliated 

institutions. And the used Lactobacillus  spp. were inoculated into 

a flask which included de Man, Rogosa and Sharpe medium (MRS) 

(BD/Difco). The strains were subsequently cultured in anaerobic 

conditions at 37°C for 24 hours. Stocks of each strain were pro-

duced by mixing of the culture broth with an equivalent 20% skim 

milk solution; they were stored at −80°C until use. The seed cul-

ture grew in a flask which contained MRS broth for Lactobacillus  

spp. at 37°C for 24 hours. Each broth was inoculated in an opti-

mized medium inside a fermenter (MARADO-05D-PS; Bio Control 

& Science, Daejeon, Korea). The fermentation was performed with 

a constant pH of 5.5 to 6.0 being maintained by automatically ad-

dition of NaOH solution (25% w/v) under 120 rpm agitation at 

37°C for 18 to 20 hours. Following fermentation, the cells were 

harvested via centrifugation at 6,000 rpm for 10 minutes (Supra 

R12; Hanil, Gimpo, Korea). The lyophilization of 40X enriched cells 

was performed in accordance with the manual (Lab-Mast 10; 

Cooling & Heating System, Siheung, Korea). Following lyophiliza-

tion, colony-forming units (CFU) per gram of each strain powder 

were measured out via dilution. Strains underwent suspension in 

0.1 M phosphate-buffed saline, and were regulated to a density of 

109 CFU/mL before use. The reference characteristics of probiotics 

strains are provided in Table 2.

Animal care

Six-week old specific-pathogen-free C57BL/6J male mice were 

sourced from Doo-Yeol Biotech (Seoul, Korea). All mice were 

housed in individual steel micro isolator cages that were main-

tained at 22±2°C in a 12/12-hour light/dark cycle. Throughout 

the experiment, the mice had free access to water and food, and 

were monitored daily. The experiment design included an adapta-

tion period for all groups, during which the mice were fed a nor-

mal diet for a week, and the groups receiving a westernized diet 

were given a 3-day intake adaptation period. The mice were 

treated humanely, and all aspects of the animal study was con-

ducted in accordance with the National Institutes of Health 

Guidelines for the Care and Use of Laboratory Animals. This ex-

periment was designed by selecting a candidate for the treatment 

of liver disease among the probiotics approved by South Korea’s 

Ministry of Food and Drug Safety. All of the procedures were li-

censed by the Institutional Animal Care and Use Committee of the 

College of Medicine, Hallym University (2018–04).

Treatment protocol

The male C57BL/6J mice had free access to water and food, and 

were monitored daily (n=10 mice per each group). The mice were 

distributed into six groups: normal (n=10), Western diet (n=10), 

and Western diet with strain groups (n=10 per group). The West-

ern diet (TD88137, Seoul, Korea) was sourced from Doo-Yeol Bio-

tech, and it consisted of 42.7% carbohydrate, 42% fat, and 15% 

protein. Probiotics were suspended in distilled water maintaining 

a concentration of 109 CFU/g for 8 weeks. The strains used were L. 
acidophilus , L. fermentum, L. paracasei , and L. plantarum. The 

mice were eventually sacrificed via overdose of inhalation anes-

thesia (isoflurane, Aerane; Baxter, Deerfield, IL, USA) at the con-

clusion of treatment period. Following the weighing of the mouse 

blood, liver, feces, and small intestine were collected. Serum was 

collected via centrifugation (5 minUTES for 19,000 ×g) from 

whole blood (800 μL). The liver and feces were excised and sub-

sequently stored at –80°C.

Serum biochemistry analysis

From animal serum, the total cholesterol, AST, and ALT were 

quantified using a biochemical blood analyzer (KoneLab 20; Ther-

mo Fisher Scientific, Waltham, Finland). The AST/ALT ratio is cal-

culated as a method to elucidate the etiology of liver damage.21

Biochemical analysis

Triglyceride Quantification Kit (Sigma, St-Louis, MO, USA) was 

used to determine liver TG by colorimetric method. Liver tissue 

samples were homogenized in 5% Nonidet P 40 Substitute 

(Roche, Mannheim, Germany). The samples were heated to 100℃ 

in water bath for 5 minutes or until the Nonidet P 40 became 

cloudy, and then cooled to room temperature. Heating was re-

ported once more to solubilize all TG. The samples were centri-

fuged for 2 minutes at maximum speed to remove insoluble mate-

rial, and then diluted 100-fold with deionized water before assay.
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Pathology analysis

A 10% formalin was used in the fixation of specimens, which 

were embedded in paraffin. The tissue sections underwent stain-

ing with hematoxylin and eosin. The liver was categorized in ac-

cordance with the clinical research network scoring system for 

NAFLD, which ranges from grade 0 to 3 (0: <5%, 1: 5–33%, 2: 

34–66%, and 3: >66% of steatosis). Inflammation was catego-

rized according to grades 0 to 3 (0: none, 1: 1–2 foci per ×20 

field, 2: 2–4 foci per ×20 field, and 3: >4 foci per ×20 field). A 

hepato-pathologist (S.H.H.) analyzed all of the biopsy specimens.

Liver tissue analysis for pro-inflammatory cytokines

Liver tissue samples were homogenized in TRIzol reagent (Invit-

rogen, Gaithersburg, MD, USA). High Pure RNA Isolation Kit 

(Roche) was used to isolate RNA from liver tissue. Total RNA iso-

lation from tissue was used a cDNA reverse transcription kit (ap-

plied Biosystems, Foster City, CA, USA), and aliquots of total RNA 

(2 μg) were transformed into cDNA. The cDNA subsequently un-

derwent amplification for quantitative PCR using the Luna® Uni-

versal Probe qPCR Master Mix (New England Biolabs, Beverly, 

MA, USA) and target-specific probe-primer (applied Biosystems).

Statistical analysis

Continuous variables were expressed as means and standard 

deviations. One-way analysis of variance (ANOVA) and indepen-

dent sample T-test were performed for body weight, liver function 

test, and histological analyses. For additional statistical analysis, 

data underwent normalization based on MSTUS18, which is im-

plemented in NOREVA (http://idrblab.cn/noreva/). Multiple Experi-

ment Viewer was employed for hierarchical clustering analysis and 

ANOVA with a post hoc test. P-value <0.05 was considered sta-

tistically significant. All statistical analyses were performed using 

the SPSS software (ver. 19; SPSS Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics of patients

This study was performed between April 2017 and March 2020. 

A total of 94 patients comprising normal controls (n=37) and 

NAFLD with elevated liver enzyme (n=57) groups were classified 

according to their conditions and then analyzed (Fig. 1). The sam-

ple providers were all over the age of 19 years, the groups were 

screened by AST, ALT, and BMI scores. The mean cholesterol level 

was not significantly different between groups. However, the 

mean levels of AST, ALT, γGT, TG, and FBS were significantly low-

er in the normal group (P<0.05). Also, BMI was significantly dif-

ferent between groups (P<0.001) (Table 1).

Figure 1. Patient enrollment diagram. Ninety-four patients participated in this experiment. According to their conditions, patients were divided into 
either normal control or NAFLD with elevated liver enzyme groups. NAFLD, nonalcoholic fatty liver disease; AST, aspartate aminotransferase; ALT, ala-
nine aminotransferase; BMI, body mass index.

Adults who submit stool and agreement
April 2017 to March 2020 (n=1,067)

Baseline examination and image study

Excluded
- Not meeting inclusion criteria (n=187)
- Exclusion criteria (n=650)
- Other reasons (n=164)

AST or ALT level <50 IU/L and BMI <25
(n=37)

Normal control

AST or ALT level >50 IU/L and BMI >25
(n=57)

NAFLD with elevated liver enzyme
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Human fecal analysis

Bacteroides and Firmicutes are major phylum of domain bacte-

ria that dominate the human gut microbiota (Fig. 2A).22 Compared 

to healthy subjects (1.6±4.3), NAFLD patients showed elevated 

Firmicutes /Bacteroidetes (F/B) ratio (25.0±29.0), and had reduced 

composition of Akkermansia and L. murinus (P<0.05). For the 

comparison of taxonomic composition at the phylum level, Fir-

micutes increased in the NAFLD with elevated liver enzyme group 

(51.8%) compared to normal controls (35.1%) (Fig. 2B). We com-

pared the relative abundance of the Lactobacillales  family in the 

normal control and NAFLD groups, and found a statistically sig-

nificant difference in the level of Aerococcaceae (P<0.001). There 

was no statistically significant difference in the level of Enterococ-
caceae, Streptococcaceae, and Lactobacillaceae between the normal 

control and NAFLD with elevated liver enzyme groups (Fig. 2C).  

Figure 2. Human gut microbiome was analyzed for 16s rRNA. (A) Phylum composition of normal controls and NAFLD patients with elevated liver en-
zymes. (B) The relative abundance of Bacteroidetes and Firmicutes. F/B ratio. (C) Composition of Lactobacillales family in normal controls and NAFLD 
patients. (D) Composition of Lactobacillus genus in normal controls and NAFLD patients. (E) Lactobacillus species composition. NAFLD, nonalcoholic 
fatty liver disease; ETC,  et cetera; F/B, Firmicutes/Bacteroidetes; NS, not significant. *P<0.05. †P<0.01. 
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In the genus level, there was a significant difference in the levels 

of Streptococcus  and Granulicatella  between the normal control 

and NAFLD with elevated liver enzyme groups (P<0.05) (Fig. 2D). 

There were differences in the ratios of L. fermentum, L. paraca-
seim, and L. plantarum between normal control and NAFLD with 

elevated liver enzyme groups, however, there was no statistical 

difference. Also, L. rogosae and L. sakei levels were increased in 

the NAFLD group (P<0.05) (Fig. 2E). 

Liver and body weight

The mice liver specimen confirmed that NAFLD was induced in 

the Western diet group (Fig. 3A, B). During 8 weeks of Western 

diet intake, L. acidophilus group had the lowest weight gain (Fig. 3C).  

In the analysis of the liver-to-body weight ratio (%), the L. aci-
dophilus  (5.5±0.4) group was related to a significant improve-

ment compared to the Western diet group. The L. plantarum 
(6.0±0.5), L. paracasei (5.7±0.4), and L. fermentum (5.9±0.6) 

groups did not show a significant difference in the liver-to-body 

weight ratio (P>0.05) (Fig. 3D).

Liver function test and pathologic findings

Several biochemical tests were performed to evaluate the liver 

function status. In the liver function test, the Western diet group 

showed remarkably increased liver enzyme (AST) levels compared 

to the normal control group (P<0.05). The mean levels of AST and 

ALT in the strain groups were lower than that of the Western diet 

group, but there is no significant difference (P>0.05). All of the 

strains except L. paracasei  caused a significant decrease in the se-

rum total cholesterol level compared to the Western diet group 

(P<0.05) (Fig. 4A). Steatosis grade in L. paracasei, L. plantarum, 

and L. acidophilus  groups were lower compared to the Western 

diet control group (P<0.05) (Fig. 4B). Regarding steatosis scores, 

all of the Western diet groups had a score of almost 3, whereas 

the strain groups generally had scores in the early 2 range. More-

over, large fat vacuoles displaced the nuclei to the edges of the 

cells, representing minimal to mild mixed macro/microvascular 

Figure 2. Contiued.
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Figure 3. Result of NAFLD model induced by Western diet. (A) Flow chart of the animal experiment. (B) Gross specimen of mice liver. (C) Effect of 
strains on body weight gain. (D) Body weight, Liver weight, and L/B ratio in each group. L/B, liver/body; NAFLD, nonalcoholic fatty liver disease. 
*P<0.05. †P<0.01. 
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Figure 4. Effects of strains on serum cholesterol level and steatosis of the liver. (A) Effect of strains on liver function test by serum biochemistry analy-
sis. (B) Hematoxylin and eosin staining showed steatosis grade. There were large fat vacuoles displacing the nuclei to the edges of the cells (Western 
diet). L. acidophilus, L. fermentum, L. paracasei, and L. plantarum groups showed minimal to mild mixed macro/microvesicular steatosis (×200). (C) Ste-
atosis grade in the liver. (D) Triglyceride level in the liver tissue. (E) mRNA expression of the liver (n=6). T-CHOL, total cholesterol; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; TNF, tumor necrosis factor; IL, interleukin. *P<0.05. †P<0.01.
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steatosis. Only L. fermentum showed no significant meaning in 

the comparison of steatosis scores (Fig. 4C).

Triglyceride level in liver tissue

Triglyceride is a type of lipid that circulate in blood. In the analy-

sis of the liver TG level (ng/μL), all of the groups with the strain  

L. acidophilus  (800.8±135.2), L. fermentum  (930.9±173.2),  

L. paracasei  (770.7±289.6), and L. plantarum (1,305.6±213.3) 

showed an improvement compared to the Western diet group 

(1,446.2±252.2). Except for L. plantarum, all of the groups 

showed statistically significant decreased levels of TG (P<0.01) 

(Fig. 4D).

Inflammatory cytokines in liver tissue

Real-time reverse transcription-polymerase chain reaction 

showed elevated mRNA expressions of TNF-α, IL-6, and IL-1β in 

the Western diet group. However, the mRNA expression levels of 

these inflammatory genes were decreased in the L. acidophilus, L. 
fermentum, L. paracasei , and L. plantarum groups. The results 

were not statistically significant, and only a decreasing trend was 

observed (Fig. 4E).

Animal stool analysis

In the phylum level, the composition of Proteobacteria , Verru-
comiccrobia , Actinobacteria , Bacteroidetes , Firmicutes , Deferrib-
acteres , and etc. was different for each group (normal control 

[3%, 1%, 1%, 52%, 40%, 0%, 0%], Western diet [10%, 6%, 3%, 

1%, 71%, 5%, 0%], and L. paracasei + Western diet [3%, 46%, 

0%, 3%, 45%, 0%, 1%]) (Fig. 5A). Bacteroidetes and Firmicutes 

are some of the major phyla of the domain bacteria that dominate 

the human gut microbiota. Bacteroidetes  were dominant in the 

normal controls (52.1±11.9%) compared with the Western diet 

group (1.5±1%), and was increased in the L. paracasei + Western diet  

Figure 5. Animal stool analysis. (A) Phylum composition of animal stool in normal control, Western diet, and L. paracasei fed with Western diet groups. 
(B) Bacteroidetes and Firmicutes ratio in each group. (C) Taxonomic compositions of MTP sets in each group (n=3). (D) Analytics for beta diversity for 
the relationship between microbiome taxonomic profiling (principal coordinates analysis, generalized UniFrac, species, include unclassified OTUs). ETC, 
et cetera; F/B, Firmicutes/Bacteroidetes; PC, principal coordinate analysis; MTP, multi tough point; OTUs, operational taxonominc unit. *P<0.05.
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group (4±3.9%). Firmicutes  was increased in the Western diet 

group (71.7±12.6%) compared to the normal controls (40.5±8%), 

and was decreased in the L. paracasei + Western diet group 

(45.2±11.3%) (Fig. 5B). The taxonomic composition of MTP set of 

all individuals in each group is shown. Bacteroidetes dominated in 

the normal control group, while Firmicutes  dominated in the 

Western diet group. Firmicutes decreased and Verrucomicroiba in-

creased when L. paracasei  was ingested. (Fig. 5C). We measured 

the differences between the groups using beta diversity for the 

relationship between microbiome taxonomic profiling, and each 

group showed a different location (Fig. 5D). 

DISCUSSION

NAFLD can progress to various liver diseases such as cirrhosis, 

liver failure, and hepatocellular carcinoma in varying proportion of 

patients.23 Due to the gut-liver axis, gut microbiome is an impor-

tant cornerstone in determining the occurrence and progression 

of chronic liver disease.24 Recently, human and animal studies 

have shown the changes of microbiome in the presence and prog-

nosis of chronic liver disease.

There is evidence that cholesterol accumulation contributes to 

NAFLD, and that lowering cholesterol can be used therapeutically. 

Also, studies have shown that cholesterol-lowering diet can im-

prove NASH, and adding cholesterol to one’s diet may cause liver 

inflammation and inflammation of extrahepatic tissue.25,26 Some 

studies have shown the effects of L. acidophilus ATCC 4962 and L. 
fermentum on cholesterol.27,28 In our study, improvements in total 

cholesterol levels were shown in the L. acidophilus , L. fermentum, 

and L. plantarum groups compared to the Western diet control 

group. Ingestion of Lactobacillus  can be a useful therapeutic op-

tion for the treatment of NAFLD with high cholesterol. However, 

there is still a lack of evidence regarding the mechanisms in low-

ering cholesterol.

In our study, there was a significant difference in the proportion 

of phylum level in stool microbes between normal and NAFLD pa-

tients. Many studies showed that various factors, including age, 

genetic, diet, antibiotics, and host immune system can modify the 

gut microbiome from the normal state.29 Each person has differ-

ent composition of gut microbes, which has been used as a health 

indicator in various situations. Many existing studies have already 

identified the differences in gut microbiota between healthy peo-

ple and patients, which are targeted as a treatment goal. Accord-

ing to the results of our clinical analysis, NAFLD patients had a 

lower rate of Bacteroidetes and a higher rate of Firmicutes com-

pared to the normal control group. As a result, F/B ratio was in-

creased in the NAFLD group.30 

Recent studies have shown the role of gut microbiome in the 

prevention and treatment of liver disease.31 The evidence of bene-

ficial role of probiotics has been suggested in the necrotizing en-

terocolitis, acute infectious diarrhea, acute respiratory infections, 

antibiotics-related diarrhea, and disorders in infants.32 A previous 

study demonstrated that the dysfunction of intestinal barrier and 

an increase in bacterial translocation to the liver through the gut-

liver axis play an important role in chronic liver disease.33 In our 

results, L. acidophilus, L. plantarum, and L. paracasei  supplemen-

tation reduced the steatosis grade of liver. Therefore, probiotics 

might improve the liver histology by modulating dysbiosis and, 

consequently, attenuate the progression of NAFLD.

Currently, some microbiota can be used as a functional raw ma-

terial for probiotics, and a total of 21 probiotic strains have been 

recognized as probiotics by South Korea’s Ministry of Food and 

Drug Safety, including Lactobacillus , Bifidobacterium, Lactococ-
cus, Enterococcus, and Streptococcus. Among these strains, L. aci-
dophilus , L. fermentum, L. paracasei,  and L. plantarum were se-

lected as a treatment option in this study. The effect of probiotics 

on liver disease has been experimented by several studies.16,34

In previous studies, L. acidophilus  NS1 significantly reduced 

obesity and liver lipid accumulation with concomitant improve-

ment in insulin sensitivity in subjects consuming a high-fat diet.35 

In the high fat-diet model, L. acidophilus ATCC 43121 intake af-

fected the total cholesterol metabolism and increased the excre-

tion of sterols in feces.36 Previous studies have indicated that L. 
acidophilus  is a beneficial probiotic for lowering cholesterol and 

improving liver lipid metabolism.37 Our animal study has also 

shown reduced fat accumulation in the liver and notably lowered 

total cholesterol and TG levels by ingestion of L. acidophilus . 

Overall, probiotics have an effective role in reducing liver steatosis 

in NAFLD.

L. fermentum MJM60397 strain has already been proposed as a 

potential probiotic that increases the excretion of bile acids from 

feces and lowers serum cholesterol levels.38 Oral administration of 

L. fermentum LA12 improves liver function and hepatic steatosis, 

and also helps restore epithelial barrier function, reducing endo-

toxin leakage from the blood.39 In our study, ingestion of L. fer-
mentum was not statistically meaningless in terms of improved 

steatosis, but total cholesterol and TG levels were significantly 

lowered. Therefore, there is a discrepancy in the effect of L. fer-
mentum, and further studies on the mechanism of L. fermentum 
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on NAFLD are required.

L. paracasei F19 was shown to control triglyceride deposition 

into adipocytes.40 B. longum BORI and L. paracsei  CH88 mixture 

suppressed weight gain and lipid deposition in the liver. The adi-

pocyte was significantly decreased from the mixture group fed 

with high fat.41 As a result of our animal experiments, L. paracasei 
lowered the TG level in liver tissue, and confirmed that it improves 

steatosis in the liver tissue. 

In a previous study, patients with hypercholesterolemia who 

consumed L. plantarum for 12 weeks significantly reduced their 

cholesterol levels by 13.6%. L. plantarum has a better effect on 

patients with high cholesterol levels in proportion to their cardio-

vascular risk.42 In the NAFLD model, L. plantarum NCU116 intake 

for 5 weeks was found to reduce the level of fat accumulation in 

the liver.43 In our study, L. plantarum also lowered the total cho-

lesterol levels and improved steatosis levels in the liver.

Previous studies have shown that the Western diet contributes 

to changes in the composition of gut microbiome.7 This study also 

confirmed that the Western diet changed the composition of ani-

mal gut microbiome by stool analysis. Bacteroidetes are known to 

be healthy gut microbes.44 In our animal study, when L. paracasei 
was administered to NAFLD animal group, the proportion of Bac-
teroidetes  increased compared to the Western diet group. This 

suggests that the intake of Lactobacillus  ameliorate to improve 

the NAFLD by modulating gut microbiota.

Overall, according to the results of our animal experiment, the 

strains decreased the body weight along with lower serum total 

cholesterol, triglyceride, and steatosis levels. Pro-inflammatory cy-

tokines were decreased and improved, but only showed a de-

creasing trend, probably as a result of not being given the West-

ern diet for a long time. It is considered a one-shot state in which 

only fat is formed among the two-shot theory of fatty liver pro-

gression. Cytokines are known to play an important role in coor-

dinating the production of many other mediators associated with 

chronic liver disease and affecting all liver cell types.45 Further re-

search is needed to determine whether to prolong the intake peri-

od of the Western diet and to strengthen the concentration of 

strains.

The purpose of this study was to analyze the intestinal bacteria 

of normal and NAFLD subjects based on the fecal results of clini-

cal patients, as well as to confirm the difference and determine 

how the strains showing the difference affect the fatty liver. In 

conclusion, this study suggests that gut-microbiota-liver interac-

tion plays an important role in NAFLD. It also showed that probi-

otics reduced liver steatosis and cholesterol in NAFLD.

Many studies are being conducted to identify the role of probi-

otics in various diseases. However, there is insufficient research 

on how probiotics affect diseases. Therefore, an analysis of ani-

mal experiments based on the human gut microbiome is needed 

to elucidate the underlying mechanisms. Microbiome identifies 

the effects of metabolic disorders in the gut microbiome on insu-

lin resistance.46 Our study was limited in that we did not consider 

this point; therefore, future studies will need to select bacteria 

that show therapeutic efficacy in diseases and perform evaluation 

of insulin resistance. Nevertheless, our results showed that L. aci-
dophilus , L. fermentum, and L. plantarum led to improvement in 

cholesterol. Also, L. acidophilus , L. paracasei , and L. plantarum 

were able to confirm efficacy in steatosis grade.

The Bacteroides species account for a much larger proportion of 

the composition in mice, and the gut microbiome population var-

ies between humans and mice.47 Moreover, differences, such as 

the propensity for rodents to eat feces, can have a significant im-

pact on studies involving gut microbiome.48 Although these limi-

tations exist in this study, it has demonstrated a trend that when 

the disease worsens, the representative beneficial bacteria de-

crease and harmful bacteria increase. Therefore, it must be com-

plemented, in terms of humanized animal research, for rapid 

progress of clinical application. Further studies are needed to ana-

lyze microbial communities in animal models using humanized or 

sterile mice. Our study suggests modulating the gut microbiome 

to affect the liver disease so that selective bacteria can be used 

for treatment, and we believe this can be used in a customized 

medical service.
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INTRODUCTION

The prevalence of hepatitis C virus (HCV) infection in Mongolia 

is estimated to be 15.6% based on a national seroepidemiologic 

data.1-3 Such a high rate of HCV infection in Mongolia might be 

due to reuse of needles before 1990, traditional medicine includ-

ing bloodletting, and other unsafe medical or dental procedures. 

Interestingly, the most common HCV genotype in Mongolia was 

found to be 1b, accounting for 98% of all genotypes.2

Since the introduction of direct-acting antivirals (DAAs) includ-

Background/Aims: Ledipasvir/sofosbuvir (LDV/SOF) shows high efficacy and safety in patients with genotype 
1-hepatitis C virus (HCV). We aimed to investigate the efficacy and safety of LDV/SOF in real-world Mongolian patients.
Methods: Between 2015 to 2019, 23 (0.5%) and 5,005 patients (99.5%) with genotype 1a and 1b HCV, respectively, were 
treated with a fixed-dose tablet containing 90 mg ledipasvir and 400 mg sofosbuvir for 12 weeks, and 81 patients (1.6%) 
with previous experience of interferon (IFN)-based treatment received additional 1,000 mg ribavirin. HCV RNA was 
measured at 4, 12, and 24 weeks after the first dose to determine rapid virologic response, end of treatment response (ETR), 
and sustained virologic response at 12 weeks after end of treatment (SVR12).
Results: Most patients (n=5,008; 99.6%) achieved ETR and SVR12 without virologic relapse. Patients with genotype 1a 
showed low rates of ETR and SVR12 in only 16 patients (69.6%). There was no significant difference in SVR12 rate between 
patients regardless of IFN experience (n=81; 1.6%), cirrhosis (n=1,151; 22.9%), HCV RNA >6×106 IU/mL (n=866; 17.2%), or 
liver stiffness >9.6 kPa (n=1,721; 34.2%) (100.0%, 99.3%, 99.4%, and 99.4%, respectively). No severe adverse events (AEs) 
were reported, and there was no dose reduction or interruption due to AE. The most common AEs were headache (n=472; 
9.4%), fatigue (n=306; 6.2%), abdominal discomfort (n=295; 5.9%), and skin rash (n=141; 2.8%).
Conclusions: LDV/SOF showed high efficacy and safety for patients with genotype 1, especially 1b HCV, in Mongolia. The 
real-world data might be applicable to patients in other Asian-Pacific countries. (Clin Mol Hepatol 2021;27:125-135)
Keywords: Hepatitis C, Chronic; Ledipasvir; Sofosbuvir; Mongolia; Real-world

Study Highlights
We investigated the high efficacy and safety of ledipasvir/sofosbuvir regimen in real-world Mongolian patients with genotype 1 hepatitis C virus, es-
pecially in patients with genotype 1b. Although LDV/SOF treatment is not a novel issue, this large-scale cohort study was aimed to show the efficacy 
and safety of an affordable treatment for developing countries such as Mongolia. This study could be a good example of successful hepatitis C treat-
ment practice in developing countries where healthcare budgets are limited.
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ing boceprevir and telaprevir in 2011, the new DAA ledipasvir/so-

fosbuvir (LDV/SOF) in 2014 opened a new era of interferon-free, 

all-oral agents for HCV treatment.4 A fixed dose of ledipasvir, a 

NS5A inhibitor, and sofosbuvir, a nucleotide analogue NS5B poly-

merase inhibitor, showed a promising antiviral efficacy and safety 

in genotype 1 HCV-infected patients. In a phase 3 pivotal study, 

the overall sustained virologic response (SVR) rates were 99% in 

treatment-naïve patients who received 12 weeks of LDV/SOF.5 

Moreover, in genotype 1 HCV patients who had experienced prior 

interferon-based treatment, 12 weeks of LDV/SOF plus ribavirin 

resulted in 96% of SVR rates.6

In the era of interferon or pegylated interferon (PEG-IFN), Mon-

golian patients rarely underwent antiviral therapy because the 

cost was high and the access to medical resources was signifi-

cantly limited. However, according to the approval of the imple-

mentation of the Hepatitis Prevention, Control and Elimination 

Program between 2016 and 2020 by the Mongolian government, 

treatment campaign for HCV started from January 2016. Fortu-

nately, Gilead Sciences, Inc. has successfully implemented an ac-

cess program, in which the cost of LDV/SOF was remarkably re-

duced to 300 US dollars per bottle. To date, more than 10,000 

Mongolian patients infected with HCV have received brand LDV/

SOF (Harvoni®; Gilead Sciences, Inc., Foster City, CA, USA).

There have been few real-life data regarding brand or generic 

LDV/SOF for HCV patients worldwide.7 However, the sample size 

was small. Thus, the aim of this study was to report the efficacy 

and safety of brand LDV/SOF in 5,028 Mongolian patients infect-

ed with genotype 1 HCV who received LDV/SOF or LDV/SOF plus 

ribavirin for 12 weeks.

PATIENTS AND METHODS

Patients eligibility

In this retrospective cohort study, patients who met the follow-

ing criteria were included: 1) patients aged 18–70 years; 2) pa-

tients with chronic HCV infection documented by anti-HCV or by 

patient’s statement; 3) patients with HCV genotype 1a or 1b;  

4) treatment-experienced or -naïve patients; 5) patients with neg-

ative results for hepatitis A and B as well as human immunodefi-

ciency virus (HIV); 6) patients without decompensation of liver 

function, such as ascites and hepatic encephalopathy; 7) patients 

without diagnosis of hepatocellular carcinoma at enrollment;  

8) patients with normal value of baseline serum alpha-fetoprotein; 

9) patients with normal range of baseline serum creatinine;  

10) patients who have completed follow-up for 12 weeks after 

the end of treatment (EOT); and 11) patients who were treated 

with only brand LDV/SOF.

Laboratory tests and data collection

All included patients were subjected to laboratory tests at the 

beginning of treatment, including complete blood count (CBC), al-

anine aminotransferase (ALT), aspartate aminotransferase (AST), 

total bilirubin, serum albumin, prothrombin time, IgG anti-hepati-

tis A virus, hepatitis B virus surface antigen, anti-HIV, and anti-

HCV. Anti-HCV reactivity was assayed using a HISCL 5000 ana-

lyzer (Sysmex Corp., Kobe, Japan), and serum HCV RNA was 

quantitated using a Roche COBAS®TagMan HCV Test (V3.0, cut-

off value, 15 IU/mL; Roche Molecular Systems, Branchburg, NJ, 

USA). HCV genotyping was performed using a gene sequencing 

assay.

Laboratory tests, including CBC, ALT, AST, total bilirubin, serum 

albumin, prothrombin time, and serum HCV RNA quantitation, 

were repeated at 4 weeks, EOT, and 12 weeks after EOT.

Figure 1. Flowchart of patient enrollment. HCV, hepatitis C virus; LDV/
SOF, ledipasvir/sofosbuvir.

Approximately 65,000 patients infected with HCV received  
LDV/SOF between 2016 and 2020 by treatment campaign  

in Mongolia

5,449 patients received brand LDV/SOF (Harvoni®; Gilead 
Science, Inc., CA, USA) between 2016 and 2020 and 

completed follow-up for 12 weeks after the end of treatment

5,093 Mongolian patients were selected for review

Finally, 5,028 patients were retrospectively reviewed

65 patients with genotype 2 HCV were excluded

356 patients were excluded
• 300 patients were too old (age >70)
• 5 patients had decompensated liver function
• 3 patients were diagnosed with hepatocellular carcinoma
• 33 patients had other comorbidities
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Ultrasonographic evaluation and liver stiffness 
measurement

Before administration of LDV/SOF, baseline ultrasonographic ex-

amination and liver stiffness measurement (LSM) using transient 

elastography (FibroScan®, Echosens, Paris, France) were conduct-

ed. LSM was performed by a single experienced technician who 

was blinded to the patient information. The results were ex-

pressed as kilopascals (kPa), and the interquartile range (IQR) was 

defined as an index of intrinsic variability of LSM corresponding to 

the interval of LSM results containing 50% of the valid measure-

ments between the 25th and 75th percentiles. The median value 

was considered representative of the elastic modulus of the liver. 

Only procedures with at least 10 valid measurements, a success 

rate of at least 60%, and an IQR to median value ratio of 30% 

were considered reliable.8-10 The cutoff value was considered as 

8.4 kPa for F2, 9.6 kPa for F3, and 12.8 kPa for F4 fibrosis accord-

ing to a recent study.11 Because patients were subjected to LSM at 

baseline with active inflammation, overassessment of LSM could 

occur. Therefore, in this study, nodular liver surface combined 

with blunted edge in ultrasonographic evaluation and high liver 

stiffness (LS) value (>12.5 kPa) was considered as a relative defi-

nition of liver cirrhosis.12

Because repeated transient elastography was not feasible in 

Mongolia, AST to platelet ratio index (APRI; APRI = AST / 41 [as 

the upper limit of normal AST] / platelet count) and fibrosis-4 

(FIB-4) index (FIB-4 index = age × AST / [platelet count × ALT1/2]), 

which are simple non-invasive fibrosis scoring systems, were cal-

culated at each time point during treatment. Cutoff of significant 

and severe fibrosis were considered as 0.7 and 1.0 in APRI, and 

1.45 and 3.25 in FIB-4, respectively.11,13

Antiviral therapy

Patients with genotype 1a or 1b received a fixed-dose combina-

tion tablet containing 90 mg ledipasvir and 400 mg sofosbuvir for 

12 weeks, as only 12-week regimen was approved in Mongolia. If 

patients had a prior experience of PEG-IFN treatment for HCV, 

they received an additional fixed dose of 1,000 mg ribavirin dur-

ing LDV/SOF treatment.5,6,14

Assessment of antiviral efficacy and safety

The primary efficacy endpoint was SVR, defined as undetect-

able HCV RNA at 12 weeks after EOT (SVR12). Rapid virologic re-

sponse (RVR) and EOT response (ETR) were defined as completely 

undetectable HCV RNA at 4 weeks and EOT, respectively. The vi-

rologic relapse was defined as a detectable HCV RNA level after 

EOT in a patient who had undetectable HCV RNA during treat-

ment. Non-response was defined as a detectable HCV RNA at 

EOT in a patient who did not experience virologic breakthrough. 

Any adverse events (AEs) that developed during antiviral therapy 

were recorded.

Statistical analysis

Continuous variables were expressed as median and IQR. Cate-

gorical variables were presented by frequency and percentage. 

Figure 2. Rates of RVR, ETR, and SVR12. IFN, interferon; HCV, hepatitis C virus; LSM, liver stiffness measurement; RVR, rapid virological response; ETR, 
early virological response; SVR12, ustained virological response after 12 weeks of treatment.
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Figure 3. Estimated marginal mean changes in laboratory test results 
and non-invasive fibrosis index after ledipasvir/sofosbuvir treatment: (A) 
aspartate aminotransferase (AST), (B) alanine aminotransferase (ALT), (C) 
total bilirubin, (D) serum albumin, (E) platelet count, (F) AST to platelet 
ratio index (APRI), and (G) fibrosis-4 index (FIB-4). *P<0.001. †P=0.241.

80.0

70.0

60.0

50.0

40.0

30.0

1.00

0.95

0.90

0.85

0.80

230.0

215.0

200.0

185.0

170.0

2.60

2.40

2.20

2.00

1.80

1.60

90.0

80.0

70.0

60.0

50.0

40.0

30.0

4.35

4.30

4.25

4.20

4.15

1.00

0.80

0.60

0.40

P<0.001

*P<0.001
†P=0.241

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

68.9

0.97

200.8

2.35

85.0

4.16

1.01

32.3

0.79

*

†

195.0

1.69

36.5

4.26

0.46

29.2

0.78

196.8

1.57

32.7

4.33

0.41

Baseline

Baseline

Baseline

Baseline

Baseline

Baseline

Baseline

4 weeks

4 weeks

4 weeks

4 weeks

4 weeks

4 weeks

4 weeks

AST (IU/L)

Total bilirubin (mg/dL)

Platelet count (/mm3)

FIB-4

ALT (IU/L)

Serum albumin (g/dL)

APRI

12 weeks

12 weeks

12 weeks

12 weeks

12 weeks

12 weeks

12 weeks

A

C

E

G

B

D

F



131

Oidov Baatarkhuu, et al. 
Ledipasvir/sofosbuvir in Mongolian patients

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0023

Differences between continuous and categorical variables were 

examined for statistical significance using Student’s t-test (or the 

Mann-Whitney test, as appropriate) and the chi-squared test (or 

Fisher’s exact test, as appropriate). A generalized linear model us-

ing repeated measured analysis of variance (ANOVA) was used to 

assess the longitudinal changes in variables with a Bonferroni 

correction for multiple comparisons. Multivariate analysis was 

performed with adjustments for significant variables with P<0.05 

in the univariate analyses using logistic regression model. Contin-

uous variables were categorized using cutoffs that were clinically 

used or obtained with reference to the receiver operating charac-

teristic (ROC) curve, and entered into the univariate and multivari-

ate analyses. The odds ratio (OR) for SVR12 and its 95% confi-

dence interval (CI) were calculated for each selected variable. All 

statistical analyses were performed using the Statistical Package 

for Social Sciences (SPSS version 25.0; IBM, Armonk, NY, USA). A 

P value <0.05 was considered statistically significant.

RESULTS

Baseline characteristics and on-treatment laboratory 
tests

According to the Hepatitis Prevention, Control and Elimination 

Program of the Mongolian government from January 2016, there 

were more than 10,000 patients treated with brand LDV/SOF for 

genotype 1 HCV between December 2015 and June 2019, and 

5,449 patients completed follow-up for 12 weeks after the EOT. 

After excluding 421 patients, 5,028 patients who met the inclu-

sion criteria were retrospectively analyzed (Fig. 1).

Baseline characteristics and on-treatment laboratory tests of the 

5,028 patients are described in Table 1 and Supplementary Table 

1. The median age was 54.0 years (IQR, 45.0–62.0). The propor-

tion of male patients was 46.2% (n=2,324). Liver cirrhosis was 

clinically diagnosed in 1,151 patients (22.9%). Additional ribavirin 

was administered during LDV/SOF treatment in only 81 (1.6%) 

genotype 1b patients who had previous PEG-IFN experience. The 

median AST and ALT levels were slightly high (50.5 and 63.8 IU/L) 

at baseline. The median baseline LS value was 8.0 kPa (IQR, 5.4–

11.7), and 1,721 patients (34.2%) showed LS value >9.6 kPa.

Almost all (n=5,005; 99.5%) patients had HCV genotype 1b. 

Between genotype 1a and 1b, there was no significant difference 

at baseline regardless of sex distribution (69.6% vs. 46.1% of 

male sex, P=0.027), body mass index (median 29.1 vs. 28.2 kg/m2,  

P=0.019), and FIB-4 index (median 2.58 vs. 1.76, P=0.037). At  

4 weeks, genotype 1a patients showed slightly low serum albu-

min level (median 4.0 vs. 4.2 g/dL) as well as high prevalence of 

APRI above 1.0 (21.7% vs. 5.8%) and FIB-4 above 3.25 (21.7% 

vs. 6.9%) (all P<0.05).

PEG-IFN-experienced patients tended to have higher baseline 

HCV RNA (log value 6.06 vs. 5.68, P=0.002). However, other 

variables were not significantly different between patients with or 

without PEG-IFN experience.

Treatment outcomes

Of total 5,028 patients with HCV genotype 1 infection, 5,008 

(99.6%) had successful HCV disappearance after 12 weeks of an-

tiviral therapy. RVR, ETR, and SVR12 were analyzed in 4,825 

(96.0%), 5,008 (99.6%), and 5,008 patients (99.6%). All patients 

who showed RVR achieved ETR later, and patients who achieved 

ETR finally reached SVR12 without virologic relapse. RVR, ETR, 

and SVR12 were achieved by 69.6% (n=16), 69.6%, and 69.6% 

of 23 patients with genotype 1a, respectively. In contrast, the 

rates of RVR, ETR, and SVR12 in 5,005 patients with genotype 1b 

were 96.1% (n=4,809), 99.7% (n=4,992), and 99.7%, respec-

tively. Most patients showed ETR and RVR regardless of the  

presence of PEG-IFN experience, high baseline HCV RNA  

(>6×106 IU/mL), liver cirrhosis or indicators of advanced fibrosis 

including high LS, APRI, and FIB-4 values (Fig. 2, Supplementary 

Table 2).

Figure 4. Estimated mean changes in log value of HCV RNA after treat-
ment in 20 patients who failed to achieve end-treatment response and 
sustained virologic response. HCV, hepatitis C virus. *P=0.115. †P=0.028.

7.0

6.0

5.0

4.0

*P=0.115
†P=0.028

Otherwise, P<0.0015.97

3.73
3.39

4.79
†

*

Baseline 4 weeks End of 
treatment

HCV RNA quanititation (log IU/mL)

24 weeks



132 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0023

Volume_27  Number_1  January 2021

Laboratory result changes during antiviral therapy

Changes in the estimated marginal mean of laboratory test re-

sults during antiviral therapy are described in Figure 3 and Sup-

plementary Table 3. The estimated mean values of baseline AST 

and ALT levels were 68.9±0.7 and 85.0±0.3 IU/L, significantly 

decreased to 32.3±0.3 and 36.5±0.4 IU/L at 4 weeks, and fur-

ther decreased to 29.2±0.2 and 32.7±0.2 IU/L at EOT, respective-

ly (all P<0.001). The estimated mean value of total bilirubin also 

decreased (0.96 to 0.78 mg/dL, P<0.001), and the mean serum 

albumin was slightly elevated (4.2 to 4.3 g/dL, P<0.001) during 

antiviral therapy. Platelet count tended to slightly decrease, but 

almost similar (200.8/mm3 to 196.8/mm3, P<0.001). The estimat-

ed mean values of APRI and FIB-4 also reliably decreased (1.01 to 

0.41 and 2.35 to 1.57, respectively; all P<0.001).

Virologic breakthrough after non-response

Estimated mean HCV RNA quantitation in 20 patients (0.4%) 

who showed non-response decreased until the EOT (5.97±0.28 to 

3.39±0.08 log IU/mL, P<0.001). However, at 12 weeks after the 

EOT, the log value of HCV RNA in non-responders was elevated 

to 4.79±0.14 (P<0.001), which corresponded to virologic relapse 

after incomplete virologic response (Fig. 4, Supplementary Table 4).

Table 2. Multivariate analysis for complete end-treatment response and sustained virologic response at 12 weeks after treatment

Variable Univariate P-value
Multivariate analysis

P-value OR (95% CI)

At baseline

HCV RNA >1,120,000 IU/mL 0.077 0.078 0.446 (0.182–1.094)

Liver cirrhosis 0.077 0.808 0.847 (0.222–3.232)

LS value* >9.6 kPa 0.058 0.324 0.517 (0.139–1.919)

Baseline FIB-4 >3.25 0.014 0.025 0.356 (0.144–0.881)

At 4 weeks, APRI >0.7

Liver cirrhosis 0.077 0.105 0.474 (0.192–1.169)

HCV RNA at baseline >1,120,000 IU/mL 0.077 0.074 0.441 (0.180–1.084)

Bilirubin >2.0 mg/dL 0.001 0.999 Too high

Albumin <3.5 g/dL 0.020 0.024 0.278 (0.092–0.845)

Platelet count <150 /mm3 0.042 0.600 0.762 (0.275–2.109)

APRI >0.7 <0.001 0.007 0.248 (0.090–0.688)

At 4 weeks, APRI >1.0

Liver cirrhosis 0.077 0.127 0.494 (0.199–1.223)

HCV RNA at baseline >1,120,000 IU/mL 0.077 0.086 0.455 (0.185–1.119)

Bilirubin >2.0 mg/dL 0.001 0.999 Too high

Albumin <3.5 g/dL 0.020 0.032 0.295 (0.097–0.898)

Platelet count <150 /mm3 0.042 0.245 0.566 (0.217–1.478)

APRI >1.0 0.001 0.027 0.283 (0.093–0.864)

At 4 weeks, FIB-4 >3.25

Liver cirrhosis 0.077 0.114 0.482 (0.195–1.190)

HCV RNA at baseline >1,120,000 IU/mL 0.077 0.920 0.462 (0.188–1.136)

Bilirubin >2.0 mg/dL 0.001 0.999 Too high

Albumin <3.5 g/dL 0.020 0.046 0.318 (0.103–0.981)

Platelet count <150 /mm3 0.042 0.446 0.669 (0.238–1.883)

FIB-4 >3.25 <0.001 0.022 0.263 (0.084–0.824)

OR, odds ratio; CI, confidence interval; HCV, hepatitis C virus; LS, liver stiffness; FIB-4, fibrosis-4; APRI, aspartate aminotransferase to platelet ratio index.
*Measured by transient elastography.
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Variables associated to ETR and SVR12

In univariate analysis, variables at baseline, such as the pres-

ence of liver cirrhosis, high HCV RNA (>1.12×106 IU/mL, cutoff by 

ROC curve), high LS (>9.6 kPa), and high FIB-4 (>3.25), and vari-

ables at 4 weeks, such as high bilirubin, low albumin, low platelet 

count, and APRI and FIB-4 above each cutoff, showed significant 

association with ETR and SVR12 achievement (all P<0.05) (Sup-

plementary Table 5). Multivariate analyses at each time point 

based on these variables were subsequently performed (Table 2). 

At baseline, high FIB-4 (>3.25) (OR, 0.356; P=0.025) showed re-

versed association with ETR and SVR12 achievement. At 4 weeks 

of treatment, non-invasive fibrosis scoring, such as APRI >0.7 (OR, 

0.248), APRI >1.0 (OR, 0.283), and FIB-4 >3.25 (OR, 0.263) 

showed reversed association with ETR and SVR12 achievement, 

with serum albumin below 3.5 g/dL (all P<0.05).

AEs during antiviral therapy

During 12 weeks of antiviral therapy, the most common AEs 

were headache, fatigue, abdominal discomfort, and skin rash, 

which occurred in 472 (9.4%), 311 (6.2%), 295 (5.9%), and 141 

patients (2.8%). There was no difference in AE development be-

tween IFN-experienced and -naïve groups (Table 3).

DISCUSSION

In this real-world cohort study, 12-week treatment with LDV/

SOF (±ribavirin) showed high effectiveness in 5,028 Mongolian 

patients infected with genotype 1 HCV, regardless of previous IFN 

experience. Compared with that in patients with genotype 1b 

(99.6%), SVR rate in genotype 1a was very low (69.6%) compared 

with that in previous studies; however, the number is relatively 

small (n=23; 0.5%). Non-responders (n=20; 0.4%) also experi-

enced reduction of viral load through 12 weeks of treatment with 

LDV/SOF; however, after the EOT, subsequent virologic break-

through occurred in the 20 patients. No serious AE occurred dur-

ing LDV/SOF treatment.

Similar to western guidelines, the recent Asian-Pacific guideline 

is based on the new era of DAAs on HCV treatment.15,16 Many 

DAAs are currently in use, and currently, pangenotypic DAAs such 

as sofosbuvir/velpatasvir and glecaprevir/pibrentasvir tend to be 

increasingly preferred. However, pangenotypic DAAs are not al-

ways affordable in some developing Asian-Pacific countries owing 

to relatively low healthcare budgets and resources. Nevertheless, 

LDV/SOF is a well-known powerful DAA for genotype 1 HCV that 

showed 93% to 100% SVR rate. Recent European and Asian-Pa-

cific guidelines still recommend 8–12 weeks of LDV/SOF for geno-

type 1b and treatment-naïve genotype 1a, 4, 5, and 6.15,16 As this 

study was conducted in conjunction with a drug-producing com-

pany as part of a Mongolian healthcare program from 2016, ap-

provement of the regimen was restricted to 12 weeks of LDV/SOF 

and ribavirin addition for treatment-experienced patients in Mon-

golia.5,6,17,18

To the best of our knowledge, this is the largest real-life study 

for genotype 1 HCV treated with LDV/SOF in a single country. The 

distribution of HCV genotypes was shown to be quite homoge-

neous in Mongolia in a previous study, which revealed that geno-

type 1b accounted for 98.8% of all genotypes in Mongolia.1 In 

this study, which was limited to genotype 1 HCV, 99.5% of pa-

tients had genotype 1b HCV. Such a high proportion of genotype 

Table 3. Adverse events during antiviral therapy

Adverse event All patients (n=5,028) IFN-naïve (n=4,947; 98.4%) IFN-experienced (n=81; 1.6%) P-value

Fatigue 311 (6.2) 306 (6.2) 5 (6.2) >0.999

Headache 472 (9.4) 464 (9.4) 8 (9.9) 0.847 

Abdominal discomfort 295 (5.9) 290 (5.9) 5 (6.2) 0.811 

Rash 141 (2.8) 138 (2.8) 3 (3.7) 0.496 

Dizziness 88 (1.8) 86 (1.7) 2 (2.5) 0.653 

Diarrhea 55 (1.1) 53 (1.1) 2 (2.5) 0.222 

Nausea 52 (1.0) 51 (1.0) 1 (1.2) 0.572 

Anxiety 46 (0.9) 46 (0.9) 0 (0.0) 1.000 

Values are presented as number (%).
IFN, interferon.
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1b in Mongolian patients might be appropriate for LDV/SOF treat-

ment, which showed an even higher overall SVR rate of 99.6% in 

genotype 1 than that in previous clinical trials.15,16

No virologic relapse was observed until 12 weeks after the EOT 

in this study. However, subsequent elevation of viral load was 

shown to be occur in 20 treatment-failure cases. A recent Japa-

nese study suggested factors such as cirrhosis (OR, 4.19; P=0.014) 

and resistance-associated substitutions (RASs) in NS5A at base-

line (OR, 7.78; P<0.001), and other phase II and III trials also 

showed relatively low SVR12 with NS5A RAS (91% compared 

with 99% without NS5A RAS).19,20 In this study, accurate diagno-

sis of cirrhosis using tissue biopsy or sequential LSM was limited, 

and analysis for NS5A RAS was not available. Instead, we used 

non-invasive fibrosis indices, such as APRI and FIB-4, which 

showed significant association with EOT and SVR12 in multivari-

ate analysis. This result may be considered to be related to the 

maintenance of treatment for a relatively long period of time in 

patients with cirrhosis or patients who have failed treatment in 

the existing guidelines, and might be interpreted as using baseline 

or on-treatment non-invasive fibrosis markers that also can pre-

dict the failure of LDV/SOF treatment. In addition, the viral load of 

patients who failed to achieve ETR and SVR decreased during 

treatment, but increased again after treatment. This may be inter-

preted as that additional doses or another DAAs should be con-

sidered for patients with poor response after 12 weeks of treat-

ment.

Serious AE associated with LDV/SOF was not observed. The AE 

profiles in this study were not different from those in previous 

clinical trials. The most frequent AE was headache followed by fa-

tigue, and there was no AE that resulted in dose interruption or 

treatment discontinuation. Consequently, LDV/SOF or LDV/SOF+ 

ribavirin may be safe for genotype 1 HCV-infected patients in real 

practice.

However, there are several limitations in this study. Firstly, LDV/

SOF is not a novel DAA treatment and is already substituted with 

pangenotypic DAAs. Although LDV/SOF treatment is not a novel 

issue, this large-scale cohort study was aimed to show the effica-

cy and safety of an affordable DAA for developing countries such 

as Mongolia. This study could be a good example of successful 

hepatitis C treatment practice in developing countries where 

healthcare budgets are limited. Secondly, serum markers indicat-

ing tumor markers and renal functions were not analyzed. Thirdly, 

long-term SVR and its effect were not analyzed.

In conclusion, our data showed that LDV/SOF (±ribavirin) regi-

men for 12 weeks was highly effective and safe for genotype 1 

HCV-infected patients in the real-world setting, especially in pa-

tients with genotype 1b. Such results might be translated into 

other patients infected with HCV genotype 1 living in other Asian-

Pacific area as a part of worldwide HCV eradication.
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INTRODUCTION

An estimated 71 million subjects are infected with hepatitis C 

virus (HCV) globally. In addition, approximately 400,000 subjects 

die from chronic hepatitis C (CHC)-related liver cirrhosis and he-

patocellular carcinoma (HCC) each year.1 HCV infection has been 

rampant in Taiwan with the seroprevalence of anti-HCV antibod-

ies ranging from 3.3% to 8.6%.2,3 A recent survey in first-time 

blood donors noted that the age-standardized prevalence of anti-

HCV antibodies decreased from 27.7 to 9.2 per 1,000 persons in 

the past two decades, and the age-standardized HCV viremic rate 

decreased from 5.8 to 3.9 per 1,000 donors between 2013 and 

2017.4 The World Health Organization has set several goals for 

controlling viral hepatitis by 2030.5 Nevertheless, the majority of 

countries are currently off track in meeting these goals. The effi-

cacy of the antiviral treatment for CHC is no longer an obstacle 

for HCV care due to the important invention of direct-acting anti-

virals (DAAs).6,7 Beyond ensuring blood safety and harm reduc-

tion, a thorough HCV care cascade involves proper screening of 

patients who are unaware of their HCV status, accurate and effi-

cient diagnosis, and linking patients to medical care. Each of 

these steps is a critical hurdle that adds complexity, which pre-

vents the healthcare system from eliminating HCV infection.2,8,9

To accurately confirm ongoing HCV infection, laboratory testing 

typically begins with the detection of antibodies to HCV (anti-

HCV), followed by the confirmation of the presence of HCV RNA 

in the blood of subjects who are anti-HCV seropositive. The multi-

step testing procedure represents one of the barriers to HCV 

care.10 To ensure the complete and timely diagnosis of HCV, HCV 

reflex testing is one of the strategies that may simplify the diag-

nostic algorithms.11 Namely, the laboratory performs anti-HCV 

testing first, and if the result is positive, the laboratory will imme-

diately perform an HCV RNA test on the same blood sample. The 

diagnosis of active HCV infection will be confirmed if the HCV re-

flex RNA test result is positive, and the individual can then be re-

ferred directly for HCV care, which obviates the need for the pa-

Background/Aims: Obstacles exist in facilitating hepatitis C virus (HCV) care cascade. To increase timely and accurate 
diagnosis, disease awareness and accessibility, in-hospital HCV reflex testing followed by automatic appointments and a 
late call-back strategy (R.N.A. model) was applied. We aimed to compare the HCV treatment rate of patients treated with 
this strategy compared to those without.
Methods: One hundred and twenty-five anti-HCV seropositive patients who adopted the R.N.A. model in 2020 and 
another 1,396 controls treated in 2019 were enrolled to compare the gaps in accurate HCV RNA diagnosis to final 
treatment allocation.
Results: The HCV RNA testing rate was significantly higher in patients who received reflex testing than in those without 
reflex testing (100% vs. 84.8%, P<0.001). When patients were stratified according to the referring outpatient department, 
a significant improvement in the HCV RNA testing rate was particularly noted in patients from non-hepatology 
departments (100% vs. 23.3%, P<0.001). The treatment rate in HCV RNA seropositive patients was 83% (83/100) after the 
adoption of the R.N.A. model, among whom 96.1% and 73.9% of patients were from the hepatology and non-hepatology 
departments, respectively. Compared to subjects without R.N.A. model application, a significant improvement in the 
treatment rate was observed for patients from non-hepatology departments (73.9% vs. 27.8%, P=0.001). The application 
of the R.N.A. model significantly increased the in-hospital HCV treatment uptake from 6.4% to 73.9% for patients from 
non-hepatology departments (P<0.001).
Conclusions: The care cascade increased the treatment uptake and set up a model for enhancing in-hospital HCV 
elimination. (Clin Mol Hepatol 2021;27:136-143)
Keywords: HCV; Reflex testing; Care cascade; Elimination

Study Highlights
The in-hospital hepatitis C care cascade (R.N.A. model) includes serial modalities: 1) HCV reflex testing (increasing timely and accurate diagnosis),  
2) Real-time automatic appointments (enhancing accessibility), and 3) Late call-back for the missing patients (raising awareness). By implementing 
the model, HCV RNA diagnostic rate improves from 23.3% to 100%, and HCV treatment rate increased from 27.8% to 73.9% in non-hepatology de-
partments.
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tient to return for follow-up testing before treatment allocation. 

Although HCV reflex testing has been consistently applied,12 this 

strategy has rarely been executed in Taiwan. Moreover, the sub-

optimal in-hospital referral of viremic patients to liver clinics may 

also lead to inferior accessibility and poor treatment uptake. We 

herein made an effort to identify viremic patients by HCV reflex 

testing and to preemptively transfer them for in-hospital HCV care 

by using a real-time appointment and late call-back system. To 

determine the potential improvement due to the scale-up strate-

gies, the treatment gap was compared to that of another anti-

HCV seropositive patient cohort without the abovementioned in-

tervention in terms of the HCV RNA diagnostic rate and treatment 

rate.

PATIENTS AND METHODS

Patient enrollment

The order of anti-HCV testing was performed at the clinicians’ 

discretion depending on the clinical demands. Patients who were 

newly diagnosed with anti-HCV antibody seropositivity were con-

secutively enrolled during two time periods in the outpatient de-

partments of a medical center in Taiwan. An in-hospital HCV 

treatment strategy to scale up the HCV care cascade that included 

three steps was adopted in December 2019. The first modality in-

volved the use of HCV reflex testing for patients who were anti-

HCV seropositive. The testing was initiated by the hospital, and 

all the medical staff were well informed of the policy via email, 

text and conferences before the strategy was executed.

Moreover, an automatic real-time appointment system for the 

liver clinic was created for patients who were confirmed to have 

HCV viremia by reflex testing; viremic patients who never visited 

the liver clinic were referred to the hepatology department imme-

diately for further HCV care regardless of the outpatient depart-

ment they were visiting at the same time. Finally, a late call back 

was made by well-trained nursing coordinators for patients from 

the checklist who missed the appointment (HCV Reflex testing; 

Call-back by Nursing coordinators; Automatic appointment sys-

tem, R.N.A. model) (Fig. 1). Subjects who did not receive the 

Figure 1. Average number of visits needed to confirm HCV viremia and genotyping for patients with or without HCV reflex testing, and the care cas-
cade of the R.N.A. model. The average of 2.8 visits for traditional testing was calculated by 1* + 0.2 × 1† + 0.8 × 2‡. R.N.A. model, HCV Reflex testing; 
Call-back by Nursing coordinators; Automatic appointment system; HCV, hepatitis C virus. *Return after being informed of an anti-HCV+ status, with 
further HCV RNA testing required. †Return after being informed of an HCV RNA– status in the 20% of spontaneous seroconverters, with no further 
testing needed. ‡Return after being informed of an HCV RNA+ status in the 80% of viremic patients, with further HCV genotyping and one more visit 
required for the final report.
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R.N.A. strategy were enrolled for comparison between January 

2019 and November 2019.

Patients were excluded if they had a history of receiving antivi-

ral therapy, which was clarified by an electronic medical chart re-

view.

DAA treatment

The National Health Insurance Administration of Taiwan began 

to reimburse DAAs in January 2017, and there are currently no 

limitations for treating CHC patients with DAAs. The treatment 

regimens and strategies conformed to the regional consensus13,14 

and regulations of the Health and Welfare Department of Tai-

wan.15 The treatment regimens in the current study included so-

fosbuvir/ledipasvir, sofosbuvir/velpatasvir, elbasvir/grazoprevir, 

and glecaprevir/pibrentasvir. HCV antibodies were detected by a 

third-generation enzyme immunoassay (Abbott Laboratories, 

North Chicago, IL, USA). HCV RNA and the genotypes were de-

termined using a real-time PCR assay (RealTime HCV; Abbott Mo-

lecular, Des Plaines IL, USA; detection limit: 12 IU/mL).16 The insti-

tutional review board of Kaohsiung Medical University Hospital 

approved the protocols, which followed the guidelines of the In-

ternational Conference on Harmonization for Good Clinical Prac-

tice (IRB approval numbers: KMUHIRB-F(I)-20170053, KMUHIRB-

E(I)-20200245).

Statistical analyses

Frequencies were compared between groups using the chi-

squared test with the Yates correction or Fisher’s exact test. 

Group means (presented as the mean±standard deviation) were 

compared using analysis of variance and Student’s t-test or the 

nonparametric Mann-Whitney test when appropriate. The HCV 

RNA diagnostic rate and treatment rate were compared between 

hepatology and non-hepatology departments. All other sections 

or departments apart from Division of Hepatobiliary Medicine in 

Kaohsiung Medical University Hospital were categorized as non-

hepatology departments. The HCV treatment uptake is defined as 

the proportion of known viremic patients being treated among all 

anti-HCV seropositive patients (HCV RNA diagnostic rate multi-

plied by treatment rate). The statistical analyses were performed 

using the SPSS ver. 12.0 statistical package (SPSS, Chicago, IL, 

USA). All statistical analyses were based on two-sided hypothesis 

tests with a significance level of P<0.05.

RESULTS

After excluding 82 patients with a prior history of antiviral treat-

Table 1. Characteristics of anti-HCV seropositive patients with or with-
out HCV intervention

R.N.A model 
(-) (n=1,396)

R.N.A. model 
(+) (n=125)

P-value

Male gender 675 (48.4) 74 (59.2) 0.02

Age (years) 58.9±13.3 58.6±14.8 0.27

Patient source <0.001

Hepatology 
department

1,139 (81.6) 68 (54.4)

Non-hepatology 
department*

257 (18.4) 57 (45.6)

Diabetes 233 (16.7) 22 (17.6) 0.79

Hypertension 469 (33.6) 50 (40.0) 0.15

Cardiovascular disease 44 (3.2) 6 (4.8) 0.30

Cerebrovascular disease 80 (5.7) 8 (6.4) 0.76

White blood cell (/mm3) 5,969±1,931 6,199±2,228 0.41

Hemoglobin (g/dL) 13.8±1.8 13.5±1.9 0.32

Platelet count  
(×1,000/mm3)

203±70 198±77 0.60

AST (IU/L) 57.0±44.9 61.4±41.8 0.41

ALT (IU/L) 66.6±70.6 74.4±63.9 0.34

Creatinine (mg/dL) 1.27±1.79 1.14±1.22 0.41

HCV RNA† (log IU/mL) 5.69±1.13 5.48±1.23 0.18

HCV genotype 1†,  
n/N (%)

493/948 (52.0) 54/100 (54.0) 0.70

DAA regimen‡ <0.001

EBR/GZR 156 (17.2) 1 (1.2)

SOF/LDV 311 (34.2) 0 (0.0)

GLE/PIB 304 (33.5) 32 (38.6)

SOF/VEL 137 (15.1) 50 (60.2)

Values are presented as mean±standard deviation or number (%) unless 
otherwise indicated.
HCV, hepatitis C virus; R.N.A. model, HCV Reflex testing; Call-back by 
Nursing coordinators; Automatic appointment system; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; DAA, direct-acting antiviral; 
EBR, elbasvir; GZR, grazoprevir; SOF, sofosbuvir; LDV, ledipasvir; GLE, 
glecaprevir; PIB, pibrentasvir; VEL, velpatasvir.
*Including Division of Infectious Diseases (n=54), Department of 
Otolaryngology (n=53), Department of Psychiatry (n=49), Department of 
Surgery (n=43), Division of Nephrology (n=31), Division of Endodontics 
and Operative Dentistry (n=18), Division of Pulmonary Medicine (n=15), 
Department of Family Medicine (n=13), and others (n=38).
†Among patients with data available.
‡

991 patients received DAA treatment.
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ment, one hundred and twenty-five patients who adopted the 

R.N.A. model were recruited up to April 2020. Another 1,396 

controls who did not adopt the R.N.A. model were enrolled for 

comparison. Compared to patients without the intervention, the 

group that was treated according to the R.N.A. model had a 

higher proportion of males (59.2% vs. 48.4%, P=0.02). The pro-

portion of patients from non-hepatology departments significantly 

increased after the implementation of the model (45.6% vs. 

18.4%, P<0.001). A higher proportion of patients who received 

sofosbuvir/velpatasvir was noted in the R.N.A. model group. Oth-

er patient characteristics were similar between the two patient 

cohorts (Table 1). The most common patient source from non-

hepatology departments was the Division of Infectious Diseases 

(n=54), followed by the Department of Otolaryngology (n=53), 

Department of Psychiatry (n=49), Department of Surgery (n=43), 

Division of Nephrology (n=31), Division of Endodontics and Oper-

ative Dentistry (n=18), Division of Pulmonary Medicine (n=15), 

Department of Family Medicine (n=13), and others (n=38).

Among anti-HCV seropositive subjects, the HCV RNA testing 

rate was significantly higher in patients who received reflex test-

ing than in those without reflex testing (100% [125/125] vs. 

84.8% [1,184/1,396], P<0.001). Of the patients who received 

HCV RNA testing, the viremia rate was 80.1% (948/1,184) in the 

nonreflex testing group and 80.0% (100/125) in the reflex testing 

group. Among the viremic subjects, the rate of HCV genotyping 

was similar between patients with or without reflex testing (100% 

[100/100] vs. 98.9% [938/948], P=0.61). When the patients were 

stratified according to the referring outpatient department, a sig-

nificant improvement in the diagnostic rate by RNA reflex testing 

was particularly noted for patients from non-hepatology depart-

ments (100% vs. 23.3%, P<0.001) but not for those from hepa-

tology department (100% vs. 98.7%, P=0.999) (Table 2).

The treatment rate in HCV RNA seropositive patients was 83% 

(83/100) after the adoption of the R.N.A. model. After excluding 

two patients who passed away due to liver failure and one patient 

who decided to receive treatment in a nearby hospital, patients 

from the hepatology department had a significantly higher treat-

ment rate than those from non-hepatology departments (96.1% 

vs. 73.9%, P=0.002). Of the 12 patients from non-hepatology 

departments who did not receive antiviral therapy, eight patients 

decided to postpone treatment due to fear of severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2) infection during hos-

pital visits, three other patients refused treatment due to personal 

reasons despite being well informed, and the other patient lost 

contact. The modified treatment rate was 89.5% (34/38) after ex-

cluding the eight patients who chose to postpone treatment. 

Table 2. Comparison of the diagnostic rate and treatment rate of anti-HCV seropositive patients with or without intervention

R.N.A. model (-) R.N.A. model (+) P-value

RNA testing in anti-HCV+ patients 84.8% (1,184/1,396) 100.0% (125/125) <0.001

Hepatology department 98.7% (1,124/1,139)* 100.0% (68/68) 0.999

Non-hepatology department 23.3% (60/257)* 100.0% (57/57) <0.001

HCV genotyping in HCV RNA+ patients 98.9% (938/948) 100.0% (100/100) 0.61

Hepatology department 99.1% (922/930) 100.0% (54/54) 0.999

Non-hepatology department 88.9% (16/18) 100.0% (46/46) 0.08

Treatment rate in HCV RNA+ patients 95.8% (908/948) 83% (83/100) <0.001

Hepatology department 97.1% (903/930)* 96.1% (49/51)†,‡ 0.66

Non-hepatology department 27.8% (5/18)* 73.9% (34/46)† 0.001

HCV treatment uptake§ 81.2% 83.0% 0.85

Hepatology department 95.8% 96.1% 0.76

Non-hepatology department 6.4% 73.9% <0.001

HCV, hepatitis C virus; R.N.A. model, HCV Reflex testing; Call-back by Nursing coordinators; Automatic appointment system.
*P<0.001.
†

P=0.002.
‡Excluding two patients with mortality due to liver failure and one patient who decided to be treated in the nearby hospital. The two untreated patients had 
active hepatocellular carcinoma.
§HCV treatment uptake denoted as the proportion of known viremic patients being treated among anti-HCV seropositive patients (HCV RNA diagnostic rate × 
treatment rate).
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Compared to subjects who did not adopt the R.N.A. model, a sig-

nificant improvement in the treatment rate was observed for pa-

tients from non-hepatology departments (73.9% vs. 27.8%, 

P=0.001) but not for those from hepatology departments (96.1% 

vs. 97.1%, P=0.66) (Table 2).

Overall, the HCV treatment uptake of known viremic patients 

among the anti-HCV seropositive patients was similar between 

patients treated with or without the implementation of R.N.A. 

model (81.2% vs. 83%, P=0.85). The treatment uptake rate did 

not differ for the patients from hepatology department (95.8% 

vs. 96.1%, P=0.76). Instead, the application of the R.N.A. model 

significantly increased the in-hospital HCV treatment uptake rate 

from 6.4% to 73.9% for patients from non-hepatology depart-

ments (P<0.001) (Table 2).

DISCUSSION

The current study demonstrated that the implementation of 

HCV reflex testing significantly improved the HCV diagnostic rate. 

Following an in-hospital automatic transferal system and late call-

back modality further promoted disease awareness and treatment 

accessibility. The sequential care cascade particularly worked on 

patients who originally visited the hospital for reasons other than 

the treatment of hepatitis. Before adopting the R.N.A. strategy, 

only one-quarter of the anti-HCV seropositive patients from the 

non-hepatology departments received HCV RNA testing. Further-

more, only one-quarter of the viremic patients received DAAs, 

which in turn led to very poor HCV treatment uptake. After 

launching the strategy, the proportion of patients who came from 

the non-hepatology departments significantly increased. In addi-

tion, a 4-fold improvement in the HCV RNA diagnostic rate after 

the HCV reflex test and a nearly 3-fold improvement in the treat-

ment rate after automatic transfer was observed, showing drasti-

cally scaled up treatment by the in-hospital care cascade. As a re-

sult, the huge gap between accurate diagnosis and final treatment 

was overcome, particularly for patients who originally visited non-

hepatology departments.

The accurate and timely diagnosis of HCV infection may pave 

the way for improved HCV care and is key to facilitating the HCV 

care cascade. It has been reported that one-third of anti-HCV se-

ropositive patients do not receive HCV RNA testing in developed 

regions, and the major reason for failing to perform the confirma-

tion test was that the patient did not return for follow-up.10 Inter-

rupted time series analysis revealed that the implementation of 

HCV reflex testing had the largest impact on the ability to com-

plete timely HCV RNA testing.17 Currently, HCV reflex testing has 

rarely been adopted in Taiwan. Nevertheless, it has been reported 

that the implementation rate of HCV reflex testing has increased 

from 31% to 89% among large teaching hospitals in Spain from 

2017 to 2019.12 The applicability of HCV reflex testing by repeat-

edly using the same blood sample is based on the high accuracy 

and degree of correlation compared to those achieved with the 

use of fresh blood samples.18 HCV reflex testing is time saving, 

and it also reduces the cost of transportation and outpatient visit 

fees before patients from either hepatology or non-hepatology 

departments receive a confirmation of their infection status. As-

suming that the HCV viremia rate is 80% and the HCV spontane-

ous clearance rate is 20% in anti-HCV seropositive patients, an 

average of 2.8 visits was needed for patients without reflex test-

ing before they could be allocated to antiviral treatment, while 

only one visit was needed for patients with reflex testing. The 

strategy of the RNA model could also be applied to populations 

at-risk for HCV, such as residents in HCV hyperendemic areas,2,3 

prisoners,19 intravenous drug users,20 and patients with uremia 

under maintenance hemodialysis,21-23 to facilitate HCV microelimi-

nation.

Due to the pandemic caused by the SARS-CoV-2 infection, few-

er patients have visited the hospital during the past few months 

after we implemented the R.N.A. strategy. Taiwan successfully 

controlled the pandemic, and fewer than 450 subjects has been 

infected with the virus that causes coronavirus disease 2019 (CO-

VID-19) as of June 2020.24 Regional guidance has suggested that 

routine treatment of HCV may not be warranted based on the 

burden of COVID-19 and local official implementations and regu-

lations.25,26 It is reasonable that the treatment rate of patients 

from non-hepatology departments was reduced due to fears of 

contracting COVID-19. All of these patients originally visited the 

hospital for reasons other than HCV treatment. Due to the ade-

quate control of the SARS-CoV-2 infection, we took positive ac-

tion in managing these HCV patients. Because of good compen-

sation, which led to a 100% HCV RNA diagnostic rate, and an 

aggressive referral strategy, the overall HCV treatment uptake 

was similar among patients before and after R.N.A. model imple-

mentation, even though we faced the critical situation of COV-

ID-19. Notably, nearly half of the patients were referred from non-

hepatology departments, and the treatment uptake of those 

patients was significantly increased, indicating the success of the 

model in facilitating in-hospital HCV elimination. In conclusion, 

the implementation of HCV reflex testing followed by active trans-
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fer significantly increased HCV treatment uptake. The integration 

of these strategies allowed for timely and accurate diagnosis by 

raising disease awareness and facilitating access to liver clinics, 

which closed the gap between the confirmation of HCV infection 

and final treatment allocation. This continuous in-hospital care 

cascade may serve as an exemplar for other primary care systems.
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IntroduCtIon

The abscopal effect, which refers to the regression of tumors 

outside the radiation field during or after radiation therapy (RT), 

has been reported in various cancers such as melanoma, renal cell 

carcinoma, and breast cancer for over 60 years.1 Although its 

mechanism has not yet been fully elucidated, the abscopal effect 

is likely mediated by the radiation-induced enhancement of sys-

temic immune responses.2 However, the abscopal effect has been 

rarely observed, possibly because of the immune escape mecha-

nisms of cancer cells, including the activation of the immune 

checkpoint pathway.3 Newly developed immune checkpoint inhib-

itors (ICIs) have revolutionized cancer treatment over the last de-

cade.4 Following the emergence of ICIs that enhance systemic im-

mune responses against cancer cells, new therapeutic regimens 

combining ICIs and RT are expected to boost the abscopal effect.5 

The synergistic effects of ICIs and RT are being actively investigat-

ed and the potential of this combination to intensify the abscopal 

effect has been reviewed in various reports.6-8

Hepatocellular carcinoma (HCC) is the most common type of 

primary liver cancer and the second leading cause of cancer-relat-

ed death worldwide.9,10 Patients in the early stage of HCC treated 

with curative modalities such as resection, liver transplantation, 

and ablation show an overall survival rate >60%, whereas those 

with advanced HCC who undergo chemoembolization or systemic 

therapy have a dismal prognosis.11,12 To improve this poor out-

come, new regimens have recently been incorporated and sug-

gested in the treatment of HCC, including considering the use of 

ICIs. Therefore, the feasibility and safety of various ICIs, including 

programmed cell death 1 (PD-1) inhibitors, PD ligand 1 (PD-L1) in-

hibitors, and cytotoxic T lymphocyte-associated protein-4 (CTLA-

4) inhibitors, are under investigation in patients with HCC.13-17 

However, the reported objective response rates (ORRs) of ICIs 

were only 15–20%, which are still unsatisfactory.14-16 Furthermore, 

the recent KEYNOTE-240 trial evaluating the efficacy and safety 

of pembrolizumab in patients with advanced HCC failed to show 

Background/Aims: The abscopal effect, a rare phenomenon induced by radiation, can be reinforced by immunotherapy. 
Although radiation therapy and immunotherapy are increasingly being utilized for the treatment of hepatocellular 
carcinoma (HCC), whether immunotherapy could boost the abscopal effect remains unclear. In this study, we aimed to 
elucidate the immunological mechanisms underlying the abscopal effect induced by the combination of irradiation and 
immunotherapy in a murine HCC model.
Methods: A syngeneic HCC mouse model was established by transplanting murine Hepa 1–6 HCC cells into both hind 
legs of immunocompetent C57BL/6 mice. The tumors on the right hind legs were irradiated, and abscopal effects were 
observed in the non-irradiated tumors on the left hind leg with or without the coadministration of anti-programmed 
cell death 1 (PD-1) antibodies. Flow cytometric analyses were performed to analyze the distributions of immune cells 
infiltrating both irradiated and non-irradiated tumors and the tumor-draining lymph nodes (TDLNs).
Results: Administration of 16 Gy in two fractions more effectively inhibited the growth of both irradiated and non-
irradiated tumors with higher tumor infiltration of cytotoxic T cells than 8 Gy did in a single fraction. The higher dose 
also increased activated dendritic cells in TDLNs, which had higher expression of the programmed cell death ligand 
1. Coadministration of anti-PD-1 antibodies significantly enhanced the abscopal effect and increased infiltration of 
activated cytotoxic T cells in both irradiated and non-irradiated tumors.
Conclusions: Our findings show that adding anti-PD-1 therapy to radiation enhanced the abscopal effect in a syngeneic 
murine model of HCC. (Clin Mol Hepatol 2021;27:144-156)
Keywords: Immunotherapy; Radiotherapy; Carcinoma, Hepatocellular; Murine model

Study Highlights
In this study, a syngeneic HCC mouse model was established by transplanting murine Hepa 1–6 HCC cells into both hind legs of immunocompetent 
C57BL/6 mice. The tumors on the right hind legs were irradiated, and abscopal effects were observed in the non-irradiated tumors on the left hind 
leg with or without the coadministration of anti-PD-1 antibodies. We observed that the coadministration of anti-PD-1 antibodies significantly en-
hanced the abscopal effect and increased infiltration of activated cytotoxic T cells in both irradiated and non-irradiated tumors.
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statistical significance in the improvement of overall survival and 

progression-free survival compared with the placebo.18 RT has re-

ceived considerable attention for use in enhancing the efficacy of 

ICIs for advanced HCC because of the abscopal phenomenon in-

duced by its immunogenicity.19

The efficacy of cotreatment in controlling primary HCC has been 

recently tested in a few preclinical experiments and clinical tri-

als.20-22 However, these previous studies did not use metastatic 

HCC models but rather used orthotopic models, which only en-

able the observation of the combined effect of RT and ICIs on pri-

mary tumors but not the abscopal effect. Therefore, in this study, 

we aimed to investigate the effect and immunological mecha-

nisms of action of radiation on the abscopal phenomenon and the 

effect of an anti-PD-1 antibody on the abscopal effect using a bi-

lateral murine syngeneic HCC model.

MAterIAlS And MetHodS

Cell culture

The murine Hepa 1–6 HCC cell line was purchased from the 

American Type Culture Collection (ATCC, Manassas, VA, USA). 

Hepa 1–6 cells were cultured in Dulbecco’s modified Eagle’s me-

dium (DMEM; Gibco, Carlsbad, CA, USA) containing 10% fetal 

bovine serum and 1% antibiotic-antimycotic solution (Thermo 

Fisher Scientific, Waltham, MA, USA) at 37°C exposed to an at-

mosphere of 5% CO2.

Animal model

Male C57BL/6 mice (5–6 weeks old) were purchased from Ori-

ent Bio (Seongnam, Korea). To establish the syngeneic mouse 

model of bilateral HCC tumors, Hepa 1–6 cells (1×106 cells/

mouse) were injected into the right hind leg and then cells were 

also injected into the left hind leg 3 days after the first injection. 

Tumor dimensions were measured every 3 days using calipers and 

the volume was calculated according to the following formula: 

volume = W2 × L / 2 (L, length [mm]; W, width [mm]).

When the mean tumor volume reached 300 mm3, the mice were 

randomized into various treatment groups (n≥5 per group) and 

after 30 days they were euthanized, followed by tumor collection 

for further analysis. All animal procedures were conducted in ac-

cordance with appropriate regulatory standards under the study 

protocol (ID: 20181227001, approval date: 2019-03-08), which 

was reviewed and approved by the Institutional Animal Care and 

Use Committee of Samsung Biomedical Research Institute.

Drug and radiation treatment

For irradiation, 6 MV photon beams were delivered to the tu-

mor-bearing right hind leg at a dose rate of 3.96 Gy/min using a 

linear accelerator (Varian Medical System, Palo Alto, CA, USA) as 

described previously.23,24 Irradiation was performed at a single 8 

Gy or total 16 Gy dose in two fractions. Before irradiation, the 

mice were anesthetized via intraperitoneal injections of 30 mg/kg 

zolazepam/tiletamine and 10 mg/kg xylazine. All mice were 

placed in a prone position and the tumor-bearing right hind legs 

were placed under a 2-cm-thick water-equivalent bolus with a 

source-to-surface distance of 100 cm and radiation field size of 

30×7 cm. The mice were positioned to minimize the radiation 

dose administered to the tumor-draining inguinal lymph nodes. 

Details on the experimental setup are provided in Supplementary 

Figure 1. Starting on day 14, the mouse anti-PD-1 antibodies and 

isotype control (BE0146 and BE0089, respectively; Bio X cell, 

West Lebanon, NH, USA) were administered intraperitoneally 

once a week at a dose of 2 mg/kg.

Flow cytometry analysis

On day 31 after the first injection of Hepa 1–6 cells, tumors 

were harvested, a single cell suspension was prepared for flow 

cytometry analysis, and red blood cells were removed by incuba-

tion with Pharm Lyse (BD Biosciences, San Jose, CA, USA) for 30 

minutes at 4°C. The cells were fixed with Cytofix (BD Biosciences) 

for 30 minutes at 4°C and then they were resuspended in staining 

buffer (BD Biosciences). For T cell analysis, cells were permeabi-

lized using the Fix/Perm buffer kit (eBioscience, San Diego, CA, 

USA) and then they were stained with anti-forkhead box P3 

(Foxp3, BD560408) and anti-interferon (IFN)-γ (BD557724) anti-

bodies for 30 minutes at 4°C. After washing, cells were stained 

with antibodies specific for CD4 (BD55205), CD8 (BD560469), 

CD3e (BD560771), and CD25 (BD551071).

For dendritic cell (DC) analysis, inguinal lymph nodes of the irra-

diated tumor side were collected 3 days after irradiation, and DCs 

were isolated using the EasySepTM mouse plasmacytoid DC isola-

tion kit (#19764, STEMCELL Technologies, Vancouver, Canada). 

Furthermore, 1×105 DCs were stained with CD11c (BD553801), 

CD40 (BD562846), CD80 (BD560016), and PD-L1 (12-5982, eBio-

science; Thermo Fisher Scientific). Data were acquired using a flu-
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orescence activated cell sorting verse flow cytometer (BD Biosci-

ences) and were analyzed using FlowJo software (Tree Star Inc., 

Ashland, OR, USA).

Statistical analysis 

All data are presented as the means±standard deviation. Statis-

tical analysis was performed using a one-way analysis of variance 

with Bonferroni’s correction using Prism 8.0 (GraphPad Software, 

San Diego, CA, USA). A P<0.05 was considered statistically sig-

nificant and survival curves were assessed using the Kaplan-Meier 

analysis with a log-rank test. P  values are indicated in the figures 

as follows: *P<0.05, †P<0.01, and ‡P<0.001.

reSultS

Localized tumor irradiation evokes the abscopal 
response in a syngeneic HCC mouse model

A syngeneic bilateral HCC mouse model was established using 

Hepa 1–6 cells (Fig. 1A). The tumor growth curves showed that 

irradiation with 16 Gy in two fractions but not 8 Gy in a single 

fraction more significantly inhibited tumor growth (P<0.001, Fig. 

1B) and non-irradiated tumors (P<0.05, Fig. 1C) than the sham 

control, indicating that the regimen of 16 Gy in two fractions was 

applicable for evoking abscopal effects in the present HCC model. 

Tumors harvested on day 31 were imaged (Fig. 1D), and irradia-

tion with 16 Gy in two fractions significantly improved the survival 

of mice more than the sham control treatment or irradiation with 

a single fraction of 8 Gy did (P<0.001, Fig. 1E).

Localized tumor irradiation induces infiltration 
of activated T cells in both irradiated and non-
irradiated tumors

To determine whether the reduction of non-irradiated tumor 

size by localized irradiation may be associated with immunogenic 

activation, we performed flow cytometry analysis of tumor infil-

trating lymphocytes (Fig. 2A, B). Quantification of the data 

showed that 16 Gy administered in two fractions but not 8 Gy in 

a single fraction significantly increased infiltration of CD4+IFN-γ+ 

and CD8+IFN-γ+ T cells in both irradiated (P<0.001 and P<0.05, 

Fig. 2C) and non-irradiated tumors (P<0.001 and P<0.001, Fig. 

2D). Furthermore, 16 Gy administered in two fractions also in-

creased infiltration of regulatory T cells (Treg, CD4+CD25+Foxp3+) 

in irradiated tumors (P<0.05, Fig. 2C).

Localized tumor irradiation activates DCs in tumor-
draining lymph nodes (TDLNs)

To understand how localized irradiation reduces non-irradiated 

tumors, we examined DCs in the inguinal lymph nodes draining 

from tumors implanted in the right hind legs of the mice using 

flow cytometry (Fig. 3A, B). Quantification data show that 16 Gy 

administered in two fractions significantly increased the frequency 

of activated DCs in the TDLNs, as evidenced by the high expres-

sion of CD40 (P<0.001) and CD80 (P<0.01, Fig. 3C). Expression 

of PD-L1, the co-inhibitory molecule on CD11c+ DCs in the TDLNs, 

was also induced by irradiation with two fractions of 8 Gy, com-

pared to the sham treatment (P<0.05, Fig. 3C). Moreover, 16 Gy 

administered in two fractions also activated T cells in the TDLNs, 

as evidenced by a significant increase in CD4+IFN-γ+ and 

CD8+IFN-γ+ T cells (P<0.001, Fig. 3D). Accumulation of Tregs in 

the TDLNs was also more evident in the group administered two 

8 Gy fractions than in the sham-treated group or the group ad-

ministered a single 8 Gy fraction (Fig. 3D).

Cotreatment with radiation and anti-PD-1 antibodies 
boosts the abscopal effect in the syngeneic HCC 
mouse model

Based on the result showing that radiation increased the ex-

pression of PD-L1 in the TDLN-resident DCs, we determined 

whether blockade of the PD-1/PD-L1 pathway could further en-

hance the abscopal effect in the syngeneic, bilateral HCC mouse 

model (Fig. 4A). Anti-PD-1 antibodies inhibited the growth of bi-

lateral Hepa 1–6 tumors more than the isotype IgG control did 

(Fig. 4C), but the difference was not statistically significant.

As expected, 16 Gy administered in two fractions inhibited the 

growth of both irradiated (P<0.001, Fig 4B) and non-irradiated 

abscopal tumors (Fig. 4C, not significant). Cotreatment with radi-

ation and anti-PD-1 further suppressed the growth of both irradi-

ated and non-irradiated tumors more than radiation alone or anti-

PD-1 monotherapy did (Fig. 4B, C). Tumors harvested from mice 

cotreated with the anti-PD-1 antibody and radiation were clearly 

smaller than those from mice treated with radiation or anti-PD-1 

monotherapy (Fig. 4D). Anti-PD-1 treatment alone did not im-

prove survival but in combination with radiation, it increased sur-

vival significantly (P<0.001, Fig. 4E).
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Combination of radiation and anti-PD-1 antibodies 
further enhances T lymphocyte infiltration of 
abscopal HCC tumors

Immunohistochemistry using antibodies specific to CD4 and 

CD8 showed that anti-PD-1 antibodies and radiation alone more 

significantly increased the infiltration of CD4+ and CD8+ cells into 

irradiated tumors than the IgG control did (P<0.05; Supplementa-

ry Fig. 2A, B), along with CD4+ cells into the non-irradiated con-

tralateral tumors (P<0.01 and P<0.001; Supplementary Fig. 2C, 

D). Cotreatment with the anti-PD-1 antibodies and radiation fur-

ther enhanced infiltration of CD8+ cells into both tumors, al-

though no additive effect was obvious.

Flow cytometry analysis of tumors harvested on day 31 (Fig. 5A) 

Figure 1. Localized irradiation inhibits the growth of both primary and distant tumors in a syngeneic model of murine hepatocellular carcinoma.  
(A) Scheme for radiation treatment of a bilateral tumor mouse model established using Hepa 1–6 cells. Growth curves of (B) irradiated tumors and  
(C) non-irradiated tumors in mice bearing bilateral Hepa 1–6 tumors. Gray arrowheads indicate day 1 of irradiation. (D) Representative images of tu-
mors collected from mice. (E) Survival of mice bearing bilateral Hepa 1–6 tumors for three different treatment groups. RT, radiation therapy. *P<0.05. 
†P<0.001.
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Figure 2. Augmented radiation doses increased infiltration of activated T cells into non-irradiated and irradiated tumors. (A) Scheme for radiation 
treatment of a bilateral tumor mouse model established using Hepa 1–6 cells. (B) Representative flow cytometry dot plots showing profiles of activat-
ed T cell populations and regulatory T cells (Tregs). (C) Quantification data showed that administration of two but not one 8 Gy fraction significantly 
increased the population of IFNγ expressing CD4+ and CD8+ T cells and Tregs in the irradiated tumors. (D) Two fractions of 8 Gy also significantly in-
creased the population of CD4+ and CD8+ T cells expressing IFNγ cells in non-irradiated tumors. RT, radiation therapy; SSC-A, side scatter analysis; FSC-A, 
forward scatter analysis; IFN, interferon. *P<0.05. †P<0.01. ‡P<0.001.
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Figure 3. Irradiation of tumor sites increased activation of DCs and T lymphocytes in TDLNs. (A) Scheme for radiation treatment of a bilateral Hepa 1–6 
tumor model. (B) Representative flow cytometry dot plots showing profiles of activated DC populations and PD-L1 expressing DCs. (C) Quantification 
data showed that two fractions of 8 Gy radiation increased activated populations of CD11c+ DCs in TDLNs, as evidenced by CD40 and CD80 expres-
sion. Radiation also increased PD-L1 expression of CD11c+ DCs. (D) Both single and two fractions of 8 Gy increased activated T cell populations in 
TDLNs. RT, radiation therapy; PD-L1, programmed cell death 1 ligand 1; SSC-A, side scatter analysis; FSC-A, forward scatter analysis; IFN, interferon; DCs, 
dendritic cells; TDLNs, tumor-draining lymph nodes. *P<0.05. †P<0.01. ‡P<0.001. 
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Figure 4. Administration of anti-PD-1 enhances the antitumor effect of radiation on both irradiated and non-irradiated tumors. (A) Scheme for anti-
PD-1 and radiation treatment of a bilateral Hepa 1–6 tumor mouse model. Growth curves of (B) irradiated and (C) non-irradiated tumors in mice bear-
ing bilateral Hepa 1–6 tumors. Gray arrowheads indicate day 1 of irradiation. (D) Representative images of tumors collected from mice. (E) Survival of 
mice bearing bilateral Hepa 1-6 tumors from four different treatment groups. RT, radiation therapy; PD-1, programmed cell death 1; IgG, immunoglob-
ulin G. *P<0.05. †P<0.01. ‡P<0.001.
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B B

Figure 5. Anti-PD-1 boosts radiation-induced infiltration of activated T cells into both irradiated and non-irradiated tumors. (A) Scheme of anti-PD-1 
and radiation treatment of a bilateral Hepa 1–6 tumor mouse model. (B) Flow cytometric analysis revealed that radiation but not anti-PD-1 alone in-
creased infiltration of CD4+ T and CD8+ T cells and expression of IFN-γ in these cells. This was further enhanced by combination with anti-PD-1.  
(C) Combination of radiation and anti-PD-1 increased population of activated CD4+ and CD8+ T cells in non-irradiated tumors. Population of (D) T regu-
latory cells (Tregs) but not (E) CD11c+ dendritic cells (DCs) in irradiated and non-irradiated tumors was increased by cotreatment with anti-PD-1 and ra-
diation. RT, radiation therapy; PD-1, programmed cell death 1; IgG, immunoglobulin G; IFN, interferon. *P<0.05. †P<0.01. ‡P<0.001.
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showed that in the irradiated tumors, 16 Gy administered in two 

fractions but not anti-PD-1 antibody treatment more significantly 

increased infiltration of CD4+ and CD4+IFN-γ+ T cells than the IgG 

control did (P<0.001, Fig. 5B). Similarly, 18 Gy administered in 

two fractions increased the infiltration of total CD8+ and 

CD8+IFN-γ+ T cells (Fig. 5B). Cotreatment with anti-PD-1 antibod-

ies and radiation further enhanced infiltration of CD4+ and CD8+ 

T cells more than treatment with the anti-PD1 antibodies alone 

but not radiation alone (Fig. 5B). Both radiation and the anti-PD-1 

antibodies increased CD4+ and CD4+IFN-γ+ T cells but not CD8+ T 

cells in the non-irradiated tumors, while their cotreatment in-

creased the total CD8+ and CD8+IFNγ+ T cells more than either 

treatment alone (Fig. 5C). Combination of radiation and the anti-

PD-1 antibodies increased enrichment of CD25+CD4+Foxp3+ Tregs 

in the tumors on both sides, compared to the IgG control treat-

ment (P<0.05 and P<0.01, Fig. 5D), whereas no difference in 

CD11c+ DCs was observed among the groups (Fig. 5E). Flow cyto-

metric immunophenotyping revealed that the number of CD220+ 

B cells, F4/80+ macrophages, Ly6G+CD11b+ neutrophils, Ly6G–

CD11b+Ly6C+ monocytic-myeloid-derived suppressor cells (MD-

SCs), and Ly6G–CD11b+Ly6Clow granulocytic-MDSCs was not af-

fected by monotherapy or co-therapy, except for that of CD3+ T 

cells (Supplementary Fig. 3).

dISCuSSIon

Following the first published report on the abscopal effect,25 

this phenomenon has been investigated in various cancers such 

as melanoma, renal cell carcinoma, and breast cancer both pre-

clinically and clinically.1 However, compared with other malignan-

cies, studies on the abscopal effect and its enhancement by im-

munotherapeutic agents in HCC is lacking, possibly because RT 

and immunotherapy have not been widely used for HCC manage-

ment. The few studies that have used HCC models to evaluate the 

combined effect of RT and ICIs described the effect of ICIs on ir-

radiated primary tumors but not the abscopal effect.20,21 Friedman 

et al.21 reported that in an orthotopic murine HCC model, PD-1 

blockade enhanced the response to stereotactic radiation with 30 

Gy in three fractions. Another study by Kim et al.20 demonstrated 

the synergistic effect of 10 Gy coadministered as a single fraction 

with an anti-PD-L1 antibody in reducing primary HCC tumor 

growth. Clinical observation of abscopal effects in HCC is ex-

tremely rare,26,27 and a recent study by Chen et al.28 showed that 

hypofractionated RT (up to 40 Gy) inhibited non-irradiated tumor 

growth in a murine HCC model via suppression of MDSCs. To the 

best of our knowledge, this is the first study evaluating the en-

hancement of abscopal effects by a combination of radiation and 

ICIs in a murine syngeneic HCC model.

A suggested mechanism of the abscopal effect is that it starts 

with the release of tumor antigens and danger-associated molec-

ular patterns from tumor cells damaged by irradiation.19 The re-

leased tumor antigens are presented by antigen-presenting cells 

including DCs, which are drained into TDLNs. The drained DCs 

prime T cells, which subsequently become effector cells, migrate 

to the non-irradiated tumor cells, and induce adaptive immunity.29 

In addition, radiation enhances the expression of type I IFN genes 

through cyclic guanosine monophosphate-adenosine monophos-

phate synthase (cGAS) and stimulator of IFN gene (STING) path-

ways, which are consequentially activated by the accumulation of 

cytosolic DNA.30 The increased IFN activates antigen-presenting 

cells and mediates the recruitment of effector T cells to the target 

site.31 Our results showed a significant decrease in the growth of 

the non-irradiated tumors (Fig. 1C) and increases in the infiltra-

tion of activated T cells in the non-irradiated tumors and popula-

tion of activated DCs in TDLNs (Figs. 2D, 3C) after irradiation with 

a total of 16 Gy, which is in accordance with the proposed immu-

nologic mechanism of the abscopal effect. Our study demonstrat-

ed that 16 Gy delivered in two fractions rather than 8 Gy in a sin-

gle fraction showed a statistically significant difference in 

infiltration of activated T cells compared with sham irradiation, 

implying the potential radiation dose-dependency of the abscopal 

effect. It is likely that higher doses may further effectively elevate 

levels of cytosolic DNA, triggering the cGAS/STING pathway32,33 

However, radiation doses >12–18 Gy administered in a single 

fraction suppressed the abscopal effect by upregulating 3′ repair 

exonuclease (TREX1) that degrades cytosolic DNA.30 Further in-

vestigation would be required to determine the optimal dose-

fraction required to maximize the abscopal effect.

The current study clearly showed that the anti-PD-1 antibodies 

enhanced the RT-induced abscopal effect (Fig. 4C) and the rele-

vant immunologic phenomenon (Fig. 5C) in murine HCC models. 

In particular, the infiltration of CD8+ T cells into the non-irradiated 

tumor was significantly higher when anti-PD-1 antibodies were 

co-administered with RT than when RT was administered alone. 

PD-1 is an immunoinhibitory receptor mainly expressed by mature 

T cells, B cells, and natural killer cells.19 It specifically binds to PD-

L1 whose expression in tumor cells is mainly regulated by IFN-γ 

and, thus, the interaction of PD-1 with PD-L1 results in T cell ex-

haustion.34 Blockade of PD-1/PD-L1 signaling restores effector T 
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cell function to eradicate tumor cells. The antitumor activity of ef-

fector T cells can potentially be enhanced by the immunogenic ef-

fect of radiation following their coadministration, which was 

demonstrated by our results.

In contrast to the antitumor immunity, 16 Gy radiation also in-

duced expansion of immunosuppressive cells, including PD-L1-ex-

pressing DCs in TDLNs. DC PD-L1 suppresses the activation of 

CD8+ T cells via the PD-1/PD-L1 signaling axis.35,36 Thus, treatment 

with anti-PD-1 antibodies may allow DCs to reinvigorate T cells by 

blocking PD-1/PD-L1 interaction. Radiation also increased the in-

filtration of Tregs, another important immunosuppressive cell 

population, in both irradiated and non-irradiated tumors, which is 

consistent with the results of previous studies.37,38 An increased 

level of Tregs is associated with an unfavorable prognosis in vari-

ous cancers including ovarian, breast, and gastric cancer and 

HCC.39-41 Furthermore, Tregs suppress cytotoxic T cell function 

with constitutive expression of CTLA-4, another immune check-

point protein. Therefore, dual blockade of CTLA-4 and PD-1 may 

amplify the abscopal reaction triggered by RT in HCC.

Recent prospective clinical trials of PD-1 inhibitors such as 

nivolumab and pembrolizumab in HCC patients have reported 

overall ORRs of 17–20%, leading to their approval by the US Food 

and Drug Administration as second-line treatment for patients 

who do not respond to sorafenib.13,14 The ORRs with PD-1 inhibi-

tors were higher than those obtained with the standard of care, 

sorafenib, but they are still unsatisfactory. Furthermore, the KEY-

NOTE-240 phase III trial, which investigated the benefit of pem-

brolizumab as a second-line therapy in patients with advanced 

HCC, failed to show the statistically significant superiority of pem-

brolizumab to the best supportive care with or without placebo in 

overall and progression-free survival.18 However, the overall sur-

vival of the pembrolizumab-treated group was satisfactory.18 

Therefore, there is an urgent need to intensify the treatment effi-

cacy, and the present study suggests that combining RT and ICIs 

may potentially improve the unsatisfactory outcomes. Unfortu-

nately, the relevant clinical data on RT and ICI cotreatment for ad-

vanced HCC is currently very limited. Recently, Yu et al.42 reported 

that previous or concurrent application of RT or both in the course 

of nivolumab treatment was related to prolonged progression-free 

or overall survival in advanced HCC patients. Despite the limita-

tions of the previous study, including its retrospective design and 

small sample size, the results are meaningful and imply the clinical 

significance of the RT and immunotherapy combination. Currently, 

there are several ongoing clinical trials investigating combinations 

of various ICIs and RT techniques including external beam RT and 

selective internal RT for advanced HCC.19 However, trials focusing 

on metastatic HCC are still limited. Our findings may be extended 

to the design of a clinical study to evaluate the improvement of 

systemic disease control by mutual intensification of immunologic 

activation, which could contribute to developing strategies for 

overcoming resistance to PD-1 inhibitors in HCC.

There are some limitations in the present study. This study used 

a single murine HCC Hepa 1–6 cell line and, therefore, further 

validation is required in different HCC models. In addition, other 

factors associated with the tumor microenvironment, such as in-

trinsic tumor factors, could also be associated with the abscopal 

effect. There was a discrepancy between abscopal effects on the 

non-irradiated tumors induced by 16 Gy irradiation in addition to 

the size of the sham control tumors as shown in Figures 1 and 4. 

We speculate that the size of non-irradiated tumors at the time of 

irradiation may affect the abscopal effect, which needs further in-

vestigation. Although the effectiveness of cotreatment in boosting 

the abscopal phenomenon was established in the present study, 

further studies with meticulous controls would be necessary.

In conclusion, using a syngeneic murine bilateral HCC model 

and flow cytometric profiling of intratumor immune cells, we 

showed that delivering 16 Gy in two fractions induced an absco-

pal effect, which was boosted by cotreatment with anti-PD-1 an-

tibodies. Based on our preclinical data, future clinical trials inves-

tigating the effect of RT and ICIs in the metastatic setting are 

warranted.
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INTRODUCTION

Obesity is an abnormal condition characterized by excessive ac-

cumulation of body fat. In general, high body mass index (BMI) is 

indicative of obesity. The prevalence of obesity and excess weight 

has increased, accounting for more than a third of the world’s 

population in recent years.1 Obesity underlies conditions such as 

cardiovascular disease, hypertension, diabetes mellitus, nonalco-

holic fatty liver disease (NAFLD), gallbladder disease, pancreatitis, 

sleep apnea, and osteoarthritis.2 These diseases lead to chronic 

disability in obese people. Obesity is also an independent factor 

for the development of various cancers3 and is closely associated 

with cancer regardless of age, sex, race, and type of cancer.4 Can-

cer-related mortality is high in obese patients with prostate can-

cer, breast cancer, and colorectal cancer.5

Primary liver cancer is one of the most common malignancies 

and the associated mortality rate corresponds to 9% of all cancer-

related deaths worldwide.6 Hepatocellular carcinoma (HCC) is the 

most common type of primary liver cancer and accounts for ap-

proximately 80–90% of all cases of primary liver cancer. The 

common causes of HCC are viral hepatitis (hepatitis B or C virus), 

alcohol, smoking, and diabetes mellitus.7

Studies have been conducted to investigate whether obesity is a 

risk factor for the occurrence of primary liver cancer. Some studies 

have found that obesity is a risk factor for HCC occurrence, while 

Chen et al. reported a lack of association between obesity and 

HCC occurrence.8-10 However, studies suggesting the relationship 

between obesity and primary liver cancer may suffer from risk of 

bias because they were conducted as case-control or retrospec-

tive cohort studies. Hence, the present study was conducted to 

analyze prospective cohorts to determine the relationship be-

tween BMI and primary liver cancer. We aimed to clarify the effect 

of obesity on the occurrence of and mortality from primary liver 

cancer using systematic review and meta-analysis.

Background/Aims: In this systematic review and meta-analysis, we aimed to clarify the effect of obesity on the 
occurrence of and mortality from primary liver cancer. 
Methods: This study was conducted using a systematic literature search of MEDLINE, EMBASE, and the Cochrane Library 
until November 2018 using the primary keywords “obesity,” “overweight,” “body mass index (BMI),” “body weight,” “liver,” 
“cancer,” “hepatocellular carcinoma,” “liver cancer,” “risk,” and “mortality.” Studies assessing the relationship between 
BMI and occurrence of or mortality from primary liver cancer in prospective cohorts and those reporting hazard ratios 
(HRs) or data that allow HR estimation were included.
Results: A total of 28 prospective cohort studies with 8,135,906 subjects were included in the final analysis. These 
included 22 studies with 6,059,561 subjects for cancer occurrence and seven studies with 2,077,425 subjects for cancer-
related mortality. In the meta-analysis, an increase in BMI was associated with the occurrence of primary liver cancer (HR, 
1.69; 95% confidence interval, 1.50–1.90, I2=56%). A BMI-dependent increase in the risk of occurrence of primary liver 
cancer was reported. HRs were 1.36 (95% CI, 1.02–1.81), 1.77 (95% CI, 1.56–2.01), and 3.08 (95% CI, 1.21–7.86) for BMI >25 
kg/m2, >30 kg/m2, and >35 kg/m2, respectively. Furthermore, increased BMI resulted in enhanced liver cancer-related 
mortality (HR, 1.61; 95% CI, 1.14–2.27, I2=80%).
Conclusions: High BMI increases liver cancer mortality and occurrence of primary liver cancer. Obesity is an independent 
risk factor for the occurrence of and mortality from primary liver cancer. (Clin Mol Hepatol 2021;27:157-174)
Keywords: Obesity; Liver cancer; Carcinoma, Hepatocellular; Risk; Mortality

Study Highlights
1. An increase in BMI was associated with the occurrence of primary liver cancer (HR, 1.69).
2. A BMI-dependent occurrence of primary liver cancer was reported. HRs were 1.36, 1.77, and 3.08 for BMI >25 kg/m2, >30 kg/m2, and >35 kg/m2, re-
spectively.
3. Increased BMI resulted in enhanced liver cancer-related mortality (HR, 1.61).
4. Obesity is an independent risk factor for the occurrence of and mortality from primary liver cancer.
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MATERIALS AND METHODS

Search strategy

We searched for all relevant studies published from January 

1990 to November 2018 that investigated the relationship be-

tween obesity and risk of primary liver cancer. We used MEDLINE, 

EMBASE, and Cochrane Library databases. The fundamental con-

cept of the data search for the systematic review and meta-analy-

sis was as follows: (obesity) OR (obese) OR (overweight) OR (body 

weight) OR (body mass index) AND (hepatocellular carcinoma) OR 

([liver] AND [cancer] AND [‘risk’ OR ‘mortality’]). However, there 

were slight differences in the detailed searching methods among 

the three databases, as each database has its own search formu-

la. The detailed search methods used for each database are de-

scribed in the Supplementary Material 1. Further, reference lists of 

the searched articles were checked to identify additional studies. 

All human studies written in English were examined, and the lat-

est date for searching the relevant studies was November 8, 2018.

Study selection

First, we checked the titles and abstracts of the selected papers 

to exclude irrelevant articles. Second, the complete text of all se-

lected researches was reviewed based on the inclusion and exclu-

sion criteria. The inclusion criteria were: 1) patients: the subjects 

who participated in the studies on primary liver cancer; 2) inter-

vention: obesity; 3) comparator: non-obese subjects; 4) outcome: 

occurrence or cancer-related mortality of primary liver cancer in-

cluding HCC; and 5) study design: prospective cohort study. We 

excluded irrelevant studies according to the following criteria:  

1) publications in a language other than English; 2) abstract-only 

publications or unpublished studies; 3) non-original articles; and 

4) animal studies. In case of overlapping cohorts, we included 

only one study that had the largest number of subjects and ex-

cluded the other studies. In this meta-analysis, we included stud-

ies that presented hazard ratios (HRs) estimated using Cox pro-

portional hazards model, because this model is suitable for 

analyzing cancer occurrence and cancer-related mortality. Previ-

ous meta-analyses for the relationship between obesity and pri-

mary liver cancer were reported before 2012.11-13 The present 

study included original studies published after 2012 in addition to 

the studies included in the previous meta-analyses. However, 

among the studies included in the previous meta-analyses, we ex-

cluded several retrospective studies, overlapping cohort studies, 

and studies that were not analyzed using Cox proportional hazard 

model. The eligibility of the studies was independently assessed 

by two reviewers (W. Sohn and S. Lee). In case of disagreement, 

we re-reviewed the studies and determined whether they were 

relevant for the final analysis based on discussion and consensus. 

A third investigator (H.W. Lee) determined the eligibility if the 

suitability of a study could not be determined even after re-evalu-

ation.

A formal quality assessment of studies was performed to under-

stand the risk of bias in each study. The methodological quality of 

the studies was independently evaluated by two investigators (W. 

Sohn and S. Lee) using the Newcastle-Ottawa scale for observa-

tional study.14 The scoring scale comprised three categories, 

namely, selection (four questions), comparability of study groups 

(two questions), and ascertainment of exposure or outcome (three 

questions). A cumulative score of more than 7 was reflective of 

the high quality of the study.15-17 

Data extraction

Two reviewers (W. Sohn and S. Lee) independently extracted 

the necessary information and filled up the data form for analysis. 

The variables for the analysis were author, region, publication 

year, study period, definition of overweight or obesity according 

to BMI, number of subjects, hepatitis B virus status, hepatitis C 

virus status, use of alcohol, diabetes mellitus, and the parameters 

adjusted in each study.

The primary endpoint was the occurrence of primary liver can-

cer, including HCC. We assessed the primary endpoint as HR with 

95% confidence interval (CI) by comparing the subjects with/

without obesity or being overweight. The secondary end point 

was liver cancer-related mortality and was evaluated by HR with 

95% CI.

Statistical analysis

Meta-analyses were performed to calculate pooled HRs with 

95% CIs.18 A random effect model was used in the meta-analysis. 

Subgroup analysis was performed according to cut-off values of 

BMI because the definitions of obesity were different from each 

other. Obesity group was defined based on cut-off values of BMI: 

>35 kg/m2, >30 kg/m2, and >25 kg/m2. We categorized obesity 

group of the studies with cut-off values of BMI >27.5 kg/m2 and 

>27 kg/m2 as obesity group with a cut-off value of BMI >25 kg/m2,  

because there was only a small number of studies with these cut-



160 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2020.0176

Volume_27  Number_1  January 2021

off values of. We also performed subgroup analyses according to 

ethnic group (Asian vs. non-Asian) and viral hepatitis (hepatitis B 

virus or hepatitis C virus). Statistical heterogeneity was assessed 

using I 2 statistics, with values >50% suggestive of significant het-

erogeneity.19 Publication bias was examined using the Egger’s re-

gression test20 and was also qualitatively assessed by inspecting 

funnel plots of the logarithmic HR versus their standard errors.21 

The test for funnel plot asymmetry was not conducted if the in-

cluded studies were fewer than 10.22 To assess the effect of mean 

age and male proportion of study participants on the effect size, 

meta-regression analysis based on a random-effects model was 

performed. All P-values were two-tailed, and a value of P<0.05 

was considered statistically significant in all tests (except for the 

heterogeneity and Egger’s regression tests). Analysis and report-

ing were performed according to the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses guidelines.23 All statis-

tical procedures were conducted using the statistical software Re-

view Manager 5.3 (version 5.3.5; Cochrane Collaboration, Copen-

hagen, Denmark), with the exception of the meta-regression and 

publication bias analyses, which were performed using R (version 

4.0.2; R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Study selection

A flow diagram of our literature search is shown in Figure 1. In 

summary, 4,108 studies were evaluated in our literature search 

and 1,055 duplicate articles were excluded from the three search 

engines. In addition, 2,840 other irrelevant articles were excluded 

based on the titles and abstracts. Two reviewers independently 

evaluated the complete text of the 213 remaining articles for their 

eligibility. Thereafter, 185 articles were excluded for the following 

reasons: study did not report relevant outcomes (n=140), non-

prospective studies (n=17), abstract only (n=11), non-original arti-

cles (n=9), cohort overlap between studies (n=7), and non-cohort 

studies (n=1). Finally, 28 studies with 8,135,906 subjects were se-

Figure 1. Flow diagram of the studies included in the meta-analysis.
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lected for the systematic review and meta-analysis.24-51 

Study characteristics

The characteristics of the included studies for meta-analysis are 

described in Table 1. These studies were published between 2003 

and 2018, and the enrollment period ranged from 1972 to 2013. 

The regions where the studies were conducted included the USA 

(n=5), Europe (n=10), and Asia (n=13). According to the Newcas-

tle-Ottawa scale, 79% (22/28) of the studies were deemed to be 

of high quality (score ≥7).

Table 2 shows the clinical characteristics of the subjects in the 

included studies. Seven studies reported clinical outcomes (prima-

ry or secondary endpoint) separately only based on sex. There-

fore, we considered these studies as different reports and per-

formed the meta-analysis based on the population of men and 

women. The obesity group was defined based on a BMI of >35 

kg/m2 in four studies, >30 kg/m2 in 23 studies, >27.5 kg/m2 in 

two studies, >27 kg/m2 in one study, and >25 kg/m2 in five stud-

ies. While HRs for liver cancer occurrence were reported in 26 

studies, those for cancer-related mortality were reported in 10 

studies. One study showed HRs for both the occurrence of and 

Table 1. Characteristics of the studies included in the meta-analysis

Study Region Study period Number of subjects Male (%)
Newcastle-Ottawa scale

Selection Comparability Outcome

Calle et al.24 (2003) USA 1982–1988 900,053 45.0 **** * ***

Batty et al.25 (2005) UK 1967–2002 18,403 100.0 *** * **

Kuriyama et al.26 (2005) Japan 1984–1992 27,539 45.3 *** * **

Rapp et al.27 (2005) Austria 1985–2002 145,931 46.2 *** * **

N’Kontchou et al.28 (2006) France 1994–2004 771 64.3 **** ** *

Jee et al.29 (2008) Korea 1992–2006 1,213,829 63.5 *** * *

Joshi et al.30 (2008) Korea 1998–2004 548,530 100.0 *** ** **

Inoue et al.31 (2009) Japan 1993–2006 17,590 34.6 **** ** **

Wang et al.32 (2009) Taiwan 1997–2004 5,929 43.5 *** ** **

Hart et al.33 (2010) Scotland 1965–2007 26,738 61.8 **** * ***

Chao et al.34 (2011) Taiwan 1989–2006 1,142 100.0 **** ** ***

Hung et al.35 (2011) Taiwan 1999–2009 1,470 52.1 **** ** ***

Borena et al.36 (2012) Europe 1972–2006 578,700 50.1 **** * ***

Chen et al.37 (2013) Taiwan 2004–2007 56,231 30.9 **** ** **

Li et al.38 (2013) Japan 1988–2009 72,473 42.8 **** * ***

Loomba et al.39 (2013) Taiwan 1991–2004 23,712 50.3 **** ** ***

Song et al.40 (2014) Europe 1972–2008 54,725 48.7 **** * ***

Meyer et al.41 (2015) Europe 1977–2008 35,784 47.2 **** * **

Campbell et al.42 (2016) USA 1980–2011 1,570,023 40.8 *** * **

Liu et al.43 (2016) China 1996–2013 68,253 0.0 **** * **

Setiawan et al.44 (2016) USA 1993–2010 168,476 46.3 **** * ***

McMahon et al.45 (2017) USA 1995–2012 1,080 49.3 **** ** **

Nderitu et al.46 (2017) Sweden 1985–2011 65,224 57.2 **** * **

Yang et al.47 (2017) USA 1995–2011 297,928 58.5 *** * **

Brichler et al.48 (2019) France 2006–2012 317 82.3 **** ** **

Hagström et al.49 (2018) Sweden 1969–2012 1,220,261 100.0 **** * **

Jeong et al.50 (2018) Korea 2002–2013 510,148 54.3 **** * ***

Yi et al.51 (2018) Korea 2002–2013 504,646 54.3 **** ** **
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mortality from primary liver cancer.45 The adjustable variables for 

primary or secondary endpoint were factors such as age, sex, al-

cohol, and smoking.

Occurrence of and cancer-related mortality from 
primary liver cancer

Figure 2 indicates the meta-analysis of the occurrence of and 

mortality from primary liver cancer in the included studies. The 

pooled HR for the occurrence of primary liver cancer was 1.69 

(95% CI, 1.50–1.9, I 2=56%) (Fig. 2A). A BMI-dependent increase 

in the risk of occurrence of primary liver cancer was reported. The 

values of HRs were 1.36 (95% CI, 1.02–1.81), 1.77 (95% CI, 

1.56–2.01), and 3.08 (95% CI, 1.21–7.86) for BMI >25 kg/m2, 

>30 kg/m2, and >35 kg/m2, respectively. The value of pooled HR 

was 1.61 (95% CI, 1.14–2.27, I 2=80%) for cancer-related mortali-

Figure 2. Forest plots of all the studies analyzing the occurrence (A) and cancer-related mortality (B) from primary liver cancer. SE, standard error; CI, 
confidence interval; BMI, body mass index. 

Study of subgroup Log (hazard ratio) SE Weight (%)
Hazard ratio

IV, random, 95% CI
Hazard ratio

IV, random, 95% CI

1.1.1 BMI ≥35 kg/m2

Song et al.40 (2014), men 1.459 0.61 0.9 4.30 (1.30, 14.22)
Song et al.40 (2014), women 0.593 0.77 0.6 1.81 (0.40, 8.18)
Subtotal (95% CI) 1.5 3.08 (1.21, 7.86)
Heterogeneity: Tau2=0.00; chi2=0.78, df=1 (P=0.38); I2=0%
Test for overall effect: Z=2.35 (P=0.02)

1.1.2 BMI ≥30 kg/m2

Rapp et al.27 (2005) 0.513 0.408 1.8 1.67 (0.75, 3.72)
N’Kontchou et al.28 (2006) 1.03 0.172 5.3 2.80 (2.00, 3.92)
Jee et al.29 (2008), men 0.489 0.127 6.5 1.63 (1.27, 2.09)
Jee et al.29 (2008), women 0.329 1.68 5.4 1.39 (1.00, 1.93)
Wang et al.32 (2009) 0.531 0.261 3.5 1.70 (1.02, 2.84)
Borena et al.36 (2012) 0.728 0.161 5.6 2.07 (1.51, 2.84)
Loomba et al.39 (2013) 0.385 0.223 4.1 1.47 (0.95, 2.28)
Meyer et al.41 (2015) 0.793 0.32 2.6 2.21 (1.18, 4.14)
Campbell et al.42 (2016) 0.56 0.059 8.3 1.75 (1.56, 1.97)
Liu et al.43 (2016) 0.673 0.276 3.2 1.96 (1.14, 3.37)
Setiawan et al.44 (2016), men 0.599 0.168 5.4 1.82 (1.31, 2.53)
Setiawan et al.44 (2016), women 0.278 0.237 3.9 1.32 (0.83, 2.10)
Hagström et al.49 (2018) 1.278 0.338 2.4 3.59 (1.85, 6.96)
McMahon et al.45 (2017) 0.058 0.383 2.0 1.06 (0.50, 2.24)
Nderitu et al.46 (2017) 0.718 0.366 2.2 2.05 (1.00, 4.20)
Yang et al.47 (2017) 0.784 0.154 5.8 2.19 (1.62, 2.96)
Brichler et al.48 (2019) 0.982 0.481 1.4 2.67 (1.04, 6.85)
Yi et al.51 (2018) 0.157 0.117 6.8 1.17 (0.93, 1.47)
Subtotal (95% CI) 76.2 1.77 (1.56, 2.01)
Heterogeneity: Tau2=0.03; chi2=34.63, df=17 (P=0.007); I2=51%
Test for overall effect: Z=8.82 (P<0.00001)

1.1.3 BMI ≥25 kg/m2

Kuriyama et al.26 (2005), men 0.131 0.463 1.5 1.14 (0.46, 2.82)
Kuriyama et al.26 (2005), women -0.094 0.566 1.1 0.91 (0.30, 2.76)
Inoue et al.31 (2009) 0.798 0.228 4.0 2.22 (1.42, 3.47)
Chao et al.34 (2011) 0.457 0.158 5.7 1.58 (1.16, 2.15)
Hung et al.35 (2011) 0.27 0.23 4.0 1.31 (0.83, 2.06)
Chen et al.37 (2013) -0.02 0.143 6.1 0.98 (0.74, 1.30)
Subtotal (95% CI) 22.3 1.36 (1.02, 1.81)
Heterogeneity: Tau2=0.06; chi2=11.36, df=5 (P=0.04); I2=56%
Test for overall effect: Z=2.10 (P=0.04)

Total (95% CI) 100.0 1.69 (1.50, 1.91)
Heterogeneity: Tau2=0.04; chi2=56.45, df=25 (P=0.0003); I2=56%
Test for overall effect: Z=8.45 (P<0.00001)    0.05                0.2                             1                             5                     20
Test for suborouo differences: chi2=4.22, df=2 (P=0.12); I2=52.6% Favours (obese)           Favours (non-obese)

A
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ty of primary liver cancer (Fig. 2B). A relationship seemed to exist 

between BMI and mortality from primary liver cancer. The values 

of HRs were 1.25 (95% CI, 0.97–1.61), 1.37 (95% CI, 0.93–2.02), 

and 2.82 (95% CI, 1.07–7.43) for BMI >25 kg/m2, >30 kg/m2, and 

>35kg/m2, respectively.

Primary and secondary endpoints were evaluated for Asian sub-

jects and non-Asian subjects (Fig. 3). The pooled HR for the oc-

currence of primary liver cancer was 1.42 (95% CI, 1.23–1.63, 

I 2=37%) (Fig. 3A) among Asian subjects. A BMI-dependent in-

crease in the risk of occurrence of primary liver cancer was ob-

served in Asian subjects; the HR values were 1.36 (95% CI, 1.02–

1.82) and 1.44 (95% CI, 1.24–1.67) for BMI >25 and >30 kg/m2, 

respectively. Among Asian subjects, the pooled HR was 1.24 

(95% CI, 1.05–1.46, I 2=0%) for mortality from primary liver can-

cer (Fig. 3B); the HR values were 1.25 (95% CI, 0.97–1.61) and 

1.23 (95% CI, 0.98–1.53) for BMI >25 and >30 kg/m2, respec-

tively. The pooled HR for the occurrence of primary liver cancer 

was 2.00 (95% CI, 1.73–2.31, I 2=32%) among non-Asian sub-

jects (Fig. 3C). A BMI-dependent increase in the risk of occurrence 

of primary liver cancer was also observed in non-Asian subjects; 

the HR values were 1.98 (95% CI, 1.71–2.29) and 3.08 (95% CI, 

1.21–7.86) for BMI >30 and >35 kg/m2, respectively. Among non-

Asian subjects, the pooled HR was 2.10 (95% CI, 1.03–4.26, 

I 2=85%) for mortality from primary liver cancer (Fig. 3D); the HR 

values were 1.75 (95% CI, 0.71–4.31) and 2.82 (95% CI, 1.07–

7.43) for BMI >30 and >35 kg/m2, respectively. We also assessed 

cancer occurrence in five studies on patients with viral hepatitis 

(hepatitis B virus or hepatitis C virus), which is a high-risk popula-

tion for primary liver cancer (Supplementary Fig. 1). The HR for 

cancer occurrence in patients with viral hepatitis was 1.76 (95% 

CI, 1.22–2.54, I 2=66%), and this value was higher than that re-

ported for the whole population. A BMI-dependent increase in 

the risk of occurrence of primary liver cancer among patients with 

viral hepatitis was observed (Supplementary Fig. 1A); the HR val-

ues were 1.49 (95% CI, 1.15–1.92) and 2.07 (95% CI, 1.11–3.85) 

for BMI >25 and >30 kg/m2, respectively.

Study of subgroup Log (hazard ratio) SE Weight (%)
Hazard ratio

IV, random, 95% CI
Hazard ratio

IV, random, 95% CI

1.2.1 BMI ≥35 kg/m2

Calle et al.24 (2003), men 1.509 0.219 11.7 4.52 (2.94, 6.95)
Calle et al.24 (2003), women 0.519 0.302 10.0 1.68 (0.93, 3.04)
Subtotal (95% CI) 21.7 2.82 (1.07, 7.43)
Heterogeneity: Tau2=0.42; chi2=7.04, df=1 (P=0.008); I2=86%
Test for overall effect: Z=2.09 (P=0.04)

1.2.2 BMI ≥30 kg/m2

Batty et al.25 (2005) 1.324 0.519 6.4 3.76 (1.36, 10.39)
Joshi et al.30 (2008) 0.077 0.244 11.2 1.08 (0.67, 1.74)
Hart et al.33 (2010), men 1.115 0.423 7.8 3.05 (1.33, 6.99)
Hart et al.33 (2010), women 0.104 0.781 3.7 1.11 (0.24, 5.13)
McMahon et al.45 (2017) -0.236 0.233 11.4 0.79 (0.50, 1.25)
Jeong et al.50 (2018) 0.239 0.127 13.2 1.27 (0.99, 1.63)
Subtotal (95% CI) 53.7 1.37 (0.93, 2.02)
Heterogeneity: Tau2=0.12; chi2=13.22, df=5 (P=0.02); I2=62%
Test for overall effect: Z=1.59 (P=0.11)

1.2.3 BMI ≥25 kg/m2

Li et al.38 (2013), men 0.14 0.166 12.6 1.15 (0.83, 1.59)
Li et al.38 (2013), women 0.351 0.205 11.9 1.42 (0.95, 2.12)
Subtotal (95% CI) 24.6 1.25 (0.97, 1.61)
Heterogeneity: Tau2=0.00; chi2=0.64, df=1 (P=0.42); I2=0%
Test for overall effect: Z=1.73 (P=0.08)

Total (95% CI) 100.0 1.61 (1.14, 2.27)
Heterogeneity: Tau2=0.22; chi2=45.09, df=9 (P<0.00001); I2=80%
Test for overall effect: Z=2.70 (P=0.007)  0.1          0.2                   0.5              1                2                      5             10
Test for suborouo differences: chi2=2.55, df=2 (P=0.28); I2=21.7% Favours (obese)            Favours (non-obese)

Figure 2. Continued.

B
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A

B

Figure 3. Subgroup analysis according to ethnic group (Asian vs. non-Asian): the occurrence of (A, C) and cancer-related mortality (B, D) from primary 
liver cancer in Asian subjects (A, B) and non-Asian subjects (C, D). SE, standard error; CI, confidence interval; BMI, body mass index.

Study of subgroup Log (hazard ratio) SE Weight (%)
Hazard ratio

IV, random, 95% CI
Hazard ratio

IV, random, 95% CI

2.1.1 BMI ≥30 kg/m2

Jee et al.29 (2008), men 0.489 0.127 14.0 1.63 (1.27, 2.09)
Jee et al.29 (2008), women 0.329 0.168 10.6 1.39 (1.00, 1.93)
Wang et al.32 (2009) 0.531 0.261 5.9 1.70 (1.02, 2.84)
Loomba et al.39 (2013) 0.385 0.223 7.4 1.47 (0.95, 2.28)
Liu et al.43 (2016) 0.658 0.269 5.5 1.93 (1.14, 3.27)
Yi et al.51 (2018) 0.157 0.117 15.0 1.17 (0.93, 1.47)
Subtotal (95% CI) 58.3 1.44 (1.24, 1.67)
Heterogeneity: Tau2=0.00; chi2=5.74, df=5 (P=0.33); I2=13%
Test for overall effect: Z=4.89 (P<0.00001)

2.1.2 BMI ≥25 kg/m2

Kuriyama et al.26 (2005), men 0.131 0.463 2.2 1.14 (0.46, 2.82)
Kuriyama et al.26 (2005), women -0.094 0.566 1.5 0.91 (0.30, 2.76)
Inoue et al.31 (2009) 0.798 0.228 7.1 2.22 (1.42, 3.47)
Chao et al.34 (2011) 0.457 0.158 11.3 1.58 (1.16, 2.15)
Hung et al.35 (2011) 0.27 0.233 6.9 1.31 (0.83, 2.07)
Chen et al.37 (2013) -0.02 0.143 12.5 0.98 (0.74, 1.30)
Subtotal (95% CI) 41.7 1.36 (1.02, 1.82)
Heterogeneity: Tau2=0.06; chi2=11.36, df=5 (P=0.04); I2=56%
Test for overall effect: Z=2.10 (P=0.04)

Total (95% CI) 100.0 1.42 (1.23, 1.63)
Heterogeneity: Tau2=0.02; chi2=17.56, df=11 (P=0.09); I2=37%
Test for overall effect: Z=4.83 (P<0.00001)     0.1         0.2                  0.5              1                2                     5             10
Test for suborouo differences: chi2=0.12, df=1 (P=0.73); I2=0%                             Favours (obese)            Favours (non-obese)

Study of subgroup Log (hazard ratio) SE Weight (%)
Hazard ratio

IV, random, 95% CI
Hazard ratio

IV, random, 95% CI

2.2.1 BMI ≥30 kg/m2

Joshi et al.30 (2008) 0.077 0.244 12.1 1.08 (0.67, 1.74)
Jeong et al.50 (2018) 0.239 0.127 44.6 1.27 (0.99, 1.63)
Subtotal (95% CI) 56.7 1.23 (0.98, 1.53)
Heterogeneity: Tau2=0.00; chi2=0.35, df=1 (P=0.56); I2=0%
Test for overall effect: Z=1.82 (P=0.07)

2.2.2 BMI ≥25 kg/m2

Li et al.38 (2013), men 0.14 0.166 26.1 1.15 (0.83, 1.59)
Li et al.38 (2013), women 0.351 0.205 17.1 1.42 (0.95, 2.12)
Subtotal (95% CI) 43.3 1.25 (0.97, 1.61)
Heterogeneity: Tau2=0.00; chi2=0.64, df=1 (P=0.42); I2=0%
Test for overall effect: Z=1.73 (P=0.08)

Total (95% CI) 100.0 1.24 (1.05, 1.46)
Heterogeneity: Tau2=0.00; chi2=1.00, df=3 (P=0.80); I2=0%
Test for overall effect: Z=2.51 (P=0.01)     0.1         0.2                  0.5              1                2                     5             10
Test for suborouo differences: chi2=0.01, df=1 (P=0.91); I2=0%                             Favours (obese)            Favours (non-obese)
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Figure 3. Continued.

Study of subgroup Log (hazard ratio) SE Weight (%)
Hazard ratio

IV, random, 95% CI
Hazard ratio

IV, random, 95% CI
2.3.1 BMI ≥35 kg/m2

Song et al.40 (2014), men 1.459 0.61 1.4 4.30 (1.30, 14.22)
Song et al.40 (2014), women 0.593 0.77 0.9 1.81 (0.40, 8.18)
Subtotal (95% CI) 2.2 3.08 (1.21, 7.86)
Heterogeneity: Tau2=0.00; chi2=0.78, df=1 (P=0.38); I2=0%
Test for overall effect: Z=2.35 (P=0.02)

2.3.2 BMI ≥30 kg/m2

Rapp et al.27 (2005) 0.513 0.406 2.9 1.67 (0.75, 3.72)
N’Kontchou et al.28 (2006) 1.03 0.172 11.0 2.80 (2.00, 3.92)
Borena et al.36 (2012) 0.728 0.161 11.9 2.07 (1.51, 2.84)
Meyer et al.41 (2015) 0.793 0.32 4.4 2.21 (1.18, 4.14)
Campbell et al.42 (2016) 0.56 0.059 23.9 1.75 (1.56, 1.97)
Setiawan et al.44 (2016), men 0.599 0.168 11.3 1.82 (1.31, 2.53)
Setiawan et al.44 (2016), wemen 0.278 0.237 7.1 1.32 (0.83, 2.10)
Hagström et al.49 (2018) 1.278 0.338 4.0 3.59 (1.85, 6.96)
McMahon et al.45 (2017) 0.058 0.383 3.2 1.06 (0.50, 2.24)
Nderitu et al.46 (2017) 0.718 0.366 3.5 2.05 (1.00, 4.20)
Yang et al.47 (2017) 0.784 0.154 12.5 2.19 (1.62, 2.96)
Brichler et al.48 (2019) 0.982 0.481 2.1 2.67 (1.04, 6.86)
Subtotal (95% CI) 97.8 1.98 (1.71, 2.29)
Heterogeneity: Tau2=0.02; chi2=17.26, df=11 (P=0.10); I2=36%
Test for overall effect: Z=9.18 (P<0.00001)

Total (95% CI) 100.0 2.00 (1.73, 2.31)
Heterogeneity: Tau2=0.02; chi2=19.09, df=13 (P=0.12); I2=32%
Test for overall effect: Z=9.50 (P<0.00001)   0.1         0.2                  0.5              1                2                     5             10
Test for suborouo differences: chi2=0.83, df=1 (P=0.36); I2=0%                             Favours (obese)            Favours (non-obese)

Study of subgroup Log (hazard ratio) SE Weight (%)
Hazard ratio

IV, random, 95% CI
Hazard ratio

IV, random, 95% CI

2.4.1 BMI ≥35 kg/m2

Calle et al.24 (2003), men 1.509 0.219 19.8 4.52 (2.94, 6.95)
Calle et al.24 (2003), women 0.519 0.302 18.6 1.68 (0.93, 3.04)
Subtotal (95% CI) 38.4 2.82 (1.07, 7.43)
Heterogeneity: Tau2=0.42; chi2=7.04, df=1 (P=0.0006); I2=86%
Test for overall effect: Z=2.09 (P=0.04)

2.4.2 BMI ≥30 kg/m2

Batty et al.25 (2005) 1.324 0.519 14.8 3.76 (1.36, 10.39)
Hart et al.33 (2010), men 1.115 0.423 16.5 3.05 (1.33, 6.99)
Hart et al.33 (2010), women 0.104 0.781 10.7 1.11 (0.24, 5.13)
McMahon et al.45 (2017) -0.236 0.233 19.6 0.79 (0.50, 1.25)
Subtotal (95% CI) 61.6 1.75 (0.71, 4.31)
Heterogeneity: Tau2=0.61; chi2=12.84, df=3 (P=0.005); I2=77%
Test for overall effect: Z=1.22 (P=0.22)

Total (95% CI) 100.0 2.10 (1.03, 4.26)
Heterogeneity: Tau2=0.61; chi2=33.11, df=5 (P<0.00001); I2=85%
Test for overall effect: Z=2.05 (P=0.04)  0.1          0.2                   0.5              1                2                      5             10
Test for suborouo differences: chi2=0.50, df=1 (P=0.48); I2=0%                             Favours (obese)            Favours (non-obese)

C

D
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Publication bias

Egger’s regression test showed no significant publication bias in 

cancer occurrence and cancer-related mortality in the whole pop-

ulation (P=0.652 and P=0.490, respectively). Furthermore, no 

asymmetry was observed on visual inspection of the funnel plots 

(Supplementary Fig. 2).

Meta-regression analysis

Supplementary Figure 3 shows the results of meta-regression 

analysis for predicting HR for incidence or mortality according to 

mean age of the included studies. The mean age in each study 

was not associated with the risk of primary liver cancer occur-

rence or mortality (increased HR per 1 year-old of age: incidence, 

0.998 [95% CI, 0.976–1.021]; mortality, 1.021 [0.965–1.079]). 

There was no significant difference in the relationship between 

obesity and the occurrence of and mortality from primary liver 

cancer according to age. As shown in Supplementary Figure 4, 

the proportion of males was also not associated with the risk of 

primary liver cancer occurrence or mortality (increased HR per one 

percentage of male proportion: incidence, 1.003 [95% CI, 0.998–

1.009]; mortality, 1.004 [0.996–1.013]). There was no significant 

difference in the relationship between obesity and the occurrence 

of and mortality from primary liver cancer according to sex.

DISCUSSION

The present systematic review and meta-analysis were conduct-

ed to clarify whether obesity is an independent risk factor for the 

occurrence of and mortality from primary liver cancer. A total of 

28 prospective cohort studies were finally included for the analy-

sis. Obesity is defined based on BMI, and the findings of this 

study indicate that a high BMI value increases the risk of occur-

rence of and mortality from primary liver cancer. Furthermore, a 

BMI-dependent increase was observed for the risk of the occur-

rence of and mortality from primary liver cancer.

According to the World Health Organization report, an estimat-

ed 2.8 million people die each year worldwide owing to excess 

weight or obesity and 35.8 million global disability-adjusted life 

years result from by excess weight and obesity.52 The risk for de-

veloping cardiovascular diseases such as coronary heart disease 

and cerebrovascular disease and metabolic diseases such as type 

2 diabetes mellitus consistently increase with an increase in BMI. 

The increased BMI raises the risk of cancers of the breast, colon, 

prostate, endometrium, kidney, and gall bladder.52

Mechanisms of hepatocarcinogenesis in obesity are thought to 

be as follows: First, the liver is a major organ for fat storage. Pro-

inflammatory cytokines (i.e., tumor necrosis factor-alpha and in-

terleukin-6) secreted by the adipose tissue are oncogenic signal-

ing mediators of liver cancer.53 The pro-inflammatory action of 

adipokines (i.e., leptin) and lipotoxicity induce carcinogenesis 

through proliferation or oncogenic mutations as well as inflamma-

tory response.54 Second, insulin resistance or hyperinsulinemia is 

an important feature of cell proliferation accompanied with obesi-

ty.55 Finally, obesity induces changes in the gut microbiome that 

contribute to carcinogenesis. For instance, deoxycholic acid in-

duced by intestinal microbiome leads to DNA damage and influ-

ences cancer development in obese mice.56

However, the role of obesity as a risk factor of primary liver can-

cer is not clearly understood through clinical data, although 

NAFLD, a disease that develops in response to increased BMI, is a 

cause of primary liver cancer. The most common etiology of pri-

mary liver cancer is chronic hepatitis B or C infection and chronic 

alcohol consumption, while NAFLD-related primary liver cancer 

only affects a small percentage of patients.57 In recent years, obe-

sity has gained attention as a risk factor of primary liver cancer, 

owing to an increase in its prevalence. Many studies including few 

meta-analyses have evaluated the effect of obesity on the risk of 

primary liver cancer. However, the findings of these studies may 

involve a risk of bias because most of them were conducted using 

retrospective cohorts as case-control studies. There exist some 

differences in the evaluation of the risk of cancer in each study, 

including relative risk (RR), odds ratio (OR), and HR. Moreover, the 

OR-related RR was considered the same as HR-related RR in some 

meta-analyses. Hence, this systematic review and meta-analysis 

included only prospective cohort studies that reported HR, which 

is useful when the risk is not constant with respect to time.

The main finding of this study is that high BMI increases the oc-

currence of primary liver cancer. In particular, a BMI-dependent 

increase in the risk of occurrence of primary liver cancer was re-

ported with pooled HRs of 1.36, 1.77, and 3.08 for BMI >25, 

>30, and >35 kg/m2, respectively. This finding is consistent with 

that reported in previous meta-analyses.11-13 The previous meta-

analyses were conducted based on the original studies before 

2012. The present meta-analysis included original studies after 

2012 in addition to the studies included in the previous meta-

analyses. Therefore, we performed a meta-analysis for cancer oc-

currence and cancer-related mortality according to the publication 
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year of the included studies (before 2012/after 2012). The results 

are shown in Supplementary Figure 5. The pooled HR for the oc-

currence of primary liver cancer in subjects with BMI >30 kg/m2 in 

the studies before and after the publication year 2012 was 1.85 

(95% CI, 1.49–2.30, I 2=52%) and 1.73 (95% CI, 1.47–2.04, 

I 2=53%), respectively. These results were consistent with those of 

the included studies regardless of the publication year. The sec-

ondary endpoint of this study was the mortality related to primary 

liver cancer. An increase in BMI was found to correlate with a rise 

in liver cancer-related mortality. Thus, obesity increases liver can-

cer-related mortality as well as the risk of occurrence of primary 

liver cancer.

The criteria of obesity in Asian people are different from those 

in Western people.58 We evaluated the differences in the effect of 

obesity on primary liver cancer in Asian and non-Asian subjects. 

Among Asian subjects, an increase in BMI resulted in a rise in the 

occurrence of and mortality related to primary liver cancer. More-

over, this study showed that high BMI increases cancer occurrence 

and cancer-related mortality in subjects with hepatitis B or C, 

which are high-risk groups for primary liver cancer. Considering 

these findings, obesity may serve as an independent factor for the 

occurrence and cancer-related mortality regardless of region and 

viral hepatitis.

This study has several limitations. First, it included studies that 

reported BMI as a categorical variable. We could not include 

those studies that reported the relationship between clinical out-

comes and BMI as a continuous variable because it is not possible 

to integrate both categorical and continuous variables. Second, 

obesity was defined based on BMI. Obesity may be assessed 

more accurately if body fat measurement was carried out using 

other methods such as bioelectrical impedance analysis. Finally, 

this study showed that the risk of the occurrence of and mortality 

from primary liver cancer increased as BMI increased (>25 kg/m2). 

However, low BMI was associated with poor prognosis in patients 

with liver disease other than liver cancer. Yi et al.59 reported that 

the mortality from alcoholic liver disease was significantly high in 

male subjects with lower BMI (<21 kg/m2). Further studies are 

needed to clarify the diverse effect of BMI on the prognosis in pa-

tients with liver disease considering etiology, sex, and alcohol 

consumption. In spite of these limitations, the findings established 

herein provide evidence for the effect of obesity on primary liver 

cancer based on prospective cohort studies.

In conclusion, high BMI increases liver cancer mortality and oc-

currence of primary liver cancer. Obesity is an independent risk 

factor for the occurrence of and mortality associated with primary 

liver cancer.
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INTRODUCTION

Cirrhosis of liver is an important cause for morbidity and mor-

tality in all parts of the world. The prevalence of cirrhosis based 

on autopsy reports worldwide ranges from 4.5% to 9.5% in vari-

ous population studies.1-3 Globally, the disease specific death rate 

due to liver cirrhosis (LC) has increased from 1.5% to 1.9% from 

1980 to 2010 and reached 2.4% in 2017. Asian data shows that 

in recent years, the mortality among cirrhotic patients was in-

creasing because of alcohol as the etiology of liver disease.4-6

The etiology and spectrum of liver diseases varies from region 

to region and from developed to developing countries.7,8 Alcohol 

is the most common etiology worldwide9-11 and in the East, hepa-

totrophic viruses (hepatitis B virus [HBV] and hepatitis C virus 

[HCV]) related chronic liver diseases had been more prevalent in 

the past. With the availability of better treatment options for viral 

related liver diseases and life style changes, the share of alcohol 

and nonalcoholic steatohepatitis (NASH) related liver diseases are 

rapidly increasing in the East as well.12-15 Ascites, sepsis, hepatic 

encephalopathy (HE), hepatocellular carcinoma (HCC), spontane-

ous bacterial peritonitis (SBP), hepatorenal syndrome (HRS), vari-

ceal bleeding are the major cirrhosis related complications neces-

sitating hospitalization with significant increase in morbidity, 

mortality and financial burden.16,17

Though the literature is sparse from the Indian subcontinent,5,18 

the available data suggests a change in spectrum of liver diseases 

and related complications with time and also there is an increase 

in the share of ethanol related cirrhosis.19 Further, there is limited 

literature evaluating the long-term outcomes of cirrhotic patients 

who require hospitalization due to any liver related complications. 

The present study was undertaken to assess the current trends of 

etiology, complications as well as drivers of 1 year mortality for LC 

Background/Aims: Liver cirrhosis is an important cause of morbidity and mortality globally. Every episode of 
decompensation and hospitalization reduces survival. We studied the clinical profile and long-term outcomes comparing 
alcohol-related cirrhosis (ALC) and non-ALC. 
Methods: Cirrhosis patients at index hospitalisation (from January 2010 to June 2017), with ≥1 year follow-up were 
included. 
Results: Five thousand and one hundred thirty-eight cirrhosis patients (age, 49.8±14.6 years; male, 79.5%; alcohol, 
39.5%; Child-A:B:C, 11.7%:41.6%:46.8%) from their index hospitalization were analysed. The median time from diagnosis 
of cirrhosis to index hospitalization was 2 years (0.2–10). One thousand and seven hundred seven patients (33.2%) died 
within a year; 1,248 (24.3%) during index hospitalization. 59.5% (2,316/3,890) of the survivors, required at least one 
readmission, with additional mortality of 19.8% (459/2,316). ALC compared to non-ALC were more often (P<0.001) male 
(97.7% vs. 67.7%), younger (40–50 group, 36.2% vs. 20.2%; P<0.001) with higher liver related complications at baseline, 
(P<0.001 for each), sepsis: 20.3% vs. 14.9%; ascites: 82.2% vs. 65.9%; spontaneous bacterial peritonitis: 21.8% vs. 15.7%; 
hepatic encephalopathy: 41.0% vs. 25.0%; acute variceal bleeding: 32.0% vs. 23.7%; and acute kidney injury 30.5% vs. 
19.6%. ALC patients had higher Child-Pugh (10.6±2.0 vs. 9.0±2.3), model for end-stage liver-disease scores (21.49±8.47 
vs. 16.85±7.79), and higher mortality (42.3% vs. 27.3%, P<0.001) compared to non-ALC.
Conclusions: One-third of cirrhosis patients die in index hospitalization. 60% of the survivors require at least one re-
hospitalization within a year. ALC patients present with higher morbidity and mortality and at a younger age. (Clin Mol 
Hepatol 2021;27:175-185)
Keywords: Cirrhosis; Ascites; Bleeding; Morbidity; Mortality

Study Highlights
The long term outcomes of cirrhotic patients requiring admission, especially in relation to etiology has not been reported. We found that a third of 
cirrhotic patients die during the index hospitalization and nearly two-thirds of the survivors require readmission. ALC is becoming one of the most 
common etiology for cirrhosis in many countries and it presents at a younger age with greater disease severity, morbidity and mortality compared 
to other etiologies.
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patients requiring hospital admissions, so as to identify the indi-

cators of poor prognosis and to allocate the resources for targeted 

management of the sicker sub-group of patients. We specifically 

looked into differences between morbidity, complications and 

hospital readmissions in alcoholic cirrhosis patients and compared 

with cirrhosis due to other etiologies. 

PATIENTS AND METHODS

Data source

A retrospective study was conducted using electronic medical 

records of hospitalized patients from 2010 to 2017 at the Institute 

of Liver and Biliary Sciences (ILBS), New Delhi, India. The final di-

agnosis of LC was identified by International Classification of Dis-

eases code K74.9 and further clinical and biochemical parameters 

as complications including sepsis, ascites, acute variceal bleeding, 

SBP, HE, HRS, HCC were extracted from discharge summary or 

taken from hospital information system. Each in-patient was allot-

ted a date or year of admission defined as the first record of LC 

related admission. The subsequent admissions, if required by the 

patient in the same year, were considered as readmissions. If a 

patient required repeated admissions in a given time span, the 

patient was included in the study only once at index admission 

and only the baseline clinical profile was considered for reference 

evaluations. Patients with a minimum 1 year follow-up or mortali-

ty/liver transplant within 1 year were considered for inclusion into 

the current study. The demographic information, etiology, compli-

cations, Child-Pugh (CTP) and model for end-stage liver disease 

(MELD) scoring system were extracted. Out of the 22,222 admis-

sions related to liver diseases from 2010 to 2017, 21,794 were re-

lated to LC cases, 11,067 were follow-up admissions/readmissions 

and 4,453 had less than 1 year of follow-up at ILBS and 1,136 

cases had acute-on-chronic liver failure (ACLF), as defined by 

Asian Pacific Association for the Study of the Liver, were not con-

sidered in this study. Therefore, the final study cohort consisted of 

5,138 admitted cirrhotic patients with observed follow-up of at 

least 1 year or death/ liver transplantation within the first year of 

index presentation (Fig. 1).

As alcoholic hepatitis or any other acute liver insults presenting 

as ACLF, are known to have a very high disease severity and high 

short term mortality rates, it would be difficult to compare the 

disease severity and outcomes in comparison to the non-ACLF 

group (alcoholic cirrhosis, cirrhosis with HBV/HCV) requiring ad-

mission for reasons like acute kidney injury (AKI) or SBP or HE. 

Hence it was decided from the inception of the study design to 

avoid the confounding effects of the acute insult and hence ACLF 

was excluded.

The diagnosis of cirrhosis was made by clinical, biochemical, ra-

diological, and/or histological parameters. All cirrhotics aged >18 

years, with or without decompensation (ascites, variceal bleeding, 

HE, jaundice) requiring hospitalization due to any cause were 

evaluated for inclusion in the present study.

Alcohol related cirrhosis (ALC) was defined as LC occurring in 

the background of years of cirrhogenic alcohol consumption doses 

(>60 g/day for men and 40 g/day for women) in the absence of 

other causes of liver injury (HBV, HCV, etc.) as documented in the 

Figure 1. Flow chart showing the inclusion of cirrhotic patients with in-
dex hospitalization. CKD, chronic kidney disease; ALF, acute liver failure.

Total admitted patients  
from 2009 to 2017

(n=45,065)

22,222 were enrolled related 
to liver disease

21,794 cirrhosis  
cases

Index admission for cirrhosis 
related compliations

(n=10,727)

4,453 were excluded less than a 
year follow up and not meeting 
the end-point follow-up

Excluded 1,136 cases of 
acute on chronic liver 
failure

6,274 cirrhosis+ACLF
at 1st admission

Remaining 5,138 cirrhosis 
patients at index  

admission

22,843 were related to non
liver disease: 
• 1,083 were CKD
• 57 Gall bladder cancer
• 118 acute pancreatitis
• 63 cholangiocarcinoma
• 20,201 other non liver disease

428 patients were excluded for 
one or more of the following 
reason:
• 37 liver abscesses
• 101 ALF
• 290 acute viral hepatitis 

11,067 were excluded as 
repeat admissions
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discharge summaries and hospital records. Non-ALC included cir-

rhosis due to chronic hepatitis B or C viral infection, non-alcoholic 

fatty liver disease, auto-immune liver disease and cholestatic liver 

disease. None of the patients in the non-ALC group had signifi-

cant alcohol consumption (>20 g/day).

Standard of care as per the treating physician’s discretion was 

extended to every patient for the management of LC according to 

the etiology and clinical presentation. All the patients with SBP 

received secondary prophylaxis with norfloxacin, patients with 

low albumin and ascites received regular albumin infusions to 

maintain serum albumin levels. Large volume paracentesis was 

considered whenever clinically indicated. HCC screening with alfa-

feto-protein levels and ultrasound/triple phase computed tomog-

raphy examinations were done in follow-up at every 6–12 months 

intervals. HCC once diagnosed, was managed by liver transplan-

tation, trans-arterial chemo-embolization, radiofrequency abla-

tions or palliative care, as per standard protocols. Variceal bleed-

ing was managed with endotherapy and repeat sessions were 

considered every 3 weeks till eradication and further every 3 

months for prevention of rebleeds. HE was managed with anti-co-

ma measures, lactulose enemas and infections were managed ac-

cording to the standard institutional protocols. Liver transplanta-

tion, mainly living donor liver transplantation, was considered in 

patients fulfilling the criteria and was done whenever feasible.

Statistical analysis

All the results were expressed as mean±standard deviation or 

percentage. Comparison of continuous variables was calculated 

by Student’s t-test and categorical variables were compared by 

Pearson’s chi-square test or Fisher’s exact test. Analysis of vari-

ance was used for comparing more than two variables for para-

metric test and Kruskal Wallis for non-parametric variables. Pois-

son regression with robust standard errors was used to determine 

incidence risk ratio (IRR) of in-hospital mortality with respect to 

year of admission (follow-up 1 year), age gender, etiology, and LC 

complications. Logistic regression analysis was used to measure 

odds ratio [OR] for alcohol etiology. Propensity risk score analysis 

was done using MELD and CTP score. The nearest available 

matching (1:1) was taken with a calliper width of 0.001 of the 

logit of the propensity score. All tests were 2-tailed and p value of 

less than 0.05 was considered as significant. Data was analysed 

using IBM SPSS Statistics for Windows (version 23.0; IBM Corp., 

Armonk, NY, USA).

RESULTS

Baseline characteristics of liver cirrhotic patients 

The median time to hospitalization from index presentation/di-

agnosis of cirrhosis in the cohort of 5,138 LC patients was 2 years 

(range, 0.2–10). There were 4,085 males (79.5%; M:F, 3.88:1). 

The mean age at presentation was 48.8±14.6 years. Majority 

(77.3%) of the patients were ≤60 years old. At the index admis-

sion, patients had ascites (72.3%), HE (31.3%), AVB (27.0%), and 

acute kidney injury (24.1%). Overall, 4,355 (84.8%) of the total 

cirrhotic patients (5,138) had decompensated liver disease at in-

dex admission. Only 465 cases (9.1%) were receiving beta-block-

ers at the time of inclusion. Diabetes Mellitus (DM; 37.4%), obesi-

ty (11.6%) were the most common co-morbidities in the cohort. A 

total of 163 patients (3.2%) underwent liver transplant.

The commonest etiology was alcohol related liver disease 

(39.5%), followed by non-alcoholic fatty liver disease (18.2%) and 

hepatitis B viral infection (10.8%). Alcohol (48.5%) was the most 

common cause of liver disease in men, followed by nonalcoholic 

fatty liver disease (NAFLD; 16.3%), HBV (11.3%), and HCV (7.6%). 

In females, NAFLD (25.8%) was the most common etiology fol-

lowed by HCV (22.9%). Most common etiology for LC was alcohol 

in young, with 45% of <40 years of age and 53.9% of 41–50 years 

of age. However, NAFLD was the commonest cause in elderly 

(31.8% in patients with >60 years of age). ALC presented at younger  

age, at the index hospitalization compared to other etiologies (al-

cohol, HBV, HCV, NASH, cryptogenic were 47.9±10.8, 48.1±18.6, 

53.9±10.8, 58.1±9.1, 54.8±13.6 years, respectively). The co-mor-

bidities like hypothyroidism (7.0% vs. 24.9%, P<0.001), obesity 

(11% vs. 13.8%, P=0.02), and diabetes (36% vs. 40.8%, P=0.01) 

were more prevalent in the females.

Comparison between the demographics of ALC and 
non-ALC groups

We divided etiologies of chronic liver diseases into two groups 

(Table 1); ALC (n=2,027; 39.5%) and non-ALC (n=3,111; 60.5%), 

the later included HBV, HCV, NASH, and cryptogenic etiology. The 

ALC group had male preponderance (97.7% vs. 67.7%, P<0.001) 

with greater proportion of patients between 40–50 years (36.2% 

vs. 20.2%, P<0.001) compared to non-ALC group. Additionally, 

ALC had higher liver related complications at baseline than non-

ALC group (sepsis: 20.3% vs. 14.9%, P<0.001; ascites: 82.2% vs. 

65.9%, P<0.001; HRS: 12.8% vs. 7.6%, P<0.001; SBP: 21.8% vs. 
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Table 1. Comparison between alcohol and non-alcohol etiology in baseline characteristics of patients

Characteristic Total (n=5,138)
Alcohol 

(n=2,027; 39.5%)
Non-alcohol 

(n=3,111; 60.5%)
P-value OR 95% CI P-value

Gender, male 4,085 (79.5) 1,980 (97.7) 2,105 (67.7) <0.001 20.13 14.90–27.20 <0.001

Female 1,053 (20.5) 47 (2.3) 1,006 (32.3) Ref.

Age (years) 49.8±14.6 47.99±10.8 50.97±16.6 <0.001

Age bracket (years)

<40 1,049 (20.4) 472 (23.3) 577 (18.5) <0.001 2.83 2.35–3.39 <0.001

40–50 1,362 (26.5) 734 (36.2) 628 (20.2) <0.001 4.04 3.39–4.80 <0.001

51–60 1,560 (30.4) 559 (27.6) 1,001 (32.2) 0.001 1.93 1.62–2.29 <0.001

>60 1,167 (22.7) 262 (12.9) 905 (29.1) <0.001 Ref.

LC complication

Ascites 3,715 (72.3) 1,666 (82.2) 2,049 (65.9) <0.001 2.39 2.08–2.74 <0.001

Sepsis 877 (17.1) 412 (20.3) 465 (14.9) <0.001 1.45 1.25–1.68 <0.001

HCC 568 (11.1) 128 (6.3) 440 (14.1) <0.001 0.49 0.33–0.50 <0.001

HRS 495 (9.6) 259 (12.8) 236 (7.6) <0.001 1.78 1.48–2.15 <0.001

SBP 930 (18.1) 441 (21.8) 489 (15.7) <0.001 1.49 1.29–1.72 <0.001

Acute variceal bleeding 1,386 (27.0) 649 (32.0) 737 (23.7) <0.001 1.52 1.34–1.72 0.001

Acute kidney injury 1,132 (24.1) 587 (30.5) 545 (19.6) <0.001 2.09 1.85–2.35 <0.001

Hepatic encephalopathy 1,608 (31.3) 831 (41.0) 777 (25.0) <0.001 2.39 2.08–2.74 <0.001

Decompensation 4,355 (84.8) 1,886 (93.0) 2,469 (79.4) <0.001

Liver transplantation 163 (3.2)

Comorbidities

Hypothyroidism 522 (10.6) 103 (5.2) 419 (14.1) <0.001

Diabetes mellitus 1,844 (37.4) 590 (30.0) 1,254 (42.3) <0.001 0.58 0.52–0.66 0.001

Obesity 572 (11.6) 202 (10.3) 370 (12.5) 0.020 0.803 0.67–0.96 0.020

Serum creatinine (mg/dL) 0.91 (0.01, 12.8) 1.0 (0.01, 11.6) 0.86 (0.01, 12.8) <0.001

Serum bilirubin, total (mg/dL) 2.7 (0.2, 59.7) 3.9 (0.2, 59.7) 2.1 (0.2, 48.1) <0.001

INR 1.64±0.66 1.80±0.68 1.54±0.62 <0.001

WBC (109 cell/L) 86.5 (2, 64.5) 7.4 (0.5, 130.7) 5.7 (0.1, 288) <0.001

Albumin (g/dL) 2.37±0.6 2.22±0.54 2.46±0.62 <0.001

Platelet count (109 cell/L) 64 (0.1, 288) 68 (3.1, 602) 70 (2.0, 645) 0.037

Hemoglobin (g/dL) 9.4±2.04 9.01±1.86 9.7±2.2 <0.001

Severity score

Child class

A 427 (11.7) 82 (5.5) 345 (16.0) <0.001

B 1,517 (41.6) 466 (31.3) 1,051 (48.6) <0.001

C 1,707 (46.8) 942 (63.2) 765 (35.4) <0.001

CTP 9.5±2.2 10.6±2.0 9.0±2.3 <0.001 2.81 2.45–3.02 <0.001

MELD 18.9±8.4 21.49±8.47 16.85±7.79 <0.001 2.71 2.37–3.10 <0.001

Mortality at 1 year 1,707 (33.2) 857 (42.3) 850 (27.3)

Survival 3,461 (67.36) 1,170 (33.8) 2,261 (65.33) <0.001

OR, odds ratio; CI, confidence interval; Ref., reference; LC, liver cirrhosis; HCC, hepatocellular carcinoma; HRS, hepatorenal syndrome; SBP, spontaneous 
bacterial peritonitis; INR, international normalised ratio; WBC, white blood cell; CTP, Child-Pugh; MELD, model for end-stage liver disease.
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15.7%, P<0.001; HE: 41.0% vs. 25.0%, P<0.001; AVB: 32.0% vs. 

23.7%, P<0.001) and acute kidney injury (30.5% vs. 19.6%, 

P<0.001) along with greater disease severity CTP (10.6±2.0 vs. 

9.0±2.3, P<0.001) and higher MELD (21.49±8.47 vs. 16.85±7.79, 

P<0.001). Higher proportion of ALC had decompensated liver dis-

ease at index admission (1,886 [93%] of the 2,027) compared to 

the non-ALC (2,469 [79.4%] of the 3,111; P<0.001). Additionally, 

the one year mortality was higher in ALC (42.3% vs. 27.3%, 

P<0.001) compared to non-ALC. 

Patients in the ALC group had higher odds of being male (OR, 

20.13; 95% confidence interval [CI], 14.9–27.2; P<0.001), belong-

ing to younger age group 40–50 (OR, 4.04; 95%, CI, 3.39–4.80; 

P<0.001), more liver related complications at index admission; as-

cites (OR, 2.39; 95% CI, 2.08–2.74; P<0.001), AKI (OR, 2.09; 

95% CI, 1.85–2.35; P<0.001), HE (OR, 2.39; 95% CI, 2.08–2.74; 

P<0.001). We found that prevalence of obesity (OR, 0.803; 95% 

CI, 0.67–0.96; P=0.02) or DM (OR, 0.58; 95% CI, 0.52–0.66; 

P=0.001) to be lower in ALC (Table 1). 

MELD and CTP cut-offs as predictors of mortality

The MELD score of more than 19.0 at admission predicted one 

year mortality with a sensitivity of 72.5% and specificity 72.0%, 

and area under receiver operating curve (AUROC) of 0.79 

(P<0.001). A CTP score of 10.5 or more had a sensitivity 67.4% 

and specificity of 77.0% in predicting one year mortality with an 

AUROC of 0.78 (P<0.001). Nearly 40.0% patients had a MELD 

score more than 19.0, and 36.9% had CTP score more than 10.5. 

Higher proportion of patients in the ALC had MELD >19 compared 

to non-ALC (53.2% vs. 29.5%, P<0.001). Similarly, CTP score of 

more than 10.5 was present in 50.6% of ALC patients compared 

to 26.8% of non-ALC patients (P<0.001).

IRR of 1 year mortality with respect to baseline 
characteristics at first admission in liver cirrhotics

By Poisson regression, IRR of each passing year was found to be 

associated with mortality (P<0.001) (Table 2). It was observed 

that the risk of mortality in 2017 had increased by 2.58 times (IRR, 

2.58; 2.02–3.28; P<0.001) compared to 2010. This increase in the 

IRR of mortality from 2010 to 2017, was due to an increase in the 

number of patients with more advanced liver disease over time 

with higher CTP (8.6±2.2 in 2010 to 9.5±2.3 in 2017, P<0.001) 

and MELD (15.6±6.0 in 2010 to 18.4±8.3 in 2017, P<0.001) with 

more number of liver related complications (greater prevalence of 

Table 2. Poisson incidence risk ratios for in-patient mortality among  
liver cirrhosis

Variable
Incidence 
risk ratio*

95% CI P-value

Year of admission

2010 Ref.

2011 1.59 1.23–2.06 <0.001

2012 2.30 1.81–2.91 <0.001

2013 1.95 1.54–2.46 <0.001

2014 2.30 1.82–2.90 <0.001

2015 2.11 1.66–2.67 <0.001

2016 2.96 2.33–3.76 <0.001

2017 2.58 2.02–3.28 <0.001

Age bracket (years)

<40 Ref.

41–50 1.15 1.00–1.33 0.06

51–60 1.11 0.96–1.27 0.15

>60 1.21 1.10–1.34 0.03

Gender

Female Ref.

Male 1.36 1.20–1.54 <0.001

Etiology

Alcoholic 1.88 1.71–2.07 <0.001

HBV 0.76 0.66–0.89 <0.001

HCV 0.61 0.52–0.72 <0.001

NASH 0.72 0.63–0.82 <0.001

Autoimmune 0.61 0.49–0.75 <0.001

Cryptogenic 0.81 0.71–0.93 0.004

Complication

Ascites 2.40 2.11–2.73 <0.001

Sepsis 4.50 4.07–4.97 <0.001

HCC 0.87 0.74–1.02 <0.001

HRS 2.58 2.27–2.94 <0.001

SBP 1.92 1.72–2.14 <0.001

AVB 1.30 1.17–1.44 <0.001

HE 3.81 3.45–4.19 <0.001

Severity score

CTP >10.5 6.34 5.60–7.10 <0.001

MELD >19.0 6.30 5.50–7.20 <0.001

CI, confidence interval; Ref., reference; HBV, hepatitis B virus; HCV, hepatitis 
C virus; NASH, nonalcoholic steatohepatitis; HCC, hepatocellular carcinoma; 
HRS, hepatorenal syndrome; SBP, spontaneous bacterial peritonitis; AVB, 
acute variceal bleed; HE, hepatic encephalopathy; CTP, Child-Pugh; MELD, 
model for end-stage liver disease.
*Poisson regression robust standard error model, NASH-non-alcoholic 
steatohepatitis, HE-hepatic encephalopathy.
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sepsis, HRS, HE, etc.) in the subsequent years.

Elderly patients (>60 years) and males had higher risk of mor-

tality by 28% (IRR, 1.21; 1.10–1.34, P<0.001) and 36% (IRR, 

1.36; 1.20–1.54, P<0.001) respectively compared to <40 year of 

age and females. The highest independent risk of mortality was 

seen with ALC group (IRR, 1.9; 1.71–2.07, P<0.001), those with 

sepsis (IRR, 4.5; 4.07–4.97, P<0.001) followed by those present-

ing with HE (IRR, 3.8; 3.45–4.19; P<0.001), HRS (IRR, 2.58; 2.3–

2.9; P<0.001), ascites (IRR, 2.4; 2.1–2.7; P<0.001), SBP (IRR, 1.92; 

1.7–2.1; P<0.001) and acute variceal bleeding (IRR, 1.30; 1.2–1.5; 

P<0.001). However, lower relative risk (RR) of 1 year mortality 

(P<0.001) was observed in cirrhotics requiring admission for HCC.

Trends in 1 year mortality in ALC and non-ALC 
patients over the years

The overall one year mortality in ALC cohort was 42.3% in com-

parison to 27.3% in the non-ALC cohort. The trend for one year 

mortality had an initial increase from 2010 to 2012 (25.8% to 

50.9%, P<0.001) and then remained nearly uniform from 2013 to 

2017 (around 42.6%) which correlates with the increase in the 

share of alcohol related cirrhotics from 2010–2012 (30.3% to 

46.3%, P<0.001) and then only marginally (46.3% to 42.6%, 

P=0.59) till 2017. Additionally, it was seen over the years that the 

liver disease severity as measured by mean MELD remained higher 

in the ALC compared to non-ALC group over the years along with 

higher 1 year mortality (Fig. 2).

Association of etiology with complications and 
readmissions

Out of 5,138 patients admitted for LC, 1,707 (33.2%) died with-

in a year. Of them, 1,248 (24.3%) died in the first hospitalization 

itself. The remaining 459 patients (8.9%) died during the follow-

up period of 1 year. More than half (59.5%; 2,316/3,890) of the 

patients surviving the first admission, required at least one read-

mission during the subsequent 1 year, with an additional mortality 

of 19.8% (459/2,316) in those requiring readmission. The remain-

ing 1,574 (40.5%) of 3,890 patients, surviving the first admission, 

remained on regular follow-up visits without need for in-patient 

care (Table 3).

Half of the patients who died either in the first admission or in 

the first year of follow-up, had ALC, especially those with sepsis 

and other liver related complications (SBP, HE, and HRS) with 

higher liver disease severity (higher MELD and CTP scores), while 

those with HBV, HCV, and NASH related liver diseases and those 

with HCC had relatively better 1 year survival. Altogether, 112 

(5.5%) of 2,027 alcoholic cirrhotic patients had alcohol relapse 

and most of them (109/112 [97.3%]) who relapsed, had decom-

pensated liver disease and required readmission.

Association between survival and number of 
complications and etiologies

We determined the number of complications, at baseline and 

grouped them as; any one complication, any two complications, 

Figure 2. (A) Change in 1-year mortality due to alcoholic liver disease correlates with the number of alcohol patients (percentage) over time. Bars 
show the number of alcohol vs. non-alcohol patients (left %-Y axis), and line shows patient death, alcohol vs. non-alcohol (right %-Y axis). Label dis-
played only alcohol died percentage. As the alcohol cases increases their corresponding died cases also increases. (B) Change in mean model for end-
stage liver disease (MELD) with the alcohol vs. non-alcohol cirrhosis patients over time. Bars shows patients with alcohol vs. non-alcohol (left %-Y axis), 
however, line shows mean MELD value of alcohol vs. non-alcohol (right mean value-Y axis). Line shows that alcohol patients had high mean MELD 
score.
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Table 3. Association of etiology and complication at 1st admission and readmission

Variable
Death in 1st 
admission

Death during 1 year 
follow-up (admission>1; 

n=459; 8.9%)

Requiring readmission 
but survival >1 year 

(n=1,857; 36.1%)

Discharged with 
no readmission 
(n=1,574;30.6%)

P-value

Etiology

ALD 639 (51.2) 217 (47.3) 669 (36.0) 500 (31.8) <0.001

HBV 96 (7.7) 45 (9.8) 192 (12.2) 215 (11.6) <0.001

HCV 94 (7.5) 40 (8.7) 244 (13.1) 170 (10.8) <0.001

NASH 185 (14.8) 77 (16.8) 380 (20.5) 293 (18.6) <0.001

Autoimmune 64 (5.1) 14 (3.1) 122 (6.6) 97 (6.2) <0.001

Cryptogenic 58 (4.6) 33 (7.2) 126 (6.8) 87 (5.5) <0.001

Others 112 (9.0) 33 (7.2) 101 (5.4) 235 (14.9) <0.001

Complication

Ascites 1,048 (84.0) 380 (82.8) 1,292 (69.6) 995 (63.2) <0.001

Sepsis 412 (33.0) 172 (37.5) 239 (12.9) 54 (3.4) <0.001

HCC 102 (8.2) 64 (13.9) 253 (13.6) 149 (9.5) <0.001

HRS 217 (17.4) 61 (13.3) 146 (7.9) 71 (4.5) <0.001

SBP 317 (25.4) 128 (27.9) 306 (16.5) 179 (11.4) <0.001

AVB 423 (33.9) 100 (21.8) 499 (26.9) 364 (23.1) <0.001

HE 734 (58.8) 148 (32.2) 312 (19.8) 413 (22.2) <0.001

Score

CTP 11.5±1.89 10.3±1.86 9.5±2.29 8.9±2.04 <0.001

MELD 27.0±9.07 20.9±6.9 16.1±6.03 15.5±6.1 <0.001

Values are presented as mean±standard deviation or number (%).
ALD, alcoholic liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis; HCC, hepatocellular carcinoma; HRS, hepatorenal 
syndrome; SBP, spontaneous bacterial peritonitis; AVB, acute variceal bleeding; HE, hepatic encephalopathy; CTP, Child-Pugh; MELD, model for end-stage liver 
disease.

Figure 3. (A) The distribution by type and number of complications at baseline and its association with MELD score. Bars show types of complication 
(left %-Y axis) and line shows mean MELD (right mean MELD-Y axis). As the number of complications (1, 2, 3, 4, 5) increased, the mean MELD score in-
creased correspondingly. (B) The etiologies assessed were alcohol vs. others. Kaplan Meier survival curve shows 1 year survival between ALC (56.9%) 
vs. non-ALC (71.9%). HRS, hepatorenal syndrome; SBP, spontaneous bacterial peritonitis; AVB, acute variceal bleeding; HE, hepatic encephalopathy; 
MELD, model for end-stage liver disease; ALC, alcohol related cirrhosis.
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any three complication and so on as shown in Figure 3A. Out of 

total cases, 1,412 had only one complication, such as only ascites, 

sepsis, HRS, SBP, AVB, or HE. Total number of complications of 

more than or equal to five were merged for analysis due to small-

er sample size in these groups. It was seen that as the number of 

complications increased, their corresponding mean MELD score 

also increased (Fig. 3A).

Cirrhotic patients with ascites, HE and a third complication (any 

of the sepsis, HRS, AVB, or SBP) at index admission (i.e., compli-

cation ≥3 vs. complication <3) are unlikely to have good 1 year 

survival (39.8% vs. 76.3%, P<0.001). Figure 3B depicts the 1 

year follow-up survival with ALC compared to non-ALC. Kaplan-

Meier curve has shown the probability of 1 year survival in ALC 

patients to be much lower than the non-ALC group (56.9% vs. 

71.9%, P<0.05).

LC patients who required admission were less likely to survive 1 

year if the liver disease was due to alcohol, the patient had a 

MELD of >20.9±6.9 (P<0.001), CTP >10.3±1.86 (P<0.001), if the 

patient had three or more liver related complications, especially 

with sepsis, HE or HRS at admission.

We matched MELD and CTP scores using Propensity Score 

matching, between ALC versus non-ALC groups to assess the eti-

ology and disease severity independent risk on the outcomes. The 

nearest available matching (1:1) was used to construct the control 

group with a calliper width of 0.001 of the logit of the propensity 

score. After matching, a total of 2,282 patients, ALC (n=1,141) 

and non-ALC (n=1,141) were identified. In the matched cohort, 

there was no difference noted in the MELD and CTP scores (MELD: 

19.4±7.8 vs. 19.3±7.7, P=0.70 and CTP: 9.89±1.98 vs. 9.91±2.02, 

P=0.75). ALC patients were more likely to be younger (OR, 3.75; 

95% CI, 2.84–4.95; P<0.001) and also with more chances of liver 

related complications: AVB (OR, 1.34; 95% CI, 1.12–1.61; 

P=0.001), followed by, ascites (OR, 1.25; 95% CI, 1.01–1.55; 

P=0.04), and HE (OR, 1.18; 95% CI, 1.0–1.4; P=0.05) at index 

admission compared to the disease severity matched non-ALC 

group. ALC group also had higher readmission rate in the follow-

ing year in comparison to non-ALC after CTP and MELD matching.

DISCUSSION

In this hospital based study in a large cohort of cirrhotics, we 

found that alcohol was the leading cause of LC, accounting for 

39.4% of all admissions due to LC in the Indian population. ALC 

was more prevalent etiology in the younger male with 53.9% of 

cirrhotics below 50 years having alcohol as the etiology of cirrho-

sis. One-third of the whole cohort of hospitalized patients died 

within 1 year of follow-up, one-fourth in the first admission itself. 

Half of the patients who died in the first year of follow-up, had al-

cohol related liver disease, and were admitted with sepsis and/or 

other liver related complications. These data bring to the fore a 

major change in the etiological spectrum of patients with LC in 

this continent.

This change in the etiological spectrum of LC is quite similar to 

what is currently prevalent in the Western countries, Latin Ameri-

ca and Europe.4,5,11 Alcohol has been reported to be the second 

most common cause of LC after HCV infection in the United 

States, accounting for 20% to 25% of all patients with LC20 and 

alcoholic liver disease (ALD) is also increasing in China.21 In India, 

among all etiologies, alcohol is now the leading cause of cirrhosis 

in the adults.22-24 This is quite in contrast to hepatitis B being the 

commonest cause of cirrhosis just about 3 decades ago25 when 

hepatitis B constituted nearly 50% of all cirrhosis patients and al-

cohol, only about 15%.

In the current study, the commonest presenting complaints in 

patients with cirrhosis requiring hospitalization included ascites 

(72.3%), followed by HE (31.3%) and sepsis (17.1%). Similar find-

ings have been reported in other studies.22,26-29

Survival data in cirrhotics patients stratified by etiology is very 

heterogenous from different parts of the world. In our study, sur-

vival was the least (33.8%) in patients with alcoholic LC. Similar 

observations have been made by other workers.22 According to 

World Health Organization, alcohol consumption is the main 

cause of liver-related death in Europe.1 High mortality (63%) due 

to alcohol has been well documented in the cohorts of chronic liv-

er disease patients.12 Ratib et al.30 have shown 20.2% of liver-re-

lated deaths to be due to alcoholic liver disease in England. The 

regional variations in the proportional mortality may be related to 

demographic differences in the prevalence of various etiologies, 

their risk factors and as well as genetic susceptibility.

In this study, the IRR for annual mortality was significantly high-

er in ALC with RR of 1.88. However, mortality among patients 

with cirrhosis due to HBV, HCV, autoimmune, cryptogenic or 

NASH etiology had not changed over time. The IRR increased with 

sepsis, followed by HE, SBP, ascites, AVB, HRS and was un-

changed in patients with HCC. However, reports from the USA, 

show a decreased risk of mortality now in patients with HE and 

SBP,31 but an increase with HRS.32 Similar observations have been 

made by Kim et al.20 in the Korean cohorts, where mortality at-

tributable to HE, SBP and AVB has significantly decreased, where-
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as that due to HRS significantly increased over time. But trends of 

changes in mortality in patients with LC according to etiology of 

liver disease is rarely reported.

Overall, 33.2% died (24.3% in first admission, 8.9% in the fol-

low-up), 36.1% survived beyond a year despite repeat admissions 

and another 30.6% did well beyond a year without need for read-

missions. In this study, the trend for mortality in ALD patients 

showed an initial increase from 2010 to 2012 (25.8% to 50.9%) 

due to sicker patients getting admitted with higher MELD score 

and then remained nearly uniform over the years from 2012–2017.

Cirrhotic patients with ascites, HE and a third complication (any 

of the sepsis, HRS, AVB, or SBP) at index admission are unlikely to 

have good 1 year survival i.e., 39.8% and hence merit early refer-

ral to liver transplantation to improve their outcome. The data in 

the present study also reveals that as the number of complications 

at index admission increases, the corresponding MELD score also 

increases and the probability of 1 year survival declines. Liver cir-

rhotic patients who require admission due to alcohol etiology are 

also less likely to survive for a year, if at the time of admission, the 

patient has a MELD of >20.9±6.9, CTP >10.3±1.86, three or 

more liver related complications, especially sepsis, HE or HRS.

In summary, the results of the present study show the changing 

pattern of etiology of LC in the Indian subcontinent, alcohol being 

responsible for nearly 40% of the cirrhotic patients requiring ad-

mission with younger age, with higher disease complications at 

index admission even after matching cohort for MELD and CTP 

score. Alcohol as etiology of liver disease, number of liver related 

complications at the index admission in addition to the disease 

severity predict 1 year morbidity and mortality. Understanding the 

reasons for readmission could help in reducing morbidity and 

mortality and help the policy makers to plan strategies to inter-

vene and reduce the impact of causative agents.
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Red (contraindicated) : patients with at least 1 red DDI

Orange (potential clinically significant interaction) : patients with no red DDI & at least 1 orange-category DDI

Yellow (potential interaction with weak intensity) : patients with no red/orange DDI & at least 1 yellow DDI

Green (no clinically significant DDI) : patients with no red/orange/yellow DDI
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INTRODUCTION

Chronic hepatitis C virus (HCV) infection is one of the leading 

causes of liver cirrhosis, hepatocellular carcinoma (HCC) and liver-

related death. The global prevalence of chronic HCV infections in 

2015 was estimated to be 1.0%, corresponding to 71.1 million 

people.1 HCV infection is endemic in Taiwan, with estimated prev-

alence rates of antibodies to HCV (anti-HCV) ranging from 3.3% 

to 8.6%,2-4 and leads to substantial clinical and economic burden.

Taiwan has the highest prevalence and annual incidence of end-

stage renal disease (ESRD) worldwide.5 Uremic patients on main-

tenance hemodialysis are at great risk for HCV infection. From 

2012 to 2015, the prevalence of HCV infection among hemodialy-

sis patients in the Dialysis Outcomes and Practice Patterns Study 

was nearly 10%, which is much higher than that in the general 

population.6 Previous reports indicated that ESRD patients on di-

alysis with HCV infections have an increased risk of death, hospi-

talization, anemic complications, and worse quality of life scores 

than those without HCV infection.7,8 Given the higher hepatic and 

extrahepatic adverse outcomes of chronic HCV infection and the 

benefits associated with HCV viral clearance,9-12 effective treat-

ment and elimination of HCV infection are essential for this spe-

cific population.

Direct‐acting antivirals (DAAs) have become the first‐line treat-

ment for HCV infection.13-16 Compared to interferon-based treat-

ment,17,18 DAA therapy is generally more tolerable, requires a 

shorter duration, and is more effective. However, the guidelines 

also highlight the importance of considering and monitoring po-

Background/Aims: Direct‐acting antivirals (DAAs) have been approved for hepatitis C virus (HCV) treatment in patients 
with end-stage renal disease (ESRD) on hemodialysis. Nevertheless, the complicated comedications and their potential 
drug-drug interactions (DDIs) with DAAs might limit clinical practice in this special population.
Methods: The number, class, and characteristics of comedications and their potential DDIs with five DAA regimens were 
analyzed among HCV-viremic patients from 23 hemodialysis centers in Taiwan.
Results: Of 2,015 hemodialysis patients screened in 2019, 169 patients seropositive for HCV RNA were enrolled (mean 
age, 65.6 years; median duration of hemodialysis, 5.8 years). All patients received at least one comedication (median 
number, 6; mean class number, 3.4). The most common comedication classes were ESRD-associated medications (94.1%), 
cardiovascular drugs (69.8%) and antidiabetic drugs (43.2%). ESRD-associated medications were excluded from DDI 
analysis. Sofosbuvir/velpatasvir/voxilaprevir had the highest frequency of potential contraindicated DDIs (red, 5.6%), 
followed by glecaprevir/pibrentasvir (4.0%), sofosbuvir/ledipasvir (1.3%), sofosbuvir/velpatasvir (1.3%), and elbasvir/
grazoprevir (0.3%). For potentially significant DDIs (orange, requiring close monitoring or dose adjustments), sofosbuvir/
velpatasvir/voxilaprevir had the highest frequency (19.9%), followed by sofosbuvir/ledipasvir (18.2%), glecaprevir/
pibrentasvir (12.6%), sofosbuvir/velpatasvir (12.6%), and elbasvir/grazoprevir (7.3%). Overall, lipid-lowering agents were 
the most common comedication class with red-category DDIs to all DAA regimens (n=62), followed by cardiovascular 
agents (n=15), and central nervous system agents (n=10).
Conclusions: HCV-viremic patients on hemodialysis had a very high prevalence of comedications with a broad 
spectrum, which had varied DDIs with currently available DAA regimens. Elbasvir/grazoprevir had the fewest potential 
DDIs, and sofosbuvir/velpatasvir/voxilaprevir had the most potential DDIs. (Clin Mol Hepatol 2021;27:186-196)
Keywords: Hepatitis C, Chronic; Antiviral agents; Polypharmacy; Drug interactions

Study Highlights
HCV-viremic patients on hemodialysis had a very high prevalence of comedications with a broad spectrum, which had varied DDIs with current 
DAAs. In this study, 169 patients seropositive for HCV RNA with a mean age of 65.6 years were enrolled. All patients received at least one comedica-
tion. The median number of comedications per person was 6. The most common comedication classes were ESRD-associated medications, cardio-
vascular drugs and antidiabetic drugs. ESRD-associated medications were excluded from DDI analysis. The potential DDIs between comedications 
and DAAs differed, with the most potential DDIs occurring with SOF/VEL/VOX and the fewest potential DDIs occurring with EBR/GZR. Among the 
pangenotypic regimens currently recommended for DAA-naive patients, SOF/VEL had the lowest rate of DDIs.
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tential drug‐drug interactions (DDIs) between DAAs and comedi-

cations.13-16 To avoid potential DDIs and to optimize patient safety 

and treatment efficacy, it is important to review all the medica-

tions taken by the patient, including over-the-counter prepara-

tions and recreational drugs, before and during DAA therapy. Giv-

en the large number of potential comedications and limited 

pharmacokinetic data in ESRD patients,19 DDIs have become a 

challenge in the era of DAAs in the clinical setting. Several studies 

have investigated potential DDIs with DAAs among the general 

population with HCV infection in clinical practice.20-22 Neverthe-

less, comorbidities, comedications and potential DDIs in hepatitis 

C patients with ESRD on hemodialysis remain elusive. Apart from 

several new DAA regimens, which have been licensed for the 

treatment of HCV infection, the Food and Drug Administration 

(FDA) has recently amended the package inserts for sofosbuvir 

(SOF)-containing regimens to allow use in patients with an esti-

mated glomerular filtration rate (eGFR) ≤30 mL/min and those on 

dialysis, based on validated safety and efficacy.23,24 Updated infor-

mation regarding the potential DDIs associated with these regi-

mens is essential. The current study aimed to investigate the fre-

quency of comedications and potential DDIs with DAA regimens 

in hepatitis C patients on hemodialysis.

MATERIALS AND METHODS

All procedures performed in studies involving human partici-

pants were in accordance with the ethical standards of Institu-

tional Review Board of Kaohsiung Medical University Chung-Ho 

Memorial Hospital (IRB No.: KMUHIRB-E(I)-20180325) and with 

the 1964 Helsinki declaration and its later amendments or com-

parable ethical standards.

Study population 

This observational study recruited chronic HCV-infected patients 

with ESRD on hemodialysis from 23 hemodialysis centers of the 

Formosan Coalition for the Study of Liver Disease in Chronic Kid-

ney Disease (FORMOSA-LIKE group) in Taiwan between January 

2019 and November 2019.25-27 The inclusion criteria were as fol-

lows: 1) ESRD under maintenance hemodialysis and 2) seroposi-

tive for anti-HCV antibodies and HCV RNA. The study was ap-

proved by the ethical committee of Kaohsiung Medical University 

Hospital, and written informed consent was obtained from each 

participant prior to enrollment. The clinical trial registration num-

ber of this study is NCT03803410, and the first posted date is 

January 14, 2019.

Study design

All patients were interviewed, assessed for their anthropomor-

phic measurements, and had their medical records reviewed at 

enrollment to capture patient demographics, comorbidities and 

concurrent medications. HCV RNA and genotypes were measured 

using a real-time PCR assay (RealTime HCV; Abbott Molecular, 

Des Plaines, IL, USA).28 Concurrent medications were classified 

into nine major therapeutic classes prespecified by the current 

study (Table 1). The potential DDIs of each comedication with five 

interferon‐free DAA regimens, including SOF/ledipasvir (LDV), 

SOF/velpatasvir (VEL), SOF/VEL/voxilaprevir (VOX), elbasvir (EBR)/

grazoprevir (GZR), and glecaprevir (GLE)/pibrentasvir (PIB), were 

analyzed. A vast majority of patients were on ESRD-associated 

medications, including vitamin supplements, folic acid, calcium 

carbamide/calcium carbonate, aluminum hydroxide/aluminum ac-

etate, calcitriol/vitamin D, erythropoiesis-stimulating agents, iron 

supplements, zinc gluconate/zinc oxide, and calcium polystyrene 

sulfonate. Since the favored ESRD-associated medications varied 

among hemodialysis centers, all of which did not have clinically 

significant DDIs with DAA regimens, they were excluded from the 

DDI evaluation to minimize their interference in the actual fre-

quency of potential DDIs of comedications. Patients who received 

medications other than ESRD-associated medications were in-

cluded in the DDI analysis. The DDI analysis was conducted based 

on known DDIs between DAAs and comedications from the Uni-

versity of Liverpool ‘HEP Drug Interaction Checker’ and ‘Lexicomp 

Drug Interaction Checker’.29,30 Medications not included in the 

HEP Drug Interaction Checker or Lexicomp Drug Interaction 

Checker were excluded from the DDI analysis due to lack of DDI 

information. The DDIs were assigned to four risk categories as fol-

lows: red, contraindicated (should not be coadministered); or-

ange, potential clinically significant interaction (monitoring and 

caution required); yellow, potential interaction with weak intensity 

(monitoring unlikely required); and green, no clinically significant 

DDI.

Statistical analysis

Patient demographics and clinical characteristics were summa-

rized using the mean±standard deviation, median (interquartiles), 

and number (percentage) when appropriate. The comorbidity 
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analysis results were described with numbers and percentages. 

Similarly, the DDI analysis results were summarized with numbers 

and percentages. All tests were two-sided. All analyses were per-

formed with the SPSS version 19.0 statistical package (SPSS, Inc., 

Chicago, IL, USA).

Table 1. Therapeutic drug classes of comedication in HCV-viremic pa-
tients with ESRD under hemodialysis

End-stage renal disease-associated medications
Medications for hyperphosphatemia or secondary 

hyperparathyroidism (calcium carbamide/calcium carbonate, 
aluminum hydroxide/aluminum acetate, calcitriol/vitamin D)

Medications for anemia (erythropoiesis stimulating agents, iron 
supplements)

Potassium-lowering drug (calcium polystyrene sulfonate)
Micronutrient supplements (zinc gluconate/zinc oxide, vitamin 

supplements, folic acid)
Anti-diabetic drugs
Lipid‐lowering agents
Cardiovascular agents

Anti-platelet/anti-coagulant
Hypertension/heart failure agents
Anti-arrhythmics

Gastrointestinal agents
Proton pump inhibitors (PPIs)
H2 receptor antagonists (H2RAs)
Antacid
Laxatives
Gastroprokinetic agents
Diosmectite/dimethylpolysiloxane

Central nervous system agents
Anti-convulsants
Anti-depressants
Anti-psychotics/neuroleptics
Parkinsonism agents

Anti‐microbials
Anti-bacterials
Anti-virals
Anti-fungals
Anti-tuberculous drugs
Anti-protozoals
Hepatitis drugs

Immunosuppressants
Immunosuppressants
Steroids

Other agents
Anti-histamine
Medications for thyroid diseases
Medications for lung diseases
Medications for hyperplasia of prostate
Analgesics
Hormone therapy
Urate-lowering drugs
Liver protectants (silymarin, ursodeoxycholic acid)

Table 2. Baseline patient demographic characteristics and clinical fea-
tures

Variable
Patients with HCV 

viremia (n=169)

Age (years) 65.6±9.8

<50 8 (4.7)

≥50 and <65 66 (39.1)

≥65 95 (56.2)

Male gender 87 (51.5)

Body height (cm) 160.7±8.3

Duration of hemodialysis (years) 5.8 (3.0, 12.6)

Body weight after hemodialysis (kg) 58.5±12.4

Major causes of end-stage renal disease

Diabetes 92 (54.4)

Hypertension 12 (7.1)

Focal segmental glomerulosclerosis 4 (2.4)

Polycystic kidney disease 3 (1.8)

Systemic lupus erythematosus 2 (1.2)

Hyperuricemia 2 (1.2)

Urinary tract stones 1 (0.6)

Renal tuberculosis 1 (0.6)

Other chronic glomerulonephritis 44 (26.0)

Other chronic interstitial nephritis 5 (3.0)

Unknown 3 (1.8)

HCV genotype

1a 5 (3.0)

1b 71 (42.0)

2 81 (47.9)

6 9 (5.3)

Mixed 2 (1.2)

Unclassified 1 (0.6)

Prior treatment experience with IFN-based 
therapies 

1 (0.6)

Seropositive for HBsAg 11 (6.5)

Values are presented as mean±standard deviation, median (interquartiles), 
or number (%).
HCV, hepatitis C virus; IFN, interferon; HBsAg, hepatitis B surface antigen.
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RESULTS

Patient characteristics

Of 2,015 patients on hemodialysis, 169 patients with HCV vire-

mia were enrolled in the study to analyze comedications and pre-

dict their DDIs with DAAs. The clinical characteristics of the pa-

tients are listed in Table 2. The mean age was 65.6 years, with 

56.2% of patients aged >65 years; 51.5% were male. The median 

duration of hemodialysis was 5.8 years (interquartile [IQR], 3.0–

12.6 years), and the most common cause of ESRD was diabetes 

(54.4%). HCV genotype 2 was the most prevalent genotype 

(47.9%), followed by HCV genotype 1b (42.0%). Only one patient 

had prior treatment experience with interferon-based therapies. 

Baseline laboratory characteristics of the patients are demonstrat-

ed in Supplementary Table 1. The median fibrosis-4 (FIB-4) score 

was 1.81 (IQR, 1.34–2.85), and a high proportion of patients had 

FIB-4 scores lower than 3.25 (n=134, 79.2%). The mean HCV vi-

ral load was 5.6±1.2 log IU/mL.

Comedications

All patients received at least one comedication, with a median 

comedication number of 6 (IQR, 3–9) (Supplementary Table 2). 

The three most common comedication classes were ESRD-associ-

ated medications (94.1%), cardiovascular agents (69.8%), and 

antidiabetic drugs (43.2%). Among the other agents, liver protec-

tants, including silymarin and ursodeoxycholic acid were most 

prevalent (n=18, 10.7%). After excluding ESRD-associated medi-

cations, 158 patients (93.5%) received at least one comedication, 

with a median comedication number of 4 (IQR, 2–6).

DDIs with DAA regimens

A total of 158 patients who received medications other than 

ESRD-associated medications were included in the DDI analysis. 

Figure 1 presents the proportion of patients with the most severe 

potential DDI category for different DAA regimens. Patients who 

had at least one comedication with contraindicated (red) DDIs 

were categorized into the red DDI class. Patients who had no co-

medication with red-category DDIs but at least one comedication 

with potential clinically significant (orange) DDIs were classified as 

the orange DDI class. In the red DDI class, SOF/VEL/VOX was the 

most prevalent (40 patients, 25.3%), followed by GLE/PIB (30 pa-

tients, 19.0%), SOF/LDV (10 patients, 6.3%), SOF/VEL (nine pa-

tients, 5.7%) and EBR/GZR (two patients, 1.3%). In addition, the 

percentage of patients without potential DDIs was higher with 

EBR/GZR (56.9%) than with the other regimens.

Next, we analyzed the frequency of potential DDIs of each co-

medication, other than ESRD-associated medications, with each 

possible DAA regimen (Fig. 2). A total of 755 comedications other 

than ESRD-associated medications were taken by the 158 pa-

tients. The most frequent DDI category was green for each DAA 

regimen: 77.1% (n=582) for SOF/LDV, 78.9% (n=596) for SOF/

VEL, 70.7% (n=534) for SOF/VEL/VOX, 88.5% (n=668) for EBR/

GZR, and 71.6% (n=541) for GLE/PIB. SOF/VEL/VOX had the 

highest frequency of red-category DDIs (5.6%, n=42), followed 

by GLE/PIB at 4.0%, SOF/LDV and SOF/VEL at 1.3%, and EBR/

Figure 1. Proportion of patients with the 
most severe potential drug-drug interac-
tions (DDIs) for each possible direct-act-
ing antiviral (DAA) regimen (n=158). SOF, 
sofosbuvir; LDV, ledipasvir; VEL, velpatas-
vir; VOX, voxilaprevir; EBR, elbasvir; GZR, 
grazoprevir; GLE, glecaprevir; PIB, pibren-
tasvir.
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GZR at 0.3%. The highest frequency of orange-category DDIs was 

19.9% with SOF/VEL/VOX, followed by 18.2% with SOF/LDV, 

12.6% with GLE/PIB and SOF/VEL, and 7.3% with EBR/GZR.

Then, we evaluated the number of comedications with red-cat-

egory DDIs in each class (Fig. 3). SOF/VEL/VOX and GLE/PIB had 

a much higher number of red-category DDIs (42 and 29, respec-

tively), which was contraindicated mainly with lipid‐lowering 

agents (32 and 27, respectively). EBR/GZR had the fewest poten-

tial red-category DDIs, which were with central nervous system 

(CNS) agents. Overall, lipid-lowering agents were the most com-

mon comedication class with red-category DDIs to all DAA regi-

mens (n=62), followed by cardiovascular agents (n=15), CNS 

agents (n=10), and gastrointestinal agents (n=6). Amiodarone 

was the only cardiovascular drug with contraindicated DDIs for 

SOF/LDV, SOF/VEL, and SOF/VEL/VOX in the current study, given 

the risk of symptomatic bradycardia (Supplementary Table 3).

Supplementary Figure 1 shows the number of orange-category 

DDIs. SOF/VEL/VOX had the highest number of potential orange-

category DDIs (n=150), which were predominantly associated 

with cardiovascular drugs and antidiabetic drugs. In contrast, 

EBR/GZR had the fewest number of orange-category DDIs (n=55), 

and these DDIs were mainly caused by lipid‐lowering agents. 

Overall, cardiovascular agents were the most common comedica-

tion class with orange-category DDIs to all DAA regimens 

(n=210), followed by gastrointestinal agents (n=115), lipid-lower-

ing agents (n=104), and antidiabetic drugs (n=80).

Discussion

To the best of our knowledge, this is the first real‐world study 

to investigate comedications and potential DDIs with DAAs in 

Figure 3. Number of potential red-catego-
ry drug-drug interactions (DDIs) in each 
drug class for each possible direct- acting 
antiviral (DAA) regimen. SOF, sofosbuvir; 
LDV, ledipasvir; VEL, velpatasvir; VOX, voxila-
previr; EBR, elbasvir; GZR, grazoprevir; GLE, 
glecaprevir; PIB, pibrentasvir.
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hepatitis C patients with ESRD on hemodialysis. In the current 

study, we demonstrated that 93.5% of hepatitis C patients on he-

modialysis had at least one comedication other than ESRD-associ-

ated medications. The chance of having a contraindicated DDI 

was much higher, at 19–25.3%, if the patients were commencing 

SOF/VEL/VOX or GLE/PIB than if the patients were taking EBR/

GZR, SOF/LDV, or SOF/VEL, at only 1.3–6.3%. Of the 755 come-

dications other than ESRD-associated medications in 158 patients, 

lipid-lowering agents (n=62) were the most common comedica-

tion class with contraindicated DDIs to all DAA regimens, and 

cardiovascular agents (n=210) were the most common comedica-

tion class with potential clinically significant DDIs to all DAA regi-

mens.

The present study included an elderly population with a mean 

age of 65.6 years, which is similar to the general population of 

HCV patients in Taiwan and Japan.21,31 Nevertheless, the propor-

tion of patients taking at least one comedication other than dialy-

sis-associated drugs (93.5%) among our hemodialysis patients 

was higher than that in two studies of the general population 

(75.7% and 41.9%).21,31 This difference is due to multiple comor-

bidities in hemodialysis patients. Concurrent medications were 

widely used by hemodialysis patients in the current study, with a 

median number of comedications of 6 and a mean number of co-

medication classes of 3.4 per person. After excluding ESRD-asso-

ciated medications, the median number of comedications was 4, 

and the mean number of comedication classes was 2.5 per pa-

tient. Cardiovascular agents, antidiabetic drugs, and gastrointesti-

nal agents were the most common comedications taken by pa-

tients in the current study. This result may be attributed to the 

high prevalence of comorbidities, including hypertension, diabe-

tes, ischemic heart disease and hyperlipidemia in elderly patients 

and ESRD patients.32 Increased incidences of digestive diseases, 

hypertension and diabetes have also been reported in hepatitis C 

patients.21,31,33

In the current study, we assessed the potential DDIs of five 

widely used DAA regimens, including sofosbuvir-based regimens. 

Sofosbuvir-based regimens were not recommended for patients 

with an eGFR <30 mL/min or those on dialysis because of con-

cerns of increased plasma concentrations of the primary sofosbu-

vir metabolite GS-331007 and unvalidated drug safety and effica-

cy. Recently, several studies have demonstrated the safety and 

efficacy of these drugs for this special population.23,24 Thus, the 

FDA approved sofosbuvir-containing regimens for HCV patients 

with severe renal impairment and ESRD in November 2019. Un-

derstanding the potential DDIs of sofosbuvir-based therapy for 

ESRD patients is therefore clinically important, especially for the 

red (contraindicated, should not be coadministered) and orange 

(potential clinically significant interaction, monitoring and caution 

required) DDI categories. In addition to renal function, a patient’s 

liver function is another concern relating to therapeutic regimen 

selection. DAAs containing nonstructural 3/4A protease inhibitors 

are contraindicated for patients with decompensated liver cirrho-

sis. In the present study, most patients did not have advanced liv-

er fibrosis, which was defined as FIB-4 score ≥3.25.34 Only six pa-

tients (3.6%) had liver cirrhosis, which was defined as FIB-4 score 

≥6.5. None of them had liver decompensation.

The proportion of patients with at least one potential red-cate-

gory DDI was higher among those taking SOF/VEL/VOX (25.3%) 

or GLE/PIB (19.0%) but was much lower among those taking EBR/

GZR (1.3%), SOF/LDV (6.3%) or SOF/VEL (5.7%). We also ana-

lyzed the prevalence of potential DDIs for each possible DAA regi-

men. SOF/VEL/VOX had the highest proportion of red-category 

DDIs and orange-category DDIs, followed by GLE/PIB, while EBR/

GZR had the lowest proportion of red-category DDIs and orange-

category DDIs among the five DAA regimens. The high prevalence 

of significant DDIs with SOF/VEL/VOX may be ascribed to the 

more components of the HCV nonstructural protein 3/4A (NS3/4A) 

inhibitor (voxilaprevir), NS5B inhibitor (sofosbuvir) and NS5A in-

hibitor (velpatasvir). However, SOF/VEL/VOX is mainly recom-

mended for patients who fail prior DAA therapy.16 Given that cur-

rent DAA therapies have high sustained virologic response rates 

(95–99%) for DAA-naive HCV patients, SOF/VEL/VOX is rarely 

used in clinical practice. Among the pangenotypic regimens cur-

rently recommended for DAA-naive patients, SOF/VEL had the 

lowest rate of DDIs.

The distribution of each drug class with potential contraindicat-

ed DDIs was also assessed. The potential red-category DDIs were 

mainly associated between cardiovascular drugs and SOF/LDV 

and SOF/VEL, lipid‐lowering agents and SOF/VEL/VOX and GLE/

PIB, and CNS agents and EBR/GZR. Amiodarone was the only car-

diovascular drug with contraindicated DDIs for sofosbuvir-based 

DAAs, given the risk of symptomatic bradycardia.35-38 Although 

the mechanism of this effect remains unknown, we should avoid 

the coadministration of amiodarone and sofosbuvir-based DAAs, 

especially in subjects taking beta blockers or those with underly-

ing cardiac comorbidities. Another class of comedications with 

the most contraindicated DDIs is lipid-lowering agents. Increased 

serum concentrations of lipid-lowering agents and statin-related 

myopathy may be induced by the inhibition of organic anion 

transporting polypeptide (OATP)1B1 and OATP1B3, breast cancer 
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resistance protein, or cytochrome P450 (CYP) 3A4.36,38,39 The CNS 

agents with contraindicated DDIs in this study were phenytoin 

and oxcarbazepine. The induction of CYP3A4 and P-glycoprotein 

by these agents may significantly decrease plasma concentrations 

of DAAs and result in a loss of efficacy and potential therapeutic 

failure. Given the high prevalence of comedications in hemodialy-

sis patients, our study provides physicians and pharmacists with 

useful information to select appropriate DAA regimens with fewer 

potential DDIs and reduce the time required to review comedica-

tions and DDIs.

For certain comedications with red/orange-category DDIs, such 

as lipid-lowering agents, antihypertensive medications, anti-dia-

betic drugs, and acid-reducing agents (e.g., proton pump inhibi-

tors [PPIs], H2 receptor antagonists, and antacids), it can be rela-

tively straightforward to switch to appropriate alternative regimens 

or discontinue the treatment given the short duration of DAA 

therapies.40 Other strategies for the management of DDIs include 

increasing monitoring, decreasing dose, altering administration 

time, and separating medication or administration. Lipid-lowering 

agents are frequent comedications with potential DDIs to DAAs in 

uremic HCV patients. For HCV genotype 1 or 4 infected patients 

on lipid-lowering agents, EBR/GZR with lipid-lowering agents, 

such as ezetimibe, pitavastatin or pravastatin may be recom-

mended to avoid red-category DDIs and to maintain serum lipid 

levels. Alternatively, SOF/VEL with lipid-lowering agents, such as 

ezetimibe and pravastatin, might be another optimal regimen for 

all HCV genotypes. Nevertheless, careful monitoring for adverse 

events, such as myopathy and rhabdomyolysis, and dose reduc-

tion of statins, if needed, are mandatory in clinical practice. For 

patients without a history or risk of cardiovascular complications, 

lipid-lowering agents might be held for 8–12 weeks with close 

monitoring of serum lipid profiles for potential lipid rebound and 

risk of significant cardiovascular events.41 Several PPIs are catego-

rized as having orange-category DDIs to SOF/LDV, SOF/VEL, and 

SOF/VEL/VOX due to pH-dependent solubility issues. In accor-

dance with the prescribing information, SOF/LDV and SOF/VEL/

VOX can be administered simultaneously with a low-dose PPI (de-

fined as daily dose comparable to 20 mg of omeprazole or lower). 

SOF/VEL can be coadministered with a low-dose PPI when given 

4 hours before the PPI.36-38 However, this kind of adjustment may 

not be suitable for all comedications. For example, switching an 

anticonvulsant to an appropriate alternative may be complex. 

Apart from the disease state being treated and specific patient 

factors, the switch can involve specific titration schedules and 

overlap, requiring specific monitoring and management.40 In this 

situation, it may be more suitable to choose a different DAA regi-

men with fewer interactions instead of switching the comedica-

tions.

There are several limitations to our study. First, our study inves-

tigated potential DDIs between DAAs and comedications, rather 

than actual DDIs in clinical practice. This methodology may limit 

the analyses of the efficacy of DAA treatments in this special pop-

ulation. However, previous reports have demonstrated that DAAs 

are effective for HCV patients with ESRD.23,24,42 Second, herbal 

medicines and supplements taken by our patients were not re-

corded or analyzed. Given the high prevalence of herbal medicine 

and supplement use in the hemodialysis population,43 the poten-

tial DDIs with DAA regimens deserve more attention. Since the 

University of Liverpool HEP Drug Interaction Checker and Lexi-

comp Drug Interaction Checker do not include herbal medicines 

and supplements, there is currently no available tool to guide 

physicians in assessing the potential DDIs between herbal medi-

cines and DAA regimens; thus, physicians should recommend that 

their patients stop using these products during DAA therapy. 

Third, comedications varied among study sites. However, under 

the authority of the National Health Insurance of Taiwan, each 

hemodialysis center could access all the prescribed medications 

reimbursed by the National Health Insurance with a nation-based 

cloud system, which could provide almost complete information 

on the comedications. Finally, some common ESRD-associated 

medications were not used in the study cohort. These medications 

included cinacalcet (for hyperparathyroidism), sevelamer, lantha-

num carbonate, and ferric citrate (phosphate binders). Similar to 

the ESRD-associated medications taken by our patients, almost all 

of them have no clinically significant DDIs with the five DAA regi-

mens, except for sevelamer, which has potential weak interactions 

with SOF/LDV, SOF/VEL, SOF/VEL/VOX, and GLE/PIB.

In conclusion, hepatitis C patients with ESRD on hemodialysis 

had a high prevalence of comedication use. The potential DDIs 

between these comedications and DAA regimens differed, with 

the most potential DDIs occurring with SOF/VEL/VOX and the 

fewest potential DDIs occurring with EBR/GZR. A careful assess-

ment of the patient’s concurrent medications and a comprehen-

sive evaluation of their potential DDIs with each DAA regimen are 

essential to selecting the appropriate DAA regimen and optimiz-

ing safety and efficacy.
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INTRODUCTION

In patients with liver cirrhosis, portal hypertension (PTH) may 

create complications including variceal bleeding, ascites, and he-

patic encephalopathy. The hepatic venous pressure gradient 

(HVPG) is a measure of PTH that predicts liver fibrosis, the prog-

nosis of acute variceal bleeding, the effectiveness of beta-blocker 

prophylaxis,1-3 and the risk for hepatocellular carcinoma.4 The 

HVPG is an important predictor of prognosis in patients with liver 

cirrhosis; each 1 mmHg increase in the HVPG increases the risk of 

death by 3%.5 However, in a small number of cases, it is difficult 

to measure the HVPG because of contrast hypersensitivity or un-

Background/Aims: The hepatic venous pressure gradient (HVPG) reflects portal hypertension, but its measurement 
is invasive. Transient elastography (TE) is a noninvasive method for evaluating liver stiffness (LS). We investigated the 
correlation between the value of LS, LS to platelet ratio (LPR), LS-spleen diameter-to-platelet ratio score (LSPS) and HVPG 
according to the etiology of cirrhosis, especially focused on alcoholic cirrhosis.
Methods: Between January 2008 and March 2017, 556 patients who underwent HVPG and TE were consecutively 
enrolled. We evaluated LS, LPR, and LSPS according to the etiology of cirrhosis and analyzed their correlations with HVPG.
Results: The LS value was higher in patients with alcoholic cirrhosis than viral cirrhosis based on the HVPG (43.5 vs. 32.0 
kPa, P<0.001). There were no significant differences in the LPR or LSPS between alcoholic and viral cirrhosis groups, and 
the areas under the curves for the LPR and LSPS in subgroups according to HVPG levels were not superior to that for LS. 
In alcoholic cirrhosis, the LS cutoff value for predicting an HVPG ≥10 mmHg was 32.2 kPa with positive predictive value 
(PPV) of 94.5% and 36.6 kPa for HVPG ≥12 mmHg with PPV of 91.0%.
Conclusions: The LS cutoff value should be determined separately for patients with alcoholic and viral cirrhosis. In 
alcoholic cirrhosis, the LS cutoff values were 32.2 and 36.6 kPa for predicting an HVPG ≥10 and ≥12 mmHg, respectively. 
However, there were no significant differences in the LPR or LSPS between alcoholic and viral cirrhosis groups. (Clin Mol 
Hepatol 2021;27:197-206)
Keywords: Liver cirrhosis; Hypertension, Portal; Elastography
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The LS value is higher in patients with alcoholic cirrhosis than in those with viral cirrhosis based on HVPG, and the LS cutoff values of alcoholic cirrho-
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derlying cardiopulmonary disease or encephalopathy. In addition, 

although the frequency of complications is <1%, these include lo-

cal pain, a vagal reaction, and transient cardiac arrhythmia, which 

are associated with low patient acceptance of undergoing this 

measurement. Recent studies have suggested that liver stiffness 

measurements (LSM) using transient elastography (TE) reflect liver 

stiffness (LS), the HVPG value,6,7 and the presence of esophageal 

varices.8 Many studies have explored the utility of noninvasive 

LSM, seeking cutoffs reflecting the HVPG, but few studies have 

distinguished patients by the etiology of cirrhosis especially alco-

holic origin cirrhosis. In addition, the accuracy of LSM is compro-

mised by the total bilirubin level,9-11 severe obesity,12 and hepatic 

inflammation.13 To overcome the problems associated with HVPG 

measurement, several studies have sought indices that correlate 

well with fibrosis status and the HVPG value. The LS-to-platelet 

ratio (LPR) and the LS-spleen diameter-to-platelet ratio score 

(LSPS) are useful for staging fibrosis.14-17 In this study, we investi-

gated the differences in LSM, LPR, and LSPS according to the eti-

ology of cirrhosis, and calculated LS cutoff values predicting 

HVPG in patients with alcoholic cirrhosis.

PATIENTS AND METHODS

Patients

From January 2008 to March 2017, 556 patients who under-

went HVPG and transient TE were consecutively enrolled at three 

Korean tertiary medical centers. All HVPG and TE tests were per-

formed within 1-month intervals. The indications for patients un-

dergoing HPVG procedure are as follows: 1) predicting the prog-

nosis of patients with a history of varix bleeding or high-risk 

patients, 2) determination of transjugular intrahepatic portosys-

temic shunt (TIPS) procedure in varix bleeding or refractory asci-

tes, and 3) determining the therapeutic effect after beta blocker 

treatment. We excluded patients with noncirrhotic PTH, an unreli-

able LSM, concomitant extrahepatic malignancy, and a condition 

that might interfere with LSM, such as active inflammation with a 

total bilirubin level >10 mg/dL and alanine aminotransferase level 

>200 IU/L. Ultimately, 551 patients were analyzed. We recorded, 

age, sex, liver cirrhosis etiology, baseline laboratory data, and the 

LSM and LPR. Baseline laboratory data included spleen size and 

the levels of albumin, bilirubin, platelets, creatinine, aspartate 

aminotransferase, and alanine aminotransferase. Model for end-

stage liver disease scores were calculated. Patients were classified 

as having cirrhosis caused by hepatitis B virus (HBV), hepatitis C 

virus (HCV), alcohol, mixed etiology, or other etiology (e.g., auto-

immune, non-alcoholic fatty liver disease, and cryptogenic 

causes). HBV patients were positive for hepatitis B virus surface 

antigen and/or HBV DNA; HCV patients were positive for HCV Ab 

and/or HCV RNA; and those with alcoholic cirrhosis had ingested 

>60 g alcohol daily (>40 g daily for females) more than three 

times weekly for >10 years. The study protocol was approved by 

the Institutional Review Boards of Soonchunhyang University 

Seoul Hospital. The study protocol conformed to the ethical 

guidelines of the World Medical Association Declaration of Hel-

sinki and was approved by the Institutional Review Board of 

Soonchunhyang University Seoul Hospital (Number 2020-09-

005).

HVPG

The HVPG was measured by professional interventional radiolo-

gists in each hospital. The right jugular vein was the most com-

monly used access route; free hepatic venous pressure (FHVP) was 

measured after placing a 6-French balloon catheter in the right 

hepatic vein. The wedge hepatic venous pressure (WHVP) was 

measured by inflating the balloon catheter in the right hepatic re-

gion. HVPG was calculated by subtracting the FHVP from the 

WHVP. HVPG values were categorized as ≥6, ≥10, ≥12, and ≥16 

mmHg. An HVPG ≥6 mmHg indicates the presence of cirrhosis 

(21), an HVPG ≥10 mmHg indicates an increasing risk for varices 

and thus is termed “clinically significant” PTH (CSPH) (21), an 

HVPG ≥12 mmHg indicates an increased risk for variceal bleeding 

and thus is termed “severe” PTH (SPH), and an HVPG ≥16 mmHg 

is an important predictor of poor outcomes, greatly increasing the 

risk of 1-year mortality (5, 22, 23).

LSM, LPR, and LSPS 

TE was performed using Fibroscan® 502 Touch instruments 

(Echosens, Paris, France); an interquartile range/median ratio 

<30% and a success rate >60% were considered to reflect good-

quality data. The LPR was calculated as LS (kPa) / platelet count 

(109/L) and LSPS was calculated as LS (kPa) × spleen diameter 

(cm) / platelet count (109/L).

Statistical analyses

Data were analyzed using the Statistical Package for the Social 
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Sciences (SPSS) ver. 22.0 for Windows (SPSS, Inc., Chicago, IL, 

USA). Correlations were sought using Spearman’s tests. Receiver 

operating characteristic (ROC) curves were drawn to explore the 

utilities of LSM and the LPR in terms of predicting PTH. The opti-

mal LSM and LPR cutoffs were obtained using the Youden index.

RESULTS

Baseline characteristics

We analyzed 551 patients with liver cirrhosis. Alcohol was the 

most common etiology (334, 60.6%) followed by HBV (127, 

Table 2. The comparison of mean values among LSM, LPR, and LSPS index in alcoholic and viral liver cirrhosis patients according to variable HVPG  
levels

HVPG 
(mmHg)

LSM* LPR† LSPS‡

Alcohol Viral P-value Alcohol Viral P-value Alcohol Viral P-value

≥6 44.38 33.09 <0.001 0.50 0.48 0.689 6.27 6.67 0.494

≥10 47.79 37.13 <0.001 0.54 0.56 0.647 6.78 7.76 0.125

≥12 51.02 39.99 <0.001 0.56 0.60 0.454 7.23 8.50 0.097

≥16 54.00 41.65 <0.001 0.611 0.621 0.877 7.94 8.86 0.331

The values shown in the table were all average values. The statistically significant P-value was <0.05.
LSM, liver stiffness measurements; LPR, liver stiffness to platelet ratio; LSPS, liver stiffness-spleen diameter-to-platelet ratio score; HVPG, hepatic venous 
pressure gradient.
*The unit is kPa.
†The unit is kPa/platelet count (109/L).
‡The unit is LS (kPa) × spleen diameter (cm) / platelet count (109/L).

Table 1. Baseline characteristics according to etiology (viral vs. alcohol vs. others)

Variable Total (n=551) Viral (n=145) Alcohol (n=334) Others (n=72) P-value

Sex <0.001

Male 450 (81.7) 95 (65.5) 309 (92.5) 46 (63.9)

Female 101 (18.3) 50 (34.5) 25 (7.5%) 26 (36.1)

Age (years) 53.3±9.8 53.5±9.4 52.7±9.4 55.9±11.6 0.033

HVPG (mmHg) 13.7±5.2 13.0±5.3 14.4±5.0 12.1±5.7 <0.001

Fibroscan® (kPa) 38.4±22.4 31.8±20.2 43.5±22.4 28.1±19.3 <0.001

Spleen size (cm) 12.5±2.4 13.0±2.7 12.2±2.2 12.7±2.5 0.001

Platelets (103/µL) 111.2±65.5 91.0±48.1 123.1±72.0 96.5±50.3 <0.001

Albumin (g/dL) 3.8±12.8 3.2± 0.7 3.2±0.6 7.5±35.3 0.029

Bilirubin (mg/dL) 1.5±1.4 1.2±1.0 1.7±1.6 1.4±1.1 0.001

Creatinine (mg/dL) 0.8±0.3 0.8±0.3 0.8±0.3 0.8±0.3 0.436

PT (INR) 1.3±0.2 1.3±0.2 1.3±0.3 1.3±0.2 0.665

Na 138.3±3.7 138.8±3.8 137.9±3.8 138.9±3.5 0.026

LPR 0.5±0.4 0.5±0.4 0.5±0.4 0.4±0.4 0.201

LSPS 6.1±5.7 6.3±5.6 6.1±5.6 5.3±6.5 0.450

AST 59.9±40.7 53.0±36.3 64.1±43.4 54.4±33.3 0.011

ALT 34.8±28.2 37.9±29.2 32.4±26.3 39.7±33.4 0.041

MELD score 12.1±4.3 11.3±3.4 13.0±4.8 10.2±3.2 0.010

Values are presented as mean±standard deviation or number (%).
HVPG, hepatic venous pressure gradient; PT, prothrombin time; INR, international normalized ratio; LPR, liver stiffness to platelet ratio; LSPS, liver stiffness-
spleen diameter-to-platelet ratio score; AST, aspartate aminotransferase; ALT, alanine aminotransferase; MELD, model for end-stage liver disease.
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23.0%) (Table 1). The causes of cirrhosis were mixed in 32 cases 

(5.8%) and other in 39 (7.1%). Most patients were male (450, 

81.7%), and the mean age was 53.30±9.76 years. The mean 

platelet count was 111.17±65.53 cells/L. The mean HVPG value 

and LSM were 13.73±5.32 mmHg and 38.43±22.37 kPa, respec-

tively. 

Differences in LSM, LPR, and LSPS values according 
to the etiology of liver cirrhosis

When we analyzed the LS according to HVPG level (≥6, ≥10, 

≥12, and ≥16 mmHg), the values were higher in alcoholic cirrhosis 

than viral cirrhosis in all HVPG subgroups. However, the LPR and 

LSPS were not significantly different between alcoholic and viral 

cirrhosis in any of the HVPG subgroups (P=0.689 and 0.494 at 

HVPG ≥6 mmHg; P =0.647 and 0.125 at HVPG ≥10 mmHg; 

P=0.454 and 0.097 at HVPG ≥12 mmHg; and P=0.877 and 0.331 

at HVPG ≥16 mmHg for LPR and LSPS, respectively) (Table 2).

LSM, LPR, and LSPS correlations and diagnostic 
accuracies for HVPG

In all patients, the LSM, LPR, and LSPS exhibited good positive 

correlations with the HVPG (Fig. 1). The correlation coefficients 

Figure 1. Correlations of the HVPG with LSM, LPR, and LSPS in cirrhosis patients. (A) The correlation between the HVPG and LSM (r=0.542, P<0.001). (B) 
The correlation between the HVPG and LPR (r=0.537, P<0.001). (C) The correlation between the HVPG and LSPS (r=0.522, P<0.001). LSM, liver stiffness 
measurements; HVPG, hepatic venous pressure gradient; LPR, liver stiffness to platelet ratio; LSPS, liver stiffness-spleen diameter-to-platelet ratio score.
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Figure 2. ROC curves of LSM, LPR, and LSPS for HVPG ≥6 (A), ≥10 (B), ≥12 (C), and ≥16 mmHg (D) in all cirrhosis patients. HVPG, hepatic venous pressure 
gradient; LPR, liver stiffness to platelet ratio; LSM, liver stiffness measurements; LSPS, liver stiffness-spleen diameter-to-platelet ratio score; AUC, areas 
under the curve; CI, confidence interval; ROC, receiver operating characteristic; Diff., difference.

Area under the curve
AUC 95% CI

(A) HVPG ≥6
LSM 0.736 (0.560, 0.879)
LPR 0.733 (0.580, 0.886)
LSPS 0.737 (0.604, 0.875)

(B) HVPG ≥10
LSM 0.785 (0.723, 0.868)
LPR 0.811 (0.717, 0.885)
LSPS 0.811 (0.755, 0.882)

(C) HVPG ≥12
LSM 0.755 (0.666, 0.824)
LPR 0.786 (0.712, 0.849)
LSPS 0.784 (0.702, 0.837)

(D) HVPG ≥16
LSM 0.747 (0.690, 0.811)
LPR 0.765 (0.668, 0.832)
LSPS 0.759 (0.702, 0.835)

Comparison of ROC curves
AUC1 AUC2 Diff. P-value

(A) HVPG ≥6
LSM vs. LPR 0.736 0.733 0.053 0.958
LSM vs. LSPS 0.736 0.737 -0.022 0.983
LPR vs. LSPS 0.733 0.737 -0.223 0.823

(B) HVPG ≥10
LSM vs. LPR 0.785 0.811 -0.879 0.380
LSM vs. LSPS 0.785 0.811 -0.714 0.475
LPR vs. LSPS 0.811 0.811 0.000 1.000

(C) HVPG ≥12
LSM vs. LPR 0.755 0.786 -1.000 0.317
LSM vs. LSPS 0.755 0.784 -0.905 0.366
LPR vs. LSPS 0.786 0.784 0.197 0.844

(D) HVPG ≥16
LSM vs. LPR 0.747 0.765 -0.607 0.544
LSM vs. LSPS 0.747 0.759 -0.408 0.684
LPR vs. LSPS 0.765 0.759 0.415 0.678
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were 0.523 (P<0.001) for LSM, 0.410 for the LPR (P<0.001), and 

0.390 for the LSPS (P<0.001). The diagnostic accuracies of LSM, 

LPR, and LSPS for HVPG were assessed using ROC curves (Fig. 2). 

For LSM, the areas under the curves (AUCs) were 0.736 (95% 

confidence interval [CI], 0.523–0.884; P<0.01), 0.785 (95% CI, 

0.716–0.866; P<0.01), 0.755 (95% CI, 0.686–0.842; P<0.01), 

and 0.747 (95% CI, 0.680–0.827; P<0.01) for HVPG ≥6, ≥10, 

≥12, and ≥16 mmHg. For LPR, the AUCs were 0.733 (95% CI, 

0.585–0.864; P<0.01), 0.811 (95% CI, 0.744–0.861; P<0.01), 

0.786 (95% CI, 0.689–0.844; P<0.01), and 0.765 (95% CI, 

0.685–0.845; P<0.01) for HVPG values ≥6, ≥10, ≥12, and ≥16 

mmHg. For LSPS, the AUCs were 0.737 (95% CI, 0.577–0.894; 

P<0.01) for HVPG ≥6 mmHg, 0.811 (95% CI, 0.734–0.880; 

P<0.001) for HVPG ≥10 mmHg, 0.784 (95% CI, 0.707–0.855; 

P<0.01) for HVPG ≥12 mmHg, and 0.759 (95% CI, 0.680–0.841; 

P<0.01) for HVPG ≥16 mmHg. The ROC curves for LSM, LPR, and 

LSPS had high AUCs but with no significant differences among 

the three indexes for predicting HVPG ≥6 mmHg; the LPR and 

LSPS showed no greater value in predicting HVPG than that of the 

LSM (Supplementary Table 1). Overall, the AUCs for LSM, LPR, 

and LSPS decreased with increasing HVPG levels but with no sig-

nificant differences among the three measures. When subgroup 

analyses were performed according to the etiology of cirrhosis, 

patients with alcoholic cirrhosis had same result as above (Supple-

mentary Fig. 1). However, in patients with viral cirrhosis, the AUC 

tended to be higher for LPR and LSPS than for LS at HVPG ≥10 

and ≥12 mmHg (LSM, LPR, and LSPS: 0.785, 0.811, and 0.811 for 

HVPG ≥10 mmHg; 0.755, 0.786, and 0.784 for HVPG ≥12 mmHg; 

Supplementary Fig. 2).

LS cutoffs according to the HVPG in patients with 
alcoholic and viral cirrhosis

We calculated LS cutoff values in 334 patients with alcoholic 

cirrhosis (excluding those with viral cirrhosis). The LS optimal cut-

offs according to different HVPG levels were calculated using the 

Youden index. The optimal LS cutoffs for predicting HVPG ≥6, 

≥10, and ≥12 mmHg were 10.0, 32.2, and 36.6 kPa, with a sensi-

tivity, specificity, positive predictive value (PPV), and negative 

predicting value (NPV) of 98.2%, 77.8%, 99.4%, and 53.9% for 

HVPG ≥6; 68.1%, 80.7%, 94.5%, and 34.3% for HVPG ≥10; and 

66.5%, 82.4%, 91.0%, and 48.1% for HVPG ≥12 mmHg, respec-

tively (Table 3). Although the PPV tended to decrease with in-

creasing HVPG, the PPVs of the LS cutoffs for predicting an HVPG 

≥6 and ≥10 were relatively high (99.4% and 91.0%, respectively). 

We also calculated LS cutoff values in 145 patients with viral cir-

rhosis. The optimal LS cutoffs for predicting HVPG ≥10, and  

≥12 mmHg were 18.0 kPa, respectively with a sensitivity, specific-

Table 3. Comparison of cut-off values in alcoholic, viral, and all etiology of cirrhosis

HVPG (mmHg) Cut-off (kPa) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

≥6

All 17.9 79.7 80.7 98.6 19.2

Alcohol 10.0 98.2 77.8 99.4 53.9

Viral 18.0 67.7 83.3 97.8 18.9

≥10

All 27.6 71.8 78.2 91.9 44.7

Alcohol 32.2 68.1 80.7 94.5 34.3

Viral 18.0 76.7 69.1 85.9 54.7

≥12

All 32.5 68.2 77.5 85.0 56.5

Alcohol 36.6 66.5 82.4 91.0 48.1

Viral 18.0 83.8 61.5 72.8 75.5

≥16

All 37.2 67.2 69.9 57.4 77.9

Alcohol 45.4 70.2 68.3 59.0 78.0

Viral 18.0 90.7 52.8 53.3 90.6

HVPG, hepatic venous pressure gradient; PPV, positive predicting value; NPV, negative predicting value.
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ity, PPV, and NPV of 76.7%, 69.1%, 85.9%, and 54.7% for HVPG 

≥10; and 83.8%, 61.5%, 72.8%, and 75.5% for HVPG ≥12 

mmHg, respectively (Table 3). In comparison of cut-off values us-

ing LPR and LSPS in patients with alcoholic and all etiology cir-

rhosis, the LPR cutoffs of all etiology were higher than those of 

alcohol in each level of HVPG (Supplementary Table 2).

DISCUSSION 

HVPG ≥10 mmHg defined as CSPH, has been associated with 

formation of esophageal varices and poor prognosis, and HVPG 

≥12 mmHg defined as SPH is related to a higher risk of bleeding 

from varices. However, HVPG measurement is invasive procedure. 

Therefore, non-invasive measurement such as TE is required to re-

place the HVPG measurement.

Good correlations between LSM and HVPG values have been 

reported in many studies.6,18-21 Bureau et al.18 measured LS by Fi-

broscan® in 150 consecutive patients who underwent a liver bi-

opsy with HVPG. Patients were composed of alcohol, viral and 

other origin. HVPG was correlated with LS (q=0.858, P<0.001) 

and the LS cut-off value of 21 kPa accurately predicted CSPH in 

92% of the 144 patients for whom LS was successful. Hong et 

al.21 showed a strong positive correlation between LSM and HVPG 

in the overall population (r2=0.496, P<0.0001), and reported a 

CSPH cutoff of 21.95 kPa in their study, which included a higher 

rate (61.0%) of patients with alcoholic cirrhosis compared to other 

studies.21 Vizzutti et al.20 evaluated LSM to predict HVPG in 61 

consecutive patients with HCV-related chronic liver disease. A 

strong relationship was found in the overall population (r=0.81, 

P<0.0001), and the LSM cutoff values of CSPH and SPH were 13.6 

and 17.6 kPa, respectively.

The cutoff values for CSPH determined in previous studies have 

ranged widely from 13.6 to 24.6 kPa.20-26 However, most of those 

studies involved liver diseases of mixed etiologies, and many in-

cluded more patients with viral cirrhosis than those with alcoholic 

cirrhosis.

Lemoine et al.19 reported that the LSM of patients with alcoholic 

cirrhosis was higher than that of patients with chronic viral hepa-

titis. They reported LS cutoffs of 20.5 kPa in 44 HCV cirrhosis pa-

tients and 34.9 kPa in 48 alcoholic cirrhosis patients for predict-

ing an HVPG ≥10 mmHg.19 In our study, the LSM also tended to 

be higher in patients with alcoholic cirrhosis compared to viral cir-

rhosis. The LS cutoff value for predicting an HVPG ≥10 mmHg in 

alcoholic cirrhosis, was 32.2 kPa and that of viral cirrhosis was 

18.0 kPa.

In alcoholic cirrhosis, the LS value was higher than that of viral 

cirrhosis. This may be explained by the different spatial distribu-

tion of alcoholic fibrosis, which develops in centrilobular and peri-

sinusoidal as well as in periportal regions.27 Perisinusoidal fibrosis 

tends to be more frequent in alcoholics and may increase LSM.28 

In addition, hepatic alcoholic lesions are also characterized by liver 

cell necrosis, reactive inflammation, steatosis and pericellular fi-

brosis or steatohepatitis.29 It is possible that steatosis or inflam-

mation may increase LS values as chronic alcoholics progress to 

cirrhosis.28

Some studies have reported that LS combined with the platelet 

count and spleen size may improve the predictive power of esoph-

ageal varices compared to LS alone.14,30-32

The difference in LS observed between patients with alcoholic 

cirrhosis and those with viral cirrhosis was no longer apparent 

when using the LPR and LSPS indices in this study. However, there 

were no differences in HVPG diagnostic accuracy, according to 

the AUC value, among the three indices (LSM, LPR, and LSPS). 

Comparing with the previous studies, there are two progressed 

points in this study. First, we analyzed the data of large number 

of patients based on each classification (HVPG classification as 

≥6, ≥10, ≥12, and ≥16 mmHg). The number of patients in Lem-

oine et al.’ study19 was 92 (44 HCV and 48 alcohol), and that of 

our study was 551 (145 viral, 334 alcohol, and 72 others). We an-

alyzed each level of HVPG and demonstrated that the cut off val-

ue of alcohol group is larger than that of viral group in each level 

over 10 mmHg of HVPG. We also applied LPR and LSPS whether 

they can compensate the limitation of LS. Although they did not 

show the significance, it was a new trial to overcome the limita-

tion of LS. Finally, our study identified the cut off value in each 

level of HVPG based on large population, and newly applied LS 

and LSPS to compensate for LS.

According to the Baveno VI recommendations, a LS cutoff of  

21 kPa can be used to confirm the presence of CSPH,18,30 but this 

recommendation was based mostly on studies involving patients 

with viral cirrhosis.30 Our LS cutoff value for predicting CSPH in 

patients with alcoholic cirrhosis was higher than that of the Bave-

no VI recommendations (32.2 vs. 21 kPa). We calculated LS cutoff 

values exclusively in patients with alcoholic cirrhosis according to 

the HVPG: 10.0 kPa for HVPG ≥6 mmHg, 32.2 kPa for HVPG ≥10 

mmHg, 36.6 kPa for HVPG ≥12 mmHg, and 45.4 kPa for HVPG 

≥16 mmHg. Although the sensitivity and PPV tended to decrease 

as the HVPG increased, the highest PPVs were associated with 

HVPG ≥6 mmHg.
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Although LS is a measure of fibrosis, it may not adequately re-

flect the HVPG because it is a hemodynamic parameter.20,33 In a 

recent meta-analysis, the measurement of spleen stiffness by ul-

trasound overcame the limitations associated with LSM, but most 

of the studies in that analysis evaluated heterogeneous popula-

tions, and thus the superiority of spleen stiffness measurement to 

LSM is not clear.34 We expected the LPR and LSPS to overcome 

the limitations of using LSM, but unfortunately they did not. Fur-

ther studies are needed on noninvasive methods that do not de-

crease in diagnostic accuracy with increasing HVPG levels. In this 

study, we measured HVPG mainly in patients with high risk or pri-

or history of variceal bleeding or in patients requiring TIPS treat-

ment. If the LS cut-off value in our study is externally validated, it 

can be helpful in determining the clinical treatment direction 

without invasive HVPG treatment. In particular, we expect TE to 

replace HVPG in situations such as prognostication of variceal 

bleeding, further optimization of beta-blocker pharmacotherapy, 

and determination of hemodynamic effects before and after TIPS 

procedure.

Our study had some limitations. First, it was a retrospective 

study. Although HVPG and Fibroscan® measurements were per-

formed on the same day in many patients, there was up to a 

1-month interval between measurements in some patients. Sec-

ond, the length of the spleen was measured using ultrasonogra-

phy, which cannot accurately detect spleen volume. Third, this 

study included fewer patients with viral cirrhosis than with alco-

holic cirrhosis and did not analyze the viral origins of the cirrhosis. 

We believe that the LSPS and LPR should be used together to 

overcome the shortcomings of LSM in patients with viral cirrhosis.

In conclusion, the LS cutoff should be determined separately in 

patients with alcoholic and viral cirrhosis. In patients with alcohol-

ic cirrhosis, the LS cutoff was 32.2 kPa, with a 94.5% PPV, for di-

agnosing HVPG ≥10 mmHg and 36.6 kPa, with a 91.0% PPV, for 

diagnosing HVPG ≥12 mmHg. The LPR and LSPS showed strong 

correlations with HVPG values ≥6 mmHg. However, the LPR and 

LSPS did not show better diagnostic accuracies than that of LS. 
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary 

cancer of the liver and the fifth most common cancer globally.1 

One of the major etiologic causes of HCC development is chronic 

infection with hepatitis B virus (HBV), especially in Asia and Afri-

ca. HBV-induced hepatocarcinogenesis is a complex and multifac-

torial process. This virus can produce onco-proteins such as HBV 

X protein (HBx), HBV large surface protein (L-HBs), or middle-sized 

HBV surface protein (MHBst) and drive the integration of HBV de-

oxyribonucleic acid (DNA) sequences into the human genome. 

These are involved in hepatocarcinogenesis as a direct oncogenic 

potential. Additionally, host immune-mediated cytolysis against 

HBV during long-lasting host-virus interaction ultimately results in 

liver fibrosis and cirrhosis, which can indirectly cause HCC.

HBV genomic integrations have been reported in over 80–90% 

of HBV-associated HCCs. HCC cells may contain single or multiple 

discrete HBV integrants within the human genome, which gener-

ate various genetic alterations, including deletions, translocations, 

fusion transcripts, and global genomic instability.2,3 These altera-

tions result in the selection of non-cancerous hepatocyte clones 

with survival advantages. Within this context, neoplastic clones 

with deregulated cell proliferation and suppressed apoptosis can 

ultimately arise and expand, resulting in overt HCCs.2,3

Studies have shown HBV integration events even in hepatitis B 

surface antigen (HBsAg)-negative HCC patients with anti-HCV 

antibody, and alcohol-related or cryptogenic liver disease, indicat-

ing its potential to induce liver cancer, especially in patients with 

occult HBV infection (OBI).4,5 Though rare, some chronic HBV car-

riers experience HBsAg seroclearance during the course of chronic 

Background/Aims: The role of hepatitis B virus (HBV) integration into the host genome in hepatocarcinogenesis 
following hepatitis B surface antigen (HBsAg) seroclearance remains unknown. Our study aimed to investigate and 
characterize HBV integration events in chronic hepatitis B (CHB) patients who developed hepatocellular carcinoma (HCC) 
after HBsAg seroclearance.
Methods: Using probe-based HBV capturing followed by next-generation sequencing technology, HBV integration was 
examined in 10 samples (seven tumors and three non-tumor tissues) from seven chronic carriers who developed HCC 
after HBsAg loss. Genomic locations and patterns of HBV integration were investigated.
Results: HBV integration was observed in six patients (85.7%) and eight (80.0%) of 10 tested samples. HBV integration 
breakpoints were detected in all of the non-tumor (3/3, 100%) and five of the seven (71.4%) tumor samples, with an 
average number of breakpoints of 4.00 and 2.43, respectively. Despite the lower total number of tumoral integration 
breakpoints, HBV integration sites in the tumors were more enriched within the genic area. In contrast, non-tumor 
tissues more often showed intergenic integration. Regarding functions of the affected genes, tumoral genes with HBV 
integration were mostly associated with carcinogenesis. At enrollment, patients who did not remain under regular HCC 
surveillance after HBsAg seroclearance had a large HCC, while those on regular surveillance had a small HCC.
Conclusions: The biological functions of HBV integration are almost comparable between HBsAg-positive and HBsAg-
serocleared HCCs, with continuing pro-oncogenic effects of HBV integration. Thus, ongoing HCC surveillance and clinical 
management should continue even after HBsAg seroclearance in patients with CHB. (Clin Mol Hepatol 2021;27:207-
218)
Keywords: Hepatitis B virus; Virus integration; Liver neoplasms; Hepatitis B surface antigens; Population surveillance

Study Highlights
• Our study has strengths including the recruitment of difficult-to-study populations as well as development of Korean genotype-specific technolo-

gies for unbiased detection of HBV integrations.
• We showed intrahepatic persistence of integrated HBV with pro-oncogenic properties in functionally-cured patients.
• These findings provide insights into the causal relationship between the intrahepatic HBV integrants and HCC in settings of HBsAg seroclearance.
• Based on our findings, the biological functions of HBV integration would be comparable between HBsAg-positive and HBsAg-serocleared HCC 

and its pro-oncogenic effects may continue even after HBsAg seroclearance.
• Thus, ongoing HCC surveillance and clinical management should be continued in patients achieving HBsAg seroclearance.
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hepatitis B (CHB), with a rate of approximately 1% per year.6 Ani-

mal studies revealed that integrated forms of HBV still persist af-

ter HBsAg clearance.7,8 It is unknown whether these persistent in-

tegrated HBV forms in the liver contribute to HCC risk. The clinical 

observations of an association between OBI and an increased risk 

of progressive liver disease or HCC suggest that the intrahepatic 

persistence of integrated forms of HBV may act as targets for low-

level ongoing antiviral immune attacks, leading to disease pro-

gression.8,9 Unfortunately, there is a lack of clinical evidence to 

characterize viral integrants and evaluate their role in HCC devel-

opment following HBsAg seroclearance in chronic HBV carriers. 

Advances in massive parallel sequencing technology have 

helped to overcome the technical limitations on earlier research 

methods for HBV integration, such as Southern blots or poly-

merase chain reaction (PCR)-based methods, and enabled highly 

efficient genome-wide detection of HBV integration. In this study, 

we performed a next generation sequencing (NGS)-based, high-

throughput capture assay for HBV integration utilizing Korean 

genotype-specific probes. The aim of our study was to investigate 

the frequency and patterns of HBV integration, as well as charac-

terize integration events in CHB patients developing HCC after 

HBsAg seroclearance.

MATERIALS AND METHODS

Tissue samples

Between December 2011 and December 2018, chronic HBV car-

riers with newly-diagnosed HCC at the Catholic University of Ko-

rea, Seoul, South Korea, were screened for inclusion in the study. 

Among them, seven patients who developed HCC after HBsAg 

loss and had available stored liver tissue were included in the 

analysis. The diagnosis of HCC was made based on typical imag-

ing analyses, consistent with the criteria of Korean National Can-

cer Center guideline1 and finally confirmed pathologically. The liver 

tissue samples were unaffected by hemangioma or other benign 

tumor lesions and were immediately frozen in liquid nitrogen and 

then stored at –80°C. The diagnosis of liver cirrhosis was made 

by pathological examination or clinical evidence of cirrhosis, in-

cluding nodularity or splenomegaly on liver imaging and/or 

thrombocytopenia.10 This study was approved by the Ethics Com-

mittee of The Catholic University of Korea (KC16TISI0436), and 

written informed consent was obtained from all patients.

HBV probe design

Intrahepatic HBV integration in liver tissues was identified by 

NGS-based high-throughput targeted sequencing, which was 

modified based on HBV probe-based capture technology.11 The 

HBV hybridization probes were designed to tile, based on eight 

Korean full HBV genome sequences (GenBank Accession numbers 

AY641559.1, DQ683578.1, GQ872211.1, GQ872210.1, JN315779.1, 

KR184660.1, AB014381.1, AB014395.1, and D23680.1 Hepatitis 

B virus complete genome sequence; https://www.ncbi.nlm.nih.

gov/nuccore). The probes were prepared to capture the HBV in-

serted fragments in the host genome and these fragments were 

further sequenced on an Illumina HiSeq 2500 platform. The num-

ber of total probes was 215, and the probe group size was 25.595 

kbp. With these designed probes, 100% sequence coverage was 

achieved for all given HBV sequences. The workflow for detecting 

HBV integration is shown in Supplementary Figure 1.

HBV-integrated fragment enrichment and capture 
sequencing 

The HBV probe capture assay using the Illumina NGS workflow 

was conducted as follows. Briefly, 1 ug of input genomic DNA 

was fragmented to 150–200 bp by adaptive focused acoustic 

technology (AFA; Covaris, Woburn, MA, USA). The fragmented 

DNA was repaired; an ‘A’ was ligated to the 3’ end and then Agi-

lent adaptors ligated to the fragments. After a ligation assess-

ment, the adaptor-ligated products were PCR-amplified. For HBV 

viral capture, 250 ng of DNA library was used according to the 

standard Agilent SureSelect Target Enrichment protocol. Hybrid-

ization to the capture baits was performed at 65°C using the 

heated PCR cycler lid option at 105°C for 24 hours. After amplifi-

cation of the captured DNA, the final purified product was quan-

tified according to the manufacturer’s instructions (qPCR quantifi-

cation protocol guide) and qualified using the TapeStation DNA 

Screen Tape D1000 (Agilent, Santa Clara, CA, USA). Finally, 

paired-end 100-bp read-length sequencing of the purified cap-

tured DNAs was carried out by Illumina HiSeq 2500 (Illumina, San 

Diego, CA, USA) following the manufacturer’s instructions.

Identification of the HBV-human chimeric reads

We generated a modified reference by merging the human 

(UCSC assembly hg19, original GRCh37 from National Center for 

Biotechnology Information, February 2009) and HBV (DQ683578.1) 
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genome. Then the paired-end reads were mapped to the refer-

ence by BWA-MEM (bwa-0.7.12). Duplicates were removed by 

Picard (Picard-tools-1.130). The final bam file was sorted accord-

ing to chromosomal coordinates. After mapping the paired-end 

sequences to the human reference and HBV reference, the chime-

ric reads were extracted using an in-house script, and breakpoints 

were predicted from the chimeric reads that aligned both to the 

human and virus genome. The HBV sequences of chimeric reads 

that matched the virus genome reference by 30 bp or longer were 

considered to be integrated HBV sequences. To minimize errors in 

the experimental procedure and remove the noise signals, we uti-

lized the mapping quality (MQ) and read counts of the host-virus 

chimeric DNA fragments for HBV integration breakpoint calling. 

For quality of phred score, MQ cut-off values of 10, 20, 30, and 

40 indicates 10%, 1.0%, 0.1%, and 0.01% probabilities of incor-

rect base calls, respectively (Supplementary Table 1). HBV break-

points with chimeric read counts of ≥2 and an average MQ of 

≥20 were defined as true signals.

PCR-based Sanger sequencing for validation 

PCR and Sanger sequencing were done to validate the integrat-

ed HBV sequences in selected HBV-human junction breakpoints 

at the telomerase reverse transcriptase (TERT) and mixed-lineage 

leukemia 4 (MLL4) genes. Sequencing primers were designed 

based on the paired-end reads, with one primer located in the 

human genome and the other in the HBV genome. The PCR con-

ditions with the primer sequences for a representative case are 

shown in Supplementary Tables 2 and 3.

Statistics

Data were expressed as median (range) or mean±standard de-

viation. The proportions and number of HBV integration break-

points were represented in the bar or pie charts. Statistical analy-

ses were carried out to compare the values between two groups. 

Student’s t  or Mann-Whitney U tests were used for continuous 

variables, and the chi-square test or Fisher’s exact test was used 

for categorical variables. A P value less than 0.05 was considered 

statistically significant. Analyses were performed using SPSS ver. 

21.0 (SPSS, Inc.. IBM Company, Chicago, IL, USA).

RESULTS

Patients characteristics

The enrolled seven HCC patients were all males aged 58.4±10.4 

years. Two patients achieved HBsAg seroclearance during antiviral 

therapy, while the remaining five did so spontaneously without 

antiviral therapy. Five (71.4%) of the seven patients had detect-

able HBV DNA in their serum at the time of HBsAg seroclearance 

or during the follow-up period after seroclearance, with serum 

HBV DNA levels ranging between <10 and 695 IU/mL. Paired tu-

mor and adjacent non-tumor tissues were available in three pa-

tients, while only tumor tissue was available for the remaining 

four. Thus, our study examined 10 samples (seven tumors and 

three non-tumors) from the seven HCC patients. The demographic 

and clinical characteristics of the patients are shown in Table 1.

Detection of HBV integration breakpoints 

Using HBV probe capture technology (Supplementary Fig. 1), we 

obtained an average 61,214,931 raw reads from the specimens. 

After removing reads that were completely mapped against the 

HBV genome (DQ683578.1), a total of 1,811 reads that were par-

tially mapped against the human genome reference (HG19) were 

extracted. We finally obtained 1,554 effective reads comprising 

potential integration events. HBV capture sequencing data were 

6.12 Gb on average. Overall, six patients (85.7%) with HBsAg se-

roclearance had genomic integration of HBV DNA; eight (80.0%) 

of 10 samples tested positive for HBV integration. In our survey, 

we detected a total of 29 HBV integration breakpoints, with a 

mean of 2.90 integration breakpoints per sample (range, 0-8/

sample) (Table 2). To confirm the HBV integrations, we randomly 

selected 18 breakpoints at the affected genes for PCR analysis in 

the present and other independent samples and successfully vali-

dated 88.9% of the integration sites (Supplementary Table 4).

Frequency of HBV integration between tumor and 
non-tumor liver tissues

The HBV integration frequency was compared between the tu-

mors and non-tumors. The number of integrated HBV DNA break-

points was higher in the non-tumor tissues than in the tumor tis-

sues. Breakpoints were detected in all of the non-tumor (3/3, 

100%) and five of the seven (71.4%) tumor samples (Fig. 1A). The 

average number of HBV integration breakpoints was 2.43 per tu-
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mor sample and 4.00 per non-tumor sample (Fig. 1B).

Frequency of HBV integration according to serum 
HBV DNA status

We next evaluated HBV integration according to the HBV vire-

mia status. HBV integration breakpoints were more frequent in 

patients with detectable viremia than in those without. In patients 

with detectable serum HBV DNA, integrated HBV DNA break-

points were detected in 83.3% (5/6) of the samples. The average 

frequency of HBV integration was non-significantly higher in pa-

tients with detectable HBV DNA than in those with undetectable 

HBV DNA (3.33 vs. 2.25 per sample, respectively; P=0.513) (Fig. 

1C).

Locations of HBV integration within the human 
genome

HBV integration breakpoints were distributed across the entire 

human genome, but most preferentially noted in chromosome 5 

(6/29, 20.7%), especially in tumors (Fig. 2A, Table 2). The distri-

bution of HBV integration was differentially observed in the tumor 

and non-tumor tissues. For tumors, the integration sites were 

more enriched within the genic area (58.8%, intragenic integra-

tion), which included HBV integrations into the promoter (11.8%) 

and intron (47.1%). In contrast, non-tumor tissues more often 

showed intergenic integration (58.3%), with only intronic integra-

tion among all of the genic integrations (Fig. 2B). In particular, 

despite the lower total number of tumoral versus non-tumoral in-

tegration breakpoints, the tumors tended to harbor a greater pro-

portion of genic integrations than the non-tumor samples 

(P=0.362), with the specific involvement of promoter-integrations, 

which was not seen in the adjacent non-tumor tissues.

Genes with HBV integration and their function 

Overall, a total of 13 non-redundant genes with HBV integra-

tion are listed in Table 2. Among them, the TERT promoter region 

and chromosome 5 open reading frame 42 (C5orf42) at chromo-

some 5 were recurrently affected by HBV integration. The two 

genes with recurrent HBV integrations were detected exclusively 

in the tumor samples (Table 2). Notably, no gene was shared be-

tween tumors and non-tumors. Regarding functions of the affect-

ed genes, the tumoral genes with HBV integration were mostly 

involved in cell signaling, transcriptional regulation, development, Ta
bl
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metabolism, cell aging, and immortalization, which have been re-

ported to be potentially involved in carcinogenesis (Table 3).  

Figure 3 illustrates a representative case of HBV integration (Pt #6 

with HBV integration into the TERT promoter).

Breakpoints in the HBV genome 

The locations of HBV integration into the HBV genome are 

shown in Figure 2C. The integrated HBV DNA breakpoints in all 

samples were distributed across the four HBV open reading 

frames, with a percentage frequency of 20.0%, 51.1%, 13.3%, 

and 15.6% in the surface, polymerase, X, and precore/core pro-

teins, respectively (Table 2). The integration of HBV PreS/S gene 

sequences was observed more often in the tumor versus non-tu-

mor samples, but the trend was not statistically significant (25.9% 

vs. 11.1%; P=0.279). In contrast, the integration of PreC/Core 

gene sequences tended to be more frequent in the non-tumors 

than in the tumors (P=0.098; Fig. 2C).

DISCUSSION

Study results of HBV integration may vary depending on the ref-

erence HBV genome used to capture the HBV sequences. Many 

previous studies of integration have included heterogeneous sub-

jects in terms of HBV genotypes. In this regard, Korean patients 

are likely the best group to study HBV genome as genotype C is 

the universal type, accounting for almost 100% of Korean CHB 

patients.12 Southern blot hybridization, an initial method for de-

tecting integrated DNAs, was shown to have low sensitivity and 

only detected clones undergoing extensive positive selection. 

PCR-based methods are significantly biased toward Alu or other 

specific sequences. NGS-based technologies currently emerged 

for this purpose. However, whole-exome sequencing captures 
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only coding regions, while robust detection by ribonucleic acid 

(RNA) sequencing is limited to HBV DNA integrations occurring in 

transcriptionally active sites or large cellular clones.3 Whole-ge-

nome sequencing (WGS) also has some drawbacks including low 

depth and high cost, necessitating more efficient and cost-effec-

tive ways to identify viral integrations.3 Recently, we developed a 

probe set expected to cover almost all of the putative genotypes 

of Korean HBV, as our probes were designed based on the eight 

full-length HBV genome sequences from Korean patients with 

various stages of liver disease. Moreover, our method permits ul-

tra-high depth sequencing and unbiased HBV capturing at about 

one-fourth of the cost of WGS. Taking advantage of its utility, we 

Figure 2. (A) Distribution of HBV integration breakpoints across human chromosomes. The genes affected by HBV integration are listed above the 
dotted line. (B) Pie charts: proportion of HBV integration in the genic and intergenic regions of tumors and non-tumors. (C) HBV integration sites in the 
HBV genome. HBV, hepatitis B virus; TERT, telomerase reverse transcriptase; Ch, chromosome. *Genes with recurrent HBV integration. 
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were able to localize multiple HBV integration sites throughout 

the genome of even patients with HBsAg seroclearance.

The current study demonstrated that HBV integration into the 

host genome is still present either in tumor or non-tumorous tis-

sues in most of the patients who lost HBsAg. This prevalence ap-

peared to be clearly higher than that of HBsAg-negative HCC pa-

tients with different etiologies4,5 and almost comparable to the 

reported data using NGS-based methods for those with overt HBV 

infections.3,13,14 Importantly, our findings confirm the results of an-

imal studies in clinical settings,7,8 which reported viral persistence 

Figure 3. Sanger sequencing validation of a representative case (Patient #6). (A) Detection of HBV integration (arrows). Additional information is pro-
vided in Supplementary Table 2. (B) Schematic view of the chimeric junction between human DNA and HBV DNA. (C) Sequences on both sides of the 
junction between human DNA (TERT promoter) and HBV DNA insert (HBV genome nt 2,612-2,650). The HBV sequences are underlined. HBV, hepatitis B 
virus; TERT, telomerase reverse transcriptase.

CGGAGGGGGCTGGGCCGGGGACCCGGG

TGAAACTCGCGCCGCGAGGAGAGGGCGGGGCCGCGGAAAGGAAGGGGAGGGGCTGG 
GAGGGCCCGGAGGGGGCTGGGCCGGGGACCCGGGTGAAAAAAGGAGATTAAAATTAA 
TTATGCCTGCTAGGTT

~1,295,250 on chromosome 5 HBV nt 2,612–2,650

TERT promoter HBV

TGAAAAAAGGAGATTAAAATTAATTATGC

A

B

C

Table 3. Target genes with HBV integration in the tumor tissues

Gene Description Function

CCDC91 Coiled-coil domain containing 91 Regulation of protein transport, membrane traffic through the trans-
Golgi network

GRM7 Glutamate metabotropic receptor 7 Involvement of G-protein coupled receptor signaling pathway 

TRPC1 Transient receptor potential cation channel subfamily 
C member 1

Formation of channels by a receptor tyrosine kinase-activated 
phosphatidylinositol second messenger system and channels 
permeable to calcium and other cations 

ST18 C2H2C-type zinc finger DNA-binding transcription factor activity, represses basal transcription 
activity from target promoters, Inhibits colony formation in cultured 
breast cancer cells

LINGO2 Leucine rich repeat and Ig domain containing 2 
(LINGO2)

Involvement of axonogenesis, positive regulation of synapse assembly

C5orf42 Chromosome 5 open reading frame 42 Establishment of cell polarity required for directional cell migration, 
Putative coiled-coil domains and a transmembrane protein

EIF4EBP1 Eukaryotic translation initiation factor 4E binding 
protein 1

Translation repressor, signaling mediated by p38-α and p38-β and BDNF-
TrkB Signaling

TERT Telomerase reverse transcriptase Cellular aging and immortality, role of nicotinic acetylcholine receptors in 
the regulation of apoptosis, telomeres 
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as integrated forms after the resolution of HBV infection.

It is unclear whether these persistent HBV integrants contribute 

to liver cancer risk in functionally-cured patients with HBsAg sero-

clearance. The information has been lacking due to the wide-

spread rarity of HBsAg seroclearance and the more extreme diffi-

culties in obtaining tissues from such patients in order to study 

integration. The importance of our results lies in that we revealed 

a high prevalence of HBV integrations in the liver of patients who 

lost HBsAg. Moreover, the common site of HBV integration was 

the TERT promoter, in which a mutation was recently suggested 

as a gate-keeper driver in HCC development.15 Overall, the study 

results demonstrated that the genomic locations of integration, as 

well as HBV inserts, often appeared to be enriched within the re-

gions relevant to hepatocarcinogenesis. These findings may pro-

vide insight into the potential causal relationship between the in-

trahepatic persistence of HBV integrants and HCC in HBsAg 

seroclearance settings.

It is noteworthy that there were distinct integration features be-

tween the tumors and non-tumors. We detected more frequent 

overall integration, but less frequent genic HBV integration in the 

non-tumors rather than in the tumors. In addition, many tumoral 

integrations were located in the vicinity of regulatory or cancer-

associated genes including TERT, which involve immortalization, 

cell signaling, development, and transcriptional regulation (Table 

3). Viral breakpoints were also frequently found within or near the 

PreS/S gene, with some integrations in the X genes. The overall 

findings indicate that an HBV integration event in HCC with HB-

sAg seroclearance is absolutely comparable to that of HCC with 

overt HBV infection in terms of its genomic locations and viral in-

serts, as previously reported.2,13,16

HBV integration reportedly occurs randomly throughout the hu-

man genome.2,3 However, recent high-throughput data consis-

tently demonstrated that HBV integration in HCCs was not ran-

dom, with several specific, highly affected sites, such as TERT, 

MLL4, and CCNE2.3,13,16 Our analysis also showed HBV-TERT inte-

gration in our patient samples. Indeed, we observed biased, un-

even chromosomal and genomic distributions of the HBV break-

points, of which tumoral integrations were highly enriched in 

cancer-associated genes. As with HBV-related HCCs, the HBV in-

tegration sites in HCCs following HBsAg loss may reflect selection 

of integrations that confer a growth advantage to clonal popula-

tions of cells during liver carcinogenesis.2

Our results emphasize HCC surveillance in chronic carriers 

achieving seroclearance. In our data, patients with HBsAg loss 

who did not remain under regular surveillance eventually present-

ed with a large HCC (Table 1). A Korean study has shown that the 

estimated annual incidence rates of HCC following seroclerance 

were 2.85% and 0.29% in cirrhotic and non-cirrhotic patients, re-

spectively.17 The regional guidelines recommend offering surveil-

lance when the risk of HCC exceeds 1.5%/year in cirrhotic patients 

and 0.2%/year in non-cirrhotic CHB patients.1,18 Our analysis here-

in also showed the persistence of HBV integration within cancer-

associated genes as well as HBV PreS/S subgenomic integrants in 

HCC patients achieving seroclearance. Thus, these findings 

strongly support ongoing HCC surveillance in patients even after 

HBsAg seroclearance.

Interestingly, we observed a higher number of integration 

breakpoints in HCC patients with detectable HBV DNA than in 

those with undetectable HBV DNA (Fig. 1C). The linear correlation 

between HBV breakpoints and HBV viremia status or OBI levels 

remains to be further confirmed. It would also be interesting to 

investigate the ‘direct’ transforming effects of HBV integration in 

the absence of cirrhosis, as previously described.4,13 The study 

subjects were all male. Besides HBV effects, gender or environ-

mental/behavioral effects cannot be excluded in such patients. 

Since this study had only small sample sizes, it was not feasible to 

provide a detailed evaluation of such open questions. Neverthe-

less, our observation of HBV integrations enriched in cancer-relat-

ed pathways, HBV PreS/S or X integrants, as well as cirrhotic pa-

tients with viremia, indicates that the direct and indirect pathways 

are not mutually exclusive but both may induce hepatocarcino-

genesis in these settings.

In conclusion, our study clearly demonstrated the persistence of 

intrahepatic HBV DNA integration in HCC developing after HBsAg 

seroclearance. Using the Korean genotype-specific probe capture 

assay followed by NGS technology, we identified more frequent 

genic integrations in HCC with preferential sites toward cancer-

associated genes, such as the TERT promoter, as well as subge-

nomic HBV fragments of regulatory elements, such as the PreS/S 

and X genes. These findings suggest that the biological functions 

of HBV integration would be absolutely comparable between HB-

sAg-positive and HBsAg-serocleared HCC and pro-oncogenic ef-

fects of HBV integration may continue and ultimately lead to HCC 

in a subset of patients achieving HBsAg seroclearance. Thus, on-

going HCC surveillance and clinical management should be con-

tinued even after HBsAg seroclearance.
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Dear Editor,

Presentation of acute hepatitis B (AHB) and chronic hepatitis B 

with acute exacerbation (CHB-AE) is clinically identical. The ab-

sence of evidence of underlying chronic liver disease (CLD) and 

history of hepatitis B infection would further worsen differentia-

tion between two conditions. The article by Lall et al.1 published 

in Clinical and Molecular Hepatology brings back the discussion 

on the table. We appreciate the efforts of the authors for retro-

spectively compiling baseline virological parameters like immuno-

globulin (Ig) M anti-hepatitis B core (HBc) level, hepatitis B virus 

(HBV) DNA level, quantitative hepatitis B surface antigen, and 

hepatitis B e antigen values as well as prothrombin time.1 Howev-

er, these findings doesn’t add much to the existing literature.

Firstly, out of 83 patients from the CHB-AE group, 60 (72.2%) 

were cirrhotic and 23 (27.7%) were non-cirrhotic. Patient with ev-

idence of underlying CLD the diagnosis of CHB-AE automatically 

becomes the diagnosis of choice irrespective of the virological pa-

rameters.

In day to day practice dilemma arise when there is no clear cut 

evidence of underlying CLD. Also in the setting of on-going hepa-

titis, non-invasive diagnostic modalities are likely to yield false-

positive results for cirrhosis. Those with evidence of underlying 

cirrhosis should have been excluded from the study.

The author reported area under receiver operating characteristic 

(AUROC) curve for IgM anti-HBc as 0.87. The sensitivity and speci-

ficity for the cut-off value of 20.5 signal to cut-off (S/CO) were 

93.3% and 92.7%, respectively, while positive predictive value and 

negative predictive value at this cut-off were 86.9% and 95.9%, 

respectively. However, the use of IgM anti-HBc has already been 

well established, many previous studies reported different cut-offs 

for same. Prospective study from our institute revealed that 76.9% 

of patients in the AHB group had high IgM anti-HBc titer (>12.14 

S/CO). On the other hand, low IgM anti-HBc titer (<12.14 S/CO) 

was seen in the majority (71.4%) of the patients in the CHB-AE 

group.2 The study by Kumar et al.3 have found an incidence of high 

IgM anti-HBc titer (>1:1,000) in 77.5% patients of acute viral hep-

atitis B (AVH-B) and low IgM anti-HBc titer (<1:1,000) in 70% pa-

tients of the CHB-AE group. Park et al.4 showed cut-off values for 

IgM anti-HBc as >8 S/CO which had sensitivity and specificity of 

96.2% and 89.7% respectively for diagnosis of AVH-B.

In this study, HBV DNA levels were lower in CHB-AE than AHB, 

the opposite of which was shown in previous studies. A large 

number of CLD patients in the CHB-AE group probably led to this 

type of findings. Gayno et al.5 have shown that in CHB-AE viral 

load rises in serum during spontaneous reactivation of chronic 

hepatitis B infection. In our study, the sensitivity of HBV DNA lev-

els (>15,390 IU/mL) in the diagnosis of CHB-AE was 78.6%.2 The 
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study by Kumar et al.3 showed high HBV DNA levels (>0.5 pg/mL 

= 28,751 IU/ mL) had sensitivity and specificity of 86.6%, 95.9% 

respectively for diagnosis of CHB-AE. Park et al.4 showed HBV 

DNA <5.5 log10 IU/mL had a sensitivity of 81.1% and specificity 

of 72.4% for the diagnosis of AVH-B.

The author has reported AUROC 0.56 (unsatisfactory diagnostic 

test) for international normalized ratio (INR). The sensitivity and 

specificity for the cut-off value of 1.27 were 57.9% and 45.1%, 

respectively. INR value could have been affected in the CHB-AE 

group as many patients had underlying chronic liver disease. The 

author also reported serum albumin level of 3.2±0.8 g/dL in AHB 

and 2.9±0.8 g/dL in CHB-AE (P=0.01). The author should have 

evaluated the diagnostic ability of serum albumin for differentiat-

ing these two entities.

To conclude, elderly age, High HBV DNA, and low IgM anti-HBc 

favors the diagnosis of CHB-AE. Newer biomarkers like HBV RNA, 

hepatitis B core-related antigen might be useful for differentiating 

between AHB and CHB-AE in the future.
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guidelines are in accordance with the “Uniform Requirements for Manuscripts Submitted to Biomedical Journals,” published by the Inter-
national Committee of Medical Journal Editors at http://www.icmje.org.

The Editorial Office, Clinical and Molecular Hepatology, Room A1210, Mapo Trapalace, 53 Mapo-daero, Mapo-gu, 04158, Seoul, Korea  
Tel.: 82-2-703-0051, Fax: 82-2-703-0071, E-mail: kasl@kams.or.kr

Types of Manuscripts

Contributions may be submitted as original articles, case reports, review articles, editorials and special topics. Special topics cover guide-
lines, meeting reports and hepatology issues elsewhere. Review articles, editorials and special topics are invited by the editorial board. 
However, authors who are interested in contributing reviews can submit reviews and are subjected to peer review. Letters to the editor 
may be subjected to peer review and undergo editing for clarity and brevity.

Ethical Conduct of the Study and the Report

All investigations involving human participants must be conducted according to the ethical guidelines of the Declaration of Helsinki, and be 
approved by the institutional review board. For studies involving animal experimentation, author(s) must provide assurance that all the 
animals received humane care according to the criteria outlined in the NIH “Guide for the Care and Use of Laboratory Animals”. The au-
thor must state that the use of animals (means all mammals and birds) in the manuscript was approved by the institutional Animal Ethical 
Committee (AEC) in accordance to the article 14th of Korean Animal Protection Law, or equivalent, in the paper. It must be clearly stated 
that animal use has complied to the article 13th of Korean Animal Protection Law (The principles of animal use) and the relevant institu-
tional polices in the manuscript. Copies of the protocol approved by institutional AEC or equivalents, must be available for review by the 
editor if necessary. 
The corresponding author must give written assurance that neither the submitted material nor portions thereof have been published pre-
viously or are under consideration for publication elsewhere. Any material that could constitute prior or concurrent publication of similar 
data by any one of the authors should be submitted with the manuscript. It is assumed that the corresponding author speaks for his or 
her co-authors and certifies that all the listed authors meaningfully participated in the study and that they have seen and approved the 
final manuscript. 
Authors should acknowledge any commercial affiliation or consultancy that could be constructed as potential conflicts of interest under a 
heading “Conflict of Interest statement” prior to the references. 
For the policies on the research and publication ethics not stated in this instructions, ‘Good Publication Practice Guidelines for Medical 
Journals (https://www.kamje.or.kr/board/view?b_name=bo_publication&bo_id=7&per_page=)’ or ‘Guidelines on good publication 
(http://www.publicationethics. org.uk/guidelines)’ can be applied. 
Ensure correct use of the terms sex (when reporting biological factors) and gender (Identity, psychosocial or cultureral factors), and, 
unless inappropriate, report the sex and/or gender of study participants, the sex of animals or cells, and describe the methods used to 
determine sex and gender.
If the study was done involving an exclusive population, for example in only one sex, authors should justify why, except in obvious cases, 
(e.g., prostate cancer).
Authors should define how they determined race or ethnicity and justify their relevance.
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Organization of the Manuscript

The manuscript should be written in A4 (21×30 cm) paper in double space texts by leaving 3 cm space in the right, left, top and bottom 
sides at 10 point fonts.

Original articles

Original articles describing clinical and basic studies in the field of hepatology. Manuscripts are expected to be well-organized and clearly 
written. They should not exceed 6,000 words, including the abstract, references, tables, and figure legends. No more than 8 figures and 
tables, with a maximum of 6 panels per figure. It is permitted for you to submit additional methodological details, non-essential figures or 
portions of your manuscript as supplementary material for online publication only. References cited in the main text may not be listed in the 
supplementary materials. The only references be listed in the supplement are those cited exclusively in the supplement. References should 
not exceed a maximum of 50.
Original article must arranged as follows: (1) title page (2) abstract (250 words or less with a list of 5 or less key words), (3) introduction, 
(4) materials and methods (or patients and methods), (5) results, (6) discussion, (7) acknowledgements, (8) conflict of interest statement  
(9) references, (10) tables, and (11) figure legends. 
In case of submission of original articles (not applicable for reviews, editorials, and letters), authors should summarize the contents of 
the article in a concise, pictorial form designed to easily understand main findings of the work described in the article. Graphical ab-
stracts should be submitted as a separate JPG or TIFF files at the online submission step of file upload. The submission of the graphi-
cal abstract is mandatory when submitting an original article. Graphical abstracts should be provided as an image with a minimum of  
531 × 531 pixels (h × w) using a minimum resolution of 300 dpi. If you are submitting a larger image then please use the same ratio. Please 
note that your image will be scaled proportionally to fit in the available window, which is a 200 × 500 pixel rectangle.

Review articles

Review articles on selected topics of interest for the readers of the Clinical and Molecular Hepatology and will be solicited by the Editors. 
Review articles are expected to be clear, concise and updated. The maximum length is 5,000 words. The inclusion of a maximum of 8 high 
quality tables and/or colored figures to summarize critical points is highly desirable. 

Editorials

This section consists of invited brief editorial comments on articles published in the Clinical and Molecular Hepatology. The length of an edi-
torial should not exceed 1,500 words and 1 table or 1 figure is allowed. References should not exceed a maximum of 20.

Case reports

Case reports are not encouraged and will only be accepted if they represent an outstanding contribution to the etiology, pathogenesis or 
treatment of a specific liver disease. The length of a case report should not exceed 3,000 words. A total number of 2 tables or figures is al-
lowed. References should not exceed a maximum of 10. 
Case reports consist of (1) title page, (2) abstract (150 words or less with a list of 5 or less key words) (3) introduction, (4) cases, (5) discus-
sion, (6) references (20 or less), (7) tables and figure legends and (8) figures (5 or less) on separate pages.

Letters to the editor 

Letters to the editor should be related to a recent article published in the Clinical and Molecular Hepatology within previous two years, or 
interesting case report that author wants to report. Letters to the editor must arranged as follows: (1) title page, (2) body (3) references 
(maximum of 15), and (4) a maximum number of 1 tables or figures is allowed. The length of an letter to the editor should not exceed 800 
words. Abstract is not required.

Special topics 

Special topics should be no longer than 800 words with 10 or less references.
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1. Title page
Provide a concise title. List the full names of all authors and their institutional affiliation. In a multi-authored work involving more than a 
single institution, indicate individual affiliation by means of superscript Arabic numbers. Indicate a change of address in a similar fashion. 
List the footnotes to the title page. Provide the contact information for the corresponding author (name, address, telephone number, 
fax number, e-mail address and Orcid ID), and running title (Less than 50 characters). All abbreviations should be explained in this page  
(e.g. AFP, alpha fetoprotein; ALT, alanine aminotransferase). Clinical and Molecular Hepatology employs a system to screen plagiarism 
(CrossRef). When submitting your manuscript to this journal, you accept that your manuscript may be screened for plagiarism against 
previously published material.

2. Abstract

Abstract of original articles must contain 250 words or less and must be organized as follows: Background/Aims, Methods, Results, and 
Conclusions. Three to Five keywords should be provided at the end of the abstract. Abstract of case reports must contain 150 words or 
less in unstructured form. 

3. Highlight

Authors of original articles are requested to include “Highlights” which consist of three to four sentences summarizing the originality 
and main findings of the article. “Highlights” should not exceed 100 words in total. Highlights must be organized in a box and placed 
after the end of the abstract. The authors are encouraged to include the “Highlights” with initial article submission. When submitting a 
revised manuscript, the submission of the “Highlights” is mandatory.

4. Introduction 

Provide the minimum background information that will orient the general reader. Do not engage in a literature review.

5. Methods 

Provide a level of detail such that another investigator could repeat the work. For methods that are used without significant modifica-
tion, citation of the original work will suffice. Identify and provide references for all the statistical methods used. 

6. Results and discussion 

Present the major findings of the study in graphical form if practicable. Do not illustrate minor details if their message is adequately con-
veyed by simple descriptive text. Mention all the tables and figures. In the discussion, concisely present the implications of the new find-
ings for the field as a whole, minimizing any reiteration of the results and avoid repetition of material in the introduction; keeping a close 
focus on the specific topic of the paper. 

7. Acknowledgements

An acknowledgement of persons who made a genuine assistance and provided special reagents may be included. Grant and financial 
support related with the work should be specifically stated.

8. Authors’ contribution

Based on the ICMJE guidelines for authorship criteria, how each author has contributed to the paper should be clarified (e.g, Conception 
or design of the work, Data collection, Data analysis and interpretation, Drafting the article, Critical revision of the article, and Final ap-
proval of the version to be published).

9. References 

References should be numbered in the order they are cited, and the number of reference should be marked in the text by means of a 
superscript Arabic numerical. Only literature that is published or in press (with the name of the publication) may be numbered and listed; 
abstracts and letters to the editor may be cited. Cite the names of all authors when there are six or less; when seven or more list the first 
six followed by et al.
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Articles in journals

1.  Kim YS, Jung ES, Hur W, Bae SH, Choi JY, Song MJ, et al. Noninvasive predictors of nonalcoholic steatohepatitis in Korean patients 
with histologically proven nonalcoholic fatty liver disease. Clin Mol Hepatol 2013;19:120-130. 

2.  Chung C, Iwakiri Y. The lymphatic vascular system in liver diseases: its role in ascites formation. Clin Mol Hepatol 2013;19:99-104. 

Literature in press

An online article that has not yet been published in an issue can be cited by its Digital Object Identifier (DOI). The DOI will remain valid 
and allow an article to be tracked even after its allocation to an issue.
Wong GL. Management of chronic hepatitis B patients in immunetolerant phase: what latestguidelines recommend. Clin Mol Hepatol. 
2018 Jan 22. doi: 10.3350/cmh.2017.0068.

Book chapters

1.  Gumucio JJ, Berkowitz CM. Structural organization of the liver and function of the hepatic acinus. In: Kaplowitz N, ed. Liver and Bili-
ary Diseases. Vol I. 2nd ed. Baltimore: Williams & Wilkins, 1992:2-17. 

Abstract or Article in a supplement

1.  Cho YJ, Lee SH, Kim BH, Yang SK, Jo YH, Lee DH. Characteristics of hepatocellular carcinoma with reference to ages in Korean pa-
tients [Abstract]. Hepatology 1998;28:246A. 

2.  Bellentani S, Marino M. Epidemiology and natural history of non-alcoholic fatty liver disease (NAFLD). Ann Hepatol 2009;8 
(Suppl 1):S4-S8. 

Websites

1.  Ontario Chronic Disease Prevention Alliance (OCDPA). Economic cost of chronic disease in Canada 1995-2003. OCDPA web site, 
<http://www.ocdpa.on.ca/OCDPA/docs/OCDPA_EconomicCosts.pdf>. Accessed 7 Sep 2011.

10. Permissions 

Direct quotations, tables or illustrations taken from copy-righted material must be accompanied by written permission for their use from 
the publisher. The permission is presented as a footnote or addition to the legend and it must provide complete information as to the 
source. Photographs of identifiable persons must be accompanied by a signed release that indicates their informed consent. 

11. Abbreviations 

Standard abbreviations not requiring definition are those listed in the Journal of Clinical Investigation. Otherwise, do not abbreviate un-
less a term is used more than five times in a paper. In this case, the abbreviation should be spelled out, in its first use in the text with the 
abbreviated form in parentheses, and it should also be listed on the footnote page (see above). Abbreviations used in figures or tables 
should be defined in the legend. Radiation measurements and laboratory values should be in accordance with the International System 
of Units (SI) (resources: “SI Units in Radiation Protection and Measurements, NCRP Report no. 82” [August 1985]; “Now Read This: The 
SI Units Are Here,” JAMA 1986;255:2329-2339).

12. Drug names

Use generic names. The proprietary name may be mentioned in parenthesis. The names and locations (city and state or country) of man-
ufacturers should be included in parentheses when mentioning proprietary drugs, tools, instruments, software, etc. 
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13. Tables 

Prepare tables on individual sheets of paper, double spaced and numbered consecutively with Arabic numerals in the order of their ap-
pearance in the text. The title of tables should be written concisely in clauses and phrases. The first letter of the table title starts with 
a capital letter. Explain all abbreviations and symbols such as *, †, ‡, §,∥, **, ††, ‡‡, §§. Do not duplicate the material presented in a 
figure. 

14. Figure legends

Number the figures with Arabic numerals in the order they are mentioned in the text. Provide a title (this should not appear on the figure 
itself) and sufficient explanation to render the figure intelligible without reference to the text. For any copyrighted material, indicate that 
permission has been obtained (see Permissions, above). Figure legends should be typed consecutively on a separate sheet of paper. 

15. Figures

Illustrations should be sharp and clear. Figure files can be uploaded in the JPG or TIFF formats which authors prefer at a final resolution 
of not less than 300 dpi. Microscopic pictures should be explained according to the staining method and scaled by the power of magnifi-
cation. Authors are charged for color figures.

Peer Review and Publishing 

The journal utilizes blind peer-review in evaluating manuscripts for publication. Submitted papers will be reviewed by at least two refer-
ees, and decisions will be available in approximately one months. With respect to the revision and resubmission of manuscripts, it is the 
journal’s policy to allow a couple of resubmission only, which should be received within 2 months from the time of receipt of the initial 
review letter. In general, a manuscript requiring more than a couple of revision or returned beyond 2 months will be handled as a new 
submission. The journal does not have article submission charges. 

Article Processing Charges

To cover the cost of publishing, Clinical and Molecular Hepatology charges a publication fee of US $1,000 per accepted article. Authors 
will receive an invoice for APC shortly after the corrected proof of their accepted manuscript has been finalized.
Please note that only ‘original articles’ are subject to APCs
* Invited articles are exempt from APCs.
** The APC will be temporarily waived for all articles submitted before or on December 31, 2021.

Copyright Transfer

Copyright for all material published in Clinical and Molecular Hepatology is vested in Korean Association for the Study of the Liver. In 
accordance with the Copyright Act, all manuscripts must be accompanied by a copyright transfer form signed by all authors and that fol-
lows these guidelines. Statements and opinions expressed in the articles and communications in Clinical and Molecular Hepatology are 
those of the author(s) and do not necessarily reflect the opinions of the Editor(s) or publisher, and the Editor(s) and publisher disclaim any 
responsibility or liability for such material. Neither the Editor(s) nor the publisher guarantees, warrants or endorses any product or service 
advertised in the journal; nor do they guarantee any claim made by the manufacturer of such product or service.
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Copyright Transfer Form
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and parts thereof, including all revisions or versions and future editions, in all forms and media.  
The authors cer tif y that I have participated in the intellectual content, the analysis of data, and the writing of the 
Article, to take public responsibility for it. The authors reviewed the f inal version of the Article, believe it represents 
valid work and approve it for publication. The authors certif y that none of the material in the manuscript has been 
published previously, is included in another manuscript. The authors also certify that the Article has not been accepted 
for publication elsewhere, nor have they assigned any right or interest in the Article to any third party. The authors 
will obtain and include with the manuscript writ ten permission from any respective copyright owners for the use of 
any text, f igures, and tables that have been previously published. The authors agree that it is their responsibility to 
pay fees charged for permissions.

Conflict of Interest Disclosure Form

The authors certify that I have reviewed conflict of interest form, defined by the International Committee of Medical 
Journal Editors (ICJME) found at the following URL: http://www.icmje.org/, and attached separate ICMJE Form for Dis-
closure of Potential Conflicts of Interest that might pose a conflict of interest in connection with the submitted Article. 

Author (Print) Affiliation Position Signature

Position indicate current status at your af f iliation; professor, fellow, resident, student, post doc. 
The copyright transfer agreement and conflict of interest disclosure form should be signed and faxed or submitted by e-mail 
to the Editorial Office of Clinical and Molecular Hepatology  at Fax: 82-2-703-0071, E-mail: kasl@kams.or.kr. Manuscript can 
not be published until the completed form of copyright transfer form has received by the Editorial Office.
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Clinical and Molecular Hepatology Submission Checklist

Please read this checklist carefully to ensure that your manuscript is complete and in compliance with the 
CMH Guide for Authors.

1)  General Format Yes No

[1]  Did you have the title page, abstract, the text (introduction, materials and methods, results, and discussion), 
acknowledgements, conflict of interest statement, references, tables, and legends for figures? □ □

[2]  Is the manuscript double-spaced in an A4-size paper? □ □
[3]  The manuscript of special topics should not be longer than 800 words. □ □

2)  Abstract Yes No

[1]  Abstract must contain 250 words or less and must be organized as follows: Backgrounds/Aims, Methods, 
Results, and Conclusions. (case reports: 150 words or less) □ □

[2]  Five or less key words should be provided at the end of the abstract. □ □

3)  Introduction, Methods, Results, Discussion, Acknowledgements, Conflict of Interest 
Statement, References 

Yes No

[1]  Identify the committee(s) approving the study protocol and include a statement of compliance with ethical 
regulations. □ □

[2]  An acknowledgement of persons who made a assistance and provided special reagents may be included. 
Grant and financial support related with the work should be specifically stated. □ □

[3]  Please state any conflicts of interest. □ □
[4]  All citations in the paper have a complete and accurate reference in the reference list. The number of 

references in case reports should be 20 or less, and 10 or less in special topics. □ □

4)  Tables and Figures Yes No

[1]  Prepare tables on individual sheets of paper, double spaced and numbered consecutively with Arabic 
numerals in the order of their appearance in the text. □ □

[2]  Explain all abbreviations and symbols. □ □
[3]  Figure legends should be typed consecutively on a separate sheet of paper. □ □
[4]  Figures should be supplied in the JPG or TIFF format at a final resolution of 600 dpi or higher. The number of 

figures in case reports should be 5 or less. □ □
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